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J. S. K e l l e y  
U. S  . Geolog ica l  Survey 
Menlo Park ,  C a l i f o r n i a  

INTRODUCTION 

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

heavy-ineral  a n a l y s e s  t o  a i d  i d e n t i f i c a t i o n  and c o r r e l a t i o n  of major  

s t r a t i g r a p h i c  u n i t s  of  T e r t i a r y  a g e  i n  t h e  Cook I n l e t  b a s i n ,  s o u t h e r n  

Alaska. The work i s  based on heavy-mine ra l  e x t r a c t i o n s  from r o c k  samples  

c o l l e c t e d  d u r i n g  d e t a i l e d  examinat ion  of s e l e c t e d  exposures  of T e r t i a r y  

r o c k s  a l o n g  t h e  s o u t h  s i d e  of Capps G l a c i e r  and a t  two p l a c e s  a long  t h e  

Chui tna  R ive r  (Adkison and o t h e r s ,  1975) ,  approximate ly  60 m i l e s  w e s t  . 

of Anchorage ( f i g .  1 ) .  The s t r a t i g r a p h i c  d i s t r i b u t i o n  of t h e  samples  

i s  g iven  i n  p l a t e  1. The heavy-mine ra l  s u i t e s  from t h e s e  rocks  are 

1 c o r r e l a t e d  w i t h  heavy-mine ra l  s u i t e s  from s e l e c t e d  c o r e s  from t h e  Deep 
1 

4 
1 Creek U n i t  w e l l ,  Kenai  P e n i n s u l a ,  Alaska ( f i g .  1 ) .  

T e r t i a r y  r o c k s  d i s c u s s e d  i n  t h i s  r e p o r t  were f i r s t  a s s igned  t o  

t h e  Kenai Formation by ~ l d r i d g e  (1900, p. 21) who r e p o r t e d  coa l -bear ing  

T e r t i a r y  r o c k s  i n  t h e  s e a  c l i f f s  w e s t  of Tyonek and i n f e r r e d  t h e i r  

I p r e sence  i n  t h e  Beluga R i v e r  and Chui tna  R ive r  a r e a s .  Spurr  (1900, 
I 

1 p. 1 7 2 ,  184) cons ide red  t h e  coa l -bear ing  s t r a t a  a long  t h e  nor thwes t  

s i d e  of Cook I n l e t  o l d e r  t h a n  t h e  Kenai  Formation exposed a long  t h e  

west  s i d e  of t h e  Kenai Pen insu la .  The most comprehensive s t u d y  of  

T e r t i a r y  r o c k s  nor thwes t  and n o r t h  of t h e  Cook I n l e t  was done by Barnes 

(1966) who r e f e r r e d  t o  t h e  r o c k s  i n  t h e  Capps G l a c i e r  a r e a  as t h e  lower 



Figure I. Location of Deep Creek Unit well and Copps 

Glacier and Chuitna River area  



conglomerate  member o f  t h e  Kenai  Formation. He a s s igned  t h e  s t r a t a  

exposed n e a r  t h e  t o e  of  Capps G l a c i e r  and a l o n g  t h e  Chuitna River  t o  

t h e  coa l -bea r ing  midd le  member of t h e  formation.  Wolfe, Hopkins, and 

Leopold (1966) proposed t h r e e  p r o v i n c i a l  t i m e - s t r a t i g r a p h i c  u n i t s  based  

on l e a f  f o s s f l s  f o r  t h e  T e r t i a r y  r o c k s  i n  t h e  Cook I n l e t  b a s i n ;  t h e s e  

are, i n  upward o r d e r ,  t h e  Se ldovian ,  Homerian, and Clamgulchian S tages .  

T e r t i a r y  r o c k s  n e a r  t h e  t o e  of  Capps G l a c i e r  were des igna ted  p a r t  of 

t h e  t y p e  s e c t i o n  of  t h e  Se ldov ian  S t a g e  (Wolfe and o t h e r s ,  1966, p l .  1). 

Calderwood and F a c k l e r  (1972) proposed t h a t  t h e  Kenai Formation b e  

r a i s e d  t o  Kenai  Group, and they  named f i v e  new fo rma t ions  w i t h i n  t h e  

group. These fo rma t ions ,  i n  upward o r d e r ,  a r e  t h e  West Foreland 

Formation,  Hemlock Conglomerate,  Tyonek Formation, Beluga Formation 

and S t e r l i n g  Formation. Magoon, Adkison, and Egber t  (1976) proposed 

t 6 a t  t h e  Renai  Group b e  r e s t r i c t e d  t o  t h e  Hemlock Conglomerate, Tyonek 

Formation, Beluga Formation,  and t h e  s c a t t e r e d  u n i d e n t i f i e d  exposures  

o f  T e r t i a r y  r o c k s  on t h e  wes t  s i d e  of  t h e  Cook I n l e t  b a s i n  were a s s igned  

t o  t h e  West Fo re l and  Formation by Calderwood and F a c k l e r  (1972, p. 742, 

744, 745) .  They r e g a r d  exposures  a l o n g  Capps G l a c i e r  as p o s s i b l y  equi- 

v a l e n t  t o  t h e  Hemlock Conglomerate,  and t h o s e  a long  t h e  upper  Chuitna 

R ive r  as e q u i v a l e n t  t o  t h e  Tyonek Formation. K i r s c h n e r  and Lyon (1973, 

p. 402, 403, f i g .  11)  c o n s i d e r  t h e  r o c k s  exposed i n  t h e  area o f  t h i s  

r e p o r t  t o  b e  e q u i v a l e n t  t o  t h e  West Foreland Formation i n  t h e  Capps 

G l a c i e r  a r e a  and t h e  Hemlock Conglomerate and Tyonek Formation,  undi f -  

f e r e n t i a t e d  a l o n g  t h e  Chuitna R ive r .  

The r o c k s  sampled i n  t h i s  s t u d y  were a s s i g n e d  by Adkison, Ke l l ey ,  



and Newman (1975) t o  t h e  West Fore land  and Tyonek Formations; t h e  Hemlock 
I 
I Conglomarate w a s  i n t e r p r e t e d  t o  b e  a b s e n t  by  e r o s i o n  o r  nondepos i t ion .  
I 
I 

T h e i r  ass ignment  o f  t h e s e  rocks  w a s  based  on  comparison o f  t h e  palyno- 

morphic s u c c e s s i o n s  i n  t h e  Capps G l a c i e r  and Chuitna R ive r  a r e a s  and 

t h e  Deep Creek U n i t  w e l l  where a r e f e r e n c e  s e c t i o n  was e s t a b l i s h e d  
i 
i 
1 (Adkison and Newman, 1973).  On t h e  b a s i s  o f  new l e a f - f o s s i l  d a t a ,  t h e  

c o n t a c t  between t h e  West Foreland and Tyonek Formations a t  Capps G l a c i e r  

was r e v i s e d  upward s o  t h a t  t h e  West Fore land  i n c l u d e s  a l l  of t h e  con- 

g lomera te  and s a n d s t o n e  sequences (Magoon and o t h e r s ,  1976, p. 12) .  

The work f o r  t h i s  r e p o r t  was done under  c o o p e r a t i v e  agreement 

between t h e  U.S. Geo log ica l  Survey and t h e  D i v i s i o n  of  Geophysical  

and Geo log ica l  Surveys ,  Department of  N a t u r a l  Resources,  S t a t e  of  Alaska. 

! The w r i t e r  a p p r e c i a t e s  t h e  a s s i s t a n c e  o f  D. C, Hartman, former S t a t e  

i 
G e o l o g i s t ,  and T. R. Ffarsha l l ,  Jr., Chief  Pe t ro leum Geo log i s t ,  D i v i s i o n  I - 
of  O i l  and Gas. 

Procedure  

Samples o f  s a n d s t o n e  and s i l t s t o n e  were  t a k e n  from s e l e c t e d  out- 

c r o p  samples  r e p r e s e n t i n g  each  major  r o c k  t y p e  exposed i n  t h e  Capps 

I G l a c i e r  and Chui tna  R ive r  a r e a s .  They were mechanica l ly  d i saggrega ted  

and,  i f  n e c e s s a r y ,  t r e a t e d  w i t h  c o l d  5-normal h y d r o c h l o r i c  a c i d .  The 

d i s a g g r e g a t e d  samples  were  washed w i t h  w a t e r  t o  r e m v e  as much c lay-  

s i z e  m a t e r i a l  as p o s s i b l e .  They were t h e n  d r i e d  and sieved. The p o r t i o n  

of  each  sample g r e a t e r  t h a n  0.124 mm b u t  less t h a n  0.61 mm was saved 

and washed w i t h  w a t e r  a g a i n  t o  remove any  remain ing  c l a y - s i z e  m a t e r i a l ,  

These samples  w e r e  t h e n  d r i e d  and p l aced  i n  s e p a r a t o r y  f l a s k s  equipped 



w i t h  s topcocks .  Bromoform w i t h  a s p e c i f i c  g r a v i t y  of  2.85 was used 

f o r  t h e  i n i t i a l  s e p a r a t i o n .  The r e s u l t i n g  heavy-minera l  f r a c t i o n s  were 

f u r t h e r  t r e a t e d  w i t h  a  mix tu re  of  bromoform and methylene i o d i d e  having  

a s p e c i f i c  g r a v i t y  of  3.00 .  Magnet i te  and tramp i r o n  was removed by 

hand magnet. The heavy-mineral s e p a r a t e s  were t h e n  s p l i t  i f  t h e  volume 

permi t ted .  S p l i t s  were  s u b j e c t e d  t o  x-ray d i f f r a c t i o n  a n a l y s i s .  A 

p o r t i o n  o f  each  heavy-mine ra l  s e p a r a t e  was cement& t o  a  g l a s s  s l i d e  

w i t h  Lakes ide  70 and examined q u a n t i t a t i v e l y  u s i n g  a  pe t rog raph ic  micro- 

s cope  equipped w i t h  a  mechanical  s t a g e .  Between 100 and 200 nonopaque 

monomineralic g r a i n s  were  i d e n t i f i e d  on each s l i d e .  These d a t a  were 

reduced t o  p e r c e n t  abundance of each  mine ra l  s p e c i e s .  The r e s u l t s  were 

t a b u l a t e d  s t r a t i g r a p h i c a l l y  ( t a b l e  1 ) .  

R e s u l t s  

The heavy-mineral r e s i d u e s  from t h e  T e r t i a r y  r o c k s  a long  Capps 

G l a c i e r  and t h e  Chui tna  R ive r  i n c l u d e  n i n e  p r i n c i p a l  c o n s t i t u e n t  m i n e r a l s  

and twelve  m i n e r a l s  p r e s e n t  i n  minor amounts. P r i n c i p a l  c o n s t i t u e n t  

mine ra l s  a r e  t h o s e  m i n e r a l s  t h a t  occu r  i n  most samples o r  occur  i n  l a r g e  

q u a n t i t i e s  i n  a few samples .  These m i n e r a l s  a r e  a e g i r i n e - a u g i t e ,  a p a t i t e ,  

e p i d o t e ,  g a r n e t ,  brown hornblende ,  g reen  hornblende ,  sphene, tourmal ine ,  

and z i r con .  Mine ra l s  c a t a g o r i z e d  a s  p r e s e n t  i n  minor anounts  occur  i n  

amounts l e s s  t h a n  10 p e r c e n t  and a r e  o f t e n  q u e s t i o n a b l y  i d e n t i f i e d .  

Some m i n e r a l s  a r e  probably  more u s e f u l  t han  o t h e r s  f o r  s t r a t i g r a p h i c  

s u b d i v i s i o n  of  t h e s e  rocks .  Use fu l  m i n e r a l s  a r e  r e s t r i c t e d  i n  e i t h e r  

t h e i r  p re sence  o r  abundance t o  p a r t i c u l a r  s t r a t i g r a p h i c  i n t e r v a l s .  The 

n o s t  u s e f u l  o f  t h e s e  m i n e r a l s  a r e  t h o s e  which occu r  i n  amounts g r e a t  



enough t o  a s s u r e  t h e i r  a c c u r a t e  d e t e c t i o n  and t o  permi t  comparison of  

r e l a t i v e  abundances between i n d i v i d u a l  samples.  These mine ra l s  a r e  

a e g i r i n e - a u g i t e ,  g a r n e t ,  brown hornblende,  sphene,  tourmal ine ,  and 

z i r con .  A p a t i t e  and e p i d o t e  a r e  p r e s e n t  i n  s i g n i f i c a n t  amounts, b u t  

t h e i r  near*biqui tous d i s t r i b u t i o n  makes them of  l i t t l e  v a l u e  i n  e i t h e r  

s t r a t i g r a p h i c  d i f f e r e n t i a t i o n  o r  c o r r e l a t i o n .  Mine ra l s  p r e s e n t  i n  minor  

amounts do n o t  appea r  t o  b e  v a l u a b l e  i n  s t r a t i g r a p h i c  d i f f e r e n t i a t i o n ,  

except  f o r  c l i n o z o i s i t e .  

Three  p o o r l y  d e f i n e d  s u b d i v i s i o n s  a r e  recognized  w i t h i n  t h e  

T e r t i a r y  s e c t i o n  a t  Capps G l a c i e r  and a l o n g  t h e  Chuitna River .  The 

s t r a t i g r a p h i c a l l y  lowes t  u n i t  i n c l u d e s  sample numbers 13-3, 13-12, 13-16, 

13-18, and 13-24 ( t a b l e  1 ) .  The middle u n i t  i n c l u d e s  sample numbers 

14-8, 14-38, and 14-67/68. Sample numbers 15-3, 15-30, 15A-5, 15-34, ' 

15-40, 15-49, 16-4, 16-9, 16-19, 17-1, 17-8, and 17-15 r e p r e s e n t  t h e  

upper  u n i t .  

The s t r a t i g r a p h i c a l l y  l owes t  u n i t  i s  c h a r a c t e r i z e d  by  a n  abundance 

of g reen  hornblende ,  l a c k  o f  sphene  and a e g i r i n e - a u g i t e ,  nea r - t r ace  

amounts of  g a r n e t ,  and small amounts of  brown hornblende.  The p re sence  

of s i g n i f i c a n t  amounts o f  g r e e n  hornblende  i n  e v e r y  sample i n  t h i s  u n i t  

d i s t i n g u i s h e d  i t  from t h e  upper  u n i t  which conta ins .  s i g n i f i c a n t  amounts 

of  g r e e n  hornblende  i n  o n l y  two samples.  The l a c k  o f  sphene, l i t t l e  

g a r n e t ,  and l i t t l e  t ou rma l ine  f u r t h e r  d i s t i n g u i s h  the  lower u n i t  from 

t h e  upper  u n i t .  

Aeg i r ine -aug i t e  marks t h e  heavy-mineral s u i t e  o f  t h e  middle u n i t  

i n  c o n t r a s t  t o  t h o s e  o f  t h e  upper  and lower  u n i t s .  Near - t race  amounts 





o f  g a r n e t  and sphene  q e r v e  t o  c o n t r a s t  t h e ' m i d d l e  u n i t  from t h e  upper  

u n i t .  The mean abundance of  z i r c o n  i n  t h e  middle  u n i t  i s  about  one 

t h i r d  t h a t  i n  t h e  upper  u n i t  and s l i g h t l y  less than  t h a t  i n  t h e  lower 

u n i t .  

The upper  u n i t  i n c l u d e s  a l l  o f  t h e  m i n e r a l  s p e c i e s  found i n  t h e  

two lower u n i t s ,  e x c e p t  a e g i r i n e - a u g i t e .  The upper  u n i t  is  d i s t i n g u i s h -  

a b l e  from t h e  middle  u n i t  by i t s  conspicuous l a c k  o f  aeg i r ine -aug i t e .  

The g r e a t e r  amounts of  g a r n e t ,  sphene,  and z i r c o n  i n  t h e  upper u n i t  

d i s t i n g u i s h  i t  from t h e  lower  and middle  u n i t s .  Tourmaline i s  more 

commonly p r e s e n t  i n  samples  from t h e  upper  u n i t  t han  t h o s e  from t h e  

lower and middle  u n i t s .  The upper  u n i t  i n c l u d e s  q u a n t i t i e s  of  g reen  

I and brown hornb lende  i n  some samples  comparable t o  t h o s e  found i n  t h e  

lower u n i t s ,  b u t  t h e  mean f requency  o f  occu r rence  o f  t h e s e  m i n e r a l s  
i 

i n  t h e  upper  u n i t  i s  much less t h a n  i n  t h e  u n d e r l y i n g  u n i t s .  
i 
! 
i C o r r e l a t i o n  o f  R e s u l t s  

Heavy-mineral r e s i d u e s  from t h e  T e r t i a r y  s e c t i o n  exposed a l o n g  
I 

I Capps G l a c i e r  and t h e  Chui tna  R ive r  p r o v i d e  a b a s i s  f o r  c rude  c o r r e l a -  
I 

I 
j 
! 

t i o n  between t h e s e  r o c k s  and  major  s t r a t i g r a p h i c  u n i t s  i n  t h e  Deep 

Creek Un i t  w e l l  on t h e  Kenai Pen insu la ,  The lower and middle s t r a t i -  

g r a p h i c  u n i t s  r ecogn ized  i n  t h e  s e c t i o n s  a long  Capps G l a c i e r  a r e  cor -  

r e l a t e d  w i t h  t h e  West Fore land  Formation. The occu r rence  of green 

hornblende  d i f f e r e n t i a t e s  t h e  West Foreland Formation from t h e  o v e r l y i n g  

fo rma t ions  i n  t h e  Deep Creek Un i t  w e l l  (Ke l l ey ,  1973).  On t h i s  b a s i s ,  

t h e  heavy-mineral r e s i d u e s  from t h e  lower  and middle  s t r a t i g r a p h i c  

1 units in t h e  T e r t i a r y  r o c k s  a l o n g  Capps G l a c i e r  a r e  b e s t  c o r r e l a t e d  



with  t h o s e  from t h e  West Foreland Formation i n  t h e  Deep Creek Unit w e l l .  
\ 

B i o t i t e ,  c h l o r i t e ,  ep ido te ,  ga rne t ,  tourmaline,  and z i rcon  occur i n  . 

t h e  heavy-mineral  r e s i d u e s  from t h e  West Foreland Formation i n  t h e  Deep 

Creek Uni t  w e l l  and i n  t h o s e  from t h e  lower and middle s t r a t i g r a p h i c  

u n i t s  of t h e  Capps Glac ie r  s e c t i o n .  The occurrence of l a r g e  q u a n t i t i e s  

of  aeg i r ine -aug i t e  i n  t h e  middle s t r a t i g r a p h i c  u n i t  is  probably due 

t o  l o c a l  volcanogenet ic  sedimenta t ion a s  evidenced by t h e  abundance 

of p y r o c l a s t i c  d e b r i s  i n  t h e s e  rocks  (Adkison and o t h e r s ,  1975). The 

upper s t r a t i g r a p h i c  u n i t  exposed near  t h e  t o e  of Capps Glacier  and along 

t h e  Chuitna River  c o r r e l a t e s  wi th  t h e  Tyonek Formation and over ly ing 

r o c k s i n  t h e  Deep Creek Uni t  we l l .  A heavy-mineral s u i t e  charac te r i zed  

by a p a t i t e ,  b i o t i t e ,  c h l o ~ i t e ,  ep ido te ,  ga rne t ,  muscovite, sphene, tour- 

maline,  and z i r c o n  occurs  i n  t h e  rocks above t h e  Hemlock Conglomerate i n  

t h e  Deep Creek Uni t  wel l ,  and more c l o s e l y  approximates t h e  heavy-mineral 

assemblage from t h e  upper s t r a t i g r a p h i c  u n i t  than t h e  assemblages from 

t h e  lower o r  middle s t r a t i g r a p h i c  u n i t s .  

Comparison of  heavy-mineral s u i t e s  examined i n  t h i s  s tudy  and those 

repor ted  from t h e  Deep ~ i e e k  Uni t  w e l l  does not  provide a b a s i s  f o r  

r e c o g n i t i o n  of t h e  Hemlock Conglomerate among t h e  T e r t i a r y  rocks exposed 

a long  Capps Glac ie r  and t h e  Chuitna River.  The heavy-mineral s u i t e  

from t h e  Hemlock Conglomerate i n  t h e  Dsep Creek Uni t  w e l l  is  character ized 

by 35 t o  6 4  percen t  g a r n e b w i t h  no o t h e r  minera l  s p e c i e  accounting f o r  

more than 20 pe rcen t  of t h e  sample. No sample examined i n  t h i s  s tudy 

con ta ins  more than 20 percent  g a r n e t ,  and t h e  mean value  f o r  garnet  

i n  t h e  samples s t r a t i g r a p h i c a l l y  above those  c o r r e l a t e d  wi th  t h e  West 

Foreland Formation i s  9 percent .  
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