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AlS S TKACT 

Three  scisrr l ic  r e f l e c t o r s  a r c  p r e s c n t  througl-lout the lower  Coolc 

I n l e t  b a s i n  and :an b e  c o r r e l a t e d  w i t h  onshore  g e o l o g i c  f e a t u r e s .  

The r e f l e c t i o n s  come from u n c o n f o r m i t i e s  a t  t h e  b a s e  of  t h e  T e r t i a r y  

sequence ,  a t  t h e  b a s e  of  Upper Cre taceous  r o c k s ,  and n e a r  t h e  b a s e  

of Upper J u r a s s i c  s t r a t a .  

A c o n t o u r  map of t h e  d e e p e s t  h o r i z o n  shows t h a t  Mesozoic roclcs 

a r e  formed i n t o  a  n o r t h e - a s t  t r e n d i n g  s y n c l i n e .  Along t h c  sou thc .as t  

f l a n k  of  t h e  b a s i n ,  t h e  nor thwes t -d ipp ing  Mesozoic r o c k s  arc  t r u n c a t e d  

a t  t h e  b a s e  of T e r r i a r y  rocks .  

The August ine-Seldovia  a r c h  t r e n d s  a c r o s s  t h e  b a s i n  a x i s  between 

Augus t ine  I s l a n d  and Sel .dovia.  T e r t i a r y  roclcs t h i n  o n t o  tllc arc11 

from t h e  n o r t h  and s o u t h .  Numerous a n t i c l i n e s ,  s m a l l e r  i n  s t r u c t u r a l  

r e l i e f :  and b r e a d t h  t h a n  t h e  August ine-Seldovia  a r c h ,  t r e n d  n o r t h e n s t -  

ward p a r a l l e l  t o  t h e  b a s i n ,  and i n t e r s e c t  t h e  a r c h  a t  o b l i q u e  a n g 1 . e ~ .  

The s t r a t i g r a p h i c  record shows f o u r  c y c l e s  o f  s e d i m e n t a t i o n  and 

t ec to r l i sm t h a t  a r e  bounded by t h r e e  r e g i o n a l  u n c o n f o r m i t i e s  i n  lowcr  

Cook I n l e t  and by f o u r  t h r u s t  f a u l t s  and t h e  modern Bcn io f f  zone i n  

f l y s c h  r o c k s  of t h e  Kenai  Peninsula and t l i e  Gulf o f  Alaska .  Thc c y c l e s  

a r c  c a l l e d ,  f r o m  o l d e s t  t o  y o u n g e s t ,  t h e  e a r l y  Mesozoic,  thc  laic 

Mesozoic,  t h e  e a r l y  Cenozoic and t h e  l a t e  Cenozoic .  

Data  on o r g a n i c  geochemistry of t h c  r o c k s  from one  well sugges t  

t h a t  Middle  J u r a s s i c  s t r a t a  may b e  a s o u r c e  o f  hydrocarbons .  Se i smic  

d a t a  show t h a t  s t r u c t u r a l  t r a p s  a r e  formed by n o r t h c a s t - t r e n d i n g  an t i -  

c l i n e s  and by s t r u c t u r e s  formed a t  the i n t e r s e c t j . o n s  of. t l l e s e  a n t  j.cJ.incs 



w i t h  t h e  t r a n s b a s i n  a r c h .  S t r a t i g r a p h i c  t r a p s  may b e  formed beneath 

t h e  unconformi ty  a t  t h e  b a s e  of T e r t i a r y  strata and b e n e a t h  uncon- 

f o r m i t i e s  w i t h i n  Mesozoic s t r a t a .  

INTRODUCTION 

Lower Cook I n l e t :  i s  l o c a t e d  i n  s o u t h - c e n t r a l  Alaska  between lat 

0 
58'45' and 6 0 ~ 3 0 '  N .  and between l o n g  1 5 1  and 154' W. ( f i g .  1 ) .  

Geographic  f e a t u r e s  on t h e  p e r i m e t e r  of t h e  a r e a  a rc  t h e  A l e u t i a n  

Range on Che n o r t h w e s t ,  K a l g i n  I s l a n d  011 t h e  n o r t h e a s t ,  t h e  Kenai 

Peninsu1.a on t h e  e a s t ,  t h e  B a r r e n  I s l a n d s  on t h e  s o u t l ~ e a s t ,  a n d  t h e  

Kamishak I i i l l s -Cape Douglas a r e a  on t h e  s o u t h .  Augus t inc  I s l a n d ,  a 

prominent  ac t ive  compos i t e  v o l c a n o ,  i s  i n  t h e  s o u t h w e s t e r n  p a r t  of 

lower Cook I n l e t .  Lower Cook I n l e t  i s  p a r t  of  a  l a r g e  bay  t h a t  i s  

n e a r l y  surroutlded by mounta ins  e x c e p t  where it. opens  s o u t h e a s t w a r d  

i n t o  the Gulf of Alaska and southward i n t o  S h e l i k o f  S t r a i t ,  I n  

a n t i c i p a t i o n  of o i l  and g a s  l e a s e  s a l e s  i n  lower  Cook I n l e t ,  t h e  U.S. 

G e o l o ~ i c a l .  Survey a c q u i r e d  g e o l o g i c a l  and g e o p h y s i c a l  d a r a  t o  s t u d y  

the g e o l o g i c  framework and pc t ro lcum geology of t h i s  a r c a .  Thcse  

d a t a  were  i n c l u d e d  i n  t h e  lower  Cook I n l e t  environmental .  impact  s t a t e -  

ments (Alaska Outer  Cont inenCal  She l f  O f f i c e ,  1976a,  b )  and a r e  b e i n g  

made a v a i l a b l e  t o  o t h e r  goverrunent a g e n c i e s  and thc  p u b 1 . i ~ .  

The submerged l a n d s  of Cook I n l e t  a re  owncd by b o t h  t h e  S t a L e  

of Alaslia and t h e  F e d e r a l  Government. : Upper Conk I n l e t ,  owncd by 

the  S t a t e  of  A l a s k a ,  i s  a well.-devclopcd pct.roleun1 p r o v i n c e  with 

e s t i m a t e d  r e c o v e r a b l  e  r c s c r v c s  of more t h a n  1.1 b i l  l i o n  b a r r e l s  n f  

oi l .  and more t h a n  8.3 t r i l l i o l l  c u b i c  f e e t  o f  d r y  r,as (I3laslu), 1974;  



S H E L I K O F  S T R A I T  

r -  

F i g .  1--Geographic f ea tu res  and a r c a  nominated of l e a s e  s i ~ l c ,  lower Cnolc 
1111~ t . 



F i g .  2--Geologic m a p  of lower Cook lr l lc tr  showing t h e  s e i s ~ n i c  g r i d ,  well. 
l o c a t i o n s  and  the Kcnai gas f i c l d .  



O i l  and Gas J o u r n a l ,  1975; Alaska  D i v i s i o n  of  O i l  and Gas, 1976) .  

The O u t e r  C o n t i n e n t a l  S h e l f  (OCS) a r e a  of  lower  Cook I n l c t ,  owned 

by t h e  F e d e r a l  Govcrnment, ha s  been subd iv ided  i n t o  t r a c t s ,  120  o f  

which have beer: s e l e c t e d  f o r  a l e a s e  s a l e  t:tiat may be 11t.Ld i n  1977 

( O i l  ancl Gas J o u r i l a l ,  1977) ( f i g .  I ) .  A 1 1  t h e  sc lec tec l  t r a c t s  a r e  

i n  l e s s  t h a n  200 m o i  w a t e r .  The  und i scovered  r e c o v e r a b l e  r e s o u r c e s  

of t h i s  a r e a  a r e  e s t i m a t e d  t o  h c  between 0 . 3  t o  1 .4  b i l l - i o n  b a r r e l s  

of  o i l  and 0 .6  t o  2 . 7  trillion c u b i c  f e e t  of  g a s  (Ma~:oon, Adkison,  

and o t h e r s ,  1976) .  

I n f o r m a t i o n  on Cook I n l e t  e x i s t s  i n  s e v e r a l  forms.  A b j b l i o -  

graphy of g e o l o g i c a l  l i t e r a t u r e  on Cook I n l e t  was p u h l i s h c d  by Maher 

and Trol lman (1.969). A summary o f  t h e  s t r a t i g r a p h y  arlcl structure of  

u p p e r  Cook I n l e t  was w r i t t e n  by K i r s c h n e r  and Lyon ( 1 9 7 3 ) .  Boss ,  

Lennon, and Wilson (1976) d e s c r i b e d  t h e  geology of t h e  Middle  Ground 

Shoal  o i l  f i e l d ,  l o c a t e d  a b o u t  25 km n o r t h w e s t  of Kenai, A g e o l o g i c  

map was compiled f o r  Cook I n l c t  and t h e  s u r r o u n d i n g  a r e a  (hiagnon, 

Adkison,  and  E g b e r t ,  1976) .  The subsurfac .e  geology of  upper  Cook 

I n l e t  and t h e  Rena i  lowland i s  g e n e r a l l y  k n o ~ m  from cxp lo raCory  w e l l s .  

Three  of n i n e  e - x p l o r a t o r y  we1l.s on t h e  I n i s k i n  P e n i n s u l a  were  d r i l - l e d  

r e c e n t l y  enough f o r  in fo rmat - ion  t o  b c  avail.ab1.e (Det terman and Hart  sock ,  

1966; Ulasko,  1976) .  

U n t i l  r e c e n t l y ,  l i t  t l c  i f  any g e d l o g i c  i.nf ormat ion t h a t  p e r t a i n e d  

d i r e c t l y  t o  o f f s h o r e  lower  Coolc I n l e t  was pub1icl .y avai.lab1.e. Thlch 

of t h e  otlshore geo logy ,  liowever , can  b e  ext-ended o f f  s h o r e  u s i n g  gco- 

l o g i c a l .  ancl g e o p h y s i c a l  tecl1niquc.s. T o  accon~pl i s l z  this e x t e n s i o n ,  tlic 



geology of  areas around Cape Dou[;las and S e l d o v i a  was mapped (Magoon, 

Adkison,  and Egber t  , 1976) ,  and o f f  s h o r e  sei.srnic d a t a  were  c o l  l.ec.ted . 
Under c o n t r a c t  t o  the  U.S. Geologj.cn1. Survey,  Westcrn  Geophys:ical., 

I nc .  c o l l e c t e d  480 km of 36-fold  s c i s n i c  d a t a  i n  t h e  f i r s t  weck of 

J u l y  1975 ( F i s h e r ,  1976) .  A 2,700-m s t r c a m c r  w i t h  7 2  arrays  of tiydro- 

phones,  a r e c t a n g u l a r  a r r a y  of  s i x  Aquapul.se guns (p ropane ,  oxygen,  

and a i r  exploded i n s i d e  a r u b b e r  b o o t ) ,  and DDS-888 d i g i t a l .  i n s t r u m e n t s  

made u p  t h e  s e i s m i c  sys tem.  Scisniic r e c o r d s  were  sampled a t  a  two- 

m i l l i s e c o n d  r a t e  f o r  a t  l e a s t  six s e c o n d s ,  S h o t p o i n t s  were l o c a t e d  

u s i n g  a combined Raydist-KPS n a v i g a t i o n a l  sys tem w i t h  a p o t e n t i a l  

pos i l r iona l  a c c u r a c y  of  1 5  m ,  S w i f t  t i d a l  c u r r e n t s ,  c u r r e n t - b o r n e  

d e b r i s ,  and c r a b  p o t s  caused d e l a y s  dur i .ng f ie1.d o p e r a t i o ~ l s ,  Thc 

s e i s m i c  d a t a  were p r o c e s s e d  by  Petty-Ray Geophys ica l ,  I n c .  Most 

of t h e  problems encoun te red  d u r i n g  proc:essing stenlmed from s t r o n g  

water-bot tom and peg- leg  mu1 t i p l e x  t h a t  i n t e r f e r e d  w i t h  hot11 a c c u r a t e  

v e l o c i t y  a n a l y s i s  and e f f i c i e n t  d c c o n v o l u t i n n .  

T r a c k l i n e s  751 th rough  755 ( f i g .  2 )  were p lanned t o  b e  pcrpcn-  

d i c u l a r  t o  t h e  e x p e c t e d  t r e n d  of o f f s h o r e  s t r u c t u r a l  axes. I , incs 

756 and 757 completed t h e  g r i d ,  which 11as a l i n e  s p a c i n g  of abou t  

30 knl. The northernmost l i n e ,  751, i s  a t i c  l i n e  between t h e  pro-  

posed l o c a t i o n s  of t h e  P h i l l i p s  Pe t ro leum Co. C h i n i t n a  A-1 w e l l  ant1 

t h e  S h e l l  O i l  Co. Kachcmak 1 w e l l .  The norriinal s t r e a m c r  towing 

d e p t h ,  12  111, r e q u i r e d  t h a t  l i n e  751 b e  t e r m i n a t e d  on t h e  n o r t h w e s i  

2 km from the P l l i l l i p s  Pe t ro leum Co. w e l l .  A p l ~ a l a i l x  of c rab  p o t s  

s topped  l i n e  751 abou t  1 km n o r t h w e s t  of t h e  ShclLl O i l  Co, w c l l .  



L i n e  752  p r o v i d e s  a n  o f f s h o r e  c r o s s  s e c t i o n  of the struc:ture bctlwl.cn 

t h e  I n i s k i n  arid Kcrlai P e n i n s u l a s .  The s o u t h e r n  s c i s m i c  prof i 1-cs, 1 i n e s  

754 and 755, al.lvw t h e  geo logy  of t h e  Kamislialc Hi l l s -Cape D o t ~ ~ l a s  a r e a  

t o  be p r o j e c t e d  o f f s h o r e .  

I n  t h e  d i s c u s s i o n  t h a t  f o l l o w s ,  background d a t a  011 t h e  gcol o g j c  

framework of lower  Cook I n l e t  a r e  p r e s e n t e d  i n  t h i s  o r d e r :  (1 )  s t r a t i -  

g raphy ,  ( 2 )  i n t e r p r e t e d  s e i s ~ n i c  h o r i z o n s ,  and ( 3 )  v e l o c i t y  d a t a .  Tlicsc 

d a t a  a r e  t h e n  merged t o  show b a s i n  c o n f i g u r a t i o n  and s t r u c t u r a l  t r e n d s .  

The c o n c l u d i n g  d i s c u s s i o n  r e c o n s t r u c t s  t h e  g e o l o g i c  h i s r o r y  and e x p l o r e s  

t h e  pe t ro leum p o t e n t i a l  of t h i s  p r o v i n c e .  

GEO140GY 

Geologic  S e t t i n g  

Rocks of  lower Cook I n l e t  a r c  p a r t  of a b e l t  of Mesozoic and 

T e r t i a r y  sed imenta ry  r o c k s  t h a t  ex tend  n o r t h e a s t w a r d  i n t o  upper  Cook 

I n l e t  and sou t lwes tward  down t h e  Alaska P e n i n s u l a  and Shelilcnf S t r a i t .  

Along t h i s  b e l t ,  l l e sozo ic  r o c k s  may excccd 12 ,000  m i n  t h i c k n e s s ;  con- 

t i n e n t a l  T e r t i a r y  roclcs a r e  as much a s  7 ,000 ni t h i c k  ( f i g .  3 ) .  Four  

major n o r t h e a s t - t r e n d i n g  g e o l o g i c  f e a t u r e s  t h a t  f lanlc Cook I n l c t -  a r c  

thc Alaska-Aleu t t an  Range b a t h o l i t h  and t h c  B r u i n  Bay f a u l t  on t h e  

northwest s i d e ,  and t h e  Seldovia  f a u l t  ancl t h c  u n d i f f c r c n l i a t c d  Mcsozoic 

ter rane on t h e  s o u t h e a s t  s i d e  ( f i g .  2 ) .  

The Alaska-Aleu t i an  Rar~gc bat1101 it11 i s  exposed i n  t l l c  n o r t h w e s t  

p a r t  of t h i s  a r e a ;  it. i s  m o s t l y  q u a r t z  d i o r i t c .  Although t h e r e  a r e  

younger p l u t o n s ,  t hc  h u l k  of t l l c  b a t h o l i t h  was emplaced betwcc11 abou t  

1 7 6  and 154 m.y. a g o  (Kccd and T,anpherc, 1969,  1 9 7 2 ,  1 9 7 3 a ,  b ) .  





The I3rul.n 13ay f a u l t ,  a high-angl e  r e v e r s e  f a u l t ,  can b c  t r a c c t l  

a l o n g  t h e  n o r t h w e s t  s i d e  of  t h e  lower  Cook I n l c t  b a s i n  f o r  215 km. 

I n  Kamishak Bay t h e  f a u l t  p l a n e  d i p s  60' nor t l lwest .  J u s t  n o r t l l  of 

C h i n i t n a  Bay, s t r a t i g r a p h i c  throw a c r o s s  t h e  f a u l t  i s  a s  rnuch a s  3 

km; g r a n i t i c  r o c k s  and r o c k s  o l d e r  t h a n  Middle J u r a s s i c  011 t h c  wes t  

a r e  jux taposed  a g a i n s t  sed imenta ry  s t r a t a  younger t h a n  Ear1.y . J u r a s s i c  

on t h e  east  (Bet terman and Har t sock ,  1966) .  

A f a u l t  s e e n  a t  t h e  s u r f a c e  n e a r  S e l d o v i a  i s  i .n te rp rc tec l  t o  

extend t o  t h e  n o r t h e a s t  th rough  IIorner and b e n e a t h  t h e  Kenai  lowland ,  

and t o  t h e  sou thwes t  th rough  t h e  Bar ren  I s l a n d s .  T h i s  f a u l t .  i s  des -  

i g n a t e d  t h e  S e l d o v i a  f a u l t .  In t h e  Kenai 1.owland t h e  f a u l t  i s  over -  

l a p p e d  by T e r t i a r y  s e d i m e n t a r y  r o c k s ,  b u t  i n  t h e  Se1dovi.a a r e a ,  k t  

s e p a r a t e s  Mesozoic s h e l f  d e p o s i t s  on the  wes t  f rom Flesozoic fl.ysc11 

d e p o s i t s  on t h e  e a s t .  A s s o c i a t e d  w i t h  t h e  Se1dovi.a f a u l t  i s  a  

g laucophane-bear ing r o c k  t h a t  was f i r s t  r ecogn ized  by M a r t i n ,  Johnson,  

and Grant  (1915) .  Forbes  and  1,anphcre (1973) d e s c r i b e d  t h i s  r o c k  a s  

a  b l u e s c h i s t  f a c i e s  of L a t e  T r i a s s i c .  o r  E a r l y  J u r a s s i c  age.  

The Mesozoic: melange and f l y s c h  d e p o s i t s  on t h e  e a s t  s i d e  of  

t h e  Sel .dovia f a u l t  a r e  r e p r e s e n t e d  by t h e  McIIugh Compl-ex and by r o c k s  

q u e s t  i o n a b l y  a s s i g n e d  t o  t h e  Valdez Group. The McHugh C o ~ ~ i p l e x  i n c l u d e s  

tne tased ime~l ta ry  and metavol .canic  r o c k s  $11 t h e  Cflugach M o u n t a i ~ ~ s  n e a r  

Anchorage ( C l a r k ,  1972a,  19 73) and on : t h e  K e i ~ a i  F e n i n s u l a  (Mart i n  and 

o t h e r s ,  1915) .  Thc age of t h e  PlcIIugh i s  u n c e r t a i n  b u t  i s  c o ~ l s i d c r e d  

t o  be L a t e  J u r a s s i c  and ( o r )  C r e t a c e o u s  by C l a r k  (1972a,  1 9 7 3 ) .  Muorc 

and Connel ly  (1976 , 1977) c a n s i d c r  t h e  Mcllugh t o  b r  p a r t  of  a t e c t o n i c  



melange emplaced as a subduct ior l  complex i n  l a t e  l l e sozo ic  L i m e ,  P l a f k e r ,  

Jones,  and Pessagno (1977) c o n s i d e r  t h e  McHugll t o  b e  at1 E a r l y  C r e t a c e o u s  

and p o s s i b l y  o l d e r  tnelarige eniplaccld w i t h  t h c  FTa ldez(? )  Group b e f o r e  l a t e s t  

Cre taceous  t i m e .  The V a l d t z ( ? )  Group consis8.s  of  h i g l i l y  deformed and 

metamorphosed s a n d s t o n e ,  s i l t s t o n e ,  s h a l e ,  and some cong lomera te  ( C l a r k ,  

1972a).  Froni f o s s - i l s  t h e  age of  p a r t  o f  t h i s  u n i t  i s  M a e s t r i c h t i a n  

( J o n e s  and Clark ,  1973) .  

Rocks a t  l e a s t  a s  o l d  a s  T r i a s s i c  o c c u r  w i t h  t h e s e  major  g e o l o g i c  

f e a t u r e s .  These  r o c k s  a r e  d i s c u s s e d  below from o l d e s t  t o  younges t .  

Unconformi t i e s  o r  a b r u p t  l i t h o l o g i c  changes  t h a t  may c r e a t e  s i g n i f i c a n t  

s e i s m i c  r e f l e c t i o n s  a r e  a l s o  ment ioned.  

S t r a t i g r a p h y  

Upper Tria:;sic rocks.--On t h e  n o r t h w e s t  s i d e  of  lower  Cook I n l e t ,  

r o c k s  of L a t e  T r i a s s i c  age  o c c u r  j n  s c a t t e r e d  o u t c r o p s  on hot11 s i d e s  

of t h e  Bru in  Ray f a u l t  f rom Kamjshak Bay ( K .  L.  Det terman and 8 .  L. 

Reed,  unpuh.  d a t a )  t o  Tuxedni Bay (Det terman and H a r t s o c k ,  1966) .  A t  

t h e  head of Tuxedni Day, Uppcr T r i a s s i c  r o c k s  a re  as much a s  395 tn 

t h i c k  and c o n s i s t  of metamorpllosed 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  l a v a  f l o w s  (Det terman and l iartsoclc,  1966) .  Url 

the southeast s i d e  of lower  Coolr I n l e t ,  U p p ~ r  T r i a s s i c  r u c k s  exposed 

west  of thc  S e l d o v i a  f a u l t  c o n s i s t  of  fossil i f e r o u s  mar ine  limest.one 

and f  ine -g ra ined  t u f  i s  (Mnrt in  and  o t h e r s ,  1 9.1 5) . Upper T r i a s s i c  

r o c k s  a r e  a l s o  exposed on t h e  westernmost  i s l a n d  of  t h e  B a r r e n  I s J a n t l s .  

Lowcr cJu~~ass,i-c rocks.--Rocks of  E a r l y  J u r a s s i c  a g e  arc  cxposcd 

on b o t h  s j d e s  of  t h e  i n l e t .  011 the n o r t h w e s t  s i d c ,  tllc ou tc rop  belt 



is as much a s  15 km wide and is c u t  i n  several p laces  by t l i e  b r u i n  

Bay f a u l t .  Sou th  of  Tuxedni Ray, Lower J u r a s s i c  r o c k s  d i p  genera1l .y 

t o  t h e  s o u t h e a s t  and cons i . s t  of p o o r l y  bedded vcl lcanic  a g g l o m e r a t e s ,  

b r c c c i a s ,  and lnva  f l o w s  of t h e  T a l k c e t n a  Formati.nn (Detterman and 

Har t sock ,  1966) .  I n  t h e  In i sk in -Tuxcdn i  area t h e  f o r m a t i o n  i s  a s  

much as 2 ,575 rn t h i c k .  Near S c l d o v i a ,  Lower J u r a s s i c  s t r a t a  c o n s i s L  

of v o l c a n i c  t u f f ,  agg lomera te ,  and brecc i a  and i n t e r b e d d e d  marilae 

s a n d s t o n e ,  s h a l e ,  and l i m e s t o n e  (Mar t in  and o t h e r s ,  1915;  Forbes  and 

Lanphere,  1973) .  Using the  30' n o r t h w e s t  d i p  of t h e  s t r a t a ,  M a r t i n ,  

Johnson,  Grant  (1915) e s t i m a t e d  t h e  t h i c k n e s s  of  t h e  r o c k s  t o  b e  

300 m .  On t h e  b a s i s  of 1 i . thology and a g e ,  t h e  r o c k s  n e a r  S e l d o v i a  

a r e  a s s i g n e d  t o  t h e  T a l k c c t n a  Format ion (Hagoon, Adkison,  and E g b c r t ,  

1 9 7 6 ) .  Two w e 1 . l ~  i n  Redoubt Bay and two on t h e  I n i s k i n  P e n i n s u l a  

p e n e t r a t e  t h e  Tal-keetna  Formati.on ( f i g .  2 ;  tab1.e 1). The presetlc-e 

of t h i s  fo r rna t ion  on b o t h  s i d e s  o f  lower  Coolc I . n l e t  and in some. o f f -  

s h o r e  a r e a s  (Boss alld o t h e r s ,  1.976) s u g g e s t s  t h a t  t h e  fo r ina t ion  i.s 

c o n t i n u o u s  b e n e a t h  t h e  i n l . e t .  

The T a l k e e t n a  Format ion i s  p o o r l y  bedded a n d  made  u p  of  rock 

f ragments  of  d i f f e r e n t  s i . z e s ,  s h a p e s ,  and c o m p o s i t i o n s .  I t s  he tero-  

g e n e i t y  s u g g c s t s  t h a t  t h e  u n i t  may b e  a poor  t r a n s m i t t e r  of s e i s n i c  

energy ,  b u t  i t s  upper  c o n t a c t  niay b e  a good reflector. 

M i d d k  and U p p c ~  Jzlmssic rocks. --Unconf ortnahly o v e r l y i n g  I-he 

Lower Jurassic v o l c a n i c l a s t i c .  roc-ks a r e  the t h i c k  Plicldlc and Uppcr 

Jurassic nlarine sed in ien ta ry  r o c k s .  These  r o c k s  a r e  exp0se.d 0111 y on 

the w e s t  s ide  of lower  Coolc I n l e t ,  e a s t  of t h e  Bru in  Bay f a u l t ,  b u t  





t h e y  have been p e n e t r a t e d  by two w e l l s  l o c a t e d  on K a l g i n  I s l a n d ,  by 

three wells on t h e  T n i s k i n  P e ~ l i n s u l a ,  and p robab ly  hy onc  we:l.:l 011. 

t h e  Kenai  lowland.  Thus,  t h e s e  r o c k s  a r e  p robab ly  c o n t i n u o u s  under  

t h e  i n l e t .  

Middle  and U p p e r  J u r a s s k c  r o c k s  a r c  d i v i d e d ,  i n  upward o r d e r ,  

i n t o  t h e  Tuxedni Group, t h e  C h i n i t n a  Format ion,  and  t h e  Nalc~i~?lc 

Formarion.  Thc Tuxedni Group, o f  Middle  and L a t e  J u r a s s i c  a g e ,  

c o n s i s t s  of  a l t e r n a t i n g  beds  o f  f o s s i . l . i f e r o u s  graywacke,  sandstone, 

and s i l t s t o n e .  I n  t h e  In i sk in -Tuxedn i  r e g i o n  t h e  Tuxedni i s  a s  

much as 2,960 m t h i c k  (Dettertnan and Hsrcsock ,  1 9 6 6 ) .  The C h i n i t n a  

Format ion,  of L a t e  J u r a s s i c  a g e ,  unconforrtiably o v e r l i e s  t h e  T u x e d ~ l l  

Group. The Chini . tna i s  most1.y dark-gray iiiarine s i l  t s t o n e  wi.th l a r g e  

c o n c r e t i o n s  and i s  a s  much a s  71.5 rn thi.c.1~ i n  t h e  Inislzin-Tuxedni. 

a r e a  (Dctterman and H a r t s o c k ,  1966 ) .  The Naknek Format ion ,  of L a t e  

J u r a s s i c  a g e ,  unconf ormably o v e r l i e s  t h e  C h i n i t n a  Format ion and h a s  

g r e a t e r  a r e a l  e x p o s u r e  t h a n  t h e  u n d e r l y i n g  r o c k s ;  i t  c r o p s  n u t  from 

t h e  Kamishak H i 1 . l  s t o  Tuxeclni Bay. I n  t he  In i sk in -Tuxedn i  r e g i o n  

t h e  Nalcnek i s  as much a s  1 ,435  m Lhiclc (Det terman and Ilartsoclc,  196G) 

and i s  coniposed of  f  o s s i l i f  e r o u s  n ~ n r i n e  cong lomera te ,  s n n d s t o t ~ e ,  and 

s i l t s t o i l c .  The p a r t  of t h e  Naknelc exposed a l o n g  t l ie  c o a s t  i n  Kamishak 

Ray i s  approximate ly  750 m t h i c k  (Plagoon, Adkison,  and E g b e r t  1976)  

and i s  younger t h a n  t h e  p a r t  o f  t h e  ~ i l c n e k  exposed i n  t h e  I n i s k i n -  

Tuxedni r e g i o n  ( In l lay  and l)e t t e r ~ n a n ,  1973) . The combined t 1 1  i.c:lcness 

of tllc two p a r t s  o f  t h e  Nalcnek i n  t h e s e  two areas exceeds 2 ,185 ni 

( f  i,g. 3 ) .  



Unconformable c o n t a c t s  i n  t h e  Middle and Upper  J u r a s s i c  s t r a t a  

may b e  good s e i s m i c  r e f l e c t o r s .  

Lower Crctaceou..; rocks . - - In  t h e  lower  Coolc I n l e t  i l rpa ,  215 m of 

Lower Cre taceous  r o c k  unconforniab1y o v e r l i c s  Upper J u l - a s s i c  s t r a t a  i n  

t h e  Kamisliak Hi1l.s ( Jones  and Uctternian,  1966;  J o n e s ,  1973; Magoon, 

Adkison,  and o t h e r s ,  1976) .  T h c  beds  c o n s i s t  o f  s i l t s t o n e  and s a n d -  

s t o n e  t h a t  a r e  r f c h  i n  J I Z O C ~ ~ ~ ~ T L A S  f ragmcnts .  A s u b s u r f a c e  o c c u r r e n c e  

of Lower Cre taceous  r o c k s  i s  d e p i c t e d  by Boss ,  J,ennon, and Wilson (1976) 

in a c r o s s  s e c t i o r l  th rough  Swans011 R i v e r  o i l  f i c l d ,  l o c a t c d  n o r t l i c a s t  

of Rcnai .  Lower Cre taceous  s t r a t a  a r e  p robab ly  p e n e t r a t e d  by a w e l l  

a t  Anchor P o i n t  and t h u s  may be  p r e s e n t  i n  a l a r g e  a r e a  of  o f f s h o r e  

lower Cook I n l c t .  T h i s  u n i t  i s  bounded by u n c o n f o r r n i t i e s  t h a t  may h e  

good s c j  smic r e f  l e c t o r s .  

U p p e r  Cretaceous rocks,--Upper C r e t a c e o u s  rocks  i n  t h e  Cook I n l e t  

b a s i n  s o u t h  of t h e  l a t i t u d e  of S c l d o v i a  a r e  a s s i g n c d  t o  t h e  Kaguyak 

Format ion;  n o r t h  of - S e l d o v i a ,  t h e y  a r e  a s s i g n c d  t o  t h e  I la tanuska 

Formation.  The Kaguyak Format ion ( I b l l e r  and R e i s e r ,  1.959) c rops  o u t  

i n  t h e  Kamishak H i . ]  1s-Cape Douglas a r e a  where  1 , 3 8 5  m o f  r o c k  uncon- 

formably  o v e r l i e s  Lower C r e t a c e o u s  r o c k s .  I n  upward s u c c e s s i o n  t h i s  

f o r m a t i o n  c o n s i s t s  of  shal low-marine  s a n d s t o n e ,  b i o t u r b a t e d  gray s i l t -  

s t o n e ,  and t u r b l d i t e  s a n d s t o n e  and s i l t s t o n e .  On t h e  Kenai 1.owl.and 

many we1l.s p e n e t r a t e  Lhe l latanusl<a FoPn~a t ion  ( t a b l e  1.). K i r s c h n c r  and 

Lyon (1973) o u t l i n e  Chct s u b c r o p  of Upper C r c t a c e o u s  s t r a t a  from tllc 

l ia tanuska V a l l e y  t o  Kat:henlak Bay, Tlle st-ructucal.  c r o s s  s & c t k o n  o f  

Boss ,  T,ennon, and Wilson (1976)  d e p i c t s  tlie s u b s u r f  acc. dj . s t r ibu t . io~-1  



of Upper  Cre taceous  rocks  e a s t  of  Middle Ground S h o a l ;  t h e  a u t h o r s  

a l s o  i n d i c a t e  t h a t  these  roclcs o u t c r o p  or1 t h e  n o r t l ~ w c s t  s i d e  of  Cook 

I n l e t .  The Ma trinuska l:ortnation o u t c r o p s  in Lhc Matanuslcn Val l.ey 

n o r t h e a s t  of Acchorage ( f i g .  3 ;  G r n n t z ,  1960,  1964;  Gran tz  and J o n c s ,  

1.960; J o n c s ,  1.964, 1967;  J o n e s  a n d  G r a ~ l t z ,  1967) .  The wi. t lespread 

d i s t r i b u t i o n  of Upper Cre taceous  roc-ks around t h e  Cook T n l e t  h a s i n  

s t r o t l g l y  s u g g e s t s  t h a t  t h e s e  r o c k s  a r e  p r e s e n t  i n  t h e  s u h s u r f a c - e  i t 1  

lower  Cook I n l e t .  

Tertiary r o c k s . - - T e r t i a r y  roclcs of lower  Cook I n l e t  a r e  a l l  non- 

marine and co i l s i s  t of t h e  West Fore land  Format ion and t h e  overl .yi .ng 

Kenai Group. The cong lon ie ra t i c  West Fore land  Format ion,  of  1at-e 

Pa leocene  and e a r l y  Eoc:ene a g e ,  i n c l u d e s  much t u f f a c e o u s  and vo l -  

c a n i c l a s t i c  m a t e r i a l .  I n  o u t c r o p ,  t h i s  u n i t  unconformab1.y o v e r l i e s  

p r o g r e s s i v e l y  younger  r o c k s  from n o r t h  t o  s o u t h  al.ong t h e  n o r t h w e s t  

s i d e  of lower  Cook I n l e t :  w e s t l  of Redoubt Bay i t  o v c r l i c s  Lower 

J u r a s s i c  r o c k s ;  n o r t h  of C h i n i t n a  Day i t  o v e r l i e s  Upper J u r a s s i c  

r o c k s ;  near  Cape Douglas i t  o v e r l i e s  Upper C r e t a c e o u s  r o c k s  and  

a t t a i n s  a niaxirnuln t h i c k n e s s  of 1 , 0 0 0  m .  T h e  West Fore land  Format ion 

i s  p e n e t r a t e d  by w e l l s  on t h e  Kenai lowland ( t a b l e  1 ) .  

The Kcnai Group, of Oligocene t o  P l i o c e n c  age, i s  composed o f  

congl.omeratc,  s a n d s t o n e ,  s i l t s t o n c ,  and c o a l .  Exposures arc found 

w e s t  of  Redoubt  Bay, n e a r  Cape Douglas', and ovcr l app i .ng  t h e  S e l  d0vi.a 

fau1.t i n  t h e  K c ~ i a i  lowl.and and n e a r  S e l d o v i a .  T e r c i a r y  r o c k s  o f  

u~~lcilowtl a g e  o c c u r  on thc .  Earl-en I s l a n d s  (,J. S .  K e l l c y ,  oral. commun. , 

1975) .  Well  da ta  i n d i c a t e  t h a t  t l lc  t o t a l  T e r t i a r y  (7 ,000 111) and 



Quate rna ry  sequence  i s  more t h a n  7,600 m t h i c k  n o r t h  of ICenai (Hartman 

and o t h e r s ,  1972), whcrcas  o u t c r o p  d a t a  ob tai .ned n e a r  Cape Dougl.as 

show tliat: T e r t i a r y  r o c k s  a r e  a b o u t  1,850 m t h i c k .  The widcsprcad  

unconformity  be t tdecn  Mesozoic and T e r t i a r y  r o c k s  i s  p robab ly  a  good 

s e i s m i c  r e f l e c t o r .  

SEISMIC DATA 

I n t e r y r e t e d  Horizons  

Three  areawide r e f l e c t i n g  h o r i z o n s  were  c o r r e l a t e d  througl iout  

t he  s e i s m i c  g r i d .  These  h o r i z o n s ,  l a b e l e d  A, B ,  and C ,  a r e  shown i n  

a  n o r t h w e s t - t r e n d i n g  c r o s s  s e c t i o n  ( f i g .  4 ) .  The c r o s s  s e c t i o n  i s  

s e i s m i c  l i n e  755, loc -a ted  j u s t  n o r t h  of  Cape Douglas ,  and i s  i n c l u d e d  

a s  an  example of  t h e  b e s t  d a t a  f rom t h i s  s u r v e y .  

The q u a l i t y  of  s e i s m i c  d a t a  a c q u i r e d  i n  lower  Cook I n l e t  i s  rela-  

t i v e l y  poor p r i m a r i l y  b e c a u s e  a v e r y  r e f l e c t i v e  w a t e r  bo t tom produces  

bothersome m u l t i p l e s .  I n  p l aces ,  t h e  t h i r d  o r  f o u r t h  w a  te r -bot tom 

m u l t i p l e  i s  s t r o n g  enough t o  i n t e r f e r e  w i t h  i n t e r p r e t a t i o n .  The n e a r l y  

h o r i z o n t a l  events  i n  t h e  f i r s t  second o f  rec-ord  ( f i g .  4 )  t h a t  a r c  

e s p e c i a l l y  n o t i c e a b l e  s o u t h e a s t w a r d  froin s h o t p o i n t  (SF)  600 a rc  wa te r -  

bo t tom m u l t i p l e s .  Al~ove t h e  A hori .zon,  s h a l l o w e s t  of t h e  t h r e e  i n t e r -  

p r e t e d ,  p r imary  r e f l e c t i o n s  a rc  conformab1.e w i t h  t h e  A h o r i z o n .  

The A h o r i z o n  d i p s  g e n c r a l . l y  t o  tlie sout l leas t .  f r o m  i t s  t e rmina-  

t i o n  a t  t h e  s e a f l o a r .  L i k e  t h e  s e a  hottoin,  t h i s  h o r i z o n  i s  a s t r o n g  

ref l e c t o r  t h a t  protluces t r o u b l e s o t ~ ~ c  111tll tj ples. Bctwcen SP 600 2 n d  

SP 1000, e v e n t s  hclow tl ie  A h o r i z o n  t h a t  d i p  t o  the> s o u t l l c n s t  a r c  

water-1,lyer ntul t i p l c s  of t h e  A h o r i z o n .  A t  a b o u t  2.2 s ,  bc'lnw $1' YOU, 
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one m u l t i p l e  of  t h e  A h o r i z o n  appears  t o  llavc t h e  f o l l o w i n g  r a y p a t h :  

seismic s o u r c e ,  A hor i .zon,  s e a  s u r f a c e ,  A h o r i z o n ,  hydrophone. About 

0 .2  s l a t e r ,  t h e  f i r s t  w a t e r - l a y c r  mult ip1.e of  t h i s  m u l t i p l e  o c c u r s .  

These  exarnplcs show  he v a r i e t y  and t h e  s t r e n g t l l  of  m u l t i p l e s  t h a t  

make t h e  d a t a  from lowcr  Coolc I n l e t  d i f f i c u l t  t o  i n t e r p r e - t .  

I n  f i g u r e  4 ,  r e f l e c t o r s  i n  t h e  i n t e r v a l  between t h e  A and B 

h o r i z o n s  a r e  conformable  with t h c  B h o r i z o n .  T h i s  i n t e r v a l  th: ins 

toward t h e  s o u t h e a s t  up t o  t h e  t r u n c a t i . o n  of  t h e  B h o r i z o n  by t h e  

A h o r i z o n .  The a p p a r e n t  r a p i d  th ic lcening of  t h i s  i n t e r v a l  n o r t h -  

w e s t  of SP 600 may be  p a r t l y  d u e  t o  t h e  e f f e c t s  of l o w  v e l . n c i . t i e s  

i n  s t r a t a  i n  t h e  f i r s t  0 .5  s of t r a v e l t i m e .  Angular d i s c o r d a n c e  

of s t r a t a  a c r o s s  t h e  I3 h o r i z o n  i s  e v i d e n t  e a s t  of.' Augustj.ne I s l a n d ;  

e l sewhere ,  t h e  s t r a t a  a p p e a r  conformable .  

The C h o r i z o n  i s  t h e  deepest .  r e f l e c t o r  t h a t  can  h e  correl.atrec1 

th roughout  t h e  lower  Cook I n l e t  a r e a ,  b u t  c o r r e l a t i o n  i s  d i f f t c u l t  

i n  some p l a c e s  b e c a u s e  t h e  r e f l e c t i . o n  i s  f ragtnented.  EspeciaI..:Ly 

s o u t h  of  a l i n e  between August ine  I s l a n d  and S e l d o v i a ,  t h e  C h o r i z o n  

forms t h e  a c o u s t i c  basement.  Nor th  of t h i s  1 i n c ,  f a i n t  r c f  l e c t i o n s  

are  l o c a l l y  r e t u r n e d  from what appc-!ars t o  b e  a l a y e r e d  sequence  below 

t h e  C h o r i z o n .  T h e r e f o r e ,  d c p t h  t u  t h e  C 1101-i-zon p robab ly  r e p r e s c i l t s  

a minimum t h i c k n e s s  of scdi rncntary  r o c k  i n  l o u c r  Coolc I n l c t ,  Except  

f o r  t h e  l o c a l i z e d  occurrences of d n c p  'ref l e c t i  ens, na i11f ormat ion 

is retur11e.d from be low t.he C h o r i z o n ,  and t h e  s t r u c t u r e  ol: t h c  under-  

l y i n g  s t r a t a  cannot h c  de te rmined .  

The c l i f f r a c t c d  e v c n t s  i n  t l i p  ~ ~ o r t h w a s t  p a r t  o f  I i n c  755 ( f i g .  4 )  



are examples of such  events t h a t  occur  t l i roughout  t h e  seisn1i.c g r i d .  

T h e i r  0r ig i .n  is n o t  known, b u t  they  may r e s u l t  from near-bot tom 

f e a t u r e s  such a s  c h a n n e l s  o r  g l a c i a l  c r ra t - i . c s .  

V e l o c i t y  Interprets t i o n  

S e i s m i . ~  d a t a  a r e  presentecl  i n  r e l a t i o n  t o  two-way trravcl t i m e ,  

and t r a v e l t i m e  tnust be c o n v e r t e d  t o  d e p t h .  The needed veloc . i . ty  

i n f o r m a t i o n  w a s  o b t a i n e d  from the s tac lc ing o f  comnion-dcpth-poin~r. 

(COP) s e i s m i c  r e c o r d s .  S t a c k i n g  v e l o c i t i e s  were converted t o  i n t e r v a l  

v e l o c i t l i e s  by use  of t h e  Dix f o n n u l a  (Dix,  1.955). I-lorizontlal and 

p l a n a r  r e f l e c t o r s  a r e  r e q u i r e d  f o r  c - o r r e c t  a p p l i c a t i o n  of t h e  Dix 

fo rmula ,  and tl-iese r e q u i r e m e n t s  a r e  v l o l a t c d  t o  sonie d e g r e e  ncar1.y 

everywhere .  I n  a d d i t i o n ,  s t r o n g  w a t e r - l a y e r  r e v e r b e r a t i o n s  macle 

a c c u r a t e  v e l o c i t y  computa t ion  d i f f i c u l t .  For t h e s e  t w o  r e a s o n s ,  t h e  

computed i n t c r v a l  v e l o c i t i - e s  a r e  n o t  s u i t a b l c  f o r  d e t a i l e d  s t r a t i -  

g r a p h i c  i n t e r p r e t a t i o n  o r  c o r r e l . a t i o n  b u t  can b c  used fol- a p p r o x i ~ ~ i a t e  

c o n v e r s i o n  of seisrni:~ t r a v e l t i m e  to d e p t h .  

I n t e - r v a l  v c l o c i t y  c u r v e s  were computed a t  21 l o c a t i o n s  s c a t t e r e d  

th roughout  the s e i s m i c  g r i d ,  and i n  p l a c e s ,  c o n s i d e r a b l e  v a r i a t i o n  

was found between a d j a c e n ~  c u r v c s .  The a v e r a g i n g  p r o c c d u r c  used t o  

e x t r a c t  t r e n d s  f roll1 L l~e  v e l o c i t y  d a t a  invo lved  f i r s t  g r o u p i n g  s i m i . 1  a r  

c u r v e s  toget -her .  The c u r v e s  fel.1 into f o u r  g roups ,  a n d  the i n t c r v a l  

v e l o c i t y  c u r v c s  w i t h i n  each of t l le  f o u s  g roups  were t.llen averaged 

( f i g .  5 ) .  The r e s u l t i n g  f o u r  averaged c u r v c s  i l l . u s t r a t e  g r o s s  t r e n d s  

i n  t h e  v c l o c i t y  d a t a ;  each  of tllc f ou r  summarizes v e l o c i t y  i ~ l f o r m n t i o n  

over  a r a t l i c r  1.arge geoj;rnpllic. i l rca ,  h c r e  ca l l .ed  n ve1oci t .y  domain 





Fig .  6--Velocity doma ins  i n t e r p r e t e d  f r o m  t h e  interval . -  
ve l -oc i ty  c-urvcs . One v e l o c i , t y  and one t i m e - d e p t h  
curve summarize. v e l o c i t y  and  d e p t h  relations i n  
each don1ai.n. Domai.11 one i s  c h a r a c t e r i z e d  by the. 
h i g h e s t  v e l . o c i t i e s ,  clomnin f otir by t h e  1.owcst. 
The v e l o c i t y  do~nairis g e n e r a l l y  p a r a l l c l  the a x i s  
of the l o w e r  Cook In1  e t  b a s i n .  



DEPTH (KM) 

F i g .  7--Time-depth c u r v e s  computed from s o n i c  l o g s  
ob ta ined  i n  w e 1 l . s  near the sou th  .end of the  
Kenai lowland.  The c u r v e  f r o m  t h e  Anchor 
Po in t  w e l l  i s  used  t o  c o n v e r t  t w o - w a y  t ime  
t o  t h e  A h o r i z o n  t o  d e p t h .  



F i g .  8--Placement o f  v e l o c i t y  f u n c t i o n s  u s e d  t o  
a p p r o x i m a t e  t h e  v e l o c i t y  g r a d i e n t  a c r o s s  
lower  Cook I n l e t .  This g r a d i e n t  i s  used  
t o  c o n v e r t  two-way t r a v e l t i m e  t o  t h e  C 
ho r i zon  t o  d e p t h .  Numbers r e f e r  t o  t h e  
v e l o c i t y  domai.t~s. 



( f i g .  6 ) .  Time-depth c u r v e s  were computed from t h e  f o u r  averaged  

v e l o c i t y  c u r v e s .  S i n c e  s c i s m i c  p r o f i l e s  i n  t h i s  paper  a r c  presen ted  

with two-way t r a v e l t i m e  a s  t h e  v e r t i c a l  d imcnsion,  a n  i d e a  of i m p l i e d  

t h i c k n e s s  o r  d e p t h  can be o b t a i n e d  by u s i n g  t h e  g e o g r a p h i c a l l y  

a p p r o p r i a t e  t ime-depth c u r v e .  

V e l o c i t y  domain one ( f i g .  6)  is c h a r a c t e r i z e d  by t h e  h i g h e s t  

i n t e r v a l  v e l o c i t i e s  of  t h e  f o u r  domains.  The n o r t h e a s t w a r d  p r o l o n g a t i o n  

of domain one can b e  e x p l a i n e d  g e o l o g i c a l l y .  The l a r g e  embayment su r -  

round ing  Augus t ine  I s l a n d  i s  rimmed by Middle and U p p e r  Jurassic  r o c k s  

( f i g .  2 ) .  The r o c k s  on t h e  I n i s k i n  P e n i n s u l a  and around Kamishak Bay 

gene ra l ly  d i p  s o u t h e a s t  i n t o  t h e  i n l e t  and a r e  p robab ly  a t  a  s h a l l o w  

d e p t h  o f f s h o r e .  The n o r t h w e s t  end of l i n e  755 ( f i g .  4 )  shows t h a t  

r e l a t i v e l y  o l d ,  presumably h i g h - v e l o c i t y  s t r a t a  arc a t  o r  near t h e  

s e a f l o o r  and d i p  s o u t h e a s t  i n  Kamishak Bay. The nor thwes t  end of 

l i n e  754 shows t h e  same r e l a t i o n  of beds  as l i n e  755 and ,  i n  a d d i t i o n ,  

has  a v e l o c i t y  c u r v e  t h a t  b e l o n g s  t o  domain one.  The r o c k s  i n  Kamishak 

Bay, t h e r e f o r e ,  seem t o  have a  g e n e r a l  n o r t h e a s t  s t r i k e ,  and t h e  

e x t e n s i o n  of domain one t o  t h e  n o r t h e a s t  from l t n e  755 i s  a l o n g  the 

s t r i k e .  

V e l o c i t y  domain two i s  c h a r a c t e r i z e d  by i n t e r m e d i a t e  v e l o c i t i e s .  

The d e c r e a s e  i n  v e l o c i t i e s  from domain one t o  domain two i s  g e o l o g i c a l l y  

r e la ted  t o  t h e  p r e s e n c e  of  r o c k s  a s  young a s  T e r t i a r y  n c a r  Cape Douglas  

and n o r t h  of C h i n i t n a  Bay. The h i g h - v e l o c i t y  rocks  of  domain one a r c  

b u r i e d  p r o g r e s s i v e l y  d e e p e r  t o  t h e  sou theas t :  by younger ,  lower  v e l . o c i t y  

rocks as shown on seistnic l i n e  755 ( f i g .  4). The b o u n d a r i e s  of domain 



t w o  emphasize t h e  g e n e r a l  zonat ion  of t h e  v e l o c i t y  domains s u b p a r a l l e l  

t o  t h e  a x i s  of t h e  Cook I n l e t  b a s i n .  Near t h e  I n i s k i n  P e n i n s u l a ,  

domain two t r e n d s  n o r t h ;  i t  t h e n  c u r v e s  around,  f i n a l l y  t r e n d i n g  

n o r t h e a s t  n e a r  Cape Douglas.  The apex of t h e  c u r v e  l i e s  n e a r  a l i n e  

c o n n e c t i n g  August ine  I s l a n d  and S e l d o v i a .  

V e l o c i t y  domains t h r e e  and f o u r  a r e  c h a r a c t e r i z e d  by  t h e  l o w e s t  

v e l o c i t i e s .  On l i n e  755, t h e s e  domains c o i n c i d e  w i t h  t h e  t h i c k e s t  

accumula t ion  o f  sed imenta ry  r o c k  above t h e  A h o r i z o n .  The h i g h  

r e f l e c t i v i t y  o f  t h e  A h o r i z o n  may r e s u l t  from t h e  c o n t r a s t  between 

the low s e i s m i c  v e l o c i t y  i n  t h e  s t r a t a  above t h e  A h o r i z o n  and t h e  

high v e l o c i t y  i n  t h e  s t r a t a  of domains one and two below i t .  The 

h i g h - v e l o c i t y  s t r a t a  a r e  p r o g r e s s i v e l y  t r u n c a t e d  sou theas tward  by 

t h e  A h o r i z o n  i n  t h e  s o u t h e a s t  h a l f  of l i n e  755. The v e l o c i t y  c u r v e  

of domaTn f o u r  s h o u l d  i n c r e a s e  markedly below t h e  A h o r i z o n ,  b u t  t h e  

v e l o c i t y  a n a l y s e s  show c o n s i s t e n t l y  s low v e l o c i t i e s  below t h i s  h o r i z o n .  

T r i a s s i c  and Lower J u r a s s i c  r o c k s  a r e  exposed wes t  of S e l d o v i a  and on 

t h e  Bar ren  I s l a n d s ,  s o  h i g h - v e l o c i t y  domains a r e  e x p e c ~ e d  t o  r e a p p e a r  

i n  t h e s e  a r e a s ,  b u t  no v e l o c i t y  data  a r e  a v a i l a b l e  t o  confi.rm t h e i r  

r eappearance .  

An estimate of s e i s m i c  v e l o c i t i e s  i n  T e r t i a r y  r o c k s  c a n  be  ob- 

t a i n e d  from o t h e r  t y p e s  of d a t a .  Sonic  l o g s  from w e l l s  on atld n e a r  

t h e  Kenai  lowland a r e  p u b l i c l y  a v a i l a b l e .  Convers ion of d e p t h  t o  

two-way t r a v e l t i m e  was done from l o g s  i n  t h r c c  w e l l s :  (1) S t a r i c h k o f  

S t a t e  No .  1 ( 3 2  on t a b l e  1 and f i g .  2 ) ,  ( 2 )  Anchor P o i n t  Uni t  No. 1 

(NO. 37), and (3) S o u ~ l i  Diamond Gulch Unit No. 1 (No. 43) . V i s u a l  



comparison of t h e  t ime-depth c u r v e s  from t h e  three w e l l s  ( f i g .  7 )  

shows that t he  c u r v e s  are  c l o s e  t o g e t h e r  and t h a t  t h e r e  i s  a v e l o c i t y  

g r a d i e n t  from 10k; v e l o c i t i e s  i n  t h e  S t a r i c h k o f  w e l l  t o  h i g h  velocities 

i n  t h e  South Dixnond Gulch w e l l .  The c u r v e  from t h e  Anchor P o i n t  w e l l  

i s  a n  a v e r a g e  of t h e  t h r e e  c u r v e s  and i s  used t o  c o n v e r t  t ime  t o  d e p t h  

i n  T e r t i a r y  r o c k s .  

P l o t s  of t h e  t ime-depth  d a t a  from t h e  Anchor P o i n t  w e l l  s u g g e s t  

2 
a c u r v e  of t h e  form z = a t  +bt .  The c u r v e  was f i t  u s i n g  a l e a s t -  

2 
s q u a r e d - e r r o r  r o u t i n e .  The r e s u l t s  of t h e  f i t  a r e :  z=0.29t  f 1 . 1 7 t ,  

where t i s  two-way t r a v e l t i m e ,  i n  seconds ,  and z i s  one-way d e p t h ,  

i n  k i l o m e t e r s .  Comparison of t h e  t ime-depth c u r v e s  o b t a i n e d  from 

t h e  Anchor P o i n t  w e l l  and i n  v e l o c i t y  domain t h r e e  show t h a t  a g r e a t e r  

d e p t h  i s  o b t a i n e d  from w e l l  da ta  t h a n  from s e i s m i c  v e l o c i t i e s .  

BAS I N  CONFIGURATION 

Deep Bas in  Form 

V e l o c i t y  curves ( f i g .  5) from domains one, two and t h r e e  were  

a p p l i e d  t o  t h e  areas d e l i n e a t e d  i n  f i g u r e  6 ,  c r e a t i n g  a v e l o c i t y  

g r a d i e n t  used t o  c o n v e r t  two-way t r a v e l t i m e  t o  t h e  C h o r i z o n  t o  d e p t h  

( f i g .  8 ) .  Depths t o  t h e  C h o r i z o n  and t h e  t o p  of the T a l k e e t n a  

Formation were con toured  t o  show t h e  p resen t -day  c o n f i g u r a t i o n  o f  

Mesozoic r o c k s  i n  lower  Cook I n l e t  ( f i g .  9 ) .  

Depth t o  t h e  t o p  of t h e  Lower J u r a s s i c  T a l k e e t n a  Format ion was 

con toured  p a r t l y  because  i t  i s  economic bascment f o r  petroleurn.  '11: 

a l s o  i s  e a s i l y  i d e n t i f i e d  i n  exposures  and i n  w e l l s ;  t h e  Ta lkee tna  

i s  a r ed  o r  green v o l c a n i c l a s t i c  rock, whereas  t h e  o v e r l y i n g  Tuxedni 



Group i s  composed of s i l t s t o n e  and sands tone .  The T a l k e e t n a  Format ion 

crops o u t  on b o t h  s ides  of  lower  Cook I n l e t ,  and on b o t h  s i d e s  t h e  

s t r a t a  d i p  toward t h e  i n l e t .  The z e r o  l i n e  on t h c  nor thwes t  s i d e  

is  the exposed c o n t a c t  of t h e  T a l k e e t n a  w i t h  t h e  o v e r l y i n g  Middle 

and Upper J u r a s s i c  Tuxedni Group o r  T e r t i a r y  r o c k s .  I n  t h e  S e l d o v i a  

a r e a  t h e  t o p  of t h e  Lower J u r a s s i c  i s  n o t  exposed onshore  b u t  pre-  

sumably e x i s t s  o f f s h o r e  t o  t h e  west. O f  f o u r  wells n e a r  K a l g i n  

I s l a n d  ( f i g .  9 ) ,  t h e  T a l k e e t n a  Formation i s  p r e s e n t  i n  t h e  w e s t e r n  

two;  t h e  e a s t e r n  two p e n e t r a t e  o n l y  t h e  Middle J u r a s s i c .  Two of 

t h r e e  w e l l s  on t h e  l n i s k i n  P e n i n s u l a  p i e r c e  t h e  t o p  o f  t h e  T a l k e e t n a  

Formation; t h e  t h i r d  s t o p s  j u s t  above t h e  b a s e  of t h e  Tuxedni Group. 

Outcrop d a t a  and w e l l  c o n t r o l  i n d i c a t e  t h a t  t h e  t o p  of t h e  T a l k e e t n a  

Formation on t h e  n o r t h w e s t  f l a n k  of t h e  b a s i n  t r e n d s  n o r t h e a s t  and 

d i p s  s o u t h e a s t .  On t h e  Kenai lowland,  T e r t i a r y  r o c k s  t r u n c a t e  and 

unconformably o v e r l i e  Mesozoic r o c k s .  Two w e l l s  n e a r  Ancllor P o i n t  

p e n e t r a t e  t h e  Mesozoic ( f i g .  9 ) .  Rocks of Cre taceous  age a r e  p r e s e n t  

i n  t h e  lower t h i r d  of t h e  w e l l  a t  Anchor Point: (No, 37,  Anchor P o i n t  

Uni t  No. 1). The o t h e r  w e l l  (No. 36,  Northfork U n i t  41-35), t h e  

s h a l l o w e r  of t h e  two, was d r i l l e d  i n t o  Midd le (? )  and Upper J u r a s s i c  

r o c k s ;  t h e  T a l k e e t n a  Formation was n o t  p e n e t r a t e d .  From t h e  r e l a t i o n s  

i n  t h e s e  w e l l s  a p a t t e r n  i s  sugges ted :  t h e  f a r t h e r  e a s t  t h e  well, 

t h e  o l d e r  t h e  r o c k  s u b j a c e n t  t o  t h e  T e r t i a r y  s t r a t a .  Hence, the 

t r u n c a t e d  t o p  of t h e  T a l k e e t n a  Formation shou ld  l i e  some dista11c.e 

t o  t h e  east  of t h e s e  w e l l s .  

Without a w e l l  l o c a t e d  on a s e i s m i c  l i n e ,  i t  i s  d i f f i c u 1 . t  t o  



Fig.  9 - -S t ruc tu re  c o n t o u r s  showing present-day geometry of Mcsozoic s t r a t a .  
Depth to C ho r i zon  (b l iddlc  Jurass ic : )  shown by s o l i d  I . i n c s ,  d c p ~ l l  t o  
t h e  Talkcctnn Formati.on by daslicd l i n e s .  



d e t e r m i n e  t h e  g e o l o g i c  i n t e r f a c e  t h a t  c o r r e l a t e s  with t h e  C h o r i z o n .  

The c r i t i c a l  d e p t h  conversion a t  t h e  n o r t h w e s t  end of  l i n e  752 i s  

o n l y  approx imate ,  b e c a u s e  v e l o c i t y  d a t a  t h e r e  are  of m a r g i n a l  q u a l i t y  

and t h e  v e l o c i t y  c u r v e  of domain one i s  a n  averaged  c u r v e .  The C 

h o r i z o n  seems t o  c o r r e l a t e  w i t h  some p a r t  of t h e  Middle  J u r a s s i c  

s t r a t a ,  pe rhaps  n e a r  t h e  t o p  of t h e  Tuxedni Group (fig. 3 ) .  Trunca- 

t i o n  of t h e  C h o r i z o n  a l o n g  t h e  s o u t h e a s t  s i d e  o f  lower  Cook I n l e t  

can b e  p r o j e c t e d  a s  a s t r a i g h t  l i n e  i n t o  t h e  Kenai  lowland and i s  

found t o  l i e  j u s t  e a s t  of w e l l s  numbered 36 and 37  ( f i g .  9 ) .  T h i s  

r e l a t i o n  a l s o  s u g g e s t s  t h a t  t h e  C h o r i z o n  r e p r e s e n t s  some p a r t  of 

t h e  Middle J u r a s s i c  s t r a t a .  

The d e p t h  c o n t o u r s  on t h e  C h o r i z o n  show a broad t r a n s b a s i n  

a rch  between a n o r t h e a s t -  and a  sou thwes t -p lung ing  s y n c l i n e .  The 

0 
arch t r e n d s  S.  80 E. between Augus t ine  I s l a n d  and the  Kenai P e n i n s u l a  

near S e l d o v i a  and i s  c a l l e d  t h e  August ine-Seldovia  a r c h ,  The arch 

becomes b r o a d e r  and f l a t t e r  toward Augus t ine  I s l a n d  and may n o t  

p e r s i s t  wes t  of  t h e  i s l a n d ;  t h e  s t r u c t u r e  i s  shaped l i k e  a megaphone 

w i t h  i t s  broad end p o i n t e d  w e s t .  The a r c h  a p p a r e n t l y  b r i n g s  o l d  

h i g h - v e l o c i t y  r o c k s  c l o s e  t o  t h e  s u r f a c e  and c a u s e s  t h e  s o u t h e a s t w a r d  

b u l g e  of t h e  v e l o c i t y  domains ( f i g .  6 ) .  

The August ine-Seldovia  a r c h  d i v i d e s  t h e  a r e a  i n t o  two o p p o s i t e l y  

p lung ing  s y n c l i n e s .  The n o r t h e r n  s y n c l i n e  t r e n d s  a b o u t  N.  45" E. 

I n  this s y n c l i n e  t h e  g r e a t e s t  d e p t h  t o  t h e  C h o r i z o n  i s  a b o u t  7 km. 

0 
South of t h e  a r c h  t h e  o t h e r  s y n c l i n e  t r e n d s  S, 35 W. n e a r  t h e  c r e s t  

of t h e  a r ch .  F a r t h e r  s o u t h  n e a r  Cape Dougl;ls, it t r e n d s  S .  15' W. 



Here t h e  C h o r i z o n  i s  bu r i ed  by a b o u t  5 km of sed imenta ry  rock .  On 

t h e  c res t  of t h e  hugus t ine -Se ldov ia  arch on l i n e  757 ,  the C h o r l z o n  

is about  3 krn deep ,  and s t r u c t u r a l  r e l i e f  of t h e  a r c h  a t  t h e  C 

hor izon  i s  a b o u t  2 km , measured from t h e  c r e s t  o f  t h e  a r c h  t o  t h e  

t r o u g h  of  t h e  s y n c l i n e  n e a r  Cape Douglas.  

The c o n t o u r s  on t h e  C h o r i z o n  show t h a t  t h e  e a s t  t o  s o u t h e a s t  

d i p s  of t h e  J u r a s s i c  s t r a t a  on t h e  e a s t  c o a s t  of t h e  I n i s k i n  P e n i n s u l a  

c o n t i n u e  o f f s h o r e .  A s u b s i d i a r y  s y n c l i n e  o u t l i n e d  i n  t h e  c o n t o u r s  

l i e s  a b o u t  1 0  km o f f s h o r e  from t h e  I n i s k i n  P e n i n s u l a .  Dips  on t h e  

s o u t h  coast  of t h e  I n i s k i n  P e n i n s u l a  a r e  n e a r l y  s o u t h - s o u t h e a s t ,  

i n d i c a t i n g  t h a t  t h e  s u b s i d i a r y  s y n c l i n e  p robab ly  e x t e n d s  southwest-  

ward between t h e  I n i s k i n  P e n i n s u l a  and August ine  I s l a n d .  

A c r o s s  s e c t i o n  ( f i g .  1 0 ,  A-A' on f i g .  9)  drawn th rough  t h e  

I n i s k i n  P e n i n s u l a ,  a c r o s s  t h e  i n l e t  a l o n g  l i n e  752 ,  and th rough  t h e  

Kenai Plountains shows t h e  r e l a t i o n  of t h e  C h o r i z o n  t o  t h e  Piiddle 

J u r a s s i c  r o c k s  on t h e  I n i s k i n  P e n i n s u l a  and t h e  t r u n c a t i o n  o f  t h e  

C h o r i z o n  by t h e  A hor izon .  R e f l e c t i o n s  from t h e  o f f s h o r e  s e i s m i c  

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

as shown i n  f i g u r e  1 0 .  

The s t r a t i g r a p h i c  p o s i t i o n  of t h e  B h o r i z o n  i s  e i t h e r  near the 

base of Lower Cre taceous  s t r a t a  o r ,  more l i k e l y ,  n e a r  t h e  base of 

Upper Cre taceous  s t r a t a .  The c r o s s  s e c t i o n  shows t h a t  t h e  B h o r i z o n  

is more o r  l e s s  conformable  w i t h  t h e  C h o r i z o n  and t h a t  a l l  u n i t s  

excep t  t h e  T e r t i a r y  t h i n  from t h e  Iniskin P e n i n s u l a  t o  t h e  Kenai 

P e n i n s u l a .  
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Shallow B a s i n  Form 

The map showing t h e  s h a l l o w  b a s i n  form ( f i g .  11)  d e p i c t s  t h e  

c o n f i g u r a t i o n  of t h e  T e r t i a r y  r o c k s  i n  lower Cook I n l e t .  Two-way 

t r a v e l t i m e  t o  t h e  A h o r i z o n  was conver ted  t o  d c p t h  u s i n g  s o n i c  l o g  

d a t a  from t h e  Anchor P o i n t  Uni t  No. 1 wel l .  The g r e a t e s t  e r r o r  i n  

d e p t h  convers ion  p robab ly  occu r s  i n  t h e  a r e a  of v e l o c i t y  domain 

f o u r .  

The g e o l o g i c  i n t e r f a c e  t h a t  c o r r e l a t e s  w i t h  t h e  A h o r i z o n  i s  

i n t e r p r e t e d  t o  b e  a t  t h e  b a s e  of T e r t i a r y  s t ra ta .  T h i s  correlation 

is  based p r i m a r i l y  on o u t c r o p  d a t a  and p a r t l y  on well c o n t r o l  and 

r e f l e c t i o n  character  o r  appearance .  I n  t h e  a r e a  around C h i n i t n a  

Bay t h e  o u t c r o p  p a t t e r n  of t h e  A h o r i z o n  conforms t o  t h e  o u t c r o p  

p a t t e r n  of T e r t i a r y  r o c k s .  The I n i s k i n  P e n i n s u l a  h a s  no exposures  

of T e r t i a r y  r o c k s ,  and che A h o r i z o n  t e r m i n a t e s  a t  t h e  s e a f l o o r  j u s t  

seaward of t h e  p e n i n s u l a .  On t h e  n o r t h  s i d e  of C h i n i t n a  Bay t h e  

West Fore land  Formation i s  exposed and c o n t o u r s  of t h e  A hor i zon  

show t h a t  abou t  0.5 km of s t r a t a  remain above t h e  A h o r i z o n  o f f s h o r e  

f rom the  exposures .  I n  t h i s  a r e a  a l s o ,  t h e  conglomerate  of t h e  e a r l y  

T e r t i a r y  West Fore land  Format ion o v e r l i e s  s a n d s t o n e  of t l ic  Naknck 

Formation,  r e s u l t i n g  i n  a  l i t h o l o g i c  con t ras t :  t h a t  may r e t u r n  a 

s t r o n g  r e f l e c t i o n .  Thus, t h e  p r o j e c t e d  o u t c r o p  o f  t h e  A h o r i z o n  

seems t o  b e  c o r r e l a t i v e  w i t h  t h e  exposed b a s e  of t h e  T e r t i a r y  r o c k s .  

Twenty k i l o m e t e r s  n o r t h w e s t  of Capc Ilouglas,  lower T e r t i a r y  

conglomerate  unconformably o v e r l i e s  i n t c r h e d d e d  s n n d s t o n c  and s i l c -  

s tone  of t h e  Upper Cretaceous .Kaguyak Formation.  This l i t h o l o g i c  



d i f f e r e n c e  c o u l d  give r i s e  t o  t h e  a c o u s t i c  impedance c o n t r a s t  

n e c e s s a r y  t o  g e n e r a t e  t h e  v e r y  s t r o n g  A h o r i z o n  r e f l e c t i o n .  The 

c o r r e l a t i o n  of t h e  A h o r i z o n  w i t h  t h e  b a s e  of t h e  T e r t i a r y  r o c k s  i n  

t h i s  a r e a  i s  less p r e c i s e .  The c o n t a c t  between t h e  Upper Cre taceous  

and T e r t i a r y  r o c k  u n i t s  onshore  i s  h o r i z o n t a l  and a t  a n  e l e v a t i o n  

of 150 rn, b u t  t h e  A h o r i z o n  on l i n e  755 d i p s  s o u t h e a s t  and o u t c r o p s  

under  abou t  60 m of w a t e r  1 2  km e a s t  of t h e  onshore  e x p o s u r e s .  The 

s t r u c t u r a l  c o m p l e x i t i e s  a s s o c i a t e d  w i t h  igneous  i n t r u s i o n  and f a u l t i n g  

i n  t h e  Mount Douglas a r e a  may e x p l a i n  t h e  unconf o rmi ty  p a t t e r n ,  o r  

l e s s  l i k e l y ,  t h e  A h o r i z o n  r e f l e c t i o n  may come from a n  i n t e r f a c e  

above t h e  base of t h e  T e r t i a r y  r o c k s ,  

A t  t h e  s o u t h e a s t  end of l i n e  7 5 2 ,  t h e  A h o r i z o n  r i s e s  toward 

a  T e r t i a r y  o u t c r o p  n e a r  S e l d o v i a  ( f i g .  8 ) ,  where t h e  Rena i  Group 

unconformably o v e r l i e s  Lower J u r a s s i c  r o c k s .  North  of S e l d o v i a ,  

wells on t h e  Kenai  lowland i n d i c a t e  t h a t  t h e  b a s e  o f  t h e  T e r t i a r y  

i s  about  3 km deep  and d i p s  n o r t h e a s t .  F i f t e e n  k i l o m e t e r s  sou thwes t  

of Anchor P o i n t  t h e  A h o r i z o n  i s  a b o u t  2 .5  km deep.  The n o r t h e a s t  

d i p  of t h e  A h o r i z o n  and t h e  d i s t a n c e  between t h e  s e i s m i c  l i n e  and 

the onshore  we1.l.s makes a  c o r r e l a t i o n  o f  t h e  A h o r i z o n  with t h e  b a s e  

of t h e  T e r t i a r y  r o c k s  seem r e a s o n a b l e .  I n  summary, i n f e r e n c e s  made 

w i t h  va ry ing  d e g r e e s  of c o n f i d e n c e  and based on e v i d e n c e  from l o c a l -  

ities s c a t t e r e d  around lower Cook Inlet: s u p p o r t  t h e  i n t e r p r e t a t i o n  

t h a t  t h e  A h o r i z o n  i s  a t  t h e  b a s e  of t h e  T e r t i a r y  s t r a t a  th roughout  

lower  Cook I n l e t ,  

The shape o f  t h e  sha l low p a r t  of t h e  b a s i n  i s  shown by c o n t o u r s  



t h a t  a r e  based on w e l l  c o n t r o l  i n  t h e  n o r t h  and d e r i v e d  from s e i s m i c  

d a t a  i n  t h e  s o u t h  ( f i g .  1 1 ) .  The c o n f i g u r a t i o n  shown i s  similar t o  

t h a t  shown by Hartman, P e s s e l ,  and McGec (1972)  and K i r s c h n e r  and 

Lyon (1973) f o r  t h e  Cook Inlet T e r t i a r y  b a s i n .  The z e r o  edge of t h e  

T e r t i a r y  s t r a t a  on t h e  nor thwes t  s i d e  i s  l o c a t e d  u s i n g  o u t c r o p  and 

w e l l  da t a .  

The c r e s t  of t h e  August ine-Seldovia  a r c h  a t  t h e  A h o r i z o n  co in -  

c i d e s  w i t h  t h e  c r e s t  a t  t h e  C h o r i z o n .  ;;r t h e  A h o r i z o n ,  t h e  b a s i n  

n o r t h  of t h e  a r c h  i s  d i v i d e d  i n t o  two a r c u a t e  t r o u g h s  t h a t  t r e n d  s o u t h  

and curve  around t o  t r e n d  sou thwes t  n e a r  t h e  a r c h .  The e a s t e r n  t r o u g h  

d i e s  r a t h e r  q u i c k l y  a s  i t  approaches  t h e  August ine-Seldovia  a r c h ;  t h e  

w e s t e r n  t r o u g h  c o i n c i d e s  w i t h  a t r o u g h  i n  t h e  C h o r i z o n  and t r e n d s  

between t h e  I n i s k i n  Pen insu l a  and Augus t ine  I s l a n d .  G r a v i t y  d a t a  

(Barnes ,  1976) show t h a t  t h e  w e s t e r n  t rough  c o n t i n u e s  f a r t h e r  sou thwes t  

t h a n  i n d i c a t e d  on e i t h e r  t h e  A o r  t h e  C h o r i z o n .  The T e r t i a r y  rocks  

t h i n  between t h e  two t r o u g h s .  L ine  751 sllows t h a t  t h e  t h i n n i n g  i s  

caused by  b o t h  a n t i c l i n a l  de format ion  and r e v e r s e  f a u l t i n g .  The c o n t o u r  

i n t e r v a l  used on t h e  map of t h e  C h o r i z o n  ( f i g .  9 )  i s  t o o  l a rge  t o  

d e p i c t  t h i s  a n t i c l i n e  c l e a r l y ,  b u t  l i n e  751 shows t h a t  i t  i s  t h e r e .  

The a n t i c l i n e  e x t e n d s  from upper  Cook I n l e t  southwestward,  f o l l o w i n g  

t h e  c o a s t l i n e  of t h e  Kenai lowland,  i n t o  lower  Cook I n l e t .  Sou th  of 

t h e  August ine-Seldovia  a r c h ,  t h e  c o n t o u r s  s u g g e s t  t h a t  t h e  A h o r i z o n  

d i p s  g e n e r a l l y  t o  t h e  s o u t h e a s t ,  e x c e p t  where l o c a l  s t r u c t u r e s  e a s t  

of Cape Douglas i n t e r r u p t  that d i p .  The g r e a t e s t :  t h i c k n e s s  of T e r t i a r y  

s t r a t a  i n  t h e  s o u t h  is  i n  t h e  a r e a  west of t h e  Bar ren  I s l a n d s .  



Cenozoic strata a r e  more t h a n  6 km t h i c k  n e a r  Kenai ,  abou t  0.6 km 

t h i c k  a t  t h e  c r e s t  of t h e  August ine-Seldovia  a r c h  on l i n e  757 ,  and abou t  

1 . 7  km t h i c k  j u s t  e a s t  of Cape Douglas. S t r u c t u r a l  r e l i e f  across  t h e  

August ine-Seldovia  a r c h  on t h e  A h o r i z o n  i s  a t  l e a s t  1.1 km, measured 

between t h e  c r e s t  of t h e  a r c h  and t h e  a r e a  n e a r  Cape Douglas.  

LOCAL STRUCTURE 

S e l e c t e d  o f f s h o r e  s t r u c t u r e s  a r e  shown on f o u r  segments of t h e  

s e i s m i c  l i n e s  ( f i g .  1 2 ) .  The s h a l l o w  ( A ) ,  i n t e r m e d i a t e  ( H ) ,  and deep  

(C)  h o r i z o n s  a r c  i n d i c a t e d  on a l l  t h e  s e i s m i c  p r o f i l e s ;  i n  a d d i t i o n ,  
* 

m i s c e l l a n e o u s  h o r i z o n s ,  shown w i t h  a n  "MI' p r e f i x ,  i l l u s t r a t e  o t h e r  

r e f l e c t o r s  which have  n o t  been c o r r e l a t e d  between p r o f i l e s .  The h o r i -  

zontal d i s t a n c e  s c a l e s  of a l l  t h e  p r o f i l e s  a r e  t h e  same; t h e  v e r t i c a l  

t i m e  s c a l e s  a r e  a l s o  e q u a l .  

The f i r s t  s e i s m i c  p r o f i l e  i s  from line 7 5 7  j u s t  n o r t h e a s t  o f  the  

i n t e r s e c t i o n  w i t h  s e i s m i c  l i n e  753. The p r o f i l e  t r a n s e c t s  t h e  August ine-  

S e l d o v i a  a r c h  and i s  n e a r l y  p e r p e n d i c u l a r  t o  t h e  ax i s .  The A h o r i z o n  

i s  more symmet r ica l ly  f o l d e d  t h a n  t h e  C h o r i z o n ;  a t  t h e  deep  h o r i z o n ,  

t h e  a r c h  i s  asymmetric w i t h  s t e e p e r  d i p s  on t h e  n o r t h  f l a n k  t h a n  on 

the s o u t h  f l a n k .  The s o u t h e r n  l imb of t h e  a r c h ,  w i t h i n  t h e  l i m i t s  of 

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

segment of t h e  s e i s m i c  l i n e .  Hear t h e  c r e s t  i s  a prominent unconformi ty  

where t h e  M 1  h o r i z o n  i s  t r u n c a t e d  by  t h e  R h o r i z o n .  A similar tltlcon- 

f o r m i t y  was n o t  s e e n  on t h e  s o u t h  f l a n k ,  b u t ,  because  o f  g e n t l e  d i p s ,  

i t  may b e  l o s t  i n  s e i s m i c  n o i s e  o r  r e f l e c t i o n  o v e r l a p .  The unconformi ty  

is evidence for u p l i f t  and e r o s i o n  i n  t h i s  a r e a  during t h e  t ime  t h e  
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B hor i zon  was formed. Two-way t r a v e l t i m e  between h o r i z o n s  I3 and C 

decreases southwestward,  and t ime-depth c u r v e  two s u g g e s t s  t h a t  t h e  

s t r a t i g r a p h i c  i n t e r v a l  between them t h i n s  from 1 . 9  t o  0.8 km. There  

does n o t  appear  t o  b e  a s  much t h i n n i n g  o f  t h e  i n t e r v a l  between t h e  

A and B h o r i z o n s .  Four of t h e  s i x  f a u l t s  i n  t h i s  p r o f i l e  a p p e a r  t o  

b r e a k  s h a l l o w  s t r a t a ;  t h e  remain ing  two o f f s e t  o n l y  r e f l e c t i o n s  below 

t h e  A hor izon .  A l l  are high-angle  r e v e r s e  f a u l t s  e x c e p t  f o r  t l ic  one  

a t  SP 2200, which i s  n e a r l y  v e r t i c a l .  F a u l t s  t h a t  a r e  t o  t h e  s o u t h  

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

The f a u l t  n e a r  SP 2250 a p p e a r s  t o  show i n c r e a s i n g  d i sp lacement  down- 

ward,  which s u g g c s t s  t h e  f a u l t  h a s  moved s e v e r a l  t i m e s  th roughout  i t s  

h i s t o r y .  

The second seismic p r o f i l e  i s  f rom l i n e  753 n e a r  t h e  i n t e r s e c t i o n  

with l i n e  7 5 7 .  The A h o r i z o n  r i s e s  smoothly t o  t h e  n o r t h w e s t ,  b u t  t h e  

B and C h o r i z o n s  d i p  i n  t h e  o p p o s i t e  d i r e c t i o n .  S o u t h e a s t  of t h e  pro- 

f i l e ,  t h e  B and C h o r i z o n s  a r e  t r u n c a t e d  by  t h e  A h o r i z o n .  E v e n t s  below 

t h e  B h o r i z o n  a r e  conformable ,  as a r e  e v e n t s  above. t h e  A h o r i z o n .  

Between t h e  A and B h o r i z o n s ,  however, t h e  c o n f i g u r a t i o n  of t h e  r e f l e c -  

t i o n  i s  more complex: t h e  M 2  h o r i z o n  l a p s  o n t o  t h e  M 3  h o r i z o n ,  and 

t h e  s e i s m i c  t ime  i n t e r v a l  between t h e  PI3 and B h o r i z o n s  i n c r e a s e s  

un i fo rmly  sou theas tward  t o  the fault: i n  t h e  midd le  o f  t h e  p r o f i l c .  

The t h i r d  s e i s m i c  p r o f i l e  i s  from l i n e  755 e a s t  of Cape Dotlglas 

a t  t h e  i n t e r s e c t i o n  of l i n e  7 5 7 .  Threc  high-angle  r e v e r s e  f a u l t s ,  a n  

unconformi ty ,  and an a n t i c l i n e  a r e  i n t e r p r e t e d  from t h i s  p r o f i l e .  T h e  

A and Pi4 h o r i z o ~ l s  a r e  concordant  and show t l in t  anticlinnl deformat ion  



extends upward t o  t h e  s e a f l o o r .  The B and C h o r i z o n s  are p a r a l l e l .  

The A h o r i z o n  t r u n c a t e s  t h e  B h o r i z o n  i n  t h e  midd le  o f  t h e  p r o f i l e ,  

and ,  toward t h e  s o u t h e a s t  end of t h e  p r o f i l e ,  t h e  time i n t e r v a l  

between t h e  A and C h o r i z o n s  g r a d u a l l y  d e c r c a s . ~ .  S o u t h e a s t  o f  pro-  

file t h r e e ,  t h e  A h o r i z o n  t r u n c a t e s  t h e  C h o r i z o n  ( f i g .  4 ) .  A l l  o f  

t h e s e  s e i s m i c  h o r i z o n s  a r e  f o l d e d  i n t o  a n  asymmetric a n t i c l i n e  w i t h  

t h e  s t e e p e r  f l a n k  on t h e  n o r t h w e s t  s i d e .  

The f o u r r h  s e i s m i c  p r o f i l e  i s  l o c a t e d  n e a r  t h e  T n i s k i n  Peninsu la  

on l i n e  752  a t  the i n t e r s e c t i o n  of line 756. C r e s t s  of two a n t i c l i n e s  

observed on t h e  A h o r i z o n  a re  a t  SF 400 and SP 600. Fo ld ing  involves 

even t h e  s h a l l o w e s t  r e f l e c t o r s ,  a s  i t  does  i n  many o t h e r  f o l d s .  The 

s y n c l i n e  between t h e  two a n t i c l i n e s  i s  t h e  s y n c l i n e  t h a t  t r e n d s  s o u t h -  

west  seaward of t h e  I n i s k i n  P e n i n s u l a  and p robab ly  e x t e n d s  between 

t h e  p e n i n s u l a  and Augus t ine  I s l a n d .  The normal f a u l t  at: S P  600 h a s  

a l a r g e  throw compared t o  o t h e r  f a u l t s  i n  lower Cook I n l e t .  

The f o u r  s e i s m i c  p r o f i l e s  show t h a t  f o l d i n g  o f  t h e  n o r t h e a s c -  

t r e n d i n g  2nticlines o c c u r r e d  some t ime  a f t e r  t h e  c l o s e , o f  t h e  Mesozoic 

Era; t h e r e  does  n o t  appear  t o  be ev idence  f o r  a n  e a r l i e r  p e r i o d  of 

f o l d i n g .  I n  c o n t r a s t ,  t h e r e  i s  e v i d e n c e  f o r  a t  l e a s t  two p e r i o d s  of 

f a u l t i n g ,  and p o s s i b l y  t h r e e  i f  t h e  f ragmenta ry  n a t u r e  of t h e  C h o r i z o n  

r e f l e c t i o n  i s  due  t o  f a u l t i n g .  

A map showing t h e  s t r u c t u r a l  axes  and f a u l t s  i n  lower Cook I n l c t  

was drawn using seismic d a t a  and ev idence  from o u t c r o p s  and  we1 l . s  

( f i g .  1 3 ) .  Only s t r u c t u r e s  between the two major  f l a n k i n g  f a u l t s ,  

t h e  Bru in  Bay and the S c l d o v i a ,  a r c  i n c l u d e d .  The nunlerous nor thcasL-  



t r e n d i n g  a n t i c l i n e s  i n  lower Cook I n l e t  a r e  a l l  s m a l l e r  i n  bo th  

w i d t h  and re l ief  t h a n  t h e  hugus t ine -Sc ldov ia  a r c h ,  and some i n t e r s e c t  

the a r c h  a t  o b l i q u e  a n g l e s .  The o f f s h o r e  a n t i c l i n e s  a r e  d e p i c t e d  as 

hav ing  long  c o n t i n u o u s  axes; more s e i s m i c  d a t a  a c r o s s  t h e s e  a x e s  

p robab ly  would show a series of c l o s e d  a n t i c l i n e s  o r  domes t h a t  a r e  

a l i g n e d  w i th  o r  pe rhaps  e n  che lon  w i t h  t h e  axes drawn. F o l d s  n e a r  

seismic-line i n t e r s e c t i o n s  and onshore  from s u r f a c e  d a t a  s u g g e s t  a 

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

n o r t h e a s t  on t h e  I n i s k i n  P e n i n s u l a  (Det terman and H a r t s o c k ,  1 9 6 6 ) ,  

n e a r  Kamishak Bay  agoon on, Adkison,  and E g b e r t ,  19761 ,  and on t h e  

s o u t h e r n  p a r t  of t h e  Rena i  lowland n e a r  Homer and Anchor P o i n t  

(Ki r schner  and Lyon, 1973) .  Axes t h a t  d i v e r g e  from t h e  g e n e r a l  

n o r t h e a s t  t r e n d  a r e  found a l o n g  t h e  s o u t h  s h o r e  of Kamishak Bay, 

0 
where t r e n d s  of  onshore  f o l d s  r o t a t e  from 8. 20 E .  on t h e  w e s t  t o  

0 
N .  80  E .  a t  Cape Douglas.  O f f s h o r e  s t r u c t u r e s  n e a r  Lh i s  a r e a ,  

however, appear  t o  m a i n t a i n  a n  approximate  N .  45O E. t r e n d .  Igneous  

i n t r u s i o n  around Mount Douglas may accoun t  f o r  t h e  r o t a t i o n  of  a x i a l  

t r e n d s  onshore  and f o r  t h e  d i f f e r e n c e  between onshore  and o f f s h o r e  

s t r u c t u r a l  t r e n d s .  J u s t  n o r t h  of the  August ine-Seldovia  a r c h ,  o f f -  

s h o r e  f o l d s  t r e n d  N .  4 5 ' ~ .  Near Kenai t h e  f o l d s  t r e n d  N .  1 5 O  E . ,  

r e f l e c t i n g  t h e  S-curve of s t r u c t u r e s  i n  t h e  Cook I n l e t  b a s i n  ( K i r s c l ~ n c r  

and Lyon, 1973;  T y s d a l ,  1 9 7 6 ) .  

F a u l t s  i n  lower  Cook I n l e t  a r e  d i f f i c u l t  t o  c o r r e l a t e  a c r o s s  

t h e  30-km-square g r i d  of s e i s m i c  l i n e s .  Se i smic  d a t a  s o u t h  of tlie 

August ine-Seldovia  a r c h  are good cnough t o  a l l o w  t e n t a t i v e  c o r r e l a t i o n s  
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F i g .  1 3 - - S t r u c t u r a l  axes and f a u l t s  i n  lower Cook I n l e t .  S t r u c t u r a l  
da ta  o u t s i d e  t h e  seismic g r i d  i s  t a k e n  from Rirschner and 
Lynn (1973), T y s d a l  ( 1 9 7 6 ) ,  Dctterninn and Hnrrsock ( 1 9 6 6 ) ,  
Detterman and Reed (unpub.  d a t a ) ,  and  Magoon, Adkison,  and  
Egber t  (1976) .  



between i n t e r p r e t e d  f a u l t s .  North of t h e  arch, t h e  q u a l i t y  of t h e  

data  is  lower;  t h e  f a u l t s  a r e  not connected between t h e  l i n e s ,  and 

the  apparen t  absence of f a u l t s  n o r t h  of t h e  a r c h  ( f i g .  13) r e f l e c t s  

t h e  l a c k  of d a t a .  Most of t h e  r e v e r s e  f a u l t s  of lower Cook Inlet 

t h a t  are i n t e r p r e t e d  from s e i s m i c  d a t a  c a n  b e  d e s c r i b e d  a s  high-  

a n g l e  f a u l t s  t h a t  a r e  upthrown on t h e  s o u t h e a s t ,  a  s e n s e  o f  movement 

o p p o s i t e  t o  t h a t  of t h e  B r u i n  Bay f a u l t .  

A few normal f a u l t s  a r e  mapped i n  lower Cook I n l e t .  A l a r g e  

normal f a u l t  i s  shown on f i ~ u r e  10 ,  p r o f i l e  4 ,  and two s m a l l  g r a b e n s  

with a n  u n c e r t a i n  eas t -wes t  s t r i k e  a r e  shown on t h e  map ( f i g .  13) 

on l i n e s  756 and 757 .  P r e - T e r t i a r y  r o c k s  i n  t h e  Swanson R i v e r  a n t i -  

cline of upper  Cook I n l e t  a r e  broken by normal f a u l t s  t r a n s v e r s e  t o  

the  a x i s  of t h e  f o l d  (Ki r schner  and Lyon, 1 9 7 3 ) .  I n  lower Cook I n l e t ,  

most normal f a u l t s  a l s o  s e e m  t o  b e  r e l a t e d  t o  a n t i c l i n e s  b u t  a r e  n o t  

conf ined  t o  p r e - T e r t i a r y  rocks.  

SUMMARY OF SEISMIC INFORXATION 

A r e g i o n a l  p i c t u r e  of t h e  present-day s t r u c t u r e  of lower Cook 

I n l e t  i s  provided by a  f e n c e  diagram c o n s t r u c t e d  from t h e  s e i s m i c  

p r o f i l e s  ( f i g .  1 4 ) .  A r e g i o n a l  a n g u l a r  unconformi ty  e x t e n d s  a l o n g  

t h e  s o u t h e a s t  marg in  of t h e  lower Cook I n l e t  b a s i n .  The a n g u l a r  

d i s c o r d a n c e  is developed where t h e  A h o r i z o n  p r o j i r e s s i v e l y  t r u n c a t e s  

t h e  B arid C h o r i z o n s  t o  t h e  s o u t h e a s t .  From nor thwes t  t o  s o u t h e a s t  

below t h e  unconformi ty ,  n o r t h e a s t - t r e n d i n g  b e l t s  of progressively 

older s t r a t a  subcrop  a g a i n s t  the A h o r i z o n .  T h e  i n f e r r e d  l o c a t i o n s  

of t h e  Middle and Lower J u r a s s i c  and t h e  Upper T r i a s s i c  subcrop b e l t s  



F i g .  14--fence d iagram c o n s t r u c t e d  from s e i s m i c  p ~ o f j l e s  slruwing r e g i o l l a l  uncuniornl i ty  a t  h a s e  of ' I c r t i a r y  
rocks  (A h o r i z o n ) ,  hugust ine-Seldovia  a r c h ,  and nullicrous f a u l t s .  UaLun~ of v e r t i c a l  d i n e n s i o n  i s  
two-way r r a v e l t i m c  i n  seconds;  a t i c k  mark a t  bo th  cnds of each p r o f i l e  i n d i c a t e s  t i m e  t u  Lhc water 
bottom (W11). 



l i e  s o u t h c a s t  of  t h e  t r u n c a t i o n  of t h e  C h o r i z o n  ( f i g .  9 ) .  The 

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

where Upper T r i a s s i c  r ocks  a r e  i n  f a u l t  c o n t a c t  w i t h  Mesozoic f l y s c h  

d e p o s i t s  ( f i g .  1 0 ) .  

The August ine-Seldovia  arch i s  e v i d e n t  i n  l i n e  757,  about  midway 

a l o n g  t h e  l i n e .  Asymmetry of  t h e  d i p s  o f  t h e  n o r t h  and s o u t h  f l a n k s  

i s  a p p a r e n t ;  t h e  n o r t h  f l a n k  d i p s  toward t h e  v e r y  t h i c k  upper  Cook 

I n l e t  T e r t i a r y  sequence  t h a t  l i e s  n o r t h  of  t h e  f e n c e  diagram.  The 

s o u t h  f l a n k  d i p s  l e s s  s t e e p l y  t h a n  t h e  n o r t h  f l a n k  toward a s h a l l o w  

T e r t i a r y  sequence e a s t  of  Cape Douglas .  L i n c  756 shows t h a t  t h e  a r c h  

is b r o a d e r  and s t r u c t u r a l  r e l i e f  d e c r e a s e s  westward from l i n e  7 5 7 ;  

t h e  a r c h  may d i e  o u t  n e a r  Augus t ine  I s l a n d .  

GEOLOGIC HISTORY 

Lower Cook I n l e t  i s  p a r t  of t h e  t e c t o n i c a l l y  a c t i v e  n o r t h e r n  P a c i f i c  

c o n t i n e n t a l  margin .  Mount Douglas ,  I l i a m n a  and Redoubt Volcanoes ,  and 

Augus t ine  I s l a n d  a r e  v o l c a n o e s  t h a t  have all been a c t i v e  i n  Q u a t e r n a r y  

t ime ;  Augus t ine  I s l a n d  e r u p t e d  i n  e a r l y  1976,  and I l i an lna  s t e a m s  c o n t i -  

n u a l l y .  These v o l c a n o e s  form a  small  p a r t  o f  t h e  l o n g  Alaska-Aleut ian  

v o l c a n i c  a r c  t h a t  e x t e n d s  sou thwes t  and n o r t h e a s t  of t h e  Cook I n l e t  a r e a .  

I n  t h e  g e n e r a l  a r e a  of  Cook I n l e t ,  e a r t h q u a k e s  of  v a r y i n g  i n t e n s i -  

t i e s  have bcen  p a r t  of the w r i t t e n  r e c o r d  s i n c e  191.2 (Magoon, Adkison,  

Chmelik, and o t h e r s ,  1976 )  and have be'cn recordcd by i n s t r u m e n t s  s i n c c  

1966 (Lahr, o r a l  commun., 1977) .  Most of t h e  earthquakes emanate from 

a nor thwes t -d ipp ing  Ben io f f  zone that  u n d e r l i e s  t h e  Cook l n l c t  a r e a  

(Lahr and o t h e r s ,  1 9 7 4 ) .  
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Fig. 15--Present  s t r u c t u r e  between Alaska-Aleu t i an  Range b a t h o l i t h  and Gulf of A l a s k a .  The 
c r o s s  sec t ion  i s  modi f i ed  from P l a f k e r  (1969 ,  1 9 7 2 )  and Thompson (1976)  t o  p o r t r a y  
the presen t -day  s t r u c t u r e  of t h e  a r c - t r e n c h  gap  from t h e  t o p  of t h e  Benioff  zone u p  
t o  t h e  s u r f a c e .  The t o p  of t h e  Benioff  zone is drawn t h r o u g h  computer-der ived 
l o c a t i o n s  of h y p o c e n t e r s  (J .  C .  Lahr ,  w r i t t e n  commun., 1 9 7 6 ) .  .The e x t e n s i o n  of 
g r a n i t i c  c o n t i n e n t a l  c r u s t  t o  the  s o u t h e a s t  s i d e  o f  Cook I n l e t  and t h e  s u b s u r f a c e  
geometry of f a u l t s  a r e  c o n j e c t u r a l .  
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Fig. 17--Major f a u l t s  i n  Cook I n l e t  and Gu l f  of  Alaska .  U - U ' ,  l i n e  
of c r o s s  s e c t i o n  and time-stratigraphic c h a r t  ( f i g s .  15 
and 1 6 ) .  The i n d e x  map i s  compiled from g e o l o g i c  m a p s  
p repared  by Reiknian (1974a,  h ) ,  Connc l ly  and o t h e r s  (1977) ,  
Cowan and Boss (1977) ,  Dette-rmnn and o t h e r s  ( 1 9 7 0 ) ,  King 
( 1 9 6 9 j ,  l1acKevett and P l a f k e r  (1974) ,  Magoon, Adkison,  
and E g b e r t  (1976) ,  P l a f k e r  ( 1 9 6 9 ) ,  P l a f k e r ,  J o n e s ,  and 
Pessagno (1977) ,  and Winkler  ( 1 9 7 6 ) .  



P l a f k e r  (1969, 1972) demonstra ted t h e  d e g r e e  and t y p e  of d e f o r m -  

t i o n  a s s o c i a t e d  w i t h  t h e  1964 Alaska ear thquake .  Between t h e  A l e u t i a n  

t r ench  and v o l c a n i c  a r c ,  t h e  Cook I n l e t  a r e a  and  t h e  Kenai  P e n i n s u l a  

s u b s i d e d  and t h e  f l o o r  of t h e  Gulf o f  Alaska r o s e .  P l a f k e r  (1.972) sug- 

g e s t e d  t h a t  t h e  P a c i f i c  p l a t e  i s  b e i n g  t h r u s t  under  t h e  North  America 

p l a t e  a t  t h e  A l e u t i a n  t r e n c h .  Cross  s e c t i o n  B-B' ( f i g .  15)  p o r t r a y s  

the present-day s t r u c t u r e  of t h e  a r c - t r e n c h  gap. 

With m o d i f i c a t i o n ,  t h e  present-day t e c t o n i c  model can b e  p r o j e c t e d  

back i n t o  t h e  Mesozoic. Many a u t h o r s  ( f o r  example,  Burk, 1965; Moore, 

1975; MacKevett and P l a f k e r ,  1974; and P l a f k e r  and o t h e r s ,  1 9 7 7 )  have 

sugges ted  s u c h  a r e c o n s t r u c t i o n .  The t e rmino logy  and a r c - t r e n c h  models 

u sed  i n  t h i s  d i s c u s s i o n  came from B a l l y  (1976) ,  Dick inson  (1970, 1 9 7 3 ) ,  

S c e l y ,  V a i l ,  and Walton (1974) ,  and o t h e r s .  

The s t r a t a  i n  lower  Cook I n l e t  a r e  d i v i d e d  i n t o  f o u r  u n i t s  by t h r e e  

r e g i o n a l  u n c o n f o r m i t i e s  ( f i g .  1 6 ) .  The age  r a n g e s  w i t h i n  t h e  u n i t s ,  i n  

upward o r d e r ,  a r e :  L a t e  T r i a s s i c  t o  Barremian,  M a e s t r i c h t i a n ,  l a t e  

Pa leocene  th rough  e a r l y  Eocene, and l a t e  Ol igocene  th rough  Holocene. On 

the Kenai P e n i n s u l a  and i n  t h e  Gulf of  Alaska ,  deformed melange and f l y s c h  

sequences  t h a t  a r e  approx imate ly  t h e  same a g e s  a s  t h e  u n i t s  i n  t he  lower 

Cook I n l e t  a r e  bounded by t h r u s t  f a u l t s ,  n o t  by u n c o n f o r m i t i e s .  The 

t h r u s t  f a u l t s  a r e ,  f rom o l d e s t  t o  younges t ,  t h e  S e l d o v i a  f a u l t ,  the  Chugach 

Bay f a u l t ,  t h e  C o n t a c t  f a u l t ,  a  p o s t u l a t e d  unnamed f a u l t ,  and t h e  modern 

Benioff  zone ( f i g .  1 7 ) .  The u n c o n f o r m i t i e s  and t h r u s t  f a u l t s  bound rock 

u n i t s  t h a t  d e f i n e  f o u r  cyc le s  of sed imentac ton  and d e f o r m a t i o n ,  h c r e i n  

named t h e  e a r l y  Elesozoic, l a t e  Mesozoic, e a r l y  Cenozoic and laLe Cenozoic 



c y c l e s  ( P l a f k e r ,  1969 ,  1972) .  

G e n e r a l l y  t h e s e  c y c l e s  s t a r t  w i t h  v o l c a n i c  a c t i v i t y ,  emplacement 

of a p l u t o n ,  and end w i t h  u p l i f t  of t h e  area of t h e  magmatic a r c .  

Sedimentary  rocks r e p r e s e n t a t i v e  o f  much o f  t h e  c y c l e  a r c  p r e s c r v e d  

i n  t h e  a r c - t r e n c h  gap. S l o p e  and t r e n c h  r o c k s  t h a t  were  d e p o s i t e d  

towards  t h e  end of  t h e  c y c l e  a r e  p r e s e r v e d  between t h r u s t  f a u l t s .  

These  rocks were  p robab ly  t e c t o n i c a l l y  emplaced a s  t h e  t r e n c h  moved 

seaward. 

The e a r l y  Mesozoic c y c l e  s t a r t e d  w i t h  s u b d u c t i o n  and a s s o c i a t e d  

vo lcan i sm,  c o n t i n u e d  w i t h  emplacement of a b a t h o l i t h ,  u p l i f t ,  and 

ended w i t h  a  s t a b l e  s h e l f .  The age of t h e  o l d e r  boundary of t h e  

early Mesozoic c y c l e  i n  b o t h  s h e l f  and f l y s c h  r o c k s  i s  u n c l e a r ,  b u t  

Permian r o c k s  a t  P u a l e  Bay on t h e  Alaska P e n i n s u l a  (Burk,  1965) sug-  

g e s t  v o l c a n i c  a c t i v i t y  t h a t  may b e  r e l a t e d  t o  s u b d u c t i o n ,  s o  the  o l d e r  

boundary may b e  o f  late P a l e o z o i c  age .  I n  lower  Cook I n l e t ,  t h e  o l d e r  

boundary may b e  a t  t h e  b a s e  of  t h e  Upper T r i a s s i c .  The Border Ranges 

fault sys tem (MacKevett and P l a f k e r ,  1974;  P l a f k e r  and o t h e r s ,  1 9 7 7 ) .  

which i n c l u d e s  t h e  Knik and S e l d o v i a  f a u l t s ,  i s  t h e  o l d e r  boundary i n  

melange r o c k s ;  i t  i s  between c o n t i n e n t a l  c r u s t  made of roc-ks a s  o l d  a s  

l a t e  P a l e o z o i c ( ? )  on t h e  n o r t h  and t r a n s i t i o n a l  c r u s t  made of deformed 

deep-marine Fiesozoic r o c k s  on the s o u t h .  The age of  t h e  younger  

boundary in s h e l f  r o c k s  i s  based on t h e  a g e  of  t h e  u n c o n f o m i t y  a t  

t h e  t o p  of E a r l y  C r e t a c e o u s  rocks  found i n  t h e  platanuska V a l l e y  (Gran tz ,  

1960; J o n e s  and n e t t e r m a n ,  1966; J o n e s ,  1973) ,  i n  t h e  Kamishak H i l l s ,  

and near Berendeen Bay on t h e  s o u t h  end of t h e  Alaska P e n i n s u l a  (Jones 



and  Detterman, 1966).  I n  f l y s c h  r o c k s ,  t h e  Chugach Bay f a u l t  i s  t h c  

younger boundary and i s  i n t e r p r e t e d  t o  b e  younger t h a n  r a d i o l a r i a n  

chert i n  t h e  Uyak Format ion (Moore, 1969) of t h e  Kodiak I s l a n d s .  

The c h e r t  i s  d a t e d  a s  l a t e  V a l a n g i n i a n  t o  H a u t e r i v i a n  (Moore and 

Connel ly ,  1977) .  

The p r e s e n t  d i s t a n c e  between t h e  Mesozoic v o l c a n i c  a r c  and t h e  

outcrop of t h e  McHugh Complex, abou t  1 2 5  km, s u g g e s t s  t h a t  t h e  a r c -  

t r e n c h  gap d u r i n g  t h e  e a r l y  Mesozoic c y c l e  was na r rower  t h a n  t h e  

a r c - t r e n c h  gap o f  today  which i s  a b o u t  450 km wide.  The e x t e n s i v e  

v o l c a n i c l a s t i c  r o c k s  of t h e  E a r l y  J u r a s s i c  T a l k e e t n a  Format ion 

i n d i c a t e  t h a t  an a c t i v e  v o l c a n i c  a r c  was l o c a t e d  c o i n c i d e n t l y  w i t h  

t h e  modern one. By hliddle J u r a s s i c  t i m e  t h e  Alaska-Aleut ian Range 

b a t h o l i t h  was emplaced i n t o  T r i a s s i c  and o l d e r  r o c k s .  The o c c u r r e n c e  

of J u r a s s i c  q u a r t z  d i o r i t e  p l u t o n s  on t h e  Kenai  P e n i n s u l a  on t h e  

Bar ren  I s l a n d s  (Cowan and B o s s ,  1977) ,  and on t h e  Kodiak I s l a n d s  

( H i l l  and M o r r i s ,  1977) s u g g e s t s  t h a t  t h e  Alaska-Aleutian Range 

b a t h o l i t h  e x t e n d s  under  Cook T n l e t  as  f a r  a s  t h e  S e l d o v i a  f a u l t ,  

forming competent c o n t i n e n t a l  c r u s t .  Only low-amplitude f o l d s  

occur  i n  t h e  Cook I n l e t  b a s i n  on t h e  west s i d e  of the S e l d o v i a  

fault, whereas h i g h l y  deformed and f a u l t e d  r o c k s  occur  on t h e  e a s t  

side of t h e  f a u l t .  The b a t h o l i t h  may a c t  a s  a  b u t t r e s s  t h a t  p r o t e c t s  

t h e  Cook I n l e t  r o c k s  from s e v e r e  de format ion .  

The l a c k  of v o l c a n i c l a s t i c  rocks  d a t i n g  from Middle and L a t e  

J u r a s s i c  t i m e  s u g g e s t s  t h a t  t h e  a r c  became q u i e s c e n t .  U p l i f t ,  p rabab l  y 

related t o  v e r t i c a l  movement o f  t h e  b a t h o l i t h ,  made t h e  a r e a  of t h e  



v o l c a n i c  a r c  a s o u r c e  of sed iment  t h a t  was s h e d  o n t o  a she l f ,  s o  t h a t  

t h e  TaLkeetna Format ion p rov ided  m a t e r i a l  f o r  t h e  Tuxedni Group and 

t h e  Chini . tna Formation.  The b a t h o l i t h  was f i n a l l y  unroofed  at: t h e  

b e g i n n i n g  of d e p o s i t i o n  of t h e  Naknek Format ion,  a s  shown by tile Chiskk 

Conglomerate Member, a t  t h e  b a s e  of t h e  Naknek, which c o n t a i n s  t h e  

first o c c u r r e n c e  of abundant  p l u t o n i c  c o b b l e s  (Detterman and l l a r t s o c k ,  

1966) .  

I n  t h e  Kamishak H i l l s ,  Lower C r e t a c s n u s  r o c k s  d e p o s i t e d  toward 

t h e  end o f  t h e  e a r l y  Mesozoic c y c l e  c o n t a i n  shallow-marine s a n d s t o n e  

and s i l t s t o n e  r i c h  i n  Inocermnus f ragments .  S i m i l a r  r o c k  u n i t s ,  t h e  

Herendeen Limestone on t h e  s o u t h  end of t h e  Alaska P e n i n s u l a  (Burk,  

1965; Jones  and Det terman,  1 9 6 6 ;  J o n e s ,  1973) and t h e  Nel.china L ime-  

s t o n e  n o r t h e a s t  o f  t h e  Pktanuska V a l l e y  (Gran tz ,  1960; Jones  and 

Detterman, 1966; J o n e s ,  1973) ,  demons t ra te  t h e  geograph ic  e x t e n t  o f  

t h e  s t a b l e  s h e l f  impl ied  by t h e  h i g h  p e r c e n t a g e  of b i o c l a s t i c  m a t e r i a l  

i n  t h e  rocks.  

Around lower  Cook I n l e t  no p l u t o n s  o r  v o l c a n i c l a s t i c  r o c k s  d a t e  

from t h e  E a r l y  C r e t a c e o u s ;  a p p a r e n t l y  s u b d u c t i o n  waned o r  ceased  

a l t o g e t h e r .  

The s l o p e  and t r e n c h  d e p o s i t s  of t h e  e a r l y  Mesozoic c y c l e  a r e  

now t h e  Uyak Format ion o f  t h e  Kodiak I s l a n d s  (Moore, 1969;  Moore and 

Connel ly ,  1 9 7 7 )  a n d  t h e  McHugh Complex. The s o u r c e  a r e a  f o r  t h e s e  

r o c k s  w a s  mainly  t h e  a d j a c e n t  s h e l f  and magmatic a r c .  Beginning i n  

l a t e  T r i a s s i c  t ime  t h e  melange was subduc ted ;  toward t h e  c l o s c  of 

Barremian t ime ,  some melange may have been a c c r e t e d  t o  t h e  c o n t i n e n t .  



The Mcliugh Complex, Lower C r e t a c e o u s  and p o s s i b l y  o l d e r ,  w a s  emplaced 

as a melange b e f o r e  d e p o s i t i o n  o f  t h e  V a l d e z ( ? )  Group. 

Subduc t ion  and emplacement of  p l u t o n s  d u r i n g  t h e  e a r l y  Mesozoic 

cycle  c r e a t e d  t h e  b l u e s c h i s t  f a c i e s  t h a t  i s  ? . t tached t o  t h e  contlin- 

e n t a l  p l a t e  a l o n g  t h e  S e l d o v i a  f a u l t .  On t h e  Kenai  P e n i n s u l a ,  the 

b l u e s c h i s t s  a r e  d a t e d  a t  a b o u t  190 m.y. ( F o r b e s  and Lanphere ,  1 9 7 3 ) ;  

s c h i s t s  on t h e  Kadiak I s l a n d s  a r e  d a t e d  a t  170.0 f 5.5, and 187.6  - t 

5.6 from c o - e x i s t i n g  c r o s s i t e  and w h i t e  m i c a ,  and 161 .4  - 4- 1 9 . 4  m.y. 

from c r o s s i t e  (Cardcn and o t h e r s ,  1 9 7 7 ) .  Age d a t e s  f r o m  a p l u t o n  on 

the Barren  I s l a n d s ,  187 - +- 1 4  m.y., (Cowan and Boss ,  1977)  and from 

t h e  Afognak p l u t o n ,  188.5  - + 5.7  m,y. ,  ( H i l l  and I f o r r i s ,  1 9 7 7 )  are 

abou t  t h e  same a s  t h e  age  d a t e s  of  t h e  s c h i s t s .  Mesozoic t h e r m a l  

e v e n t s  nay have r e s e t  t h e  a g e s  of t h e  s c h i s t s  ( P l a f k e r  and o t h e r s ,  

1 9 7 4 ) .  U l t r a m a f i c  complexes occur  a l o n g  t h e  Knik f a u l t  ( C l a r k ,  1.972a, 

b )  and t h e  S e l d o v i a  f a u l t  ( M a r t i n  and o t h e r s ,  1915) .  The b l u e s c h i s t s  

and u l t r a m a f i c  complexes a r e  p robab ly  f ragments  of c o n t i n e n t a l  and 

o c e a n i c  c r u s t  r e s p e c t i v e l y  (George P l a f k e r ,  o r a l  c o m u n . ,  1977) .  

The l a t e  Mesozoic c y c l e  i s  t h e  second p e r i o d  o f  s e d i m e n t a t i o n  

and d e f o r m a t i o n  and o c c u r r e d  d u r i n g  the Late  C r e t a c e o u s .  The o l d e r  

boundary of  t h e  l a t e  Mesozoic c y c l c  i s  t h e  same a s  t h e  younger 

boundary of t h e  e a r l y  Mesozoic c y c l e :  i n  s h c l f  rocks t h e  boundary 

i s  t h e  unconformity  at t h e  b a s e  of  Laee C r e t a c e o u s  r o c k s ;  i n  f l y s c h  

rocks i t  i s  t h e  Cl~ugach Bay f a u l t .  The younger  boundary of  t h e  l a t e  

Mesozoic c y c l e  i s  t h e  unconformi ty  a t  t h e  t o p  o f  L a t e  C r e t a c e o u s  

s h e l f  r o c k s ,  the  Mntanuska and Kaguyak Format ions ;  i n  f l y s c h  r o c k s ,  



t h e  boundary i s  t h e  Contac t  f a u l t .  

No r o c k s  of A p t i a n  th rough  Companian age a r e  found i n  t h e  Cook 

I n l e t  a r e a  e x c e p t  i n  t h e  Matanuska V a l l e y  where o l d e r  u n i t s  o f  t h e  

Matanuska Format ion e x i s t  ( ~ r a n t z ,  1960,  1964; J o n e s ,  1964,  1967) .  

On t h e  Alaska P e n i n s u l a  s i m i l a r  r o c k s  a r e  a s  o l d  a s  Campanian (Burk,  

1965). The unconformity  from Apt ian  i n t o  Campanian t ime  r e p r e s e n t s  

more t h a n  40 m.y., t h e  l o n g e s t  b r e a k  i n  t h e  g e o l o g i c  r e c o r d  i n  t h e  

Cook I n l e t :  b a s i n .  The  unconformi ty  i s  exposed on t h e  s o u t h  end of 

t h e  Alaska P e n i n s u l a  (Burk, 1965;  J o n e s  and M i l l e r ,  1976)  and i n  t h e  

Kamishak H i l l s  ( J o n e s  and Det terman,  1966; J o n e s  and Mi l l e r ,  1976;  

Magoon, Adkison, and E g b e r t ,  1 9 7 6 ) .  Rocks of M a e s t r i c h t i a n  age were 

d e p o s i t e d  on a deepen ing  s h e l f ;  t h e  b a s a l  s a n d s t o n e ,  d e p o s i t e d  i n  a  

near - shore  environment ,  i s  o v e r l a i n  by b i o t u r b a t e d  s i l t s t o n e  t h a t  i s  

i n  t u r n  o v e r l a i n  by t u r b i d i t e  s a n d s t o n e  and s i l t s t o n e .  

Rocks i n  t h e  Cook I n l e t  a r e a  were  eroded and r e d e p o s i t e d  on t h e  

s l o p e  and i n  t h e  t r e n c h  a s  t h e  Valdez Group and t h e  Kodiak Formation.  

A l l  f o s s i l s  found i n  the Valdez i n d i c a t e  a M a e s t r i c h t i a n  a g e  f o r  

t h e s e  fl.ysch r o c k s  ( J o n e s  and C l a r k ,  1 9 7 3 ) .  

I n  L a t e  Cre taceous  t i m e ,  p l u t o n i c  r o c k s  t h a t  y i e l d  age d a t e s  

between 65  and 83 n1.y. (Reed and Lanpherc,  1973b) i n t r u d e d  t h e  Alaska- 

Aleutian v o l c a n i c  a r c  and may i n d i c a t e  that:  e a r l y  i n  t h i s  p e r i o d  sub- 

s u b d u c t i o n  o c c u r r e d  a t  t h e  t r e n c h .  Sediments  eroded from t h e  s h e l f  

and s l o p e  were  e v i d e n t l y  subduc ted  a f t e r  b e i n g  d e p o s i t e d  i n  a t r e n c h  

t h a t  formed seaward o f  t h e  McHugh Complex. Whcn s u b d u c t i o n  wancd o r  

ceased i n  Campanian t ime,  t r a n s g r e s s i o n  o f  t h e  sea p r e s e r v e d  scd imcnts  



on t h e  s h e l f ,  s l o p e  and t r e n c h .  Thc Kaguyak and Matanusak Format ions  

a re  r o c k s  d e p o s i t e d  on t h e  s h e l f  and t h e  Valdez Group w a s  cmplaced 

a g a i n s t  t h e  McIiugh Complex, b e f o r e  d e p o s i t i o n  of t h e  Orca Group, i n -  

c r e a s i n g  t h e  w i d t h  of t r a n s i t i o n a l  c r u s t .  

Seismic  d a t a  show t h a t  a pr i sm of rock  on t h e  n o r t h  f l a n k  o f  

t h e  August ine-Seldovia  a r c h  i s  t e r m i n a t e d  a t  t h e  c r e s t  of t h e  a r c h  

( f i g .  1 2 ,  f i r s t  p r o f i l e ) ,  implying u p l i f t  a l o n g  t h e  a r c h .  A similar 

p r i sm i s  n o t  found on t h e  s o u t h  f l a n k ,  wlijch s u g g e s t s  t h a t  d u r i n g  

t h i s  c y c l e  t h e  a r c h  may have  been a h i n g e  l i n e  t h a t  was onlapped by 

M a c s t r i c h t i a n  r o c k s .  

The o l d e r  boundary of t h e  e a r l y  Cenozoic cycl.e, t h e  t h i r d  p e r i o d  

of s e d i m e n t a t i o n  and deformat ion ,  i s  t h e  same a s  t h e  younger boundary 

of t h e  l a t e  Mesozoic c y c l e :  i n  s h e l f  r o c k s  t h e  boundary i s  t h e  uncon- 

f o r m i t y  a t  t h e  b a s e  of t h e  West Fore land  Format ion;  i n  f l y s c h  r o c k s  

i t  i s  t h e  Contac t  f a u l t .  The younger boundary i n  f o r e a r c - b a s i n  r o c k s  

i s  t h e  unconformity  a t  t h e  t o p  of t h e  West Fore land  Format ion;  i n  

f l y s c h  r o c k s ,  named t h e  Orca Group, t h e  boundary i s  a  p o s t u l a t e d  f a u l t  

near t h e  s h e l f  edge.  I n  t h e  Cook I n l e t  b a s i n ,  t h e  change f r o m  t h e  

l a t e  l lesozoic  c y c l e  t o  t h e  e a r l y  Cenozoic c y c l e  i s  marked by  a n  a b r u p t  

change from t h e  m a r i n e  s h e l f  environment of  t h e  Kaguyak and Matanuskn 

Format ions  t o  t h e  nonmarine f o r e a r c - b a s i n  environment  o f  t h e  e a r l y  

Tertiary West Fore land  Format ion.  

Throughout much of t h e  e a r l y  Cenozoic c y c l e ,  p l u t o n s  whose a g e s  

r a n g e  from 65 th rough  58 m.y. i n t r u d e d  t h e  Mesozoic v o l c a n i c  a rc  (Reed 

and Lanphere,  1973b),  and p l u t o n s  d a t e d  from 65 th rough  4 1  m.y. i n t r u d c d  



t h e  Mesozoic and o u t e r - a r c  r i d g e  (Hudson and o t h e r s ,  1977; K i e n l e  

and Turner ,  1976) .  Volcanism a l o n g  t h e  Alaska-Aleut ian v o l c a n i c  a r c  

c o n t r i b u t e d  d e b r i s  t o  t h e  f o r e a r c  b a s i n ,  b u t  pe rhaps  n o t  t o  t h e  a r e a  

seaward of t h e  o u t e r - a r c  r i d g e .  Subduct ion o c c u r r e d  i n  e a r l y  Pa leocene  

t i m e  which p robab ly  u p l i f t e d  t h e  Cook I n l e t  b a s i n ,  c r e a t i n g  a  s i t e  f o r  

d e p o s i t i o n  of c o n t i n e n t a l  r o c k s .  A f t e r  a  p e r i o d  of e r o s i o n ,  t h e  v o l -  

c a n i c l a s t i c  West Fore land  Format ion was d e p o s i t e d .  Seaward o f  t h e  

o u t e r - a r c - r i d g e ,  on t h e  s h e l f  and s l o p e ,  t h e  Ghost Rocks and Sitkalidak 

Format ions  were d e p o s i t e d .  The Orca Group was d e p o s i t e d  on t h e  s l o p e  

and i n  t h e  t r e n c h ,  and was emplaced a g a i n s t  t h e  Valdez Group h e f o r e  

d e p o s i t i o n  of t h e  Ol igocene and younger r o c k s .  

The f o u r t h  and l a s t  c y c l e ,  t h e  l a t e  Cenozoic,  began w i t h  t h e  i n -  

t r u s i o n  of a p l u t o n  i n t o  t h e  Mesozoic magmatic a r c .  Rad iomet r ic  age 

d a t e s  on t h e  i n t r u s i v e  body range  from 38 t o  26  m.y. (Reed and Lanphcre ,  

1973b) .  E x t e n s i v e  v o l c a n i c  a c t i v i t y  o c c u r r e d  n o r t h w e s t  of t h e  magmatic 

a rc  (Reed and Lanphere,  1973a) .  The o l d e r  boundary of t h i s  c y c l e  i n  

f o r e a r c - b a s i n  r o c k s  i s  a t  t h e  b a s e  of t h e  Hemlock Conglomerate;  i n  f l j s c h  

r o c k s  i t  i s  t h e  p o s t u l a t e d  f a u l t .  Thc younger boundary i n  f o r e a r c - b a s i n  

s t r a t a  i s  t h e  p r e s e n t  l a n d  s u r f a c e ;  t h e  modern Beniof f  zone i s  t h e  bound- 

a r y  i n  f l y s c h  r o c k s .  I n  t h e  f o r e a r c  b a s i n ,  t h e  l a t e  Cer~ozo ic  c y c l e  j.s 

r e p r e s e n t e d  by t h e  n o n m r i n e  Kenai Group, which had a  complex deposi.- 

t i o n a l  h i s t o r y  ( K e l l e y ,  1963,  1968; R i r s c h n e r  and Lyon, 1973;  H i t e ,  

1975; Hayes and o t h e r s ,  1975; Magoon, Adkison, and o t h e r s ,  1976) .  511~. 

Kenai P e n i n s u l a  and t h e  Kodink I s l a n d s  s e p a r n  t e d  s e d i m e n t a t i o n  i n  tlis 

forearc b a s i n  from t h a t  i n  t h e  Gulf of  Alaska.  Some r o c k s  of tile 1.nLe 



Cenozoic cycle have been a c c r e t e d  t o  t h e  Orca Group between t h e  postu- 

lated f a u l t  and t h e  modern Bcniof f  zone. A t  DSDP s i tes  1 8 1  and 182,  

P l e i s t o c e n e  s t r a t a  were  p e n e t r a t e d  t h a t  have been i n t e r p r e t e d  a s  

a c c r e t e d  rocks because  t h e y  a r e  h i g h l y  compactrd and dewatered (Kulm 

and o t h e r s ,  1973; von Huene and o t h e r s ,  1971) .  Other  r o c k s  of t h e  

l a t e  Cenozoic c y c l e  were d e p o s i t e d  on t h e  s h e l f  over t r a n s i t i o n a l  

c r u s t  formed by a c c r e t e d  r o c k s  of t h i s  and o l d e r  c y c l e s .  

Undeforrned t r e n c h  sed iments  p e n e t r a t e d  i n  DSDP 180 (Kulm and 

o t h e r s ,  1973) and undeformed a b y s s a l  p l a i n  sed iments  i n  DSDP 178  

(Kulm and o t h e r s ,  1973) and DSDP 183 (Creager and o t h e r s ,  1973;  

S c h o l l ,  1974; S t e w a r t ,  1976)  a r e  n o t  p a r t  of t h e  l a t e  Cenozoic c y c l e  

because  t h e s e  sed iments  a r e  seaward of t h e  a c c r e t e d  r o c k s  o f  t h e  

i n n e r  s l o p e .  

F o l d i n g  of n o r t h e a s t - t r e n d i n g  a n t i c l i n e s  o c c u r r e d  l a t e  i.n t h e  

late Cenozoic c y c l e ,  a s  i n d i c a t e d  by deformat ion  of s t r a t a  n e a r  t h e  

s e a f l o o r  and t h e  l a c k  of s e i s m i c  e v i d e n c e  f o r  m u l t i p l e  phases  of 

growth of f o l d s .  Burk  (1965) de te rmined  a  P l i o c e n e  a g e  f o r  deforma- 

t i o n  on t h e  Alaska P e n i n s u l a ,  and t h e  Cook I n l e t  a r e a  may havc hecn 

a f f e c t e d  by  t h a t  de format ion .  The most pronounced t h i n n i n g  of  strata 

a c r o s s  t h e  August ine-Seldovia  a r c h  o c c u r s  i n  s t r a t a  of T e r t i a r y  age.  

Deformation a long  t h e  a r c h  may have begun i n  Cre taceous  t ime ,  h u t  i t  

seems t o  have  c l imaxed i n  T e r t i a r y  t i m e .  

PETROLEUM GEO1,OCY 

Petroleum i n  u p p e r  Cook I n l e t  i s  c o n t a i n e d  w i t h i n  T e r t i a r y  

r e s e r v o i r s .  From 1957 t o  the b e g i n n i n g  of 1 9 7 6 ,  677 m i l l i o n  b a r r e l s  



of o i l  have been produced;  80 p e r c e n t  of t h e  p r o d u c t i o n  has come from 

t h e  Hemlock Conglomerate. Lower Cook I n l e t  c o n t a i n s  T e r t i a r y  rocks 

t h a t  a r e  p robab ly  i m p o r t a n t  t o  t h e  pe t ro leum r e s o u r c e  p o t e n t i a l  o f  

this a r e a ,  and p a r t s  of t h e  Mesozoic must a l s o  h e  c o n s i d e r e d  prospec-  

tive pe t ro leum r e s e r v o i r s .  To a p p r e c i a t e  t h i s ,  a model of pe t ro leum 

g e n e r a t i o n  and m i g r a t i o n  must b e  p r e s e n t e d .  

Geochemical da ta  s u g g e s t  t h a t  t h e  s o u r c e  r o c k  f o r  pe t ro leum i n  

Cook I n l e t  i s  i n  t h e  mar ine  Middle J u r a s s i c  th rough  Cre taceous  s t r a t a ,  

no t  i n  t h e  nonmarine T e r t i a r y  sequence o r  t h e  v o l c a n i c l a s t i c  Lower 

J u r a s s i c  T a l k e e t n a  Format ion,  which i s  c o n s i d e r e d  t o  b e  economic base- 

ment. On t h e  Iniskin P e n i n s u l a ,  w e l l s  p e n e t r a t e  l i i d d l e  J u r a s s i c  s t r a t a  

t h a t  a r e  r i c h  i n  o r g a n i c  c a r b o n  ( f i g .  1 8 ) .  Thus, a t t e n t i o n  i s  focused  

on Middle J u r a s s i c  s t r a t a  a s  hydrocarbon s o u r c e  r o c k s  i n  lower  Cook 

I n l e t .  

G e n e r a l l y  a s o u r c e  r o c k  r i c h  i n  o r g a n i c  d e b r i s  must  b e  h e a t e d  

t o  a minimum t e m p e r a t u r e  f o r  a minimum t i m e  b e f o r e  o i l  and g a s  a r e  

g e n e r a t e d  and e x p e l l e d  (Hood, 1974,  1975) .  I n  lower Cook I n l e t ,  upper  

Mesozoic s t r a t a ,  t h e  most l i k e l y  s o u r c e  beds ,  were  p r o b a b l y  n o t  covered  

w i t h  s u f f i c i e n t  overburden t o  g e n e r a t e  pe t ro leum u n t i l  b u r i e d  by 

T e r t i a r y  rock .  I n  upper  Cook I n l e t  t h e  o i l  a p p a r e n t l y  was g e n e r a t e d  

i n  l a t e  T e r t i a r y  o r  Qua te rnary  t ime ,  which s u g g e s t s  t h a t  t h e  p r e s e n t  

c o n f i g u r a t i o n  of t h e  b a s i n  may have c o n t r o l l e d  the d i r e c t i o r ~  of o i l  

m i g r a t i o n .  T e r t i a r y  overburderl  s o u t h  of t h e  At~gus t ine -Se ldov ia  a r c h  

is  t h i n  and may b e  i n s u f f i c i e n t  t o  i n i t i a t e  g e n e r a t i o n  of o i l .  

The unconformity  a t  t h e  base of  t h e  T e r t i a r y  r o c k s  p l a y s  a n  
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i m p o r t a n t  r o l e  i n  t h e  m i g r a t i o n  of hydrocarbons  i n  lower  Cook I n l e t  

because i t  cuts a c r o s s  a l l  u n i t s  of t h e  Mesozoic. A c r o s s  s e c t i o n  

th rough  Middle  Ground Shoa l  (Boss  and o t h e r s ,  1976)  shows a n  upper  

Mesozoic s o u r c e  r o c k  immedia te ly  b e n e a t h  T e r t i a r y  r e s e r v o i r s .  O i l  

f rom upper  Mesozoic s t r a t a  a p p a r e n t l y  m i g r a t e d  upward a c r o s s  t h e  

unconformi ty  and i n t o  T e r t i a r y  s t r a t a .  I f  t h e  unconformi ty  were  n o t  

p resen t ,  o i l  would h a v e  remained t r a p p e d  i n  t h e  Mesozoic r o c k s .  I n  

w e l l s  on t h e  I n i s k i n  P e n i n s u l a ,  o i l  shows a r e  found i n  Middle  J u r a s s i c  

r o c k s .  I f  a d e q u a t e  r e s e r v o i r s  e x i s t  i n  upper  Mesozoic r o c k s  i n  lower  

Cook I n l e t ,  enough o i l  may have accumulated f o r  them t o  b e  c o n s i d e r e d  

p r o s p e c t i v e  t a r g e t s .  

T e r t i a r y  r o c k s  t h i n  c o n s i d e r a b l y  s o u t h  of  upper  Cook I n l e t ;  i n  

p l a c e s  t h e y  a r e  l e s s  t h a n  0 .25 km t h i c k  a t  t h e  c r e s t  of t h e  August ine-  

S e l d o v i a  a r c h .  Although t h e  b a s e  of t h e  T e r t i a r y  s t r a t a  i s  found a t  

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

remains  r e l a t i v e l y  t h i n ;  i t  i s  o n l y  2 km t h i c k  n e a r  t h e  B a r r e n  I s l a n d s .  

The t h i n n e s s  of t h e  T e r t i a r y  r o c k s  s u g g e s t s  t h a t  t h e  most  l i k e l y  t a r g e t  

f o r  o i l  e x p l o r a t i o n  s o u t h  of t h e  t r a n s b a s i n  a r c h  i s  Mesozoic s t ra ta .  

Exposures of a f r i a b l e  s a n d s t o n e  o f  t h e  Naknek Format ion on Augus t ine  

I s l a n d  and a b o u t  40 km n o r t h w e s t  of Cape Douglas  a r e  p robab ly  connec ted  

i n  the s u b s u r f a c e  b e n e a t h  Kamishak Bay and may b e  a s i . g n i f i c a n t  r e s e r -  

voir. C r e t a c e o u s  s t r a t a  incl .ude  mar ine  s a n d s t o n e  u n i t s  t h a t  may c o n t a i n  

beds t h a t  c o u l d  s e r v e  a s  r e s e r v o i r s .  

I n  lower  Cook I n l e t ,  p e t r o l e u m  may have accumulated in s t r u c t u r a l ,  

s t r a t i g r a p h i c ,  and combina t ion  t r a p s .  One t y p e  o f  s t r u c t u r a l  t r a p  



may form where n o r t h e a s t - t r e n d i n g  a n t i c l i n e s  i n t e r s e c t  t h e  August ine-  

S e l d o v i a  a r c h .  One s t r u c t u r e  of t h i s  t y p e  i s  l o c a t e d  j u s t  n o r t h  of 

the i n t e r s e c t i o n  of s e i s m i c  l i n e s  753 and 756;  a n o t h e r  may b e  l o c a t e d  

n e a r  t h e  i n t e r s e c t i o n  of seismic l i n e s  753 and 757 .  The exact: s h a p e  

of s t r u c t u r e s  formed a t  t h e  n c a r l y  p e r p e n d i c u l a r  i n t e r s e c t i o n s  i s  

unknown because of t h e  c o a r s e  s e i s m i c  g r i d ,  b u t  t h e y  cou ld  b e  domes. 

The l o c a t i o n  of such  s t r u c t u r e s  a s t r i d e  t h e  c r e s t  o f  t h e  a r c h  i s  

impor tan t  because  t h e  a r c h  i s  a  t r a n s b a s i n  s t r u c t u r e  t h a t  cou ld  b e  

t h e  s i t e  of accumula t ion  of o i l  t h a t  m i g r a t e d  with updip f r o m  t h e  

s o u t h e r n  p a r t  of lower  Cook I n l e t  o r  southward from t h e  upper  Cook 

I n l e t  pe t ro leum prov ince .  The a r c h  may have e x i s t e d  i n  p r e - T e r t i a r y  

time; i t  would have been a n  i m p o r t a n t  upd ip  bar r ie r  if pe t ro leum had 

been g e n e r a t e d  i n  Mesozoic t ime  s o u t h  of  t he  a r c h .  

Another t y p e  of s t r u c t u r a l  t r a p  i s  found a l o n g  t h e  c r e s t s  o f  

t h e  n o r t h e a s t - t r e n d i n g  a n t i c l i n e s ,  f o r  example, t h e  f a u l t e d  a n t i c l i n e  

on l i n e  751,  j u s t  e a s t  of  l i n e  757 ( f i g .  13), t h a t  a p p e a r s  t o  e x t e n d  

a c o n s i d e r a b l e  d i s t a n c e  i n t o  upper  Cook I n l e t .  The c r e s t s  ( f i g .  1 3 )  

a r e  p robab ly  l i n e a t i o n s  a l o n g  which i n d i v i d u a l  a n t i c l i n e s  a r e  s e p a r a t e d  

by s t r u c t u r a l l y  low a r e a s .  Some of t h e s e  i n d i v i d u a l  s t r u c t u r e s  may 

b e  large enough t o  e n t r a p  commercial  q u a n t i t i e s  of pe t ro leum.  Most 

of t h e s e  a n t i c l i n e s  a p p e a r  t o  b e  young, because  i n  many p l a c e s  f o l d s  

extend upward th rough  the T e r t i a r y  r o c k s  and are t r t rnca ted  a t  o r  near 

t h e  s e a f l o o r .  

S t r a t i g r a p h i c  and combinat ion t r a p s  may be  fornicd acros s  uncon- 

f o r m i t i c s .  These  t r a p s  c o u l d  c o n t a i n  i m p o r t a n t  r e s e r v e s  because  o f  



their number and e x t e n t ,  b u t  s t r u c t u r a l  t r a p s  a r e  l i k e l y  t o  b e  t e s t e d  

f i r s t .  The prominent  a n g u l a r  unconformity  a c r o s s  t h e  A h o r i z o n  e x t e n d s  

a long  t h e  s o u t h e a s t  s i d e  o f  t h e  b a s i n ,  i s  a t  s h a l l o w  d e p t h  i n  many 

p l a c e s ,  and coulc' o f f e r  s i t e s  f o r  s t r a t i g r a p h i c  o r  comhinati.on t r a p s .  

The p o s s i b l e  l a c k  of a good s e a l  above t h e  subcropp ing  Mesozoic s t r a t a  

may b e  a n e g a t i v e  f a c t o r .  A t  Cape Douglas ,  t h e  T e r t i a r y  West Fore land  

Formation c o n s i s t s  of a t h i c k  sequence of  cong lomera te  t h a t  may b e  t o o  

permeable t o  form a  good s e a l .  Onshore n e a r  S e l d o v i a ,  however, t h e  

upper  p a r t  of t h e  Kenai Group, which i s  g e n e r a l l y  f i n e r  g r a i n e d  t h a n  

t h e  West Fore land  Format ion,  d i r e c t l y  o v e r l i e s  t h e  up turned  Mesozoic 

s t r a t a  and may s e a l  t h e m  b e t t e r  t h a n  t h e  lower  T e r t i a r y  conglorneratc.  

Of f shore  t o  t h e  west  of S e l d o v i a  t h e  e x t e n t  of t h e  West Fore land  

Formation i s  n o t  known, b u t  t h e  unconformi ty  may b e  o v e r l a i n  by t h e  

upper p a r t  of t h e  Kenai Group, and s t r a t i g r a p h i c  o r  combinat ion t r a p s  

may e x i s t  t h e r e .  

Away from t h c  t r a n s b a s i n  a r c h  combined s t r a t i g r a p h i c  and s t r u c t u r a l  

t r a p s  may e x i s t  where s t r a t a  i n  t h e  subcropp ing  l icsozoic  r o c k s  a r e  

deformed i n t o  n o r t h e a s t - t r e n d i n g  a n t i c l i n e s  t h a t  s t r i k e  a t  low a n g l e s  

a c r o s s  t h e  subcrop  b e l t s .  A c r o s s  s e c t i o n  th rough  such  a t r a p  ( f i g .  

1 2 ,  p r o f i l e  2)  shows t h a t  within t h e  e x t e n t  o f  t h e  a n t i c l - i n e ,  a t h i c k -  

ness  a£  l i e sozo ic  s t r a t a  i s  t r u n c a t e d ,  and pctroleum m i g r a t i n g  u p d i p  

w i t h i n  t h e  t h i c k n e s s  of s t r a t a  might  b c  t r a p p e d  i n  o n l y  p a r t  of t h e  

t o t a l  c l o s u r e  of t h e  f o l d .  L a t e  Cre taceous  s i l t s t o n e  o v e r l y i n g  sand- 

s t o n e  of E a r l y  Cre taceous  a g e  a t  Cape Dougl-as may b e  a p a r t i c u l a r l y  

e f f e c t i v e  b a r r i e r  t o  ve r t i ca l  m i g r a t i o n  of  pct roleum from o l d c r  r o c k s .  



Petroleum may b e  forced  t o  m i g r a t e  u p d i p  a l o n g  t h e  base of t h e  s i l t -  

s tone;  hence,  s t r a t i g r a p h i c  t r a p s  f i l l e d  w i t h  o i l  from J u r a s s i c  and 

Early C r e t a c e o u s  s a n d s t o n e  may l i e  s o u t h e a s t  of t h e  subcrop  b e l t  o f  

t h e  s i l t s t o n e .  

The August inc-Seldovia  a r c h  t r e n d s  a t  n e a r l y  r i g h t  a n g l e s  t o  t h e  

subcrop  b e l t s .  111 t h e  o f f s h o r e  a r e a  around S e l d o v i a ,  t h e  a r c h  e x h i b i t s  

i t s  g r e a t e s t  s t r u c t u r a l  r e l i e f  and p r o v i d e s  nor th - sou th  c l o s u r e .  Where 

combined w i t h  t h e  n o r t h w e s t  d i p  of  l fesozoic  r o c k s ,  t h e  s t r u c t u r e  of t h e  

a r c h  may form a  t r a p  a t  t h e  base of T e r t i a r y  s t r a t a .  
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