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LOWER COOK INLET-SHELIKOF STRAIT 

I,. B. Magoon, A. H. Bouma, M. A. Fisher, 
M. A. Hampton, E. W. Scott ,  and C. L. Wilson 

SUMMARY 

1. Geological data for the lower Cook I n l e t  greatly exceeds tha t  for  the 

Shelikof S t r a i t .  The U.S .  Geological Survey did not receive advance notice 

tha t  the Shelikof S t r a i t  was to  be included i n  the sa le  area u n t i l  the map 

of the proposed OCS (Outer Continental Shelf) Sale No. 60 was received. 

2, Mesozoic marine sedimentary rocks underlie the proposed sale  area and extend 

from upper Cook I n l e t  t o  t h e  Shelikof S t r a i t .  

a. Middle Jurassic s i l t s tone  (Tuxedni Group) i s  the  source for  the o i l  

currently being produced from reservoir rocks of Tertiary age i n  upper 

Cook In le t .  The thermal maturity of the middle Jurassic rocks resul ts  

from deep burial  in  Cook I n l e t  and from igneous intrusion i n  Shelikof 

Strait. 

b. Upper Jurassic  sandstone (Naknek Formation) i s  the oldest uni t  penetrated 

by the COST (Continental Offshore Stratigraphic Test) N o .  1 w e l l .  The 

sandstone has very poor to  inadequate reservoir characteristics because 

the pores and pore throats are f i l l e d  by laumontite (sodium and zeol i te ) .  

c. Lmer and Upper Cretaceous sandstones penetrated by the COST N o .  1 well 

have fair t o  good reservoir potent ial ,  respectively. 

3. Cenozoic nonmarine sedimentary rocks underlie the proposed sa l e  area. The 

rocks are th i ckes t  (7,600 m) i n  upper Cook I n l e t  and thin taward Shelikof 

S t r a i t .  

a. The West Foreland Formation, penetrated by the COST N o .  1 well, is  not a 

potential  source for  o i l ,  but may be a source for  gas. The sandstone 



within this unit has good to excellent reservoir properties and account 

for 2 percent of the oil being produced i n  upper Cook In le t .  

b. The Kenai Group, composed of conglomerate, sandstone, s i l t s tone ,  and 

coal, is  not a source for  o i l  b u t  i s  a source for  nonassociated gas of 

low-temperature biological origin. Sandstone and conglomerate i n  the 

Group provide excellent reservoirs for  o i l  and gas. Eighty percent of 

o i l  currently produced i n  the upper Cook I n l e t  area is  from the oldest 

formation in the Group, the Hemlock Conglomerate, and 18 percent is  from 

the overlying Tyonek Formation. The youngest formations in  the Group, 

the Beluga and Sterling Formations, provide a source and reservoir for  

low-temperature biogenic gas in  Cook I n l e t  only. 

4. Based on the data we have and interpretations we have made of the petroleum 

geology of the sa le  area, we predict  that the two areas most l ikely to  be 

leased for  petroleum exploration i n  t h i s  s a l e  are: (1) along the southeast 

side where potential  reservoir rock of Tertiary age direct ly  overlies po- 

t en t i a l  source rocks of Middle Jurassic age, and (2) in  the lower Cook In le t  

where anticlines associated with t h e  Augustine-Seldovia arch may provide 

s t ruc tura l  traps. Other leases outside of the areas specified above may be 

nominated by industry i f  they have additional data and geologic interpxeta- 

tions which support such nominations. In our opinion the en t i re  sale  area 

has some potential  for  hydrocarbon accumulation. 

5. The resource assessment for the proposed sa le  area i s  as follows: 

a. Lawer Cook I n l e t  oil--0.25 to  1 . 2  b i l l ion  barrels a t  95 percent and 5 

percent probability levels ,  respectively, with a s t a t i s t i c a l  mean of 

0.6 billion barrels of o i l .  

b. Lmer Cook In l e t  gas--0.25 t o  1 . 2  t r i l l i o n  cubic fee t  a t  the 95 percent 

and 5 percent probability levels,  respectively, with a s t a t i s t i c a l  mean 

of 0.6 tx i l l ion  cubic f ee t  of gas. 



c. The resource p o t e n t i a l  of the Shelikof S t r a i t  ranges from 0.5 t o  1.0 

b i l l i o n  b a r r e l s  of o i l  and from 0.05 t o  1.0 t r i l l i o n  cubic f e e t  of gas. 

A p r o b a b i l i s t i c  resource assessment was not  made f o r  t h i s  a rea ,  s o  prob- 

a b i l i t y  values a r e  not  avai lable .  

6. Environmental geologic s t u d i e s  ind ica te  severa l  p o t e n t i a l l y  hazardous con- 

di t ions  . 
a. The e n t i r e  s a l e  a rea  occurs i n  an area  of high seismic a c t i v i t y ,  bu t  a 

t h i n  cover o f  modern sediment i n  lower Cook I n l e t  i s  no t  disrupted by 

surf  ace f a u l t i n g  . This  unbroken sediment cover i nd ica tes  t h a t  ground 

shaking and ground f a i l u r e  a re  no t  s i g n i f i c a n t  problems. I n  Shelikof 

Strait, i n  con t ras t ,  the few data  t h a t  does e x i s t  ind ica te  a thicker 

muddy sediment cover, and therefore ,  a  p o t e n t i a l l y  g r e a t e r  earthquake 

ground response problem. The p o t e n t i a l  d is rupt ion  of the  s e a  f l o o r  by 

surface  f a u l t i n g  i s  r e l a t i v e l y  l o w  i n  lower Cook I n l e t  where only a few 

small f a u l t s  o f f s e t  the  s e a  f loor .  I n  con t ras t ,  l a rge  f a u l t s  i n  the  

northern Shelikof S t r a i t  pose a se r ious  t h r e a t  l o c a l l y  from s e a  f l o o r  

o f f s e t .  Earthquake-produced v e r t i c a l  s h i f t s  of the shore l ine  and tsu- 

nami c o n s t i t u t e  a  t h r e a t  t o  shore-based i n s t a l l a t i o n s  adjacent  t o  the  

s a l e  area .  

b. Volcanic a c t i v i t y ,  p a r t i c u l a r l y  nudes ardents  and l aha r s ,  presents  a 

p o t e n t i a l  hazard t o  shore-based or o the r  i n s t a l l a t i o n s  i n  the  v i c i n i t y  

of active volcanoes such as  on Augustine Island. 

c. A blanket  of sand, which loca l ly  exceeds 2 m i n  thickness,  covers the 

sea f l o o r  i n  the c e n t r a l  p a r t  of l w e r  cook I n l e t .  This sand seems t o  

move ac t ive ly  i n  t h e  form of l a r g e  bedfonns ( 2  t o  1 2  m high), part icu-  

larly during peak spr ing  t i d e s ,  posing the  p o t e n t i a l  hazard f o r  scour- 

i ng ,  undermining, or covering s t r u c t u r e s  on the s e a  f loor .  



Despi te  the d i s p a r i t y  o f  a v a i l a b l e  geologic  information within t h e  proposed 

s a l e  area, w e  recommend t h a t  t h e  proposed area f o r  nominations be unchanged. 

We es t ima te  t h a t  exp lo ra to ry  d r i l l i n g  w i l l  continue f o r  10 years  a f t e r  the 

sale, and product ion  p la t forms  w i l l  b e  i n s t a l l e d  dur ing  a p e r i o d  of 4 t o  11 

years fol lowing the s a l e .  I n d i v i d u a l  f i e l d s  have an a n t i c i p a t e d  l i f e  of 25 

yea r s  and o i l  p la t forms  w i l l  be  removed wi th in  40 yea r s  a f t e r  t h e  s t a r t  o f  

product ion.  

Explora t ion  supply bases  w i l l  probably be a t  Kenai f o r  a c t i v i t i e s  i n  lower 

Cook I n l e t  and a t  Kodiak f o r  those i n  She l ikof  S t r a i t .  

Product ion f a c i l i t i e s  i n  lower Cook I n l e t  and the nor thern  p a r t  of  She l ikof  

S t r a i t  would resemble those  used i n  t h e  North Sea to  water  dep ths  o f  200 m. 

The water  depth i n  the southwestern two-thirds  of She l ikof  S t r a i t  i s  between 

200 and 300 rn and would r e q u i r e  advanced product ion technology. Onshore and 

of f sho re  o i l  and gas product ion f a c i l i t i e s  may inc lude  a LNG ( l i q u i d  n a t u r a l  

gas) p l a n t .  

Approximately 80 percent of  the manpower r equ i r ed  f o r  exp lo ra t i on  would come 

from o u t s i d e  of  Alaska, b u t  80 pe rcen t  of the manpower r equ i r ed  fo r  produc- 

t i o n  and cons t ruc t ion  is  a v a i l a b l e  w i th in  Alaska. 

Heavy-duty d r i l l s h i p s  and semisubmersibles r equ i r ed  f o r  ope ra t i on  i n  t h e  

proposed sale area will be  a v a i l a b l e  a f t e r  t h e  s a l e ,  a l though s u p p l i e s  f o r  

a l l  types  are c u r r e n t l y  i n  s h o r t  supply. 

The narrcw channel between Kodiak I s l a n d  and Whale Island  upre re an of S t r a i t )  , 

t h e  probable  supply r o u t e  between ope ra t i ons  i n  She l ikof  S t r a i t  and a base a t  

Kodiak, has a shal low (<  20 m) rocky bottom, and poses an above-average navi- 

gation r i s k .  



INTRODUCTION 

Federal OCS (Outer Continental Shel f )  Sale  No. 60 is proposed f o r  lower Cook 

I n l e t  and Shelikof S t r a i t  i n  southern Alaska. The Bureau of Land Management (BLM) 

requested t h a t  the U.S. Geological Survey prepare this Resource Report before BLM 

requests industry t o  make t rac t  nominations. This r epor t  summarizes the  frame- 

work geology, petroleum geology, resource assessment, s a l e  o u t l i n e ,  environmental 

geology, and time frame and i n f r a s t r u c t u r e  f o r  development of the  lower Cook I n l e t  

and the  Shelikof S t r a i t .  The o u t l i n e  of Sale  No. 60 is s h w n  on f i g u r e  1. 

The proposed s a l e  area  l i e s  southwest of upper Cook I n l e t ,  an important 

petroleum province. Work i n  Cook I n l e t  basin (upper and lmer Cook I n l e t )  by the 

petroleum industry and the U.S. Geological Survey has emphasized the  framework 

geology. Pertinent industry publ ica t ions  include Kirschner and Lyon (1973) and 

Boss, Lennon, and Wilson (1976). U.S. Geological Survey publ ica t ions  include 

Detterman and Hartsock (19661, Magoon, Adkison, and Egbert (1976), and Fisher  

and Magoon (1978). Informative publ ica t ions  on the  framework geology f o r  the  

Shelikof S t r a i t  a rea  include Kel ler  and Reiser (1959), Moore (19671, Moore (1974) , 

and Imlay and Detteman (1977) . 
Publ ica t ions  on the  petroleum geology f o r  lawer Cook I n l e t  are Kelley (1963, 

1968) , Alaska Geological Society (1970) , Magoon and o the r s  (1975, 1976) , Blasko 

(1976a, 1976b) , Claypool and Threlkeld and Magoon ( i n  prep. ) , and Magoon and 

Claypool ( i n  p ress  a, i n  press  b). I n  con t ras t ,  no publ ica t ions  on the petroleum 

geology f o r  the  Shelikof S t r a i t  e x i s t .  

Publications on the resource assessment for t h e  l a v e r  Cook I n l e t  include 

Magoon and others (1975 and 1976) and Miller (1975) . No publ ica t ions  on t h e  

resource assessment for t h e  Shelikof S t r a i t  e x i s t .  

Publ ica t ions  on the  environmental geology f o r  lower cook I n l e t  include 

Walker (1966) , National Research Council (1972) , Bouma and Hampton (1976) , Bouma 



Figure 1.--Outline of the proposed Federal OCS Sale No. 60 in lower C o o k  Inlet 
and Shelikof Strait. 



Hampton, and Orlando (19771, Bubank (19771, Bouma and others  (1978a, 1978b1, 

and Muench, M f i e l d ,  and Charnel1 (1978). No publ ica t ions  on the environmental 

geology f o r  Shelikof S t r a i t  e x i s t .  

Publ ica t ions  on the time frame and i n f r a s t r u c t u r e  f o r  development of lower 

Cook I n l e t  include Magoon and others  (1975, 1976) . No publ ica t ions  on the time 

frame and i n f r a s t r u c t u r e  e x i s t  f o r  the Shelikof S t r a i t .  A publ ica t ion  on weather 

and water conditions by National Oceanic Survey (1977) covers both areas ,  

The r e l a t i v e  abundance of publ ica t ions  f o r  the  two areas  ind ica tes  the 

d ispara te  amount of information publ ic ly  ava i l ab le  f o r  lower Cook I n l e t  compared 

t o  Shelikof S t r a i t .  The geology of l m e r  Cook I n l e t  has been inves t iga ted  

ac t ive ly  by the  U.S. Geological Survey f o r  the  p a s t  four yea r s ,  and add i t iona l  

information is provided by the COST No.  1 well.  Shelikof S t r a i t ,  i n  con t ras t ,  

has received l i t t l e  a t t e n t i o n  because the  a rea  w a s  only recen t ly  included i n  the 

s a l e  area.  Additional da ta  are needed on the  framework geology and petroleum 

geology i n  the  Shelikof S t r a i t  to  provide a b e t t e r  resource assessment, and more 

geoenvironmental information is required f o r  an adequate geohazard map. The 

locat ion  of the  COST No. I wel l  and the geographic names used throughout t h e  

t e x t  a re  shawn on f igure  2. 

People responsible f o r  the content  of s p e c i f i c  sec t ions  are (1) Magoon and 

F i she r ,  framework geology; (2) Magoon, petroleum geology; ( 3 )  S c o t t ,  resource 

assessment; ( 4 )  Bouma and Hampton, environmental hazards ; and ( 5) Wilson, time 

frame and i n f ras t ruc tu re .  

GENERAL GEOLOGY 

l a v e r  Cook I n l e t  

About 480 km of d e e p r e f l e c t i o n  seismic da ta  a r e  ava i l ab le  publ ic ly  i n  l m e r  

Cook I n l e t .  This seismic da ta  proved adequate t o  de l inea te  a l l  the large an t i -  

c l i n a l  s t r u c t u r e s  t h a t  were leased i n  Sale  No. CJ (Cook I n l e t )  and s u f f i c i e n t  t o  



Figure 2.--Geographic names of places and geomorphic features in Cook I n l e t ,  
Shelikof Strait,  and adjacent areas. The COST No. 1 well is located i n  lower Cook 
I n l e t .  



e s t a b l i s h  the  regional  geology of the offshore area. Rocks of lower Cook I n l e t  

are p a r t  of a b e l t  of Mesozoic and Cenozoic sedimentary rocks that extend north- 

eastward i n t o  upper Cook I n l e t  and southwestward down the Alaska Peninsula and 

the  Shelikof S t r a i t .  Along t h i s  b e l t ,  marine Mesozoic rocks may be more than 

10,786 m th ick;  cont inenta l  Cenozoic rocks a re  as much as 7,600 m thick. Four 

major northeast-trending geologic f ea tu res  t h a t  f lank Cook I n l e t  a r e  the Alaska- 

Aleutian Range ba tho l i th  and the Bruin Bay f a u l t  on the northwest s i d e ,  and the  

Border Ranges f a u l t  and the und i f fe ren t i a t ed  Mesozoic te r rane  on the southeast  

side. The geology of the Cook Inlet-Shelikof S t r a i t  a rea  i s  shawn on f igure  3 .  

The s t r a t i g r a p h i c  u n i t s  and symbols used on f igures  3 ,  5, and 6 a r e  shown on f ig -  

ure 4. Three cross sec t ions  (A-A' , B-B' , and C-C') a r e  located on f i g u r e  3 and 

shown on f igure  5. S t ra t ig raph ic  names and thicknesses a r e  shown on f igure  6. 

The Alaska-Aleutian Range b a t h o l i t h ,  exposed on the northwest basin f l ank ,  

is  mostly quar tz  d i o r i t e .  Although younger plutons e x i s t ,  most of the ba tho l i th  

was emplaced between 176 and 154 m.y. ago o r  during Middle and Upper J u r a s s i c  

time. 

The Bruin Bay f a u l t ,  a  high-angle reverse f a u l t ,  can be t r aced  along the 

northwest s i d e  of the lower Cook I n l e t  bas in  f o r  215 km. I n  Kamishak Bay the  

f a u l t  plane dips 60' northwest. J u s t  north of Chinitna Bay, s t r a t i g r a p h i c  throw 

across the  f a u l t  is  a s  much as 3,000 m; granitic rocks and rocks of  Early Ju rass ic  

age o r  o lde r  on the  northwest a r e  f au l t ed  agains t  rocks of Middle J u r a s s i c  age 

or younger on the southeast .  

A surface  f a u l t  near  Seldovia, p a r t  of the  Border Ranges f a u l t ,  i s  in te r -  

p re ted  to  extend nor theas t  beneath the Kenai l m l a n d ,  and southwest through the 

Barren Islands t o  the northwest s ide  of Kodiak Is land.  I n  the  Kenai lowland, 

the f a u l t  is overlapped by Ter t i a ry  sedimentary rocks, bu t  i n  the Seldovia a rea ,  

the  fault separa tes  p o t e n t i a l l y  pe t ro l i f e rous  Mesozoic she l f  deposi t s  ( Ju rass ic  



Figure 3.--Onshore geology of Cook I n l e t ,  Shelikof S t r a i t ,  and adjacent areas. 
The COST No. 1 well is located in lower Cook Inlet. The locations of the cross sec- 
tions A-A',  B-B', and C-C', presented i n  figure 5 ,  are shown. Indication of oil in  
wells and a t  the surface are shown around lower Cook Inlet and on the Alaska 
Peninsula. 

10 



E X P I A N  A T I O N  
Figures 3,s and 6 

Cretaceous 

Middle 8 U p ~ e r  Jurorsic 

k $  Triassic -Lower Jurassic 

:'# ,/ +I#, , Alasko-Aleut ion Ronge batholith 

l:i'Lydl] Volconic rock 

Mesoxoic undifferentiated 

. .. Foult,dotted where concealed 

- l O O J  lroboths in meters ( 3 W m  isoboth not ~ h o w n )  

0 O i l f i e l d s  

Gasf ie lds 

Oi l  show in abandoned well 

Surface indication of o i l  

Deep -ref lect ion seismic reflectors that can 

A * be mopped in lower Cook Inlet 

%A' Location of cross sections 

BBF Bruin Bay faul t  

BRF Border Ranges Fault 

CL  Coastline 

GAS FIELDS 
K Kenoi 

BR Beluga River 
NCl North Cook Inlet 

O I L  FIELDS 
G P  Granite Point 
TB Trading Bay 
SR Swanson River 

McR MacArthur River 
MGS Middle Ground Shoal 

BC Beaver Creek 

Figure 4. --Explanat ion of symbols and abreviations 
used on figures 3, 5, and 6. 



BRF I 

Figure  5 .--Subsurface geology on c ros s  s e c t i o n s  A-A' through upper Cook I n l e t ,  B-B' through lower Cook  
Inlet, and C-C' through the Alaska Peninsu la  and t h e  She l ikof  S t r a i t .  Cross  s e c t i o n  C-C' i s  conceptual  except  
for onshore s u r f a c e  geology. The l o c a t i o n s  o f  t h e s e  c ros s  s e c t i o n s  a r e  shown on figure 3 .  



Unnamed Quaternary 600 m 8 
0 
Is 

0 Sterling Fm v - 
0 beluga Fm Kenai Group 6000m o 

N 
0 Tyonsk Fm Tmrtiary 7000 rn o 

t 
W 

West Foreland Fm 1000 m 0 

*I Upper Cretaceous 1385 m 
- 

E 

Unnamed rocks Lower Cretaceous 571 m % ** k 
0 - 

Naknek Fm 2185 m Upper Jurassic 2900 m 
Chinitna Fm 715 m ** N 

O 

Middle Jurassic 2 9 6 0 m  V] 
Tuxrdni G r w p  w 

z 
Talkestna Fm Lower Jurassic 2575 m 

Unnamed rocks Upper Triassic 395 m 

Figure 6.--Stratigraphic names and thicknesses of the  rock u n i t s  located  
between the Alaska-Aleutian Range b a t h o l i t h  and t h e  und i f fe ren t i a t ed  Mesozoic 
rocks i n  the Cook Inlet-Shelikof S t r a i t  a rea  a r e  out l ined.  Indica t ions  of 
o i l  and gas i n  the  rock u n i t s  are on the l e f t .  Three seismic r e f l e c t o r s ,  map- 
ped i n  lower Cook Inlet, a r e  indica ted  by arrows (used t o  make cross  sec t ion  
B - B ' ) .  Refer t o  f i g u r e  4 f o r  explanation of symbols. 

through Cretaceous rocks) on the w e s t  from Mesozoic melange and f lysch deposi ts  

(Mesozoic undif ferent ia ted)  on the east that have neither source nor r e se rvo i r  

p o t e n t i a l  f o r  o i l  or gas. Sedimentary rocks, at l e a s t  as o l d  as Tr iass ic ,  are 

present i n  the  s a l e  area between the  Alaska-Aleutian Range batholith and the 

Mesozoic melange and f lys ch d e p s i  ts . 
Upper Triassic rocks.--on the northwest s i d e  of lmer cook Inlet, rocks of 

Late Triassic age are exposed i n  s c a t t e r e d  outcrops on both s ides  of the Bruin 

Bay f a u l t  from Kamishak Bay to  Tuxedni Bay. A t  the head of Tuxedni Bay, Upper 



~ r i a s s i c  rocks a r e  as much as 395 m th ick  and cons i s t  of metamorphosed limestone, 

t u f f ,  c h e r t ,  sandstone, s h a l e ,  and b a s a l t i c  lava flows. On t h e  southwest s ide  

of lcwer Cook I n l e t ,  Upper T r i a s s i c  rocks exposed west of the  Border Ranges f a u l t  

w n s i s t  of f o s s i l i f e r o u s  marine limestone and fine-grained t u f f .  Upper Tr ias s i c  

rocks a l s o  a r e  exposed on the  westernmost i s l and  of the  Barren Is lands .  These 

rocks do not  have petroleum resource po ten t i a l .  

Lower Jurassic rocks.--Rocks of Early Jurassic age are exposed on both 

s ides  of the  I n l e t .  On the northwest s i d e ,  the  outcrop b e l t  is  as much as 15 km 

wide and is c u t  i n  s e v e r a l  p laces  by the  Bruin Bay f a u l t .  South of Tuxedni Bay, 

L o w e r  Ju rass i c  rocks dip general ly southeast  and cons i s t  of  poorly bedded vol- 

canic agglomerates, b recc ias ,  and lava  flaws of the TaUFeetna Formation. I n  t h e  

Iniskin-Tuxedni area the formation is as much as 2,575 m thick.  Near Seldovia, 

Lmer  Ju rass ic  s t r a t a  cons i s t  of volcanic t u f f ,  agglomerate, and b recc ia  and 

interbedded marine sands tone, sha le ,  and limestone, and the  estimated thickness 

of these rocks is  300 rn. On the basis of l i thology and age, the rocks near  Seldovia 

have been assigned t o  the Talkeetna Formation. Wo w e l l s  i n  Redoubt Bay and two 

on the  I n i s k i n  Peninsula penet ra te  t h i s  un i t .  The presence of t h i s  formation on 

both s ides  of lower Cook I n l e t  and i n  some offshore  areas suggests t h a t  the  forma- 

t i o n  is  continuous beneath the  I n l e t .  These rocks, along with t h e  Upper ~ r i a s s i c  

rocks, da not  have petroleum p o t e n t i a l  and are considered economic basement. 

!diddle rmd &per Jurassic rocks .--~nconformably overlying the  Lower Ju rass ic  

v o l c a n i c l a s t i c  rocks a r e  the  th ick ,  Middle and Upper J u r a s s i c  marine sedimentary 

rocks. These rocks a r e  exposed only on t h e  west s i d e  of lower Cook I n l e t  e a s t  

of the Bruin Bay f a u l t ,  b u t  the rocks have been penetrated by two wells on Kalgin 

Island, by three wel ls  on the I n i s k i n  Peninsula, by the lower Cook I n l e t  COST 

(Continental  Offshore S t ra t ig raph ic  Tes t )  No. 1 w e l l ,  and by one we l l  on t h e  

Kenai lowland. Thus, these rocks are continuous under the I n l e t .  The Middle 



Jurassic rocks a r e  the source rocks f o r  the  o i l  being produced i n  upper Cook 

Inlet. The Upper J u r a s s i c  sandstones have very poor t o  inadequate r e se rvo i r  

proper t ies .  

Middle and Upper J u r a s s i c  rocks are divided, i n  upward order ,  i n t o  the 

Tuxedni Group, the Chinitna Fornation, and the  Naknek Formation. The Tuxedni 

Group, of Middle J u r a s s i c  age, cons i s t s  of  a l t e r n a t e  beds of f o s s i l i f e r o u s  gray- 

wacke, sandstone, and s i l t s t o n e .  I n  the Iniskin-Tuxedni region,  the Tuxedni is  

as much as 2,960 m thick.  The Chinitna Formation, of Late Ju rass ic  age, uncon- 

formably over l i e s  the Tuxedni Group. The Chinitna is mostly dark-gray marine 

s i l t s t o n e  with la rge  concretions and is as much as 715 m th ick  i n  the Iniskin-  

Tuxedni area.  The Naknek Formation, of Late J u r a s s i c  age, unconformably over l i e s  

the Chinitna Formation and has greater a r e a l  exposure than t h e  underlying socks; 

the Naknek crops o u t  from the Kamishak H i l l s  t o  Tuxedni Bay. I n  the In iskin-  

Tuxedni region the Naknek is as much as 1,435 m thick and is composed of f o s s i l -  

i f e rous  marine conglomerate, sandstone, and s i l t s t o n e .  The p a r t  of the Naknek 

exposed along the  coast i n  Kamishak Bay is approximately 750 m th ick  and is  younger 

than the  p a r t  of the  Naknek exposed i n  t h e  Iniskin-Twredni region. The combined 

thickness of the  Naknek i n  these  two areas exceeds 2,185 m. The lower Cook I n l e t  

COST No. 1 w e l l  penetrated 1,664 m of the  Naknek Formation. Unconformable con- 

tacts within  and between the Middle and Upper J u r a s s i c  s t r a t a  may be good seismic 

r e f l e c t o r s .  

Lmer Cretuceous rocks.--1n the lower cook I n l e t  a rea ,  215 m of Lower 

Cre-taceous rock unconformably over l i e s  Upper J u r a s s i c  s t r a t a  i n  the  Kamishak 

H i l l s .  The beds c o n s i s t  of s i l t s t o n e  and sandstone that are r i c h  i n  Inoceramus 

fragments. Lcmer Cretaceous rocks a r e  in te rp re ted  t o  be present near  the Swanson 

River o i l  f i e l d  nor theas t  of Kenai. Lower Cretaceous s t r a t a  are penetrated by 

the  lcwer Cook I n l e t  COST No. 1 w e l l  (571 m t h i ck )  and by a w e l l  a t  ~ n c h o r  Point .  



The unit is present in a large area of offshore lower Cook Inlet .  The Lower 

Cretaceous shale is not potential o i l  o r  gas source rock, but the sandstone has 

f a i r  reservoir properties. This unit  is  bounded by unconformities that may be 

good seismic ref lectors. 

@per  Cretaceous rocks.--upper Cretaceous rocks i n  the Cook In le t  basin 

south of Seldovia are assigned to the Kaguyak Formation; north of Seldovia, t o  

the Matanuska Formation. The Kaguyak Formation crops out in  the ~amishak Hills- 

Cape Douglas area, where 1,385 m of rock unconfomably overlies Lower Cretaceous 

s t ra ta .  In upward succession, th is  formation consists of shallow-marine sand- 

stone, bioturbated gray s i l t s tone ,  and turbidi te  sandstone and s i l ts tone.  On 

the Kenai lawland many wells penetrate the Matanuska Formation. In the subsur- 

face, Upper Cretaceous s t r a t a  exists from the upper Cook I n l e t  t o  Kachemak Bay 

and were encountered in the lower Cook I n l e t  COST No. 1 well. The distribution 

of Upper Cretaceous rocks in the Cook I n l e t  basin suggests these rocks are pres- 

e n t  in the subsurface of offshore laver Cook In le t .  Upper Cretaceous shale and 

s i l t s tone  is  not potential  source rock, but the sandstone has good reservoir 

properties. 

Tertiary rocks.--~ertiary rocks of lawer cook I n l e t  are a l l  nonmarine or 

mntinental and mnsis t  of the West Foreland Formation and the overlying Kenai 

Group. The conglomeratic West Foreland Formation includes much tuffaceous and 

volcaniclastic material. I n  outcrop, th i s  unit unconformabZy overlies progres- 

sively younger rocks from north to  south along the northwest side of lower Cook 

Inlet .  West of Redoubt Bay, the unit overlies Lower Jurassic rocks; north of 

Chinitna Bay, Upper Jurassic rocks; near Cape Douglas, Upper Cretaceous rocks. 

Near Cape Douglas the unit at tains  a maximum thickness of 1,000 m. The West 

Foreland Formation is penetrated by wells on the Kenai lowland and offshore by 

the lower Cook Inlet COST No. 1 well (419 m thick).  The West Foreland Formation 



does not have oil-source potential  but may have gas-source potential .  The con- 

glomeratic sandstone has good to excellent reservoir properties. 

The Kenai Group is composed of conglomerate, sandstone, s i l t s tone ,  and 

coal. Expos-ures are present west of Redoubt Bay, near Cape Douglas, and overlap 

the Border Ranges f a u l t  in the Kenai lowland and near Seldovia. Tertiary rocks 

of unknown age occur on the Barren Islands. Well data indicate the to t a l  Tertiary 

(7,000 m) and Quaternary sequence is  more than 7,600 m thick north of Kenai, 

whereas outcrop data obtained near Cape Douglas show that Tertiary rocks are 

about 1,850 m thick. The Kenai Group rocks are not an o i l  source but are a low- 

thermal gas source. The sandstone and conglomerate are excellent reservoirs fo r  

o i l  and gas. The widespread unconfomity between Mesozoic and Tertiary rocks 

is probably a good seismic reflector.  

Lower Cook I n l e t  COST No. 1 well.- he stratigraphic units penetrated i n  

the Atlantic Richfield Company lower Cook I n l e t  COST No. 1 well located in  Block 

489 are the West Foreland Formation, Upper and Lower Cretaceous rocks, and the 

Naknek Formation. Sandstones of potential  reservoir quality were encountered 

i n  the West Foreland Formation, Upper and possibly Lower Cretaceous rocks. The 

Naknek Formation is diagenetically altered by zeolit ization. Rocks were not 

encountered that contained suf f ic ien t  organic material o r  t ha t  have a favorable 

thermal history t o  generate commercial amounts of o i l  o r  gas. 

The Upper Jurassic Naknek Formation was penetrated from 2,112  m (6,930 f t )  

to  t o t a l  depth (TD) of 3,776 m (12,387 f t )  . Depths t o  a l l  formation tops and 

s t rat igraphic thicknesses are  measured from the Kelly bushing. The top of the 

Naknek is placed just  belm the rocks containing abundant Inoceramus fragments 

found i n  a sidewall core a t  2,109 m (6,920 f t )  and just above the rocks tha t  

contain the f i r s t  indication of zeolites (laumontite) a t  2,146 m (7,040 ft). 

Resistivity,  velocity, and density curves are indented a t  t h e  top of the Naknek 



Formation. Paleontological  data i n  t h i s  i n t e r v a l  i s  sparse ,  b u t  the  da ta  suggest 

Late ~ u r a s s i c  age. Most of these rocks ind ica te  a marginal to  shallow marine 

environment, possibly ranging as deep as  middle n e r i t i c .  s idewal l  cores cons is t  

of mainly s i l t s t o n e ,  sha le ,  and sandstone. Modal analyses of 38 t h i n  sec t ions  

indicate an average composition of Q F L ( l i t h o f e l d s p a t h i c  sandstone).  Only 
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12 of 172 recorded s idewal l  cores have favorable r e se rvo i r  p roper t i e s .  The aver- 

age poros i ty  and permeabil i ty of sandstones from s idewal l  cores is  17.9 percent  

and 39 m i  l l i d a r c i e s  , respect ive ly .  Data from conventional cores i n d i c a t e  reser -  

v o i r  p roper t i e s  ranging from very poor t o  inadequate. The upper p a r t  (450-600 rn) 

of the Naknek Formation i n  t h i s  wel l  probably correlates with rocks exposed along 

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

ably c o r r e l a t e s  with the Naknek Formation exposed i n  the  Iniskin-Tuxedni region. 

Lower Cretaceous rocks were penetrated from 1,541 m (5,055 f t )  t o  2,112 m 

(6,930 f t )  and are 571 m (1,875 ft) thick. The t o p  of  t h i s  u n i t  i s  placed a t  a 

l a rge  abrupt excursion of the  r e s i s t i v i t y  log and a t  a s l i g h t  excursion on the 

i n t e r v a l  ve loc i ty  and densi ty logs. An increase  i n  i n t e r v a l  ve loc i ty  occurs 

near the base of the  Lower Cxetaceous a t  the t o p  of t h e  c a l c i t e - r i c h  sandstone 

rocks which contain no z e o l i t e  (laumontite) , but the rocks a r e  d iagene t i ca l ly  

a l t e red .  A diverse  population of marine microplankton and calcareous nannofossi ls  

i n  addi t ion  t o  foramini fera l  da ta  from rocks between 1,594 m (5,230 f t )  and 2,109 

m (6,920 f t )  ind ica te  a Lower Cretaceous age. The foraminifera1 d a t a  suggest 

middle ba thyal  t o  inner  n e r i t i c  marine environments. Sidewall cores consist of 

sandstone, s i l t s t o n e ,  sha le ,  and Inoceramus fragments. Modal analyses of 37 

t h i n  sections i nd ica te  an average composition of  .Q F L ( l i t h o f e l d s p a t h i c  
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sandstone). The average poros i ty  and permeabil i ty of sandstones from s idewal l  

cores is 21.5 percent  and 80 m i l l i d a r c i e s  , respect ive ly .  conventional cores 

recovered from depths of 1 ,642 m (5,390 f t )  t o  1,649 m (5,412 f t )  contain sand- 



s tone  that  average 13.9 percent  poros i ty  and 0.3 mi l l ida rc ies  permeabil i ty.  The 

core data a r e  s i g n i f i c a n t l y  lower than averages from s idewal l  core data ,  probably 

because of formation f rac tu r ing  induced by the sidewall  core gun. The unit i n  

the COST No. 1 w e l l  is the  same age as the  Lower Cretaceous rocks i n  the Karnishak 

H i l l s  where the rocks a r e  215 m (705 f t )  thick.  

Upper Cretaceous rocks were penetrated from 832 m (2,730 f t )  t o  1,541 m 

(5,055 ft) and 709 m (2,325 f t )  thick.  The top  of t h i s  un i t  is placed on the 

abrupt  excursion of the r e s i s t i v i t y ,  ve loc i ty ,  and densi ty  curves a t  832 m 

(2,730 ft). Through two i n t e r v a l s ,  1,541 m (5,055 f t )  t o  1,036 m (3,400 ft) 

and 1,036 rn (3,400 ft) t o  832 m (2,730 ft) , the age of this u n i t  i s  Upper 

Cretaceous based on palynormorphs and foraminifera. Palynormorphs and foram- 

i n i f e r a  ind ica te  that t he  water depth i n  which the  rocks within these  two i n t e r -  

va l s  were deposited shallows upward from upper bathyal  marine through mid-neri t ic  

marine t o  cont inenta l  environments, or two regress ive  sequences wi th in  the Upper 

Cretaceous rocks. Sidewall cores include sandstone, s i l t s t o n e ,  and some coal.  

Modal analyses of 21 t h i n  sec t ions  have an average composition of Q F L 
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( f e  ldspa th ic  sandstone) . The average poros i ty  and permeabil i ty of sandstones 

from s idewal l  cores is  22.8 percent  and 43 m i l l i d a r c i e s ,  respect ive ly .  The Upper 

Cretaceous rocks i n  t h i s  well  co r re la t e  with the  Matanuska Formation and the  

Kaguyak Formation. 

Based on palynology, the  f i r s t  indica t ion  (minimum depth) of lower Ter t i a ry  

rocks is a t  413 m (1,356 f t )  and the l a s t  (deepest) ind ica t ion  is a t  832 rn (2,730 

ft)., which gives a minimum thickness of 419 m (1,374 f t )  . Foraminifera, calcar-  

eous nannofossils, and r a d i o l a r i a  are nondiagnostic. Sidewall core samples are 

sandstone, s i l t s t o n e ,  coa l  and some conglomerate. Modal analyses of e i g h t  thin 

sec t ions  have composition of Q F L ( f e ldspa tho l i th  sandstone).  The average 
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poros i ty  and permeabil i ty from s idewal l  cores is 22.7 percent  and 108 millidax- 



c i e s ,  respect ive ly .  The lower Ter t i a ry  u n i t  is  c o r r e l a t i v e  with t h e  West Fore- 

land Formation, which crops out on the west s ide  of the Cook I n l e t  basin. 

Shelikof S t r a i t  

I n  Shelikof S t r a i t  about 450 Ian of deep-reflect ion seismic,  gravi ty ,  and 

magnetic da ta  a r e  ava i l ab le  i n  a coarse grid; t h i s  g r i d  is inadequate t o  de ter -  

mine the loca t ion  and trend of offshore s t ruc tu res .  No wells  have been d r i l l e d  

i n  the  of fshore  area; reconnaissance geologic maps and onshore well  information, 

however, are avai lable .  Seismic da ta  a re  poor because of complex geology, but  

are good enough t o  show t h a t  less than 2,000 m of Cenozoic s t r a t a  a r e  present .  

Seismic r e f l e c t i o n s  of poss ib le  Ju rass ic  s t r a t a  a r e  returned from i n t e r f a c i e s  

about 4,000 m beneath the surface .  On t h e  southeas t  s i d e  of t h e  S t r a i t ,  seismic 

d a t a  show Mesozoic s t r a t a  dipping northwest and a r e  t runcated southeastward 

across the S t r a i t  by an unconfomity a t  the  base of Cenozoic s t r a t a ,  as on the 

southeas t  f l a n k o f  lower Cook I n l e t .  Onshore geology and offshore seismic da ta  

i n d i c a t e  geologic f ea tu res  i n  t h e  lower Cook I n l e t  can be extended i n t o  t h e  

Shelikof S t r a i t  a rea ;  these  f ea tu res  include the  belt of Mesozoic and Cenozoic 

sedimentary rocks, t h e  Alaska-Aleutian Range ba tho l i th ,  the  Bruin Bay and Border 

Ranges f a u l t s ,  and the Mesozoic melange and f lysch  deposi t s  (Kodiak Formation). 

The thickness of s p e c i f i c  s t r a t i g r a p h i c  units onshore a re  only genera l ly  known. 

PETROLEUM GEOLOGY 

Commercial o i l  production is  present ly  r e s t r i c t e d  t o  Ter t i a ry  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  is from t h e  Tyonek Formation, both of the  Kenai Group; 

and the remaining 2 percent  i s  from the  West Foreland Formation. Oil was recov- 

ered i n  t e s t s  of the Hemlock Conglomerate i n  two wel ls  near Homer. O i l  shows 

from t h e  Middle J u r a s s i c  rocks were detected i n  wells d r i l l e d  on the  In i sk in  

Peninsula, and a "dead" o i l  smell  was reported and confirmed i n  upper J u r a s s i c  



rocks near Cape Douglas. A s e r i e s  of seeps a re  located between Becharof Lake 

and Puale Bay on the  Alaska Peninsula. 

PossibZe Source rocks.- he most l i k e l y  sources of Cook I n l e t  o i l  a r e  from 

nonmarine Ter t i a ry ,  marine Cretaceous, and marine Middle J u r a s s i c  sequences. 
L 

The nonmarine Ter t i a ry  sequence is  rich i n  organic matter  (mainly because of the  

presence of c o a l ) ,  b u t  the samples analyzed t o  da te  a r e  judged t o  be thermally 

immature. Jurassic samples analyzed t o  da te  a r e  adequate i n  terms of organic 

r ichness and have reached thermal maturi ty . 
The r ichness ,  type, and thermal maturi ty of organic matter  i n  Cook I n l e t  

sedimentary rocks was evaluated by thermal-evolution analys is  employing a flame 

ioniza t ion  de tec to r  (TEA-FXD) . I n  this ana lys i s ,  a small sample of  rock i s  

heated under cont ro l led  conditions and hydrocarbons a re  measured a s  they are 

thermally evolved from the rock. Response of the  de tec tor  is  ca l ib ra ted  by 

analys is  of known amounts of s y n t h e t i c  s tandard (4.24 percent  n-C20B42 on A1203)  . 
Separately measured a r e  (1) hydrocarbons present  i n  the  rock (peak I )  , ( 2 )  hydro- 

carbons produced by thermal decomposition of kerogen (peak II) ,  and ( 3 )  the 

absolute temperature required t o  cause a maximum i n  pyro lys i s  products  of  t h e  

organic matter  i n  the rock (peak 11) . 
Type of organic matter  and thermal maturi ty have been considered for  rocks 

from f i v e  wel ls  from the I n i s k i n  Peninsula t o  the Kenai lowland. Wells on the 

I n i s k i n  Peninsula and on the  Kenai lowland contain Middle J u r a s s i c  rocks. I n  

terms of TEA-FID measurement, Middle J u r a s s i c  rocks are the only p o t e n t i a l  o i l  

source rocks. Thermal maturi ty of these  rocks can be estimated using the  temper- 

a t u r e  of maximum pyrolys is  y ie ld  from TEA-FID analys is .  Kenai lowland rocks are 

immature, whereas, I n i s k i n  Peninsula rocks are mature. 

Saturated hydrocarbons ext rac ted  by solvents  and analyzed by gas chroma- 

tography from Cretaceous and Ter t i a ry  rocks do n o t  resemble Cook I n l e t  petroleum. 



Solvent  e x t r a c t s  from Middle J u r a s s i c  rocks on the In i sk in  Peninsula, however, 

are similar t o  Cook I n l e t  p e t r o l e m .  

The kind and amount of organic matter  and the apparent degree of thermal 

matur iw of the rocks penetrated i n  the COST (Continental  Offshore S t ra t ig raph ic  

T e s t )  No. 1 wel l  are judged t o  be unfavorable f o r  generation of  s i g n i f i c a n t  

amounts of hydrocarbons. The organic carbon content from sidewall  cores gener- 

a l l y  i s  less than 0.4 w t  percent.  Gas content  (methane through butane) of d r i l l  

cu t t ings  is low and decreases i n  concentration wi th  increasing depth of bur i a l .  

Opt ica l  ref lec tance  of v i t r i n i t e  increases  with depth, and reaches a maximum of 

0.65 percent  a t  t o t a l  depth. Thermal a l t e r a t i o n  index ( T A I )  approaches th ree  on 

a scale of f ive .  V i t r i n i t e  r e f l ec tance  and TAI i nd ica te  thermal a l t e r a t i o n  suf-  

f i c i e n t  f o r  hydrocarbon generat ion t o  have occurred but no osganic-rich rocks 

a r e  p resen t  t o  generate o i l  or gas. 

Oil f ie2&.--~roducing o i l  f i e l d s  i n  upper Cook I n l e t  are located on the  

e a s t  and west f lank of the bas in .  East  f lank f i e l d s  include Swanson River and 

Beaver Creek; west flank f i e l d s  include Middle Ground Shoal, McArthur River, 

Trading Bay ( 3  pools) and Gxanite Point. A l l  t hese  f i e l d s  a r e  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 separa te  oil-water contacts .  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. 

For o i l  t o  migrate from the  Middle J u r a s s i c  source rock i n t o  t h e  lower 

Tertiary r e se rvo i r  rock requi res  t h a t  migration occur p r i o r  t o  deformation of 

the. Beluga and Tyonek Formations and Hemlock Conglomerate. Rocks of this age 

t h i n  to  the  west thereby c rea t ing  an eastward d i p  t o  the Hemlock Conglomerate 

and Tyonek Formation r e se rvo i r  rocks. High poros i ty  and permeabil i ty i n  the 

West Foreland Formation i n  McArthur River f i e l d  a rea  provides an avenue for  

o i l  migration from the  Middle J u r a s s i c  source rock through t h e  West Foreland 



Formation and i n t o  the overlying Hemlock Conglomerate and Tyonek Fonnation. A 

large s t r a t i g r a p h i c  o i l  f i e l d  occurred on the west flank a t  the  end of Beluga 

Fonnation time. Later  deformation caused the  s t r a t i g r a p h i c a l l y  trapped o i l  t o  

remigrate i n t o  the  present-day s t r u c t u r a l  t r aps .  

Gas fields.--producing gas f i e l d s  i n  upper Cook I n l e t  a re  Beluga, North 

Cook I n l e t ,  and Kenai gas f i e l d s .  These gas resources occur as nonassociated 

gas f ields and a r e  i n  con t ras t  to  gas associa ted  with the  o i l  f i e l d s .  Nonasso- 

c ia ted  gas occurrences a r e  confined t o  the  shallower S t e r l i n g ,  Beluga, and Tyonek 

Formations of t h e  Kenai Group, whereas gas associa ted  with o i l  occurrences a r e  

l imi ted  t o  the deeper (o lder)  Tyonek Fonnation and Hemlock Conglomerate of the 

Kenai Group, and the West Foreland Formation. Nonassociated gas is d r y  (only 

methane), whereas associa ted  gas is wet (methane through butane).  The carbon 

isotope r a t i o  of methane for nonassociated gas range from -56 t o  -62 penni l  while 

associated gas occurrences range from -43 t o  -49 permil. Carbon iso tope  values 

f o r  nonassociated gas i nd ica te  a lm-temperature b io log ica l  o r i g i n ,  whereas car- 

bon i so tope  values f o r  associated gas ind ica te  a thermal o r ig in .  The nonasso- 

c i a t e d  gas o r i g i n a t e s  from nonmarine sedimentary rocks of the  S t e r l i n g ,  Beluga, 

and shallower (younger) Tyonek Formations while the  associated gas comes from 

t h e  Middle Ju rass ic .  

Lmer  Cook I n l e t  

The two areas  most l i k e l y  to be leased i n  t h e  lower Cook I n l e t  and Shelikof 

S t r a i t s  are ou t l ined  on f igure  7. This r e l a t i v e  assessment i s  based on t h e  

local framework geology of source beds, thermal maturi ty,  r e s e r v o i r  rocks, and 

trapping mechanisms. Areas of high bids  i n  Sa le  No. C I  (Cook I n l e t )  gave some 

indication of i n d u s t r y ' s  major i n t e r e s t s  i n  t h a t  s a l e  area .  Our evaluat ion of 

t a r g e t  a reas  f o r  t h i s  sale corresponds to i ndus t ry ' s  expression of i n t e r e s t  i n  

Sale  No. C I  and i nd ica tes  that the southeas t  s i d e  of both lower Cook I n l e t  and 



Figure 7.--Areas most likely to be nominated for sale (cross-hatched) in the  lower 
Cook Inlet and Shelikof Straits sale area. 



Shelikof S t r a i t s  is  one of two most l i k e l y  areas f o r  t a r g e t  nomination i n  the 

explorat ion of o i l  and associated gas i n  r e se rvo i r  rocks of Ter t i a ry  age. I n  

addi t ion ,  leas ing a c t i v i t y  f o r  s i m i l a r  reasons is most l i k e l y  t o  continue i n  

this s a l e  on o r  around the  Augustine-Seldovia arch. Lease nominations i n  the  

"mst l i k e l y "  areas ,  a s  shown on f igure  7 ,  and adjacent  t o  the Kenai lowland, 

may be d i rec ted  toward explorat ion f o r  gas i n  the uppermost Ter t i a ry  rocks. 

Other t r a c t s ,  hmever ,  ou t s ide  the  cross-hatched areas of f i g u r e  7 may be nom- 

i na ted  because industry has s p e c i f i c  information and their own geologic i n t e r -  

p re ta t ions  regarding o i l  and gas po ten t i a l .  Data and i n t e r p r e t a t i o n s  now avail- 

able t o  Government do not  allow a c lose r  approximation of those areas  l i k e l y  t o  

be nominated within t he  e n t i r e  s a l e  area.  We i n f e r  t h a t  t h e  e n t i r e  a rea  has 

some p o t e n t i a l  f o r  hydrocarbon accumulations and therefore  cannot be el iminated 

from considerat ion i n  t h i s  s a l e .  

Shelikof - S t r a i t  

The petroleum geology of the  Shelikof S t r a i t  is poorly understood, b u t  some 

abservations are possible.  Upper T r i a s s i c  (Permian?) through Middle Jurassic 

oi l-source ( ? rocks (reported petroleum ind ica t ions )  a r e  p resen t  onshore a t  the 

surface  a n t i c l i n e  adjacent  to  Puale Bay. Onshore geology and offshore  seismic 

data i n d i c a t e  the  Middle(?) J u r a s s i c  rocks a r e  i n  the  subsurface throughout t h e  

area  between the Bruin Bay f a u l t  t o  somewhere offshore  i n  t h e  Shelikof S t r a i t .  

Middle(?) J u r a s s i c  rocks do n o t  crop ou t  on Kodiak Island. These socks a r e  a t  

considerable depth under the Alaska Peninsula but become shallower under Shelikof 

Se,ait. Seismic da ta  ind ica te  t h e  Mesozoic rocks a r e  t runcated by ~ e n o z o i c  rocks 

under Shelikof S t r a i t .  

I n  the K a t m a i  National wnument, Tertiary volcanic rocks intrude the  Middle(?) 

J u r a s s i c  rocks t o  provide a l o c a l  h e a t  source t o  generate o i l  and gas. The rocks 

a t  Cape Douglas were heated by t h i s  igneous in t rus ion  and are thermally mature 



f o r  o i l  and gas. The o i l  indica t ions  on the surface  near Becharof Lake and Puale 

Bay may have been generated by t h i s  hea t  source. Burial depth hawever, of 

Middle(?) J u r a s s i c  rocks under the Alaska Peninsula may be s u f f i c i e n t  t o  generate 

o i l  and gas. 

The area  of higher petroleum p o t e n t i a l  can be ou t l ined ,  b u t  the  o u t l i n e  is  

based on very l i t t l e  geologic information. The area  of higher resource p o t e n t i a l  

is the  southeast  s ide  of Shelikof S t r a i t  where the  Cenozoic r e se rvo i r  rocks un- 

conformably over l i e s  the Mesozoic source rocks. Tracts  that f a l l  ou t s ide  t h e  

o u t l i n e  of higher petroleum p o t e n t i a l  a r e  t o  be considered a r e a s  of  lower petroleum 

po ten t i a l .  

RESOURCE ASSESSMENT 

Lower Cook I n l e t  

The resource assessment of the "requested area" f o r  Sale N o .  60 i s  made i n  

lwo p a r t s ,  (a) lower Cook I n l e t  and (b) Shelikof S t r a i t .  

The resource assessments f o r  the lower Cook I n l e t  a re :  

95% 5% S t a t .  
P robab i l i ty  P r o b a b i l i q  - Me an -- 

O i l  ( b i l l i o n s  of b b h )  0.25 1 .2  0.6 

Gas ( T c f )  0.25 1.1 0.6 

A resource assessment was made f o r  the  lower Cook I n l e t  p r i o r  t o  Sa le  No. C I  

(Cook I n l e t ) .  The presen t  figures show a s l i g h t  reduction over the  previous 

est imates.  These reductions a r e  based upon t he  r e s u l t s  of the  COST (Continental 

Offshore S t r a t i g r a p h i c  T e s t )  No. 1 well  t h a t  indica ted  unf avoxable conditions 

for-  organic content and thermal h i s to ry .  The t h i n  Cenozoic sec t ion  d r i l l e d  i n  

the w e l l  as compared t o  the Cenozoic section i n  the upper Cook Inlet is a l s o  a 

de t rac t ing  fac to r .  



Shelikof Strait 

The resource assessments f o r  the Shelikof S t r a i t  a re :  

Minimum Maximum 

O i l  ( b i l l i o n s  of b a r r e l s )  0.05 1.0 

Gas ( T e f )  0.05 1.0 

These f igures  a r e  b e s t  est imates based e n t i r e l y  on background knowledge of the 

bounding land areas (Kodiak-Afognak Is lands  and the Alaska Peninsula) p lus  a 

cursory examination o f  a few seismic sec t ions  i n  Shelikof S t r a i t .  

A formal assessment has not  been made of this area  by the Resource Appraisal 

Group, hence, p robab i l i ty  ranges a r e  no t  given. I f  p robab i l i ty  ranges had been 

derived,  then the  marginal p robab i l i ty  t h a t  is usual ly  appl ied  t o  f r o n t i e r  areas 

would have been applied here and the  resource f igure  a t  t h e  95% probab i l i ty  would 

be W o l f  

Additional geological-geophysical da ta  w i l l  be required before a more formal 

assessment can be made f o r  Shelikof S t r a i t .  A minimum requirement i s  a t o t a l  

sediment thickness map of the  area. The map w i l l  have to  be derived from seismic 

d a t a  and onshore geologic control .  

ENVI RONMENTAL GEOLOGY 

Lower Cook I n l e t  

The U.S. Geological Survey conducted three  c r u i s e s  i n  1976, 1977, and 1978 

i n  lower Cook I n l e t .  From this da ta  and o the r  published information,  a number 

of geologic hazards have been i d e n t i f i e d  t h a t  pose p o t e n t i a l  problems t o  fu tu re  

i n s b l l a t i o n s  within lower Cook I n l e t  and along the adjacent coas t l ine .  However, 

oil and gas explorat ion has been conducted f o r  s e v e r a l  years  i n  the adjacent  

upper Cook Inlet, which shares  s i m i l a r  coas ta l  and marine environments. 

Hazards associated ui th  seismic activity.--1n t h e  past 65 years ,  1 3  earth- 

quakes of magnitude 6 or g r e a t e r  have occurred within the lower cook I n l e t  area. 



Earthquakes of t h i s  s i z e  typ ica l ly  produce major s t r u c t u r a l  damage, e i t h e r  d i -  

re c t l y  by ground shaking, ground f a i  lu re ,  sur f  ae f a u l t i n g ,  and su r f  ace warping, 

o r  i n d i r e c t l y  by sediment consolidat ion,  and tsunamis (seismic s e a  waves). 

Ground shaking during the 1964 earthquake created severe  damage i n  and 

around Anchorage and Homer. Thin sur f i c i a l  sediments cons i s t  of semi consolidated 

pebbly mud, unconsolidated th in  sand, o r  unconsolidated mud overlying bedrock as 

revealed by shallcw-depth seismic p r o f i l i n g ,  accompanied by sampling, bottom 

t e l e v i s i o n ,  and camera observations. Ground-shaking e f f e c t s  should be minor i f  

the unconsolidated sediment b lanket  i s  less than 2 m thick.  

Ground f a i l u r e ,  both on land and under water,  a r e  a major cause of destruc- 

t i o n  associated with l a rge  earthquakes , espec ia l ly  i n  a reas  containing t h i c k  

sec t ions  of unconsolidated sediment. Deltas are espec ia l ly  prone t o  earthquake- 

induced l ique fac t ion  and s l id ing .  Underwater movement of s l i d e  sediment can 

cause physica l  damage t o  s t r u c t u r e s  and exposed p ipel ines .  Within t h e  open-water 

a rea  of lower Cook I n l e t  l i t t l e  e f f e c t  from ground f a i l u r e  can be expected. Along 

coas t l ines  p o t e n t i a l  problems a r e  rock f a l l s  from prec ip i tous  areas ,  t r a n s l a t o r y  

block s l i d i n g ,  and ground f i s s u r i n g  with associated sand ext rus ions ;  l i t t l e  

a c t i v i t y ,  su rp r i s ing ly ,  of these  types took p lace  along the I n l e t  c o a s t l i n e  dur- 

ing the  1964 earthquake. 

Suxface f a u l t i n g  r a r e l y  occurs i n  lower cook I n l e t .  A few small f a u l t s  have 

been observed north of t h e  Augustin-Seldovia arch,  but t hese  could n o t  be found 

on adjacent  t r a c k l i n e s  th ree  miles away. South of the  arch a few surface  faults 

exist i n  the l e a s e  area. Normal f a u l t s  with accompanying h o r s t s  and grabens are 

numerous near Augustine I s l and  between Kenai Peninsula and Shuyak Island, and i n  

northern Shelikof Strait; these  th ree  areas  of surface  f a u l t i n g  a r e  shown on 

f igure  8. Besides poss ib le  problems with p ipe l ines  near l a n d f a l l s ,  f a u l t i n g  i s  

not considered to  pose a s i g n i f i c a n t  problem. 



Figure 8.--~eoenvironmental aspects of lower Cook I n l e t .  Sur face  faulting that 
can be active are shown in the three areas (1) Augustine Island, ( 2 )  between Kenai 
Peninsula and Shuyak Island, and ( 3 )  i n  nor thern  Shel ikof  Strait. Area w i t h  bedforms 
from 0.2 to 1 2  m are ind ica t ed .  



Surface warping associated with earthquakes can pu t  docks and f a c i l i t i e s  

out of reach of water ,  as occurred a t  Cordova (Gulf of Alaska areal during the  

1964 earthquake. Downwarping can cause flooding of o r i g i n a l l y  dry land o r  s t ruc-  

tures. A change i n  the  l e v e l  of the coas t l ine  can be des t ruc t ive ,  and present ly  

no system of forewarning i s  known. 

Sediment consolidation and the  r e s u l t i n g  subsidence is another expectable 

seismic-related hazard causing flooding along coas t l ines  and consequent damage 

t o  onshore i n s t a l l a t i o n s .  Consolidation of sediment w a s  a s i g n i f i c a n t  cause of 

subsidence along a s p i t  near  Homr and near  the head of Turnagain Arm during the 

1964 earthquake. 

Tsunamis a r e  generated when l a rge  volumes of water a r e  suddenly displaced,  

e i t h e r  by t ec ton ic  displacement of t h e  s e a  f l o o r  o r  by l a r g e  r o c k f a l l s  o r  land- 

s l i d e s .  The narrow, elongate geometry of Cook I n l e t  and the narrow ent rances  

reduce the chance t h a t  a tsunami generated outs ide  the i n l e t  w i l l  propagate s ig -  

n i f i c a n t  des t ruc t ive  energy i n t o  it. During the 1964 earthquake a tsunamis 

produced damage a t  Rocky Bay and Seldovia. ~ o s t  of the  west coast  of the  I n l e t  

was h i t ,  hcwever, without causing damage. A l oca l ly  created tsunami w i l l  a f f e c t  

neighboring r o a s t l i n e s  bu t  l i k e l y  w i l l  no t  e f f e c t  the open water. Such l o c a l  

tsunamis can be exceptionally l a rge ,  a surge ran 530 m up the wooded s lopes  of 

Lituya Bay i n  the Gulf of Alaska during the 1958 southeastern Alaska earthquake. 

Local tsunamis accounted f o r  more loss  of l i f e  than any o the r  f a c t o r  i n  the  1964 

earthquake. 

- Bazurds associabd wi th  volcanic activity.- our ac t ive  volcanoes are lo- 

cated i n  the  lower Cook I n l e t  a rea :  Redoubt and Iliamna Volcanoes, Augustine 

Island, and Mt. Douglas. All b u t  Mt. Douglas have erupted i n  h i s t o r i c  time. These 

volcanoes a r e  a n d e s i t i c  and can have r e l a t i v e l y  v i o l e n t  eruptions.  Augustine 

Is land is t h e  most ac t ive  and erupted recen t ly  i n  1964 and 1976. I ts  e j e c t i v a  



are n o t  considered se r ious  more than 500 m away from the  volcano t h r o a t ,  although 

fine ash can t r a v e l  f o r  hundreds of k i l a n e t e r s  and be physica l ly  and chemically 

des t ruc t ive .  Augustine is  a l s o  known t o  e j e c t  nuges ardentes ,  b u t  l i t t l e  i s  

known about the dis tance  they can t r a v e l  over water. I f  an adequate warning sys- 

tem is operat ing,  most volcanic eruptions w i l l  be detected beforehand s o  offshore 

s t r u c t u r e s  can be evacuated and machinery be shutdown. I t  i s  not  advisable t o  

cons t ruct  onshore i n s t a l l a t i o n s  a t  the base of a volcano because nudes ardents  

and l aha r s  muld  cause s i g n i f i c a n t  damage and l o s s  of l ives .  

Hazards associated with sand waves.--A sand blanket  covers the pebbly mud 

in lawer Cook I n l e t  a s  shmn on f igure  9. This sand blanket  va r i e s  i n  thickness 

from 0.2 rn to a t  l e a s t  1 2  m and d isplays  a number of d i f f e r e n t  bedforms such as 

sand waves, sand r idges ,  dunes, sand ribbons, and sand patches. Data on t h i s  

sand b lanket  come from high-resolut ion seismic-ref l e c t i o n  surveys, s i d e  scan 

sonar,  and bottom television-camera observations and a l imi ted  number of vertical 

cur ren t  measurements. Bottom transport of sand is  not  continuous, b u t  seems t o  

occur during peak sp r ing  t ides .  The inf luence  of cu r ren t s  during storms i n  un- 

known, b u t  comparison of seismic records before and a f t e r  storms sugges ts  sand 

t r anspor t  under storm act ion .  

Movement of sand and bedforms can cause severe problems by undermining o r  

covering f ixed s t r u c t u r e s ,  anchors, semisubmers i b l e s  (when pontoons a r e  close 

t o  s e a  bottom, 10 m) , and pipel ines .  Present ly ,  i n s u f f i c i e n t  da ta  e x i s t s  f o r  

p red ic t ing  the magnitude of this problem i n  lower cook I n l e t .  

Shelikof S t r a i t  

Minor high-resolution seismic coverage and t h r e e  sediment samples are avai l -  

able  i n  the nor theas t  part of Shelikof S t r a i t  from the t h r e e  cruises i n  1976, 

1976, and 1978 i n  l w e r  Cook I n l e t .  During a U.S. Geological Survey resource- 

oriented multichannel seismic c ru i se  i n  1977, an add i t iona l  350 km of shallow- 



r e f l e c t i o n  seismic data was acquired i n  Shelikof S t r a i t .  This n e t  coverage pro- 

vides the only public information ava i l ab le  on the  environmental geology of 

Shelikof S t r a i t .  With such a small  amount of da ta ,  the environmental geology 

can only be broadly characterized.  

The seismic-reflect ion records show moderately folded bedrock that crops 

out a t  the sea f loor  along the margins of the  S t r a i t ,  ad jacent  t o  t h e  Kodiak-Afognak 

Is lands  and the Alaska Peninsula. Throughout most of Shelikof S t r a i t ,  the bedrock 

is eroded and the  folded upper surface  is covered with wel l  s t r a t i f i e d ,  hor izonta l  

sediment t h a t  is  typ ica l ly  50 m th ick  but  i n  local ized  bedrock depressions over 

200 rn th ick .  Three samples of t h i s  s u r f i c i a l  layer cons i s t  of sandy t o  pebbly 

mud. 

Major fault off s e t  o r  surf  ace f a u l t i n g  of the  sea f loor  of about 60 m was 

recorded a t  two places  shown on f igure  9A and 9B i n  the Strait on a l i n e  between 

Black Cape (Shuyak Island) and Cape Douglas. The s u s c e p t i b i l i t y  of Shelikof 

S t r a i t  t o  l a rge  earthquakes is similar t o  lower Cook I n l e t ,  and s i m i l a r  hazards 

e x i s t .  The r e l a t i v e l y  th ick  cover of muddy sediment suggests  more dangerous 

ground response i n  the S t r a i t .  The l a r g e  faults observed i n  northern Shelikof 

S t r a i t  almost c e r t a i n l y  have experienced recen t  a c t i v i t y ,  based on the  prominent 

appearance of the  f a u l t  scarps  on shal low-reflect ion seismic records as shown on 

f igure  9. The placement of fu tu re  i n s t a l l a t i o n s  near these  f a u l t s  should be 

avoided, and f u r t h e r  work is needed t o  map t h e i r  extent .  No su r face  f a u l t i n g  i s  

indica ted  i n  the  remainder of Shelikof S t r a i t  as t h e r e  is  i n s u f f i c i e n t  da ta  t o  

map. these  features. 

Volcanism is another poss ib le  hazard i n  Shelikof S t r a i t ,  as severa l  a c t i v e  

volcanoes i n  and around KatPlai National Monument exist nearby on t h e  Alaska 

Peninsula. Ash f a1 l o u t  and associa ted  phenomena could occasionally disturb oper- 

a t i o n s  anyhwere i n  the  S t r a i t .  The 1912 Katmai eruption produced s i g n i f i c a n t  



Figure 9.--Examples of surface fau l t s  that have been active i n  Quaternary 
time ( la s t  10,000 years) are located i n  northern Shelikof S t r a i t .  The loca- 
t ions of these surface fau l t s  are shown on figure 8.  The two shallow-penetra- 
t ion seismic reflection profi les  show the prominent ver t ica l  of fse ts  of these  

- faults. Figure 9A shows one ver t ica l  of fse t ,  while figure 9B shows three 
ver t ica l  offsets. Water depth i n  meters is  shown on the right side of each 
prof i le .  The ship 's  bearing and the scale for the profi les  a re  shown at the 
top and b o t t o m  of each profile. 



amounts of volcanic ash as evidenced by depos i t s  offshore and of 0.3 rn thickness 

M Kodiak Island. 

RECOMMENDED LEASE AREA OUTLINE 

The l ease  area o u t l i n e  has not been changed. The lower Cook I n l e t  sale No.  

CI (Cook I n l e t )  s t imulated a g r e a t  deal of i n t e r e s t  wi th in  industry.  Some blocks 

received f a i r l y  high bids.  Dr i l l ing  that i s  i n  progress now and before  Sale  N o .  

60 w i l l  have an impact on the  bidding i n  1981, therefore ,  it is pre-mature t o  

e l iminate  any blocks. 

The Shelikof Strait is  poorly understood as a petroleum basin.  To downgrade 

the  area before  s u f f i c i e n t  d a t a  on the  petroleum geology can be acquired and intex- 

preted would be a mistake. This lack of knawledge should not  be used t o  el iminate 

it from the sale o u t l i n e ,  r a the r  t h i s  a r e a  must be included s o  a more accurate 

evaluat ion of the petroleum resources can be ca r r i ed  out  by government and i n -  

dustry. 

TIME FRAME AND INFRASTRUCTURE 
LOWER COOK INLET AND SHELIKOF STRAIT 

Estimated deveZopment t imetable . - -~ased on experience gained from lease  

s a l e s  i n  the upper Cook I n l e t ,  t he  Gulf of Alaska, and the  Lower Cook I n l e t ,  we 

est imate t h a t  exploratory d r i l l i n g  would begin one y e a r  a f t e r  l e a s e s  are issued,  

and would be complebd no l a t e r  than the  t en th  year. T h i s  d r i l l i n g  would include 

expendable or del ineat ion  exploratory w e l l s .  Assuming exploratory successes,  

production platform i n s t a l l a t i o n s  would begin during the four th  year a f t e r  l eases  

are issued and would be completed i n  the eleventh year .  Peak o i l  production, un- 

less limited by f a c i l i t i e s ,  would occur i n  the e ighth  year  a f t e r  t h e  lease s a l e .  

Individual f i e l d s  would have a twenty-five year  l i f e ,  and o i l  platforms w i l l  have 

been removed by the f o r t i e t h  year  a f t e r  production begins. 

Estimated facilities.--~xploration supply bases  would be a t  Kenai on t h e  

Kenai lowland for activit ies  in the lower Cook I n l e t ,  and a t  Kodiak on Kodiak 



Island for a c t i v i t i e s  i n  Shelikof S t r a i t .  Less l i ke ly  options include Homer, 

Port Graham, Sward ,  and Larsen Bay, with the l a t t e r  being cen t ra l  to Shelikof 

Strait ac t iv i t i e s .  Exploration equipment being serviced from the supply bases 

would include heavy-duty semisubmersibles and dr i l l sh ips .  

If equivalent reserves are discovered, production f a c i l i t i e s  would compare 

t o  North Sea f a c i l i t i e s  fo r  water depths t o  about 200 m (600 ft); concrete, how- 

ever, would not be used for  platform s t ructures .  The 200-m isobath i n  Shelikof 

Strait extends as f a r  north as Raspberry Island. Water depths from 200 t o  300 m 

mver  the southwest two-thirds of the Shelikof Strait and is  designated the deep- 

water zone. The deep-water zone would require a discovery of s ign i f ican t  petrol-  

eum reserves to  be commerical and advanced production technology t o  be produced. 

Water depths, weather conditions, and remote locations a l l  make exploration and 

production d i f f i c u l t  i n  the deep-water zone. 

The f i r s t  o i l  o r  gas production method fo r  the deep-water zone would be 

subsea well completions with gathering l i ne s  t o  a bottom-anchored floating- 

production platform. A storage tank and a tanker hookup would be associated 

with a floating-production platform. A gas f i e ld  requires the  addition of a 

f loat ing l iquid natural  gas (LNG) p lan t  coupled to the floating-production p la t -  

form. A second o i l  o r  gas production method would be subsea well completions 

with the o i l  or gas pipelined t o  an onshore f a c i l i t y  on the western shore of 

Kodiak Island to  a location such as the town of Larsen Bay i n  the protection of 

Uyak Bay. I n  addition t o  the usual onshore o i l  and gas production f a c i l i t i e s  

for  treating, separating, in jec t ing ,  compressing, s tor ing,  and shipping, the 

only other processing f a c i l i t y  around the proposed sa l e  area would be a possible 

onshore LNG plant. 

Mmpmer. --Approximately 80 percent of the exploration manpower would prob- 

ably come from outside Alaska. For production and construction manpower, approxi- 



mately 80 percent  would wme from personnel already i n  Alaska. 

Drilling r i g  avai ZabiZit9.--1n the  foreseeable fu tu re ,  r i g s  that w i l l  be 

ava i l ab le  are the heavy-duty d r i l l s h i p s  and semisubmersibles required f o r  opera- 

t i o n s  i n  the  proposed s a l e  area. This r i g  a v a i l a b i l i t y  w i l l  o f f e r  a s i g n i f i c a n t  

advantage to prospective lessees and operators .  Supplies of all types are cur- 

r e n t l y  i n  s h o r t  supply ( f o r  example, drill  p ipe  d e l i v e r i e s  may be delayed as 

much as 18 months) , b u t  t h i s  condition will not l i k e l y  extend i n t o  t h e  1980's. 

Water routes.--The narrow channel bemeen Kodiak I s l and  and Small Whale 

Is land a t  Kupreanof Strait has a rocky-bottom and is  l e s s  than 20 m (60 f t )  deep. 

This would be the  probable route  f o r  supply vesse l s  moving beween the supply 

base a t  Kodiak and the  proposed s a l e  area in Shelikof Strait. This channel, 

hcwever, represents  an above-average navigation r i sk .  
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