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ABSTRACT 

Reconnaissance geo log i ca l  and geochemical work was added t o  p rev ious  work 
on t he  west s i d e  o f  t he  lower Cook I n l e t .  The f o l l o w i n g  o b j e c t i v e s  were accompl ished: 
p o t e n t i a l  r e s e r v o i r  and source rock  samples were c o l l e c t e d  and analyzed; p o r o s i t y  
and p e r m e a b i l i t y  o f  a l l  samples analyzed a r e  g e n e r a l l y  low owing t o  o r i g i n a l  t i g h t  
pack ing and c rush ing  o f  g r a i n s  and zeol  i t i z a t i o n .  The average o f  58 samples was 
2.43 percent  p o r o s i t y  and 0.032 md p e r m e a b i l i t y .  Rocks o f  upper Ju rass i c  age 
have very  low p o r o s i t i e s  t h a t  improve s l i g h t l y  o f f s h o r e .  Th in  Cretaceous and 
T e r t i a r y  age sandstone have s l i g h t l y  h igher  p o r o s i t i e s  and p e r m e a b i l i t i e s  i n  
ou tc rop  samples than the  Ju rass i c  age sandstones, bu t  a r e  s t i l l  low. 

Source-rock eva lua t i ons  i n d i c a t e  a hydrocarbon range from 64 t o  1,569 ppm. 
The average o f  69 samples i s  242 ppm. 

A v i s u a l  kerogen assessment i n d i c a t e s  a submature t o  mature degree o f  bas in  
age on the  bas i s  o f  thermal a l t e r a t i o n  index method. 

Evidence seems t o  suppor t  t he  concept t h a t  source rocks,  r e s e r v o i r  rocks,  and 
l a r g e  t r a p s  e x i s t  i n  p a r t  o f  t he  lower Cook l n l e t  a rea .  Petroleum p o t e n t i a l  appears 
f a i r  t o  good i f  r e s e r v o i r  rocks o f  b e t t e r  q u a l i t y  than observed i n  ou t c rop  e x i s t  i n  
the  o f f s h o r e  subsurface. 

INTRODUCTION 

A s t r a t i g r a p h i c  f i e l d  p r o j e c t  was conducted i n  t h e  lower Cook l n l e t  r eg i on  
d u r i n g  a 22-day p e r i o d  i n  June and J u l y  1976 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) . The p r o j e c t  
was the  r e s u l t  o f  d i s cuss ions  between t he  agencies a f t e r  comp le t ion  o f  a s i m i l a r  
p r o j e c t  conducted l a s t  year i n  t h e  no r t he rn  G u l f  o f  Alaska. 

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  s tudy the  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  o f  those T e r t i a r y  and Mesozoic s t r a t i g r a p h i c  sec t i ons  repor ted  t o  
have hydrocarbon p o t e n t i a l .  

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  s t a t e  
lands, bo th  onshore and o f f s h o r e .  The USGS i s  charged w i t h  r eg iona l  geo log i c  and 
resource framework s t u d i e s  o f  t he  Outer Con t inen ta l  She1 f (OCS) ad jacen t  t o  S t a t e  
lands and e v a l u a t i n g  resources o f  lease b l ocks  i n  proposed f ede ra l  o i l  and gas 
lease sa les .  

F i e l d  ope ra t i ons  s t a r t e d  a t  Chenik Lake ( f i g ,  1 )  and then s h i f t e d  t o  a 
cannery a t  Snug Harbor on C h i s i k  I s l and .  The Chenik Lake f i e l d  crew cons i s t ed  o f  
I .W.  Palmer ( U S G S ) ,  W.J. L y l e ,  and J.A. Morehouse (DGGS). L.  Magoon and R .  Egbert  
(USGS) p rov ided  suppor t  i n  t he  l o c a t i o n  o f  r ock  exposures i n  t h e  f i e l d  f o r  s tudy .  
On C h i s i k  I s l and  t he  crew cons i s t ed  o f  Palmer, W i l l s ,  L y l e ,  and Morehouse. R . G .  
Schaf f  and D.L. McGee o f  DGGS v i s i t e d  t he  p r o j e c t  f o r  2 days a t  t he  c l o s e  o f  t h e  
f i e l d  season. 

F i e l d  ope ra t i ons  were conducted us i ng  an FH-1100 t u r b i n e  h e l i c o p t e r  con t rac ted  
f rom A r c t i c  A i r  Serv ice .  Kachemak A i r  Se rv i ce  o f  Homer f l e w  f i xed-w ing  suppor t  f o r  
the crew. Weather was e x c e l l e n t  w i t h  t he  excep t i on  o f  2 marg ina l  days. 
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FIELD METHODS 

Measurement o f  S t r a t i g r a p h i c  Sect ions 

S t r a t i g r a p h i c  sec t i ons  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 iona l l y  i t  was necessary t o  use t he  h e l i c o p t e r  a l t i m e t e r  
o r  photographs t o  determine th ickness .  A l l  s t r a t i g r a p h i c  th icknesses a r e  t r u e  
th icknesses;  they were co r rec ted  f o r  d i p  and s lope  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  Desc r i p t i ons  

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  t h e  accepted format  l i s t e d  below: 

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 Color  
c h a r t ) ,  g r a i n  s i z e  ( e i t h e r  Wentworth grade name o r  i n  a c t u a l  
m e t r i c  u n i t s ) ,  s o r t i n g ,  m ine ra l og i ca l  c o n s t i t u e n t s ,  statements 
concern ing degree o f  i ndu ra t i on ,  p o r o s i t y ,  and sedimentary 
s t r u c t u r e s .  

Abb rev i a t i ons  were commonly used t o  save t ime and space; n o t a t i o n s  such 
as "as above" were f r e e l y  used i f  l i t t l e  obv ious d i f f e r e n c e  was noted.  U n i t  
d e s c r i p t i o n s  u s u a l l y  i nc l ude  n o t a t i o n s  on bedding type,  th i ckness ,  con tac t s  and 
l a t e r a l  v a r i a t i o n s .  

SAMPLES 

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 t i o n s  were c o l l e c t e d  
i n  7-  x 12- inch o r  5 -  by 7 - i nch  sample bags t o  p r o v i d e  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  permanent l i b r a r y  r e fe rence  f o r  b o t h  agencies.  
Whenever poss ib l e ,  t he  f r eshes t  m a t e r i a l  a v a i l a b l e  was sampled by d i g g i n g  smal l  
p i t s  i n  t he  ou t c rop .  Several o r i e n t e d  sandstone samples were a l s o  c o l l e c t e d .  

A  t o t a l  o f  10,954 f e e t  o f  s e c t i o n  was measured a l ong  t he  west s i d e  o f  t h e  
lower Cook I n l e t .  A t o t a l  o f  408 samples were processed: 88 f o r  p o r o s i t y  and 
p e r m e a b i l i t y ,  69 f o r  hydrocarbon a n a l y s i s ,  69 f o r  bas in  m a t u r i t y ,  31 f o r  
p a l e o n t o l o g i c a l  age de te rmina t ion ,  66 f o r  m i c ropa leon to l og i ca l  age de te rmina t ions ,  
45 f o r  geochemical a n a l y s i s ,  9 f o r  l i t h o l o g y ,  6 f o r  sandstone o r i e n t a t i o n ,  6  f o r  
potassium-argon age de te rm ina t i on  and 19 f o r  mac ro foss i l  age de te rm ina t i on .  

I n  t he  numbering system, t he  f i r s t  d i g i t s  a r e  t h e  sample number, f o l l owed  by 
t he  i n i t i a l s  o f  t he  c o l l e c t o r  and two numbers deno t ing  t he  year (e.g. ,  2-WL-76). 
Some samples have a  te rm ina l  l e t t e r  t h a t  i n d i c a t e s  t h a t  they were c o l l e c t e d  a t  
o r  near t h e  same l o c a t i o n .  



STRAT l GRAPHY 

Genera 1 Statement 

The lower Cook l n l e t  area i s  u n d e r l a i n  by sedimentary rock  sequences o f  
Ju rass i c ,  Cretaceous, and T e r t i a r y  age and covered by a veneer o f  P l e i s t ocene  t o  
Recent g l a c i a l  and f l  u v i a l  overburden ( f i g .  2 ) .  Metasedimentary rocks o f  T r i a s s i c  
age a r e  l o c a l l y  exposed, and may u n d e r l i e  p a r t  o r  a l l  o f  t he  lower Cook l n l e t  
area. The bas in  i s  f l anked  by t he  A l e u t i a n  Range B a t h o l i t h  o f  Ju rass i c  age on 
t he  west and Mesozoic metamorphics and metasediments o f  t he  Chugach - Kenai 
Mountain range and Barren I s l ands  on t he  eas t .  The lower Cook l n l e t  area i s  open 
t o  the  n o r t h  i n t o  upper Cook l n l e t  and t o  t h e  sou th  i n t o  S h e l i k o f  s t r a i t .  Recent 
a c t i v i t y  o f  Mts .  I l iamna,  Douglas, and S t .  August ine have depos i ted  v a r y i n g  
th icknesses o f  e x t r u s i v e  rocks and vo l can i c  d e b r i s  over  areas ad jacen t  t o  these 
volcanoes. 

The pet ro leum p o t e n t i a l  o f  t he  lower Cook l n l e t  area may have been recognized 
as e a r l y  as 1853 ( D e t t e r m n  and Har tsock,  1966), when o i l  seeps were d iscovered 
on the  l n i s k i n  Peninsu la .  Several w e l l s  were d r i l l e d  t h e r e  between 1902 and 1960. 
A l though encouraging shows o f  o i l  and gas were encountered i n  t he  Ju rass i c  rocks 
pene t ra ted  by these w e l l s ,  no commercial p roduc t i on  was es tab l i shed .  

A1 1 o f  t he  we1 1-known o i  1 - and gas-producing format  ions o f  t he  Kena i Group 
( ~ e r t i a r y )  i n  upper Cook l n l e t  a r e  p resen t  i n  a t  l e a s t  p a r t  o f  lower Cook I n l e t .  
Encouraging o i l  shows were found i n  t he  Pennzoi l  S t a r i c h k o f  S t a t e  # 1  w e l l  d r i l l e d  
i n  1967, and i n  a minor ( p resen t l y  shu t - i n )  gas f i e l d  found by t h e  SOCAL Nor th  
Fork  41-35 w e l l ,  d r i l l e d  i n  1965. The l a t t e r  w e l l  y i e l d e d  a smal l  q u a n t i t y  o f  
o i l .  

I n t e r e s t  i n  the  lower Cook l n l e t  area has been h i g h  f o r  a number o f  years,  
and much d e t a i l e d  s t r a t  i g raph i c  work has been done. However, most o f  these da ta  
a r e  no t  a v a i l a b l e  t o  the  pub1 i c .  

S t r a t i g r a p h i c  nomenclature f o r  t he  Ju rass i c  system has been proposed by 
Detterman and Har tsock (1966) f o r  p a r t  o f  the  Cretaceous system by Kel l e r  and 
Reiser  (1959), and f o r  the  Kena i Group by Calderwood and Fack le r  (1972).  

Pre-Ter t  i a r y  Rocks - 
1 .  T r i a s s i c  System: The o l d e s t  rocks e v i d e n t  i n  t he  lower Cook l n l e t  

area a r e  an unnamed sequence o f  T r i a s s i c  age c o n s i s t i n g  o f  metamorphosed l imestone,  
c h e r t ,  sandstone, sha le ,  and b a s a l t i c  f l ows  ( ~ e t t e r m a n  and Har tsock,  1966). 
Because o f  t he  v a r y i n g  degrees o f  a l t e r a t i o n  and de fo rmat ion ,  t h e  T r i a s s i c  rocks 
a re  no t  cons idered t o  be a pet ro leum o b j e c t i v e .  

2. Ju rass i c  System: 

- Lower Ju rass i c :  The lower Ju rass i c  rocks  o f  t he  lower Cook l n l e t  area 
a r e  a sequence o f  vo l can i c  agglomerates, b recc i as ,  and t u f f s  c o l l e c t i v e l y  c a l l e d  
the  Ta l  keetna Format ion  (Detterman and Har tsock,  1966). The rocks  a r e  w i d e l y  
d i s t r i b u t e d  throughout  the  Cook l n l e t  bas i n  and a r e  encountered immediately 
below the  T e r t i a r y  rocks i n  many o f  t h e  w e l l s  i n  upper Cook I n l e t .  Because o f  
t h e i r  nonsedimentary o r i g i n ,  they a r e  g e n e r a l l y  cons idered t o  be "economic 
basement" throughout  the  Cook l n l e t  bas in .  Maximum known th ickness  i n  t h e  l n i s k i n  - 
Tuxedni area i s  1,021 m (3,350 f e e t )  (Detterman and Har tsock,  1966). 



FIGURE 2 



- Midd le  Ju rass i c :  Unconformably o v e r l y i n g  t he  Talkeetna Format ion i s  
a sequence o f  graywacke and s i l t s t o n e  c o l l e c t i v e l y  known as t he  Tuxedni Group, 
which c o l G s i s t s  o f  the  f o l l o w i n g  fo rmat iona l  u n i t s  ( f rom o l d e s t  t o  youngest) : Red 
G l a c i e r  t o rma t i on  ( a r kos i c  sandstone and s i l t s t o n e ) ,  Gaikema Sandstone, F i t z  
Creek S i l t s t o n e ,  Cynth ia  F a l l s  Sandstone, Tw is t  Creek S i l t s t o n e ,  and t he  Bowser 
Format ion  (sandstone, s i 1 t s t one ,  and conglomerate) .  The Tuxedni Group has a 
maximum composi te th i ckness  o f  a t  l e a s t  2,960 m (9,715 f e e t )  ( ~ e t t e r m a n  and Hartsock,  
1966) . These mar ine  rocks a r e  i n  p a r t  abundant ly  foss i 1 i f e r o u s .  The dominant 
sandstone type i s  graywacke, and p robab ly  e x h i b i t s  r e l a t i v e l y  poor pet ro leum 
reservo i r po ten t  i a l  . 

The o i l  seeps on the  l n i s k i n  Peninsula came f rom the  Tuxedni Group---the 
same rocks t h a t  were pene t ra ted  by t he  d r i l l  t he re .  The minor q u a n t i t i e s  o f  
o i  1 and gas recovered f rom these we1 1 s was appa ren t l y  coming f rom f r a c t u r e s  and/or 
f a u l t  zones, as no permeable r e s e r v o i r s  were d iscovered.  The most obv ious source 
f o r  the  pet ro leum i s  t he  s i l t s t o n e s  of  t he  Tuxedni Group. 

- Upper Ju rass i c :  Unconformably o v e r l y i n g  t he  Tuxedni Group a r e  up t o  
2,500 m (8,200 f e e t )  o f  upper Ju rass i c  mar ine s i  1 t s tones ,  a r k o s i c  sandstones, 
and conglomerates known as the  Chin i tna Format i on  ( ~ o n n  i e  and Pave lo f f  s i 1 t s t o n e  
members) and t he  Naknek Format ion  ( c h i s  i k conglomerate - lower sandstone, Snug 
Harbor s i 1 t s tone ,  and Pomeroy Arkose members) ( ~ e t t e r m a n  and Har tsock,  1966) . 
The Ch in i t na  Format ion s i l t s t o n e s  a r e  abundant ly  f o s s i l i f e r o u s ,  t h e  Naknek 
Format ion l ess  so. Naknek Format ion sandstones c o n t a i n  a h i g h  percentage o f  
angular  qua r t z  and f e l dspa r ,  and a r e  f i n e  t o  coarse g ra ined ,  commonly w i t h  a 
f i n e  c l a y  m a t r i x  and o c c a s i o n a l l y  cemented by s i l i c a .  The source f o r  t he  Naknek 
sandstones and conglomerates was t he  A l e u t i a n  range q u a r t z - d i o r i t e  b a t h o l i t h  
t o  the  west ( ~ e t t e r m a n  and Har tsock,  1966).  

The sandstones o f  t he  Naknek Format ion a r e  thought t o  o f f e r  t he  bes t  
pet ro leum r e s e r v o i r  p o t e n t i a l  o f  t he  Ju rass i c  rocks i n  t he  lower Cook l n l e t  area.  
Where exposed a t  t he  su r face ,  t he  sandstones g e n e r a l l y  appear ex t reme ly  w e l l  
indurated.  However, f r i a b l e  and moderate ly  porous sandstones f rom the  Naknek 
Format ion a r e  found exposed on August ine l s l a n d  and a t  the  mouth o f  Douglas R i ve r  
( ~ a ~ o o n  and o t h e r s ,  1975). We1 1 s d r  i 1 l e d  on K a l g i n  I s l a n d  have encountered the  
Naknek Format ion immediately below t he  T e r t i a r y ,  bu t  have no t  pene t ra ted  any 
p romis ing  r e s e r v o i r  rock .  I n  we1 1s d r i l l e d  on t he  east: s i d e  o f  t h e  lower Cook l n l e t  
area,  Cretaceous rocks were encountered below t he  T e r t i a r y ;  Ju rass i c  rocks were no t  
reached ( w i t h  t he  except ion  o f  the  t e s t s  d r  i 1 l e d  a t  Swanson R i v e r ) .  

3. Cretaceous System: 

- Lower Cretaceous: An unnamed sequence o f  1 ower Cretaceous sandstone 
and s i l t s t o n e  up t o  215 m (675 f e e t )  t h i c k  unconformably o v e r l i e s  t he  upper 
Ju rass i c  Naknek Format ion i n  the  Kamishak H i l l s  area and i s  expected t o  under1 i e  
the  lower Cook l n l e t  area  agoon on and o the rs ,  1975). A basal  sandstone u n i t  
9 m (30 f e e t )  t o  15 m (50 f e e t )  t h i c k  i s  prominent wherever t he  lower Cretaceous 
u n i t  i s  seen and may o f f e r  good r e s e r v o i r  p o t e n t i a l .  

- Upper Cretaceous: The upper Cretaceous Kaguyak Format ion unconformably 
o v e r l i e s  t he  lower Cretaceous u n i t  and i s  composed o f  mar ine sandstone and s i l t s t o n e  
( K e l l e r  and Re iser ,  1959).  Th i s  u n i t  i s  about 1,370 m (4,495 f e e t )  t h i c k  a t  
Kaguyak Bay  a ago on and o the rs ,  1975). The u n i t  does no t  ou t c rop  n o r t h  o f  t he  
Kamishak H i 1  l s ,  except  f o r  one smal l  exposure on t he  sou th  f l a n k  o f  August ine 



I s land .  Wel ls d r i l l e d  through the T e r t i a r y  on the  lower Kenai Peninsula have 
penetrated as much as 1,737 m (5,700 f e e t )  o f  upper Cretaceous s  i 1 t s tones  and 
sandstones. L i t t l e  promise o f  Cretaceous r e s e r v o i r  p o t e n t i a l  has been found i n  
these we1 1 s. 

I t  i s  reasonable t o  expect t h a t  l a r g e  areas o f  these Cretaceous rocks u n d e r l i e  
the  lower Cook l n l e t  area. However, Cretaceous rocks a r e  obv ious l y  absent a long  
both the  west s i d e  o f  the  area, where the  T e r t i a r y  i s  seen t o  ove r l ap  on the  
Jurass ic  Naknek Formation i n  sur face  ou tc rop ,  and t o  t he  no r th ,  where w e l l s  a t  
Ka lg i n  I s land  found t he  Naknek Formation t o  be immediately beneath t he  T e r t i a r y .  
The na tu re  and l o c a t i o n  o f  the  Cretaceous t r u n c a t i o n  on the  Ju rass i c  and beneath 
the T e r t i a r y  w i l l  l i k e l y  be determined o n l y  by seismology and e x p l o r a t o r y  d r i l l i n g .  

T e r t i a r y  Rocks 

Fo l low ing  a pe r i od  o f  cons iderab le  u p l i f t  and e ros ion  o f  the  Mesozoic rocks,  
a  sequence o f  nonmarine sedimentary rocks up t o  4,570 m (15,000 f e e t )  t h i c k  was 
deposi ted i n  t he  lower Cook l n e t  area.  These rocks range i n  age from Eocene 
through P l iocene  and c o n s i s t  o f  s i l t s t o n e s ,  sandstones, and conglomerates w i t h  
interbedded coa l .  These rocks y i e l d  major o i l  and gas p roduc t i on  i n  t he  upper 
Cook l n l e t  area, and promis ing o i l  and gas "shows" have been found i n  them on the  
lower Kenai Peninsula.  

Extens ive d r i l l i n g  o f  the  T e r t i a r y  rocks f o r  more than 10 years has a l lowed 
the  r e c o g n i t i o n  o f  mappable subsurface u n i t s ,  and the  s t r a t i g r a p h i c  nomenclature 
proposed by Calderwood and Fack ler  (1972) has found common usage. 

The T e r t i a r y  rocks present  i n  the lower Cook l n l e t  a r e  c o l l e c t i v e l y  known 
as the Kenai Group, and c o n s i s t  o f  the f o l l o w i n g  fo rmat iona l  u n i t s  ( f rom o l d e s t  
t o  youngest) : the West Foreland Format ion  ( t u f f aceous  s  i 1 t s tone ,  c lays tone ,  and 
sca t t e red  sandstone and conglomerate),  the  Hemlock Conglomerate (sandstone and 
conglomerate) , the  Tyonek Format ion  (s  i 1 t s t one ,  c lays tone ,  and sandstone w i t h  
massive subbituminous coal  beds),  the  Beluga Format ion (c laystone,  s i l t s t o n e  and 
t h i n  sandstone beds, and t h i n  subbi tuminous coa l  beds),  and the  S t e r l  i ng  Format ion  
(massive sandstone and conglomerate w i t h  occas ional  t h i n  1 i g n i t e  beds)   alderw wood 
and Fack le r ,  1972). I n  upper Cook I n l e t ,  the  Hemlock Conglomerate and Tyonek 
Formation o f f e r  major o i l  p roduc t ion ,  and the  Tyonek, Beluga, and S t e r l  i ng  
Formations o f f e r  major dry-gas p roduc t ion .  

To date,  no major p roduc t ion  has been es tab l i shed  i n  the  lower Cook l n l e t  
area. A l l  of  the  format ions o f  the  Kenai Group o f f e r  some p o t e n t i a l  i n  t he  lower 
Cook l n l e t  area w i t h  t he  p o s s i b l e  excep t ion  o f  the  S t e r l i n g  Format ion, which may 
be mos t l y  absent i n  t he  o f f sho re  areas. The Kenai Group rocks t h i n  southward 
from a maximum th ickness  o f  approx imate ly  4,570 m (15,000 f e e t )  south o f  Ka lg i n  
l s l and  t o  an unknown th ickness ,  p o s s i b l y  l e s s  than 1,220 m (4,000 f e e t ) ,  over  the  
broad a rch  across lower Cook l n l e t  j u s t  n o r t h  o f  August ine I s l and .  P r o j e c t i o n s  o f  
fo rmat ion  thicknesses i n t o  the o f f s h o r e  area would be unce r ta i n  a t  bes t  w i t h o u t  
f u r t h e r  we1 1 i n fo rmat  ion. 

East G lac ie r  Creek S t r a t i g r a p h i c  Sect ion  I 

Th is  s t r a t i g r 3 p h i c  s e c t i o n  ( p l .  I )  i s  loca ted  on the  n o r t h  shore o f  Ch in i t na  
Bay j u s t  eas t  o f  the  mouth o f  East G lac ie r  Creek, i n  sec. 28, T .  3 S . ,  R .  21 W . ,  
Seward Mer id ian .  The rocks exposed here a r e  T e r t i a r y  (01 igocene?) i n  age and a r e  



t e n t a t i v e l y  assigned t o  t he  West Fore land Format ion.  T h i r t y - e i g h t  m (125 f e e t )  
o f  sandstone, s i l t s t o n e ,  and conglomerate were measured and sampled. Th i s  exposure 
i s  a nonmarine sequence and con ta i ns  t h i n  coa l  seams, f o s s i l  leaves,  and one f o s s i l  
t r e e  (p.  E - 1 1 ,  t op )  t h a t  was preserved i n  an u p r i g h t  p o s i t i o n .  The conglomerate i s  
composed o f  pebble t o  cobble  s i z e  subrounded t o  wel l - rounded c l a s t s ,  and i s  
sandstone-matr ix supported. The sandstone i s  f i n e  t o  medium gra ined ,  moderate ly  
f r i a b l e ,  and con ta i ns  numerous coa l  c h i p s  and c o a l i f i e d  carbonaceous d e b r i s .  

On t he  bas i s  o f  l i m i t e d  samples, t he  maximum p o r o s i t y  i n  sandstone samples taken 
here i s  13 percen t ;  t he  average p o r o s i t y ,  10.7 percen t .  Maximum p e r m e a b i l i t y  i s  1.69 
md; t he  average p e r m e a b i l i t y  i s  1 md. (Th is  i s  based on t h ree  sample va lues each.) 

East G l a c i e r  Creek S t r a t i g r a p h i c  Sec t ion  I I  

Th i s  s t r a t i g r a p h i c  s e c t i o n  ( p l .  1 1 )  i s  l oca ted  on t h e  n o r t h  shore o f  
Ch in i t na  Bay j u s t  west o f  t he  mouth o f  East G l a c i e r  Creek, i n  sec. 32, T. 3 S . ,  
R .  21 W.,  Seward Mer id ian .  The rocks exposed here a r e  T e r t i a r y  (Ol igocene?)  i n  
age and a r e  t e n t a t i v e l y  assigned t o  t h e  West Fore land Format ion.  A l though these 
rocks a r e  o f  t he  same age and f o rma t i on  as those i n  East G l a c i e r  Creek s t r a t i g r a p h i c  
s e c t i o n  I ,  the  exac t  s t r a t i g r a p h i c  r e l a t i o n s h i p  o f  t he  two sec t i ons  t o  one another  
i s  no t  known, as the  two a r e  separated by t h e  a l l u v i a l  v a l l e y  f i l l  o f  t he  c reek  and 
a re  p o s s i b l y  o f f s e t  by f a u l t i n g .  One hundred four  m (341 f e e t )  o f  sandstone, 
conglomerate, and s i 1 t s t one  were measured and sampled here (p .  E-1  1 , bot tom).  Th i s  
i s  a nonmarine sequence and e x h i b i t s  c ross  bedding and c u t - a n d - f i l l  f ea tu res .  The 
s e c t i o n  i s  dominant ly  sandstone and conglomerate w i t h  interbedded s i l t s t o n e .  The 
s e c t i o n  i s  compl icated by normal f a u l t i n g .  

The sandstone occurs  e i t h e r  as massive beds 2 m (6 f e e t )  t o  4 m (12 f e e t )  
t h i c k  o r  as interbedded lenses w i t h  the  conglomerate;  g r a i n  s i z e  v a r i e s  f rom f i n e  
t o  pebbly .  Some o f  t he  sandstone con ta i ns  p i n k i s h  pods o f  t u f f aceous  m a t e r i a l .  
The conglomerate i s  g e n e r a l l y  bedded. C l a s t s  a r e  pebble t o  bou lder  s i zed ,  
and es t imated  t o  be 50 percent  p l u t o n i c  and 50 percen t  g reen ish  t o  b l a c k  meta- 
sediments. The conglomerate i s  m a t r i x  supported i n  a s i l t y  sandstone m a t r i x .  The 
s i l t s t o n e  i s  g e n e r a l l y  f r a c t u r e d ,  and con ta i ns  r edd i sh  c a l c i t e ( ? )  v e i n  f i l l  ings.  
Soft-sediment deformat ion,  commonly assoc ia ted  w i t h  pods o f  t u f f ,  i s  e v i d e n t .  
From l a b o r a t o r y  a n a l y s i s ,  maximum sandstone p o r o s i t y  i s  1.5 percent  and average 
p o r o s i t y  i s  1 pe rcen t .  Maximum p e r m e a b i l i t y  i s  0.04 md, and t he  average p e r m e a b i l i t y  
i s  0.016 md. 

O i  1 Bay S t r a t i g r a p h i c  Sec t ion  

The O i  1 Bay s e c t i o n  ( p l  . l l I )  was measured a l ong  t he  eas t  shore o f  O i  1 Bay, 
on the  l n i s k i n  Peninsu la ,  and i s  loca ted  i n  sec t i ons  12 and 13 o f  T. 6 S . ,  R .  24 W . ,  
Seward Mer i d i an  and sec t i ons  18 and 19 o f  T. 6 S . ,  R .  23 W . ,  Seward Mer id ian .  
The rocks exposed t he re  a r e  t he  Ch in i t na  and Naknek Format ions, o f  upper Ju rass i c  
age. A t o t a l  o f  1,682 m (5,519 f e e t )  o f  s i l t s t o n e  and sandstone was measured and 
samp 1 ed . 

The base o f  t he  s e c t i o n  ( a t  the  no r t heas t  end o f  O i l  ~ a y )  c o n s i s t s  o f  397 m 
(1,302 f e e t )  o f  f o s s i l  i f e r o u s  s i l  t s t o n e  o f  t he  C h i n i t n a  Format ion (p.  E-7, t o p ) .  
The s i l t s t o n e  i s  commonly f r a c t u r e d ,  o c c a s i o n a l l y  sandy, w i t h  sca t t e red  ca lcareous 
conc re t i ona ry  zones and ammonoid and belemnoid f o s s i l s .  



The remain ing 1,285 m (4,217 f e e t )  o f  s e c t i o n  measured and sampled were 
sandstones, s i l t s t o n e s ,  and conglomerates o f  t he  Naknek Format ion.  The sandstone 
beds a r e  massive, ve ry  we1 1 indurated,  and form spec tacu la r  c l  i f f s  (p. E - 7 ,  t o p ) .  
The s i l t s t o n e s  a r e  f r a c t u r e d  and o c c a s i o n a l l y  f o s s i l i f e r o u s ,  and a r e  s i m i l a r  t o  
t he  s i l t s t o n e s  o f  t he  unde r l y i ng  C h i n i t n a  Format ion.  Conglomerate i s  a minor 
c o n s t i t u e n t  o f  t h i s  s e c t i o n  and i s  interbedded w i t h  t h e  sandstone u n i t s .  

The O i l  Bay s e c t i o n  i s  one o f  t he  bes t  exposures o f  t he  e n t i r e  Naknek Format ion 
sequence t o  be found i n  the  lower Cook I n l e t  area.  From l a b o r a t o r y  analyses o f  t h e  
samples c o l l e c t e d  a t  O i l  Bay, maximum sandstone p o r o s i t y  i s  8.5 percent  and average 
p o r o s i t y  i s  1.5 percen t .  Maximum p e r m e a b i l i t y  i s  2.15 md; average p e r m e a b i l i t y  i s  
0.13 md. 

She l t e r  Creek S t r a t i g r a p h i c  Sec t ion  

Th i s  s t r a t i g r a p h i c  s e c t i o n  ( p l .  I V )  was measured a long  the  r i d g e  south o f  
She l t e r  Creek, i n  sec t i ons  10 and 1 1  o f  T. 3 S . ,  R .  21 W. ,  Seward Mer i d i an .  Here 
the  West Foreland Format ion (Ol igocene) i s  exposed as i t  ove r l aps  Naknek Format ion 
sandstones w i t h  a 7 "  angu la r  uncon fo rmi ty .  Both u n i t s  d i p  southeastward a t  t h i s  
l o c a t i o n ,  t he  d i p  be ing  17" i n  t he  T e r t i a r y  and 24" i n  t he  Ju rass i c .  Two hundred 
f o r t y - t h r e e  m (797 f e e t )  o f  T e r t i a r y  conglomerate and sandstone were measured and 
sampled. A d d i t i o n a l  samples were taken from a s t r a t i g r a p h i c a l l y  lower p o s i t i o n  
i n  a r a v i n e  d r a i n i n g  n o r t h  f rom the  r i d g e  t o  She l t e r  Creek, bu t  t h a t  p a r t  o f  t he  
s e c t i o n  was no t  measured because o f  s teep and uns tab le  s lopes.  

Conglomerate i s  t he  dominant r ock  t ype  i n  t h i s  sec t i on ,  w i t h  minor in terbedded 
sandstone. The conglomerate g e n e r a l l y  weathers t o  a loose cobb le  p i l e .  The c l a s t s  
a r e  g e n e r a l l y  w e l l  rounded and es t imated  t o  be 30 percent  p l u t o n i c ,  35 percen t  
vo l can i c ,  and 35 percent  metasediments. Where found unweathered, t he  conglomerate 
was c l a s t  supported i n  a s i l t y  sandstone m a t r i x .  

The sandstone i s  interbedded w i t h  t he  conglomerate.  The t h i c k e s t  sandstone 
bed observed was 23 m (75 f e e t ) .  The sandstone i s  coarse g ra ined  t o  pebbly,  and 
o c c a s i o n a l l y  w e l l  c ross  bedded. 

Maximum p o r o s i t y  i s  7.9 percen t ,  average i s  6.8 percen t .  Maximum p e r m e a b i l i t y  
i s  2.3 md, and average i s  0.97 md (based on t h r e e  samples). 

Snug View Mountain - Bear Creek Ridge S t r a t i g r a p h i c  Sec t ion  

Th i s  s t r a t i g r a p h i c  s e c t i o n  ( ~ 1 .  V) i s  loca ted  west o f  Snug Harbor,  i n  
sec t i ons  15 and 24, T. 1 S. ,  R .  20 W . ,  Seward Mer id ian .  The rocks  exposed here 
a r e  Ju rass i c  i n  age and a r e  assigned t o  t h e  Naknek Format ion  ( ~ e t t e r m a n  and 
Hartsock,  1966) (p. E-5, bottom, E - 6 ,  t o p ) .  

There were 12 sandstone u n i t s  present  i n  t he  s e c t i o n  f o r  a t o t a l  sandstone 
th ickness  o f  1,210 f e e t .  The sandstones occur  as massive beds 9.9 m (30 f e e t )  t o  
39 m (300 f e e t )  t h i c k .  The sandstones a r e  dominant ly  f i n e  g ra i ned  and were depos i ted  
i n  a marg ina l  open-marine environment.  The remain ing 654 m (2,146 f e e t )  i s  
dominant ly  mudstone and s i l t s t o n e  w i t h  some zones o f  f o s s i l s  and conc re t i ons .  

P o r o s i t i e s  and p e r m e a b i l i t i e s  o f  t he  sur face samples a r e  low. Labora to ry  
a n a l y s i s  i n d i c a t e s  t h a t  t he  maximum p o r o s i t y  was 7.1 percent  and maximum 
p e r m e a b i l i t y  was 0.27 md. The average sandstone p o r o s i t y  was 2.9 percen t ;  
average permeabil i t y  was 0.076 md. 



RESERVOIR CHARACTERISTICS 

General Cons ide ra  t ions 

Examinat ion o f  many s t r a t i g r a p h i c  sec t i ons  f rom Cape Douglas t o  Tuxedni 
Bay i n d i c a t e s  t h a t  sandstones 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 he  r e s e r v o i r  r ock  f o r  any commercial accumulat ions o f  hydrocarbons 
i n  the  lower Cook l n l e t  bas in .  Sandstone ve ry  l o c a l l y  s u i t a b l e  f o r  r e s e r v o i r s  
i s  con ta ined  i n  rocks t h a t  c rop  o u t  onshore a l ong  t he  west s i d e  o f  lower Cook l n l e t  
(p. E - 1 ,  top)  and on August ine I s l and  (p. E-2, bot tom);  however, t h e i r  o f f s h o r e  e x t e n t  
i s  no t  known. Well l ogs  on t h e  Kenai Peninsu la  i n d i c a t e  t h a t  some sandstones a r e  
present  i n  t he  Mesozoic sec t i on .  Therefore,  i t  seems l i k e l y  t h a t  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  w i t h i n  t he  lower Cook 
l n l e t  O C S  area. 

Reservo i r  Geometry and S ize  

The many d i f f e r e n t  d e p o s i t i o n a l  environments d iscussed i n  o t h e r  sec t i ons  o f  
t h i s  r e p o r t  a t t e s t  t o  the  h i g h  p r o b a b i l i t y  t h a t  p o t e n t i a l  r e s e r v o i r s  i n  t h e  
o f f s h o r e  area w i l l  have many d i f f e r e n t  morphologies and s i zes .  Poss ib l e  Ju rass i c  
r e s e r v o i r s  may range f rom l oba te  submarine fanglomerate o r  channel shapes such 
as the  conglomerates on Nordyke l s land (p.  E-2,  top )  o r  t h e i r  downd i p  sandy f ac  i es  
t o  marg ina l -mar ine 1 i near  c l a s t i c  shore1 i ne  sand bodies such as t h a t  dep i c t ed  i n  
the  Akumwarvik Bay t r ave rse  ( p l .  V I ,  p. E - 1 ,  bottom) o r  i n  t he  O i l  Bay t r a v e r s e  
(p l  . V I  I ,  p. E - 7 ,  bot tom and E-8, t o p ) .  Such t a b u l a r  sand bodies would be 50 t o  
1,000 t imes w ider  than the  th ickness  ( ~ r y n i n e ,  1957). These u n i t s  fo rm as l i n e a r  
bodies (beaches, s p i t s ,  ba rs )  o r i e n t e d  p a r a l l e l  t o  t he  pa leosho re l i ne  and i n  t h i s  
case a r e  p robab ly  o r i e n t e d  nor theast -southwest  p a r a l l e l  t o  t he  Cook l n l e t  t rough.  

The lower Cretaceous o f f s h o r e  may c o n t a i n  t h e  same basal  sandstone (30-50 
f e e t  t h i c k )  as i s  exposed a t  ou tc rops  i n  t he  Kamishak H i l l s  (Magoon, 1976). T h i s  
s u b t i d a l  t o  midd le-shore f ac i es  u n i t  would f i t  t h e  t a b u l a r  o r  b l a n k e t  (sheet sand) 
model where the  w i d t h  i s  over  1,000 t imes t he  th ickness .  

Poss ib le  upper Cretaceous r e s e r v o i r s  may range f rom deepwater submarine fan-  
channel l oba te  (p. E-9, bottom) o r  shoes t r i ng  depos i t s   elso son, 1973) t o  t u r b i d i  t e  
sheets as discussed by Hand and Emery (1964). Poss ib l e  T e r t i a r y  r e s e r v o i r s  may i n -  
c l  ude de l  t a  p l a i n  o r  channel conglomerates (p. E-1  1 , bot tom and E-12, top )  o r  t h e i r  
downdip sandy-del t a - f r o n t  l o b a t e  f a c i e s  (F i she r ,  1969). Wi th  such a  wide v a r i e t y  o f  
r e s e r v o i r  types exposed onshore, i t  seems ve ry  l i k e l y  t h a t  many o f  these same 
sandstone geometr ies w i l l  occur  i n  t he  lower Cook l n l e t  o f f s h o r e  area.  

Reservo i r  Thickness 

Ju rass i c  Naknek Format i on  

The O i l  Bay s e c t i o n  was t he  most complete J u r a s s i c  Naknek s e c t i o n  measured. 
There were n i n e  sandstone u n i t s  w i t h  a  t o t a l  t h i c kness  o f  2,105 f e e t  p resen t .  
These sandstone beds ranged i n  th i ckness  f rom 10 t o  755 f e e t ;  t he  average th ickness  
i s  about 234 f e e t .  The sandstones a r e  ve r y  low i n  p o r o s i t y  and p e r m e a b i l i t y ,  and 
would be cons idered p o t e n t i a l  r e s e r v o i r  r ock  o n l y  i f  they  change r a d i c a l l y  
o f f s h o r e .  

Cretaceous Kaguyak Format i on  

There a r e  n o t  enough da ta  t o  eva lua te  t h i s  area.  



T e r t i a r y  West Forelands Format ion 

Three s t r a t i g r a p h i c  sec t i ons  were measured i n  t he  West Foreland Format ion.  
They a r e  predominant ly  conglomerate and may no t  be d i a g n o s t i c  o f  t he  o f f s h o r e  
subsurface geology. Sandstone bodies ranged f rom 10 t o  190 fee t  t h i c k .  Ten 
sandstones were measured and sampled; t h e i r  average th ickness  was 70 f e e t .  

Reservo i r  P o r o s i t y  and Pe rmeab i l i t y  

Ju rass i c  Rocks 

F i f t y - e i g h t  samples were processed f o r  p o r o s i t y  and p e r m e a b i l i t y  de te rmina t ion .  
The samples were taken f rom a l l  major sandstone bodies and a r e  r e p r e s e n t a t i v e  
f o r  su r f ace  samples. The p o r o s i t i e s  and p e r m e a b i l i t i e s  a r e  c o n s i s t e n t l y  low. 
The maximum p o r o s i t y  was 10.9 percen t  and p e r m e a b i l i t y  was 17 md. These s i n g l e  
maximum f i g u r e s  a r e  no t  r ep resen ta t i ve ,  as t h e  nex t  lower va lues were 6.7 percen t  
and 10 md. The average o f  t h e  58 samples was 2.41 percen t  p o r o s i t y  and 0.032 md 
p e r m e a b i l i t y .  The reasons f o r  t he  low readings a r e  d iscussed i n  the  s e c t i o n  on 
pet rography (p. H -1 ) .  I t  may be notewor thy t h a t  s l i g h t l y  h i ghe r  p o r o s i t i e s  (5 and 
10.9 percen t )  were present  i n  samples f rom two sandstones on August ine I s l and .  

Cretaceous Rocks 

There were n o t  enough Cretaceous samples taken t o  g i v e  a r e p r e s e n t a t i v e  
sampl ing.  The t h ree  samples taken y i e l d e d  2.4,  11.8, and 4 . 5  percen t  p o r o s i t y  
and 0.02, 0.15, and 0.19 md p e r m e a b i l i t y .  

T e r t i a r y  West fore land Format ion 

The sandst.one and sandy conglomerate ou tc rops  a re  ve ry  l i m i t e d .  O f  1 1  samples, 
t he  maximum p o r o s i t y  was 13 percent  and the  maximum p e r m e a b i l i t y  was 2.34 md; t he  
average was 5.2 percent  p o r o s i t y  and 0.55 md p e r m e a b i l i t y .  

Rese rvo i r -S t ruc tu ra l  Spa t i a l  Re la t i onsh ips  

There a r e  o n l y  a few p laces i n  t he  s tudy  area t h a t  observa t ions  can be made 
on r e s e r v o i r s  and t h e i r  r e l a t i o n  t o  s t r u c t u r e s .  I n  the  l n i s k i n  Peninsu la  area,  
sandstones o f  t he  M idd le  Ju rass i c  Tuxedni Group and the  upper Ju rass i c  Ch in i t na  
Format ion were observed on bo th  t he  eas t  and west f l a n k s  o f  bo th  t h e  Tonnie 
s y n c l i n e  and t he  F i t z  Creek a n t i c l i n e ,  suggest ing t h a t  t he  s t r u c t u r e  had no e f f e c t  
on d e p o s i t i o n .  O r i e n t a t i o n  o f  sandstones appear t o  be nor theast -southwest .  

The general  nor theast -southwest  a l ignment  o f  sandstones w i t h i n  t h e  massive 
Pomeroy arkose member o f  t he  Naknek Format ion suggests t h a t  most o f f s h o r e  Pomeroy 
equ i va l en t s  should be o r i e n t e d  s i m i l a r l y  i n  t he  g r e a t e r  p a r t  o f  t h e  lower Cook 
I n l e t .  The sandstones would n o t  be expected t o  occur  p r e f e r e n t i a l l y  i n  sync l i nes  
o r  on a n t i c l i n e s  because t he  s t r u c t u r e  p robab ly  pos tda tes  t he  d e p o s i t i o n .  

Ju rass i c  sandstones i n  the  Kamishak Bay area a l s o  appear n o t  t o  be r e s t r i c t e d  
t o  any p a r t i c u l a r  p a r t  o f  a s t r u c t u r e .  Poss ib l e  p o t e n t i a l  r e s e r v o i r  sandstones 
were observed i n  bo th  a n t i c l i n a l  and s y n c l i n a l  p o s i t i o n  near t he  mouth o f  Douglas 
R ive r  (p. E - 1 ,  t o p ) .  



As d iscussed p r e v i o u s l y ,  t he  Cretaceous sands may occur  as e i t h e r  t a b u l a r  
depos i t s  o r  as submarine fan-channel o r  l o b a t e  depos i t s .  The sheet sands a r e  
o r i e n t e d  more o r  l ess  p a r a l l e l  t o  t he  Cook l n l e t  t rough  and t he  fan ,  lobes, o r  
channels a r e  o r i e n t e d  normal t o  t he  Cook l n l e t  t rough .  These sandstones should 
a l s o  p reda te  major s t r u c t u r a l  growth i n  lower Cook I n l e t .  

The conglomerate exposures o f  T e r t i a r y  rocks i n  t he  Cape Douglas area and i n  
t he  She l t e r  Creek area (p. E-12, top )  suggest t h a t  s i m i l a r  channel ,  f l u v i a l  f l o o d  
p l a i n ,  o r  d e l t a i c  l oba te  depos i t s  o f f s h o r e  a r e  o r i e n t e d  normal t o  t he  e x i s t i n g  
Cook l n l e t  t rough  and most o f f s h o r e  s t r u c t u r a l  t rends .  The sandy- fac ies e q u i v a l e n t  
o f  these conglomerates (p.  E - 1 1  , bottom) a r e  p robab ly  o r i e n t e d  para1 l e l  t o  t he  Cook 
l n l e t  t rough.  Depos i t i on  o f  a l l  these sandstones should p reda te  most lower Cook 
l n l e t  s t r u c t u r e s .  

I n  summary, sandstones capable  o f  be ing  p o t e n t i a l  r e s e r v o i r s - - - i f  p o r o s i t y  
and p e r m e a b i l i t y  a r e  preserved---should occur  where o r i g i n a l l y  depos i ted  a t  a l l  
s t r u c t u r a l  p o s i t i o n s  w i t h i n  t he  lower Cook I n l e t ,  ma in l y  because d e p o s i t i o n  
predated major t e c t o n i c  a c t i v i t y  i n  t h a t  area.  

HYDROCARBON SOURCE ROCKS 

S i x t y - n i n e  samples were taken f o r  source-rock e v a l u a t i o n .  The r e l a t i v e  amount 
o f  s o l u b l e  hydrocarbon i s  cons idered t o  be i n d i c a t i v e  o f  t he  q u a l i t y  o f  t he  
source rocks.  I n  genera l ,  t h e  p a r t s - p e r - m i l l i o n  (ppm) hydrocarbon readings 
were moderate. Sample va lues ranged f rom a low o f  64 ppm hydrocarbon t o  a h i g h  
o f  1,569 ppm. The average o f  t he  69 samples was 242 ppm. Wi th  t he  excep t ion  
o f  one low read ing  (68 ppm) and two h i g h  read ings ( 1  ,094 and 1,569) , t h e  sample 
va l  ues c l u s t e r e d  around t he  average, ind  i c a t  i ng  moderate source rock  throughout  
the  Ju rass i c  s e c t i o n  examined. The average hydrocarbon con ten t  i n  791 samples o f  
a n c i e n t  sediments was 300 ppm ( ~ u n t ,  1961). The f o l l o w i n g  t a b l e s  a r e  inc luded 
t o  o f f e r  the  reader a comparison o f  these da ta ,  o t h e r  produc ing bas ins ,  and recen t  
sediment va lues.  

Table  1 .  Average noncarbonate carbon con ten t ,  con ten t  o f  indigenous 
hydrocarbons bo i 1 i ng above 325°C. , and hyd roca rbon-nonca rbona t e  
carbon r a t i o  o f  Recent sediments ( a f t e r  Blumer, 1958) . 1  

Env i ronmen t 
( l o c a t  ion)  

Average 
hydrocarbon 

con t e n t  (ppm) 

So i 1 s 
(Texas) 

Peat s 
( F l o r i d a )  

Fresh-Water Lake 
 r rand Lake, ~ o u i  s iana) 

Near-Shore Mud F l a t  
(Sabine Pass, Texas) 

Lagoona 1 
( ~ a g u n a  Mad r e ,  m ex as) 

Carbonate Muds 
( F l o r i d a )  



Env i ronmen t 
( 1  oca t ion) 

Average 
hyd roca rbon 

con ten t  (ppm) 

l n t e r d e l  t a  i c  
(LOU i s iana) 20 

D e l t a i c  
( M i s s i s s i p p i  D e l t a )  8 0 

Prodel  t a i c  
( M i s s i s s i p p i  De l t a )  80 

Open Mar ine She l f  
( ~ u l f  o f  Mexico) 30 

Deep Mar ine Basin 
( ~ h u b a s c o  Trench, Mexico) 23 
(Channel I s l ands  Area, Cal i f o r n i a )  100 
(Car iaco  Trench, Venezuela) 140 

P h i l  i p p i ,  G.T., 1965, On t he  depth,  t ime  and mechanism o f  pet ro leum 
genera t ion :  Geochem. e t  Cosmochem. Acta.  v l .  29, p.  1021-1049. 

Table  2. Noncarbonate carbon con ten t ,  con ten t  o f  indigenous hydrocarbons 
b o i l i n g  above 32S°C., and hydrocarbon-noncarbonate carbon r a t i o  
o f  some anc ien t  sediments. 

Age and f o rma t i on  
( l o c a t  ion)  

Average 
hydrocarbon 

con t e n t  (ppm) 

U.  Mio. - -Div .  D & E 
(Ventura and Los Angeles Basins, ~ a l i f o r n i a )  

Mio.--Tel issa 
(Sungei Taham F i e l d ,  S. Sumatra) 

C r e t  . --2nd Wh i t e  Specks 
(A1 b e r t a  , ~ a n a d a )  

C r e t  . --Graneros 
( ~ o r t h e a s t  co lo rado)  

C re t  . --LaLuna 
(La Paz F i e l d ,  Venezuela, S.A.) 

Cret.--LaLuna Equ iva len t  
( ~ a s a b e  F i e l d ,  Colombia, s .A . )  

Perm--Leona r d  
(Delaware Bas in ,  Texas) 

Miss.--Lodgepole 
 astern ~ o n t a n a )  

0rd.--Winnipeg 
 a astern Montana) 



BASIN MATURITY 

A t o t a l  o f  69 samples were processed f o r  v i s u a l  kerogen assessment by 
Geochem Labo ra to r i es ,  Inc .  These samples were c o l l e c t e d  f rom w i d e l y  separated 
areas and f rom a1 1 p o t e n t i a l  Mesozoic and T e r t i a r y  source rocks examined i n  the  
lower Cook l n l e t  area.  There i s  e s s e n t i a l l y  no d i f f e r e n c e  i n  t h e  t ype  o f  o rgan i c  
ma t t e r  present  o r  i n  the  degree o f  ma tu ra t i on  i n  rocks rang ing  i n  age f rom upper 
Ju rass i c  t o  T e r t i a r y .  The dominant thermal a1 t e r a t i o n  rank o f  t he  m a j o r i  t y  o f  
t he  samples ranges f rom +1 t o  +2, and i s  ma in l y  -2 t o  +2. Only f i v e  samples 
have an a1 t e r a t  ion rank g r e a t e r  than +2. These range f rom +3 t o  -4 and a r e  f rom 
the  upper Cretaceous Kaguyak Format i on  and T e r t i a r y  rocks exposed i n  t h e  area 
surrounding M t .  Douglas. The h i ghe r  a l t e r a t i o n  rank o f  these f i v e  samples must 
i n d i c a t e  l o c a l  thermal a l t e r a t i o n  due t o  igneous a c t i v i t y  i n  t h e  area.  These 
a l t e r a t i o n  e f f e c t s  a r e  p robab ly  n o t  impor tan t  i n  most o f  t he  o f f s h o r e  area.  

Stap l  i n  (1969) has i n d i c a t e d  t h a t  an a1 t e r a t  i on  range o f  -2 t o  +2 should 
be i n d i c a t i v e  o f  t he  capabi  1 i t y  o f  t h e  source rocks t o  generate  e i t h e r  "wet" 
o r  "dry" assoc ia ted  hydrocarbons, depending on t h e  t ype  o f  hydrocarbon p recursor  
kerogen . 

Ana l ys i s  o f  t he  t ype  o f  kerogen p resen t  i n  t h e  69 samples shows t h a t  t he  
dominant type i s  herbaceous-spore/cut ic le .  Secondary and t r a c e  types o f  kerogen 
a r e  coa l y ,  amorphous-sapropel, and woody g r a i n s .  The type  o f  assoc ia ted  hydrocarbon 
i nd i ca ted  as most l i k e l y  t o  occur i s  thus d r y  gas. However, 61 o f  t h e  samples 
c o n t a i n  amorphous g r a i n s  i n  e i t h e r  secondary o r  t r a c e  amounts which a r e  i n d i c a t i v e  
o f  t he  capab i 1 i t y  t o  generate  "wet" hydrocarbons. These 1 abo ra to r y  determi  na t  ions 
appear i n  appendix D .  

PETROGRAPHY OF POTENTIAL R E S E R V O I R  SANDSTONES 

T h i r t y - e i g h t  samples f rom s t r a t i g r a p h i c  columns and t r ave rses  i n  t he  lower 
Cook l n l e t  area were p e t r o g r a p h i c a l l y  examined--- lo f rom the  West Fore land 
Format ion o f  T e r t i a r y  age and 28 from the  C h i n i t n a  and Naknek Format ions o f  
Ju rass i c  age. These rocks were c l a s s i f i e d  by compos i t i on  o f  c l a s t s  and g r a i n  
s i z e  (append i x  H) accord ing  t o  Fol  k ( 1  954; see f i gs .  3 ,  4) . The modes used i n  
composi t iona l  c l a s s i f i c a t i o n  were es t imated  and a r e  no t  r epo r t ed  i n  t he  appendix 
bu t  t he  d i f f e r e n t  composi t ions o f  c l a s t s  i n  each sample a r e  p resen t  i n  o r d e r  o f  
t h e i r  decreas ing abundance. 

A l l  t h e  samples c o n t a i n  i n t e rmed ia te  p l a g i o c l a s e ,  qua r t z ,  and igneous rock  
f ragments,  and a r e  accompanied i n  i n d i v i d u a l  samples by va r i ous  amounts o f  green 
o r  brown hornblende, brown b i o t i t e ,  potassium f e l d s p a r ,  magnet i te ,  metamorphic 
rock  f ragments,  c h l o r i t e ,  d e t r i t a l  c l a y ,  and carbonate.  Accessory m ine ra l s  i nc l ude  
ep ido te ,  a p a t i t e ,  sphene, and muscov i te .  P l ag ioc l ase  and igneous rock  fragments 
a r e  t he  most common types o f  c l a s t s  i n  a l l  samples; most samples a r e  c o m p o s i t i o n a l l y  
arkoses, bu t  some c o n t a i n  enough q u a r t z  o r  metamorphic r ock  f ragments and mica 
t o  be c l a s s i f i e d  as subarkoses o r  impure arkoses.  

P lag ioc l ase  i s  commonly zoned and twinned accord ing  t o  t h e  a l b i t e  law, and 
p e r i c l i n e  tw ins  a r e  n o t  uncommon. Qua r t z  commonly d i s p l a y s  s l i g h t  undu la to r y  
e x t i n c t i o n ,  and p o l y c r y s t a l l i n e  g r a i n s  a r e  moderate ly  abundant among l a r g e r  
c l a s t s ;  bubble  t r a i n s  can be seen i n  numerous q u a r t z  c l a s t s .  Because these 
f ea tu res  a r e  common f o r  igneous p l a g i o c l a s e  and qua r t z ,  a predominant ly  igneous 
provenance i s  i nd i ca ted  f o r  t he  samples. Hornblende and b i o t i t e  a r e  common 
components o f  i n t e rmed ia te  igneous rocks and a r e  p robab ly  o f  igneous provenance. 



(Feldspar and a1 1 
igneous-rock fragments) 

Q 
(~urrt t  and cher t )  

(Mica, metamorphic- 
rock fragments and 

me taqua r t z  i te)  

The e i g h t  types o f  te r r igenour  sedimentary rocks, as def ined by the mineral 
composition o f  the d a t r i t a l  s i l t -sand-grave1 fract,ion, disregarding chemical cements 
and d e t r l t r l  c lays .  Not drawn to scale; l l r n i t s  indicated by the percentages shown 
a t  the edges o f  the t r i a n g l e .  

COMPOSITIONAL CLASS l FlCATlON OF SED IMENTARV ROCKS (AFTER FOLK, 1954) 

FIGURE 3 
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None o f  t he  c l a s t s  i n  any o f  t he  samples had weather ing r i n d s ,  and i t  i s  
l i k e l y  t h a t  c l a s t s  were no t  weathered s i g n i f i c a n t l y  d u r i n g  o r  a f t e r  t r a n s p o r t  
and depos i t i on .  P l ag ioc l ase  ranges f rom f r e s h  t o  moderate ly  o r  g r e a t l y  a l t e r e d  
i n  a l l  t h e  samples, and t h i s  toge ther  w i t h  t h e  common a n g u l a r i t y  o f  p l a g i o c l a s e  
c l a s t s  i n d i c a t e s  t h a t  t h e  sampJes a r e  t e c t o n i c  arkoses,  I n  most samples, t h e  
p l a g i o c l a s e  has been p a r t l y  a l t e r e d  t o  k a o l i n i t e ,  which i n d i c a t e s  normal 
weather ing i n  the  source area;  however, some samples had va r i ous  amounts o f  
s e r i c i t i z e d  p l a g i o c l a s e  i n d i c a t i v e  o f  d e u t e r i c  a l t e r a t i o n .  One p l a g i o c l a s e  
sample was p a r t l y  a l t e r e d  t o  z e o l i t e ,  i n d i c a t i n g  hydrothermal a c t i v i t y  i n  t he  
source area. 

There i s  commonly some magnet i te  assoc ia ted  w i t h  c h l o r i t e ,  and an o r i g i n  
f rom the  a l t e r a t i o n  o f  b i o t i t e  i s  suggested. There a r e  many c l a s t s  o f  p a r t l y  
c h l o r i t i z e d  b i o t i t e ,  which suppor ts  such an o r i g i n  f o r  c h l o r i t e .  

Calcareous (micr  i t i c )  and noncalcareous brown d e t r  i t a l  c l a y s  occur  i n  some 
o f  the  samples. Commonly, much o f  t h e  m i c r i t e  i s  r e c r y s t a l l i z e d  t o  spa r r y  
c a l c i t e ,  and t he  brown d e t r i t a l  c l a y  appears t o  be a  m i x t u r e  o f  f i n e l y  shredded 
b i o t i t e  and c h l o r i t e .  

Except f o r  sample 177-IP-76, a l l  samples a r e  p o o r l y  so r t ed  and have c l a s t s  
arranged i n  a  d iso rdered  f ash ion  sugges t i ve  o f  sudden d e p o s i t i o n .  Sample 177-IP-76 
i s  w e l l  so r ted ,  and c l a s t s  i n  t h i s  sample a r e  arranged w i t h  t h e i r  l ong  axes i n  a  
s i n g l e  p lane;  the  r ock  o f  t h i s  sample has been reworked between t h e  t imes o f  
d e p o s i t i o n  and b u r i a l .  

The samples f rom the  West Foreland Format ion a r e  l o o s e l y  t o  moderate ly  packed, 
bu t  those from the  Naknek Format ion a r e  t i g h t l y  packed w i t h  many g r a i n s  broken i n  
compaction. The t h i n  sec t i ons  used i n  t h i s  s tudy were no t  impregnated w i t h  any 
co lo red  medium t o  a i d  i n  t he  s tudy o f  p o r o s i t y ;  no v i s i b l e  p o r o s i t y  was observed 
i n  any o f  t he  samples, even those which were determined t o  have r e l a t i v e l y  l a r g e  
p o r o s i t i e s  by l a b o r a t o r y  t e s t i n g .  What would o the rw i se  have been pore  space i n  
t he  samples (amounting t o  cons iderab le  volume i n  some) was f i l l e d  i n  w i t h  
autochthonous z e o l i t e  which commonly d i s p l a y s  a  coxcomb t e x t u r e .  Because a l l  t h e  
samples were c o l l e c t e d  a l ong  a  t r end  o f  long-cont inued vo lcan ism and t h e  a u t h i g e n i c  
z e o l i t e  i n  the  samples has p robab ly  been depos i ted  by hydrothermal s o l u t i o n s  
assoc ia ted  w i t h  t h a t  volcanism, i t  i s  p o s s i b l e  t h a t  rocks  i n  t he  s t r a t a  sampled 
might  be f r e e  o f  autochthonous z e o l i t e  and c o n t a i n  p r o p o r t i o n a t e l y  more pore  
space i n  areas away from t h e  v o l c a n i c  t rend .  

STRUCTURE 

The Cook l n l e t  bas in  i s  a  no r t heas t - t r end ing  intermontane t rough  bounded 
by t he  B ru i n  Bay f a u l t  system on the  west and by t he  Border Ranges f a u l t  system 
on t he  eas t  (Magoon and o the rs ,  1975). W i t h i n  t h i s  t rough,  t he  major s t r u c t u r a l  
f e a t u r e  o f  t h e  lower Cook l n l e t  i s  a  broad, r eg iona l  eas t -wes t - t rend ing  f e a t u r e  
known as t he  August ine-Seldovia a r ch .  

No r t heas t - t r end ing  a n t i c 1  i n a l  and sync1 i n a l  f ea tu res  and assoc ia ted  f a u l t i n g  
have been i d e n t i f i e d  i n  p r e l i m i n a r y  i n t e r p r e t a t i o n s  o f  se ismic  da ta  by F i she r  
(1975), and i n  t e n t a t i v e  shipboard i n t e r p r e t a t i o n s  o f  se ismic  da ta  ob ta ined  by 
t he  USGS research vessel  sea Sounder i n  t he  summer o f  1976 (Magoon and o the rs ,  
1976). I t  i s  f e l t  t h a t  these s t r u c t u r a l  f ea tu res  w i l l  o f f e r  t he  most p romis ing  
t r a p  p o t e n t i a l  f o r  f u t u r e  pet ro leum e x p l o r a t i o n  i n  t h e  lower Cook I n l e t .  



PETROLEUM POTENT l AL 

Petroleum p o t e n t i a l  o f  t h e  lower Cook l n l e t  area appears f a i r  t o  good. 
Commercial accumulat ion o f  hydrocarbons r e q u i r e s  (a) source rocks,  (b)  r e s e r v o i r  
rocks,  and (c)  l a r g e  t r aps .  Evidence seems t o  suppor t  t he  concept t h a t  a1 1 
t h ree  o f  these requirements a r e  present  i n  t he  lower Cook I n l e t .  

Basin m a t u r i t y  de te rmina t ions  i n d i c a t e  t h a t  p o t e n t i a l  source rocks a r e  
mature enough t o  have generated petroleum. Reservo i r  parameter de te rmina t ions  
a r e  g e n e r a l l y  low, and pore space has been l i m i t e d  by o r i g i n a l  t i g h t  pack ing 
and z e o l i t i z a t i o n .  Large a n t i c l i n a l  s t r u c t u r e s  a r e  known from se ismic  da ta  and 
t he re  may be s t r a t i g r a p h i c  t r a p s  a l ong  t he  August ine-Seldov ia  a r ch .  

GEOCHEMICAL CONTROL 

These da ta  a r e  a v a i l a b l e  i n  appendix J .  

CONCLUS l ONS 

We f e e l  t h a t  the  major o b j e c t i v e s  o f  t h i s  p r o j e c t  were completed a t  a c o s t  
savings t o  bo th  agencies.  Reconnaissance geo log i ca l  and geochemical work was 
added t o  p rev ious  work on t he  west s i d e  o f  t he  lower Cook I n l e t .  Source-rock 
and p o t e n t i a l  r e s e r v o i r - r o c k  samples were c o l l e c t e d  and analyzed; bas in  m a t u r i t y  
was determined f rom se lec ted  mudstones, s i l t s t o n e s ,  and shales;  geochemical samples 
were taken f o r  base-metal a n a l y s i s ;  and samples were taken f o r  age de te rm ina t i on  
o f  c e r t a i n  p l u t o n s .  

The r e s u l t s  o f  these analyses show: 

1 .  P o r o s i t i e s  and p e r m e a b i l i t i e s  i n  ou t c rop  samples a r e  a l l  g e n e r a l l y  low t o  
ve ry  low. 

2 .  A s l i g h t  improvement was noted i n  upper Ju rass i c  rocks i n  an e a s t e r l y  d i r e c t i o n  
on August ine I s l and .  

3 .  S l i g h t l y  h i ghe r  p o r o s i t i e s  were noted i n  one sandstone u n i t  i n  t he  Cretaceous 
and i n  t he  T e r t i a r y  rocks than i n  t he  Ju rass i c  rocks .  

4. Basin m a t u r i t y  was i n  t h e  "wet" hydrocarbon and gas range f o r  rocks  rang ing  
i n  age from upper Ju rass i c  through T e r t i a r y .  

From these data we conclude t h a t  t he  pet ro leum p o t e n t i a l  i n  t he  lower Cook 
l n l e t  i s  f a i r  t o  good, a l though  i t  i s  cons ide rab l y  l e s s  a t t r a c t i v e  than t he  upper 
Cook I n l e t .  
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APPEND lX A 

Porosi ty  and Permeabil i t y  Analyses 

E f f e c t i v e  Porosi ty  
Percent 

...I 

Permeabi l i ty  
M i  l l idarc ies  Map Number Sempl e Number 

135- 1 P-76 
136- l  P-76 
141-IP-76 
143 IFP 76 
144- I  P-76 



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

Permeabil i t y  
M i  11 i d a r c i e s  Map Number Sampl e Number 

1 1 1  WL 76 
110 WL 76 
106 WL 76 
105 WL 76 
2 9  JCW 76 

31 JCW 76 
1 JW 76 

4 JCW 76 
5 JCW 76 
6 JCW 76 

25 JCW 76 
i is - IP-76  
113-IP-76 
1 17-IP-76 
118-lP-76 

13 JCW 76 
16 JCW 76 
17 JCW 76 
18 JCW 76 
19 JCW 76 



Map Number Samp 1 e Number 
E f f e c t i v e  Porosity 

Percent 
Permeab i 1 i ty 
Mill i da rc ies  



APPEND l X  B 

Paleonto logy ~ e t e r m i n a t i o n s ~  

Rad io l a r i an  assemblages s i m i l a r  t o  assemblages found i n  the  subsurface o f  
the  Alaska Peninsula occur i n  severa l  o f  these ou t c rop  samples. These r a d i o l a r i a  
a r e  inc luded i n  t he  sample-by-sample Foramin i fe ra  Report which appears below. 

Barren . 
Age : l ndeterminate 
Environment: l ndeterminate 

Barren. Coa 1 (a) , 

Age : Indeterminate 
Environment: Indeterminate 

Cenosphaera spp. (A ) ,  D i c t yom i t r a  sp. A (c), D. sp. B ( R ) ,  D .  spp. ( c ) ,  
Spongod i scus spp. (A) , Spongurus sp. ( c )  . 

Age : Jurass ic  - E a r l y  Cretaceous 
(~eocom i an) 

Environment: Marine 

Bathysiphon c f .  a lexander i  ( R ) ,  Dental  ina sp. (R), Hormosina ? sp. (R), 
L e n t i c u l  ina sp. (R) ,  Cenosphaera spp. (A ) ,  D i c t yom i t r a  sp. A ( R ) ,  D ,  sp. B ( F ) ,  
D.  spp. ( c )  , H i s t  ias t rum sp. (R) , Rhopalastrum sp. (R)  , Spongodiscus spp. (c) , 
Spongurus sp. ( c ) ,  Sty lospongia sp. (R) , p y r i t e  (F ) ,  coa l  ( F )  . 

Age: Ju rass ic  - E a r l y  Cretaceous 
(~eocom i an) 

Env i ronment : Marine 

Arenaceous sp. (R), Dental  ina  sp. (R)  , Globobul imina ? sp. ( R ) ,  Cenosphaera spp. 
( A ) ,  D i c tyomi  t ra  sp. A (R)  , D .  spp. (c) , Spongodf scus spp. (C) , Spongurus sp. (F) , 
lnoceramus pr isms (R), coa l  (F ) .  

Age : Ju rass i c  - E a r l y  Cretaceous 
(~eocom i an) 

Environment: Outer Ne r i  t i c  t o  Bathyal  

Performed by Anderson, Warren and Assoc ia tes,  c o n s u l t i n g  m ic ropa leon to log i s t s ,  
San D iego, Ca 1 i f o r n  i a ,  August 1976. 
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Cenosphaera spp. (F ) ,  D i c t y o m i t r a  spp. (R)  , p y r i t e  (F)  , coal  (R) . 
Age : Probable Cretaceous o r  01  der  
Env i ronmen t : Mar ine 

Barren. 

Age : 1 ndeterminate 
Env i ronmen t : l ndeterminate 

Arenaceous spp. (F ) ,  Bathysiphon ? sp. (R), Dental  ina  sp. (R), Globobul imina ? 
sp. (R)  , Haplophragmoides c f .  excavata ( c )  , H. ~ p p .  ( F ) ,  Trochammina c f .  s a b l e i  
(F ) ,  Cenosphaera spp. ( A ) ,  D i c t yom i t r a  sp. A (R) , D,  sp, B ( F ) ,  D ,  spp. ( c )  , 
Spongod i scus spp. ( c )  , Spongurus sp. ( c )  . 

Age : Ju rass i c  - E a r l y  Cretaceous 
(~eocomian)  

Environment: O u t e r N e r i t i c t o B a t h y a l  

Ammodiscus ? sp. (R)  , Bathysiphon sanc taecruc is  (R) , Haplophragmoides spp, (R)  , 
Trochammina ? sp. ( R ) .  

Age : Inde te rmina te  
Env i ronment : N e r i t i c  ? 

Bathys iphon ? sp. (R)  , Haplophragmo ides sp. (R) , Cenosphaera spp. (c)  , 
Dictyomi t r a  spp. (R)  , Spongod i scus spp. (F) , p y r i t e  (R)  . 

Age : Probable Cretaceous o r  o l d e r  
Environment: Mar i ne 

Haplophragmoides ? sp. (R ) ,  Cenosphaera spp. ( F ) ,  D i c t y o m i t r a  sp. (R), 
Spongod i scus spp. (F) , Spongurus spp. ( c )  . 

Age : Probable Cretaceous o r  o l d e r  
Env i ronmen t : Marine 

Haplophragmoides sp. (R)  , Cenosphaera spp. (F) , Dic tyomi  t r a  spp. ( c )  , 
Spongurus spp. (F) . 

Age : Probable Cretaceous o r  o l d e r  
Environment: Marine 

B-2 



She1 1 fragments (R) , 1 noceramus p r  i sms (F:) . 
Age : #Jurass ic  - Cretaceoils 
Env i ronment : Marine 

63-W~-76 

Barren. 

Age : l ndeterminate 
Env i ronmen t : l ndeterminate 

Barren. 

Age : Indeterminate 
Environment: l ndeterrninate 

Barren . 
Age : Indeterminate 
Environment: Indeterminate 

D i c t yom i t r a  sp. ( R ) ,  p y r i t e  (F) .  

Age : Indeterminate 
Env i ronmen t : Poss ib le  Marine 

Barren. Sponge sp i cu les  (R) , pyr  i t e  (F)  . 
Age : l ndeterminate 
Environment: Indeterminate 

Lagena ? sp. ( R ) ,  Nodosaria c f .  d o l i i f o r r r i i s  ( R ) ,  L e n t i c u l i n a  spp. ( F ) ,  I, a f f .  
wisselmanni ( R ) ,  Osangular ia ? sp. (R), D i c t yom i t r a  sp. (R) ,  ech ino id  remains (R ) ,  
l noceramus p r  i sms (FL) , g l  aucon i t e  (A) , ve i n  ca 1 c i t e  (C )  , 

Age : Probabl e Cretaceous (~eocom ian) 
Environment: N e r i t i c  



Barren. lnoceramus pr isms (A ) .  

Age : Ju rass i c  - Cretaceous 
Environment: Marine 

Gavel i n e l  l a  sp. (R) , Spongurus sp. (R) , rad i o l a r  fa (R) , she1 1 f ragments (F )  , 
D i t r upa  cornu  ? (R ) ,  lnoceramus pr isms ( c ) .  

Age : Probable Cretaceous 
Env i ronmen t : Mar ine 

Haplophragmoides sp. (R) . 
Age : Inde te rmina te  
Environment: P ~ s s i b l e  Marine 

Glomospi r a  c f .  gord i a l  i s  (R)  , P e l ~ s  ina sp. (R) , Csnssphaera spp. (A ) ,  L i  thocampe 
c f .  sp, A ( F ) ,  Spongurus spp. ( A ) ,  Spongodiscus spp, (A) ,  D i c t y ~ m i  t r a  c f ,  sp.  A 
(F) , D. spp. (F) , l noceramus p r  i sms (R) , Cyrtocapsa 7 sp.  (R) . 

Age : Ju rass i c  t o  E a r l y  Cretaceous (Neocomian) 
Envi ronment: Open Marine 

Cenosphaera spp. (C) , Spongurus spp. (C) , Inoceramu$ prisms (R) . 
Age : Probable Ju rass i c  t o  Cretaceous 
Env i ronmen t : Open Mar i ne 

1 noceramus p r  i sms (FL) . 
Age : Ju rass i c  t o  Cretaceous 
Env i ronmen t : Marine 

Cenosphaera spp. (R) , Cyrtocapsa ? sp. (R) , lnocaromus p r  Isms (R)  . 
Age : Probable Ju rass i c  t o  C r e t a c e a u ~  
Environment: Marine 



Haplophragmo ides spp. (R)  . 
Age : Indeterminate 
Environment: Probable Marine 

l nocerarnus p r  i sms (R) . 
Age : Probable Ju rass i c  - Cretaceous 
Env i ronmen t : Poss ib le  Marine 

Cenosphaera spp. (F)  , Spongurus spp. (R) , l noceramus pr isms ( R )  , p y r i t e  (F) 

Age : Probable Ju rass i c  - Cretaceous 
Env i ronmen t : Open Mar i ne 

D i c tyomi  t r a  sp. (R) , Spongurus spp. ( F )  , Cenosphaera spp. (F) , I no~eramus pr isms 
(F) , p y r i t e  ( F )  . 

Age : Ju rass i c  - Cretaceous 
Envi ronment : Open Marine 

t e n t  i c u l  ina sp. (R), Cyrtocapsa 7 sp. (R) , Cenosphaera spp. ( c ) ,  C r u ~ e l  l a  c f .  
sp. B (R) , Spongodiscus sp. (F) , D ic t yom i t r a  c f .  sp. B (R) , p y r i t e  (F) . 

Age : Jurass ic  
Environment: OpenMar ine 

D ic tyorn i t ra  sp. B ( R ) ,  D.  spp. (C), L e n t i c u l i n a  spp, ( R ) ,  Reophax ? sp. O R ,  
Crucel l a  c f .  sp. B (A) ,  Patu l  i b racch iu~n  c f .  sp. A (F) , Sp~ngod iacus spp. (A),  
Cenosphaera spp. (A),  she1 1 fragments (R) , Rhopalastrum sp. (R) , R .  sp, A ( R ) ,  
p y r i t e  ( c )  , p y r i t e  s t i c k s  (C) , Spongolonche sp. (R) . 

Age : Jurass ic  
Environment: Open Marine 

Bathysiphon sp. (R),  D i c t yom i t r a  spp. (C), D .  c f .  sp. A ( R ) ,  St i chom i t r a  sp. (R),  
Spongurus spp. (A),  Spongodiscus spp. ( c )  , Crucel l a  c f .  sp, B (R) ,  Trochammina sp. 
(R), Cenosphaera spp, ( A ) ,  Pa tu l ib racch ium sp. ( R ) ,  p y r i t e  ( c ) ,  p y r i t e  s t i c k s  ( F ) .  

Age : Jurass ic  - E a r l y  Cretaceous (~eocomlan)  
Envi  ronment: Open Marine 



Ammobacul i tes  c f .  ve tus ta  (R)  , Arenaceous sp. (R) , Cenosphaera spp. (F) , 
Spongod iscus sp. A (R)  , Spongurus sp. (R) , Patu l  ibracchium sp. (R) , Dictyomi t r a  
sp. (R ) ,  Spongolonche sp. A (R), p y r i t e  (F ) ,  Rhopalastrum sp. A (R) . 

Age : Ju rass i c  
Env i ronmen t : Open Mar i ne 

Arenaceous spp. (R)  , Epistomina ? sp. (R) , Haplophragmoides sp. (R) , L e n t i c u l  ina 
c f .  toarcense (R)  , Trochammina c f  , s a b l e i  (R) , Cenosphaera spp. (R) , l noeeramus 
pr isms (R)  , p y r i t e  (F) , 

Age : Probable Ju rass i c  
Environment: N e r i t i c  ? 

Spongod i scus sp. (R) , Cenosphaera spp. (R) , 

Age : l ndeterminate 
Env i ronmen t : Poss ib l e  Marine 

Astacol  us ped iacus (R) , Haplophragmoides sp. (R)  , Trochammina sp. (R)  , 
Verneu i 1 i noides sp. (R) , Cenosphaera spp. (R)  , py r  i t e  (F) . 

Age : Probable Ju rass i c  
Environment: N e r i t i c  ? 

Lent i c u l  ina pr ima (R)  , Cyrtocapsa ? sp. (R) , Cenosphaera spp, (c )  . 
Age : Probable Ju rass i c  
Environment: Mar ine 

Haplophragmoides spp. (R)  , Cenosphaera spp. (R) , p y r i t e  (F) . 
Age : Indeterminate 
Environment: Marine 

Gaudryina sp. (R) , Gaudryinel  l a  sp. ( R )  , Lent i c u l  ina sp. (R)  , Saccammina sp. 
(R) , Cenosphaera spp. (F) , l noceramus pr isms (R) , 

Age : Ju rass i c  - E a r l y  Cretaceous (Neocomlan) 
Environment: N e r i t i c  ? 



Spongod iscus spp. (F)  , Cyrtocapsa sp. A (R) , L i  thocampe sp. (F) , Cenosphaera spp. 
(A),  C ruce l l a  sp. (R ) ,  D i c t yom i t r a  sp. ( F ) .  ech ino id  remains (R), lnoceramus 
pr isms ( R ) ,  p y r i t e  ( c ) ,  v e i n  c a l c i t e  ( F ) .  

Age : Jurass ic  
Environment: Open Marine 

Barren. 

Age : Indeterminate 
Env i ronmen t : Indeterminate 

Barren. Coal ( c ) .  

Age : l ndeterminate 
Environment: Indeterminate 

10-JCW-76 

Barren . Coa 1 (VA)  . 
Age : Indeterminate 
Env i ronmen t : Indeterminate 

Barren . Coa 1 (A)  . 
Age : Indeterminate 
Env i ronment : Indeterminate 

Barren . 
Age : Indeterminate 
Environment: Indeterminate 

Haplophragmoides 7 sp. (R) ,  L e n t i c u l  ina sp. (R), L i ngu l  ina s p .  (R), Trochammina ? 
sp. (R) , pyr  i t e  (C) , Cenosphaera spp. ( c )  , D i c tyomi  t r a  spp. (R )  , Spongod i scus spp. 
(R) , Spongurus sp. (F)  . 

Age : Probable Cretaceous o r  o l d e r  
Environment: M idd le  N e r i t i c  t o  Bathyal  



Ba r ren . 
Age : Indeterminate 
Env i ronmen t : Indeterminate 

Barren. P y r i t e  ( F ) ,  p y r i t e  s t i c k s  (R).  

Age : l ndetermina t e  
Env i ronment : Indeterminate 

Barren. P y r i t e  (F ) ,  coa l  (F ) .  

Age : lnde te rmlna te  
Env i ronmen t : l ndeterminate 

Haplophragmo ides c f  . excava t a  (R) , H.  spp. (F )  , Trochammi na c f  . a 1 ber tens  i s (R) , 
T.  spp. (F ) ,  pelecypods (R ) ,  p y r i t e  (c) , Cenosphaera spp. ( c ) ,  ~ i c t y o m i t r a  spp. 
(R)  , Spongod i scus  spp. (c) , Spongurus sp. (F) . 

Age : Probable Cretaceous o r  o l d e r  
Environment: Marine 

Barren. Coal ( l i g n i t e )  ( c ) .  

Age : l ndeterminate 
Env i ronmen t : Indeterminate 

Bathys iphon sp. (R) , Eogut tu l  i na  sp. ( R )  , Haplophragmoides spp. (F) , Spume1 l a r  i a  
(vA) , Cenosphaera spp. (A),  D i c t y o m i t r a  sp. A (R) , D .  sp. B (F )  , D. spp. ( c ) ,  
Spongod i scus spp. (A) , Spongurus sp. (c )  . 

Age : Ju rass i c  - E a r l y  Cretaceous (~eocomian)  
Environment: Open Marine 

Trochammina sp. (R)  , Cenosphaera spp. (A ) ,  D i c tyomi  t r a  spp. (R)  , Spongod i scus spp. 
( c )  , Spongurus sp. (F) . 

Age : Probable Cretaceous o r  o l d e r  
Env i ronrnen t : Mar ine 



Barren. 

Age : l ndeterminate 
Environment: l ndeterminate 



Map Number 

APPEND l X  C 

Concentrat ion o f  Ex t rac ted  M a t e r i a l s  i n  Rock 

Hyd roca r bons Non hyd roca r bon s 

T o t a l  Percent P r e c i p i t a t e d  

Sample Number 
E x t r a c t  Organic Aspha 1 tene 

(ppm) Carbon ,! P P ~ ,  



Hydrocarbons Nonhyd roca r bons 

Map Number Sample Number 

Tota 1 Percent P rec ip i t a ted  
Ex t rac t  

(ppm) 
Organ i c  ~ s ~ h e  1 tene 
Carbon ( P P ~  



APPEND l X  D 

Summary o f  V i sua 1 Kerogen ~ s s e s s m e n t l  

Map Number 

1 1  
28 
36 
4 0 
43 

4 9 
5 1 
54 
56 
58 

5 9 
62 
6 4 
67 
7 3 

8 7 
9 0 
9 5 
9 9 

105 

110 
126 
130 
133 
135 

136 
140 
142 
143 
152 

Sampl e Number 

Kerogen Key: 

Predominant; Secondary; Trace 
60- 1 00% 20-40% 1-20% 

V i sua 1 Kerogen 
Organic M a t t e r  A1 t e r a t  i on  

Type Rank 

H; -; W-C 1+ t o  2- 
H; C ;  - 1+ t o  2- 
H; Am; C 1+ t o  r- 
H; Am; C 1+ t o  2- 
H; Am; C 1+ t o  2- 

H; - ;  Am-C 1+ t o  2- 
H; C ;  Am - 2- t o  r 
H; Am; C 1+  t o  2- 
H; Am; C 2 - 
H; Am; C 1+  t o  2-  

H; Am; C 1+ t o  2- 
H; Am; C 1+  t o  2- 
H; C;  Am 1+ t o  7- 
H; Am; C 1+ t o  2- 
H;  Am; C 1+ t o  2- - 
H; C ;  Am - 2- t o  2 
H; Am; C l+ t o  2- 
H; Am-C; - 2 t o  2 7  
H;Am-C; -  2 
H; Am; C - 1+ t o  2- 

H; C ;  Am 2 - 
H ; - ;Am-C  2- 
H; Am; C - 1+ t o  2- 
H; -; C 1+ t o  2 -  
H; Am; C - 2- t o  2 

A1 = A l g a l  
Am = Amorphous-Sapropel 
H = Herbaceous-Spore/Cuticle 
W = Woody 
C = Coaly 
U = U n i d e n t i f i e d  M a t e r i a l  



V i sua 1 Kerogen 
Orqanic Mat ter  A1  t e r a t  ion 

Map Number S a m p l e  Number . 
- 

Type 

H; Am; C 
H; C; Am-W 
H; C; - 
H; Am-C; - 
H; C; Am 

H; -; C 
H; Am; C 
H-C; -; Am 
H; Am-C; - 
H; C; Am 

H; C; Am 
H; -; - 
H; Am; C 
H; C; Am 
H; Am; C 

H;  Am; C 
H; C; Am 
H; Am; C 
H; -; Am-W 
H; -; C 

H; Am; C 
H; Am; C 
H;  C; Am 
H; C; Am 
H; C; Am 

H-C; Am; - 
H; -; Am-C 
Am-H; -; C 
H; Am; C 
H-C; W; - 
C; Am; H-W 
H-C; W; Am 
Am; H; W-C 
Am; H-C; W 
H-C; W; Am 

Rank 

2 -  t o  2 - 
1+ t o  2 -  - 
2 - 
2 - 
2 - 
1+ t o  2 -  
1+ t o  2 -  
2 - 
1+ t o  2 -  
2 - 
2 -  
1+ t o  2 -  
1+ t o  T- 
1 t o  1+ 
2 -  t o  2 - 
1+ t o  2 -  - 
1+ t o  2 -  
1+ t o  T- 
2 -  t o  T - 
2- t o  2 - 

1+ t o  2 -  
1+ t o  2 -  
2 - 
1+ t o  2 -  - 
2 

2 t o  2+ 
1 t o  1+ - 
1 + 
1+ to  2 -  - 
3+ 

4 - 
3 + 
2 t o  2+ - 
2 t o  2+ - 
3+ t o  4 -  - 

H-C; -; Am-W 3+ t o  4-  - 
H-C; -; Am 2 t o  2+ 
H-C; Am; - 2 t o 2 +  
H-C; Am; - 2 t o  2+ - 



Upper J u r a s s i c  Naknek Fo rmat ion  mass ive  sandstone exposed on 
a smal l  i s l a n d  i n  t h e  Akumwarvik Bay - Douglas R i v e r  a rea .  
Rock has p e t r o l i f e r o u s  odor  on f r e s h  b reak .  

Upper J u r a s s i c  Naknek Fo rmat ion  sandstones exposed a l o n g  
Akumwa r v  i k Bay. 



Upper Ju rass i c  matr  ix -suppor ted conglomerate exposed on Nordyke 
I s l and .  Many c u t - a n d - f i l l  f ea tu res  a r e  ev i den t  where t he  con- 
g lomerate has c u t  o u t  a graded bedded sequence. The conglomerate 
i s  p robab ly  a submarine channel o r  fang lomerate depos i t .  The 
d i s t a l  sandstone f ac i es  may be preserved i n  t he  lower Cook I n l e t  
O C S  area.  

Upper Ju rass i c  Naknek Format ion sandstone exposed on sou th  
f l a n k  o f  August ine Volcano. Sandstone e x h i b i t s  l a r g e  c ross -  
bed se t s  and so f t - sed  iment-deformat ion  " s w i r l  s t ' .  



Flame s t r u c t u r e s  and o t h e r  so f t - sed iment  de fo rmat ion  a r e  common 
i n  Naknek Format ion rocks exposed a long  n o r t h  s i d e  o f  C h i n i t n a  
Bay near Clam Cove. 

Soft-sediment deformat ion Ju rass i c  Naknek Format ion,  n o r t h  
s i d e  o f  Ch in i t na  Bay. 



Channel cu t -and- f  i 1 1  f ea tu res ,  J u r a s s i c  Naknek Format ion  on 
t he  n o r t h  s i d e  o f  C h i n i t n a  Bay. 

Soft-sediment deformat ion,  Ju rass i c  Naknek Format ion on n o r t h  
s i d e  o f  Ch in i t na  Bay. 



Red Glacier-, nor:}) s i d e  o f  C h i n i t n a  Bay. 

Basal p a r t  o f  the  Snug View Mountain - Bear Creek Ridge 
s t r a t i g r a p h i c  sec t  ion.  



Upper p a r t  o f  Snug View Mounta i n  - Bear 
Creek Ridge measured s e c t i o n ,  west  o f  
Snug Harbo r .  



Basal p a r t  o f  O i l  Bay s t r a t i g r a p h i c  sec t i on .  

Nor th  end o f  O i  1 Bay t r ave rse  sandstone. 

E -7 



South end o f  O i  1 Bay t r a v e r s e  sandstone. 

Contact between the  T e r t i a r y  West Fore land Format ion conglomerate 
and the  u n d e r l y i n g  upper Cretaceous Kaguyak Format ion,  exposed 
n o r t h  o f  M t .  Douglas a t  s e c t i o n  13,  T .  14 S . ,  R .  26 W., Seward 
Mer id ian .  The sandstone f a c i e s  o f  these massive conglomerates 
may be preserved i n  the  o f f s h o r e  lower Cook I n l e t  area.  



Upper Cretaceous Kaguyak 
Format i on  deep-wa t e r  
t u r b i d i t e  sequence exposed 
a long  n o r t h  s i d e  o f  Kaguyak 
Bay. 

Upper Cretaceous Kaguyak Format ion submarine fan-channel 
sandstone t h a t  t runca tes  t u r b i d i t e  sequence a t  Kaguyak Bay. 



"D i sh -s t r uc tu re "  dewa t e r  ing  and consol  i d a t  i on  f ea tu res  observed 
i n  the  Kaguyak Format ion t u r b i d i t e  and g r a i n - f l o w  sequence a t  
Kaguyak Bay. 

! 
I 

1 Incomplete Bouma-sequence 
t u r b i d  i t e  f a c  i e s  observed 

I 
i n  Upper Cretaceous Kaguyak 
Format ion ou t c rop  a long  
Kaguyak Bay. From bottom 
t o  top :  graded sequence 
I 1  II a i s  p resen t ,  lower 
i n t e r v a l  o f  para1 l e l  
l amina t  ion "b" p o s s i b l y  
p resen t ,  r i p p l e  l am ina t i on  
"c" i s  p resen t ,  p a r a l l e l  
l am ina t i on  "d" i s  p resen t  

l and pe l  i t i c  i n t e r v a l  "e" 

I i s  m iss ing .  



East G lac ie r  Creek s t r a t i g r a p h i c  s e c t i o n  I ( ~ e r t i a r y  West 
Foreland i or mat ion) exposed a long  n o r t h  s i d e  o f  C h i n i t n a  Bay. 
F o s s i l i z e d  t r e e  i n  growth p o s i t i o n  has been t runca ted  by over -  
l y i n g  conglomerate. 

East G lac ie r  Creek s t r a t i g r a p h i c  s e c t i o n  I I  exposed a long  t h e  
n o r t h  s i d e  o f  Ch in i t na  Bay a t  s e c t i o n  32, T. 3  S . ,  R.  21 W . ,  
Seward Mer i d  ian.  

E-1 1 



T e r t i a r y  West Fore land 
Format ion  conglomerates 
exposed i n  t he  She l t e r  
Creek s t r a t i g r a p h i c  s e c t i o n  
The sandstone f a c i e s  o f  
these conglomerates should 
under1 i e  t he  lower Cook 
l n l e t  O C S  area.  

Basal conglomerare o f  West Fore land Format ion expos.ed i n  t he  
She1 t e r  Creek s t r a t   graphic s e c t i o n .  



APPENDIX F 

Selected Spot-Sample-Location Observat ions 

Most f i e l d  observa t ions  a r e  incorpora ted  i n t o  va r i ous  p a r t s  o f  t he  r e p o r t  
o r  i l l u s t r a t i o n s ;  however, some observa t ions  made a t  spot  sample l o c a t i o n s  do 
n o t  appear i n  o t h e r  p a r t s  o f  the  r e p o r t .  Because some o f  these observa t ions  may 
be s i g n i f i c a n t  t o  those i n t e r e s t e d  i n  t he  area, e s p e c i a l l y  i n  regard t o  
depos i t i ona l  environments, they  a r e  presented here in .  

Nordyke I s l and  

The i s l a n d  i s  l a r g e l y  composed o f  pebble and cobble conglomerate c o n t a i n i n g  
numerous sandstone in te rbeds .  Many cut -and- f  i 1 1  s t r u c t u r e s  a r e  ev iden t  (p. E-2) .  
I n  p laces,  a graded bedded sequence o f  sandstones and s i l t s t o n e s  has been c u t  
ou t  by the  conglomerate, which may be a submarine fanglomerate.  The conglomerate 
con ta ins  bo th  p l u t o n i c  and v o l c a n i c  c l a s t s  and i s  supported by a sandstone m a t r i x .  

Akumwarvik Bay (east  s i de )  

Upper Ju rass i c  daknek sandstones and s i l t s t o n e s  c rop  o u t  i n  l a r g e  c l i f f  
exposures (p. E-1) a long  t he  eas t  s i d e  o f  Akumwarvik Bay. These rocks e x h i b i t  
sedimentary f ea tu res  which i nc l ude  crossbeds i n  0.5-1.0 meter sets ,  load cas ts ,  
sof t -sediment  deformat ion,  burrows, pelecypods, d iscon t inuous  coa l  seams and pods 
(maximum 1 cm t h i c k ) ,  carbonaceous deb r i s ,  and occas ional  graded beds. A marg ina l  
marine t o  m idd le  shoreface depos i t i ona l  environment i s  suggested, 

Sect ion 15, T. 15 S . ,  R .  29 W . ,  Seward Mer i d i an  

A con tac t  between t he  u,pper Ju rass i c  and t he  basal sandstone o f  the  lower 
Cretaceous was v i s i t e d  $ t  t h i s  l o c a t i o n .  The lower Cretaceous sandstone, which 
v a r i e s  between 9 and 15 m (36-50 f e e t )  over  much o f  t he  Kamishak H i l l s ,  e x h i b i t s  
l a r g e  fes toon  crossbeds i n  2-m se ts  and a h i g h  percentage o f  lnoceramus fragments 
and belemnoids. The sandstone i s  ve ry  f i n e  g ra ined  and w e l l  i ndura ted  and 
commonly con ta ins  p a r t i n g  l a p i n a t i o n s  1-2 cm i n  d iameter .  A s u b t i d a l  t o  m idd le  
shoreface depos i t i ona l  environment i s  suggested. 

Kaguyak Bay ( n o r t h  s ide)  

A deep-water t u r b i d  i t e  sequence (p. E-9) o f  a1 t e r n a t  i ng  sandstones and 
s i l t s t o n e s  i n  beds 0.5-2.5 m t h i c k  crops o u t  a long  t he  n o r t h  s i d e  o f  Kaguyak Bay 
i n  prominent c l i f f s .  Sedimentary s t r u c t u r e s  observed i n  these rocks i nc l ude  
r i p u p  c l a s t s  o r  mudstone ch ips ,  shale- f lame o r  i n j e c t i o n  s t r u c t u r e ,  f l a s e r  bedding, 
load cas t s ,  f l u t e  cas t s  (nor theas t  o r i e n t a t  i on ) ,  microcrossbeds o r  c u r r e n t  
d e p o s i t i o n  f o rese t s  1 cm t h i c k ,  penecontemporaneous deformat ion,  "dish" o r  
dewater ing s t r u c t u r e  (p. E - l o ) ,  and graded bedding. Incomplete Bouma sequences 
a r e  common (p. E-10). A t  one l o c a t i o n ,  t h i s  t u r b i d i t e  sequence i s  t runca ted  by 
a submarine fan-channel sandstone and t he  s e c t i o n  i s  c u t  by d l k e s  and s i l l s .  

Sect ion 1 3 , T .  14 S. ,  R .  2 6 w . ,  SewardMer id ian  

A con tac t  between the  upper Cretaceous Kaguyak Format ion and t he  o v e r l y i n g  
T e r t i a r y  West Foreland Format ion was examined a t  t h i s  l o c a t i o n  (p.  E-8) .  The 
Kaguyak Format ion c o n s i s t s  o f  a l t e r n a t i n g  thin-bedded sandstone, s i l t s t o n e ,  and 
shale.  The West Foreland Format ion i s  composed o f  a dominant ly  pebble-cobble 



sandstone m a t r i x  conglomerate c o n t a i n i n g  d iscon t inuous  sandstone lenses va ry i ng  
f rom 0.5 t o  3 m t h i c k .  C las t s  a r e  ma in ly  metasediments and p l u t o n i c  rocks.  The 
conglomerate appears massive a t  the  base and con ta ins  f a i n t  bedding severa l  meters 
t h i c k  i n  the  upper p a r t  o f  t h e  exposure. The conglomerate exceeds 152 m (500 f e e t )  
i n  th ickness   agoon on, 1976). 

Clam Cove ( n o r t h  s i d e  o f  Ch in i t na  ~ a y )  

Sedimentary f ea tu res  observed i n  t he  lower sandstone member o f  t he  Naknek 
Formation inc lude :  s a n d - f i l l e d  mudcracks, pelecypods, belemnoids, and zones o f  
f o s s i l  "hash", low-angle crossbedding, c o a l i f i e d  wood fragments, and o t h e r  
carbonaceous d e b r i s .  Some o f  t he  conglomerate sandstone con ta ins  c l a s t s  dominant ly  
o f  recyc led  conglomerate. Some lenses and pods o f  s i l t s t o n e  e x h i b i t  l oad ing  i n t o  
mudcracks. A marginal  mar ine mud- f la t  d e p o s i t i o n a l  environment i s  suggested. 

Sedimentary f ea tu res  observed i n  the  Snug Harbor s i l t s t o n e  member inc lude :  
sof t -sediment  deformat ion (p. E-4),  channel c u t  and f ill (p. E-4) ,  para1 l e l  
l amina t  ions,  m ic ro -c ross- lamina t  ions (1 mm - 1 cm common), much carbonaceous 
deb r i s ,  c o a l i f i e d  reeds and wood fragments,  and g i a n t  f lame s t r u c t u r e s  (p.  E-3),  
some n e a r l y  1 m h igh .  

Massive sandstones a r e  interbedded w i t h  l esse r  s i l t s t o n e .  The u n i t  appears 
much more sandy than a t  Snug Harbor. The most p robab le  d e p o s i t i o n a l  environment 
i s  m idd le  t o  lower shoreface. 

Massive sandstone beds o f  t h e  Pomeroy Arkose member o f  t he  Naknek Format ion 
a r e  a l l  w e l l  indurated,  f r a c t u r e s ,  and interbedded w i t h  lesser  s i l t s t o n e .  Many 
o f  the f r a c t u r e s  c o n t a i n  c a l c i t e .  Low-angle crossbedding and zones o f  sha le  
r i p - u p  c l a s t s  a r e  common. Some o f  these sha le  fragments a r e  up t o  1/3 m long. 
The u n i t  a l s o  con ta ins  zones o f  sof t -sediment  de fo rmat ion  and f o s s i l  fragments 
a r e  o c c a s i o n a l l y  p resen t .  Some t h i n  s i l t y  in te rbeds  c o n t a i n  graded bedding. 
The massive sandstone a t  t h i s  l o c a t i o n  may have been d e p o s i t i o n a l  i n  a m idd le  t o  
lower shoreface environment o r  as p a r t  o f  a submarine fan-channel complex. The 
s i l t y  beds e x h i b i t i n g  coa rse - f i ne  "couplets"  o r  g rad ing  may represent  i n t e r f a n  
depos i ts .  

l n i s k i n  Peninsula 

Massive Pomeroy member sandstones c r o p  o u t  a long  s t r i k e  f o r  thousands o f  
f e e t  a long  coas ta l  exposures ad jacen t  t o  Cook I n l e t .  These sandstones a r e  w e l l  
indurated and f r a c t u r e d  w i t h  c a l c i t e  i n t e r f i l l  a t  many p laces.  Sedimentary 
s t r u c t u r e s  a r e  g e n e r a l l y  l a c k i n g  i n  t he  massive sandstones. Occas iona l l y  low- 
ang le  crossbedding i s  present ;  however, most o f  t he  sandstones appear t o  be 
massive o r  p lanar  laminated. lnterbedded w i t h  t he  massive sandstones a r e  pebble 
conglomerates which have channel bases and s i 1 ts tones  which conta i n  r a r e  
f o s s i l i f e r o u s  deb r i s ,  sha le  r i p - u p  zones, r a r e  carbonaceous d e b r i s ,  c o a l i f i e d  
wood fragments, and some sof t -sediment  deformat ion.  The massive sandstones were 
probably  deposi ted i n  a l i n e a r  c l a s t i c  d e p o s i t i o n a l  environment t h a t  was midd le  
t o  upper shoreface, 



APPEND l X  G 

Cross Reference f o r  Sample and Map Numbers 

Lake C l a r k  Quadrangle ( p l a t e  A) 

Map Number Sample Number Ana 1 ys i s Done 

Geoc hem i ca 1 
Geochemica 1 
Geoc hem i ca 1 
Geochemical 
Geochemical 

Geoc hem i ca 1 
Age Date 
Age Date 
Age Date 
Age Date 

Hyd roca rbon 
Geoc hem i ca 1 
Geochemical 
Geochemical 
Geoc hem i ca 1 

Geochemical 
Geochemical 
Geoc hem i ca 1 
Geoc hem i ca 1 
Geoc hem i ca 1 

Geochemical 
Geoc hem i ca 1 
Geoc hem i ca 1 
P o r o s i t y  and Pe rmeab i l i t y  
Geoc hem i ca 1 

Geochemical 
Geoc hem i ca 1 
Hyd roca r bon 
Paleonto logy 
Basin M a t u r i t y  

Macrofoss i 1 
Mac ro foss  i 1 
Macrofoss i 1 
P o r o s i t y  and Pe rmeab i l i t y  
Macrofoss i 1 

Hydrocarbon 
Pal eonto logy 
Basin M a t u r i t y  
P o r o s i t y  and Permeab i 1 i t y  
Hyd roca rbon 



Map Number Sampl e  Number Ana lys is  Done 

35-JM-76 Paleontology 
36-JM-76 Basin M a t u r i t y  
27-JM-76 Hyd roca rbon 
28-JM-76 Paleontology 
29-JM-76 Basin M a t u r i t y  

26-JM-76 Poros i t y  and Permeab i l i t y  
25-JM-76 Poros i t y  and Permeab i l i t y  

1 19- l P-76 Poros i t y  and Permeab i l i t y  
120- l P-76 Hyd roca r bon 
121-lP-76 Pa 1 eon t o  1 ogy 

122- l P-76 Hyd roca rbon 
57-JM-76 Poros i t y  and Permeab i l i t y  
5 6 - ~ ~ - 7 6  Poros i t y  and Permeab i 1 i t y  

Snug View Mountain - Bear Creek Ridge S t r a t i g r a p h i c  Sect ion (P la te  V )  

168- l P-76 Hyd roca rbon 
169- 1 P-76 Poros l t y  and Permeab i l i t y  
170- l P-76 Hydrocarbon 
171 -1P-76 Paleontology 
172- 1 P-76 Hyd roca rbon 

173- 1 P-76 Hyd roca rbon 
174- 1 P-76 Paleontology 
175- l P-76 Basin M a t u r i t y  
176- I P-76 Hyd roca r bon 
177- 1 P-76 Poros i t y  and Permeab i l i t y  

6  4 178- 1 P-76 Hyd roca rbon 
' 65 179- 1 P-76 Paleontology 

6  6  180- l P-76 Bas i n  M a t u r i t y  
67 181-IP-76 Hyd roca r bon 
6  8  182- l P-76 Paleontology 

183-IP-76 Basin M a t u r i t y  
45-JM-76 Poros i t y  and Permeab i l i t y  
46-JM-76 Paleontology 
47-JM-76 Basin M a t u r i t y  
48-JM-76 Hydrocarbon 

49-JM-76 Poros i t y  and Permeab i l i t y  
50-JM-76 Poros i t y  and Permeab i l i t y  
5 1 -JM-76 Poros i t y  and Permeab i l i t y  
52-JM-76 Paleontology 
54-JM-76 Poros i t y  and Permeab i 1 i t y  

53-JM-76 Paleontology 
55-JM-76 Poros i t y  and Permeab i l i t y  

8  1 67-JM-76 Geoc hem i ca 1 



Map Number Samp 1 e Number 

I1 i amna Quad rang 1 e (P 1 a t e  C )  

Analys is  Done 

Age Date 
Age Date 
Geoc hem i ca 1 
Geoc hem i ca 1 
Geoc hem i ca 1 

Hyd roca r bon 
Paleontology 
Basin M a t u r i t y  
Hydrocarbon 
Basin M a t u r i t y  

Geoc hem i ca 1 
Geochemical 
Poros i ty  and Permeabi l i t y  ( t h i n  sect ion) 
Hyd roca rbon 
Paleontology 

Basin M a t u r i t y  
Bas i n  M a t u r i t y  
H yd roca rbon 
Paleontology 
Poros i ty  and Permeab i l i t y  

Macrofoss i 1 
Po ros i t y  and Permeabi 1 i t y  
Paleontology 
Hyd roca r bon 
Basin M a t u r i t y  

Macrofoss i 1 
Geochemical 
Poros i ty  and Permeabi 1 i t y  
Hyd roca rbon 
Basin M a t u r i t y  

Geoc hem i ca 1 
Geochemical 
Geoc hem i ca 1 
Geochemical 
Geoc hem i ca 1 

Geoc hem i ca 1 
L i t ho logy  
Geochemical 
Geoc hem i ca 1 
Basin Ma tu r i t y ,  V i t r i n i t e  Ref lectance 



Map Number Samp 1 e Number 

O i  1 Bay S t ra t i g raph ic  ,Sect ion (P la te  I I I )  

Ana 1 ys i s Done 

0 r i en ted Sands tone 
Geochemical 
Geochemical 
Geoc hem i ca 1 
Geochemical 

Hyd roca rbon 
Pa 1 eonto l  ogy 
Basin M a t u r i t y  
Macrofoss i 1 
Hyd roca rbon 

Pal eontology 
Macrofoss i 1 
Hyd roca r bon 
Paleontology 
Hyd roca rbon 

Hyd roca r bon 
Paleontology 
Basin M a t u r i t y  
Po ros i t y  and Permeab i l i t y  
Hydrocarbon 

Paleontology 
Hyd roca rbon 
Hyd roca r bon 
Paleontology 
Macrofossi l  

Po ros i t y  and Permeab i l i t y  
Po ros i t y  and Permeab i l i t y  
Po ros i t y  and Permeab i l i t y  
Basin M a t u r i t y  
Poros i ty  and Permeab i l i t y  

Macrofoss i 1 
Hyd roca r bon 
Pa 1 eon t o  1 ogy 
Hydrocarbon 
Paleontology 

Hydrocarbon 
Paleontology 
H yd roca rbon 
Hyd roca rbon 
Hyd roca rbon 



Map Number Sam~l  e  Number Analys is  Done 

Poros i ty  and Permeab i l i t y  
Poros i ty  and Permeab i l i t y  
Poros i ty  and Permeab i l i t y  
Poros i t y  and Permeab i 1 i t y  
Poros i t y  and Permeab i 1 i t y  

Hydrocarbon 
Poros i t y  and Permeab i l i t y  
Po ros i t y  and Permeab i l i t y  
Poros i ty  and Permeab i l i t y  
Poros i ty  and Permeabi 1 i t y  

Po ros i t y  and Permeabi 1 i t y  
Po ros i t y  and Permeab i l i t y  
Po ros i t y  and Permeab i l i t y  
Po ros i t y  and Permeab i l i t y  
L i t ho logy  

Poros i t y  and Permeab i l i t y  
Poros i ty  and Permeab i l i t y  
Hyd roca r bon 
Pa 1 eon t o  1 ogy 
Basin M a t u r i t y  

Hydrocarbon 
Paleontology 
Basin M a t u r i t y  
Poros i ty  and Permeab i l i t y  
Hydrocarbon 

Poros i ty  and Permeab i l i t y  
Poros i t y  and Permeab i 1 i t y  

Oriented Sandstone 
Oriented Sandstone 
L i t ho logy  
Hyd roca r bon 
Paleontology 

Basin M a t u r i t y  
Macrofoss i 1 
Geochemical 
Poros i ty  and Permeab i l i t y  
Geochemical 

Po ros i t y  and Permeab i l i t y  
Macrofoss i 1 
Poros i ty  and Permeab i l i t y  
( ~ i l t s t o n e ,  no t  analyzed) 
( ~ i l t s t o n e ,  no t  analyzed) 



Map Number Samp 1 e Number 

Seldovia Quadrangle (P la te  D) 

Analys is  Done 

(cher t ,  no t  analyzed) 
Paleontology 
Poros i t y  and Permeabi 1 i t y  
Basin Ma tu r i t y ,  V i t r i n i t e  Ref lectance 
Poros i t y  and Permeab i 1 i t y  

Oriented Sandstone 
Paleontology 
Poros i t y  and Permeability 
Basin Ma tu r i t y ,  V i t r i n i t e  Ref lectance 
Paleontology 

Paleontology 
Poros i t y  and Permeab i l i t y  
Paleontology 
Hydrocarbon 
Paleontology 

Poros i t y  and Permeabi 1 i t y  
Po ros i t y  and Permeab i 1 i t y  
Po ros i t y  and Permeab i l i t y  

Hyd roca rbon 
Bas i n  M a t u r i t y  
Paleontology 
Hyd roca rbon 
Basin M a t u r i t y  

Pa 1 eon t o  1 ogy 
Hyd roca rbon 
Paleontology 
Hydrocarbon 
Geochemical 

Po ros i t y  and Permeab i l i t y  
Po ros i t y  and Permeab i l i t y  
Paleontology 
Bas i n  M a t u r i t y  
Hyd roca rbon 

Poros i t y  and Permeab i 1 i t y  
Po ros i t y  and Permeab i l i t y  
Basin M a t u r i t y  
Pa 1 eon to1 ogy 
Hyd roca r bon 

Poros i t y  and Permeab i l i t y  
Or iented Sandstone 
Poros i t y  and Permeabi 1 i t y  



Map Number Samp 1 e Number Analys is  Done 

She1 t e r  Creek S t ra t i g raph ic  Sect ion (P la te  IV) 

244 1 -JCW-76 Poros i t y  and Permeab i 1 i t y  
245 2-JCW-76 L i t ho logy  
24 6 3-JCW-76 Palynology 
24 7 4-JCW-76 Poros i t y  and Permeabi 1 i t y  
248 5-JCW-76 Poros i t y  and Permeab i 1 i t y  

6-JCW-76 Poros i t y  and Permeabil i t y  
7-JCW-76 L i t ho logy  
8-JCW-76 Pa 1 ynol ogy 
9-JCW-76 Basin Ma tu r i t y ,  V i t r i n i t e  Ref lectance 

10-JCW-76 Pal ynology 

1 1 -~cW-76 Hydrocarbon 
12-JcW-76 Palynology 

68-JM-76 Geochemical 
25-~cW-76 Poros i ty  and Permeabi l i ty  
26-JCW-76 Hyd roca rbon 
26-JCW-76 Paleontology 
28-JCW-76 Basin M a t u r i t y  

Hyd roca r bon 
Basin M a t u r i t y  
Paleontology 
Poros i ty  and Permeab i l i t y  
Hyd roca r bon 

112-IP-76 Bas i n  M a t u r i t y  
1 1  3-  I P-76 Poros i t y  and Permeab i 1 i t y  
1 14- l P-76 Hyd roca rbon 
1 15-  l P-76 Bas i n  M a t u r i t y  
116-IP-76 Paleontology 

1 1  7 -  l P-76 Poros i t y  and Permeab i l i t y  
118-113-76 Poros i ty  and Permeab i 1 i t y  

East G lac ie r  Creek S t ra t i g raph ic  Sect ion I I (P la te  I I )  

1 3-JcW-76 Hyd roca r bon 
14-JCW-76 Pa 1 ynol ogy 
15-JCW-76 Poros i ty  and Permeab i l i t y  
16-JCW-76 Poros i ty  and Permeab i 1 i t y  
17-JCW-76 Poros i ty  and Permeab i l i t y  
18-JCW-76 Poros i ty  and Permeab i l i t y  
lg-~cW-76 Poros i t y  and Permeab i l i t y  

280 1Oj'A- I P-76 Geochemical 



Map Number Sample Number Analys is  Done 

East G lac ie r  Creek S t r a t i g r a p h i c  Sect ion I (P la te  I) 

Poros i t y  and Permeab i l i t y  
Po ros i t y  and Permeabi 1 i t y  
Palynology 
Hyd roca rbon 
Basin Ma tu r i t y ,  V i t r i n i t e  Ref lectance 

Basin M a t u r i t y  
Pa 1 yno 1 ogy 
Hyd roca r bon 
Poros i t y  and Permeab i l i t y  

Oriented Sandstone 
Poros i t y  and Permeabi 1 i t y  

M t .  Katmai Quadrangle (P la te  E) 

Macrofossi l  
Hyd roca rbon 
Paleontology 
Basin M a t u r i t y  
Po ros i t y  and Permeab i l i t y  

Po ros i t y  and Permeab i 1 i t y  
Paleontology 
Poros i ty  and Permeab i l i t y  
Macrofossi l  
Pa 1 eon t o  1 ogy 

Poros i t y  and Permeab i l i t y  
Paleontology 
Hyd roca r bon 
Basin M a t u r i t y  
Hyd roca r bon 

Paleontology 
Basin M a t u r i t y  

Afognak Quadrangle ( p l a t e  F) 

L i tho logy  
Poros i t y  and Permeabi 1 i t y  
Paleontology 
Hydrocarbon 
Basin M a t u r i t y  

Po ros i t y  and Permeabil i t y  
Hyd roca rbon 
Basin M a t u r i t y  
Pa 1 yno 1 ogy 
Poros i t y  and Permeab i l i t y  



Map Number Samp 1 e Number Analvs is  Done 

Macrofossi l  
Macrofossi l  
Macrofoss i 1 
Macrofossi l  
Hyd roca rbon 

Pa 1 ynol ogy 
Basin M a t u r i t y  
Pal eontology 
Hyd roca rbon 
Macrofoss i 1 

Basin M a t u r i t y  
Hydrocarbon 
Poros i t y  and Permeab i l i t y  
Po ros i t y  and Permeab i l i t y  
Macrofossi l  

Poros i ty  and Permeab i l i t y  
Paleontology 
Poros i t y  and Permeab i 1 i t y  
Hyd roca rbon 
Pa 1 eon to1 ogy 

Poros i ty  and Permeab i l i t y  
Paleontology 
Paleontology 
Poros i ty  and Permeab i l i t y  
Hydrocarbon 

Poros i t y  and Permeab i 1 i t y  
Paleontology 
Hydrocarbon 
Hyd roca rbon 
Paleontology 

Paleontology 
Basin M a t u r i t y  
Hydrocarbon 



W i  1 1  iam L y l e  

Sample Number Analys is  Done 

Paleontology 
Poros i t y  and Permeab i l i t y  
Basin Ma tu r i t y ,  V i t r i n i t e  Ref lectance 
Poros i t y  and Permeab i 1 i t y  
Paleontology 

Oriented Sandstone 
Poros i ty  and Permeabi 1 i t y  
Basin Ma tu r i t y ,  V i t r i n i t e  Ref lectance 
Paleontology 
Paleontology 

Poros i t y  and Permeab i l i t y  
Paleontology 
Hyd roca rbon 
Paleontology 
Poros i t y  and Permeab i l i t y  

Po ros i t y  and Permeab i 1 i t y  
Po ros i t y  and Permeab i l i t y  
Macrofoss i 1 
Hydrocarbon 
Paleontology 

Basin M a t u r i t y  
Po ros i t y  and Permeab i l i t y  
Po ros i t y  and Permeab i l i t y  
Paleontology 
Poros i t y  and Permeab i l i t y  

Macrofoss i 1 
Pa 1 eon to1 ogy 
Poros i t y  and Permeabi 1 i t y  
Paleontology 
Hydrocarbon 

Basin M a t u r i t y  
Hyd roca r bon 
Pa 1 eon t o  1 ogy 
Basin M a t u r i t y  
Paleontology 

Hyd roca r bon 
Macrofoss i 1 
Basin M a t u r i t y  
Hyd roca rbon 
Poros i ty  and Permeab i l i t y  

Map Number 



Sampl e  Number Analys is  Done 

Poros i ty  and Permeabi l i ty  
Macrofoss i 1 
Poros i ty  and Permeabi l i ty  
Pa 1 eon to1 ogy 
Poros i t y  and Permeab i 1 i t y  

Hydrocarbon 
Paleontology 
Basin M a t u r i t y  
Poros i t y  and Permeab i 1 i t y  
Poros i ty  and Permeabi l i ty  

Hyd roca r bon 
Basin M a t u r i t y  
Paleontology 
Poros i ty  and Permeabi l i ty  
Poros i ty  and Permeab i l i t y  

Geochemical 
Hyd roca r bon 
Paleontology 
Hyd roca rbon 
Paleontology 

Basin M a t u r i t y  
Hyd roca r bon 
Paleontology 
Basin M a t u r i t y  
Hydrocarbon 

Poros i ty  and Permeab i l i t y  
Poros i t y  and Permeab i 1 i t y .  
Hydrocarbon 
Paleontology 
Basin M a t u r i t y  

Macrofossi l  
N o  S a m p l e  

Hydrocarbon 
Pa 1 eon to1 ogy 
Macrofoss i 1 

Hydrocarbon 
Paleontology 
Hyd roca r bon 
Hydrocarbon 
Paleontology 

Basin M a t u r i t y  
Poros i ty  and Permeabi l i ty  
Hydrocarbon 
Paleontology 
Hyd roca rbon 

G-1  1 

Map Number 



Samp 1 e Number Analys is  Done 

Hyd roca r bon 
Paleontology 
Macrofoss i 1 
Poros i t y  and Permeab i 1 i t y  
Po ros i t y  and Permeabi 1 i t y  

Poros i t y  and Permeab i 1 i t y  
Basin M a t u r i t y  
Poros i ty  and Permeab i 1 i t y  
Macrofoss i 1 
Hydrocarbon 

Pa 1 eon to1 ogy 
Hyd roca rbon 
Paleontology 
Hyd roca rbon 
Hydrocarbon 

Hyd roca r bon 
Poros i ty  and Permeab i l i t y  
Poros i ty  and Permeab i 1 i t y  
Po ros i t y  and Permeab i l i t y  
Poros i ty  and Permeab i l i t y  

Poros i t y  and Permeab i 1 i t y  
L i t ho logy  
Geochemical 
Hyd roca r bon 
Pa 1 eon to1 ogy 

Basin M a t u r i t y  
Macrofoss i 1 
Geochemical 
Poros i t y  and Permeab i 1 i t y  
Macrofoss i 1 

Poros i ty  and Permeab i l i t y  
Poros i t y  and Permeab i 1 i t y  
Macrofoss i 1 
Basin M a t u r i t y  
Hyd roca rbon 

Paleontology 
H yd roca rbon 
Paleontology 
Basin M a t u r i t y  
Poros i t y  and Permeab i 1 i t y  

Paleontology 
Hyd roca rbon 

.Basin M a t u r i t y  
Macrofoss i 1 
Geochemical 

G-12 

Map Number 



Sample Number 

l r v i n  Palmer 

Analys is  Done Map Number 

Poros i ty  and Permeabi 1 i t y  
Hydrocarbon 
Basin M a t u r i t y  
Geochemical 

H yd roca r bon 
Basin M a t u r i t y  
Pa 1 eon to1 ogy 
Pal eontology 
Hyd roca rbon 

Hyd roca rbon 
Pa 1 eon to1 ogy 
Hyd roca rbon 
Paleontology 
Poros i t y  and Permeabi 1 i t y  

Paleontology 
Paleontology 
Poros i ty  and Permeab i l i t y  
Hyd roca rbon 
Poros i ty  and Permeabi l i ty  

L i t ho logy  
Poros i t y  and Permeab i 1 i t y  
Paleontology 
H yd roca rbon 
Basin M a t u r i t y  

Poros i t y  and Permeab i 1 i t y  313  
Hydrocarbon 314 
Bas i n  M a t u r i t y  315 
Palynology 316 
Hydrocarbon 322 

Pa 1 ynol ogy 
Basin M a t u r i t y  
Hyd roca rbon 
Pa 1 ynol ogy 
Basin M a t u r i t y  

Basin Ma tu r i t y ,  V i t r i n i t e  Ref lectance 285 
Hyd roca rbon 284 
Palynology 28 3  
Poros i ty  and Permeab i 1 i t y  282 
Poros i t y  and Permeab i l i t y  28 1 



Sampl e Number 

106- l P-76 
107- I P-76 
107A- I P-76 
108-IP-76 
109- I P-76 

Analys is  Done 

Poros i ty  and Permeabi 1 i t y  
Hydrocarbon 
Geochemical 
Basln M a t u r i t y  
Paleontology 

Poros i ty  and Permeabi l i ty  
Hyd roca r bon 
Basin M a t u r i t y  
Poros i ty  and Permeabi l i ty  
Hyd roca rbon 

Basin M a t u r i t y  
Paleontology 
Poros i ty  and Permeab i 1 i t y  
Poros i ty  and Permeab i 1 i t y  
Poros i t y  and Permeab i 1 i t y  

Hyd roca rbon 
Paleontology 
Hyd rocarbon 
Hyd roca rbon 
Paleontology 

Poros i t y  and Permeab i l i t y  
Poros i t y  and Permeab i 1 i t y  
Hyd roca r bon 
Poros i ty  and Permeab i l i t y  
Poros i t y  and Permeab i 1 i t y  

Po ros i t y  and Permeabi 1 i t y  
Poros i t y  and Permeab i 1 i t y  
Poros l t y  and Permeab i 1 i t y  
Poros I t y  and Permeabi 1 i t y  
L i t ho logy  

Poros i t y  and Permeabi 1 i t y  
Poros i t y  and Permeab i 1 i t y  
Hyd roca r bon 
Paleontology 
Basin M a t u r i t y  

Hyd roca rbon 
Paleontology 
Basin M a t u r i t y  
Poros i ty  and Permeab i 1 i t y  
Hyd roca rbon 

Poros i ty  and Permeabi 1 i t y  
Poros i ty  and Permeab i 1 i t y  
Geochemical 
Geochemical 
Geochemical 

G - 1 4  

Map Number 



Sampl e Number Analvsis Done 

Geochemical 
Geochemical 
Geoc hem i ca 1 
Geochemical 
Geochemical 

Geochemical 
Geochemical 
Geochemical 
Geochemical 
Geochemical 

Geochemical 
Geoc hem i ca 1 
Geochemical 
Geochemical 
Hyd roca rbon 

Geochemical 
Geoc hem i ca 1 
Geochemical 
Porosity and Permeab i 1 i ty 
Geochemical 

Hyd roca rbon 
Porosity and Permeability 
Hyd roca rbon 
Paleontology 
Hyd roca rbon 

Hydrocarbon 
Paleontology 
Basin Maturity 
Hydrocarbon 
Porosity and Permeability 

Hyd roca rbon 
Paleontology 
Bas in Maturity 
Hyd roca r bon 
Paleontology 

Bas in Maturity 
Geochemical 
Geochemical 
Geochemical 
Geochemical 

~eochem i ca 1 
Geochemical 
Geochemical 
Geochemical 
Geochemical 
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Map Number 



Sample Number 

J e f f  Morehouse 

Analys is  Done 

Geochemical 
Geochemical 
L i t ho logy  
Geochemical 
Geochemical 

Oriented Sandstone 
Oriented Sandstone 
Basin Ma tu r i t y ,  V i t r i n i t e  R e f l e c t a n ~ e  
Oriented Sandstone 
Oriented Sandstone 

( S i l t s t o n e ,  no t  analyzed) 
(S i 1 ts tone,  no t  analyzed) 
(Chert, no t  analyzed) 
Poros i ty  and Permeab i l i t y  
Macrofoss i 1 

Macrofoss i 1 
Macrofoss i 1 
Macrofoss i 1 
Po ros i t y  and Permeab i l i t y  
Poros i ty  and Permeab i 1 i t y  

Poros i t y  and Permeab i l i t y  
Hyd roca r bon 
Paleontology 
Basin M a t u r i t y  
Poros i t y  and Permeabi 1 i t y  

Hyd roca rbon 
Paleontology 
Basin M a t u r i t y  
Hyd roca r bon 
Paleontology 

Basin M a t u r i t y  
Hyd roca r bon 
Paleontology 
Basin M a t u r i t y  
Macrofoss i 1 

Macrofoss i 1 
Macrofoss i 1 
Poros i ty  and Permeabi 1 i t y  
Macrofoss i 1 
Poros i t y  and Permeab i 1 i t y  

Map Number 



Sample Number Analysis Done Map Number 

Paleontology 
Bas in Maturity 
Hyd roca rbon 
Porosity and Permeability 
Porosity and Permeability 

Porosity and Permeability 
Paleontology 
Paleontology 
Porosity and Permeability 
Porosity and Permeability 

Porosity and Permeability 
Porosity and Permeab i 1 i t y  
Geoc hem i ca 1 
Geochemical 
Geochemical 

Age Date 
Age Date 
Age Date 
Age Date 
Age Date 

Age Date 
Geochemical 
Geoc hem i ca 1 

John W i  11s 

Porosity and Permeability 
Lithology 
Palynology 
Porosity and Permeability 
Porosity and Permeability 

Porosity and Permeabi 1 i ty 
Lithology 
Palynology 
Basin Maturity, Vitrinite Refleetance 
Palynology 

Hyd roca rbon 
Pal ynology 
Hyd rocarbon 
Palynology 
Porosi ty and Permeabi 1 i ty 

Porosity and Permeability 
Poros i ty and Permeabi 1 i ty 
Poros i ty and Permeab i 1 i ty 
Porosity and Permeabi 1 i ty 
Hydrocarbon 
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Sam~le  Number Analys is  Done 

Paleontology 
Basin M a t u r i t y  
Hydrocarbon 
Basin M a t u r i t y  
Poros i ty  and Permeab i l i t y  

Hyd roca r bon 
Paleontology 
Basin M a t u r i t y  
Poros i ty  and Permeab i l i t y  
O r  i en ted  Sands tone 

Poros i ty  and Permeab i l i t y  

Map Number 



APPEND l X  H 

Pe t rograph ic  Desc r i p t i ons  o f  Selected Samples From 
S t r a t i g r a p h i c  Columns and Traverses 

TERTIARY ROCKS OF THE WEST FORELAND FORMATION 

East G lac ie r  Creek I 

104-IP-76. Impure arkose; granule-conglomerat ic  c l ayey  coarse t o  ve ry  
coarse sandstone; igneous rock  fragments, ho lohya l i ne ,  some s p h e r u l i t i c  and 
p e r l i t i c  t ex tu re ,  and h y p o c r y s t a l l i n e  and h o l o c r y s t a l l i n e ,  f e l t y  and p i l o t a x i t i c  
t ex tu re ,  subangular t o  subrounded; f e l dspa r ,  p r i m a r i l y  in te rmed ia te  p l ag ioc lase ,  
a l b i t e  tw inn ing  and zoning common, angular  t o  subrounded, f r e s h  t o  moderately 
s e r i c i t i z e d ;  qua r t z  p o l y c r y s t a l l i n e  g r a i n s  and s l i g h t  undu la to r y  e x t i n c t i o n  
common, bubble t r a i n s  i n  many g ra ins ,  angular  t o  subangular; metamorphic r ock  
fragments, a l b i t e - e p i d o t e  h o r n f e l s  f a c i e s ,  subrounded t o  rounded; brown d e t r i t a l  
c l a y ;  minor ep ido te ,  brown b i o t i t e ,  sphene, magnet i te ,  and a p a t i t e .  A l though some 
c l a s t s  i n  t h i s  rock  have been broken i n  compaction, a p o t e n t i a l  pore volume o f  
around 10 percent  remained a f t e r  compaction and i s  occupied by z e o l i t e .  

106-IP-76. Impure arkose; c l ayey  medium t o  coarse sandstone; igneous rock  
fragments, ho lohya l ine ,  h y p o c r y s t a l l i n e ,  and h o l o c r y s t a l l i n e ,  some f e l t y  and 
p i l o t a x i t i c  t ex tu re ,  subangular t o  subrounded; f e l dspa r ,  p r i m a r i l y  in te rmed ia te  
p l ag ioc lase ,  a l b i t e  tw inn ing  and zoning common, angu la r  t o  subrounded, f r e s h  
t o  moderately s e r i c i t i z e d ;  qua r t z ,  p o l y c r y s t a l l i n e  g r a i n s  and s l i g h t  undu la to r y  
e x t i n c t i o n  common, angular  t o  subangular;  metamorphic r ock  fragments, a l b i t e -  
ep ido te  h o r n f e l s  f a c i e s ,  subangular t o  rounded; brown d e t r i t a l  c l a y ;  minor brown 
b i o t i t e  bo th  f r e s h  and i n  va r i ous  stages o f  a l t e r a t i o n  t o  c h l o r i t e ,  ep ido te ,  
green hornblende, magnet i te ,  and a p a t i t e .  A l though some c l a s t s  i n  t h i s  rock  
have been broken i n  compact ion, a p o t e n t i a l  pore volume o f  about 2 percen t  
remained a f t e r  compaction and i s  occupied by z e o l i t e .  

East G l a c i e r  Creek I I  

13-JCW-76. Arkose; granule-conglomerat ic  medium t o  very  coarse sandstone; 
in te rmed ia te  p l ag ioc lase ,  a l b i t e  tw inn ing  and zoning common, subhedral g ra i ns  
common, f r e s h  t o  g r e a t l y  s e r i c i t i z e d ;  igneous rock  fragments, ho lohya l ine ,  
h y p o c r y s t a l l i n e ,  and h o l o c r y s t a l l i n e ,  subrounded t o  w e l l  rounded; hornblende, 
green and brown; quar tz ,  commonly as i nc l us i ons  i n  f e l dspa r  b u t  a l s o  i n  angu la r  
t o  subangular c l a s t s ,  p o l y c r y s t a l l i n e  g r a i n s  and s l i g h t  undu la to r y  e x t i n c t i o n  
common; minor magnet i te ,  brown b i o t i t e ,  and ep ido te .  Few c l a s t s  have been broken 
i n  compaction, and a p o t e n t i a l  i n i t i a l  p o r o s i t y  o f  10 t o  15 percent  has been 
f i l l e d  i n  w i t h  z e o l i t e .  

16-JCW-76. Arkose; medium t o  very  f i n e  sandstone; f e l d s p a r ,  p r i m a r i l y  
in te rmed ia te  p l aq ioc lase ,  a l b i t e  tw inn ing  and zoning common, subangular,  some . - 
subhedral c l a s t s ,  f r e s h  t o  moderately kaol  i n  i t ized;-hornblende, green and brown; 
qua r t z ,  l a r g e l y  i n  i n te rg row ths  w i t h  f e l d s p a r ,  some angular  t o  subangular c l a s t s ,  
s l i g h t  undu la to ry  e x t i n c t i o n  common; magnet i te ;  minor ep ido te ,  carbonate, a p a t i t e ,  
sphene, and brown b i o t i t e .  Few c l a s t s  have been broken i n  compaction, and a 
p o t e n t i a l  i n i t i a l  p o r o s i t y  o f  15 t o  20 percent  has been f i l l e d  i n  w i t h  z e o l i t e .  

17-JCW-76. Arkose s i m i l a r  t o  16-JCW-76 above except  t h a t  f i n e r  s i z e  grades 
a r e  r e l a t i v e l y  more abundant so t h a t  a p o t e n t i a l  i n i t i a l  p o r o s i t y  o f  o n l y  about 
2 o r  3 percent  e x i s t e d  p r i o r  t o  i n f  i 1 1  ing w i t h  zeol  i t e .  

. 



18-JCW-76. Arkose s i m i  l a r  t o  17-JCW-76 above. 

19-JCW-76. Arkose; f i n e  t o  coarse sandstone; s im i  l a r  t o  13-JCW-76 above, 
except f i n e r  g ra ined .  Th i s  rock  i s  l o o s e l y  packed, and a p o t e n t i a l  i n i t i a l  
p o r o s i t y  o f  10 t o  15 percent  has been f i l l e d  i n  w i t h  z e o l i t e .  

She l t e r  Creek 

4-JCW-76. Impure arkose; medium t o  ve ry  coarse sandstone; in te rmed ia te  
p l ag ioc lase ,  a l b i t e  tw inn ing  and zoning common, subangular t o  subrounded, f resh  
o r  s l i g h t l y  z e o l i t i z e d ;  igneous rock  fragments, ho lohya l i ne ,  p e r l i t i c  t e x t u r e  
common, and h y p o c r y s t a l l i n e  and h o l o c r y s t a l l i n e ,  f e l t y  and p i l o t a x i t i c  t ex tu res  
common, angu la r  t o  subrounded; qua r t z ,  s l i g h t  undu la to r y  e x t i n c t i o n  common, 
angular  t o  subangular; metamorphic r ock  fragments, a l b i t e - e p i d o t e  h o r n f e l s  
f a c i e s .  Th i s  rock  i s  l o o s e l y  packed, and a p o t e n t i a l  i n i t i a l  p o r o s i t y  o f  about 
20 percent  has been f i l l e d  i n  w i t h  z e o l i t e .  

5-JCW-76. Arkose; c l ayey  f i n e  t o  coarse sandstone; igneous rock  fragments, 
h y p o c r y s t a l l i n e  and h o l o c r y s t a l l i n e ,  f e l t y  and p i l o t a x i t i c  t e x t u r e s  common, 
angu la r  t o  subrounded; in te rmed ia te  p l ag ioc lase ,  a l b i t e  tw inn ing  and zoning 
common, angular  t o  subrounded, f r e s h  t o  moderate ly  s e r i c i t i z e d ;  quar tz ,  s l i g h t  
undu la to ry  e x t i n c t i o n  c o m n ,  angu la r  t o  subangular; brown b i o t i t e ,  f r esh  and 
a l t e r e d  i n  va r i ous  degrees t o  c h l o r i t e ;  metamorphic r ock  fregments, a l b i t e - e p i d o t e  
h o r n f e l s  f a c i e s ;  magnet i te ;  brown d e t r i t a l  c l a y ;  minor green hornblende, ep ido te ,  
and sphene. Some c l a s t s  have been broken i n  compaction, bu t  t he  r o c k  i s  n o t  
t i g h t l y  packed and had a p o t e n t i a l  i n i t i a l  p o r o s i t y  o f  about 5 percen t  which has 
been f i l l e d  i n  w i t h  z e o l i t e .  

6 - ~ ~ ~ - 7 6 .  Arkose; medium t o  very  coarse sandstone. Th i s  rock  i s  s i m i l a r  
t o  5-JCW-76bove, except i t  i s  coarser  g ra ined  and con ta ins  l e s s  c l a y ;  a p o t e n t i a l  
i n i t i a l  p o r o s i t y  o f  10 t o  15 percen t  has been f i l l e d  i n  w i t h  z e o l i t e .  

JURASSIC ROCKS OF CHlNlTNA AND NAKNEK FORMATIONS 

Akumwarvik Bay 

67A-WL-76. Arkose; s l i g h t l y  granule-conglomerat ic  s i l t y ,  f i n e  t o  very  coarse 
sandstone; igneous rock  fragments, h y p o c r y s t a l l i n e  and h o l o c r y s t a l l i n e ,  g ranophyr ic ,  
f e l  t y  and p i  i o t a x i  t i c  t e x t u r e s  common, subangular t o  subrounded; in te rmed ia te  
p l ag ioc lase ,  a l b i t e  tw inn ing  and zoning common, subrounded t o  rounded, f r e s h  t o  
g r e a t l y  s e r i c i t i z e d ;  quar tz ,  p o l y c r y s t a l l i n e  g r a i n s  and s l i g h t  undu la to r y  
e x t i n c t i o n  common, some c l a s t s  d i s p l a y  mosaic o r  l i neage  s t r u c t u r e ,  angu la r  t o  
subangular; metamorph i c  rock  fragments, la rge1  y a1 b i  t e -ep ido te  h o r n f e l  s f a c i e s  b u t  
some c a t a c l a s t i c  types and one fragment o f  quar tzose s c h i s t ,  subrounded; green 
hornblende; minor brown d e t r i t a l  c l a y  and sphene. T h i J  rock  i s  t i g h t l y  packed, 
and many c l a s t s  have been broken i n  compaction; a probable i n i t i a l  p o r o s i t y  o f  
about 1 percent  has been f i l l e d  i n  w i t h  z e o l i t e .  

67B-WL-76. Impure arkose; s i 1 t y ,  f i n e  t o  ve ry  coarse .sandstone; igneous rock  
fragments, h y p o c r y s t a l l i n e  and h o l o c r y s t a l l i n e ,  f e l t y  and p i l o t a x i t i c  t e x t u r e s  
common, subangular; f e l dspa r ,  p r i m a r i l y  in te rmed ia te  p l ag ioc lase ,  a l b i t e  tw inn ing  
and zoning common, subangular, f r e s h  t o  moderate ly  s e r i c i t i z e d  o r  k a a l i n i t i z e d ;  
quar tz ,  p o l y c r y s t a l l i n e  g r a i n s  and s l i g h t  undu la to ry  e x t i n c t i o n  common, some 
c l a s t s  d i s p l a y  mosaic o r  l i neage  s t r u c t u r e ,  subangular;  metamorphic r o c k  fragments, 
l a r g e l y  a l b i t e - e p i d o t e  h o r n f e l s  f a c i e s  and c a t a c l a s t i c  types, subangular t o  



subrounded; c h l o r i t e ;  brown d e t r i t a l  c l a y ;  minor muscovi te,  green hornblende, 
ep ido te ,  c h e r t .  Th i s  rock  i s  t i g h t l y  packed, and many c l a s t s  have been broken 
i n  compaction. A probable i n i t i a l  p o r o s i t y  o f  about 1 percent  has been f i l l e d  
i n  w i t h  zeol  i t e .  

71-WL-76. Arkose; ve ry  f i n e  t o  medium sandstone; in te rmed ia te  p l ag ioc lase ,  
a l b i t e  tw inn ing  and zoning common, subangular t o  subrounded, f r esh  t o  moderately 
k a o l i n i t i z e d ;  quar tz ,  s l i g h t  undu la to ry  e x t i n c t i o n  common, angu la r  t o  subangular; 
green hornblende; brown b i o t i t e ;  magnet i te ;  minor muscovi te and ep ido te .  A l though 
o n l y  a few c l a s t s  have been broken i n  compaction, t h i s  rock  i s  t i g h t l y  packed. A 
probable i n i t i a l  p o r o s i t y  o f  about 1 percent  has been f i l l e d  i n  w i t h  z e o l i t e .  

72-WL-76. Arkose s i m i l a r  t o  71-WL-76 above, except t h a t  brown b i o t i t e  r a t h e r  
than green hornblende i s  the  predominant ma f i c  m ine ra l .  

O i l  Bay 

126-IP-76. Arkose; s i l t y  ve ry  f i n e  t o  medium sandstone; in te rmed ia te  
p l ag ioc lase ,  a l b i t e  tw inn ing  and zoning common, angular  t o  subangular, f r e s h  t o  
moderately k a o l i n i t i z e d ;  green hornblende; qua r t z ,  s l i g h t  undu la to ry  e x t i n c t i o n  
common, angu la r  t o  subangular; minor magnet i te ,  c h l o r i t e  a f t e r  b i o t i t e ,  sphene, 
ep ido te ,  and a p a t i t e .  A l though o n l y  a few c l a s t s  have been broken i n  compaction, 
t h i s  rock  i s  t i g h t l y  packed. A probable i n i t i a l  p o r o s i t y  o f  about 2 percent  has 
been f i l l e d  i n  w i t h  z e o l i t e .  

129-IP-76. Arkose; ve ry  f i n e  t o  coarse sandstone; f e l dspa r ,  l a r g e l y  
in te rmed ia te  p l ag ioc lase ,  a l b i t e  tw inn ing  and zoning common, angu la r  t o  subangular, . - 
f r e s h  t o  moderately kaol  i n i t i z e d ;  hornblende, green-and brown; quar tz ,  s l  i g h t W  
undu la to ry  e x t i n c t i o n  common, angu la r  t o  subangular; magnet i te ;  igneous rock  
fragments, h y p o c r y s t a l l i n e  and h o l o c r y s t a l l i n e  f e l t y  t e x t u r e  common; metamorphic 
rock  fragments, a l b i t e - e p i d o t e  h o r n f e l s  f a c i e s ;  minor c a l c i t e ,  a p a t i t e .  Th i s  
rock  i s  t i g h t l y  packed, and some c l a s t s  have been broken i n  compaction. About 
2 percent  probable i n i t i a l  pore space has been f i l l e d  i n  w i t h  z e o l i t e .  

131-IP-76. Arkose; f i n e  t o  coarse sandstone; in te rmed ia te  p l ag ioc lase ,  
a l b i t e  tw inn ing  and zoning common, subangular t o  subrounded, commonly moderately 
k a o l i n i t i z e d ;  igneous rock  fragments, l a r g e l y  m i c r o c r y s t a l l i n e ;  hornblende, brown 
and green; minor brown b i o t i t e ,  f r e s h  and i n  va r i ous  stages o f  a l t e r a t i o n  t o  
c h l o r i t e ,  c l inopyroxene,  magnet i te,  and con tac t  metamorphic rock  fragments. Th i s  
rock  i s  t i g h t l y  packed w i t h  some c l a s t s  broken i n  compaction. A probable i n i t i a l  
p o r o s i t y  o f  about 3 percent  has been f i l l e d  i n  w i t h  z e o l i t e .  

132-IP-76, 133-IP-76, 135-lP-76, 136-IP-76, 141-IP-76, 144-IP-76. Arkose; 
sandstones w i t h  var ious  p o o r l y  so r ted  m ix tu res  o f  ve ry  f i n e  t o  coarse sand s i z e  
c l a s t s ;  in te rmed ia te  p l a ~ i o c l a s e ,  a l b i t e  tw inn ing  and.zoning common, angular  t o  
subangular, some f r e s h  bu t  l a r g e l y  moderately k a o l i n i t i z e d ;  igneous rock  fragments, 
m i c r o c r y s t a l l i n e ;  hornblende, brown and green; qua r t z ,  s l i g h t  undu la to r y  e x t i n c t i o n  
common, angu la r  t o  subangular; minor brown b i o t i t e ,  magnet i te ,  c a t a c l a s t i c  meta- 
morphic rock  fragments, ep ido te ,  and sphene. Th i s  rock  i s  t i g h t l y  packed w i t h  
few c l a s t s  broken i n  compaction. A probable i n i t i a l  pore space o f  about 2 percen t  
i s  f i l l e d  i n  w i t h  z e o l i t e .  

143-IP-76. Very f i n e  sandy mudstone; ve ry  angu la r  c l a s t s  o f  qua r t z  and 
f r e s h  in te rmed ia te  p l a g i o c l a s e  a long  w i t h  brown b i o t i t e ,  green hornblende, 
magnet i te ,  and ep ido te  i n  a brown d e t r i t a l  c l a y  m a t r i x .  The rock  i s  about h a l f  
c l a y  and h a l f  s i l t  and sand. 

H-3 



138-WL-76. Arkose; ca lcareous ve ry  f i n e  t o  medium sandstone; in te rmed ia te  
p l ag ioc lase ,  a l b i t e  tw inn ing  and zoning common, angu la r  t o  subangular,  f r e s h ;  
quar tz ,  s l i g h t  undu la to ry  e x t i n c t i o n  common, angu la r  t o  subangular; hornblende, 
green and brown; magnet i te ;  igneous rock  fragments; brown b i o t i t e ,  f r e s h  and 
a l t e r e d  t o  va r i ous  degrees t o  c h l o r i t e ;  con tac t  metamorphic rock  fragments; 
m l c r i t i c  m a t r i x ,  l o c a l l y  r e c r y s t a l l i z e d  t o  pseudospar. Th i s  rock  i s  t i g h t l y  
packed; few c l a s t s  have been broken i n  compaction, p robab ly  because o f  a cush ion ing  
e f f e c t  by the  m i c r i t i c  m a t r i x  which makes up about 15 percent  o f  the  rock .  

143-WL-76. Subarkose; muddy very  f i n e  t o  f i n e  sandstone; i n t e rmed ia te  
p l ag ioc lase ,  a l b i t e  tw inn ing  and zoning common, angu la r  t o  subangular, f r e s h  t o  
moderately k a o l i n i t i z e d ;  quar tz ,  s l i g h t  undu la to r y  e x t i n c t i o n  common, angular  t o  
subangular; hornblende, l a r g e l y  green w i t h  minor brown; igneous rock  fragments, 
h y p o c r y s t a l l i n e  and h o l o c r y s t a l l i n e ;  magnet i te ;  brown b i o t i t e ,  f r e s h  and a l t e r e d  
t o  c h l o r i t e  t o  va r i ous  degrees; con tac t  metamorphic rock  fragments; brown d e t r i t a l  
c l a y ;  minor ep ido te ,  a p a t i t e ,  and sphene. Th i s  rock  i s  t i g h t l y  packed. 

145-WL-76. Arkose; ca lcareous muddy, sandy g ranu le  conglomerate; igneous 
rock  fragments, h y p o c r y s t a l l i n e  and h o l o c r y s t a l l i n e ,  commonly p o r p h y r i t i c ,  
subangular t o  rounded; in te rmed ia te  p l ag ioc lase ,  a l b i t e  tw inn ing  and zoning 
common, subangular t o  subrounded, f r esh ;  qua r t z ,  s l i g h t  undu la to r y  e x t i n c t i o n  
common, g e n e r a l l y  sma l le r  than p lag ioc lase ,  subangular t o  subrounded; c a t a c l a s t i c  
q u a r t z i t e  fragment; brown ca lcareous d e t r i t a l  c l a y ;  minor hornblende, brown 
b i o t i t e ,  c h l o r i t e ,  and magnet i te .  Some c l a s t s  i n  t h i s  r ock  have been broken i n  
compaction d e s p i t e  t he  presence o f  about 30 percen t  ca lcareous mud m a t r i x .  What 
might o therw ise  have amounted t o  about 1 percent  p o r o s i t y  i n  compression-shadows 
near l a r g e r  c l a s t s  and t ea rs  i n  the  m a t r i x  has been f i l l e d  i n  w i t h  z e o l i t e .  

146-WL-76. Subarkose; s i 1 t y  ve ry  f i n e  t o  f i n e  sandstone; qua r t z ,  s l  i g h t  
undu la to ry  e x t i n c t i o n  common, very  angu la r  t o  subangular;  i n t e rmed ia te  p l ag ioc lase ,  
a l b i t e  tw inn ing  and zoning common, angular  t o  subangular,  f r e s h  t o  s l i g h t l y  
k a o l i n i t i z e d ;  green hornblende; igneous rock  fragments, h y p o c r y s t a l l i n e  and 
h o l o c r y s t a l l i n e ;  magnet i te ;  spar ry  c a l c i t e  i n  spaces between some c l a s t s ,  p robab ly  
r e c r y s t a l l i z e d  m i c r i t e ;  minor brown b i o t i t e ,  c h l o r i t e ,  ep ido te ,  and a p a t i t e .  
Th i s  i s  a very  t i g h t l y  packed rock  w i t h  a few c l a s t s  which have been broken i n  
compact ion. 

147-WL-76. Subarkose as above. 

159-WL-76, 160-WL-76. Arkose; f i n e  t o  coarse sandstone; i n t e rmed ia te  
p l ag ioc lase ,  a l b i t e  tw inn ing  and zoning common, angu la r  t o  subrounded, moderately 
kao i  i n  i t ized; hornblende, green and brown; igneous-rock fragments, hypocrys ta l  1 ine,  
p o r p h y r i t i c  t e x t u r e  common; magnet i te ;  quar tz ,  s l i g h t  undu la to r y  e x t i n c t i o n  
common, angular  t o  subangular; brown b i o t i t e ;  minor a p a t i t e  and c l i n o z o i s i t e .  
These rocks a r e  t i g h t l y  packed, and many c l a s t s  have been broken i n  compaction. 
A probable i n i t i a l  p o r o s i t y  o f  about 3 t o  5 percent  has been f i l l e d  i n  w i t h  z e o l i t e .  

161-WL-76, 162-WL-76. Arkose; f i n e  t o  coarse sandstone; i n t e rmed ia te  
p l ag ioc lase ,  a l b i t e  tw inn ing  and zoning common, angu la r  t o  subangular,  f r e s h  t o  
moderately k a o l i n i t i z e d ;  hornblende, green and brown; quar tz ,  s l i g h t  undu la to r y  
e x t i n c t i o n  common, c l a s t s  g e n e r a l l y  sma l le r  than those o f  p l a g i o c l a s e ,  angu la r  
t o  subangular; magnet i te ;  igneous rock  fragments, h y p o c r y s t a l l i n e  and 
h o l o c r y s t a l l i n e ;  minor a p a t i t e .  These rocks a r e  t i g h t l y  packed, and many c l a s t s  
have been broken i n  compaction. A probable i n i t i a l  p o r o s i t y  o f  3 t o  5 percent  has 
been f i l l e d  i n  w i t h  z e o l i t e .  



She1 t e r  Creek 

1-JW-76. Arkose; f i n e  t o  very  coarse sandstone; f e l d s p a r ,  l a r g e l y  in te rmed ia te  
p l ag ioc lase ,  a l b i t e  tw inn ing  and zoning common, angu la r  t o  subangular, f r e s h  t o  
g r e a t l y  z e o l i t i z e d ,  z e o l i t e  does no t  form r i n d s  on p a r t l y  z e o l i t i z e d  c l a s t s ;  
quar tz ,  s l i g h t  undu la to ry  e x t i n c t i o n  common, angular  t o  subangular; igneous rock  
fragments, h o l o c r y s t a l l i n e ,  f e l t y  t e x t u r e  common; hornblende, l a r g e l y  green bu t  
some brown; magnet i te ;  minor brown b i o t i t e ,  f r esh  and a l t e r e d  t o  va r i ous  degrees 
t o  c h l o r i t e ,  ep ido te ,  sphene, a p a t i t e ,  c a t a c l a s t i c  rock  fragments, and sedimentary 
rock  fragments. Th i s  rock  i s  t i g h t l y  packed, and some c l a s t s  have been broken 
i n  compaction. A probable i n i t i a l  p o r o s i t y  o f  about 5 percent  has been f i l l e d  
i n  w i t h  z e o l i t e .  

Snug View Mountain - Bear Creek Ridge 

45-JM-76. Arkose; f i n e  t o  coarse sandstone; in te rmed ia te  p l ag ioc lase ,  a1 b i  t e  
tw inn ing  and zoning common, angu la r  t o  subrounded, f r e s h  t o  moderate ly  k a o l i n i t i z e d ;  
hornblende, brown and green; quar tz ,  s l i g h t  undu la to r y  e x t i n c t i o n  common, g e n e r a l l y  
f i n e r  gra ined than f e l d s p a r ,  ve ry  angular  t o  subangular; igneous rock  fragments, 
ho lohya l i ne  and h y p o c r y s t a l l i n e ;  magnet i te ;  minor ep ido te  and a p a t i t e .  Th i s  rock  
i s  t i g h t l y  packed, and some c l a s t s  have been broken i n  compaction. A probable 
i n i t i a l  p o r o s i t y  o f  about 2 percent  has been f i l l e d  i n  w i t h  z e o l i t e .  

55-JM-76. Arkose; ve ry  f i n e  t o  medium sandstone; f e l dspa r ,  l a r g e l y  
in te rmed ia te  p l ag ioc lase ,  a l b i t e  tw inn ing  and zoning common, subangular t o  
subrounded, f r e s h  t o  moderately k a o l i n i t i z e d ;  quar tz ,  s l i g h t  undu la to r y  e x t i n c t i o n  
common, g e n e r a l l y  f i n e r  g ra ined  than f e l dspa r ,  angu la r  t o  subangular;  hornblende, 
brown and green; magnet i te ;  igneous rock  fragments, ho lohya l i ne  and h y p o c r y s t a l l i n e ;  
brown b i o t i t e ,  f r e s h  and a l t e r e d  t o  va r i ous  degrees t o  c h l o r i t e ;  minor muscovi te,  
a p a t i t e ,  ep ido te ,  sphene, and carbonate. Al though o n l y  a few c l a s t s  have been 
broken i n  compaction, t h i s  rock  i s  t i g h t l y  packed. A probable i n i t i a l  p o r o s i t y  
o f  l e s s  than 1 percent  has been f i l l e d  i n  w i t h  z e o l i t e .  

169-IP-76. Arkose; muddy very  f i n e  t o  f i n e  sandstone; in te rmed ia te  
p l ag ioc lase ,  a l b i t e  tw inn ing  and zoning common, angu la r  t o  subrounded, f r e s h  t o  
moderately k a o l i t i n i z e d ;  quar tz ,  s l i g h t  undu la to ry  e x t i n c t i o n  common, very  
angular  t o  subangular; igneous rock  fragments, ho lohya l i ne  and h o l o c r y s t a l l i n e ;  
hornblende, l a r g e l y  green bu t  some brown; brown b i o t i t e ,  f r e s h  and a l t e r e d  t o  
var ious  degrees t o  c h l o r i t e ;  magnet i te ;  brown d e t r i t a l  c l a y ,  which toge ther  w i t h  
s i l t  forms m a t r i x  around sand-size g ra ins ;  minor e p i d o t e  and a p a t i t e .  Th i s  rock  
i s  ve ry  t i g h t l y  packed, and many c l a s t s  have been broken i n  compaction. 

177-IP-76. Arkose; ve ry  f i n e  t o  f i n e  sandstone; in te rmed ia te  p l ag ioc lase ,  
a l b i t e  tw inn ing  and zoning common, angular  t o  subrounded, f r e s h  t o  moderately 
k a o l i n i t i z e d ;  qua r t z ,  s l i g h t  undu la to ry  e x t i n c t i o n  common, very  angular  t o  
subangular; brown b i o t i t e ,  f r e s h  and a l t e r e d  t o  var ious  degrees t o  c h l o r i t e ;  
hornblende, green and brown; igneous rock  fragments, h o l o c r y s t a l l i n e ;  magnet i te ;  
minor brown d e t r i t a l  c l a y ,  ep ido te ,  a p a t i t e ,  and sphene. Th i s  rock  I s  b e t t e r  
so r t ed  than any o f  the  o t h e r  rocks descr ibed,  and t he  e l o n g a t i o n  o f  c l a s t s  i n  
the  rock  l i e s  i n  a s i n g l e  p lane and thus impar ts  an a n i s o t r o p i c  f a b r i c  t o  t he  
rock.  The rock  i s  t i g h t l y  packed, and some c l a s t s  have been broken i n  compaction. 
Micas have been e s p e c i a l l y  broken up i n  compaction, and the  minor brown d e t r i t a l  
c l a y  may be f i n e l y  shredded b i o t i t e  and c h l o r i t e .  A very  minor p robab le  i n i t i a l  
p o r o s i t y  o f  l e s s  than 1 percent  has been f i l l e d  i n  w i t h  z e o l i t e .  



APPENDIX I 

Pa 1 ynology Repor t 1 

94- l P-76 

7 Alnus ( s i n g l e ) .  

Age : Probably  T e r t  i a r y  
Env i ronmen t : Nonma r i ne 

The o rgan ic  res idues a r e  a l l  b l a c k  i n  c o l o r  and thus d i s p l a y  a very  h i g h  degree 
o f  thermal a1 t e r a t  ion.  

Barren o f  pa 1 ynomorphs. 

Age : Indeterminate 
Env i ronmen t : Indeterminate 

The o rgan ic  res idues a r e  b l a c k  as i n  the above sample. 

99- l P-76 

Pinus (R)  , Laevigatospor i tes  sp. (R) , Betulaceae (R) , Alnus (R)  . 
Age : T e r t i a r y  
Environment: Nonma r i ne 

Und i f f e r e n t  i a t e d  b i saccates (R)  , Lycopod i umspor i tes  sp. (R) , Laevigatospor  i tes  
sp. ( R ) ,  Del to idospora spp. (R) ,  Betulaceae ( R ) ,  Alnus ( R ) ,  u n i d e n t i f i e d  
p e r i p o r a t e  ( s i n g l e ) ,  P i  10s i spor i t e s  versus ( s i n g l e ,  reworked). 

Age : T e r t i a r y  (probably  P l  iocene) 
Environment: Nonma r i ne 

Barren o f  palynomorphs. 

Age : l ndeterminate 
Environment: Indeterminate 

8-JCW-76 

U n d i f f e r e n t i a t e d  b isacca tes  (R) , Alnus ( R )  . 
Age : T e r t i a r y  
Environment: Nonma r i ne 

Performed by Anderson, Warren and Assoc ia tes,  c o n s u l t i n g  rn ic ropa leon to log is ts ,  
San Diego, C a l i f o r n i a ,  August 1976. 



Not processed. 

Und i f f e ren t  i a t e d  b i  saccates (R)  , Laevigatospor i t es  sp. (R) , Lycopod iumspor i tes  
sp. (R) , Del to idospora  spp. (R) , Chornotr i l e t e s  f r a g i  1 i s  (R) . 

Age : Cretaceous ? 
Environment: Nonmar i ne  

Chomot r i l e tes  f r a g i l i s  i s  most common i n  Ju rass i c  and Cretaceous age s t r a t a  and 
p o s s i b l y  occurs as young as the  E a r l y  T e r t i a r y .  Consider ing t h e  assemblage 
recovered i n  the  sample below, and t he  presence o f  - C .  f r a g i l i s  here,  a Cretaceous 
age assignment i s  poss ib l e .  

No o t h e r  palynomorphs o f  t i m e - s t r a t i g r a p h i c  importance were recovered. 

Podocarpus (R) , Rugubives i c u l  i t e s  sp. (R) , R .  reductus (R) , Osmundacidi t es  
we1 lmani (F) , Taurocuspor i tes  segmentatus (R) , Neora i s t r  i c k i a  t r unca ta  ( s i n g l e ) .  

01 igosphaeridium sp. ( s i n g l e ) ,  S i rmiod in ium g r o s s i  ? ( s i n g l e ) .  

Age : Cretaceous (probably  A1 b ian)  
Environment: ProbablyNonmar ine 

The land-der ived palynomorphs i n d i c a t e  a probable A l b i a n  age. Two d i n o f l a g e l l a t e  
species,  apparen t l y  reworked f rom Neocomian sediments, were a l s o  observed. 



APPEND l X  J 

Geochemical Analyses 

F o r t y - f i v e  stream sediment samples were ana lyzed f o r  go ld ,  s i l v e r ,  copper, 
lead,  z i n c ,  molybdenum, t i n ,  uranium, and tho r ium,  These r e s u l t 3  a r e  inc luded  b u t  
n o t  ana lyzed.  

Sample Number Gold S i l v e r  Copper Lead Z i n c  Molybdenum T i n  Uranium Thor ium - -- , - 
112-WL-76 0.1 1 0.0 28 19 108 3 0 1.3 5.75 
164-WL-76 0.10 0.0 3 0 12 110 4 0 0.5 1.30 
169-WL-76 0.04 0.0 16 6 24 O 0 0.5 1.00 
186-WL-76 0.07 0.0 3 8 18 80 1 o 1 . 1  5.00 
190-WL-76 0.1 O 0.0 4 4 12 82 O O 0.9 2.50 

5 8 - J ~ - 7 6  0.10 0.0 4 6 20 204 1 0 0.2 3.00 
59-JM-76 0.08 0.0 3 4 12 72 1 O 0.4 1.25 
60-JM-76 0.08 0.0 5 1 17 88 O 0 0.5 1.25 
67-JM-76 0.05 0.0 5 8 14 64 2 O 2.4 1.50 
68-JM-76 0.05 0.0 52 12 31 0 0 0 .5  1.25 

107A-IP-76 0.16 0.0 55 19 190 1 0 0.4 2.75 
145-IP-76 0.09 0.0 32 29 169 3 o 0.7 1 .oO 
146-IP-76 0.05 0.0 60 13 142 2 O 0.5 0.25 
147-IP-76 0.07 0.0 4 1 13 183 0 0 0.5 3.75 
148-IP-76 0.16 0.0 3 4 14 61 0 0 1.2 1.25 

149-IP-76 0.04 0.0 2 6 10 29 1 0 0.6 0.50 
150-IP-76 0.16 0.0 56 14 41 1 0 0.4 2.25 
151-IP-76 0.10 0.0 37 1 1  2 2 0 0 1 . 1  4.75 
152-IP-76 0.17 0.0 49 17 21 1 O 4.6 8 .OO 
153-IP-76 0.07 0.0 3 3 9 18 0 0 0.7 1.75 

154-IP-76 0.05 0.0 2 1 1 1  30 1 0 1 . 1  1.50 
155-IP-76 0.03 0.0 3 4 7 31 0 0 1.4 2.00 
156-IP-76 0.03 0.0 22 7 22 0 0 1.9 1 .25 
157-IP-76 0.14 0.0 88 1 1  46 1 O 2 .O 1 .OO 
158-IP-76 0.09 0.0 55 1 1  26 O 0 0.6 1.50 

159-IP-76 0.06 0.0 2 7 17 69 1 O o .6 2.00 
160-IP-76 0.03 0.0 2 6 10 35 O O 2.2 0.50 
161-IP-76 0.08 0.0 7 4 16 38 O 0 0.7 4.00 
163-IP-76 0.04 0.0 3 4 14 41 O 0 0.6 0.50 
164-IP-76 0.04 0.0 2 1 12 57 0 0 1 . 1  3.00 

165-IP-76 0.03 0.0 2 3 10 55 O O 1 . 1  2.00 
167-IP-76 0.06 0.0 23 15 72 0 0 0.4 0.75 
184-IP-76 0.08 0.0 18 25 32 0 0 0.5 0 .OO 
185-IP-76 0.15 0.0 3 1 13 31 0 0 0.2 1 .OO 
186-IP-76 0.05 0.0 38 17 41 3 0 0.4 0.50 

187-IP-76 0.09 0.0 42 16 39 1 0 0.5 0.25 
188-IP-76 0.04 0.0 3 3 1 1  26 0 0 0.4 1.00 
189-IP-76 0.11 0.0 63 13 53 2 0 0.5 0.25 
190-IP-76 0.13 0.0 5 6 18 84 O o 0.6 1 .25 
191-IP-76 0.13 0.0 2 4 15 43 1 O 0.8 2.00 

192-IP-76 0.07 0.0 3 9 14 40 O 0 0.6 1 .OO 
193-IP-76 0.11 0.0 3 4 13 41 0 0 0.2 1.50 
194-IP-76 0.09 0.0 2 3 22 64 2 O 0.6 2.75 
196-IP-76 0.06 0 .0  2 0 17 62 0 0 0.2 2.25 
197-IP-76 0.13 0.0 26 19 70 1 7 3.25 


