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ABSTRACT 

T e r t i a r y  sandstone s u i t a b l e  f o r  pet ro leum r e s e r v o i r s  crops o u t  i n  t h e  
Kodiak I s l a n d  area. D e t a i l e d  s tud ies  o f  s t r a t i g r a p h i c  sec t i ons  and l a b o r a t o r y  
analyses of ou tc rop  samples i n d i c a t e  a  poor t o  f a i r  r e s e r v o i r  p o t e n t i a l  f o r  
Miocene rocks and a  poor t o  ve ry  poor r e s e r v o i r  p o t e n t i a l  f o r  pre-Miocene rocks, 
The amount o f  thermal a1 t e r a t i o n  o f  t h e  o rgan ic  m a t t e r  i n d i c a t e s  t h e  m a t u r i t y  
of t he  basin,  and t he  type  o f  kerogen i n d i c a t e s  whether "wet" o r  "dry1'  hydro- 
carbons would be generated. A  thresh01 d  l e v e l  o f  300 ppm C + so lub le  
hydrocarbon e x t r a c t s  was exceeded i n  many sampl es. ~ e n e r a l  ' zource-rock 
p o t e n t i a l  i s  cons idered good. 

A l l  t h e  major  s t r u c t u r e s  i n  t h e  area t r e n d  nor theas t .  Format ions have 
been fo lded,  f a u l t e d ,  and c ross-cu t  by i n t r u s i v e  bodies. 

INTRODUCTION 

S t r a t i g r a p h i c  f i e l d  work was j o i n t l y  conducted d u r i n g  a  26-day p e r i o d  i n  
May and June, 1976, i n  t he  Kodiak I s l a n d  area ( f i g .  1 )  by t h e  Alaska D i v i s i o n  
o f  Geolog ica l  and Geophysical Surveys (DGGS) and t h e  U.S. Geolog ica l  Survey 
(USGS). S t r a t i g r a p h i c  sec t i ons  a re  measured i n  Un i t ed  S ta tes  f e e t  and inchef: 
t o  be compat ib le  w i t h  geo log i ca l  l ogs  i n  common use, 

'The major  o b j e c t i v e  o f  t h e  p r o j e c t  was t o  acqu i re  da ta  on pet ro leum 
r e s e r v o i r  and source-rock c h a r a c t e r i s t i c s  of T e r t i a r y  s t r a t i g r a p h i c  sec t i ons  
repo r ted  t o  have some hydrocarbon p o t e n t i a l .  These da ta  were needed f o r  
eva lua t i on  o f  nearby submerged lands, i n c l u d i n g  t he  proposed Outer Cont inen ta l  
She l f  (OCS) l e a s i n g  areas. 

DGGS i s  charged w i t h  de te rmin ing  t h e  S t a t e ' s  resource p o t e n t i a l  f o r  bo th  
onshore and o f f s h o r e  s t a t e  lands. The USGS i s  charged w i t h  t h e  c l a s s i f i c a t i n n  
and eva lua t i on  o f  resources and w i t h  lease-b lock e v a l u a t i o n  on a1 1  f ede ra l  
lands i n c l u d i n g  t he  Outer Cont inen ta l  She1 f ad jacen t  t o  o f f s h o r e  S ta te  
lands. Because goals  o f  t he  two agencies a re  s i m i l a r ,  a  coopera t i ve  approach 
t o  da ta  a c q u i s i t i o n  was undertaken f o r  t h e  mutual b e n e f i t  o f  bo th  agencies. 

Acknowledgments: We thank t h e  l a t e  Don W. Peterson and h i s  w i f e  Laure l  
and Dudley D. Avery o f  Kodiak f o r  t h e i r  l o g i s t i c  suppor t  and h o s p i t a l i t y ,  
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FIELD METHODS 

S t r a t i g r a p h i c  sec t ions  and t r ave rses  were measured p r i m a r i l y  w i t h  Brunton 
compass and tape. Occas ional ly ,  i t  was necessary t o  use t h e  h e l i c o p t e r  a l t i -  
meter o r  photographs t o  determine th ickness.  Moore and Bolm es t imated  
th icknesses i n  t he  f i e l d  f o r  t h e i r  sec t i ons  and l a t e r  ad jus ted  the  th icknesses 
o f  u n i t s  by comparing map d is tances  between u n i t s .  A l l  s t r a t i g r a p h i c  t h i c k -  
nesses a r e  t r u e  thicknesses; they  were co r rec ted  f o r  d i p  and s l ope  e i t h e r  i n  
t he  f i e l d  o r  a t  t h e  base camp p r i o r  t o  rough d r a f t i n g .  

L i t h o l o g i c  d e s c r i p t i o n s  g e n e r a l l y  f o l l o w  the  accepted format  l i s t e d  
be1 ow: 

Rock type,  d e s c r i p t i v e  m o d i f i e r ,  c o l o r  ( f rom GSA Rock 
Co lo r  cha r t ) ,  g r a i n  s i z e  ( e i t h e r  Wentworth grade name 
o r  i n  ac tua l  m e t r i c  u n i t s ) ,  s o r t i n g ,  m ine ra log i ca l  
cons t i t uen t s ,  statements concern ing degree o f  i n d u r -  
a t i o n ,  p o r o s i t y ,  and sedimentary s t r uc tu res .  

Abbrev ia t ions  a r e  commonly used t o  save t ime  and space; n o t a t i o n s  such 
as "as above" a r e  used i f  l i t t l e  d i f f e r e n c e  i s  noted. U n i t  d e s c r i p t i o n s  
usual3y i n c l u d e  n o t a t i o n s  on bedding type, th ickness,  na tu re  o f  con tac ts ,  
and l a t e r a l  v a r i a t i o n s .  

SAMPLING 

Samples f rom s t r a t i g r a p h i c  sec t i ons  and spot  sample l o c a l i t i e s  were 
c o l l e c t e d  t o  p rov ide  m a t e r i a l  f o r  l a b o r a t o r y  analyses and f o r  sample c u t s  
f o r  bo th  agencies. Whenever poss ib le ,  t h e  f r e s h e s t  m a t e r i a l  a v a i l a b l e  was 
sampl ed. 

,Most samples were i d e n t i f i e d  by u s i n g  t h e  sample number, c o l l e c t o r  i n i t i a l s ,  
and t h e  l a s t  two d i g i t s  o f  t h e  yea r  (1-IP-76), Some samples were i d e n t i f i e d  
w i t h  a  l e t t e r  code f o r  t he  l o c a t i o n s  where t hey  were c o l l e c t e d  and a  sample 
number; f o r  example, PC-11 des ignates t h e  e l even th  sample c o l l e c t e d  a t  P a r t i t i o n  
Cove. 



On t h e  quadrangle maps, t he  samples a re  numbered f rom west t o  e a s t  w i t h i n  
each t i e r  o f  townships s t a r t i n g  w i t h  t h e  northernmost t i e r ;  a c ross- re fe rence  
( t a b l e  1 )  can be used t o  c o r r e l a t e  the  sample number and i t s  equ i va len t  number 
on t he  maps. 

I n  t h e  17,000 f e e t  o f  s e c t i o n  t h a t  was measured, 216 samples were 
c o l l e c t e d .  T h i r t y - s i x  were processed f o r  geochemistry, 76 f o r  p o r o s i t y  and 
permeabil i ty, 36 f o r  pa leon to log i ca l  and pa l yno log i ca l  age de te rmina t ion ,  and 
38 f o r  hydrocarbon e x t r a c t  and bas in  m a t u r i t y .  S i x t y  sandstone samples were 
examined p e t r o g r a p h i c a l l y .  

STRATIGRAPHY 

The Kodiak I s l a n d  area c o n s i s t s  o f  a s e r i e s  o f  b e l t s  o f  f o l d e d  rocks  
t h a t  s t r i  ke nor theas t  and become younger toward t he  southeast  (Moore, 1967). 
Most p resen t  i n v e s t i g a t o r s  assume t h a t  t he  deformat ion was caused by conver- 
gence between t h e  No r th  American p l a t e  and va r i ous  p l a t e s  i n  t h e  P a c i f i c  bas in  
a t  d i f f e r e n t  t imes. Major  nor thwes t -d ipp ing  t h r u s t  f a u l t s  d i v i d e  t h e  area 
i n t o  a t  l e a s t  f o u r  major 1 i t h o t e c t o n i c  be1 t s :  ( 1  ) coherent  s t r a t i f i e d  
Upper T r i a s s i c  sedimentary and vo l can i c  rocks  a long  t h e  nor thwes t  coas t  o f  
t he  i s l a n d  t h a t  a r e  p robab ly  cont inuous w i t h  c o r r e l a t i v e  rocks  on t h e  Alaska 
Peninsula and t h a t  have been i n t r u d e d  by Ju rass i c  p lu tons ;  ( 2 )  a melange 
w i t h  an a r g i l l  i t e ,  porce l  l a n i t e ,  and t u f f  m a t r i x  t h a t  con ta ins  u l  t r a m a f i c  
bodies and e x o t i c  b locks  as o l d  as Permian and which has been p a r t l y  
metamorphosed t o  b l u e s c h i s t  f a c i e s  d u r i n g  E a r l y  Ju rass i c  t ime; (3)  a melange 
composed o f  an a r g i l l i t e  m a t r i x  c o n t a i n i n g  b locks  which i n c l u d e  Lower Cretaceous 
p i l l o w  l a v a  and r a d i o l a r i a n  c h e r t ;  and (4 )  an Upper Cretaceous f l y s c h  sequence 
o v e r l a i n  by T e r t i a r y  marine and nonmarine rocks  w i t h  general  l y  cont inuous f o l d i n g  
and f a u l t i n g  except  f o r  vo lcanism and p lu ton i sm i n  t h e  Paleocene (Moore, 1969; 
Moore and Connel ly,  1977; Carden and o thers ,  1977). 

The Upper Cretaceous and T e r t i a r y  rocks cons i s t ,  i n  ascending sequence, 
o f  t h e  Kodiak, Ghost Rocks, S i t k a l i d a k ,  S i t k i n a k ,  Narrow Cape, and Tugidak 
Formations. 

Kodiak Format ion 

The Kodiak Format ion con ta ins  Upper Cretaceous marine f o s s i  1 s (Jones 
and C la rk ,  1973) and g e n e r a l l y  c o n s i s t s  o f  in terbedded s l a t e  and medium- 
g ra ined  sandstone beds t h a t  average about  12 inches i n  th ickness .  Beds o f  
conglomerate a re  a1 so l o c a l l y  present,  ma in l y  on t h e  nor thwest  s i d e  o f  t h e  
i s l and .  The f o rma t i on  i s  repeated by i s o c l i n a l  f o l d i n g  and assoc ia ted  low- 
angle shear zones. The t o t a l  exposed th ickness  i s  es t imated  a t  16,500 f e e t .  
The Kodiak Formation has been i n t r u d e d  by a b a t h o l i t h ,  which has a l a t e  
r a d i o m e t r i c  age o f  58 m i l l i o n  years.  

Ghost Rocks Format ion 

The Ghost Rocks Format ion i s  ma in l y  b l a c k  a r g i l l i t e  and a l s o  con ta ins  
graded beds and beds o f  f i ne -g ra ined  sandstone, p i 1  low l a v a  and t u f f aceous  



sandstone. Par ts  o f  t he  format ion may be a  melange. The upper sur face  o f  
p i l l o w s  i s  commonly capped by a  l imestone l a y e r  about 4 inches t h i c k  t h a t  
conta ins fo ram in i f e rs .  The bes t  age-diagnost ib sample from &h is  format ion 
i s  from near Gu l l  Po in t  on Kodiak I s l a n d  a t  57 23.0' N., 152 36.1 ' W. R. 
Z. Poore ( w r i t t e n  commun., 1976) analyzed the  t h i n  sec t ions  and i d e n t i f i e d  
a  Paleocene assemblage con ta in ing  specimens t e n t a t i v e l y  r e f e r r e d  t o  as 
"Globiger ina"  pseudobul l o i des ,  Subbotina t r i a n g u l a r i s  o r  - S. t r i l o c u l  ino ides,  
and P l  anoro ta l  i t e s  2. 

The Ghost Rocks Formation has been est imated t o  be 16,500 f e e t  t h i c k  
(Moore, 1969). I t  i s  i n t ruded  by a  few basa l t  d ikes  and by g r a n i t i c  stocks 
t h a t  a re  s a t e l l i t e  t o  t h e  b a t h o l i t h .  

S i t k a l i d a k  Formation 

The S i t k a l i d a k  Formation cons i s t s  o f  r e p e t i t i v e  interbedded graded sand- 
stone t u r b i d i t e s  and shale. It i s  d i s t i ngu i shed  from the  o v e r l y i n g  S i t k i n a k  
Formation by a  general l a c k  o f  conglomerate beds. To ta l  th ickness i s  about 
9900 fee t .  Samples c o l l e c t e d  f o r  fo ramin i fe ra1  ana l ys i s  i n  t h i s  i n v e s t i g a t i o n  
i n d i c a t e  t h a t  i t  i s  Eocene t o  01 igocene ( t a b l e  2). 

S i t k i n a k  Formation 

The S i t k i n a k  Formation i s  charac ter ized  by numerous beds o f  conglomerate. 
It i s  composed o f  a  lower marine u n i t  i n  which channel ized conglomerate l aye rs  
are interbedded w i t h  f i n e r  gra ined t u r b i d i t e s  and a  nonmarine u n i t  t h a t  crops 
o u t  on l y  on S i t k i n a k  I s l a n d  and conta ins numerous t h i n  beds o f  coal and middle 
t o  l a t e  01 igocene f o s s i l  p l a n t s  (Wolfe, 1977, p. B5). 

I n t e r f i n g e r i n g  f a c i e s  o f  t he  S i t k i n a k  Formation and s t r u c t u r a l  complex- 
i t i e s  make es t ima t i on  o f  i t s  t o t a l  th ickness uncer ta in.  The most n e a r l y  
complete sec t i on  i s  on S i t k i n a k  I s l a n d  and t o t a l s  about 3175 fee t .  

The d e l t a i c  and marine depos i ts  o f  t h e  S i t k i n a k  Formation conta in  r e d  
c h e r t  and g r a n i t i c  c l a s t s  which suggest t h a t  u p l i f t  and eros ion  were a c t i v e  
a long the  Kenai-Kodiak-Shumagin a x i s  du r i ng  t h e i r  deposi t ion.  A1 though 
conglomerates may vary  i n  th ickness and charac ter  l a t e r a l l y ,  t h e  general 
contemporanei t y  o f  both marine and nonmarine conglomerates w i l l  be use fu l  
i n  o f f sho re  c o r r e l a t i o n .  

Narrow C a ~ e  Formation 

The Narrow Cape Formation crops o u t  o n l y  a t  t h e  a x i s  o f  a  sync l i ne  on 
S i t k i n a k  I s l a n d  and a t  t h e  type l o c a l i t y  on Kodiak Is land,  where i t  i s  2300 
f e e t ' t h i c k .  The l i t h o l o g y  i s  s i m i l a r  a t  t he  two l o c a l i t i e s ,  ma in l y  s i l t y  
sandstone, bu t  i t s  age, based on f o s s i l  mol lusks and benthonic f o ram in i f e rs ,  
d i f f e r s - - t h a t  on S i t k i n a k  I s l a n d  being l a t e  Oligocene ( ? )  t o  Miocene (M. K. 
F isher ,  USGS, unpub. date, 1977), and t h a t  a t  Narrow Cape being e a r l y  and 



middle Miocene ( A l l i s o n ,  1976). A t  bo th  l o c a l i t i e s ,  the  fo rmat ion  i s  
t ransgress ive,  a t  S i  t k i n a k  I s 1  and conformably over  d e l t a i c  depos i ts  o f  
the  S i t k i n a k  Formation and a t  Narrow Cape over an angular unconformi ty  on 
the  S i  t k a l  i dak  Formation. Because o f  the  d i f f e r i n g  ages and geographic 
separat ion o f  t h e  outcrops, f u t u r e  o f f sho re  subsurface i n fo rma t i on  may 
prov ide  a l i t h o g e n e t i c  bas is  f o r  subd i v id ing  the  u n i t .  

Tugidak Formation 

The Tugidak Formation crops ou t  a t  two places, a t  t he  type l o c a l i t y  
on Tugidak I s l a n d  and a t  t he  n o r t h  end o f  C h i r i k o f  Is land.  These two 
exposures occur a t  t h e  margin o f  a  much more extensive o f f sho re  d i s t r i b u t i o n  
i n  t he  Tugidak basin t o  t he  n o r t h  (von Huene and others,  1976); they  
probably a re  rep resen ta t i ve  o f  a  considerable th ickness o f  t h e  u n i t  i n  
t he  l a r g e  A lba t ross  basin o f f sho re  t o  the  southeast. 

The Tugidak Formation cons i s t s  of s i l t s t o n e  and sandstone con ta in ing  
randomly d i s t r i b u t e d  pebbles. It conta ins several  beds t h a t  a re  r i c h  i n  
molluscan f o s s i l s  t h a t  e s t a b l i s h  the  age o f  t he  u n i t  as Pliocene. The 
t h i c k e s t  sect ion,  l oca ted  a t  Tugidak Is land,  i s  about 4950 f e e t  (Moore, 
1969). 

S t r a t i g r a p h i c  Sect ions 

Geese I s 1  and: 

This  s t r a t i g r a p h i c  sec t i on  ( p l .  I )  i s  l oca ted  i n  secs. 5, 6, and 8, 
T. 40 S., R. 29 W., Seward Meridian, where the  sea c l i f f s  a long t h e  coast  
on the  nor thern  h a l f  o f  t he  large,  middle i s l a n d  i n  t h e  Geese I s l ands  a f f o r d  
e x c e l l e n t  exposure o f  t he  Eocene t o  Oligocene S i t k a l i d a k  Formation. 

The rock  types are  predominant ly l i gh t -g ray ,  f i n e -  t o  medium-s i l ty  sand- 
stone and gray t o  b lack  shale and mudstone. These two rock  types occur bo th  
as th i ,n  beds i n  interbedded marine t u r b i d i t e  sequences and as t h i c k e r  beds 
t h a t  a re  no t  p a r t s  o f  such t u r b i d i t e  sequences. Many o f  t h e  t h i c k e r  sandstone 
u n i t s  con ta in  spher ica l  concret ions up t o  3 f e e t  in diameter. 

A l l  o f  t h e  sandstone u n i t s  have very low p o r o s i t y  (0.02 t o  3.5 percent )  
and almost no permeab i l i t y .  Organic carbon conten t  i n  t he  shale and mudstone 
i s  very low (0.33 t o  0.64 percent) .  

McDonal d Lagoon : 

.A t rave rse  was made along the  west shore o f  McDonald Lagoon, S i t k i n a k  
I s l a n d  ( p l .  11), and segments of sec t ions  were sampled, measured, and described. 
The rocks c o n s i s t  o f  massive, moderately t o  w e l l  indura ted  sandstone and 
conglomerate w i t h  l esse r  amounts o f  c laystone and s i l  ts tone.  Shale r i p - u p  
c l a s t s  (app. E-1) are common and concret ions and crossbeds a re  present  bu t  



r a re .  Some channel depos i t s  (app. E-2) were noted i n  p a r t s  o f  t h e  measured 
sect ion.  

A11 o f  these segments a re  i n  t h e  S i t k i n a k  Formation. The average p o r o s i t y  
i s  3 percent,  w i t h  a  maximum o f  4.1 percent .  The average permeabi l  i t y  i s  2  
m i l l  i d a r c i e s  (mD) w i t h  a  maximum o f  1.88 mD. 

Narrow Cape : 

The Narrow C a ~ e ~ s t r a t i g r a p h i c  sec t i on  ( p l  . I 1  I )  i s  l o c a t e d  f rom 152'21 ' 
t o  152 24' W. and 57 26'  N. The s e c t i o n  i s  exposed a long  a  sou th - fac ing  
sea c l i f f  west o f  Narrow Cape (app. E-3) and was measured f rom t h e  a x i s  o f  a  
no r t heas t - t r end ing  sync1 i n e  west t o  where t h e  Narrow Cape Format ion over1 i e s  
t he  S i  t k a l  i d a k  Formation across a  d i s t i n c t  angul a r  u n c o n f o m i  ty. S t r a t i -  
g raph ic  th ickness  t o t a l s  over  1700 f e e t .  The s e c t i o n  i s  composed ma in l y  o f  
massive bedded s i l t y  sandstone t h a t  con ta ins  many prominent conc re t i on  beds. 
The sandstone i s  f o s s i l i f e r o u s  and l o c a l l y  c o n t a i n  coa l  fragments, carbon- 
aceous debr is ,  and burrows o r i e n t e d  normal t o  t h e  bedding. Pebble conglomerate 
i s  a l s o  common a t  severa l  places. V isual  p o r o s i t y  i s  sparse. Laboratory  
ana l ys i s  o f  16 samples show an average p o r o s i t y  o f  7.4 percen t  and p e r m e a b i l i t y  
o f  7.6 mD and a  maximum p o r o s i t y  o f  17 percen t  and permeabil i ty  o f  30 mD. 
S i m i l a r  sands, i f  any a r e  preserved on t h e  OCS, cou ld  make f a i r  r e s e r v o i r s .  

Ocean Bay: ---- 

Th is  measured s e c t i o n  ( p l .  I V )  i s  l o c a t e d  i n  secs. 32-33, T. 35 S., R. 24 W,, 
Seward Mer id ian,  where t he  Eocene t o  Ol igocene S i t k a l i d a k  Format ion i s  w e l l  
exposed i n  c l i f f s  on t h e  eas t  s i d e  o f  Ocean Bay. Much o f  t h e  s e c t i o n  i s  
s t r a t i g r a p h i c a l l y  equ i va len t  t o  t he  s e c t i o n  t h a t  was measured a t  P a r t i t i o n  
Cove; t h e  two sec t i ons  a r e  f rom one t o  two m i l e s  a p a r t  a long  t h e  s t r i k e  o f  t h e  
format ion.  We a r e  unable t o  c o r r e l a t e  any i n d i v i d u a l  bed between t h e  two 
sec t ions .  

The predominant 1  i t h o l  og i  es a r e  f i n e -  t o  coarse-gra ined , 1 i gh t -g ray  
sandstone and g ray  o r  b l ack  sha le  and mudstone. Th in  beds o f  these two 
l *i t h o l  og ies a r e  commonly in terbedded i n  mar ine t u r b i d i  t e  sequences and occur  
a l s o  i n  t h i c k e r  beds t h a t  a r e  n o t  p a r t  o f  such t u r b i d i t e  sequences. The 
samples t h a t  were c o l l e c t e d  i n  t h e  Ocean Bay area a r e  f rom poor exposures o f  
t h e  S i t k i n a k  Format ion west o f  t h i s  measured sec t ion .  

P a r t i t i o n  Cove: 

Th is  s e c t i o n  ( p l .  V )  i s  l o c a t e d  i n  secs. 27 and 34, T. 35 S., R. 24 
W., Seward Mer id ian,  where t h e  Eocene t o  Ol igocene S i t k a l i d a k  Format ion i s  
w e l l  exposed i n  c l i f f s  a long  t he  west s i d e  o f  P a r t i t i o n  Cove (app. E-3). 

The predominant r ock  types a r e  l i g h t - g r a y ,  f i n e -  t o  coarse-gra ined sand- 
stone and gray and b lack  sha le  and mudstone. Th in  beds o f  these l i t h o l o g i e s  



are  interbedded i n  marine t u r b i d i t e  sequences and a l s o  occur i n  t h i c k e r  beds 
t h a t  a re  n o t  p a r t  o f  such sequences. Many of t h e  t h i c k e r  sandstone u n i t s  
were deposi ted as f i l l  i n  channels t h a t  had been c u t  i n t o  o the r  l i t h o l o g i c  
un i t s .  

A l l  of t he  sandstone u n i t s  have low p o r o s i t y  (0.2 t o  2.9 percent)  and 
e s s e n t i a l l y  no permeabil i ty .  The organic  carbon content  i n  shale and mudstone 
i s  very low (0.42 t o  0.53 percent) .  

S i t k i n a k  Is land:  

The S i t k i n a k  I s l a n d  s t r a t i g r a p h i c  sec t i on  ( p l .  V I )  i s  l oca ted  i n  sec. 
30, T. 42 S., R. 31 W., and i n  secs. 25 and 34-36, T. 42 S., R. 32 W . ,  Seward 
Meridian. The sec t i on  i s  loca ted  a t  t h e  type sec t i on  o f  t h e  S i t k i n a k  Formation 
and i s  composed o f  2200 f e e t  o f  conglomerate, coa l ,  mudstone, and sandstone. 
These beds represent  depos i t i on  i n  a d e l t a i c  t o  nonmarine environment du r i ng  
Eocene t o  Oligocene time. S t r a t a  t o t a l i n g  980 f e e t  o f  t he  Miocene Narrow Cape 
Formation over1 i e  the  nonmarine S i  t k i n a k  Formation. These beds c o n s i s t  o f  
interbedded mudstone and f o s s i  1 i ferous sandstone. 

Two headed I s l  and : 

This measured sec t i on  (p l .  V I I )  i s  l oca ted  i n  secs. 7 and 12, T. 38 S., 
R. 27 and 28 W., Seward Meridian. The Eocene t o  Oligocene S i t k a l i d a k  Formation 
i s  we1 1 exposed on the  steep south s ide  o f  t h e  i s l a n d  (app. E-7, E-8) and 
conglomerate o f  t he  S i t k i n a k  Formation crops o u t  near t h e  top  o f  t he  is land.  
The rock  type i s  dominant ly we1 1 - indura ted  1 i gh t -g ray  and gray-green, f i n e -  
gra ined sandstone w i t h  in te rbeds  o f  s i l t s t o n e  and gray t o  b lack  shale and 
mudstone. 

Very 1 i m i t e d  m i c r o f o s s i l  c o n t r o l  i n d i c a t e s  t h a t  t he  sandstone i s  marine. 
A 49 - foo t - t h i ck  sandstone (1 1 -WL-76) has t h i n l y  laminated beds one-ha1 f t o  one 
i nch  t h i c k  and appears t o  have been deposi ted i n  a marine environment. Many 
t h i n  l a t e r a l  l y  cont inuous mudstones, s i l  tstones, and shales a re  interbedded 
w i t h  the  sandstone and appear t o  be o f  marine o r i g i n .  

A l l  o f  t he  sandstone u n i t s  have very  low p o r o s i t y  and p e r m e a b i l i t y  (1  t o  
2 percent  p o r o s i t y  and e s s e n t i a l l y  no pe rmeab i l i t y ) .  

ENVIRONMENTS OF DEPOSITION 

Kodiak Formation 

The Kodiak Formation, o f  Late Cretaceous age, cons i s t s  o f  t h i c k  and 
voluminous t u r b i d i t e s ,  most commonly interbedded sandstone and shale organ- 
i z e d  i n t o  Bouma (1962) sequences. With t h e  t u r b i d i t e  f a c i e s  assoc ia t i on  o f  



M u t t i  and R i c o i  Lucchi  (1 972), t h e  beds represen t  p r i m a r i l y  bas in -p l  a i n  
deposi ts .  On t h e  nor thwestern f l a n k  o f  Kodiak Is land ,  however, t u r b i d i t e s  
c h a r a c t e r i s t i c  o f  s lope  environments c rop  out ,  a long  w i t h  some channel ized 
conglomerate beds c o n t a i n i n g  abundant synsedimentary r i p - u p  c l a s t s .  Local  ly ,  
t h i n  ou te r - f an  sandstone lobes a r e  developed; these may represen t  m inor  fans 
developed i n  smal l  i n t ras lope  bas ins.  

Paleocurrents  u n i f o r m l y  i n d i c a t e  sediment t r a n s p o r t  toward t h e  southwest. 
The Kodiak Format ion i s  be l i eved  t o  have been depos i ted  on t he  f l o o r  and s i d e  
o f  a  southwest- t rending oceanic t r e n c h  (T. H. N i l  sen and 6 .  W. Floore, USGS 
unpub. data, 1977). 

Ghost Rocks Format ion 

The depos i t i ona l  environment o f  t h e  Ghost Rocks Formation, o f  Paleocene 
and Eocene age, i s  d i f f i c u l t  t o  i n t e r p r e t ,  p a r t l y  due t o  ex tens i ve  deformat ion 
and shearing. The environment most l i k e l y  represen ts  s lope  sedimentat ion,  
b u t  c l e a r - c u t  evidence i n  suppor t  o f  t h i s  i n t e r p r e t a t i o n  i s  l ack ing .  The 
fo rmat ion  c o n s i s t s  g e n e r a l l y  o f  t h i c k  p e l i t i c  i n t e r v a l s  w i t h  t h i n l y  bedded, . 
f i ne -g ra ined  t u r b i d i t e s  hav ing a low sandstone-shale r a t i o .  Some o f  these 
cou ld  a l s o  represen t  b a s i n - p l a i n  t u r b i d i t e s ,  b u t  t h e  amount o f  deformat ion, 
much o f  which i s  synsedimentary, i n d i c a t e s  ex tens ive  downslope slumping and 
t r a n s l a t i o n .  Paleocurrent  and pa leos lope da ta  a re  equivocal ;  however, t h e  
g r a i n  minera logy suggests a  l o c a l  d e r i v a t i o n  f rom southern Alaska. 

S i t k a l i d a k  Format ion 

The S i t k a l i d a k  Formation, o f  Eocene and Ol igocene age, c o n s i s t s  o f  t u r b i d i t e s  
depos i ted  as a deep-sea fan. On nor theas te rn  S i t k a l i d a k  I s l a n d  below t h e  
S i t k i n a k  Format ion and on southeastern S i t k a l i d a k  I s l a n d  west o f  P a r t i t i o n  
Cove, th inning-upward cyc les  c h a r a c t e r i s t i c  o f  m idd le - fan  channels c rop  out .  
On Geese I s l ands  and a t  Narrow Cape, th ickening-upward cyc les  c h a r a c t e r i s t i c  
o f  ou te r - f an  lobes c rop  out .  

Paleocurrents  i n d i c a t e  v a r i a b l e  d i r e c t i o n s  o f  sediment t r a n s p o r t ,  
g e n e r a l l y  toward t h e  no r theas t  and southwest on oppos i te  s i des  o f  S i t k a l i d a k  
Is land ,  suggest ing t h e  presence o f  a  f a n  apex a t  S i t k a l i d a k  I s l and .  Other 
fan ap ices were p resen t  a t  S i t k i n a k  and C h i r i k o f  I s lands ,  w i t h  sediments 
t r anspo r ted  nor theastward and southwestward f rom these ap ices.  The f a c i e s  
d i s t r i b u t i o n  and pa leocu r ren t  p a t t e r n s  suggest d e p o s i t i o n  o f  severa l  r e l a t i v e l y  
small deep-sea fans  on t h e  f l o o r  o f  a  p robab ly  i n a c t i v e  t rench.  

S i t k i n a k  Format ion 

The S i t k i n a k  Formation, o f  Eocene t o  Ol igocene age, c o n s i s t s  o f  conglomerate and 
assoc ia ted  sandstone and sha le  t u r b i d i t e s  t h a t  represen t  i nne r - f an  channel 



deposi ts .  Paleocurrents  a t  outcrops on t h e  eas te rn  p a r t  o f  t h e  i s l a n d  i n d i c a t e  
eastward sediment t r anspo r t .  The S i t k i n a k  Format ion on S i t k i n a k  I s l a n d  c o n s i s t s  
o f  conglomerate p robab ly  deposi ted i n  bra ided-st ream o r  b r a i d e d - d e l t a i c  
d i s t r i b u t a r y  channel complexes t h a t  a re  in terbedded w i t h  s i l t y  coa l -bear ing  
in te rchanne l  swamp, lake ,  1  agoon, and i n t e r d i s t r i b u t a r y - b a y  depos i t s  (app. 
E-5, E-6, E-7).  The r e g u l a r  a1 t e r n a t i o n  o f  conglomerate and f i n e r  g ra ined  
depos i t s  suggests d e p o s i t i o n  i n  a  f an -de l t a  environment ad jacen t  t o  nearby 
h igh lands and i n  nonmarine t o  marginal-marine cond i t i ons .  On S i t k i n a k  
Is land ,  pa leocur ren ts  i n d i c a t e  sediment t r a n s p o r t  toward t h e  southeast,  and 
f a c i e s  r e l a t i o n s  i n d i c a t e  a  no r theas t - t r end ing  shore l ine .  

Narrow Cape Formation 

Shallow-water marine i n v e r t e b r a t e s  a re  abundant i n  t h e  Narrow Cape 
Formation, of  01 igocene ( ? )  and Miocene age. L o c a l l y ,  burrows (app. E-4) 
a re  o r i e n t e d  normal t o  t h e  bedding, and a r t i c u l a t e d  f o s s i l  clams s tand  i n  
l i f e  p o s i t i o n .  Carbonaceous debr is ,  reed i m p r i n t s ,  and coa l  fragments a r e  
a l s o  l o c a l l y  abundant. Pebble-conglomerate p l ana r  beds as w e l l  as lenses 
and pods a re  impor tan t  l i t h o l o g i c  cons t i t uen t s ,  b u t  t h e  b u l k  o f  t h e  format ion. 
cons i s t s  o f  s i l t y  sandstone, p robab ly  depos i ted  as a  t r ansg ress i ve  i n n e r - s h e l f  
sequence i n  gene ra l l y  q u i e t  water  beyond t h e  s u r f  zone. A t  one l o c a l i t y ,  beds 
o f  pebble conglomerate and conglomerat ic  sandstone e x h i b i t  l a r g e  crossbeds o r  
f o rese t s  t h a t  a r e  7-50 f e e t  wide (app. E-4). Many o f  t h e  beds a r e  graded 
f i n e r  upward (app. E-5) .  These depos i ts  may represen t  de l  t a - f r o n t  depos i t s  
o f  a  smal l  d e l t a i c  complex t h a t  entered t h e  l a r g e l y  upper n e r i t i c  environment 
t h a t  was t h e  depos i t i ona l  s i t e  f o r  t h e  sandstone t h a t  c o n s t i t u t e s  t h e  b u l k  
o f  t h e  format ion.  

On t h e  bas i s  o f  t h e  mol luscan faunas, A1 1  i s o n  (1976) suggests d e p o s i t i o n  
i n  mi ld- temperate water f o r  t h e  assemblage on S i t k i n a k  I s l and ,  and i n  sub- 
t r o p i c a l  t o  warm-temperate water f o r  t h e  younger assemblage a t  Narrow Cape. 

Tugidak Formation 

Tugidak I s l a n d  was n o t  v i s i t e d  d u r i n g  t h e  f i e l d  p r o j e c t .  The Tugidak 
Formation, o f  P l iocene age, c o n s i s t s  o f  in terbedded s i l t s t o n e  and sandstone 
cha rac te r i zed  by randomly d i s t r i b u t e d  pebbles and cobbles (Moore, 1969). These 
f l o a t i n g  c l a s t s  may represen t  i c e - r a f t e d  dropstones, i n  which case t h e  
depos i t i ona l  environment was p robab ly  sha l low g lac ia l -mar ine ,  and t h e r e f o r e  
s i m i l a r  t o  t h a t  o f  t h e  Yakataga Formation exposed a long  t h e  n o r t h e r n  G u l f  o f  
Alaska. 

RESERVOIR CHARACTERISTICS 

Examinat ion o f  many s t r a t i g r a p h i c  sec t i ons  a long  t h e  eas te rn  c o a s t l i n e  
o f  Kodiak and ad jacen t  i s l a n d s  i n d i c a t e s  t h a t  sandstone w i t h  i n t e r g r a n u l a r  



p o r o s i t y  and p e r m e a b i l i t y  w i l l  p robab ly  be t h e  r e s e r v o i r  r o c k  f o r  any commercial 
accumulat ions o f  hydrocarbons i n  t h e  Kodiak T e r t i a r y  prov ince.  Sandstone 
s u i t a b l e  f o r  r e s e r v o i r s  i s  conta ined i n  rocks  t h a t  c rop  o u t  onshore, b u t  i t s  
o f f s h o r e  e x t e n t  i s  n o t  known. Samples f rom t h e  deep ocean i n d i c a t e  t h a t  sand 
has been c a r r i e d  across t he  c o n t i n e n t a l  s h e l f  i n t o  deeper waters.  S u f f i c i e n t  
sources o f  sand may have been a v a i l a b l e  t o  form r e s e r v o i r s  on t h e  OCS areas, 
b u t  many more o f f s h o r e  samples a re  needed t o  t e s t  t h i s  suppos i t i on  (von 
Huene and o thers ,  1976). 

Reservo i r  Geometry and S ize  

The deep-water environment o f  t h e  S i t k a l i d a k  Formation should g i v e  r i s e  
t o  t h r e e  main geometr ies i f  t h e  o f f s h o r e  S i t k a l i d a k  f a c i e s  a r e  s i m i l a r  t o  t h e  
T e r t i a r y  C a l i f o r n i a n  t u r b i d i t e  f a c i e s  t h a t  can be r e l a t e d  t o  deep-sea sediments 
now fo rming  o f f  t h e  present-day Cal i f o r n i a  coas t  (Hand and Emery, 1964). 
These geometr ies are:  ( 1 )  shoes t r i ng  t u r b i d i t e s  t h a t  occupy channels; ( 2 )  
t u r b i d i t e  fans; and ( 3 )  t u r b i d i t e  sheets. Su l lwo ld  (1961 ) c i t e s  an example 
o f  a  shoes t r i ng  t u r b i d i t e  t h a t  i s  150 f e e t  t h i c k  and 2000 f e e t  wide. The 
Rosedale channel (Miocene) o f  t h e  San Joaquin bas in  i s  about 100 m i l e s  wide 
and con ta ins  some 1200 f e e t  o f  t u r b i d i t e s  (Sel l ey ,  1970). The l a t e  Miocene 
Tarzana submarine f a n  i s  about 6 m i l e s  wide and 4000 f e e t  t h i c k .  By con t ras t ;  
t he  sheet f a c i e s  o f  t h e  lower  P l iocene Repetto Formation o f  former  usage a re  
more than 2500 f e e t  t h i c k  and cover some 800 square m i l e s  (She1 ton, 1967). 

Other d e l t a  complexes such as i n  t h e  S i t k i n a k  Format ion exposed on 
S i t k i n a k  I s l a n d  o r  t h e  sandstone f a c i e s  o f  such a d e l t a  complex a r e  l i k e l y  
w i t h i n  t h e  OCS area. Prograding sands a r e  mani fested i n  e longated b a r - f i n g e r  
u n i t s  (F isk ,  1954; F isher ,  1972) and i n  broad l o b a t e  sandy de l  t a - f r o n t  depos i t s  
(F raz ie r ,  1967). 

Perhaps t h e  d e p o s i t i o n a l  model most 1  i k e l y  t o  be represented i n  t h e  
o f fshore  s t r a t i g r a p h i c  s e c t i o n  t h a t  appears t o  have t h e  most p o t e n t i a l  
(Narrow Cape Format ion o r  i t s  equ i va len t s )  i s  a l i n e a r  c l a s t i c  s h o r e l i n e  
t h a t  preserves va r i ous  shoreface sand bodies. These sand bodies i n c l u d e  a  
v a r i e t y  o f  beach o r  b a r r i e r  depos i t s  p a r a l l e l i n g  pa leoshore l ines .  Th ick-  
nesses can va ry  f rom tens  o f  f e e t  t o  over  3000 f e e t ,  and a r e a l  e x t e n t  can 
exceed many square m i l es .  Sea-level  f l u c t u a t i o n s  p robab ly  depos i ted  sands 
o f fshore  s i m i l a r  t o  those exposed a t  Narrow Cape. 

Reservo i r -S t ruc tu re  S p a t i a l  Re la t i onsh ip  

L i t t l e  i s  known o f  t he  r e l a t i o n s h i p  between t h e  descr ibed  p o t e n t i a l  
r e s e r v o i r  sand bodies and t h e  t h e  geo log ic  s t r u c t u r e  o f  t h e  area, ma in l y  
because s t e e p l y  d i p p i n g  beds l i m i t  l a t e r a l  observat ions.  The o n l y  two 
exposures o f  t h e  Narrow Cape Format ion occur  i n  sync l ines ,  and no f a c i e s  
changes can be observed. 

The Narrow Cape Formation and i t s  equ i va len t s  were p robab ly  d i s t r i b u t e d  over  t he  
ad jacen t  OCS area p r i o r  t o  t h e  t e c t o n i c  a c t i v i t y  t h a t  produced t h e  l o c a l  
s t r u c t u r a l  h ighs  seen i n  t h e  se ismic data.  T runca t ion  o f  these s t r u c t u r a l  



highs may i n d i c a t e  a n t i c 1  i n a l  t h i n n i n g  o f  Marrow Cape Formation equivalents 
i n  most o f  the  OCS area. Offshore 1 i nea r  c l a s t i c  rese rvo i r s  probably t rend  
northeast-southwest, roughly para1 1 e l  i n g  ,the present coast1 ine. 

Reservoir  occurrence ~ P f s h o r e  w i l l  ~ c ~ t  1 i k e l y  depend on unknown t rans-  
gressive o r  regressive cyc les  and sea-1 svel s t i  11 stand p o s i t i o n s  r a t h e r  than 
s t r u c t u r a l  p o s i t i o n  o f  the  sand bodies. 

POROSITY, PERMEABILITY, AND THICKNESS 

S i t k a l i d a k  Formation. -- This fo rmal ion  has probably the  l e a s t  p o t e n t i a l  
o f  T e r t i a r y  rocks according t o  analyzed samples ( t a b l e  3). A t o t a l  o f  6680 
f e e t  o f  sandstone and conglomerate were m~asured i n  f o u r  s t r a t i g r a p h i c  sect ions. 
O f  110 beds measured, t he  average bed th ickness was 73 fee t .  A1 though p o r o s i t y  
measurements range from 0.2 t o  13.6 percent,  t he  pe rmeab i l i t y  was c o n s i s t e n t l y  
measured a t  l ess  than 0.01 mD. 

S i t k i n a k  Formation. -- Twelve hundred and f i f t y  f e e t  o f  sandstone and 
conglomerate were measured and sampled from t h i s  format ion a t  S i t k i n a k  I s l a n d  
and McDonald Lagoon. The beds ranged from 2 f e e t  t o  200 f e e t ,  w i t h  an average 
thickness o f  47 fee t .  Eleven samples were analyzed and p o r o s i t y  ranged from 
2.5 percent  t o  g reater  than 10 percent, w i t h  4.38 percent as an average. 
Permeab i l i t y  ranged from 0.1 t o  1.88 mD, w i t h  an average o f  0.52 mD. 

Narrow Cape Formation. -- This, t he  most promis ing formation, was 
measured a t  i t s  type sec t ion  and contained 1470 f e e t  o f  p o t e n t i a l  r e s e r v o i r  
sandstone and conglomerate w i t h  an approximate average o f  74 f e e t  per  bed. 
Bed thickness ranged from 27 f e e t  t o  200 fee t .  According t o  16 analyses, 
p o r o s i t y  ranged from 1 t o  17 percent  and averaged 7.4 percent. Permeab i l i t y  
was h igher  than i n  o l d e r  formations; readings ranged from l e s s  than 0.01 t o  
30 mD, and averaged 7.59 mD. 

HYDROCARBON SOURCE ROCKS 

T h i r t y - e i g h t  samples ( t a b l e  4)  were taken f o r  soluble-hydrocarbon 
analysis--25 from t h e  S i t k a l i d a k  Formation, 11 from the  S i t k i n a k  Formation, 
and 1 each from the  Tugidak and Narrow Cape Formations. The o v e r a l l  average 
f o r  t he  38 samples i s  339.8 p a r t s  per  m i l l  i o n  (ppm), above t h e  genera l l y  
accepted th resho ld  l e v e l  o f  300 ppm. The low was 135 ppm and the  h igh  was 
620 pprn. 

The 25 samples analyzed from the  S i t k a l i d a k  Formation had an average o f  
355.6 pprn, a minimum o f  155 pprn and a maximum o f  620 ppm. The 11 analyzed from 
the  S i t k i n a k  Formation had an average o f  319.4 ppm, a minimum o f  173 ppm, and 
a maximum o f  601 pprn. The sample from the  Narrow Cape Formation had 389 ppm; 
the  Tugidak Formation sample had 606 ppm hydrocarbon. 



BASIN  MATURITY 

A t o t a l  o f  38 samples were assessed f o r  v i sua l  kerogen by Geochem 
Laborator ies, Inc., o f  Houston, Texas ( t a b l e  5). These samples were co l  l e c t e d  
from wide ly  separated T e r t i a r y  p o t e n t i a l  source rocks. The rocks o f  d i f f e r e n t  
ages show no essent ia l  d i f f e rence  i n  the  type o f  organic mat te r  present  o r  
the  degree o f  maturat ion o f  the  organic matter.  The thermal a l t e r a t i o n  rank 
o f  a l l  samples va r ies  from 1+ t o  2+ and i s  dominant ly from 2- t o  2+. This 
rank i s  thought by many, such as S t a p l i n  (1969), t o  i n d i c a t e  a mature t o  
submature stage o f  organic a l t e r a t i o n  t h a t  would generate e i t h e r  "wet" o r  
"dry"  associated hydrocarbons, depending on the type o f  hydrocarbon precursor  
kerogen. 

I n  the  38 samples the  predominant kerogen type i s  herbaceous-spore/ 
c u t i c l e ;  l e s s  abundant types o f  kerogen are coaly, amorphous-sapropel and 
woody grains. Thus, the most l i k e l y  type o f  associated hydrocarbon i s  d r y  
gas. However, 33 o f  the  38 samples conta in  amorphous gra ins  i n  e i t h e r  
moderate o r  t race  amounts, which i s  i n d i c a t i v e  o f  the  c a p a b i l i t y  t o  generate 
"wet" hydrocarbons. 

PETROGRAPHY OF POTENTIAL RESERVOIR SANDSTONE 

S i x t y  samples o f  sandstone from spot  l o c a l i t i e s  and from the  s t r a t i g r a p h i c  
sect ions measured i n  t h e  Kodiak I s 1  and were examined pet rograph ica l  ly .  E igh t  
samples were from the  Ghost Rocks Formation, 31 from the  S i t k a l i d a k  Formation, 
11 from the  S i t k i n a k  Formation, and 10 from the  Narrow Cape Formation. Modes 
f o r  these samples were est imated and a tabu la r  summary o f  petrographic data 
i s  i n  Table 6. The f o l l o w i n g  d iscussion o f  these samples uses the  sandstone 
c l a s s i f i c a t i o n  o f  Wi l l iams and o thers  (1954, p. 289-297; see a l so  f i g .  2 o f  
t h i s  repo r t ) .  

The samples conta in  from 20 t o  30 percent c lay-  and s i l t - s i z e  s i l i c a t e  
mat r ix .  Most o f  the  samples conta in  more than 18 percent o f  such ma t r i x  and 
thus .should be c l a s s i f i e d  as wackes. Many o f  the  samples from the  S i t k a l i d a k  
and younger formations conta in  spar ry  c a l c i t e  i n  amounts t h a t  vary from a 
t r a c e  t o  nea r l y  50 percent o f  the  sample, and the  r e l a t i v e  abundance o f  t h i s  
c a l c i t e  i s  i n v e r s e l y  p ropor t iona l  t o  t he  abundance o f  s i l  i c a t e  mat r ix .  
There i s  no apparent r e l a t i o n s h i p  between the  amount o f  s i l i c a t e  m a t r i x  i n  
a sample and a s t r a t i g r a p h i c  u n i t .  There i s ,  however, an apparent r e l a t i o n -  
sh ip  between the  nature o f  the  s i l i c a t e  m a t r i x  and the  formation. 

S i l i c a t e  m a t r i x  i n  sandstone o f  the  Narrow Cape Formation cons i s t s  l a r g e l y  
' o f  murky brown c l a y  t h a t  va r i es  i n  shade and i n  s i l t  content  ( f rom 0 t o  40 

percent) from area t o  area; boundaries between areas o f  d i f f e r e n t  shades 
co inc ide  w i t h  those o f  d i f f e r e n t  s i l t  content. This  and the  occurrence o f  
ghosts o f  sedimentary rock fragments i n  some l a r g e  areas o f  m a t r i x  i n d i c a t e  
t h a t  the  m a t r i x  i s  p r i m a r i l y  mashed sedimentary rock  fragments. The mashed 
fragments t h a t  now form m a t r i x  must have been r e l a t i v e l y  s o f t  a t  t he  t ime 
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F i g u r e  2. C l a s s i f i c a t i o n  o f  sandstones ( a f t e r  W i  I 1  iams and o t h e r s ,  1954, 
pp. 289-297). A sandstone i s  f i r s t  c l a s s e d  as an a r e n i t e  o r  
a wacke depending on whether  i t s  framework g r a i n s  c o n s t i t u t e  
more o r  l e s s  than  90 p e r c e n t  o f  i t s  t o t a l  volume. I t  may then  
be f u r t h e r  c l a s s i f i e d  on t h e  b a s i s  o f  t h e  c o m p o s i t i o n  o f  i t s  
framework g r a i n s  i n  accordance w i t h  t h e  above diagram. 



o f  d e p o s i t i o n  and were p robab ly  r i p -ups  f rom o ther ,  nearby d e p o s i t i o n a l  
environments. Minor amounts o f  coarse, ye l l ow i sh ,  t r anspa ren t  c l a y  r ims  
some framework g r a i n s  i n  t he  samples and p robab ly  i s  a u t h i g e n i c a l l y  
r e c r y s t a l l i z e d  f rom m a t r i x  m a t e r i a l .  

I n  sandstone o f  t he  S i t k a l i d a k  and S i t k i n a k  Formations t h e  s i l i c a t e  
m a t r i x  con ta ins  some o f  t he  mashed r i p - u p  m a t e r i a l  such as predominates i n  
t he  Narrow Cape Formation. Much o f  t h e  m a t r i x  i n  samples f rom these o l d e r  
fo rmat ions  i s  composed o f  au th i gen i c  c l a y  ( l i k e  t h a t  i n  t h e  Narrow Cape) and 
s i l i c a ,  as c h e r t  where i t  i s  mixed w i t h  t h e  au th i gen i c  c l a y  and as quar tz  
e l  sewhere. Where au th i gen i c  c l a y  and s i l  i c a  occur  together ,  t h e  c l a y  forms 
a  r i m  on framework g r a i n s  and t h e  s i l i c a  i s  l o c a t e d  f a r t h e r  f rom t h e  frame- 
work g ra ins .  Loca l l y ,  p a r t i a l  r ims  o f  au th i gen i c  c l a y  separates s y n t a x i a l  
overgrowths o f  qua r t z  f rom t h e i r  c l a s t s .  Obvious ly  au th i gen i c  c l a y  formed 
be fo re  t h e  m a t r i x  s i l i c a .  

I n  sandstone samples from t h e  Ghost Rocks Formation, t h e  s i l i c a t e  m a t r i x  
c o n s i s t s  complete ly  o f  au th i gen i c  c l a y  and s i l i c a .  Except as a  f r a c t u r e  
f i l l i n g ,  t h e r e  i s  l i t t l e  c a l c i t e .  The c a l c i t e  i s  spa r r y  and has commonly 
replaced, a t  l e a s t  p a r t i a l l y ,  many o f  t h e  framework g r a i n s  w i t h  which i t  i s  
i n  con tac t  i n  t h e  rocks  o f  t h e  younger format ions.  I n  some c a l c i t e - r i c h  
samples t h e  framework g r a i n s  a r e  comple te ly  supported by c a l c i t e ,  which may 
have p a r t i a l l y  rep laced  some framework g ra ins .  

The inverse-abundance re1  a t i o n s h i  p  between s i  1  i c a t e  m a t r i x  and c a l c i t e ,  
coupled w i t h  t h e  apparent d e t r i t a l  o r i g i n  o f  much o f  t h e  s i l i c a t e  m a t r i x ,  
suggests t h a t  t h e  c a l c i t e  may have been in t roduced i n t o  these rocks  a l l o -  
chem ica l l y  by so lu t i ons .  C a l c i t e  has n o t  rep laced  any p h y l l o s i l  i c a t e s  i n  
these rocks. I n  some samples, c a l c i t e  has rep laced  framework g r a i n s  w i t h  
au th i gen i c  c l a y  r ims, b u t  has n o t  rep laced  nearby r i m l e s s  c l a s t s  o f  t h e  
same mineralogy. Therefore,  c a l c i t e  formed a f t e r  au th i gen i c  c l a y ,  p robab ly  
a f t e r  b u r i a l  t o  cons iderab le  depth. Other samples have c a l c i t e  w i t h  no 
au th i gen i c  c l a y  o r  o t h e r  s i l i c a t e  m a t r i x ,  however. 

For a l l  t h e  samples, t h e  s i z e  range o f  t h e  framework g r a i n s  i s  f rom 
coarse s i l t  t o  ve ry  coarse sand, a l though t h e  range i n  any s i n g l e  sample i s  
much sma l l e r  and seldom exceeds f o u r  Wentworth grades. Framework g r a i n s  a r e  
quar tz ,  che r t ,  fe ldspar ,  and r o c k  fragments ( f i g .  3) .  Fe ldspar  c o n s t i t u t e s  
f rom 8 t o  28 percen t  o f  t h e  framework g r a i n s  i n  t h e  samples, and t h e r e  i s  no 
apparent r e l a t i o n s h i p  between f e l d s p a r  abundance i n  a sample and t h e  s t r a t i -  
g raph ic  u n i t .  The r a t i o  o f  s i l i c a  (qua r t z  and c h e r t )  t o  r ock  fragments i s  
d i f f e r e n t  f o r  samples f rom d i f f e r e n t  format ions.  The r a t i o  v a r i e s  f rom 1:6 
t o  1 :1 i n  t h e  Ghost Rocks Formation, and f rom 4:s t o  3:1 i n  t h e  S i t k a l i d a k  
and S i t k i n a k  Formations. The r a t i o  i s  a t  l e a s t  3 : l  i n  t h e  Narrow Cape 
Formation. The r e l a t i o n s h i p s  a r e  shown g r a p h i c a l l y  i n  F igure  3; these 
rocks  may be c l a s s i f i e d  as f e l d s p a t h i c ,  1  i t h i c ,  and sub fe ldspa th i c  1  i t h i c  
a r e n i  t e s  o r ,  more commonly, wackes. 

The qua r t z  g ra i ns  a r e  g e n e r a l l y  angu la r  t o  subrounded and subequant. 
Monoc rys ta l l i ne  g r a i n s  predominate i n  most samples and tend  t o  have undu la to r y  
e x t i n c t i o n ;  mosaic s t r u c t u r e  developed i n  some gra ins .  Sch is tose  p o l y c r y s t a l -  



Quar t z ,  c h e r t ,  q u a r t z i t e  

Fe ldspar  Rock fragments 

F igure  3. D i s t r i b u t i o n  o f  p r i n c i p a l  types o f  framework g r a i n .  
Ho r i zon ta l  r u l e  i n d i c a t e s  Ghost Rocks Format ion;  
v e r t i c a l  r u l e  i s  S i t k a l i d a k  and S i t k i n a k  Format ions; 
s t i p p l e d  area i n d i c a t e s  Narrow Cape Format ion.  



l i n e  g ra ins  a re  common i n  a l l  t h e  samples, and i n  some they are  a c t u a l l y  more 
abundant than monocrys ta l l ine  gra ins.  Corroded boundaries a re  common, and 
some c l a s t s  are embayed by c a l c i t e .  Local boundary adjustment has occurred 
a long some contacts  w i t h  o the r  framework gra ins.  Chert g ra ins  a re  gene ra l l y  
b e t t e r  rounded than quar tz  g ra ins  i n  t he  same sample. 

Both p lag ioc lase  and potassium fe ldspa r  a re  present i n  a l l  the  samples. 
Both a re  angular t o  rounded and tend t o  be subequant. Rat ios o f  p lag ioc lase  
t o  potassium fe ldspa r  range from 1 :1 t o  3:1, w i t h  no apparent r e l a t i o n s h i p  t o  
a s t r a t i g r a p h i c  u n i t .  P lag ioc lase  i s  sodic t o  in te rmed ia te  i n  composit ion, 
most comnonly o l i g o c l a s e  w i t h  minor a l b i t e  and andesine. A l b i t e  tw ins  a re  
common, and many c l a s t s  have p e r i c l  i n e  tw ins  and a re  zoned. Potassium fe ldspa r  
i s  commonly untwinned, bu t  some c l  as t s  are g r i d - t w i  nned. Graphic and myrmeki t i c  
in te rgrowths  w i t h  quar tz  and p e r t h i t e  and a n t i p e r t h i t e  g ra ins  e x i s t  i n  t he  
fe ldspa r  f r a c t i o n  o f  these rocks, and the  boundaries o f  f e l dspa r  g ra ins  a re  
gene ra l l y  corroded and commonly show evidence o f  adjustment a long contac ts  
w i t h  o the r  framework gra ins.  

Volcanic, sedimentary, and metamorphic rocks occur as rock  fragments. 
Except f o r  t he  sch is tose  p o l y c r y s t a l l  i n e  quar tz  g ra ins  a l ready  discussed, 
metamorphic types are  r a r e  and occur ma in ly  as a few g ra ins  o f  p h y l l i t e  i n  a 

t h e  S i t k a l i d a k  and younger formations. 

Rock fragments range from subangular t o  rounded, and vo lcan ic  rock  
fragments may be sotnewhat l e s s  rounded than sedimentary fragments i n  t h e  
same sample. Rock fragments are gene ra l l y  subequant, bu t  e longate shapes 
are common among l a r g e r  sedimentary fragments. Volcanic rock  fragments a re  
th ree  t o  f i v e  t imes as abundant as sedimentary fragments i n  samples from the  
Ghost Rocks Formation, bu t  i n  t h e  younger format ions t h e  two types are  o f  
subequal abundance o r  sedimentary types a re  s l i g h t l y  more prevalent .  Volcanic 
rock  fragments a re  gene ra l l y  ho lohya l ine  o r  h y a l o p i l i t i c ,  o r  f e l t e d ,  o r  
p i l o t a x i t i c .  Sedimentary rocks  occu r r i ng  as fragments i nc lude  shale, c l ay -  
stone, s i l t y  c laystone, and minor s i l t s t o n e .  

C h l o r i t e  and b i o t i t e  a re  s i g n i f i c a n t  framework g ra ins  i n  a l l  t he  samples. 
Both a re  comnonly associated w i t h  magnet i te  and have commonly been c r i n k l e d  
i n  compaction. Magnetite, epidote, z i rcon ,  sphene, muscovite, garnet,  a p a t i t e ,  
and tourmal ine occur i n  small amounts. Glauconite was present  i n  Narrow 
Cape Formation samples, and d iops ide  and green hornblende were i d e n t i f i e d  i n  
Ghost Rock Formation samples. 

I r o n  ox ide occurs i n  f rac tu res  i n  samples from a l l  t he  format ions s tudied.  
Z e o l i t e  f i l l e d  the  f r a c t u r e s  i n  t he  S i t k a l i d a k  and S i t k i nak ,  and c a l c i t e  and 
quar tz  f i l l e d  t h e  f r a c t u r e s  i n  t he  Ghost Rocks. I n  one Ghost Rocks sample, a 
c a l c i t e - f i l l e d  f r a c t u r e  has been so sheared t h a t  s igmoidal gashes formed i n  
t he  c a l c i t e  and were subsequently f i l l e d  w i t h  quartz.  This  suggests t h a t  
quar tz  f r a c t u r e  f i l l i n g s  i n  the  Ghost Rocks samples are  younger than c a l c i t e  
f r a c t u r e  f i  11 ings. 

I n  t he  Ghost Rocks samples, areas o f  c l a s t i c  t e x t u r e  a re  separated by 
shear zones i n  which c a t a c l a s t i c  tex tu re ,  i n c l u d i n g  f l u x i o n  s t ruc tu re ,  i s  



developed. I n  some c l a s t s  au th i gen i c  c l a y - f i l l e d  ex tens ion  f r a c t u r e s  a r e  a t  
r i g h t  angles t o  f l u x i o n  planes, an i n d i c a t i o n  t h a t  t h e  f l u x i o n  p lanes a r e  
perpend icu la r  t o  t h e  a x i s  o f  maximum compressive s t r e s s  assoc ia ted  w i t h  
c a t a c l  a s i  s. 

Samples from t h e  S i t k a l i d a k  and younger fo rmat ions  a l s o  d i s p l a y  c l a s t i c  
t e x t u r e  and a r e  e i t h e r  framework- o r  mar t ix -suppor ted depending on t h e  amount 
o f  ma t r i x .  Al though ve ry  few c l a s t s ,  i n c l u d i n g  even ve ry  f r a g i l e  e longa te  
ones, have been broken i n  compaction, these rocks  a re  t i g h t l y  compacted and 
d i s p l a y  no v i s i b l e  p o r o s i t y .  

STRUCTURAL GEOLOGY 

The Kodiak Formation and younger fo rmat ions  i n  t h e  Kodiak I s l a n d  area 
have been f o l d e d  and f au l t ed .  A l l  major  s t r u c t u r e s  t r e n d  nor theas t .  

Nor thwest - fac ing 1 imbs o f  l a r g e  asymmetric f o l d s  d i p  moderate ly  i n  t h e  
Kodiak Formation, and sou theas t - fac ing  l imbs  d i p  s t e e p l y  o r  a r e  overturned. 
Asymmetry o f  t he  f o l d s  i s  v a r i a b l e  i n  younger format ions.  S l a t y  c leavage - 
has developed p a r a l l e l  t o  t h e  a x i a l  p lanes o f  these f o l d s  i n  p e l  i t i c  rocks 
o f  t h e  Kodiak Formation, and a l e s s  p e r f e c t  a x i a l - p l a n e  cleavage has developed 
l o c a l l y  i n  t h e  Ghost Rocks Formation. No such cleavage i s  ev i den t  i n  t h e  
S i t k a l  i d a k  Formation o r  i n  younger format ions.  Southeast - fac ing 1 imbs have 
been sheared a long  t h i c k  zones subpa ra l l e l  t o  a x i a l  p lanes i n  t h e  Kodiak 
Formation, and f r a c t u r i n g  was pervas ive  i n  t h e  Ghost Rocks Formation. Younger 
fo rmat ions  have n o t  been s i g n i f i c a n t l y  sheared. L a t e r  drag f o l d s  formed on 
t h e  l imbs  o f  l a r g e  f o l d s  i n  t h e  Kodiak, Ghost Rocks, S i t k a l i d a k ,  and S i t k i n a k  
Formations. The drag f o l d s  a re  s i m i l a r  i n  a l l  f o u r  format ions,  and t h e  f o l d e d  
beds a r e  g e n e r a l l y  v a r i a b l e  i n  a x i a l - p l a n e  th ickness;  thus t h e  drag f o l d s  were 
probably  formed by t he  f l e x u r a l - f l o w  mechanism as de f i ned  by Donath and Parker 
( 1  964). 

Some minor  k i n k  bands occur l o c a l l y  i n  t h e  Kodiak Formation, g e n e r a l l y  
near l a r g e  i n t r u s i v e  bodies; a  p h y l l i t i c  sheen i s  comnon on cleavage sur faces  
where k i n k s  have developed. 

The Kodiak and Ghost Rocks Formations a r e  c u t  by i n t r u s i v e  bodies which 
i n c l u d e  b a s a l t  and a p l i t e  d ikes,  s i l l s ,  t o n a l i t e  stocks, and a b a t h o l i t h .  
The b a t h o l i t h  and commonly t he  s tocks  a r e  e longated n o r t h e a s t e r l y  and a r e  
g e n e r a l l y  d iscordan t .  Along con tac ts  t he  coun t r y  rocks  have been metamor- 
phosed t o  ho rn fe l s .  The massive s t r u c t u r e ,  c r o s s c u t t i n g  r e l a t i o n s h i p s  and 
absence o f  f o l d i n g  o f  i n t r u s i v e  rocks  i n d i c a t e  t h a t  t h e i r  emplacement pos t -  
dates f o l d i n g .  

The Kodiak Format ion and younger fo rmat ions  i n  t h e  area a r e  c u t  by s t e e p l y  
d i pp ing  no r theas t - t r end ing  f a u l t s  across which s i g n i f i c a n t  v e r t i c a l  d i sp lace -  
ment occurred. Genera l ly ,  t he  southeast  b l o c k  has been down-dropped, and 
format ions o f  g r e a t l y  d i f f e r e n t  ages a r e  commonly juxtaposed across these 
f a u l t s .  



During the l a t e  Cenozoic, Kodiak I s l a n d  was up1 i f t e d  and small basins were 
formed on the  cont inenta l  s h e l f  area. Albatross basin, 30 m i les  wide and 370 
m i les  long, l i e s  southeast o f  Kodiak Is land,  and Tugidak and Por t l ock  basins, 
each about 30 m i les  i n  diameter, f l a n k  the  i s l a n d  t o  the  southwest and 
northeast,  respect ive ly .  They conta in  more than 20,000 f e e t  o f  g e n t l y  fo lded 
s t r a t a  (von Huene and others, 1976). Far ther  southeast, however, near the  
oceanic t rench and on the  t rench slope, sub-bottom p r o f i l e s  and Deep Sea 
D r i l l  i n g  P r o j e c t  holes i n  young s t r a t a  have revealed very extensive deformation 
t h a t  has been i n fe r red  t o  be re1 ated t o  present-day convergence between Alaska 
and the  P a c i f i c  t ec ton i c  p la te .  

CONCLUSIONS 

I n  the 1976 State-Federal Kodiak I s l a n d  f i e l d  p r o j e c t ,  seven s t r a t i g r a p h i c  
sect ions t o t a l  i n g  17,000 f e e t  were measured and 21 6  samples were c o l l e c t e d  
and analyzed. S i g n i f i c a n t  new data were obtained on r e s e r v o i r  and source- 
rock p o t e n t i a l ,  depos i t iona l  environments, pa leonto log ica l  age dat ing,  
s t r u c t u r a l  geology, petrographic c h a r a c t e r i s t i c s ,  and geochemical con t ro l .  
Po ros i t y  and pe rmeab i l i t y  analyses i n d i c a t e  a  range o f  poor t o  f a i r  r e s e r v o i r ,  
p o t e n t i a l  f o r  Miocene r e s e r v o i r  sandstone and poor t o  very poor p o t e n t i  
f o r  pre-Miocene sandstone. Source-roc k  p o t e n t i a l  i s considered good. 
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TABLES 1 through 7 

FIGURES 4 through 19 



TABLE 1, CROSS REFERENCE FOR SAMPLE AND MAP NUMBERS 

-p - - 

KODIAK QUADRANGLE (PLATE A) 

Random Sampl i n g  

Map No. 

1 
2 
3 
4 
5 

Sample No. Ana lys is  done 

Geochemical 
do. 
do. 
do. 
do. 

Geochemical 
do. 
do. 
do. 
do. 

Geochemical 
do. 
do. 
do. 
do. 

Geochemical 
do. 
do. 
do. 
do. 

Geochemical 
do. 
do. 
do. 
do. 

P o r o s i t y  and p e r m e a b i l i t y  



Narrow Cape stratigraphic section (plate 111) 

Map No. 

Random Sampl i ng 

Sample No. 

No Sample 
63-IP-76 
62-IP-76 
2-JB-76 
71 -I P-76 

Analysis done 

Hydrocarbon 
Kerogen 
Porosity and permeabi 1 i ty 
Porosity and permeability 

Porosity and permeability 
Porisity and permeability 
Li tho1 ogy 
Porosity and permeability 
Porosity and permeabi 1 i ty 

Porosity and permeabi 1 i ty 
do. 
do. 
do. 
do. 

Paleontology 
Porosity and permeability 
Macrofoss i 1 
Macrofossil 
Kerogen, vi trini te reflectance 

Porosity and permeabi 1 i ty 
Pal eontol ogy 
Porosity and permeability 
Oriented sandstone 
Pal eontol ogy 

Geochemical 
do. 
do. 
do. 

Geochemica'l 
do. 
do. 
do. 
do. 

Geochemical 
do * 



McDonald Lagoon s t r a t i g r a p h i c  sec t ion  segments ( p l a t e  I I) 

Map No. Sample No. Analys is  done 

Poros i ty  and pe rmeab i l i t y  
do. 
do. 

Po ros i t y  and pe rmeab i l i t y  
Paleontology 
Hydrocarbon 
Kerogen 
Pal eonto l  ogy 

Hydrocarbon 
Poros i t y  and permeabi 1  i t y  
L i  tho1 ogy 
Pal eontol  ogy 
Poros i t y  and permeabi 1  i ty  

Poros i t y  and pe rmeab i l i t y  
Porosi t y  and permeabi 1 i ty  
Paleontology 
Hydrocarbon 
Kerogen 

Pal eonto l  ogy 
Hydrocarbon 
Paleontology 
Hydrocarbon 
Paleontology 

Pal eonto l  ogy 
Poros i ty  and pe rmeab i l i t y  

Random Sampling, Cape Barnabas area 

Poros i ty  and permeabi 1  i t y  
Pal eontology 
Poros i t y  and Permeabi 1 i ty 

Poros i t y  and pe rmeab i l i t y  
Hydrocarbon and kerogen 
Poros i t y  and pe rmeab i l i t y  

Ocean Bay s t r a t i g r a p h i c  sec t ion  ( p l a t e  IV) 

Poros i t y  and pe rmeab i l i t y  
Hydrocarbon and kerogen 



Map No. Sample No. Analysis done 

Random Sampl ing 

Partition Cove stratigraphic section (plate V )  

Hydrocarbon and permeability 
Porosity and permeabi 1 i ty 
Hydrocarbon and kerogen 
Porosity and permeabi 1 i ty 
Hydrocarbon and kerogen 

Porosity and permeability 
Hydrocarbon and kerogen 
Pal eontol og.y 

Porosity and permeability 
Pal t ? ~ : ~ t o l ~ ) q y  

Hydrocarbon 
Kerogen 

PC-1 Porosity and permeability 
PC-2 P~rosity and permeability 
PC-2 Pal eon t o 1  ogy 

Pnr.05 i tsy and permeabi 1 i ty 
? 
Porosi t:; 2nd permeabil ity 
Porasity and permeability 
hydrocarbon and kerogen 

Porori i ty and permeabi 1 i ty 
Porosity and permeabi 1 i ty 
H.yrlrc?sarbon and kerogen 
Poroq i t y  and permeabi 1 i ty 
Porss i  ty and permeabil i ty 

Yyclr,!c,a~-lrrm and kerogen 
Pal eontol oqy 
F'ql-fllb-i t S: i i ~ d  permeabi 1 i ty 
Pot-?. I t;: an4 permeabi 1 i ty 
t lydia~cat-bon and kerogen 

~)ou t ~ s i  tg 3rd permeabi 1 i ty 
Porosi tjl and permeabi 1 ity 
t;?,l+-llr,;t bnr: and kerogen 
Dor~o:,~t\ i  and permeabi 1 i ty 



TRINITY ISLAND QUADRANGLE (PLATE B )  

S i t k i n a k  I s l a n d  s t r a t i g r a p h i c  s e c t i o n  ( p l a t e  V I )  

Map No, 

Random Sampl i n g  

Sample No. Ana lys is  done 

Paleonto logy 
Macro foss i l  
Kerogen 
Coal 
Kerogen 
Pal eon to1  ogy 

P o r o s i t y  and p e r m e a b i l i t y  
P o r o s i t y  and p e r m e a b i l i t y  
Kerogen, v i t r i n i  t e  r e f l e c t a n c e  
Petrography 
P o r o s i t y  and p e r m e a b i l i t y  . 

P o r o s i t y  and p e r m e a b i l i t y  
Hydrocarbon 
Paleonto logy 
Macrofossi  1  
Coal 

Kerogen, v i  t r i n i  t e  r e f 1  ectance 
Pal eon to l  ogy 
Coal 
Kerogen, v i  t r i n i t e  r e f l e c t a n c e  

Pal eon to1  ogy 
Kerogen 
Hydrocarbon 
Foros i  t y  and permeabi 1  i ty  
Or ien ted  sandstone 
Poros i t y  and permeabi 1  i ty  

Paleonto logy 
Pal eon to1  ogy 
Hydrocarbon 
Poros i t y  and permea b i  1 i t y  
P o r o s i t y  and p e r m e a b i l i t y  

Kerogen, v i  t r i n i  t e  r e f l e c t a n c e  
Pal eon to l  ogy 



Map No. -. Sample No. - Analys is  done - 
Hydrocarbon 
P o r o s i t y  and p e r m e a b i l i t y  
Hydrocarbon 

Paleonto logy 

KAGUYAK QUADRANGLE (PLATE C) 

Twoheaded I s l a n d  s t r a t i g r a p h i c  s e c t i o n  ( p l a t e  V I I )  

P o r o s i t y  and p e r m e a b i l i t y  
Hydrbcarbon 
Pal eon to loyy  
Kerogen 

Porosi.i;y and permeabi l  i t y  
Pa1 eon to1  ogy 
P o r o s i t y  and permeabi 1 i t y  
tlydrocarhon 
Pal eon to l  ogy 

Kc!r.c.gen 
P o r o s i t y  and permeabi 1 i ty  
P o r e s i t y  and p e r m e a b i l i t y  
Hydrocarbon 
Pal eon to l  ogy 

Pa 1 eon to1 ogy 
Poros i  t y  and permeabi 1 i t y  
P o r o s i t y  and permeabi 1 i ty  

Random Sampl i n g  

TH-2 
TH- 1 

P ~ r n s i t y  and p e r m e a b i l i t y  
I iydrocar~bon and kerogen 

Geese I s l a n d  s t r a t i g r a p h i c  sect.ior\ ( p i  a t e  I) 

P o r o s i t y  and p e r m e a b i l i t y  
Hydrocarhnn and kerogen 
Pal eon to1 ogy 
t ~ y ? r ~ r a r t m n  and kerogen 

Paresi t y  aqd permeabi l  i ty  
'i;ftl~ r 3 -  ? i v ~ t ~ r i r i  a n d  kerogen 
Hyrlr-cl~:au.bon and kerogen 



Map No. Sample No. Analys i  s  done 

Pal eonto l  ogy 
Poros i ty  and pe rmeab i l i t y  

Po ros i t y  and pe rmeab i l i t y  
Hydrocarbon and kerogen 
Hydrocarbon and kerogen 
Poros i t y  and pe rmeab i l i t y  
Po ros i t y  and permea b i  1  i t y  

Poros i t y  and pe rmeab i l i t y  
Hydrocarbon and kerogen 
Poros i t y  and pe rmeab i l i t y  
Po ros i t y  and permeabil i ty  
Hydrocarbon and kerogen 

Poros i t y  and pe rmeab i l i t y  
Porosi t y  and permeabi 1  i ty  
Hydrocarbon and kerogen 
Pal eontol  ogy 
Poros i t y  and pe rmeab i l i t y  

Porosi t y  and permeabi 1  i t y  
Hydrocarbon and kerogen 



TABLE 2 .  PALEONTOLOGY AND PALYNOLOGY OETERFIIFJATIONS 

Rad io l a r i an  assemblages s i m i l a r  t o  assemblages found i n  t h e  subsurface o f  
t he  Alaska Peninsula occur i n  severa l  ou tc rop  samples. These r a d i o l a r i a  a re  
inc luded  i n  t he  f o l l  owing sampl e-by-sampl e Foramin i fe ra  r e p o r t .  

Determinat ions performed by Anderson, Warren, and Associates,  c o n s u l t i n g  
m ic ropa leon to log i s t s ,  San Diego, CA, August, 1976. 

Sample No. Age Envi  ronmen t Fossi  1 assemblages 
( A=abundan t , C=comrnon , 
F=freuuent, and R=rare) 

5-IP-76 Poss ib le  N e r i t i c  t o  Ammosphaeroidinia ? sp. (R) , Globob- 
Paleocene upper bathyal  z i r n i n a w  -.... , H q o p h r a g m o i a e s  
t o  Eocene =TIo 

8-IP-76 Eocene t o  N e r i t i c  Amnosphaeroidinia 2. (F) , B a t h y s i p h ~ r  
01 i gocene Haplophragmoides, c f . T  

v r m e s  ( R F  
T r o c n a m m E  ? - sp. T R ) 7  ( F) . 

12-IP-76 Inde t .  I nde t .  Barren. 

16-IP-76 Eocene t o  N e r i t i c  Ammos haero id ina  s . (F) ,  Bathysiphon 
01 i gocene d e ' x - R f  Haplo hragmoides 

d e f o K S ' X -  H . s p*{-! -- 
? sf-), V e r K e u T n a  ? SET- 
dia?i~rcs (f):- 

19-IP-76 Inde t .  N e r i t i c ?  H a p l o ~ h r a  moides c f ,  crassus (R), H. 
de f ~FG~T%T~T x. r i e (T) -- -. - - - 

21-IP-76 Eocene t o  Outer n e r i t i c  Ammos~haeroidina ? s . (R), Globob- 
-.-- -- -. " --- 

01 i gocene u l  in; ill* . ( ~ u r i c u l a t a  R), Ha l o m o i c : ~  ------ P 
cf .  c r a s K T m .  cf.  a*-,-, 
H ,  siT"TTj-; ! ~ u . i t F  (R). - -.-A - 



Sample No. Age Environment Foss i l  assemblages 
(A=abundan t , C=common , 
F=frequent, and R=rare) 

23-IP-76 Indet .  N e r i t i c ?  Haplophragmoides c f .  deformes (R) ,  - H. 
S P *  (R) - 9 p y r i t e  (R). 

24-IP-76 Eocene t o  Ner i  t i c ?  
01 igocene 

Ammosphaeroidinia ? sp. (F) ,  Bathysiphon 
c f .  d l  exanderi (R) , K p l  ophragmoides c f .  
crassus (R), Hb c f .  deformes (R) .!! - sp. 
(R) , r i te  tern). 

26-IP-76 Indet .  Marine Bathysiphon c f .  a lexander i  (R) , p y r i t e  
m y r i t e  s t i c k s  (R). 

46-IP-76 Indet.  N e r i t i c  t o  C.ycl ammina c f .  ~ a c i f i c a  (F) , 
. , . , -  

fragmentsU(b), coal-). 

48-IP-76 Indet .  Marine Bathysiphon sanctaecrucis (R) ,  
haplophragmoides 3. (R). 

54-IP-76 Indet .  Indet .  Barren. She1 1 fragments ( C ) .  

74-IP-76 Probable Probable Arenaceous s (F) Bath s i  hon z. 
Cretaceous middle n e r i  t i c  r i b r o e  hidiurn 

t o  bathyal 
9. '* 

LiaR;io-=. $1, Le!ticu! ina, 
SDD. (R), s i l i c o s i ~ m o i l i n a  c a l i f o r n i c a  
T#T, ~ e r n e u i l  i n o i d i s  ? 9- (R), 
Inoceramus prisms ( t- ) . 

75-IP-76 Probable Middle n e r i t i c  Arenaceous sp ( R ) ,  C ib i c ides  ? x. 
Cretaceous t o  bathyal In),  Cribro&idi;y 7- 

L e n t i c u l i n a  spp.  , S i  icos igmol ina 
cal  i f o r n i a  ( l a r g e )  (F )  , Verneui l  ino ides  
? Inoceramus pr isms (A). 

78-IP-76 Jurassic  t o  Marine 
Cretaceous 

Ha lophra  moides T. (R) ,  Inoceramus *- 



Sample No. Age Envi roni11.r:: Fcssil assemblages 
(A=?i~u~dant, C=common, 
Fzfrequent, and R=rare) 

80-IP-76 Jurassic to Marine 
Cretaceous 

Bart-e;:. Inoceramus prisms (C) . .--"- - 

82-IP-76 Jurassic to Marine 
Cretaceous 

Barren. Inoceramus prisms (F), --- 

83-IP-76 Jurassic to Marine B a l - r e ~ .  She'll fragments (C), 
Cretaceous .----- ~IILI;:,?I - ~ I Y I I A , ;  --A- ijr ( A )  , 

---- ---- ---- 

86-IP-76 Indet. Indet. Ba r.t-en. 

88-IP-76 Indet. Possible 
Marine 

Tu.ocbammina c f .  sablei ( R ) .  ..- . - - -- 

-- ---- - - 

94-IP-76 Indet. Indet. 6;. i ..:. S!?:; fragments (F). 

96-IP-76 Indet. Indet, Cari1t:n .. 

3-WL-76 Indet. Indet. Bd,-rqi~,  "*dr.i t,e ( R ) ,  

6-WL-76 Indet. Indet. fli- .:-r~ , Cut: 1 (LIA) 

8-WL-76 Indet. Indet. 

13-WL-76 Indet. Possibl t: 
marille 

' ? + i i i ~  : s i ~ i l r  r i  taecrucis (R), fish 
iy-; , ;, .: T-7 

--  

14-WL-76 Possible Marine 
Eocene to 
01 i gocene 

Am', tl;?~. ? i d  inia .--- - --- - ? ?.-(R), Bathy- 
i 1 7 t i  R B. sanctaecruci s 
(;! .. - - 

/ 



Sample No. Age Environment Foss i l  assemblages 
(A=abundan t , C=common, 
F=frequent, and R=rare) 

- 

18-WL-76 Indet  . Marine Arenaceous sp. (R) , Bathysiphon 
sanctaecruc is  (F) , Saccammina - sp. 
(R), r a d i o l a r i a  (R), coal  ( C f .  

21 -WL-76 Indet .  Marine Arenaceous sp. (R) , Bathysi phon 
s a n c t a e k 6 c i s  (R) , rad io1  a r i a  (R) , 
coal  ( t ) .  

29-WL-76 Possib le Possib le Bathysiphon T. (F), Cassidul i na  c f .  
Miocene outer  n e r i  t i c  c r a s s i ~ u n c t a t a  (R), C ib ic ides  ct'. 

t o  bathyal 
\ I -  , - 

kon ion  c f .  pompil i o i d e s  ( ~ ) , - f h e i l  . 
fragments (C), p y r i t e  (F), coal (F) .  

Possib le 
Miocene 

Probable 
middle n e r i t i c  
t o  upper 
ba t  hyal 

Cyclammina (R), Glanul ina sp. (R), 
Nap1 ophragmoi des c f .  deformed r) , H. 
c f .  excavata (F)'. Sac-SD. (RT, . , -  . , -  

Trochamniina sp. (R), diatoms cYri t i z e d )  
(R) , r a d i o l a x a  (R) , she1 1 fragments 
(F) ,  g laucon i te  (R), p y r i t e  (F). 

34-WL-76 Indet .  Indet .  Barren. She1 1 fragments (F)  , sponge 
sp icu les  (R) . 

41 -WL-76 Indet .  Indet .  Barren. 

46-WL-76 Indet .  Possib le Bath s i  hon c f .  a lexander i  (R), p y r i t e  
marine TI---- 

50-WL-76 Indet .  Marine 

52-WL-76 Indet .  Indet .  Barren. 



Sample No. Age Environment Fossi 1 assemblages 
(A=abundant , C=comon , 
F=frequent, and R=rare) 

55-WL-76 Indet .  Indet .  Barren. 

Eocene t o  N e r i t i c  
01 igocene 

Amos haeroid ina ? x. (C), Arenaceous 
.*iphon sp. (F]- %!EL* 
Haplophragmoides q. (R), Reophax s 
(R) .  Trochammina SD. (R), w r i t e  ( +? 

Possib le Marine 
Eocene t o  
01 i gocene 

Amos haeroid ina ? x. (R) ,  Arenaceous 
*(F). 

Eocene t o  Marine? 
01 i gocene(?) 

Ammos haeroid ina ? z. (R) , p y r i t e  (F) , 
-1. 

6-41 Indet .  Indet .  Barren. 

Eocene t o  N e r i t i c  
01 igocene 

Ammos~haeroidina ? SD. (C) ,  Arenaceous A- I - . .  - - -  x. ,(R), Bathysiphon sp. (F), . . 

PC-2 Indet .  Indet .  Barren. P y r i t e  (F), ve in  c a l c i t e  ? (A). 

PC-1 1 Possf bl  e N e r i t i c  
Eocene t o  
01 i gocene 

? =. (R) Bathysiphon 



TABLE 3. POROSITY AND PERMEABILITY ANALYSES 

Map No. Sampl e No. 

CB-1 
CB-2 
CB-3 
CB-4 
OB- 1 

E f f e c t i v e  P o r o s i t y  
"1 

Permea b i  1 i ty  
( mD ) 

a HF = h o r i z o n t a l  f r a c t u r e  



E f f e c t i v e  Po ros i t y  
% 

Permeabi 1 i ty  
(mD) S a m ~ l  e No. Map No. 

0.01 
0.01 
0.01 
0.01 

12 (HF) 



Map No. 
E f f e c t i v e  P o r o s i t y  

Sample No. % - 
Permeabi 1 i ty 

(mD) 



TABLE 4. CONCENTRATION OF EXTRACTED MATERIALS I N  ROCK 

Ana lys is  by Geochem Labora to r ies ,  Inc., Houston, Texas 

Map No. 

Hydrocarbons 

To ta l  Organic 
e x t r a c t  carbon 

Sample No. ( P P ~ )  (%) 

Nonhydrocarbons 

P r e c i p i t a t e d  
asphal tene 

( ppm) 



Map No. Sample No. 

Hydrocarbons 

Total Organic 
extract carbon 

( ppm) (%) 

Nonhydrocarbons 

Precipitated 
asphal tene 

( ppm) 



TABLE 5. VISUAL KEROGEN ASSESSMENT 

Analyses by Geochem Labora to r ies ,  Inc .  , Houston, Texas 

Map No. Sample No. 

V isual  Kerogen 

Organic M i t t e r  A1 t e r a t d o n  
Type Rank 

H; C; Am 2 t o  2+ 
tI; Am; C ( W )  - 2- t o  2 
H; An!; C (W) - 2- t o  2 
H; C; Am 2- t o  2 
H; C; Am 2 t o  2+ 

H; C; Am 2- t o  2 
H; Am; C - 2 t o  T+ 
H; Am; C 2- t o  2 
H-C; Am; - 2 t o  T+ 
H; C; Am - 2 t o  Tt 

H; -; Am-C 2- t o  2 
H-C; Am; - 2 t o  2+ 
H; C; Am 2 
H; C; Am-W 2- t o  2 
H; -; C 2- t o  7 

H; C; Am-W 
H; Am; W-C 
H; Am-C; - 
H; C; - 
H; C; - 
H; C; W (Am) 
H; C; - 
11; C; W 
H; C; W 
tl; C ;  Am 

H; C; Am 2 t o  2+ 
tl; C; Am-W 2 t o  2+ 
t i ;  C; W (Am) 2 t o  2+ 
ti; -; Am-C 2- t o  7- 
1-1; C; Am 2 t o  F+ 



Map No. Sam~ l  e No. 

Visual Kerogen 

Organic M t t t e r  A1 te ra taon 
Type Rank 

Am-H; C; - 2 t o  2+ - 
H; C; Am ( W )  2 t o  2+ 
H; C; Am 7- t o  - 2 

H; C; Am 2- t o  2 
H; C; Am 2 
H; Am; C 2 

a. Kerogen key ( i n  order  1 i s t e d )  : Predominant - 60 t o  100%; Secondary - 20 

t o  40%; Trace - 1 t o  20%. 

A1 = Algal ,  Am = Amorphous-Sapropel, H = Herbaceous-Spore/Cuticle, W = 

Woody, C = Coaly, U = Un iden t i f i ed  Mater ia l .  

b. Scale from 1 = una l te red  t o  4 = severely  a l t e red ;  under l ined number 

i nd i ca tes  dominate rank o f  a1 t e r a t i o n .  



-- - - - - 

TABLE 6. PETROGRAPHIC DESCRIP'TIONS OF SELECTED SAMPLES FROM 

STRATIGRAPHIC COLUMNS AND TRAVERSES 

Samples determined t o  be pe t rog raph i ca l  l y  s im i  1 a r  were grouped together ,  
and one sample from each group was descr ibed  i n  d e t a i l .  P a r t  A shows t h e  
d i s t r i b u t i o n  o f  samples among t h e  qroups recognized, and P a r t  B presents  
pe t rograph ic  da ta  f rom t h e  samples s tud ied  i n  d e t a i l .  

Dur ing t h i s  p r o j e c t ,  no samples were c o l l e c t e d  f o r  pe t rog raph i c  s tudy  f rom 
the  Ghost Rocks Formation. The samples which were s tud ied  f rom t h a t  f o rma t i on  
were supp l i ed  by George Moore and Gary Wink ler  (USGS) f rom prev ious  work on 
Kodiak Is land ,  

PART A. Samples i n  each p e t r o g r a p h i c a l l y  s i m i l a r  group. 
-- 

Formation and 
sample group Sanipl e No. 

Narrow Cape Format ion 

S i  t k i n a k  Formation 

q i t k a l i d a k  Formation 
* * * 

I PC-2 , PC-6 , p r  D .  ~ c - 1 1  



Formation and 
sample group Sample No. 

S i  t k a l  i dak  Formation (cont inued)  

Ghost Rocks Formation 

M AMe-76-58, 72AWk-73A, 72AWk-76A 

N 71 AWk-71A, 72AWk-72A, 72AWk-78A, 63AMe-10, AMe-76-57 

*These samples con ta in  about 50% sparry  c a l c i t e ,  and the  volume o f  s i l i c a t e .  
m a t r i x  and framework g ra ins  repo r ted  f o r  t he  group as a whole has been 
reduced p ropo r t i ona te l y .  



PART B. ~ e t r o g r a ~ h i c  da ta  f o r  r e p r e s e n t a t i v e  samples s tud ied  i n  d e t a i l .  

Se lected S i l  i c a t e  

Framework Grains 
(normal i zed t o  100%) Range o f  

Wentworth arade 
Sample M a t r i x  C a l c i t e  Rock s ize - f rame io rk  

Sample -. - group no. (%)  (%)  S i l i c a  Feldspar Fragments g r a i n s  

i4;6'row Cape Formation 

A 30- I P-76 7 - - 6 7 16 17 S i l t  t o  medium 
sand 

B 45- I P-76 31 -- 7 6 2 4 - - S i l t  t o  f i n e  
sand 

C 54- I P-76 - - 26 67 15 18 Very f i n e  t o  
medium sand 

ki rak  Formation 

rJ 24-WL-76 3 2 - - 58 10 32 Very f i n e  t o  
medium sand 

E 27-WL-76 15 - - 4 5 15 4 0 Very f i n e  t o  
coarse sand 

F 1 -1P-76 9 4 48 2 3 30 Very f i n e  t o  
medium sand 

G 13-IP-76 7 3 35 24 4 1 F ine  t o  ve ry  
coarse sand 

H 25-IP-76 14 17 4 0 ,? 0 40 Very f i n e  t o  
coarse sand 

-. i t k a l  i d a k  Formation 

I PC-8 19 - - 4 9 15 36 S i l t  t o  f i n e  
s i l t  



Framework Grains 
(normal i zed  t o  100%) Range o f  

Selected S i  1 i c a t e  Wentworth grade 
Sample Ma t r i x  C a l c i t e  Rock size-framework 

Sample group no, (%) ( % ) S i  1 i c a  Feldspar Fragments gra ins  

S i t k a l  idak Formation (cont inued) 

J 1 -WL-76 18 3 54 24 22 Fine t o  coarse 
sand 

K 10-WL-76 3 9 41 8 5 1 Very f i n e  t o  
coarse sand 

L G- 1 16 -- 4 0 2 3 3 7 S i l t  t o  medium 
sand 

Ghost Rocks Formation 

M AMe-76- 58 2 - - 11 2 8 61 Fine t o  coarse 
sand 

N 72AWk-71A 10 - - 3 6 2 1 4 3 Very f i n e  t o  
medium sand 



- - 

TABLE 7. GEOCHEMICAL ANALYSES 

Stream-sediment samples were analyzed for  gold, s i lver ,  copper, lead, zinc, 
molybdenum, t i n ,  uranium, and thorium. The resul ts  are in parts per million. 

Sample No. - Gold Silver Copper Lead Zinc Molybdenum Tin Uranium - Thori um 



Sample No. - Gold S i l v e r  Copper -- Lead Zinc Molybdenum - T i n  Uranium Thorium 



APPENDIX 



Nearly vertical dipping massive beds o f  conglomerate 
exposed along east coast o f  Chirikof Island. These 
conglomerates appear to be submarine fan channel 
deposits which have cut down through adjacent tur- 
bidite squences composed o f  sandstone and shale 
graded bedded couplets. 

Sitkinak Formation sandstone exhibiting shale rip-up ~ las ts  exposcd along 
McDonald Lagoon on Sitkalidak Island. 



Sitltinak Formation channel cut and fill exhibiting 
graded bedding exposed at McDonald Lagoon on 
Sitkalidak Island. 

Sitkinak Formation sandstone which contains many coal fragments exposed at 
McDonald Lagoon on Sitkalidak Island. 

E -2 



Alternating sandy siltstone and shale flysch depositsof the SitkalidakFormation 
exposed near Partition Cove on Sitkalidak Island. Tape i s  marked in feet. Graded 
bedding is not  evident. All contacts appear sharp. Thick sandstones should not 
be expected to  occur seaward from these deep-water deposits within the 
Sitkalidak Formation. 

Basal contact (dashed 
Formation, Miocene 
Eocene, exposed at Narr 

line) between 
and Sitkalida 
-ow Cape. 

Narrow Cape 
~k Formation, 



Abundant burrows such as these oriented normal to  bedding occur at several 
places within the Narrow Cape stratigraphic section. 

Small deltaic complex exposed in the Narrow Cape stratigraphic section. Pebble 
conglomerates and sandstones similar to  these should be excellent reservoirs i f  
preserved in the OCS area. 



Upper Miocene Narrow Cape Formation channel cut and f i l l  exhibiting graded 
bedding in the small deltaic complex exposed at Narrow Cape. 

Basal part o f  Sitkinak stratigraphic section. The Sitkinak Formation consists o f  
massive beds o f  pebble-cobble conglomerate with thinner interbeds o f  mudstone 
and coal. 



One o f  several contacts between conglomerate and coal-mudstone units exposed 
on Sitkinak Island in Sitkinak Formation. 

Middle part of Sitkinak stratigraphic section exposcd 
near Tip triangulation station on Sitkinak Island. The 
sandstone facies o f  these massive conglomerates may 
occur in the OCS area to  the east and southeast. 



Contact between the continental Oligocene Sitkinak Formation on the right and 
the marine Miocene Narrow Cape Formation on the left exposed at Sitkinak 
Island. Contact is apparently conformable. 

Basal part of Twoheaded Island stratigraphic section. 
The Sitkalidak Formation exposed here on the south- 
west coast o f  the island consists o f  rather massive 
sandstones a t  the base as indicated in photo and these 
sandstones thin upwards (see middle and upper parts 
of section photos). 



Middle part o f  Twoheaded Island stratigraphic sec- 
tion. The fining upward packets of alternating sand- 
stones, siltstones and shales were probably deposited 
in a middle fan environment. 

Upper middle part o f  Twoheaded Island stratigraphic section. Notc soft 
sediment deformation in one bed; arrows. 

E -8 


