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ABSTRACT 

O i l  explora t ion  commenced onshore adjacent  to  lower Cook I n l e t  on the  

I n i s k i n  Peninsula i n  1900, shifted with considerable success t o  upper Cook 

I n l e t  from 1957 through 1965, then returned t o  lower Cook I n l e t  i n  1977 with 

the COST well  and Federal OCS s a l e .  Lower Cook I n l e t  COST No. 1 wel l ,  d r i l l e d  

to a t o t a l  depth of 3,776 m, penet ra ted  the  tops of Upper Cretaceous, Lower 

Cretaceous, and Upper J u r a s s i c  s t r a t a  a t  832 m, 1,541 m, and 2 ,112  m, respec- 

t i v e l y .  Basinwide unconformities a r e  p resen t  i n  t h i s  w e l l  a t  t h e  tops of the 

Upper Cretaceous , Lower Cretaceous , and Upper J u r a s s i c  rocks. Sands tone of  

p o t e n t i a l  r e se rvo i r  q u a l i t y  occurs i n  the Cretaceous and lower Ter t i a ry  rocks. 

A l l  s i l t s t o n e s  and shales analyzed a r e  low (0-0.5 w t  percent)  i n  oil-prone 

organic matter ,  and only coals  a r e  high i n  humic organic  matter.  ~t t o t a l  

aepth, v i t r i n i t e  readings reached a maximum average re f l ec tance  of 0.65. 

Several i nd ica t ions  of  hydrocarbons were present .  

U.S. Bureau of  Mines and our  o i l  analyses suggest  t h a t  o i l s  from the 

major f i e l d s  of the Cook I n l e t  region,  m o s t  of  which produce from the T e r t i a r y  

Hemlock Conglomerate, have a common source. M r e  d e t a i l e d  work on s t a b l e  car- 

bon iso tope  r a t i o s  and the  d i s t r i b u t i o n  of gasoline-range and heavy (C ) 
12+ 

hydrocarbons confirms t h i s  gene t i c  r e l a t i o n  among the major f i e l d s .  I n  addi- 

tion, oils from Jurass ic  rocks under the I n i s k i n  Peninsula and from the Hemlock 

Conglomerate a t  t h e  southwestern tip of the Kenai lowland a r e  members o f  t h e  

same or  a very similar o i l  family. The Middle J u r a s s i c  strata of t h e  I n i s k i n  



Peninsula a r e  moderately r i c h  i n  organic carbon (0.5 t o  1.5 w t  percent)  and 

y i e l d  shows of o i l  and of gas i n  wel ls  and i n  surface  seeps. Extrac table  

hydrocarbons from t h i s  s t r a t a  a r e  similar i n  chemical and i s o t o p i c  composition 

the Cook I n l e t  oils. Organic matter  i n  Cretaceous and Ter t i a ry  rocks i s  

thermally immature i n  a l l  w e l l s  analyzed. 

Oil r e se rvo i r s  i n  the major producing f i e l d s  a r e  of Ter t i a ry  age and un- 

conformably o v e r l i e  J u r a s s i c  rocks; the pre-Tert iary unconformity may be s ig-  

n i f i c a n t  i n  explora t ion  f o r  new o i l  reserves.  The unconformable r e l a t i o n  

between rese rvo i r  rocks and l i k e l y  Middle J u r a s s i c  source rocks a l s o  implies 

a delay i n  the  generat ion and expulsion of  o i l  from J u r a s s i c  u n t i l  l a t e  Ter t i a ry  

time when loca l i zed  bas in  subsidence and th ick  sedimentary f i l l  brought o lder ,  

deeper rocks t o  the  temperature required f o r  petroleum generation. Reservoir 

p o r o s i t i e s ,  crude o i l  p roper t i e s ,  the type of o i l  f i e l d  t r a p s  and the t e c t o n i c  

framework of the  o i l  f i e l d s  on the west f lank of the  bas in  provide evidence 

used t o  r econs t ruc t  an o i l  migration route.  The route  i s  i n f e r r e d  t o  commence 

deep i n  the t runcated Middle J u r a s s i c  rocks and pass through the  porous West 

Foreland Formation i n  the  Mcarthur River f i e l d  area  t o  a s t r a t i g r a p h i c  t r a p  

i n  the Oligocene Hemlock Conglomerate and the  Oligocene p a r t  o f  the Tyonek 

Formation a t  the  end of Miocene time. Pliocene deformation s h u t  o f f  this route  

and crea ted  loca l i zed  s t r u c t u r a l  t r a p s ,  i n t o  which the  o i l  moved by secondary 

migration t o  form the  Middle Ground Shoal, McArthur River and Trading Bay o i l  

f i e l d s .  O i l  generat ion continued i n t o  the  Pliocene,  b u t  this higher API grav i ty  

o i l  migrated along a d i f f e r e n t  route  t o  the Granite Po in t  f i e l d .  
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INTRODUCTION 

Geological, geophysical,  and more recent ly ,  geochemical information a r e  

co l l ec ted ,  organized, and i n t e r p r e t e d  t o  provide a r a t i o n a l e  f o r  t h e  o i l  explor- 

a t i o n i s t  t o  d r i l l  an exploratory well.  The well  w i l l  t e s t  t h e  v a l i d i t y  of the  

i n t e r p r e t a t i o n  or explorat ion model which i s  in te rp re ted  from information t h a t  

ranges from s p e c i f i c  measurements t o  sub jec t ive  descr ip t ions .  When the explor- 

a t i o n  w e l l  is  successful  by f inding what is  predic ted  i n  the model, then o the r  

wel ls  w i l l  be d r i l l e d .  

The Cook I n l e t  bas in  i s  used t o  demonstrate the  explorat ion model based 

on the  framework geology as in te rp re ted  from geological  and geophysical infor-  

mation, and the petroleum geology as i n t e r p r e t e d  from geochemical information. 

When the explora t ionis  t, through the  use of petroleum geochemistry, understands 

the  o i l  forming processes--origin, migration, and accumulation of oi l-- ,  he 

w i l l  be able to  c rea te  an explora t ion  model on which t o  d r i l l  a well .  

The Cook I n l e t  bas in  can be divided i n t o  upper and lower Cook I n l e t  a t  

Kalgin Is land.  The commercial o i l  f i e l d s  are loca ted  i n  upper Cook I n l e t  and 

a re  the source of  some of t h e  Ter t i a ry  o i l  samples. Other o i l  samples come 

from Ter t i a ry  rocks from w e l l s  on the Kenai lowland, and from Middle J u r a s s i c  

rocks from w e l l s  on t h e  I n i s k i n  Peninsula; both areas  a r e  i n  lower Cook I n l e t .  

An o i l  sample was co l l ec ted  from a seep near  Becharof Lake on t h e  Alaska 

Peninsula southwest of the Cook I n l e t .  Most rock samples came from wells  i n  

lower Cook I n l e t ,  bu t  a f e w  rock samples came from wel ls  i n  upper cook I n l e t .  



An index map of the Cook I n l e t  a r e a  ( f i g .  1) shows geographic names, w e l l  loca- 

t ions ,  cross sec t ions  , and o i l  f i e l d s .  Previous work on the o r i g i n  of Cook 

I n l e t  o i l  i s  discussed by Kelly (1963) , Osment, Morrow, and Craig (1967) , Young, 

Monagham, and Schweisberger (1977) , and Magoon and Claypool ( i n  p r e s s ) .  Publi- 

cat ions  t h a t  r e l a t e  t o  the framework geology of  t h i s  a rea  a r e  by Detterman and 

Hartsock (1966), Hartman, Pesse l ,  and McGee (1972), Kirschner and Lyon (1973), 

Boss, Lennon, and Wilson (1976), Magoon, Adkison, and Egbert (1976b), and 

Fisher  and Magoon (19 78) . 
The lower Cook I n l e t  COST N o .  1 wel l ,  the  f i r s t  well  t o  be d r i l l e d  i n  

Federal waters ,  contains information on rock units t h a t  a r e  not  penet ra ted  by 

adjacent  onshore wells .  The petroleum geochemistry and petroleum geology of 

o i l s  and rocks provide information for  the Cook Inlet o i l  explora t ion  model. 

COST NO. 1 WELL 

Introduction. - - s t r a t ig raph ic  units penet ra ted  i n  the  A t l a n t i c  R i  ch f i e ld  

Company COST No. 1 wel l  i n  lower Cook I n l e t  are Paleocene (West Foreland 

Formation) , Upper and Lower Cretaceous, and Upper J u r a s s i c  (Naknek Formation) 

rocks. These u n i t s  a r e  shown i n  r e l a t i o n  t o  Cook I n l e t  on f igure  2. Sandstone 

of p o t e n t i a l  r e se rvo i r  q u a l i t y  w a s  found i n  the  Ter t i a ry  and Upper Cretaceous 

rocks, and possibly i n  the Lower Cretaceous rocks. N o  rocks were found t h a t  

contain s u f f i c i e n t  organic mater ia l  o r  thermal h i s  tory t o  generate s i g n i f i c a n t  

amounts of o i l  o r  gas. 

The i n t e r p r e t a t i o n  of this COST we l l  is  based on data submitted by indust ry  

as required by the  U.S. Government ( W i l l s  and o the r s ,  1978) . I n  our  discussion 

we incorpora te  da ta  from (11 paleontology repor t s  by Boettcher (19771, Haga 

(19771 , and N e w e l l  (1977a, b) ; (2) descr ip t ions  of s idewal l  and conventional 

cores by Ariey and McCoy (1977) and Ariey and Rathbun (1977) ; ( 3 )  poros i ty  

and permeabil i ty aata by Core Laboratories ,  Inc. (1977a, b )  ; (4)  petrographic 



analys is  of sandstones provided by Babcock (1977), Christensen (1977), ~ u q v i a l  

(1977) , Schluger (19 77) , and Swiderski (1977) ; and (5)  organic geochemical da ta  

provided by Simpson (1977) and Van Delinder (1977) . These repor t s  can be con- 

s u l t e d  a t  the  U.S. Geological Survey, Conservation ~ i v i s i o n ,  Off ice  of t h e  O i l  

and Gas Supervisor, Anchorage, ~ l a s k a .  

@per Jurassic rocks.--The Upper J u r a s s i c  rocks (Naknek Formation) a re  

penetrated from 2,112 m (6,930 f t )  t o  t o t a l  depth o r  3,776 m (12,387 f t )  . A l l  

tops o r  thicknesses a r e  log depths measured from the  Kelly bushing. The top of 

the  u n i t  i s  placed j u s t  below the flood of  Inoc~rmrms fragments from the  s ide-  

wall  core a t  2,109 m (6,920 f t )  and just above the  f i r s t  ind ica t ion  of  z e o l i t e s  

(laumontite) a t  2,146 m (7,040 f t )  on the indented r e s i s t i v i t y ,  ve loc i ty  and 

dens i ty  curves. The b i g  increase  i n  i n t e r n a l  ve loc i ty  which occurs a t  2,089 m 

(6,850 f t ;  W i l l s  and o the r s ,  1978) is  a t  the top of the  lowermost sandstone of  

the Lower Cretaceous. The c a l c i t e  r i c h  sandstone contains no z e o l i t e  (laumont- 

ite) , b u t  is  diagenet ica l ly  a l t e r e d  (McCulloh, o r a l  commun. , 1978) . The zeo- 

l i t e  boundary i n  the we l l  is  24 m deeper and is  coincident  with the  top  of  the 

Naknek Formation. Paleontological  data i n  t h i s  i n t e r v a l  are sparse  b u t  a Late 

Ju rass ic  age (Callovian t o  Tithonian) i s  suggested ( f i g .  3 ) .  Most of these 

rocks contain ind ica t ions  of a marginal t o  shallow marine environment poss ib ly  

ranging as deep as middle n e r i t i c .  Sidewall cores ( f i g .  4)  i n d i c a t e  that silt- 

stone,  sha le ,  and sandstone a r e  the dominant rock types. Modal analyses o f  28 

t h i n  sec t ions  ind ica te  an average composition of Q F L (quar tz ,  fe ldspar ,  
24 55 21 

l i t h i c )  f o r  the l i t h o f e l d s p a t h i c  sandstone (Crook, 1960). Of 172 recorded s ide-  

w a l l  cores,  only 1 2  had favorable r e se rvo i r  l i tho logy ,  The average poros i ty  

and permeabil i ty of t h i s  sandstone i s  17.9 percent  and 39 m i l l i d a r c i e s ,  respec- 

t i v e l y  ( t a b l e  1). Data from conventional cores i n d i c a t e  r e se rvo i r  p roper t i e s  

ranging from very poor to inadequate ( t a b l e  1). The upper p a r t  (450-600 m) of  



t he  Naknek Formation i n  the wel l  co r re la t e s  with the rocks exposed along the  

southwest coast  of the  Kamishak Bay and the lower p a r t  (1,200-1,600 m) with 

the  Naknek Formation exposed i n  the  Iniskin-Twedni region (Dettennan and 

Hartsock, 1966) . 
Lmer &eLaceous rocks.--lower Cretaceous rocks i n  the COST w e l l  are pene- 

t r a t e d  from 1,541 m (5,055 f t )  t o  2,112 m (6,930 f t )  f o r  a thickness of  571 m 

(1,875 f t ) .  The top of these rocks is  placed a t  the  l a rge  abrupt  excursion of 

the  r e s i s t i v i t y  log and s l i g h t  excursions of the ve loc i ty  and dens i ty  logs.  A 

diverse  populat ion of marine microplankton and calcareous nannofossi ls  i n d i c a t e s  

a Hauterivian t o  Barremian age, and the  base may be as  o ld  as Valanginian. Fo- 

ramini fera l  da ta  between 1,594 m (5,230 ft) and 2,109 m (6,920 f t )  a l s o  ind ica te  

a s i m i l a r  age and middle bathyal  to  inner  n e r i t i c  marine environments. Sidewall 

cores of these  rocks include sandstone, s i l t s t o n e ,  sha le ,  and Inoceramus frag- 

ments. Modal analyses of 37 t h i n  sec t ions  i n d i c a t e  an average composition of  

Q36F44L20 f o r  the  l i t h o f e l d s p a t h i c  sandstone. The average poros i ty  and perme- 

a b i l i t y  of the  s idewal l  cores a r e  21.5 percent  and 80 m i l l i d a r c i e s ,  respect ive ly  

( table  1) . Conventional cores from depths of 1,642 m (5,390 ft) t o  1,649 .6 m 

(5,412 f t )  average 13.9 percent  poros i ty  and 0.3 m i l l i d a r c i e s  permeabil i ty;  these  

da ta  a r e  s i g n i f i c a n t l y  lower than averages from s idewal l  cores,  probably because 

sidewall  cores a re  f r ac tu red  by the core gun. These socks are equivalent  t o  the  

Lower Cretaceous rocks i n  the  Kamishak H i l l s  (Jones and Detterman, 1966) where 

they a r e  215 m (705 f t )  th ick  (Magoon and o the r s ,  1978) . 
Upper Cre~ceous  rocks. --upper Cretaceous rocks were penet ra ted  i n  the  

COST we l l  from 832 rn (2,730 f t )  to  1,541 rn (5,055 f t )  f o r  a thickness of 709 m 

(2 ,325 f t l .  The top of t h i s  unit is  placed on the  abrupt  excursion of the  re- 

s i s t i v i t y ,  ve loc i ty ,  and density curves a t  832 m (2,730 ft) . The age of t h i s  

u n i t  i s  Maestr icht ian on the b a s i s  of p a l y n o m r p h s ,  and Campanian and 



- s t r i ch t i an  on the b a s i s  of foraminifers  through i n t e r v a l s  832-1,036 m (2,730- 

3,400 f t )  and 1,036-1,541 m (3,400-5,055 f t )  . Palynormorphs and foraminifers  

i n d i c a t e  t h a t  the  water depth i n  which the rocks wi th in  these  two i n t e r v a l s  were 

deposited shallows upward from upper bathyal  marine t o  nonmarine, o r  two prograd- 

ing  sedimentary sequences occur within Lower Cretaceous rocks ( f i g .  3) .  Sidewall 

cores i n d i c a t e  t h a t  this u n i t  includes sandstone, s i l t s t o n e ,  and some coal.  

Modal analyses of 21 t h i n  sec t ions  ind ica te  an average composition of Q F L 
23  61 16 

fo r  the  f e ldspa th ic  sandstone. The average poros i ty  and permeabil i ty of  the  

s idewal l  cores i s  22.8 percent  and 4 3  mi l l ida rc ies ,  respect ive ly  ( t a b l e  1) . The 

Upper Cretaceous rocks i n  t h i s  well  c o r r e l a t e  with t h e  m e s t r i c h t i a n  p a r t s  of  

the Matanuska and Kaguyak Formations (Magoon and o t h e r s ,  1976a, b; F i she r  and 

Magoon, 1978). 

Lmer Tertiary mcks. --The f i r s t  ind ica t ion  (minimum depth) of lower 

Ter t i a ry  rocks (West Foreland Formation) i s  a t  413 m (1,356 f t )  and the  deepest 

o r  bottom is  a t  832 m (2,730 f t )  making t h i s  u n i t  a t  l e a s t  419 m (1,374 ft) 

th ick  ( f ig .  3). On the b a s i s  of palynology, the  age of t h i s  nonrnarine unit i s  

Eocene from 413 m (1,356 f t )  t o  552 m (1,810 f t )  and Paleocene from 552 m (1,810 

ft) to  832 m (2,730 f t )  . Mesozoic forms occur a l s o  i n  the  Paleocene. Foramin- 

i f e r s ,  calcareous nannofossi ls  and rad io la r i ans  a r e  nondiagnos t i c .  Rock types 

indica ted  by s idewal l  core samples a r e  sandstone, s i l t s t o n e ,  coal  and some con- 

glomerate ( f i g .  4 ) .  Modal analyses of e igh t  t h i n  sec t ions  ind ica te  an average 

composition Q23F30L47 f o r  the f e l d s p a t h o l i t h i c  sandstone. The average poros i ty  

and permeabil i ty from s idewal l  cores is  22.7 percent  and 108 m i l l i d a r c i e s  , 

respect ive ly  ( t a b l e  1) . This u n i t  i s  presumed t o  be c o r r e l a t i v e  with the  West 

Foreland Formation which crops ou t  on the  west s i d e  of  the Cook I n l e t  Basin 

(Magoon and o the r s ,  19 76b; Fisher  and Magoon, 19 78) . 



Amomt of thermal m a t u r i t y  of organic matter.- he kind and amount of 

organic matter  and the  degree of thermal maturi ty of the  rocks penet ra ted  i n  

the lower Cook I n l e t  COST N o .  1 well  are unfavorable f o r  generat ion of hydro- 

carbons ( f i g .  5 ) .  The organic carbon content  from s idewal l  cores general ly 

i s  less than 0.4 w t  percent .  The exceptions are four  samples of nonmarine 

rocks of Late Cretaceous age t h a t  contain up t o  1.44 w t  percent  organic  carbon 

and one sample from Lower Cretaceous rocks with 0.68 w t  percent  organic  carbon. 

The gas content  (methane through butane, C -C of d r i l l  cu t t ings  i s  low and 
1 4  

decreases i n  both t o t a l  concentrat ion (ppm C1-C4) and wetness content  (C2-C4/ 

C -C x 100 = % )  with increas ing depth of  bur i a l .  Opt ica l  r e f l ec tance  of 
1 4  

v i t r i n i t e  increases  with depth and shows a s i g n i f i c a n t  and pecu l i a r  o f f s e t  

a t  the  Lower and Upper Cretaceous unconformity. The average v i t r i n i t e  r e f l ec -  

tance reaches a maximum of 0.65 percent  a t  the  base of  the sec t ion  penetrated,  

where thermal a l t e r a t i o n  index (TAI) approaches a value of 3.  These p roper t i e s  

of the  solid organic matter  ind ica te  that thermal a l t e r a t i o n  s u f f i c i e n t  f o r  

hydrocarbon generat ion t o  have occurred. Extrac table  hydrocarbon-to-organic 

carbon r a t i o s  of g r e a t e r  than 1 percent  support  t h i s  ind ica t ion  ( f i g .  5 ) .  

Regional reZat-ion.- he COST N o .  1 w e l l  i s  shown on the  cross  s e c t i o n  

A-A' (F isher  and Magoon, 1978) t h a t  t r ansec t s  lower Cook I n l e t  between t h e  

I n i s k i n  Peninsula and the Kenai Peninsula ( f i g .  6 ) .  The impl ica t ions  of this 

t r a n s e c t  and the above i n t e r p r e t a t i o n  of the COST wel l  da ta  f o r  the  explorat ion 

model f o r  Cook I n l e t  bas in  can be evaluated f u r t h e r  by considering the  o r i g i n  

and poss ib le  migration routes f o r  the  commercial oil accumulations i n  upper 

Cook Inlet. 

PETROLEUM GEOCHEMISTRY 

O i l  production i s  present ly  r e s t r i c t e d  t o  the Ter t iary  rocks i n  upper Cook 

I n l e t .  Eighty percent  of the  o i l  being produced i s  from the  Hemlock Conglomerate, 



18 percent  from the  Tyonek Formation, and the  remaining 2 percent  from the  West 

Foreland Formation. O i l  w a s  recovered i n  t e s t s  of the  Hemlock Conglomerate i n  

the Standard O i l  Company North Fork No.  41-35 and the  Pennzoil Starichkof S t a t e  

No. 1 wel ls  near Homer. O i l  shows from the Middle J u r a s s i c  rocks were detected 

i n  wells  d r i l l e d  on the  I n i s k i n  Peninsula (Detteman and Hartsock, 1966; Blasko, 

1976a), and a "dead" o i l  smell was reported and confirmed i n  Upper J u r a s s i c  rocks 

from the Douglas River a r e a  (Mil ler ,  1959; Magoon and o the r s ,  1976a). Southwest 

of the  Cook I n l e t  area on the  Alaska Peninsula, a s e r i e s  of seeps around Becharof 

Lake was a l s o  reported from ~ u r a s s i c  rocks (Blasko, 1976b). 

The da ta  and i n t e r p r e t a t i o n  presented i n  t h i s  sec t ion  a r e  preliminary; more 

d e t a i l e d  a n a l y t i c  da ta  on o i l s  and rocks a r e  being col lec ted .  The general  com- 

pos i t ion  of  Cook I n l e t  o i l s  is discussed and compared with organic matter  i n  

sedimentary rocks t o  determine poss ib le  gene t i c  r e l a t ions .  The type of organic  

matter and thermal maturity of poss ib le  source rocks a r e  a l s o  summarized b r i e f l y ,  

O i l s  

Genera2 crude oil composit-ion.- he A P I  g rav i ty  of s e l e c t e d  Cook I n l e t  

crude o i l s  i s  p l o t t e d  aga ins t  depth of producing i n t e r v a l  i n  meters ( f ig .  7) .  

These a r e  Bureau of  Mines data (Blasko and o the r s ,  1972, p. 21) except f o r  the  

I n i s k i n  Bay Association, I B A  No. 1 wel l ,  for which API g rav i ty  and s u l f u r  con- 

t e n t  w a s  reported by Detteman and Hartsock (1966, p. 73). The API grav i ty  

and s u l f u r  content  of the Beal No. 1 o i l  i s  from our laboratory.  There i s  no 

systematic t rend of  API gravi ty  with depth. The I B A  No. 1 and Beal No. 1 o i l s ,  

both from the  Red Glacier  Formation of the Tuxedni Group of Middle J u r a s s i c  

age, and the  Granite Point  and the North Cook I n l e t  o i l s ,  both from the  lower 

Tyonek Formation of Oligocene age a l l  have higher API  g rav i ty  than o t h e r  Cook 

Inlet oi l s .  Sul fur  content  decreases with increas ing API g rav i ty  ( f ig .  8 ) .  

Sul fur  compounds a r e  predominant i n  the  higher-boiling nonhydrocarbon f r a c t i o n s  



of crude o i l s .  I n  a r e l a t e d  family of crude o i l s ,  such as those produced from 

rese rvo i r s  of Ter t i a ry  age i n  the  Cook I n l e t ,  both API gravi ty  and s u l f u r  con- 

t e n t  r e f l e c t  the  proport ion of these  high-boiling compounds i n  the oi l .  I f  the  

s u l f u r  contents  f o r  the  o i l  samples from IBA No. 1 and Beal No. 1 w e l l s  a r e  

representa t ive  of all o i l s  t h a t  o r i g i n a t e  i n  J u r a s s i c  rocks i n  the Cook I n l e t  

region,  they would argue aga ins t  a common o r i g i n  with o the r  Cook I n l e t  o i l s .  

However, t h e  s u l f u r  contents  of these  I n i s k i n  Peninsula o i l s  a l s o  may r e f l e c t  

regional  d i f ferences  i n  organic matter  i n  J u r a s s i c  source rocks o r  i n  o i l s  which 

have undergone l i t t l e  o r  no migration. 

I n  the  r e s u l t s  of U . S .  Bureau of Mines Hernpel d i s t i l l a t i o n  analyses ( a f t e r  

Blasko and o the r s ,  1972, p. 23) ,  p l o t t e d  i n  f igure  9,  the  c o r r e l a t i o n  index i s  

p l o t t e d  aga ins t  the  number of d i s t i l l a t i o n  f rac t ion .  Corre la t ion  index, derived 

from the  s p e c i f i c  g rav i ty  of each d i s t i l l a t i o n  f r a c t i o n ,  ind ica tes  r e l a t i v e  b u t  

indeterminate proport ions of paraf  f in-naphthene-aromatic hydrocarbon types i n  

each d i s t i l l a t i o n  f rac t ion .  For example, a co r re la t ion  index value of 100 in-  

d ica tes  100 percent  aromatic r ing  s t r u c t u r e s ,  and a value of 0 i nd ica tes  a hydro- 

carbon mixture composed only of p a r a f f i n i c  s t ruc tu res .  Corre la t ion  index values 

a r e  a useful  tool f o r  empirical corre la t ion .  A s  indica ted ,  a l l  of  the  Cook 

I n l e t  o i l s  from Ter t iary  r e se rvo i r  rocks have a similar shaped curve; only t h e  

average and the  high and low extremes are shown i n  f igure  9. The shallow Trading 

Bay o i l  i s  r e l a t i v e l y  depleted i n  p a r a f f i n s  (upper curve) and t h e  North Cook 

Inlet high-gravity o i l  i s  r e l a t i v e l y  enriched i n  p a r a f f i n s  (lower curve) . The 

o i l s  from Middle Jurass ic  rocks under the  I n i s k i n  Peninsula were n o t  analyzed 

by the  Bureau of Mines. 

Gu8oZ.i-m-range hydrocarbons.- he d e t a i l e d  gasoline-range hydrocarbon com- 

pos i t ions  of Cook I n l e t  o i l s  ( f i g .  10) a r e  s imi la r ,  including the  J u r a s s i c  o i l  

from the  Beal well ,  except f o r  the shallow Trading Bay a i l  and the Kenai con- 



densates,  A s  was indica ted  by s p e c i f i c  g rav i ty  o r  co r re la t ion  index, the  com- 

pos i t ion  of shallow Trading Bay o i l  devia tes  from typ ica l  Cook I n l e t  o i l s  because 

it has been depleted i n  normal pa ra f f ins ,  undoubtedly by the s e l e c t i v e  p a r t i a l  

removal of n-paraf f i n s  by hydrocarbon-oxidizing bac te r i a .  The a c t i v i t y  of these 

b a c t e r i a  i n  the  deeper r e se rvo i r s  i s  prevented by the higher subsurface tempera- 

tures.  The o the r  deviant  hydrocarbon mixtures a r e  condensate samples from the 

Kenai gas f i e l d .  The high proport ion of naphthenes i n  the  C7 s a t u r a t e s  may be 

c h a r a c t e r i s t i c  of  hydrocarbons o r ig ina t ing  i n  the  t h e m a l l y  immature Ter t i a ry  

sec t ion .  

Gus chromatog~phy  of C I Z +  saturates.  --The heavy sa tu ra ted  hydro carbon 

f rac t ions  of Cook I n l e t  o i l s  were separated by e l u t i o n  chromatography and evap- 

o r a t i o n  of the  so lvent  leaving a res idue  of  compounds with 12 o r  more carbon 

atoms. Analyses of these f rac t ions  a r e  i l l u s t r a t e d  i n  f i g u r e  11. The response 

of the gas chromatographic de tec to r  is  p l o t t e d  aga ins t  the  temperature of the 

co lumn,  which i s  increased from 80° t o  320' C a t  a r a t e  of  10' ~/rnin.  A l l  t he  

o i l s  produced from the  Hemlock Conglomerate resemble t h e  samples from North 

Fork and McArthur River ( f ig .  ll), except f o r  the shallow Trading Bay o i l ,  which 

is depleted i n  normal pa ra f f ins .  A dead o i l  s t a i n  from a sandstone outcrop of 

J u r a s s i c  age a t  the mouth of the Douglas River i s  even more extensively degraded. 

I n  comparison, the  o i l  from t h e  Beal No. 1 wel l  on the I n i s k i n  Peninsula is  

s imi la r  bu t  not  i d e n t i c a l  t o  the  typ ica l  Cook I n l e t  o i l s .  The  d i s t r i b u t i o n  of 

sa tu ra ted  hydrocarbons i n  the  o i l  from the  Beal No. 1 well  i s  s h i f t e d  toward 

the  lower boi l ing-point  range r e l a t i v e  t o  the t y p i c a l  Cook I n l e t  o i l s .  This 

d i f f e rence  does no t  r u l e  out a common source f o r  these  o i l s  i n  Jurassic rocks. 

I t  is poss ib le  that the composition of the  o i l  from the  Beal No. 1 w e l l  r e f l e c t s  

a h i s to ry  of higher temperatures, compared with o i l s  t o  the northeast .  



S b b Z e  carbon i so tope  ratios.- he C sa tu ra ted  hydrocarbon f r a c t i o n s  
12+ 

were analyzed f o r  13c/12C r a t i o  ( f ig .  1 2 ) .  The samples shown a r e  the typ ica l  

cook I n l e t  o i l s  produced from the  Hemlock Conglomerate and o the r  T e r t i a r y  zones, 

plus the o i l s  from the Beal No. 1 well  and Becharof Lake seep,  both from J u r a s s i c  

rocks. A l l  of the  o i l s  a re  wi th in  two p a r t s  per  thousand, between -32 and -30 

permil; an exception is  the Kenai condensate a t  -26.7 permil. These r e s u l t s  a r e  

cons i s t en t  with the  major hydrocarbon occurrences being generated from a common 

source i n  Middle J u r a s s i c  rocks. 

mcks  

Possible source rocks.- onma marine T e r t i a r y ,  marine Cretaceous, and marine 

Middle J u r a s s i c  sequences a r e  the most l i k e l y  sources of  cook I n l e t  o i l .  We 

have attempted to analyze representa t ive  samples of  each of these  sequences. 

I n  general ,  the  nonmarine Ter t i a ry  sequence i s  rich i n  organic matter (mainly 

because of the  presence of c o a l ) ,  bu t  the samples analyzed t o  da te  a r e  judged 

t o  be thermally immature. The Jurass ic  samples analyzed t o  da te  a r e  only mar- 

g i n a l  i n  terms of organic r ichness b u t  appear t o  have reached thermal maturity. 

Gas chromatogmphy of CZ2+ saturates.--Hydrocarbon mixtures of  the  C 
12+ 

sa tu ra ted  hydrocarbons ext rac ted  and analyzed by gas chromatography from 

Cretaceous and Ter t i a ry  rocks do not  resemble Cook I n l e t  petroleum ( f i g .  1 3 ) .  

However, e x t r a c t s  from Jurass ic  rocks on the  I n i s k i n  Peninsula a r e  s i m i l a r  t o  

Cook I n l e t  petroleum. The samples analyzed a r e  the Ter t i a ry  (West Foreland 

Formation, Hemlock Conglomerate, and Tyonek Formation) and the Cretaceous 

(Matanuska Formation) rocks from the Deep Creek No. 1 w e l l  and the Middle 

J u r a s s i c  rocks from the Beal No. 1 wel l  and the  Mobil MUC 1-1 wells .  Samples 

from the Deep Creek No.  1 wel l  a l l  show odd-carbon predominance i n  the  CZ3- 

'32 
n-paraffins. Even the Middle Ju rass ic  sample from 4,556.8 rn depth i n  the 

Granite Po in t  field--Mobil MUC 1-1 well--has a s l i g h t  apparent odd-carbon pre- 



dominance i n  the n-CZ9 region, although no more s o  than some of t h e  Cook I n l e t  

o i l s  (see  North Fork 41-35 o i l  i n  f ig .  11). The sample of sa tu ra ted  hydrocar- 

bons ext rac ted  from the  Red Glacier  Formation i n  the Beal N o .  1 w e l l  c lose ly  

resembles the  o i l  produced from this well.  This p a r t i c u l a r  sample was a com- 

p o s i t e  of washed d r i l l  cu t t ings  co l l ec ted  over the  i n t e r v a l  2 ,188 t o  2 ,323  m. 

The organic carbon content  i s  1.1 w t  percent  and the  ex t rac tab le  hydrocarbon 

( sa tu ra ted  p lus  aromatic) content  is  715 ppm f o r  the  composite sample from the 

Beal No. 1 wel l  ( f i g .  13) .  This sample and o t h e r  samples of Middle J u r a s s i c  

rocks i n  the  same w e l l  a r e  ind ica t ions  of the most Likely source rocks f o r  the  

Cook I n l e t  o i l s  on the  b a s i s  of organic r ichness ,  thermal maturi ty,  and hydro- 

carbon composition. 

Stable carbon isotope ra t ios . - -s table  carbon iso tope  r a t i o s  f o r  some of 

the  rock e x t r a c t s  (table 2) a r e  a l l  heavier  than comparable f r a c t i o n s  from the  

crude o i l s  ( f i g .  12); however, o i l s  a re  o f t e n  1 t o  1.5 permil l i g h t e r  than 

ex t rac tab le  hydrocarbons i n  rocks from which the  o i l s  were derived (Baker and 

Ferguson, 1964). I n  summary, s t a b l e  carbon iso tope  r a t i o s  do not  exclude 

e i t h e r  the J u r a s s i c  o r  Ter t i a ry  rocks as  a poss ib le  source f o r  the  Cook I n l e t  

o i l .  

3 p e  and thema2 matwzity of organic matter.--~hexmal-evolution analys is  

employing a flame ion iza t ion  de tec to r  (TEA-FID) was used t o  evaluate  the  r ich-  

ness,  type, and thermal maturi ty of organic matter  i n  sedimentary rocks o f  t h e  

Cook I n l e t .  I n  t h i s  ana lys i s ,  a small sample of  rock i s  heated under con t ro l l ed  

condit ions and hydrocarbons a re  measured as they a r e  thermally evolved from the  

rock. Response of the  de tec to r  i s  c a l i b r a t e d  by analys is  of  known amounts of 

synthetic standard (4.24 percent  n-CZOHd2 on Al 0 1. Separa te ly  measured a r e  
2 3 

(1) hydrocarbons p resen t  i n  the rock (peak I ) ,  (2)  hydrocarbons produced by 

thermal decomposition of kerogen (peak 1 1 1 ,  and ( 3 )  the  absolute temperature 



required t o  cause a maximum i n  pyrolys is  products of t h e  organic matter  i n  t h e  

rock (peak 11). General i n t e r p r e t a t i o n  of  the r e s u l t s  of this type of ana lys i s  

is summarized by Barker (1974a, b)  , Claypool and Reed (1976) , and Espi t a l i e  and 

others (1977) . 
q p e  of organic matter  and thermal maturi ty a r e  considered f o r  rocks from 

f i v e  w e l l s ,  which a r e  depicted on a s t r a t i g r a p h i c  sec t ion  from the  I n i s k i n  

Peninsula t o  the  Kenai lowland ( f i g .  14) .  Only the  Beal No. 1 wel l  on t h e  

In i sk in  Peninsula and North Fork Unit No. 41-35 on the  Kenai lowland contain 

Middle J u r a s s i c  rocks. Four of the  f i v e  wells  were analyzed by TEA-FID ( f i g .  

15) , Tota l  pyro ly t i c  hydrocarbon y i e l d  (PHC) --peak I plus  peak 11--divided by 

organic carbon content  (OC), expressed i n  percent ,  i s  p l o t t e d  aga ins t  sample 

depth. This parameter, PHC/OC, is  s e n s i t i v e  t o  a type of  organic matter  and t o  

the degree of thermal maturi ty of  a type (hydrogen-deficient) which does not 

y i e l d  hydrocarbons upon pyrolys is ,  o r  ( 2 )  the  organic matter  i s  thermally post- 

mature o r  "overcooked" and has previously yielded hydrocarbons. s ince  none of 

the rocks analyzed have o the r  p roper t i e s  suggesting t h a t  they a r e  postmature, 

the r e s u l t s  can be in te rp re ted  i n  terms of type of organic matter ,  o r  the  pro- 

portion of the to ta l  organic matter  which is  " l ive"  and can be converted t o  

hydrocarbons. I n  t h i s  sequence coals  and organic matter  bel ieved t o  be more 

"gas-prone" have PHC/OC values of 0-30 percent.  I n  terms of t h i s  measurement, 

Middle J u r a s s i c  rocks i n  the B e a l  No. 1 and North Fork Unit No. 41-35 are the  

only p o t e n t i a l  o i l  source rocks. I t  should be s t r e s s e d  t h a t  these r e s u l t s  a r e  

prel iminary,  and i n t e r p r e t a t i o n s  may requi re  modification on the b a s i s  of more 

d e t a i l e d  f u t u r e  work. Also, because much of t h i s  sample mater ia l  i s  washed 

d r i l l  cu t t ings  t h a t  may no t  have been a i r -d r i ed ,  the sample q u a l i t y  i s  suspect.  

I n  the  north,  i n  the Granite Point  f i e l d  (Mobil MUC 1-1) , core mater ia l  from the 

Middle J u r a s s i c  was recovered and analyzed (fig. 1). This gray s i l t s t o n e  from a 



d r i l l  depth of 4,463 t o  4,789 m i s  submature to mature and organica l ly  lean;  the  

sample however, i s  probably not  representa t ive  of  the  complete Midale J u r a s s i c  

sequences from upper Cook I n l e t .  

The thermal maturi ty of rocks from w e l l s  on the  s t r a t i g r a p h i c  cross sec t ion  

and the  Mobil MUC 1-1 wel l  can be estimated using the  temperature o f  maximum 

pyrolys is  y i e l d  from TEA-FID analys is  ( f i g .  16) and v i t r i n i t e  ref lec tance .  The 

b e s t  o r  most probable f i t  l i n e s  drawn by eye a r e  d i f f e r e n t  f o r  the  Kenai lowland 

rocks and the I n i s k i n  Peninsula rocks. V i t r i n i t e  r e f l ec tance  measurements from 

the North Fork Unit N o .  41-35 w e l l  were made by S h e l l  O i l  Company and made avai l -  

able  through t he  S t a t e  of Alaska, These measurements show r e f l ec tance  values of 

0.5 percent  or less on coals  from 3,655 t o  3,883 m i n  t h i s  well .  Such values a r e  

general ly considered thermally immature. 

OIL FIELDS 

Producing o i l  f i e l d s  i n  upper Cook a r e  located  on the e a s t  and w e s t  f lanks  

of the  bas in  ( f i g .  1). East-flank f i e l d s  include Swanson River and Beaver Creek; 

wes t-f lank f i e l d s  include Middle Ground Shoal, McArthur River, Trading Bay ( 3  

p o l s )  and Granite  Point .  A l l  these  f i e l d s  are s t r u c t u r a l  t r aps :  a n t i c l i n e s  o r  

f au l t ed  a n t i c l i n e s  with separa te  o i l  pools  o r  productive horizons having unique 

oil-water cont rac ts  (Alaska Geological Society,  1970; Blasko and o the r s ,  1972; 

Kirschner and Lyon, 1973; Boss and o the r s ,  1976; Petroleum Data System, 1977) . 
The o i l  r e se rvo i r s  a r e  nonmarine sandstone and conglomerate. I n i t i a l  gas-oi l  

r a t i o s  (GOR) range from 65 t o  1,110 ( t a b l e  3 ) .  Also, none of the  s t r u c t u r e s  

appear to  be f i l l e d  t o  capacity (Alaska Geological Society,  1970; Boss and o the r s ,  

19 70 1 . 
Resarvoir poros i ty . - -~ese rvo i r  poros i ty  i n  the  Hemlock Conglomerate from 

the producing o i l  f i e l d s ,  p l o t t e d  aga ins t  depth, is  higher i n  the e a s t  f lank 

than i n  the  west flank ( f i g .  1 7 ) .  Poros i t i e s  publ ic ly  ava i l ab le  f o r  rocks i n  



the Beaver Creek f i e l d  a r e  ex t raord ina r i ly  high f o r  b u r i a l  depths of over 4.5 

km. The average poros i ty  of the  Hemlock Conglomerate r e se rvo i r s  on t h e  west 

f lank ranges from 8 t o  13  percent ,  and individual  values genera l ly  f a l l  on a 

s t r a i g h t  l i n e  "A" ( f i g .  17, t a b l e  3 ) .  The average p o r o s i t i e s  of the West 

Foreland and Tyonek Formations range from 14 t o  21 percent  and a l s o  f a l l  on a 

s t r a i g h t  l i n e  "B" ,  p a r a l l e l  to  "A" b u t  separated from i t  by 6 poros i ty  uni ts .  

Projec t ing  these s t r a i g h t  l i n e s  "A" and "B" back t o  the su r face  i n d i c a t e  oxi- 

g ina l  p o r o s i t i e s  of 1 8  and 24 percent ,  respect ive ly ,  which a r e  much too low f o r  

unconsolidated sandstone and conglomerate (Maxwell, 1964; z i e g l a r  and Spot ts ,  

1978). Reservoir da ta  on the  e a s t  flank suggest  t h a t  poros i ty  was preserved 

during b u r i a l ,  which occurs when o i l  i s  emplaced a t  a shallow depth, i n  con t ras t  

t o  the poros i ty  t rends  on the  west f lank,  where r e se rvo i r  bodies appear t o  have 

been t ec ton ica l ly  re located  a f t e r  maximum b u r i a l  depth. 

The poros i ty  da ta  ava i l ab le  f o r  these  th ree  s t r a t i g r a p h i c  u n i t s  a r e  re- 

s t r i c t e d  t o  commercially producing o i l  r e se rvo i r s ;  the re  a r e  no da ta  f o r  water- 

sa tu ra ted  rocks i n  these  un i t s .  The da ta  presented here  a r e  from a s m a l l  sample 

of a p o t e n t i a l l y  l a rge  population, e spec ia l ly  i f  the  t o t a l  l a t e r a l  ex ten t  of 

these u n i t s  i s  considered. Therefore, our conclusions about poros i ty  t rends 

are q u a l i t a t i v e ,  not  quan t i t a t ive .  Also, o the r  f a c t o r s  not  mentioned above 

should a f f e c t  o r i g i n a l  p o r o s i t i e s .  For example, the o r i g i n a l  sediments of the 

Hemlock Conglomerate on the  e a s t  f lank should be b e t t e r  s o r t e d  and contain more 

quar tz  than those on the  west f lank because they a r e  f a r t h e r  from the  sediment 

source area. 

O i Z  p h b i n g  system.--A geologic reconst ruct ion  t h a t  shows the  timing f o r  

the o r i g i n ,  migration routes and areas  of entrapment f o r  the o i l  on the w e s t  

f lank of the  Cook I n l e t  depends on the  i n t e r p r e t a t i o n  of the data  presented and 

a l s o  on c e r t a i n  assumptions: (1) Middle J u r a s s i c  source rocks are truncated by 



the West Foreland Formation somewhere between McArthur River and Middle  round 

Shoal f i e l d s  as depicted i n  the  general ized cross  s e c t i o n  by Boss, Lennon, and 

Wilson (1976, f i g ,  1 8 ) ;  ( 2 )  t he  deformation of the  r e se rvo i r  rocks occurred 

a w i n g  the  Pliocene and Pleistocene;  and ( 3 )  f a u l t s  a r e  s e a l i n g  and not  avenues 

f o r  oil migration. 

For o i l  to migrate from the  source rock i n t o  the  lower T e r t i a r y  r e se rvo i r  

rocks requi res  that t he  w e s t  f lank be reconstructed t o  i t s  geologic configura- 

t i o n  a t  t h e  end of Miocene time ( top  of the  Beluga Formation, f i g  . 19) . The 

pre-Pliocene Tert iaxy rocks t h i n  t o  the w e s t  and the  r e se rvo i r  rocks d ip  t o  the  

east. The high poros i ty  and permeabil i ty i n  the  West Foreland Formation i n  the 

McArthur River f i e l d  a r e a  provides an avenue f o r  o i l  migration i n t o  the  Hemlock 

Conglomerate and Tyonek Formation. The narrow ranges of the  API o i l  g r a v i t i e s  

(30-35, f i g .  7) and poros i ty  values ( f i g .  1 7 ,  t a b l e  3) r e s u l t  because the  o i l s  

were expelled a t  the  same temperature, and the  r e se rvo i r  rocks experienced a 

s i m i l a r  b u r i a l  h i s to ry .  A l a rge  s t r a t i g r a p h i c  o i l  f i e l d  was on the  west f lank 

a t  the end of Miocene time. 

Deformation during Pliocene and Ple is tocene  time caused the s t r a t i g r a p h i c a l l y  

trapped o i l  to  remigrate i n t o  the  present  f i e l d s  and simultaneously s h u t  o f f  

o r i g i n a l  o i l  migration routes from the  source rock ( f i g .  1 8 ) .  The o i l  then may 

have been shunted t o  the  Granite Point  f i e l d  (API 40') . By Pliocene and 

Pleistocene time, burial depth and deformation had grea t ly  diminished the o i l  

r e se rvo i r  p roper t i e s  of the  Hemlock Conglomerate, while the  Tyonek Formation, 

which was shallower and inherent ly  a b e t t e r  r e se rvo i r ,  was s t i l l  capable of 

being charger ( f ig .  17 ) .  Gradually t h i s  o i l  system a l s o  was shu t  o f f .  This 

migration p a t t e r n  explains the  lower gas-oi l  r a t i o s  (65-650) and A P I  g r a v i t i e s  

(30-35) i n  the  McArthur River f i e l d  area  compared t o  the higher gas-oi l  r a t i o s  

(700-1,110) and API g rav i ty  (40) i n  the Granite Point  f i e l d .  



EXPLORATION MODEL 

I£ upper Cook I n l e t  r e se rvo i r s  were charged i n  the manner hypothesized, 

then this model can be applied t o  the  Cook I n l e t  bas in  t o  explore f o r  petroleum 

accumulations. This explorat ion model applied t o  upper Cook I n l e t  suggests th ree  

areas  of explorat ion:  (1) the updip pinch-out edge ( f i g .  19) of  t h e  Hemlock 

Conglomerate and Tyonek Formation west of the  McArthur River f i e l d  area ;  ( 2 )  the 

t h r u s t - f a u l t  t r a p  ( f i g .  19) on the  e a s t  f lank of the Middle Ground Shoal f i e l d ;  

and ( 3 )  the f a u l t  blocks and s t r u c t u r e s  ( f i g .  18) adjacent  t o  the  Swanson River 

f i e l d .  

This explora t ion  model can a l s o  be appl ied  t o  lower Cook I n l e t  b u t  the re  

a r e  severa l  important d i f ferences  between the  areas .  F i r s t ,  with the  exception 

of the  fo laed J u r a s s i c  rocks on the  I n i s k i n  Peninsula, s t r u c t u r a l  deformation 

is mild i n  lower Cook I n l e t  compared t o  upper Cook I n l e t .  Second, i n  Lower Cook 

I n l e t  the Ter t i a ry  s t r a t a  t h i n  toward the  Augustine-Seldovia arch and then 

thicken gradually t o  the  south (Fisher  and Magoon, 1978) compared t o  the  very 

thick (7,600 m; Hartman and o the r s ,  1972) Ter t i a ry  sec t ion  i n  upper Cook I n l e t .  

L a s t ,  i n  lower Cook I n l e t  the  unconfomity a t  the  base of  the Ter t i a ry  on the  

w e s t  f lank truncated rocks only as old  as Upper J u r a s s i c  i n  the Iniskin-Twedni 

area  (Detterman and Hartsock, 1966) and, i n  the  areas of  the COST wel l  and Cape 

Douglas, Upper Cretaceous (Magoon and o the r s ,  1976b). I n  upper Cook I n l e t  the  

unconfomity a t  the base of the Ter t i a ry  t runcates  the  complete Mesozoic sec t ion  

a t  one place o r  another ( f i g s .  6 and 18). Only on the  e a s t  f lank i n  lower Cook 

I n l e t  does the  Ter t i a ry  o v e r l i e  a l l  the Mesozoic rocks (fig. 6 ) .  The upper Cook 

I n l e t  model can be appl ied  d i r e c t l y  i n  t h i s  a rea .  

SUMMARY AND CONCLUSIONS 

The conclusions presented here must be considered t e n t a t i v e  as they are 

drawn from a very l imi ted  da ta  base. Generally, most of the  geochemical da ta  



come from lower Cook I n l e t  whereas most of the  o i l  da ta  come from upper Cook 

I n l e t .  I t  is  therefore  d i f f i c u l t  t o  make statements about poss ib le  o i l  sources 

for upper Cook I n l e t  o i l s  from lower Cook I n l e t  rocks. Any s t r a t i g r a p h i c  i n t e r v a l  

could be an oil-prone source rock i n  an undr i l led  o r  deeper thermally mature 

p a r t  of  the  basin.  Also, using d i f f e r e n t  methods o r  approaches t o  the i n t e r -  

p r e t a t i o n  of  geochemical da ta ,  o the r  conclusions regarding the  o r i g i n  of  Cook 

I n l e t  o i l  are poss ib le  (Young and o the r s ,  1977) . 
The p o t e n t i a l  of Cook I n l e t  f o r  o i l ,  evaluated with r e spec t  to  the  reser -  

v o i r  rocks encountered i n  the COST well  and the r e l a t i o n  of  west f lank f i e l d s  

to the  o i l  system, can be stated more d e f i n i t e l y .  The p o t e n t i a l  is  h ighes t  

where Ter t i a ry  o r  Cretaceous rese rvo i r  rocks t runcate  Middle J u r a s s i c  source 

rocks. 

Several  l i n e s  of  evidence suggest  t h a t  Middle J u r a s s i c  rocks a r e  a poss ib le  

source of a l l  the  commercially important o i l  i n  the  Cook I n l e t  basin. Nonmarine 

Ter t i a ry  rocks a r e  t e n t a t i v e l y  el iminated as poss ib le  o i l  source rocks because 

they a r e  thermally immature and because they contain a coaly type of  organic mat- 

t e r  t h a t  does no t  y i e l d  l i q u i d  hydrocarbons e f f i c i e n t l y  upon pyrolys is .  Cretaceous 

rocks a r e  a l s o  t e n t a t i v e l y  el iminated as  poss ib le  source rocks because of  t h e i r  

inadequate organic r ichness  and thermal immaturity. Only Middle J u r a s s i c  rocks 

contain adequate amounts of thermally mature, oil-prone organic matter  and ex- 

t r a c t a b l e  hydrocarbons that both chemically and i s o t o p i c a l l y  resemble cook I n l e t  

o i l .  

The petroleum i n  west-flank o i l  f i e l d s  f i r s t  concentrated i n  a l a rge  s t r a t i -  

graphic t rap i n  Ter t i a ry  rocks a t  the  end of Miocene time. Pl icoene and 

Pleistocene deformation caused secondary migration of this o i l  i n t o  present  

s t r u c t u r a l  accumulations. 
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Table 1.-&trophysicai! Properties of S h t o n e ,  COST fio. 1 KeZZ 

Unit 
Thick -  Measure- Porosity ( O )  Permeabi l i ty  (md) 
ness (m) = n t s  L w  High Average Low High Average 

Sidewal l  Cares 

Tertiary rocks 419 1 7  1 3 . 2  28.1 22.7 2.2 565 108 
Upper Cretaceous rocks 709 35 15.6 28.9 22.8 1.8 153 4 3 
W e r  Cretaceous rocks 5 71 2 8 17.7 25.2 21.5 1.7 265 80 
Upper Jurassic rocks 1,664 12 12.6 25.5 17.9 - 7  228 39 

Conventional Cores 

h e r  Cretaceous rocks 6.7 15 8.5 19.5 13.9 0 0.0 0.3 
Upper Jurassic rodcs 7.6  2 7 1.8 6.7 3.5 0 7.8  0.6 
Upper Jurassic rocks 4.9 17 0.3 3.3 2.2 0 0 0 
Upper Jurassic rocks 9.2 31 1.1 4 . 1  2.9 0 0 0 



Table 2.--Carbon isotope ( 6 1 3 ~ ~  of C J 2 +  
saturated hy drocarbm rock extrack 

13 6 c,  permil 
Well Rock u n i t  D e p t h  (rn) vs. PDB 

Deep Creek No. 1 Tyonek Formation 2,823 -28.8 
Deep creek N o .  1 Tyonek Formation 3,136 -28.8 
Deep Creek No. 1 Hemlock Conglomerate 3,718 -29.9 
Deep Creek N o .  1 West Fore land  Formation 4,175 -29.2 
B e a l  No. 1 Red Glacier Formation 2,811-2,323 -29.5 



Ols- P m d ~ C i K q  

1 
oi 1 interval 

*o. Field mll 1D& unit ratro &pth (m) 
Porosity ( \ I  Permaability I d )  

Icu HL@I Average Irz, Hlgh average 

Tra&ng Bay 
lCIddlc Grad s-1 
k r t h a a s t  Tra&ng Bay 
C r u u t t  Polnt 
U r t h u r  Favrr 
Tra&ng Bay 
f i d d l e  Crowd Shod 
mrtheat Tr&q B a y  
l ~ r t h u r  Itrwr 
mrth Tradrng Bay 
G r u u t t  P o i n t  
Swurson RIvcr 
h a - r  C r . d  
llchrthur Wvmr 
b r t h  Trading Bay 

?yon& m m u o n  
Tyorwk Pomauon 
Tyohek - m a t i o n  
won& ? o m a u o n  
Fjmek FoZPbtion 
Yesdo& conglonrate 
Y w l o c k  c o n g l ~ r a t e  
nsmlock Ccnqlp~erate  
H d o &  b n g l o r s r a t e  
Hemlock bngloperate  
nearlo& CMglolerate 
Hemlock Conglonerste 
Yamlo& Cengl-rate 
Y e t  Foreland Formation 
W e s t  Porsland Poma'don 

%&s f r l l d  m. and .-1 Lrr anjmction w i t h  fi9rrrc 17. 

' ~ v r r w e  po+Mity vrl-  i n  p . m n t h e s i a  uu the authorp. 
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Figure 1. Cook I n l e t  a rea  indicating geographic names, 
w e l l  l oca t ions ,  c ross  sec t ions  A-A' , B-B' , and 
C-C' and o i l  fields. 



Figure 2. Stratigraphic column of Cook Inlet basin showing 
thicknesses and oil-producing horizons. Geologic 
time table modified after van Eysinger (1975) ; 
Tertiary stages f r o m  Wolfe (1977) . 
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Figure 3 .  Rock units penetrated in lower Cook I n l e t ,  COST N o .  1 well from log 
response (not  shown). The l i thology symbols are (1) thick dashes are 
coal, (2) t h i n  dashes are shale ,  (3)  th in  dashes and dots are s i l t s t o n e ,  
(4 )  dots are sandstone, and ( 5 )  c i rc les  a re  conglomerate. 



Porosity 
% 

S IS 25 
rnd 

CIO' io2 103 
1 ' '"-I . ' 7 . v -  

;g 

7 
8 

L J ..l.*J 1 ~ u J  

F i g u r e  4 .  Sandstone composi t ion,  g r a i n  size. p o r o s i t y ,  and p e r m e a b i l i t y  of s t r a t i g r a p h i c  
u n i t s  p e n e t r a t e d  i n  lower Cook I n l e t  COST N o .  1 well. Modal a n a l y s e s  done by 
o i l  company p e t r o g r a p h e r s  (Babcock, 1977; C h r i s t e n s e n .  1977; Kuryvial ,  1977; 
Sch luger .  1977; Swidersk i .  1977) .  g r a i n  s i z e s  from s i d e w a l l  sample d e s c r i p t i o n s  
(Ariey and McCoy. 1977) .  and p e t r o p h y s i c a l  p r o p e r t i e s  from Core L a b o r a t o r i e s  
(1977 a. b). Abbrev ia t ions  used are (1) S H  i s  s h a l e .  (2) SLTST is  s i l t s t o n e .  
( 3 )  55 is  s a n d s t o n e ,  (4 )  F is  f i n e - g r a i n e d  sands tone .  (5)  C i s  coarse -gra ined  
sands tone .  and (6) CG i s  conglomerate .  The l i t h o l o g y  symbols a r e  (1) thick 
dahses  are c o a l ,  (2) t h i n  dashes  a r e  s h a l e .  ( 3 )  thin dashes  and d o t s  a r e  s i l t-  
s t o n e .  ( 4 )  d o t s  are sands tone .  and (5) c i r c l e s  are conglomerate .  
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Figure 5. Organic geochemistry of stratigraphic units penet ra ted  i n  lower Cook I n l e t  
COST No. 1 wel l ,  from data provided by Geochem Laboratories  (van Delinder, 
1977) and ARC0 (Simpson, 1977) . The lithology symbols are (1) thick dashes 
are coal, (2) t h i n  dashes are shale, ( 3 )  thin dashes ana dots  are s i l t s t o n e ,  
(41  dots are sandstone, and (5) c i r c l e s  a r e  conglomerate. 
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Figure  6. Lower Cook Inlet COST N o .  1 w e l l  p l aced  on c ros s  s e c t i o n  A-A' (fig. 1) 
from F i she r  and Magoon (1978) .  Major r e f l e c t o r s  are i n d i c a t e d  on the 
c ros s  section and in the enlarged  inset a t  r i g h t .  



TRADING B A Y .  

2.00 

MIDDLE :' 
GROUND -. 

SHOAL I, '* , GRANITE POINT 
'.* . , 

I TRADING BAY.,' NORTH COOK 
r - .... ;. 4.; INLET 

:%; SWANSON 
. - -  RIVER 

Figure 7. Plot of API gravity against depth of producing 
interval. Data from Blasko and others (1972) .  

Figure 8. Plot of API gravity against sulfur content. Data 
plotted along curve were derived from oil from 
Tertiary reservoirs (Blasko and others, 1972) . 
Data from IBA No. 1 oil (Detterman and Hartsock, 
1966) and Beal No. 1 oil (our laboratory) are from 
Middle Jurassic rocks. 
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Figure 9.  Correlation index curves of Cook Inlet o i l s  (Blasko and 
others (1972) . 
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Figure 10. T o t a l  C7 saturated hydrocarbons from Cook I n l e t  petroleum plotted on 
t e r n a r y  diagram for comparison. 
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Figure 11. C12-C32 saturated hydrocarbon analysis by gas chromatography depicts 

afferences between biologically altered o i l s  and no-1 o i l s .  
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Figure 12. Carbon isotope (&13c) data of saturated hydrocarbon f r a c t i o n  of oils 
from Cook I n l e t  and A l a s k a  Peninsula. The Kenai condensate at -26.7 
permil c o m e  from the gas separator. 
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Figure 1 3 .  Gas chromatography analysis of  saturated hydrocarbons extracted 
from sedimentary rocks . 
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Figure 14. Stratigraphic cross sect ion across lmer Cook I n l e t .  U s e  w i t h  figure 15. 
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Figure 15. Type of organic matter from thermal-analysis FID and organic 
carbon by combustion plotted against depth for  four wells across 
lower Cook Inlet. For s t ra t ig raphic  in te rva ls ,  see figure 14 .  
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Figure 16. Maximum peak temperature (peak 11) f r o m  thermal-analysis F I D  of 
rocks f r o m '  f ive  wells plotted against depth below ground surface. 
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Figure 17. Decrease of oil f i e l d  reservoir porosities 
for  w e s t  and east flanks. Porosity values 
for  each rock u n i t  on west  flank f a l l  along 
paral le l  l i n e s  A (Hemlock Conglomerate) and 
B (West Foreland and Tyonek Formations) and 
are separated by 6 porosity units . Symbols 
and numbers refer to table 3 .  
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Figure 18. Cross section C-C' transects upper Cook Inlet ( f i g .  1). Detail of west-flank 
depicts relation of Middle Jurassic o i l  source bed to  Tertiary reservoir rocks. 
Cross section mdi f i ed  a f t e r  Boss, Lennon, and Wilson (1976) .  
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Figure  19.  - log ic  r e c o n s t r u c t i o n  of w e s t  flank o f  c r o s s  section C-C' (fig. 1) at 
end of Miocene t i m e  showing the  l o c a t i o n  of the s t r a t i g r a p h i c  trap m- 
i n c i d e n t  with the oil f i e ld s .  


