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GEOLOGICAL AND OPERATIONAL SUMMARY, 

ATLANTIC RICHFIELD LOWER COOK INLET, ALASKA,  

COST WELL NO. 1 

By John C. Wills, J. G. Bolm, G. H.  Stewart,' 
Ronald F. Turner, Maurice B. Lynch, George W .  

Petering, John Parker, and Brian Schoof. 

INTRODUCTION 

This open-file report i s  presented in accordance with T i t l e  30, 

Code of Federal Regulations, Chapter 11, paragraph 251.1 5, which 

requlres tha t  geological data and processed geological information . 

acquired from the Continental Offshore Stratigraphic Test (COST) 

. / e l l s  on the Outer C~ntinental  She1 f (OCS) be made available for 

public inspection following the issuance of the f i r s t  Federal lease 

within 50 geographic (nautical ) miles (92.6 k m )  o f  the d r i l l  s i t e .  

Tracts within th i s  distance of the s i t e  of t h e  Atlantic Richfield 

Lower Cook In le t ,  Alaska, COST Well- No. 1 were offered for lease in 

OCS Sale No. CI 3n October 2 7 ,  1977, and the f i r s t  leases became 

effect ive December 1 ,  1977. 

The Atlantic Richfield Lower Cook.Inlet, Alaska, COST Well No. 1 ,  

which will be referred t o  a s  "the COST we1 1 " hereafter,  was dr i l led  on 

OCS Lezse Tract 46, Block 489, OCS Map 5-2 (Seldovia), in 216 feet  



(66 rn) o f  water  approximately 42 ( s t a t u t e )  miles  (68 k m )  southwest o f  

Homer, Alaska, and 20 miles  (32 km) from shore ( f i g .  1  ). There were no 

bids on t h e  OCS Lease Trac t  46 a t  t he  l e a s e  s a l e  October 27, 1977. 

The COST well was d r i l l e d  a s  a deep s t r a t i g r a p h i c  t e s t  t o  acqu i re  

information on the  s t r u c t u r e ,  s t r a t i g r a p h y ,  and geochemistry o f  t h e  

unexplored a rea .  Nineteen companies shared the  c o s t s  o f  d r i l l  ing;  

A t l a n t i c  R ichf i e ld  Company served as opera to r  f o r  the  group. The 

U.S. Geological Survey received geological  information from t h i s  wi l l  , 

as  requi red  by regul a t i o n s .  

On June 3 ,  1977, A t l a n t i c  R ichf i e ld  Company was i ssued t h e  f i n a l  

permit t o  d r i l l  a 16,500 foo t  (5029 m )  deep s t r a t i g r a p h i c  t e s t  well t o  

t e s t  t he  hydrccarbon po ten t i a l  o f  t h e  Naknek and Chinitna Formations. 

Because t h e  COST we1 1 was d r i l l e d  pr imar i ly  f o r  geologic information,  

i t  was i n t e n t i o n a l l y  loca ted  o f f - s t r u c t u r e  t o  reduce the p o s s i b i l i t y  o f  

pene t ra t ing  si gni fican+. q u a n t i t i e s  o f  hydrocarbons. The we1 1 was spudded 

on June 10,  1977, a n d  plugged and abandoned a t  a t o t a l  depth o f  12,387 

f e e t  (3778 m) r e l a t i v e  t o  the  r o t a r y  Kelly bushing ( R K B )  on September 2 4 ,  

1977. Dr i l l  i n g  was terminated on September 19 ,  1377, before the  proposed 

depth of  16,500 f e e t  was reached in o rde r  t o  comply with r egu la t ions  

required by t h e  OCS Lower Cook I n l e t  Lease Sale October 27,' 1977. 

This r e p o r t  expresses a l l  depths i n  t he  well i n  f e e t  below the  

ro ta ry  Yelly bushing because t h a t  i s  t he  u n i t  in  which t h e  o r i g i n a l  

measurements were made. These depths may be converted t o  depths in  

f e e t  below mean sea level  by s u b t r a c t i n g  100 f e e t  (31 m). 

This in t roduc t ion  and the  sec t ion  on well da ta  were wr i t t en  by 

G.  H. Stewart .  John C .  Wills and M a u r i c e  B. Lynch wrote t h e  s e c t i o n s  



SCALE 

FIGURE I - LOCATION MAP 



on s t ra t ig raphy  and geophysical log in te rpre ta t ion .  J..G. Bolm and 

George W .  Petering wrote the petrography sect ion.  The sect ions  on 

paleontology, geophysics, and environmental consi deratf ons were wri t ten  

. . .by Ronald F. Turner, John Parker, and Brian Schoof, respect ively .  John 

Wills coordinated the overall  w r i t i n g  o f  the  repor t .  



WELL DATA 

Summary o f  Wel l  Data 

Lease d e s i g n a t i o n :  Unl eased 

Wel l  name and number: A t l a n t i c  R i c h f i e l d  Lower Cook l n l ' e t  COST Wel l  

No. 1, OCS 77-5 No. 1  

L o c a t i o n :  

B l o c k  1375N,105E ( B l o c k  No. 489, T r a c t  No. 4 6 )  OCS Map 5-2 S e l d o v i a .  

L a t i t u d e  : 59'31 ' 06,3445" N 

L o n g i t u d e  : 152'38' 36.6037" W 

C l a s s i f i c a t i o n :  O f f s h o r e  deep s t r a t i g r a p h i c  t e s t  

E l e v a t i o n :  R o t a r y  K e l l y  b u s h i n g  100 f e e t  (31 m) 

Water dep th :  216 f e e t  (66 m )  

Spud da te :  June 10, 1977 

Da te  t o t a l  d e p t h  reached: September 19, 1977 

Comp le t ion  da te :  September 24, 1977 

S t a t u s  : Pl  ugged and abandoned 

T o t a l  depth :  12,381 f e e t  RKB (3778 m )  

Plug-back dep th :  425 f e e t  RKB (1  30 m), 109 f e e t  ( 3 3  m )  be low sea f l o o r  

Opera to r :  A t1  a n t i c  R i c h f i e l  d Company 



P a r t i c i p a n t s  

Amino i l  USA, I nc .  

Amoco P roduc t l on  Company 

A t l a n t i c  R i c h f i e l d  Company 

BP A laska ~ x p l o r a t i o n  

Champ1 i n P e t r o l  eum Company 

Chevron USA 

C i  t i e s  S e r v i c e  O i  1 Company 

Depco, Ync. 

Exxon Ca,npany, USA 

F reepo r t  O i  1 Company 

Get ty  O i  7 Company 

Gul f Energy & M i n e r a l s  

Hunt O i l  Company 

Mob i l  O i l  Co rpo ra t i on  

Murphy O i l  Co rpo ra t i on  

Phi 11 i ps Pet ro leum Company 

S h e l l  O i l  Company 

Texaco I n c o r p o r a t e d  

Union O i l  Company o f  C a l i f o r n i a  



P r i n c i p a l  c o n t r a c t o r :  ODECO I n t e r n a t i o n a l  , Inc .  

OCEAN RANGER - Semi -submersi bl e d r i  11 i ng vesse l  

Suppor t  c o n t r a c t o r s  and s e r v i c e s :  

Ado1 f Cur ry - -suppor t  boa ts  

A laska Ae ronau t i ca l  , 1nc.--ai r t r a n s p o r t a t i o n  

B i g  T O i l  f i e 1  d  Serv ices- -expedi  t i n g  s e r v i c e s  

Chr i s tensen  Diamond--bi t s  

Eastman Wh ips tock - -d i r ec t i ona l  su rvey  

Evergreen He1 i c o p t e r s  o f  A1 aska , 1nc.--he1 i c o p t e r s  

GBR Equipment Renta l  - - too l  r e n t a l  

Hal 1 i b u r t o n  Services--cement 

H.ughes Tool Company-- b i  t s  

I n t e r n a t i o n a l  Techno1 ogy Ltd . - -pos i  t i o n  su rvey  

-IMCO Serv ices ,  1nc.--mud 

Land and Mar ine Renta l  Company--casing s e r v i c e s  and r e n t a l s  

Man1 ey Termina l  s--warehouse, o f f i c e  space, and l o g g i n g  

Oceaneer ing I n t e r n a t i o n a l ,  1nc . - -d iv ing  
.;I 

ODECO I n t e r n a t i o n a l  C o r p o r a t i o n - - r i  g 

Of fshore.  L o g i s t i c s ,  1nc.--boats 

Regan O f f sho re  I n t e r n a t i o n a l  , I n c  .--we1 1 heads 

Smi th  Tool Company--bi t s  

T s i  - S t a t e  O i  1  Tool  s - - t o o l  r e n t a l  s 

Geoscience c o n t r a c t o r s  and s e r v i c e s  : 

The Ana l ys t s ,  1nc.--mud 1 ogg ing  

BBN Geomarine Serv ices  Company--hazard survey 



Geoscience contractors and services (continued) : 

Core Laboratories--core & cutting and a n a l y s i s  

Dames and Moore--meteor01 ogi  czl  servi ces and b i  o-assay 

Geochem Laboratories, 1nc.--geochemical analyses 

Schl umberger Ltd.--1 ogging 

Seismic ~eie ' rences Service--"el oci t y  survey 

Warren Anderson and Associ ates--mi cropal eontol ogy 



O p e r a t i o n a l  Data 

Mud Program: The d r i l l i n g  f l u i d  used f o r  t h e  i n i t i a l  1346 f e e t  (410 m) 

o f  d r i l l e d  h o l e  below t h e  ocean f l o o r  was s a l t  wa te r .  From t h i s  p o i n t  

t o  t o t a l  measured dep th  o f  12,387 f e e t ,  a 1 i g n o s u l  f o n a t e  mud w l s  used. 

A mud l o g  wa's made f r o m  measured depths o f  1350 t o  12,387 fee t .  

Hole Dimensions: .A 36 - inch  h o l e  was d r i l l e d  t o  a dep th  o f  130 f e e t  

(40 m )  be low t h e  ocean f l o o r  (446 f e e t  RKB), thence a 26 - inch  h o l e  t o  

1030 f e e t  (314 m )  below t h e  ocean f l o o r  (1 346 f e e t  RKB), a 17 1 / 2 - i n c h .  

h o l e  f rom 1030 f e e t  (314 m) t o  a t o t a l  d e p t h  o f  4580 f e e t ' ( 1 3 9 6  m )  

below t h e  ocean f l o o r  (4896 f e e t  RKB), and a 12 1 / 4 - i n c h  h o l e  f r o m  4580 

f e e t  (1396 m) t o  a t o t a l  dep th  o f  12,071 f e e t  (3680 m )  below t h e  ocean 

f l o o r  (12,387 f e e t  RKB). A d iagram o f  c a s i n g  depths i s  show i n  F i g u r e  2. 

Ho le  D e v i a t i o n :  The we1 1 .was d r i l l e d  as a v e r t i c a l  h o l e .  A t  t o t a l  

dep th  t h e  h o l e  was c l a s s i f i e d  as s t r a i g h t .  

P ipe Record: 

S i z e  - Depth S e t  Hole  S i z e  Cementing Record Cas ing  Recovered 

30 i n c h  417 f e e t  36 i n c h  1000 sx  "G" w/2 1 / 4 %  35 f e e t  
GEL w/3% CaCl + 
1537 sx  "G" wf3% 
CaC1 

20 i n c h  1325 f e e t  26' i n c h  1804 s x  "G" w/2 1 /4% 35 f e e t  
GEL w/3% CaCl + 
400 sx  "G" w / 3 %  
CaC1 

13 3/8 i n c h  4840 f e e t  17 1 /2  i n c h  1700 s x  "G" w/2 1 / 2 %  232 f e e t  
GEL w/2% HR-7, 
~ / . 0 3 %  NF-1 + 400 
S X  "G." 

Note: D r i l l  f l o o r  100 f e e t  (31 m )  above mean w a t e r  l e v e l ,  w a t e r  dep th  
216 f e e t  (66 m). 



R K B  316' TO 
MUD LINE 

FIGURE 2 
Casing depths in the Lower Cook Inlet 
COST Well, OCS Permit No. 77-5 
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Geosci ence Data 

The f o l l o w i n g  geosc ience d a t a  were r e c e i v e d  and a r e  a v a i l a b l e  

for p u b l i c  i n s p e c t i o n  a t  t h e  O f f i c e  o f  t h e  O i l  and Gas S u p e r v i s o r ,  

Conserva t ion  D i v i s i o n ,  U.S. G e o l o g i c a l  Survey, 800 "A" S t r e e t ,  S u i t e  

109, Anchorage, A1 aska 99501 : 

1 ) D a i l y  o p e r a t i o n s  and g e o l o g i c  r e p o r t  f o r  109 r i g  days. 

2 )  One-quart, canned, unwashed d r i l l  c u t t i n g s  a t  30 f o o t  i n t e r v a l s ,  

1356-1 2,375'. 

3) One s e t  washed and d r i e d  d r i l l  c u t t i n g s  a t  30 f o o t  i n t e r v a l s ,  1356- 

12,375'. 

4 )  Sepia p r i n t s  o f  t h e  f i n a l  composi te  o f  t h e  f o l l o w i n g  l o g s :  

a )  Dual i n d u c t i o n . l a t e r o l ~ g ,  300-12,387'. 

b )  Borehol  e compensated s o n i c  1 og, 1325-1 2,391 ' , 

c )  Long spaced s o n i c  l o g  ( 8 '  - 1 0 '  and 1 0 '  - 1 2 '  s p a c i n g s ) ,  

1325-1 2,387' . 
d )  Compensated f o r m a t i o n  d e n s i t y  1 og, 425-1 2,392' . 
e )  Compensated f ~ r m a t i o n  d e n s i t y  l o g ,  421-1319'. 

f )  Compensated n e u t r o n - f o r m a t i o n  d e n s i t y  l o g ,  1325-1 2,392' , 

g )  P r o x i m i t y  l o g  - m i c r o l o g ,  4840-1 0,238' and 9800-1 2,387'. 

h )  Four-arm c o n t i n u o u s  d ipmete r ,  1325-4889', 4840-10,236', and 

10,000-1 2,387'. 

i ) D i  pmeter a r row p l o t ,  1348-4884' , 4855-1 0,229' , and 10,002- 

12,357'. 

j) Temperature l o g ,  0-12,387'. 

11 



k) Repeat formation t e s i e r ,  t h ree  tes ts  on 8/22/77, seven t e s t s  

on 9/18/77. 

1 )  Well-s i te  g e o l o g i s t ' s  l i t h ~ l o g p i c ~ ,  1351-1L,3871. 

m) ' Mud log ,  1356-92,387', 

n )  The Analysts - ins tantaneous  d r i l l  ing eval u a t i o r ~  1 og, 

1350-1 2,387'.  

o )  The Analysts - d e l t a  ch lo r ide  l o g ,  1400-12,387'. 

p)  The Analysts - s h a l e  dens i ty  l o g ,  6650-12,350'. 

5 )  Dipmeter c l u s t e r  c i r c u l a t i o n  l i s t i n g s  f o r  t h r e e  dipmeter runs - 
t h r e e  computer p r i  nt-outs .  

6) Log q u a l i t y  control  records f o r  log  runs # I -4 ,  16 data shee t s .  

7 )  The Analysts - d a i l y  d r i l l  ing  l o g ,  6/17/77 through 6/26/77, 7/8/77 

through 8/20/77, 8/24/77 through 9/17/77, 79 pages. 
. . 

8)  Conventional core  d e s c r i p t i o n s ,  cores  #1-4, 8 pages. 

9 )  Sidewall core d e s c r i p t i o n s ,  samples from 1660-1 2,352' , 45 pages. 

1 0 )  Final r e p o r t ,  P&P,  e t c .  ana lyses  on conventional and sidewall  core  

samples (8  data s h e e t s ) ,  and core-gamma c o r r e l a t i o n  log.  

11 ) Final r e p o r t  on s h a l e  dens i ty  measurements on d r i l l  c u t t i n g s ,  

21 70-12,375'. 

12)  Color Photos 8" x 1.0" o f  slabbed cores  #I-4.  

1 3 )  Prel iminary b i o s l r a t i  graphic r epor t s  - 1 6  r epor t s .  

1 4 )  Final micropaleontology r e p o r t s ,  Pa r t s  I ,  11, and 111. Each p a r t  

conta ins  f ina l  r epor t s  on Forarnini f e r a ,  ca lcareous  nannofossil  s ,  

and pal ynol ogy . 
15)'  Ten in t e r im da ta  r e p o r t s  "Hydrocarbon Source Facies Analysis ."  



Final data and i n t e r p r e t i v e  r epor t  "Hydrocarbon Source Facies 

Analysis." 

Technical r e p o r t  #62, "A1 t e r a t i o n  o f  Sandstone from the  Lower Cook 

In1 e t  COST # l .  " I 

X-ray di f f r a c t i o n  d a t a ,  82 analyses .  

Petrographic r e p o r t  on 2 3  sidewall  samples, 5120'-10,145'. 

Petrographic r epor t  on 33 samples. Sidewall cores  samples 181 0 ' -  

4560' and f u l l  diameter cores  #l and #2 .  

SEM photographs and X-ray analyses on c u t t i n g s  samples 2530-8500t, 

and s i  dewall cores  6205-9885' . 
"Petrographic,  Scanning Electron Microscope, and X-ray D i  f f rac tometzr  

Analyses of  Cretaceous and J u r a s s i c  Samples from t h e  Lower Cook I n l e t  

COST #1 Well, Alaska." 

"Carbon I s o t o p i c  composition o f  Organic Ext rac t  Frac t ions  of  Cutt ings 

Samples . " Two repor t s  dated 10/18/77 and 10/21/77. 

24)  Inter im v i t r i n i t e  r e f l e c t a n c e  r e p o r t ,  ( 9 / 7 / 7 7 )  on c u t t i n g s  and one 

core sampl e , 1 390-9344' . 
25) Final vi t r i n i  t e  r e f l ec tance  r e p o r t  (9/30/77) on c u t t i n g s  and core  

samples, 1390-12,384'. Also an emendation t o  t h e  f i n a l  v i  tr ini  t e  

r epor t  i ssued-  10/14/77. 

2 6 )  V i  t r i n i  t e  ref1 ectance analyses from cores  #I-4,  t e l e x  r e p o r t  I 0/13/77. 

2 7 )  Water ana lys i s  r epor t s  on four  r epea t  formation t e s t e r  samples ( 4  

data s h e e t s ) .  

28) Petrographic desc r ip t ion  o f  t h i n  s e c t i o n s  from Lower Cook I n l e t  

. COST #I w e l l ,  10j17/77. 



29)  Addendum report covering carbon isotopic determinations for t h e  

saturates f ract ion,  11  /10/77. 

Operational Probl ems 

No extraordinary problems were encountered in dri 1 l i  n g  t h i s  hole. 

The s t a b i l i t y  of the world? la rges t  semi-submersi ble d r i l l  i n g  vessel,  

OCEAN R A N G E R ,  contributed greatly t o  the successful d r i l l i ng  program.' 



GEOLOGY 

Geologic data from the  COST well provided information on the  

l i t h o l o g y ,  ages,  and depths oC t h e  s t r a t a  penet ra ted ,  on t h e  hydro- 

carbon source-rock po ten t i a l  o f  the  rocks,  and on t h e  quan t i ty  and 

qua1 i  t y  o f  r e s e r v o i r  rocks. No samples were taken above 1351 f e e t ,  

and t h e  l i t h o l o g y  o f  this in t e rva l  is  determined wholly from the 
a 

i n t e r p r e t a t i o n  o f  geophysical logs .  

S t r a t ig raphy  

Pl a t e  I ( c o r r e l a t i o n  s e c t i o n )  i l l  us t r a t e s  the  probable s t r a t i -  

graphic r e l a t i o n s h i p s  of  the  s t r a t a  penet ra ted  by the  COST well t o  

known formations i n  o t h e r  wel ls .  

Quaternary s t r a t a  

Approximately 225 f e e t  o f  g l a c i a l  s t r a t a  were penet ra ted  by the  

well .  The base of  the  Quaternary i s  a t  546 f e e t  depth according t o  

induction log  i n t e r p r e t a t i o n .  

T e r t i a r y  s t r a t a  

T h e  well penetrated 2004 f e e t  of nonmarine T e r t i a r y  s t r a t a  between 
. . 

5 4 6 . f e e t  and 2550 f e e t  depth. The T e r t i a r y  sequence i s  composed o f  

c l ays tone ,  s i l  t s t o n e ,  sandstone,  and conglomerate w i t h  minor coal and 

tuffaceous zones. Sandstone and conglomerate are  dominant rock types. 

Typical conglomerates inc l  ude a  l a r g e  percentage o f  volcanic ,  pl u ton ic ,  

and metamorphic cl  as t s  , and typ ica l  sandstones a r e  c h i e f l y  composed of  

var icolored  g r a i n s ,  suggest ing a  s i m i l a r  o r i g i n .  Coal i s  present  as 

t h i n  beds up to  5 f e e t  i n  th ickness .  
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On t h e  b a s i s  o f  p a l y n o l o g i c a l  data ,  t h e  ' t e r t i a r y  s t r a t i g r a p h i c  

s e c t i o n  can be subd i v i ded  i n t o  Eocene rocks  (1351 f e e t  t o  1770 . f e e t )  

and Paleocene rocks  (1770 f e e t  t o  2550 f e e t ) .  No age da ta  a r e  a v a i l a b l e  

above 1351 f e e t .  The Eocene p a r t  o f  t h e  s e c t i o n  c o n t a i n s  a h i g h e r  

percentage o f  s i  1 t s t o n e ,  c l a y s  tone,  and coa l  than  does t h e  Paleocene 

p a r t ,  which i s  a lmos t  e n t i r e l y  sandstone and conglomerate.  

Cretaceous s t r a t a  - 
Cretaceous rocks  pene t ra ted *by  t h e  w e l l  can be d i v i d e d  i n t o  two 

age groups : L a t e  Cretaceous (Maes t r i  c h t i a n )  and E a r l y  Cretaceous 

(Neocomian) . The two a r e  separa ted  by  an unconformi t y  t h a t  r ep resen t s  

a  h i a t u s  o f  app rox ima te l y  40 t o  50 m i l l i o n  years .  

The we11 pene t ra ted  2508 f e e t  o f  Upper Cretaceous s t r a t a  f rom 2550 

f e e t  t o  5058 f e e t  i n  depth.  From 2550 f e e t  t o  4730 f e e t ,  t h e  s e c t i o n  

i s  a  c l  aystone,  s i  1  t s t o n e ,  and sandstone sequence w i t h  occas iona l  m ino r  

coa l ,  I t  i n c l u d e s  sandstone bod ies ,  up t o  130 f e e t  i n  t h i c kness ,  t h a t  

a r e  t h e  most p rom is i ng  p o t e n t i a l  r e s e r v o i r s  i n  t h e  w e l l .  The 

d e p o s i t i o n a l  e n v i  ronment i s  i n t e r p r e t e d  as f 1  u c t u a t i n g  f rom marg ina l  

mar ine  t o  nonmari ne. 

The bo t tom 328 f e e t  o f  t h e  Upper Cretaceous i s  a  mar ine  c l a y s t o n e  

and s i l t s t o n e  u n i t ;  Th i s  u n i t  i s  markedly  d i f f e r e n t  i n  geophys ica l  l o g  

c h a r a c t e r  than  t h e  Upper Cretaceous s t r a t a  above i t ,  and t h e  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 h e  two i s  u n c l e a r  a t  t h i s  t ime .  

The we1 1  pene t ra ted  2967 f e e t  o f  Lower Cretaceous (Neocomian ) 

s t r a t a  f rom 5058 f e e t  t o  8025 f e e t  i n  depth.  These s t r a t a  a r e  composed 

o f  sandstone, s i l  t s t one ,  and c lays tone .  On t h e  b a s i s  o f  1  i t h o l o g i c a l  
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di fferences, general subdivisions of the Lower Cretac~ous s t r a t a  may be 

made as follows: 

5058 fee t  to  6450 feet.--A sandstone, s i l t s tone ,  and claystone 

sequence with sandy s i  1 tstone as the dominant 1 i  thology. Sandstone 

beds u p  to  56 feet  in thickness are present, b u t  t he i r  reservoir 

potential appears to be poor (see pages 24 and 27) .  

6450 feet  to  6850 ,feet.--The dominant lithology i s  claystone with 

occasional thin sandstone beds. Inoceramus shell fragments and prisms 

were abundant, and in one 10-foot interval they compose as much as 25 

percent of the total  sample. 

6850 fee t  to  8025 feet.--There i s  a sudden, simultaneous increase 

in r e s i s t i v i t y ,  sonic velocity,  and formation density a t  6850 fee t  that  

indicates decreased porosity of the rocks (Plate 11). This condition 

persis ts  in a l l  rocks below th i s  depth in the well. Petrographic 

studies (see page -25) show th i s  i s  mainly due to  authigenic emplace- 

ment of zeol i te  in the available pore spaces in the rocks. The 

s t r a t i  graphic nature of th i s  "zeol i t e  boundary," i  .e.,  whether i t  i s  

s t r i c t l y  a pressure-temperature boundary, or a s t rat igraphic or  erosional 

boundary, cannot be determined from the d a t a  available.  

The Lo-wer Cretaceous rocks with.in t h i s  interval are mostly massive 

sandstones with interbedded thin s i l t s tones  down to  7370 fee t ,  and sandy 

s i l t s tones  from 7370 fee t  to  the t o p  of Jurassic rocks a t  8025 f e e t .  

The sandstones are not generally recognized on the geophysical logs due 

t o  the zeol i te - f i l led  pores and the resul tant  lack of permeability. 



Carbonaceous plant remains, Inoceramus fragments, and pyrite are 

fr?quently noted in the sample descriptions. 

Jurassic s t r a t a  , " 

Upper Jurassic rocks f i r s t  occurred a t  8025 feet  in the well and 

were s t i l l  being d r i l l ed  a t  the total  well depth of 12,387 feet .  The 

geophysical logs show tha t  the rocks are  high in density and have l i t t l e  

or  no porosity and permeability. 

On the basis o f  the lithology logs,  subdivision of the Jurassic 

rocks penetrated by the well may be made as follows: 

8025 fee t  t o  8270 feet.--1nterbedded claystone, s i l  tstone, and 

sandstone, incl uding scattered granul es ,  rock fragments, and thin beds 

o f  t u f f .  

8270 fee t  t o  11,700 fee t  depth.--The dominant l i thology i s  massive 

sandstones, u p  t o  several hundred fee t  in thickness, tha t  are  separated 

by thin interbeds of s i l t s tone  and claystone. The massive sandstones 

are  general l y  described as  approximately 50/50 quartz and feldspar,  

fine- t o  medium-grained, hard, a n d  t igh t .  They are probably the la te ra l  

equivalent of the massive sandstones of the Naknek Formation that  are  

exposed on the Iniskin Peninsula t o  the northwest o f  the COST well 

location. 

11,700 fee t  depth to 12,387 feet  total  depth.--1nterbedded s i l  ts tone,  

sandstone, and claystone with occasional thin beds of tan to  brown lime- 

stone and gray tu f f .  



Structural Position 

The well i s  located on the northeast flank of a large regional 

feature known as the Augustine-Seldovia arch. Structural dip in the 

well i s  not more than 5' to the northeast. No known faul t s  occur in 

the immediate vicini ty  o f  the well. 

The structural position of the well resulted i n , a  poor location for 

the evaluation of the extremely shallow Tertiary rocks. However, the 

location was good for  the evaluation of the Mesozoic rocks, whi :h could 

be prospective in nearby structures.  

Re1 ationshi ps to  Other We1 1 s and Onshore Exposures 

Ini ski n Peninsula 

Twenty miles northwest o f  ;he COST well s i t e ,  Jurassic rocks are 

exposed on the Iniskin Peninsula, where several early exploratory we1 1s 

were dri  1 l e d  near the core o f  a 1 arge breached and faul t e d  anti  cl i ne 

(Plate  I ) .  These wells were dr i l led  in rocks older than those penetrated 

in the COST well; thus, no d i rec t  correlation can be established between 

the COST well and these early wells. The massive Jurassic sandstones in 

the COST well (from approximately 8270 feet  to  11,700 fee t  in depth) are 

most l ike ly  the la te ra l  equivalent t o  the massive sandstones o f  the Naknek 

Formation tha t  dip eastward into Cook In le t  along the east  shore of the 

Iniskin ~en insu l  a .  



Kenai Peninsula 

Several exploratory we1 1s have been d r i l l ed  on and jus t  offshore 

from the southern part  of the Kenai Peninsula, 30 +to 40 miles north- 

eas t  o f  the COST well. The most basinward of these wells and the  most 

l i ke ly  one t o  use for  correlation with the COST well i s  the Pennzoil- 

operated Starichkof State No. 1 ,  located 2 miles offshore and just  

north of Anchor Point (Plate  I ) .  This well penetrated a typical 

Tertiary,  Kenai Group, sedimentary sequence a n d  entered Upper Cretaceous 

marine s i l t s tones  a t  8785 feet .  The well penetrated 3327 fee t  of the 

Upper Cretaceous s t r a t a  before reaching a  total  depth of 12,112 feet .  

The lowermost Tertiary s t r a t a  in the Starichkof well may be 

equivalent to  the Eocene rocks in the COST we11 (down t o  1770 fee t ) .  

The relationship o f  the Paleocene s t r a t a  in the COST well (1770,feet t o  

2550 f e e t )  t o  the lower Tertiary s t r a t a  i'n the Starichkof well i s  

unclear. Certainly, the l i tho logic  types are  not s imilar ,  and the 

Paleocene s t r a t a  found in the COST well may be a separate and older 

unit than the lowermost Tertiary rocks found in the Starichkof well. 

The Upper Cretaceous s t r a t a  i n  the two wells are  of l l a e s t r i c h t i a ~  

age, However, the Upper Cretaceous s t r a t a  in the Starichkof well are  

almost en t i re ly  marine s i l t s tone  and claystone and represent a bathyal 

depositional environment, while the upper 21 80 fee t  of age-equival ent 

s t r a t a  in the COST well contain potential sandstone reservoirs and 

represent marginal marine t o  nonmarine depositional environments, 

Only the lowermost 328 fee t  of Upper Cretaceous s t r a t a  in the COST 

well are similar to tha t  in the Starichkof well. 



St r a t a  below 5058 f e e t  depth i n  the COST well a r e  o lder  than any a 

penetrated by the Starichkof wel l ,  and thus no fu r t he r  cor re la t ion  

between the two wells  can be es tabl ished.  

Geophysical Log In te rpre ta t ion  

W i t h  the exception o f  the  upper 1346 f e e t ,  the COST well was 

d r i l l e d  w i t h  a fresh mud system, and e l e c t r i c  log response was normal. 

Permeabl e  in terval  s  were we1 1  defined by the spontaneous potential  

(S .P . )  (P la te  11). Figure 3 shows an i n t e rp r e t a t i on  of the in terval  

veloci ty  versus depth derived from the in tegrated sonic log.  

Iden t i f i ca t ion  o f  l i thology i s  not a problem i n  t h i s  wel l ,  and 

cross-plot t ing techniques were not used. No probable zones of o i l  or  

gas sa tu ra t ion  were penetrated by the  wel l ,  and formation evaluation 

fo r  o i l  and gas was not attempted. The log i n t e r p r e t e r  inves t iga t ing  

t h i s  well i s  mainly i n t e r e s t ed  in :  

- i  denti f i ca t ion  and cor re la t ion  of s t r a t i  graphic un i t s  penetrated 

by the  wel l ;  

- evaluation of potential  r ese rvo i r  rock quant i ty  and qua1 i  ty .  

Ter t i a ry  rocks (546 f e e t  t o  2550 f e e t  depth) 

The hole was d r i l l e d  w i t h  a sa l  t-water d r i l l i n g  f1 u i d  down t o  1346 

f e e t ,  and t h u s  the S.P. response i s  unrel iable  as an ind ica to r  o f  porous 

sand above t h a t  depth. Comparison of the gamma ray log with the S.P. in 

lower Ter t i a ry  i n t e rva l s  ind ica tes  t h a t  the gamma ray i s  not a r e l i a b l e  

ind ica to r  of  porous sand e i t h e r ,  and the  absence o f  samoles a l so  makes 
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FIGURE 3 .  VELOCITY DERIVED AT 10 MILLISECOND INTERVALS 
FROM THE INTEGRATED, BOREHOLE COMPENSATED SONIC 
LOG FOR THE LOWER COOK INLET COST WELL NO. I. 
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interpretat ion of the interval uncertain. Investigation of the r e s i s t -  

i v i t y ,  sonic, and density logs (Plate 11),  however, indicates that  the 

rocks above 1351 fee t  are probably a claystone, s i l t s tone ,  and sandstone 

sequence similar to  the Eocene rocks below 1351 fee t ,  b u t  no quantitative 

evaluation of reservoir potential rocks can be made. 

The S.P. response shows tha t  the Tertiary s t r a t a  from 1351 feet  t o  

2550 fee t  include 160 fee t  o f  porous sandstone and conglomerate. The 

sandstones are th in ,  not more than  35 feet  thick, and scat tered through- 

o u t  the unit ,  Most are  conglomeratic and contain considerable volcanic, 

pl utoni c ,  and metamorphic rock fragments. Density and sonic derived 

porosit ies average 18.5 percent a n d  range from 5 percent to  24 percent, 

No conventional cores were taker? from the Tertiary rocks, b u t  average 

porosity of the sidewall cores i s  21 percent. The range in permeability 

i s f r o m  2 to  565 rnillidarcies; the average permeability i s  113 mil l i -  

darci es . 

Upper Cretaceous rocks (2550 fee t  t o  5058 f e e t )  

This s t rat igraphic unit contains the most promising reservoir 

sandstones'penetrated by the well. The S.P. response indicates a total  

of .362 fee t  of porous sandstone (Plate  11). The sandstone bodies are 

up to 130 fee t  thick and probably represent nonmarine to  marginal 

marine distributary channel systems. Density and sonic derived 

porosity averages 19 t o  20 percent. No conventional cores were taken 

from the Upper Cretaceous rocks, b u t  average porosity of sidewall cores 



from Upper Cretaceous sandstones i s  24 percent. The range in permeability 

i s  fvom 2 to. 137 rnil l idarcies;  average permeability i s  48 mill idarcies.  

Lower Cretaceous rocks (5058 fee t  t o  8025 fee t )  

The more subdued S.P.  response and higher r e s i s t i v i t i e s  in the 

Lower Cretaceous sandstones show tha t  these rocks are more indurated 

than t h e  Upper Cretaceous rocks. A total  of 293 fee t  of porous sand- 

stone may be ident i f ied on the S.P. lob between 5058 fee t  and 6850 fee t  

(Plate  11). S.P. deflections are  not more than 15 mil l ivol ts .  Density 

and sonic derived porosit ies range from 10 percent to  18 percent a n d  

average 15 percent. A conventional core was taken from the sandstone 

a t  5390 feet .  Average laboratory-derived porosity from th i s  core i s  14 

percent; average permeability i s  near zero. The average porosity of 

sidewall samples of sandstone from the 5058 foot to  6850 foot interval 

i s  22 percent; average permeabil i  t y  i s  141 mil 1 idarcies.  Sidewall core 

porosity and permeability values may be anomalously high when compared 

to the conventional core val ues because of shock-induced fracturing, i n  

the sidewall cores. 

Secondary growth o f  clays and zeol i tes  i n  pore spaces destroyed 

most porosity and permeability original1 y in the rocks below 6850 f e e t  

in depth. The S.P. response i s  low, and r e s i t i v i t i e s  are generally 

greater than 40 ohms. Rock density and velocity are high (see reduced 

E-log sect ion) .  A conventional core of the sandstone a t  7104 feet  

yielded an average porosity o f  3 percent and average permeability near 

zero. Three sidewall cores were taken from sandstones in the interval 

of 6850 feet  t o  8025 feet .  Average porosity of the three i s  24 percent; 



average p e r m e a b i l i t y  i s  135 m i l l i d a r c i e s .  Again,  t h e  h i g h  va lues 

o b t a i n e d  f rom t h e  s i d e w a l l  samples may be anomalous, 

J u r a s s i c  r ocks  (8025 f e e t  depth t o  12,387 f e e t  t o t a l  dep th )  

High d e n s i t y  r ock  and r e s u l  t a n t  1  ow p o r o s i t y  and permeabi l  i , ty 

con t i nue  t h roughou t  t h e  J u r a s s i c  sec t i on .  The S.P. does n o t  respond 

w e l l  t o  cha.iges i n  l i t h o l o g y ,  and f o rma t i on  r e s i s t i v i t y  i s ,  g e n e r a l l y ,  

app rox ima te l y  100 ohms. Dens i t y  and s o n i c  d e r i v e d  p o r o s i t i e s  range 

f rom 2 pe rcen t  t o  6 percent .  A conven t i ona l  c o r ?  f rom 9332 f e e t  

y i e l d e d  an average sandsatone p o r o s i t y  o f  2 p e r c e n t  and an average 

permeabi l i t y  near  zero.  The f o u r  s i d e w a l l  co res  o f  J u r a s s i c  sandstone 

y i e l d e d  an average p o r o s i t y  o f  15.5 p e r c e n t  and average p e r m e a b i l i t y  o f  

10 m i l l i d a r c i e s .  

. . . . . 
I n  summary, moderate amounts o f  r e s e r v o i r  sandstone and conglomerate 

were pene t ra ted  by t h e  COST w e l l  . Faros i  t y  and permeabi l  i t y  o f  t h e  r ocks  

va r y  and, i n  genera l ,  decrease w i t h  dep th  i n  t h e  w e l l .  D iagene t i c  

a l t e r a t i o n  o f  t h e  r e s e r v o i r  r ocks  a f f e c t e d  t h e  p e r m e a b i l i t y  t o  v a r y i n g  

degrees and a lmost  comp le te l y  o b l i t e r a t e d  i t  below 6850 f e e t  i n  depth.  

Pet rography 

Survey personnel  examined t h e  s e t  o f  t h i n  s e c t i o n s  t h a t  were made 

f o r  COST we1 1  p a r t i c i p a n t s .  Th in  s e c t i o n s  were made f rom conven t i ona l  

and s i d e w a l l  cores and f rom c u t t i n g s .  They were s t a i n e +  t o  a i d  i n  t h e  

i d e n t i f i c a t i o n  o f  K - fe ldspar ,  and t h e  t h i n  s e c t i o n s  f rom s i d e w a l l  co res  

were impregnated w i t h  b l u e  epoxy t o  a i d  i n  t h e  i d e n t i f i c a t i o n  o f  po re  

spaces. 
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A l l  samples a r e  a r k o s i c  r o c k  composed p r i n c i p a l l y  o f  q u a r t z ,  

fe ldspar ,  and v o l c a n i c  r ock  f ragments;  murky dark  brown c l a y  i s  a 

ma jo r  component i n  many o f  t h e  samples, I n  g r a i n  s i z e ,  t h e  samples 

range f rom s i l  t y  mudstone t o  coarse  sandstone. Coarse c l  a s t s  a r e  

genera l  l y  angul  a r  t o  subrounded. 

Q u a r t z  i s  common i n  t h e  coarse s i l t  and c o a r s e r  s i z e  grades. Flost 

q u a r t z  c l a s t s  a r e  m o n o c r y s t a l l i n e .  Che r t  i s  common as a m ino r  c o n s t i t u e n t  

i n  samples from above 3000 f e e t  measured depth b u t  occurs  o n l y  s p o r a d i c a l l y  

i n  samples f rom g r e a t e r  depths.  

K - f e l  dspar  i s  t h e  dominant f e l d s p a r  i n  samples down t o  2500 f e e t ,  

w h i l e  p l a g i o c l a s e  i s  t h e  more abundant f e l d s p a r  a t  depths g r e a t e r  

than  4000 f e e t .  A t  depths between 2500 and 4000 f e e t ,  K- fe ldspar  and 

p l  a g i o c l a s e  a r e  genera l  l y  o f  subequal abundance. Some K- fe l  dspar shows 

g r i d  tw inn ing ,  and p l a g i o c l a s e ,  r a n g i n g  f rom o l i g o c l a s e  t o  andesine i n  

compos i t i on ,  i s  commonly tw inned  acco rd i ng  t o  t h e  a1 b i t e  l a w .  Zoning 

i s  common i n  p l a g i o c l a s e  c l a s t s .  Fe ldspar  i s  f r e s h  i n  most samples, b u t  

t h e  p l a g i o c l a s e  i n  some san~ples i s  modera te ly  a1 t e r e d  t o  kao l  i n i t e  and 

s e r i c i t e .  The a l t e r a t i o n  i s  n o t  r e l a t e d  t o  c l a s t  su r f aces  and may be 

a t t r i b u t e d  t o  wea the r i ng  o r  hydrothermal  a c t i v i t y  i n  t h e  source area. 

The v o l  c a n i c  r o c k  f ragments a r e  ho l  ohya l  i n e ,  h y p o c r y s t a l  1  i ne, and 

ho l  o c r y s t a l  1  i ne, Abundance o f  these  r o c k  f ragments decreases downward 

i n  t h e  w e l l ;  thus ,  v o l c a n i c  f ragments a r e  more common t han  f e l d s p a r  i n  

many s h a l l o w  samples and a r e  p resen t  o n l y  i n  much s m a l l e r  q u a n t i t i e s  i n  

deeper samples. Th i s  decreas ing  abundance o f  v o l c a n i c  r ock  f ragments 

i s  accompanied by  a  decrease i n  t h e  amount o f  g l a s s y  m a t e r i a l  i n  t h e  

r ock  f ragments.  



Most .samples contain minor amounts of brown b io t i t e ,  ch lor i te ,  

.epidote,, and pyri te ;  many contain green hornblende; and some contain 

small quantit ies o f  sedimentary rock fragments, general 1y mudstone. 

Muscovite, zircon, and  sphene are  accessories in many samples, and 

garnet occurs in a few samples. 

All rocks penetrated by the COST well show considerable compaction. 

Mica and some rock fragments are  commonly deformed to conform to space 

available around harder framework c l a s t s ;  in many samples, cl as t s  are 

so a1 tered a s  to form a pseudomatrix. Cushioning by sof te r  c:asts,  

pseudomatrix, and de t r i t a l  clay prevented extensive compaction-related, 

i n  s i t u  breaking o f  c la s t s  in many samples. The presence o f  fine -- 
angular fragments s imilar  in composition t o  nea.rby larger  hard framework 

c l a s t s  shows that  some grinding has occurred along the boundaries of hard 

framework c i a s t s  that  are  in -direct contact. 

Both intergranular and fracture porosity were observed in the 

samples ; fracture porosity, except where the fractures a r e  f i  11 ed with 

secondary mineral s , coul d be an a r t i f a c t  of sampl i ng .  Intergranul a r  

porosity i s  as high as 10 percent in some samples and i s  of b o t h  primary 

and secondary, sol ution-produced origin.  Secondary intergranul a r  

porosity becomes mire evident with increased depth, especially in 

deeper sampl es where zeol i t e  has f i l l  ed 1 arge i ntergranul a r  pores 

and prevented the i r  destruction by compaction. . 

The f i r s t  evidence of diagenesis consists of authigenic clay rims 

on framework cl as t s  tha t  i s  seen in samples from 1 900 feet  and greater 

depths. This authigenic clay i s  c lear ,  l i gh t  yellow or  l i gh t  green, 

and of low birefringence. Commonly i t  grades into the murky dark brown 
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d e t r i t a l  m a t r i x  and a p p a r e n t l y  i s  a r e c r y s t a l l i z a t i o n  p r o d u c t  o f  c l a y  

m a t e r i a l  a l r e a d y  i n  t h e  rock.  I f  so, no s i g n i f i c a n t  change i n  p o r o s i t y  

would  have occu r red  as a r e s u l t  o f  au th i genes i s ,  b u t  r e d i s t r i b u t i o n  o f  

m a t e r i a l  d u r i n g  a u t h i  genesis,  e s p e c i a l  l y  i n t o  t h e  nar rowes t  i n t e r g r a n u l  a r  

spaces, m i g h t  have reduced p e r m e a b i l i t y ,  

Boundary accommodation between t o u c h i n g  ha rd  framework c l a s t s  was 

f i r s t  observed i n  t h e  sample f rom 2060 f e e t  and becomes more common 

w i t h  i nc reased  depth.  .Accommodation i s  shown by  w e l l  - f i  t, s t r a i g h t  o r  

cu rved  boundar ies between c l a s t s .  Th i s  causes a  c l o s e r  pack ing  o f  

c l a s t s  and a concomi tan t  r e d u c t i o n  i n  p o r o s i t y .  

Ex tens ive  a l t e r a t i o n  o f  p y r i t e  t o  hema t i t e  was observed i n  samples 

from depths s h a l l o w e r  than  3500 f ee t ;  such a l t e r a t i o n  i s  r a r e  i n  samples 

f rom g r e a t e r  depths.  

Z e o ' l i t e  has f i l l e d  a l l  a v a i l a b l e  pore  spaces i n  t h e  samples f rom 

7040 f e e t  o r  g r e a t e r  depths and i s  p r e s e n t  i n  m ino r  amounts i n  some 

s h a l l o w e r  samples, There a r e  no p e t r o g r a p h i c  samples from the i n t e r v a l  

between 6732 and 7040 f e e t  i n  t h e  we1 1  ; thus,  t h e  t o p  o f  t h e  zeo l  i t e  

zone c o u l d  be anywhere between these  two depths.  A s t r o n g  d e f l e c t i o n  i n  

t h e  r e s i s t i v i t y , '  s n n i c  v e l o c i t y ,  and d e n s i t y  cu rves  on geophys ica l  l o g s  

f rom the. w e l l  i s  marked a t  6850 f e e t  and may r e p r e s e n t  t he  t o p  o t  t h e  

zone o f  complete  zeo l  i t i z a t i o n .  Z e o l i t e  occurs  t o  a 1  i m i  t e d  e x t e n t  as 

an a1 t e r a t i o n  p roduc t  o f  p l  a g i o c l  ase and v o l c a n i c  r o c k  f ragments b u t  

p r i m a r i l y  as a p o r e - f i l l  i n g  cement which makes up as much as  15 p e r c e n t  

o f  some samples, 



Hydrocarbon-filled pore spaces were f i r s t  observed in  the sample 

from 3543 f e e t  and then sporadical ly  in  various samples from 

grea te r  depths in  the  well. The principal mode o f  occurrence of f ree  

hydrocarbon in  the z e o l i t i z ~ d  portion o f  the well i s  i n  small f rac tu res  

i n  dark, organic-rich mudrock, Some hydrocarbon-bearing f rac tures  a re  

l ined  w i t h  z eo l i t e  in  a cockscomb tex ture ,  



Geothermal Gradient 

The temperature gradient in the COST well i s  1.3' Fahrenheit 

of temperature r i se  per hundred fee t  of depth (2.38'~ per 100 meters). 

This figure i s  calculated from the temperature of 202.5'~ 

( 9 4 . 7 2 ' ~ )  a t  12,387 feet  ( 3 7 7 8 . 0  meters) depth ( t a k e n  from the 

temperature log) and a water surface temperature o f  41.72'~ (5 .4 '~ )  

(taken from the Lower Cook In le t  Final Environment Impact Statement 

water surface temperature chart  on page 53 of section I1 A-4) .  The 

Kelly bushing height of 100 f e e t ,  from which a l l  of the well depths 

are measured, must be subtracted t o  obtajn the actual distance from 

the surface of t h e  water in Cook In le t  to  the bottom o f  the well. 

This produces a measurement of 12,287 fee t  ( 3 7 4 7 . 5  meters). 

gradient - - bottom temperature - surface temperature 
(per hundred uni t s )  hole depth 

100 

F 
- - 202.5 - 41.72 - - -- 

12,287 160'98 = 1  O OF per 100 f t .  122.87 
100 

- - 94.72 - 5.4 - - 
3747.5 8g*32  = 2.38'~ per 'I 00 meters. 37.48 

100 



GEOCHEMISTRY 

Canned well samples (cu t t ings )  and samples from the sidewall and 

conventional cores were analyzed fo r  the  amount and type of  organic 

material (kerogen) present i n  t he  rocks and fo r  thermal maturity of  

the rocks. The maturity was l a rge ly  determined on the basis  of  the  

color of the organic material .  Direct evidence of  hydrocarbon gener- 

a t ion and accumulation, such as minute amounts o f '  o i l  o r  gas trapped 

i n  the  pore spaces, was also evaluated. 

The r e su l t s  of the geochemical analyses on the sedimentary sect ion 

penetrated by the  COST well a r e  as follows: 

From 1356 f e e t  t o  4900+ - f e e t  (Ter t i a ry  and Late Cretaceousj, the ' 

sediments have acted as a good source of  C1 methane gas, b u t  

have immature to  moderately immature, poor o i l  source 

cha rac t e r i s t i c s .  

From 4900t - f e e t  to  12,375 f e e t  (Early Cretaceous and Late ~ u r a s s i c ) ,  

the sediments have an overall  poor o i l  source character  a n a p o o r  

t o  f a i r  C, methane gas source character .  The maturity of  t h i s  

sect ion increases progressively w i t h  we1 1 depth from moderately 

immature a t  the top to mature a ' t  to ta l  depth. 

Minor o i l  shows were detected w i t h i n  the gross well in terval  4420 

f e e t  to  4300 f e e t ;  7210 f e e t  t o  7360 f e e t ;  and 7690 f e e t  t o  

7750 fee t .  The shows were rated as ins ign i f ican t  from the 

standpoint  of commercial production. 
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PALEONTOLOGY AND BIOSTRATIGR/,PHY 

Age and environmental interpretat ions in the Lower Cook Inlet  

COST well are based on detailed analyses of rnicrofossil assemblages 

u t i l  i z ing  Foramini fe ra ,  marine and t e r r e s t r i a l  palynomorphs, calcareous 

nannop;ankton,- and Radiolaria. We1 1 cuttings collected a t  30-foot 

intervals  were disaggregated by t reat ing with mineral s p i r i t s  or  by 

boiling in Quaternary-0 jndustrisl detergent and washed over a 200 

mesh (75 micron) screen. Conventional cores and material taken from 

sidewall cores were examined. Pal ynol ogical s l  ides ,  cal careous nanno- 

plankton s l  ides ,  and reports prepared for the participants by contract 

paleontological consultants were a1 sc  ut i l  ized. 

, . . . . 

Pal eogene 

Eocene.--The interval from 1356 fee t  ( f i r s t  sample) t o  1810 fee t  

represents a predominantly nonmari ne depositional environment of Eocene 

age. A warm temperature paleoclimate i s  indicated by a microfloral 

assemblage characterized by Alnus sp. ,  Carya spp., Ulmus sp., T i l ia  

sp., Nyssa sp. ,  Fagus sp., and I l ex  sp. Calcareous nannoplankton are 

quite rare and poorly preserved in th i s  in te rva l ,  although specimens 

with a f f i n i t i e s  t o  Elarkal ius sp. and Cyclococcol i thina sp. support a 

Paleogene age. No Foraminifera are present. Rare reworked Inoceramus 

prisms occur in t h e  f i  r s t  sample. Coal i s  present in most samples. 

Paleocene.--The nonmarine interval from 1810 t o  2620 fee t  i s  

Paleocene based on the presence of a palynomorph assemblage containing 



Paraal  n ip01  l e n i  t e s  confusus assoc ia ted  w i t h  A lnus sp., Carya spp., and 

T i l i a  sp. Reworked specimens o f  Cretaceous and J u r a s s i c  palynomorphs 

occu r  spo rad i ca l  l y  th rough  t h i s  i n t e r v a l .  NO' Fo ram in i f e ra ,  ca lca reous  

nannopl ankton, o r  s i l  i ceous  m i c r o f o s s i  1  s  were observed. 

Mesozoic 

La te  Cretaceous.--The i n t e r v a l  between 2620 f e e t  and 5050 f e e t  

i s  La te  Cretaceous (Maes t r i  c h t i  an).  A we1 1  developed M a e s t r i  c h t i  an 

m i c r o f l  o r a  c o n t a i n i n g  specimens o f  A q u i l  a p o l l  e n i  t e s  s t r i a t u s ,  

A q u i l  a p o l l  e n i  t e s  - b e r t i l l  o n i  t e s ,  Cranwel l  i a  s t r i a t a ,  K u r t r i  p i t e s  

t r i p i s s a t u s ,  Sympol c a c i  t e s  s i b i r i c u s ,  and Wodehouseia s p i n a t a  

occurs  i n  a  nonrnarine c o a l - b e a r i n g  sandstone s e c t i o n  f rom 2620 f e e t  

t o  31 60 f e e t .  

An Upper Cretaceous mar ine  m i c r o f o s s i  1 assembl age o f  Forami n i  f e r a  , 

os t racodes  , d i  n o f l  age1 1 a t e s  , cocco l  i t h s  , and m o l l  uscan fragments occurs  

f rom 3160 f e e t  t o  3400 feet .  Rare specimens o f  t h e  d i n o f l a g e l l a t e  

Pal aeocys tod i  n i  um go1 zowense and t h e  c a l  careous nannopl a n k t e r s  

Arkhangel  s k i e l  l a  cymbi f o rm i s  and Chiastozygus i n i t i a l  i s  a t  31 60 f e e t  

presage t h e  appearance o f  ;he r e1  a t i  v e l  y d i  ve rse  Maes t r i  c h t i  an assembl age. 

The fo ramin i  f e r a l  fauna i s  c h a r a c t e r i z e d  by Gavel i n e l  1  a  whi t e i  , - G. c f .  

s tephensoni  , Cri b ros t romo i  des cretaceus,  tri f o l  i um, Hap1 ophragrnoi des 

k i r k i ,  H. excavatus,  H. sp., Trochammina sp., T. c f .  T. texana, - -  - - - 
Bathys iphon v i  t t a ,  Gy ro i d i no ides  c f .  - G. n i t i d u s ,  Praebul im ina  sp. 

and - P. k i ckapooens is .  Rare t r a c h y l e b r i d  os t racodes  a r e  p resen t .  A 

p a l e o e c o l o g i c a l  a n a l y s i s  o f  t h i s  assemblage i n d i c a t e s  t h a t  d e p o s i t i o n  

occu r red  i n  an o u t e r  she1 f t o  upper s l ope  en.vi ronment ( 1  00-600. meters  ) . 



A dinofl age1 l a t e  assemblage consisting of re la t ive ly  rare  specimens of 

Aust ra l l ie l la  cooksoni, Palaeocystodinium - golzowense, Spinifer i tes  spp., 

and Deflandera c f .  - 0. cretacea i s  also present. This marine component 

of the palynomorph assemblage persis ts  t o  a depth of 3926 fee t  (sidewall 

core data)  and reappears with new elements a t  4240 feet .  

The predominantly sandstone section between 3400 fee t  and 4600 

fee t  represents marginal m a ~ i  ne ( i  nner neri t i  c to  estuar ine)  t o  nonmari ne 

deposition. The interval from 3400 fee t  to  3926 fee t  i s  marginal marine 

based on the presence of the sparse, 1 ow-di versi ty  di nocyst assemblage 

noted above. The interval from 3926 fee t  t o  41 50 fee t  i s  nonmarine 

based on the presence of a t e r r e s t r i a l  microflora. Rare specimens of 

the  calcareous nannoplankton Micul a c f .  M. decussata, Watznaueria s p .  

and - W .  barnesae, and a marine palynomorph assemblage characterized 

by Pareodina certaphora,  Wanea fimbri a ta  , Hystri chosphaeri di urn c f .  

H. stell atum, Ceratiopsis diebel i  , Defl anderea c f .  D. cretacea,  D. - - - 

cf .  - 0. be1 fas tens is ,  Bal tisphaeridium sp.,  Spini fe r i  tes  spp. and 

Pal aeocystodi ni um go1 zowense indicate a marginal marine interval from 

4150 fee t  t o  4600 feet .  The dinocyst assemblage contfnues down to the 

major unconformity a t  5050 fee t .  

An  abundant and' diverse Upper Cretaceous (Maestrichtian) forarni ni fe,ral 

fauna indicative o f  an upper slope pal eoenvi ronment occurs betweel l  4600 

fee t  and 5050 feet .  Forty-one genera containing 90 species were 

ident i f ied.  The most s ignif icant  o f  these are: Gavelinel l a  whitei , 5. 

stephensoni , - G.  e r i  ksdal ensis ,  - G. nacatochensis , - G .  c f .  - G .  henbesti , 

Cribrostomoides cretaceus, Haplophragmoides - -  k i r k i ,  H. f raser i  , H. 
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excavatus , H. famosus, Reophax globosus , Trochammina boehrni , 1. texana , - 
T. p i l e a ,  S i l  i cos i gmo l  i n a  c a l  i f o r n i a ,  Rzehakina epigona. Do ro th i a  bu l  l e t a ,  - -  
Bathys iphon b rosge i  , B. v i  t t a ,  B. varans, B. c a l  i f o r n i c u s ,  Glomospira - - -  - 
charo ides  corona, Psammosphaera spp., H ippocrep ina  sp., Saccammina sp., 

Gy ro i d i no ides  t r u j i l l o i ,  - G. n i t i d u s ,  - G. globosa, G. quadratus,  G. c f .  g. - - 
bandyi , Pul l e n i a  s p p . ,  Bol i v i n a  i n c r a s s a t a ,  B. c f .  B, decurrens , - - 
l e n t i c u l i n a  o v a l i s ,  - L. c f .  - L, w i l l i a m s o n i  , I. c f .  L. warreg%ensis,  - - 
Praebu l im ina  k ickapooens is ,  ?. venusae, P. sp ina ta ,  E. cushmani, P. - - - - 
aspera, P. 1 a j o l l  aens i  s , Pyramid i  na 'pro1 i xa, Gaudryi  na t a i  11 e u r i  , G. - 
c f .  - G. aus t inana ,  - G. py ramida ta ,  Hoegl undina supracretacea,  Osangul a r i a  

c o r d i  e r i  ana , 

Lagena 

S v r a t k i  na l a j o l l a e n s i s ,  Denta l  i na Nodosar ia spp., 

F i s s u r i n a  spp., Pseudonodosari a  Q u i  nquel  ocu l  i na 

sandiegoens is ,  S t i l  o s tome l l  a pseudoscr ip ta ,  Marg inu l  i n a  -- curva tu ra ,  - M. 

bu l  l a t a ,  S a r c e ~ a r i a  t r i a n g u l a r i s ,  Marg inu l  i n o p s i s  texasens is ,  G u t t u l  i n a  

adhaerens, Pyru l  i n a  sp . ,  and ~l ob'ul i n a  1 acr ima. 

P l a n k t o n i c  Fo ram in i f e ra  a r e  ex t r eme l y  r a r e  i n  t h e  Upper Cretaceous 

s e c t i o n .  Only  one p o o r l y  p reserved  specimen o f  Hedberge l la  ? sp. was 

observed. Fragments and crushed specimens o f  os t racodes  w i t h  a f f i  n i  t i e s  

t o  C y t h e r e s i s ?  sp., C l e t o c y t h e r e i s ?  - sp., and Pa racyp r i s  sp. a r e  p resen t .  

~ a r l y  Cretaceous .--A m a j o r  unconformi  t y  e x i s t s  between t h e  L a t e  

Cretaceous ( M a e s t r i c h t i a n  ) and t h e  E a r l y  Cretaceous (Neocomian) . The 

Neocomian ( t l a u t e r i v i a n  t o  Val a n g i n i a n )  s e c t i o n  f rom 5050 f e e t  t o  7930 

f e e t  c o n t a i n s  a r e l a t i v e l y  d i a g n o s t i c  assemblage o f  Fo ram in i f e ra ,  

c a l  careous nannopl ankton,  and mar ine  and t e r r e s t r i a l  palynomorphs. 

However, t h e  presence o f  reworked m a t e r i a l  , downhol e con tamina t ion ,  poor  



p r e s t r v a t i o n ,  and s p a r s e l y  f o s s i l  i fe rous  i n t e r v a l ;  p r o g r e s s i v e l y  compl i- 

c a t e  age and env i ronmenta l  i n t e r p r e t a t i o n s  i n  t h i s  s e c t i o n  and i n  t h e  

u n d e r l y i n g  Ju rass i c .  

A mar ine  palynomorph assemblage i n d i c a t i v e  o f  a H a u t e r i v i a n  t o  

Barremian age occurs  f rom 5050 f e e t  t o  6840 f e e t .  Th i s  m i c r o p l a n k t o n  

assemblage i s  c h a r a c t e r i z e d  by Cyc lonephel ium -- d i s t f n c t u m ,  C la th roc teno -  

c y s t i  s  e l  egans , D i m i  d i  adi n i  um unc i  natum, Herendeeni - a p i  s c i  f o r m i  s  , 

01 i gosphae r i d i um complex, P r i onod in i um spp., and F,crderongia - simplex.  

The presence o f  Ne l ch i nops i s  kos t r om iens i s  a t  6840 f e e t  suggests a  

p o s s i b l e  Val a n g i n i a n  age. A c a l  careous nannoplankton assemblage o f  

H a u t e r i v i a n  t o  Val a n g i n i a n  age c o n t a i n i n g  C r u c i e l l  i p s i s  c f .  C. 

c u v i l l  i e r i  , Cal c i c a l  a t h i n a  c f .  - C. oblonga, Cyc lagelosphcara sp., 

D iazoma to l i t hus  lehmanni and Nannoconus co lomi  occurs  between 6040 

f e e t  and 7000 feet .  

A fo rami  n i  f e r a l  fauna c o n t a i n i n g  L e n t i  c u l  i na muens te r i  , - L. 

b ronn i  i , - I, saxonica, - L. qaul t i n a ,  - 1. d isc repans ,  _L. e i chenbe rg i  , - L. 

he iermanni ,  L. sch loenbach i ,  - L. spp., L. c f .  - L. guttata, L. t u r g i d a ,  

L. ouachensis,  Gavel i n e l  l a  andersoni  , G. c f .  G. barremiana, As taco l  us - - - - 

onoanus, - A. c a l l  i o p s i s  , - A. pachyno ta ,  Sa rcena r i a  a f f .  - S. t r i a n g u l  a r i s ,  

M a r g i n u l i n o p s i s  cf. M. c o l l i n s i ,  - M. c f .  - M. g r a c i l i s s i m a ,  - M. c f .  A - M. 

cepha lo tes ,  Globul  i n a  p r i s c a ,  Ramul i n a  s p . ,  Vaginu l  i n a  sp., C i  t h a r i n a  

sp. ,  Rhizammina sp., Glornospira charo ides  corona, D e n t a l i n a  spp., - 0. 

d i s t i n c t a ,  - 0, a f f .  - D.porcatu la ta ,  - D. g r a c i l  i s ,  - Bathys iphon sp., 

Dorot -h ia  g r a d a t a ,  Tex tu l  a r i a  c f .  - T. k lamathens is ,  Hapllophragmoides 

topagorukens is ,  - H. c f .  - H. i ncons tans ,  Trochammina spp., L i n g u l  i n a  



buddencanyonensis, P l anona l i na  b u x t o r f i ,  Praebulimma sp., P. c f .  P. -- 
church i  , R h e i n h o l d e l l a  a f f .  R. d r e h e r i  , Hoegl undina a n t e r i o r ,  H. - - 

c a r a c o l l a  ca raco l  l a ,  Marssone l l  a  kummi , M. c f .  M. t r ochus  and - -  - 
Gubk ine l l a  c a l i f o r n i c a  i s  p r e s e n t  o v e r  t h e  i n t e r v a l  from 5200 f e e t  

t o  6910 f e e t .  The F o r a m i n i f e r a  i n d i c a t e  a H a u t e r i v i a n  t o  Rarremian 

age. 

Lower Cretaceous pa l  eobathymetry  fl uc tua ted  f rom nonmari ne - t o  

upper s l o p e  depths. The i n t e r v a l  from 5050 f e e t  t o  5200 f e e t  r ep resen t s  

an i n n e r  t o  m i d d l e  she l  f (0-700 mete rs )  depos i  t i o n a l  environment.  l lpper 

s l o p e  faunas occur  f rom 5200 f e e t  t o  5500 f e e t  and f rom 6340 f e e t  t o  

6910 feet .  The i n t e r v a l  between these  t r a n s g r e s s i v e  even ts  r ep resen t s  

an i n n e r  t o  m i  dd l  e she l  f pa l  eoenv i  ronmen t. 

. A marked dec l  i n e  i n  d i n o f l  age11 a t e  and ca lca reous  nannopl ankton 

occurs  below 7030 f e e t ,  mark ing  t h e  onse t  o f  ma rg ina l  mar ine  c o n d i t i o n s .  

A nonmarine Neocomian t o  Upper J u r a s s i c  m i c r o f l o r a  c o n t a i n i n g ,  among 

' o t he rs ,  Del t o i d o s p o r a  spp., Lycopodiumspori  t e s  spp., Osmundaci t e s  sp., 

and Taurocuspor i tes  segmentatus occurs  f rom 7087 f e e t  t o  7930 f e e t .  

' a t e  t o  ?Midd le  Jurassic.--The exac t  p o s i t i o n  and n a t u r e  o f  t h e  a- 

Cretaceous- J u r a s s i c  c o n t a c t  i n  t h e  we1 1 a re  p r o b l e m a t i c a l  . A h i a t u s  

representing B e r r i a s i a n  t ime  may be p resen t .  However, t h i s  s tage  may 

be rep resen ted  by t h e  u n d i f f e r e n t i a t e d  Neocomian t o  Upper J u r a s s i c  

nonmarine t o  marg ina l  mar ine  i n t e r v a l  between 7087 f e e t  and 7930 fee t .  

An Upper t o  M idd le  J u r a s s i c  ( T i  t h o n i a n  t o  ?Cal l o v i a n )  d i n o f l  age1 l a t e  

assemblage c h a r a c t e r i z e d  by Gonyaulacysta c ladophora,  - G. j u r a s s i c a ,  

Pareodi  na ce r taphora ,  - P. osmingtonense, S i  rm idod i  nium c r y s t a l  1  inum 
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and S. gross1 i s  p r e s e n t  ove r  t h e  i n t e r v a l  f rom 7930 f e e t  t o  12,387 

f ~ e t  ( t o t a l  depth) .  The assignment o f  an age range as o l d  as C a l l o v i a n  

i s  based on t h e  p o s s i . b i l i t y  t h a t  t h e  Upper J u r a s s i c  spec ies  Pareodina 

osmingtonense may be c o n s p e c i f i c  w i t h  a fo rm t h a t  ranges i n t o  t h e  

Cal l o v i a n  i n  A r c t i c  Canada. The t e r r e s t r i a l  m i c r o f l o r a  i s  e s s e n t i a l  l y  

t h e  same f rom 7087 f e e t  t o  12,384 f e e t .  The ca lca reous  nannoplankton 

assemblage c o n t a i n s  spec ies  t h a t  o c c u r  i n  bo th  t h e  Cretaceous and 

Ju rass i c ,  a1 though below 8020 f e e t  forms w i t h  J u r a s s i c  a f f i n i t i e s  

inc rease .  No age-di a g n o s t i  c Forami n i  f e r a  were observed. The J u r a s s i c  

pa l  eoenv i  ronrnent was p redominan t l y  marg ina l  mar ine.  Reworked s i l  i c i  f i e d  

and p y r i t i z e d  Upper t o  M idd le  J u r a s s i c  Radio1 a r i a  a r e  p r e s e n t  through-  

o u t  t h e  Mesozoic s e c t i o n .  They a r e  p a r t i c u l a r l y  abundant i n  t h e  Lower 

Cretaceous i n t e r v a l  f rom 5200 f e e t  t o  5380 f e e t .  The r a d i o l a r i a n  fauna 

c o n t a i n s  P a r v i c i n g u l a  c f .  - - -  P. h s u i ,  Hsuum c f .  - H. s t a n l e y e n s k ,  

Cenosphaera Spongodi scus spp. and Archaeodi  ctyorni t r a  c f .  - A. 

r i g i d a .  I t  i s  d i f f i c u l t  t o  a s c e r t a i n  whether  t h e  R a d i o l a r i a  t h a t  

s p o r a d i c a l l y  occur  i n  t h e  J u r a s s i c  s e c t i o n  are i n  s i t u .  



BIOSTRATIGRAPHIC SUMMARY 

Pal  eoqene 

Eocene 

Depth ( f e e t )  

1356 - 1810'  

Pal eocene 781 0 - 2620' 

Mesozoic 

L a t e  Cretaceous 

M a e s t r i c h t i a n  2620 - 5050' 

E a r l y  Cretaceous 

H a u t e r i v i a n -  
Barremi  an 

Val ang i  n i  an 6840 - 7087' 

Neocomi an- 
L a t e  J u r a s s i c  
u n d i  f f e r e n t i a t e d  7087 - 7930' 

J u r a s s i c  

T i  t h o n i  an- 
Call  o v i  an 7930 - 12,387' (T.D.) 



ENVIRONMENTAL CONSIDERATIONS 

An environmental analysis,  part  of the permi t-appl ication 

- procedure for  the COST well , determined tha t  the granting of a 

permit t o  perform the t e s t  was not a major Federal accion and 

woul d not require an Envi ronmental Impact Statement. 

Cul t u n 1  and archeological s i  te-speci f i c  surveys were not run 

because o f  the f a s t  current of the t ides  i n  Cook In le t  and the extreme 

changes in the bottom o f  the i n l e t  due to  t idal  action. Cook Inlet  i s  

a t idal  estuary where the major water movement, a to-and-fro pulsation 

in the lengthwise direction of the i n l e t ,  i s  caused by ebb and flood 

t ides .  Coriol i s  force,  basin morphology, and winds modify the puls- 

ations to  produce a net c i rculat ion pattern within the i n l e t .  The 

t idal  front moves 150 miles u p  the i n l e t  in f o u r  and one-half hours. 

Tides are semi-diurnal with a s igni f icant  inequality between successive 

low waters; the mean diurnal range in Lower Cook In le t  varies from 19.1 

fee t  (5.8 m )  on the eas t  shoye to  16.E fee t  (5.1 m )  on the west shore. 

Current veloci t ies  are moderate to  severe, reaching a mean velocity o f  

3.8 knots and maximum veloci t ies  exceeding 6.5 knots. 

A bio-assay was run during the d r i l l i ng  phase of the well ,  and 

preliminary reports indicate there i s  no 1 ong-term adverse environmental 

impact. The bio-assay tested various adult  stages o f  sea l i f e ;  no 

" larval stages were tested because of the time o f  the year. 



SUMMARY AND CONCLUSIONS 

The Lower Cook I n l e t  COST w e l l  was d r i l l e d  t o  12,397 f e e t  t o t a l  

depth (12,297 f e e t  below sea l e v e l  ) i n  197 days. No s i g n i f i c a n t  

o p e r a t i o n a l  p r n b l  ems were encountered. The we1 1  was i n t e n t i o n a l  1 y 
* 

l o c a t e d  i n  a s t r u c t u r a l l y  l o w  p o s i t i o n  t o  m in im i ze  t h e  p o s s i b i l i t y  

o f  encoun te r i ng  s i g n i f i c a n t  q u a n t i t i e s  o f  hydrocarbons. 

A n a l y s i s  o f  geoscience da ta  f rom t h e  w e l l  has l e d  t o  t h e  

f o l  1  owing conc l  us i ons  about  t h e  s t r a t a  pene t ra ted  by t h e  we1 1  : 

1  . The we1 1  pene t ra ted  s t r a t a  o f  e a r l y  T e r t i a r y ,  La te  Cretaceous, 

E a r l y  Cretaceous, and L a t e  J u r a s s i c  ages. 

2.. Moderate amounts o f  sandstone r e s e r v o i r  r ocks  were encountered 

i n  t h e  T e r t i a r y  and Cretaceous s t r a t a .  

3. The r e s e r v o i r  sandstones encountered have been d i a g e n e t i c a l l y  

a l t e r e d  t o  v a r y i n g  degrees by  t h e  a u t h i g e n i c  growth o f  c l a y s  

and z e o l i t e s .  The a1 t e r a t i o n  o f  t h e  sandstones has r e s u l t e d  

i n  r e d u c t i o n  o f  t h e i r  p e r m e a b i l i t y  and has a lmos t  e n t i r e l y  

o b l  i t e r a t e d  any o r i g i n a l  p o r o s i t y  and permeabi 1 i t y  i n  t h e  

r ocks  be1 ow 6850 f e e t  o f  depth i n  t h e ' w e l l  . 
4. The T e r t i a r y  and Upper Cretaceous rocks  pene t ra ted  by t h e  

w e l l  e x h i b i t  good methane gas source c h a r a c t e r i s t i c s  and 

poor  o i l  source c h a r a c t e r i s t i c s .  The Lower Cretaceous and 

Upper J u r a s s i c  rocks  e x h i b i t  poor  t o  f a i r  methane gas source 



cha rac t e r i s t i c s  and poor o i l  source cha rac t e r i s t i c s  . The 

thermal maturity o f  the rocks i ncreases from moderately 

immature a t  shallow depths t o  mature a t  t o t a l  depth. 
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