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ABSTRACT 

Exp lo ra to r y  boreholes d r i  1 l e d  i n  t h e  Cook l n l e t  bas i n  f o r  o i  1 and gas y i e l d  
da ta  t h a t  can be a p p l i e d  t o  t h e  s tudy  o f  subsurface wate rs .  T e n t a t i v e  conc lus ions  
r e l a t i n g  t o  o i l  and gas i n c l u d e  t h e  f o l l o w i n g :  1 )  t he  commercial d r y  gas i s  
assoc ia ted  w i t h  i n t e rmed ia te  s a l i n i t i e s  and p robab ly  had a  source i n  T e r t i a r y  
sediments, 2) the o i l  m ig ra ted  s imu l taneous ly  w i t h  r e l a t i v e l y  s a l t y  water  t h a t  
p robab ly  o r i g i n a t e d  f rom mar ine  Mesozoic sediments u n d e r l y i n g  t h e  T e r t i a r y  
sediments e i t h e r  below o r  t o  t he  sou th  o f  t he  p r e s e n t l y  p roduc ing  o i l  f i e l d s ,  
and 3)  t he  depth t o  t h e  h i g h  s a l i n i t y  ho r i zon  (1,000+ g r a i n s / g a l l o n  ~ a C 1 )  i s  
i n c r e a s i n g l y  sha l low t o  t he  sou th  and suggests t h a t  o i l  may be encountered a t  
r e l a t i v e l y  sha l low depths i n  the '  sou th  Cook I n l e t .  

The sedimentary s e c t i o n  c o n t a i n i n g  f r e s h  water i s  t h i c k e s t  a l o n g  t he  edges 
o f  t h e  Cook l n l e t  bas in ,  which suggests r a p i d  e n t r y  o f  water  i n  t h e  recharge 
areas near t he  mountains, and i s  t h i n n e s t  o r  nonex i s t en t  under t h e  wa te rs  o f  
t h e  Cook I n l e t ,  where t h e  sedimentary  s e c t i o n  has no t  been exposed t o  f r e s h  
wate r .  The Homer-Anchor P o i n t  area i s  an example o f  an a rea  w i t h  a r e l a t i v e l y  
t h i n  f resh-wate r  sec t i on  t h a t  may have sa l  t -wa te r  invas ion  i f  t h e  f r e s h  water 
i s  e x t r a c t e d  t o o  r a p i d l y .  The Matanuska V a l l e y  and t he  west  s i d e  o f  t h e  Cook 
l n l e t  a r e  examples o f  areas u n d e r l a i n  by t h i c k  f resh-wate r  i n t e r v a l s  t h a t  should 
p r o v i d e  adequate water f o r  community needs from d e e p - d r i l l e d  w e l l s .  

INTRODUCTION 

The a v a i l a b i l i t y  and q u a n t i t y  o f  f r e s h  water i s  b a s i c  t o  t h e  g rowth  o f  any 
community. I n  p a r t i c u l a r ,  t he  subun i t s  o f  the  Cook l n l e t  b a s i n ,  i n c l u d i n g  the  
Kenai Peninsu la ,  Matanuska V a l l e y ,  Sus i tna  bas in ,  and the  west s i d e  o f  the  Cook 
l n l e t  a r e  expected t o  grow a t  a  r a t e  exceeding t he  average g row th  r a t e  f o r  t he  
e n t i r e  s t a t e .  Pa r t  o f  t h i s  r e p o r t  w i l l  examine, w i t h i n  t h e  bounds o f  a v a i l a b l e  
da ta ,  t he  geographic areas o f  t he  Cook l n l e t  bas in  t h a t  have t h i c k  s t r a t i g r a p h i c  
s e c t i o n s  c o n t a i n i n g  f r e s h  wa te r .  The predominant da ta  source i s  t h e  l a r g e  number 
o f  e x p l o r a t o r y  and p roduc t i on  w e l l s  d r i l l e d  f o r  o i l  and gas, many o f  which 
p e n e t r a t e  n e a r l y  the e n t i r e  T e r t i a r y  sequence o f  sedimentary r ocks .  

A l though  p l a t e  1 i s  n o t  a  v a l i d  map f o r  l o c a t i n g  water  w e l l s ,  i t  never the less  
d e l i n e a t e s  those areas where adequate f r e s h  water may be a v a i l a b l e  f o r  community 
needs i f  r e s e r v o i r  rocks a r e  p resen t .  Conversely,  t h e  map p o i n t s  o u t  areas 
where b r a c k i s h  water i s  r e l a t i v e l y  near t he  ground su r f ace  and where i t  may be 
d i f f i c u l t  t o  sus ta i n  l a r g e  f l o w  r a t e s  o f  f r e s h  wate r .  

A second reason f o r  examin ing t h e  subsur face waters  o f  t h e  Cook l n l e t  bas in  
i s  t o  r e l a t e  the  o i l  and gas accumulat ions w i t h  t he  s a l i n i t y  o f  t h e  waters  i n  
which they  occur .  Th i s  p a r t  o f  t he  r e p o r t  i s  r e l a t e d  t o  q u e s t i o n s  t h a t  a r i s e  as 
t o  t he  source o f  the o i l  and gas i n  t he  Cook l n l e t  bas i n .  There a r e  severa l  
t h e o r i e s  t h a t  have been proposed. Genera l l y  accepted i s  t h e  t heo ry  t h a t  t he  
"dry"  gas, o r  na tu ra l  gas c o n t a i n i n g  ve ry  few l i q u i d  hydrocarbons, i s  f rom 
Kenai sediments r i c h  i n  o rgan i c  m a t e r i a l .  

The source o f  the o i l  i s  g e n e r a l l y  more c o n t r o v e r s i a l  b u t  b a s i c a l l y  may be 
separated i n t o  the f o l l o w i n g  t h e o r i e s :  1) o i l  m ig ra ted  v e r t i c a l l y  f rom mar ine 
Mesozoic sediments known t o  u n d e r l i e  the  produc ing areas,  2) o i l  m ig ra ted  from 
a  mar ine  source south o f  t he  p resen t  produc ing areas, 3) o i l  m i g r a t e d  f rom bo th  
o f  these, and 4 )  o i l  m ig ra ted  f rom T e r t i a r y  sediments; t h i s  i s  t h e  l e a s t  l i k e l y  



source, and i s  based on the  sepa ra t i on  o f  t he  water s a l i n i t i e s  assoc ia ted  w i t h  
the  d r y  gas and o i l  accumulat ions. The conc lus ions  l i s t e d  i n  t h i s  r e p o r t  a r e  
presented as t e n t a t i v e  ideas, n o t  conc re te  conc lus ions .  

INTERPRETATION TECHNIQUES 

Formationwater r e s i s t i v i t y ,  d i r e c t l y  r e l a t e d  t o  the  q u a n t i t y  o f  d i s s o l v e d  
s a l t s  i n  t h e  fo rmat ion  water,  may be determined by several  methods, depending on 
the  bas i c  in fo rmat  ion a v a i l a b l e .  I n  an area where cons iderab le  e x p l o r a t i o n  and 
development d r i l l i n g  has occurred,  water  r e s i s t i v i t i e s  have o f t e n  been compi led 
f rom analyses o f  fo rmat ion  waters  c o l l e c t e d  f rom d i f f e r e n t  f i e l d s  and d i f f e r e n t  
p roduc ing  hor i zons .  Values from t h i s  source a r e  sometimes l i s t e d  as chemical  
analyses and may be converted t o  r e s i s t i v i t i e s  o r  NaC1-equivalent concen t ra t i ons .  
I n  many cases, however, water  produced f rom i n i t i a l  p roduc t ion  and e x p l o r a t o r y  
t e s t s  i s  d i l u t e d  w i t h  f i l t r a t e  (wate r )  f rom t h e  d r i l l i n g  f l u i d  and t he  va lues  
a r e  i n c o r r e c t .  

I f  t h e r e  a r e  no a v a i l a b l e  da ta  o r  i f  t he  da ta  a r e  r e s t r i c t e d ,  accu ra te  
va lues  o f  wa te r  r e s i s t i v i t y  can o f t e n  be c a l c u l a t e d  from spontaneous p o t e n t i a l  
curves on e l e c t r i c  logs. Water r e s i s t i v i t y  va lues  a r e  then conver ted  t o  
sa l  i n  i t i e s  and repor ted  i n  g r a i n s  per  ga l  l o n  NaCl . 

DEFINITIONS AND WATER RESISTIVITIES CALCULATED FROM THE SSP CURVES 

Most o f ' t h e  water r e s i s t i v i t i e s  were c a l c u l a t e d  us ing  the  fo rmat  and c h a r t s  
o f  Schlumberger (1973). To understand t h e  bas i c  c a l c u l a t i o n s ,  a  number o f  
d e f i n i t i o n s  a r e  l i s t e d  below. 

D e f i n i t i o n s  

a.  SSP ( s t a t i c  spontaneous p o t e n t i a l )  - A cu rve  on an e l e c t r i c  l o g  t h a t  shows 
t h e  spontaneous p o t e n t i a l s  a t  d i f f e r e n t  depths o f  the boreho le .  I t  represen ts  
smal l  e l ec t romo t i ve  f o r ces  caused by e i t h e r  i n f i l t r a t i o n  (by  t he  mud f i l t r a t e )  
o f  t h e  r e s e r v o i r  rocks o r  p o s s i b l y  by an e lec t rochemica l  r e a c t i o n  between mud 
and r e s e r v o i r  f l u i d  (AGI Glossary o f  ~ e o l o g y )  . 

b. Rrnf ( r e s i s t i v i t y  o f  the  mud f i l t r a t e )  - The r e s i s t i v i t y  o f  t h e  f l u i d  p o r t i o n  
o f  t h e  mud system, which represen ts  a  m i x t u r e  o f  the make-up water  (water  
d e r i v e d  f rom a sur face  o r  sha l low subsur face source and mixed w i t h  t he  
requ i red  s o l i d s  and chemicals t o  form a mud system), o f  ions f rom chemica ls  
added t o  the  mud system, and o f  contaminants  f rom the  d r i l l e d  fo rmat ion .  

c .  Rw ( r e s i s t i v i t y  o f  the  f o rma t i on  wate r )  - A measure o f  t he  c o n d u c t i v i t y  o f  
t h e  wate r  present  i n  subsur face rocks :  the  lower the r e s i s t i v i t y  o r  t he  
h i g h e r  t he  c o n d u c t i v i t y ,  the  more ions p resen t  and the  s a l t i e r  t h e  wate r .  
The end r e s u l t  o f  the  c a l c u l a t i o n s  descr ibed  i n  t h i s  r e p o r t  i s  a  s p e c i f i c  
r e s i s t i v i t y  o f  water from one subsur face i n t e r v a l  a t  a  known temperature.  
Th i s  va lue  may be conver ted t o  g r a i n s  per  g a l l o n  NaCl. A genera l  assumption 
i s  t h a t  the  deeper waters can be t r e a t e d  as predominant ly  NaCl s o l u t i o n s .  I n  
f r e s h  water ,  s a l t s  o f  ca l c i um and magnesium become impor tant ,  b i ca rbona te  
water  i s  common, and a d i r e c t  Rw approach becomes d i f f i c u l t .  

d. Temperature - Determined by e s t a b l i s h i n g  a temperature g r a d i e n t  based on 
t h e  maximum temperature measured d u r i n g  t he  logg ing  run  and e x t r a p o l a t i n g  
i t  t o  t he  depth where the  Rw c a l c u l a t i o n s  a r e  be ing made. 



e. Connate Water - Water entrapped i n  t h e  i n t e r s t i c e s  o f  a  sedimentary r ock  
a t  t h e  t ime  o f  i t s  d e p o s i t i o n  (AGI Glossary  o f  Geology).  By t h i s  d e f i n i t i o n ,  
much o f  t h e  f o rma t i on  water i s  n o t  connate wa te r ,  because m i q r a t i o n  o f  
f 1 u i d s  w i t h i n  a  bas i n  and subsequent i n t e r m i x i n g . b y  f r e s h  su i face  wate r  
changes t h e  p r ima ry  charac te r  o f  t h e  wa te r .  I n  t h i s  r e p o r t ,  t he  term 
"connate water"  i s  n o t  used and would be represented o n l y  i n  impermeable 
rocks  t h a t  have prevented m i g r a t i o n  o f  t h e  o r i g i n a l  f l u i d s .  

Water R e s i s t i v i t i e s  Ca l cu la ted  from the  SSP Curve 

The b a s i c  fo rmu la ,  SSP = 'K (Rmf)e wh ich  y i e l d s  t he  amp1 i t u d e  o f  t he  SSP, '7 
was used. The wa te r  r e s i s t i v i t y ,  Rw, can be c a l c u l a t e d  from t h i s  formula s i n c e  
K ( r e l a t e d  t o  f o rma t i on  temperature) and R m f  ( r e s i s t i v i t y  o f  the  mud f i l t r a t e )  
a r e  known and t he  SSP can be read d i r e c t l y  f rom t h e  log.  

The procedure i s  as f o l l o w s :  

1 .  P i c k  t h e  sand w i t h  the  l e a s t  amount o f  sha le  (c leanes t  sand) i n  o r  
near  t h e  i n t e r v a l  o f  i n t e r e s t .  

2 .  C a l c u l a t e  t h e  temperature a t  t h i s  dep th  us i ng  the maximum temperature 
f o r  t h e  l ogg ing  run  (recorded on t h e  l o g  heading) and e x t r a p o l a t i n g  
upho le  temperatures t o  the  r e q u i r e d  dep th  (Schlumberger c h a r t  A-2,  
1973).  

3 .  Determine t h e  r e s i s t i v i t y  o f  t h e  mud f i l t r a t e  a t  the  c a l c u l a t e d  
temperature.  Th i s  i s  done by o b t a i n i n g  t he  Rrnf va lue measured a t  the  
s u r f a c e  u s u a l l y  a t  a  lower temperature ( l o g  heading) and de te rm in i ng  
t h e  r e s i s t i v i t y  f o r  the f o rma t i on  temperature w i t h  Schlumberger c h a r t  
A - 6 .  

4. Determine t he  va lue  o f  SSP f rom t h e  l o g  cu r ve  by e s t a b l i s h i n g  a base- 
l i n e  and measur ing the excu rs i on  o f  t he  cu r ve  t o  the l e f t  o f  the  base- 
1 i ne .  

5. So lve t h e  SSP equa t ion  f o r  Rmf/Rw by u s i n g  Schlumberger c h a r t  A-10. 

6. Determine the  va lue  o f  Rw by us i ng  t h e  va lue  o f  R m f  and c o n v e r t i n g  Rw 
a t  a  known temperature t o  g r a i n s  per  g a l l o n  NaCl w i t h  Schlumberger 
c h a r t  A - 6 .  

VERTICAL DISTRIBUTION OF SALINITIES IN THE C O O K  INLET BASIN 

Water s a l i n i t i e s  i n  t he  Cook l n l e t  bas i n  may be e s s e n t i a l l y  grouped i n t o  
the  f o l l o w i n g  f o u r  concen t ra t ions ,  each w i t h  a p a r t i c u l a r  s a l i n i t y  range. 

Fresh Water - "Fresh water"  as used i n  t h i s  r e p o r t  i s  water t h a t  i s  usab le  
f o r  community needs. Near ly  a l l  o f  A l a s k a ' s  f r e s h  water con ta i ns  v a r y i n g  
amounts o f  s a l t s  o t h e r  than NaC1. I n  many o f  t he  w e l l s  i n  the  Cook l n l e t  
bas in ,  a  s a l t  wa te r - f resh  water g r a d i e n t  i s  p resen t ;  the base o f  t h i s  
i n t e r v a l  has been chosen as the  base o f  t h e  f resh-water  i n t e r v a l .  These 
wate rs  a r e  1 i rn i ted t o  the  upper p a r t  o f  t he  s e c t i o n  and l a r g e l y  represen t  
t he  wa te r  t h a t  pe r co la tes  i n t o  t he  r e s e r v o i r  rocks from r a i n ,  stream, 
and snow accumulat ions.  As m igh t  be expected,  the  depths t o  t h e  base o f  



the s a l t  wa te r - f resh  water  g rad ien t  a r e  deep a l ong  t h e  marg ina l  edges 
o f  the  bas in ,  where porous and permeable rocks  a r e  exposed t o  streams and 
o t h e r  sources o f  f r e s h  wate r ,  and a r e  sha l l ow  o r  n o n e x i s t e n t  under t he  
waters o f  t h e  Cook I n l e t ,  where they have n o t  been exposed t o  f r esh  water 
sys terns. 

2. S l i g h t l y  S a l t y  t o M o d e r a t e l y  S a l t y  Water - T h e  s a l i n i t i e s  f o r  these waters  
range f r om s l i g h t l y  s a l t i e r  than f r e s h  wate r  t o  l e s s  than 200 g ra i ns  per 
g a l l o n  NaCl. T h i s  i s  t he  zone i n  which i n t e r m i x i n g  o f  f r esh  and s a l t  
water would be expected.  

3. Moderate ly  S a l t y  Format ion Waters - These wa te r s  have a s a l i n i t y  i n  an 
i n t e rmed ia te  range between b rack i sh  and s a l t y  wa te r ,  f r om  200 t o  1,000 
g r a i n s  per  ga l  I o n  NaCl. They represent  wa te r  o f  about  t he  same sa l  i n i t y  
range as t h e  wate r  p resen t  when t he  o r i g i n a l  sediments were depos i ted.  
They a r e  n o t  cons idered  connate waters  because o f  t h e  p r o b a b i l i t y  o f  
m i g r a t i o n  i n  t h e  more permeable sediments. 

4. Very S a l t y  Format ion Waters - The term "very  s a l t y "  i s  used here i n  a  r e l a t i v e  
sense---none o f  t h e  ve r y  s a l t y  f o rma t i on  wate rs  i n  t h e  Cook l n l e t  approach 
the h i g h  s a l i n i t i e s  o f t e n  measured i n  o t h e r  bas ins .  These waters have 
s a l i n i t i e s  i n  excess o f  1,000 g r a i n s  per  g a l l o n .  Because o f  t h e i r  non- 
marine env i  ronment (p robab ly  depos i ted i n  b r a c k i s h  wa te r )  they may represen t  
e i t h e r  v e r t i c a l  m i g r a t i o n  o f  s a l t y  wa te rs  i n t o  s t r a t i g r a p h i c a l l y  h i ghe r  
r e s e r v o i r s  f rom an o l d e r  source o r  m i g r a t i o n  o f  s a l t  water  and o i l  f rom 
a source sou th  o f  t h e  present  p r o d u c t i v e  a reas .  Because n e a r l y  a l l  t h e  o i l  
accumulat ions i n  t h e  Cook l n l e t  a r e  assoc ia ted  w i t h  f o rma t i on  waters w i t h  
s a l i n i t i e s  i n  t h i s  range, a  c o r r e l a t i o n  may e x i s t  between t he  l i q u i d  hydro-  
carbons and t h e  r e l a t i v e l y  s a l t y  f o rma t i on  wa te r s .  

MAP PRESENTATION OF THE CALCULATED WATER SALINITIES 

Logs f r om se lec ted  boreho les  d r i l l e d  f o r  hydrocarbons w i t h i n  t he  l i m i t s  o f  
the Cook l n l e t  b a s i n  were analyzed and va lues o f  wa te r  r e s i s t i v i t i e s  c a l c u l a t e d .  
These va lues were then  t r a n s f e r r e d  t o  c ross  sec t  ions ( p l  . 1-5) and maps were 
cons t ruc ted .  P l a t e  6 i s  a  th i ckness  map contoured f rom the  base o f  the  f r e s h  
wate r -sa l t  wa te r  g r a d i e n t  and represen ts  t h e  i n t e r v a l  f r om  t h e  ground su r f ace  t o  
the approximate t o p  o f  s a l t  water .  P l a t e  7 i s  con toured  on t h e  subsea depth o f  
the 1,000-plus NaCl g ra i ns -pe r -ga l  l on  wa te r ;  i t  r ep resen t s  a  su r f ace  below which 
the waters a r e  a l l  r e l a t i v e l y  s a l t y  and i s  a l s o  t h e  t op  o f  t he  s e c t i o n  i n  which 
nea r l y  a1 1 t he  1 i q u i d  hydrocarbons ( o i l )  occur  i n  t he  Cook I n l e t .  

INTERPRETATION RESTRAINTS 

There a r e  severa l  problems inheren t  i n  de te rm in i ng  t h e  water  r e s i s t i v i t y  
f rom the SSP curve .  I n  t h e  sha l low i n t e r v a l s ,  s a l t s  o t h e r  than NaCl a r e  commonly 
present .  I n  t h e  deeper i n t e r v a l s ,  analyses o f  fo rmat  ion  waters  ob ta ined  f rom 
t e s t s  i n  the  Cook l n l e t  demonstrate t h a t  n e a r l y  a l l  t h e  s a l t  p resen t  i s  NaCl and 
t h a t  o t h e r  c o n t r i b u t o r s  t o  c o n d u c t i v i t y  may be ignored.  SSP base l i ne  s h i f t s ,  
o r  the  tendency o f  t h e  cu r ve  t o  d r i f t  because o f  mechanical  o r  e l e c t r i c a l  f u n c t i o n s  
(common f o r  l ogs  r un  i n  t he  Cook I n l e t ) ,  somet ime makes i t  d i f f i c u l t  t o  measure 
the SSP depar tu re .  Sometimes an e l e c t r o k i n e t i c  p o t e n t i a l  a f f e c t s  the  SSP. How- 
ever ,  t h i s  component o f  SSP can g e n e r a l l y  be cons idered  n e g l i g i b l e  i n  the  Cook 
l n l e t  because t h e  sands have adequate p e r m e a b i l i t i e s ,  t h e  deeper waters  a r e  



s a l t y  and the d r i l l i n g  f l u i d s  a r e  g e n e r a l l y  i n  a  normal pH range. Probably the 
g rea tes t  introduced e r r o r  i s  i n  de te rmin ing  the depth where s a l i n i t y  changes 
occur .  There a r e  t h i c k  i n t e r v a l s  o f  s i l t ,  c l a y ,  and c l a y e y  sands t h a t  do no t  
c o n t a i n  sands t h a t  a r e  c l a y - f r e e  enough t o  make s a l i n i t y  de te rm ina t i ons .  
Ca l cu la t i ons  below and above these i n t e r v a l s  o f t e n  show t h a t  a  s a l i n i t y  change 
has occurred, bu t  t he  dep th  a t  which t he  change occurred i s  n o t  known. 

CONCLUSIONS 

Fresh Water, P l a t e  6 

1 .  P l a t e  6 i nd i ca tes  geographic  areas where t h i c k  i n t e r v a l s  o f  f r e s h  water 
occur .  Because adequate f resh-wate r  r e s e r v o i r s  must be p resen t ,  the map 
cannot be used t o  d i r e c t l y  determine the q u a n t i t y  o f  e x t r a c t a b l e  water .  
However, i t  can d e l i n e a t e  areas where problems may occur  i f  f resh  water i s  
ex t rac ted  too r a p i d l y .  The Homer area,  f o r  example, i s  u n d e r l a i n  by b rack i sh  
water  a t  a  r e l a t i v e l y  sha l low depth,  and the use o f  f r e s h  wate r  a t  h i g h  
ra tes  may cause s a l t  wa te r  t o  e n t e r  the  w e l l s .  Areas such as Anchorage 
apparen t l y  have an adequate i n t e r v a l  o f  f resh  wate r ,  b u t  t h i c k  p o r t i o n s  
o f  the  sec t i on  do n o t  c o n t a i n  r e s e r v o i r  rocks.  The Matanuska Va l ley ,  on 
the o the r  hand, has a  combina t ion  o f  adequate r e s e r v o i r  r ocks  and a  t h i c k  
f resh-water sec t  ion, which should present  a  f a v o r a b l e  wate r  source. 

2 .  The th i cken ing  o f  f resh-wate r  i n t e r v a l s  near the  bas in  edges i s  r e l a t e d  
t o  p r o x i m i t y  t o  recharge areas and t o  p o s s i b l e  p r e s e r v a t i o n  o f  f r e s h  water 
o r i g i n a l l y  present  d u r i n g  t he  d e p o s i t i o n  o f  t he  sediments. 

3 .  Large areas on t h e  west s i d e  o f  t he  Kenai Peninsula have t h i c k  f resh-water  
i n t e r v a l s  and should have adequate water f rom d r i  1 l e d  we1 1s. 

4. Th ick  f resh-water  i n t e r v a l s  a r e  present  on t he  west s i d e  o f  t he  Cook l n l e t  
and f u t u r e  growth needs cou ld  be e a s i l y  s u p p o r t e d - - - p a r t i c u l a r l y  i n d u s t r i e s  
r e q u i r i n g  l a r g e  amounts o f  f r e s h  water .  

5 .  The steep g rad ien t  o f  t he  base o f  the  f r e s h  water t o  t h e  west--- f rom none 
under the  waters o f  t h e  Cook l n l e t  t o  thousands o f  f e e t  i n  t h e  Beluga area---  
may be p a r t l y  r e l a t e d  t o  b l o c k  f a u l t i n g  bu t  may a l s o  represen t  l a r g e  areas 
o f  surface-water recharge. 

S a l i n e  Water, P l a t e  7 

1 .  A l l  the commercial o i l  accumulat ions i n  the Cook l n l e t  a r e  assoc ia ted  w i t h  
r e l a t i v e l y  s a l t y  wa te r  (1,000-plus g ra ins  per ga l  l on )  . 

2 .  A l l  the commercial dry-gas accumulat ions i n  the  Cook l n l e t  a r e  assoc ia ted 
w i t h  less  s a l i n e  water  (200 t o  1,000 g ra ins  per  g a l l o n ) .  Waters i n  t h i s  
s a l i n i t y  range a r e  b e l i e v e d  s i m i l a r  t o  those assoc ia ted  w i t h  the sediments 
d u r i n g  depos i t i on .  

3 .  The a rcua te  sa l t -wa te r  r i d g e  c o n t a i n i n g  the known commercial o i l  f i e l d s  
i n  the Cook l n l e t  may be r e l a t e d  t o  v e r t i c a l  m i g r a t i o n  o f  wa te r  f rom o l d e r  
marine sediments. The c o n f i g u r a t i o n  o f  t h i s  r i d g e  suggests t h a t  s t r u c t u r e  
i s  a  mod i fy ing  bu t  n o t  a  c o n t r o l l i n g  phys ica l  element f o r  t h e  t op  o f  the 



h i g h - s a l i n i t y  surface and t h a t  a r e l a t i o n s h i p  e x i s t s  between v e r t i c a l  
sa l t -water  migra t ion  (m ig ra t i on  from marine Mesozoic rocks) and the  
c o n f i g u r a t i o n  o f  t h i s  surface. 

4. A shal low h i g h - s a l i n i t y  b e l t  on the  west s ide  o f  the Cook l n l e t  extends from 
the mouth o f  the Susitna R iver  apparent ly  i n t o  the south Cook I n l e t .  The 
top o f  t h i s  surface r i s e s  r a p i d l y  near the south end o f  the  Kenai Peninsula 
(south o f  the Pennzoil, S ta r i chko f  S ta te  1 and the Occidenta l ,  South Diamond 
Gulch boreholes).  Although c o n t r o l  i s  lack ing,  the c o n f i g u r a t i o n  suggests 
t h a t  the depth t o  h i g h - s a l i n i t y  waters i n  the south Cook l n l e t  may be shallow. 
The presence o f  o i l  shows i n  the Standard O i l  o f  C a l i f o r n i a  Nor th  Fork U n i t  
11-4 and the Pennzoil, S ta r i chko f  S ta te  1 ,  both associated w i t h  s a l t y  waters, 
again suggests a r e l a t i o n s h i p  between the o i l  and s a l t  water and the 
p o s s i b i l i t y  o f  a s i m i l a r  genet ic  source. 

5 .  P l a t e  7 a l s o  suggests t h a t  o i l  would be conf ined t o  deep hor izons i n  the 
eastern p a r t  o f  the Kenai Peninsula. 

Th is  repo r t  suggests a genet ic  r e l a t i o n s h i p  between o i l  and associated 
s a l t  water .  The source o f  the l i q u i d  hydrocarbons f o r  the known product ive  
f i e l d s  i s  probably from under ly ing  marine Mesozoic sediments. Th i s  does no t ,  
however, preclude the p o s s i b i l i t y  o f  m i g r a t i o n  o f  o i l  and s a l i n e  water a long the  
west s ide  o f  the Cook l n l e t  from a marine source south o f  the  o i l - p r o d u c t i v e  areas. 
I f  the  s a l t  water i s  a c t i n g  as a t r a n s p o r t a t i o n  medium f o r  the  l i q u i d  hydrocarbons, 
there  may be shal low T e r t i a r y  o i l  accumulations i n  the south Cook l n l e t  ( p l ,  7 ) .  
I f ,  as ind ica ted  i n  t h i s  repo r t ,  the gas i s  associated w i t h  less  s a l i n e  waters 
and probably der ived from T e r t i a r y  sediments, the sec t ion  con ta in ing  d ry  gas may 
be r e l a t i v e l y  t h i n  i n  the south Cook I n l e t .  
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