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Preliminary study o f  the heavy minerals from cores of Tertiary rocks 

i n  the  Deep Creek Unit cvell, Kcnai Peninsula, Alaska 

Introduction 

This report describes a preliminary i nvesti gation o f  the f e a s i b i l i t y  

of using heavy minerals t o  a i d  in  the  ident i f icat ion of niajor s t ra t igraphic  

u n i t s  of Tertiary age in the Cook In le t  basin, southern Alaska. The work 

i s  based on a study of selected cores from the Standard Oil Company o f  

California No. 1 Deep Creek Unit we1 1 ,  about 25 miles north of Hon~er ( f i g .  

1) i n  sec. 15, T. 2 S . ,  R. 13 W . ,  Seward base and meridian. The study was 

d l  rected primarily toward eas i  ly  recoyni zed variations in heavy-mineral 

contcnt. To t h i s  end, ident i f ica t ion  and tabulation of the more abundant 

nonopaque heavy minerals was emphasized, a1 t h o u g h  each sample was checked 

C! for s igni f icant .  minor constituents . 
The resul ts  o f  t h i s  study are restr ic ted by the  lirni t s  of the sarnpl ing. 

Samples are not evenly dis t r ibuted and do n o t  adequately represent a11 o f  

the possible variations i n  the section; this  i s  particularly t rue  o f  t h e  u p p e r  

par t .  The results o f  th i s  study are  res t r ic ted  t o  one well. Ki rvchner and 

Lyon (1973) presented the general aspects of  the  heavy mineralogy of the 

Tertiary rocks underlying the Cook In l e t  b a s i n  and 'the Matanuska valley 
. . 

region. 

The s t ra t igraphic  nonencl a ture  f o r  the Tertiary rocks is a d a p t e d  

from Calderwood and Fackler (1972) .  These rocks are assigned t o  the Kenai 

Group and are divided, in upward order, i n t o  the West Foreland Fori!iation, 

Hemlock Conglomerate, Tyonek Formation, Be1 uga Formation, and Ster l  i rig 

L/ 



FIGURE I .  LOCATION OF S T A I J D A R D  OIL CO. OF C A L I F O R N I A  NO. I 
DEEP CREEK UNIT, I;ENAI PENINSULA, A L A S K A  



Formation (pl  . 1 ) .  Age assignment is t h a t  used by Adkison and Newman (1973) 

who establ ished a reference sec t ion  f o r  Ter t i a ry  rocks i n  the  Deep Creek 

we1 1 .  

Work f o r  t h i s  repor t  was done under a cooperative agreement between 

the U.S. Geological Survey and the Division of Geological and Geophysical 

Surveys, Department o f  Natural Resources, S ta te  o f  Alaska. The w r i t e r  

appreciates the ass i s tance  of D. C. Hartman, S t a t e  Geologist, and T. R. 

Marshall, J r . ,  Chief Petroleum Geologist,  Division of Oil and Gas. Con- 

ventional cores from the Deep Creek well were given t o  t he  S t a t e  by 

Standard Oi 1 Company of Cal i fornia ,  and T. R. Marshal 1 , Jr. made them 

ava i lab le  f o r  study.  

Procedure 

Sandstone and s i l t s t o n e  samples were taken from selected cores re- 

presenting each formation i n  the  well. The samples were disaggregated 

mechanically, and i f  necessary, they were t rea ted  w i t h  cold 51 HC1. The 

disaggregated samples were washed w i t h  water t o  remove as much clay-s ize  

material as possible,  dr ied,  and sieved.  The s i z e  f r ac t i on  grea te r  than 

0.124 mm b u t  less than 0.61 mm was col lected for  heavy-mineral separat ion.  

These f rac t ions  were placed i n  separatory f l asks  e q u i p p e d  w i t h  s t o p  cocks. 

Browform w i t h  a s p e c i f i c  gravi ty  o f  2.86 was used f o r  the i n i t i a l  separation 

T t ~ e  resu l t ing  heavy f rac t ions  were fu r the r  t rea ted  w i t h  broir~oform o f  s p c c i f i c  

gravity 2.86 i n  a centifuge.  The heavy residues of this operation werc 

t r e a t e d  w i t h  a mixture of  niethyl ene iodide a n d  brumoform having a spcc.i f i c  

gravity o f  2.99. Tramp i ron  and m a y e t i  t e  were renoved by hand magnet. 
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The heavy-mi neral fractions obtained through the foregoing process 

were sp l i t  i f  the volunie o f  sanlplc permitted. One s p l i t  was sub  jectcd t o  

qua l i ta t ive  analysis by means of X-ray diffract ion.  Samples o f  a l l  heavy- 

mineral residues were cemented to glass s l ides  with Lakeside 70. The 

s l ides  were exami ned quanti t a t i  vely using a petrographic microscope equi ppz:1 

with a mechanical stage. Between 100 and 150 nonopaque rnon~rnineral i c  yrai ns 

were counted on  each s l ide .  These counts were reduced t o  percent abundance 

for each mineral and tabulated s t rat igraphical ly  ( tab le  1 ) .  

Res ul ts 

Heavy-mineral residues from the f ive  formations o f  the Kenai Group 

are s imilar  in some respects. Nine minerals and mineral groups make u p  

t h e  principal cons t i  tuents of the monomi neral i c grai ns . They are apnt i  t e ,  

b i o t i t e ,  chlor i te ,  epidote, garnet, green hornblende, muscovite, sphene, 

tourmali ne, and zi rcon (tab1 e 1 ) .  O f  these minerals , only green hornblende 

appears res t r ic ted  t o  one part  of the group. Eight other minerals, mostly 

questionably identi  f i  ed, occur i n  m i  nor quantit ies . Rock fragments make 

u p  a s igni f icant  portion o f  each sample. The abundance of individual 

minerals in the heavy-mineral residues varies from one p a r t  o f  the Kenai 

Group  t o  another  ( p l .  1 ) .  This var iabi l i  ty generally appears t o  increase 

toward the t o p  o f  the group. 

For s t r a t i  graphic subdi vision o f  the Kenai Group, some minerals probzt.1-y 

are more useful than others. The most useful minerals probably are green 

hornblende, garnet, and ep ido te .  Chlorite i s  probably the 1 eas t  useful 

mineral because samples with a s u r f e i t  o f  chlor i te  (samples 8-3, 19-3, 2 n d  
f' 
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TABLE I. ANALYSES OF HEAVY MINERAL SAMPLES .r 
SAMPLE NO 

Oligocene<;=/ and h l~ocene  
-- -- - 

Miocene and Pliocene 
- 

I 
+. --+A --- 

S t e r l ~ n g  1 Beluga T y o n e k  Hemlock /rV ~ n i r l u r A  

Pr inc ipal  Co 

Apat i te  I-"-- 
Forrr~ot ion 

Sphene 

1-2 

s t i t u c n t  Minerals - percent  

Z i r c o n  

Mitrcrals Pre t- 

2-3  

Formo t~on  

I1 

7 

- 
--- 
60 

- 
- 

-- 
- 
- 
13 

-- 

,ent  i n  Minor Amounts -percent  I 

3-1 

Format ion 

7 

t r .=  troce 
J Includes al l  minerals of Chlor i to Group; 

some samples include apprec~ab le  amounts  
of penninite 

2~ Includes al l  minerals of  the Epidote Group; 

mostly epidote, h o w e v e r  some san~p le s  include 

appreciable amounts of rois i tu and clinoxoisite 

A lncludos o l rnand~te  and o ther  vor iet ios 

4-1 8-3 
-L- 

9-1 

25 

24 

- 

27 

9 

- 
I 

7 

1 

t r . 6 1 0 8  

17-2  

29 

8 

4 

6 

G 

- 
20  

-- 
! 7 8  

- 

19-3 

31. 

12 

- 

13 

23 
- 
- 
- 
1 

43-2 45-5 49-, 
- 

--- 
- 

23 

65 

4 

- 
- 
8 
- 

- 
9 1 - 4 - 2 1 0 2 5  

8 

3 

- 
27 

12 

- 
1 

- 4 5  

2 

23 

5 

10 

5 

37 

- 
4 

5 

- 
18 

51 

8 

15 

- 
2 , l  

1 2  

2 

--- 

5 

1 
- 

2 

65 

8 

- 

6 

7 



26-1) incl  ude very few other  n~onomincralic gra ins .  In chlor i  t e - r i ch  samples, 

the r a t i o s  between abundances o f  nonopaquc ininerals d i f f e r  great ly  comparcd 

t o  t he  r a t i o s  between abundanccs of the same minerals i n  o ther  samples froin 

the same formation, but poor i n  ch lo r i t e .  

Four s t r a t i  graphic i n t e rva l s  appear t o  be recognizable from the1  r 

heavy-mineral content .  These in te rva l s  correspond to the  West Foreland 

Formation, Idemlock Conglotnerate, basal pa r t  of  the Tyonek Formation, and  

t h e  overlyirlg rocks o f  the Kenai Group. W i t h ,  the exception of  the  West 

Foreland Formation, these i n t e rva l s  can be recognized by compari ng the 

abundance o f  the principal  const i tuent  minerals common t o  a l l  the i n t e r -  

vals w i t h  one another. 

The Nest  Foreland Formation i s  the  only formation t h a t  ~ ~ C I U ~ E S  an 

unique heavy mineral, green hornblende. This mineral was not seen i n  

samples from overlying rocks, and t h u s  i t apparently dis t inguishes  t he  

West Foreland from other  parts  o f  the Kenai Group. A sample from the  

middle of the  formation contains abundant epidote,  but  this  mineral i s  

abundant in  several  samples from the  overlying formations. 

The three  samples from the  overlying Hemlock Conglonierate a r e  r ich  

i n  garnet .  This mineral accounts fo r  more than 50 percent o f  a l l  mono- 

nlineralic grains i n  two of t he  samples, and i t s  abundance server; t o  d i f fe r - -  

e n t i a t e  t he  Hemlock from the other  formations of t h e  Kenai Group. 

Epidote is the  predominate heavy mineral i n  the  three  sarnples from t h n  

basal pa r t  o f  t h e  Tyonek Formation. Over 50 percent o f  t he  monornineral i c 

grains i n  these samples are  epi do t e .  None o f  t he  o ther  heavy minerals 

individually account for more than 15 percent o f  the remaining p a r t  o f  



the samples. Thus  the abur~dance o f  epidote general ly serves to  d i f fe rent i  a1.e 

the basal par t  of the Tyonek Formation. As noted above, epidote i s  a b ~ l n d a r ~ t  

near the middle of t he  Nest Foreland Formation, b u t  th i s  formation i s  

ident i f ied by green hornblende. Epi dote a l s o  domi nates the heavy-mineral 

suite from the upper part of the Ster l ing Formation. Thesc rocks l i e  a b o u t  

11,000 f e e t  above the basal par t  of the Tyonek Formation, and several 

samples from the intervening s t r a t a  contain small t o  moderate amounts of 

epi dote. 

Samples from rocks above t!!e epidote-rich basal p a r t  of the Tyonek 

Formation are  notably variable i n  heavy-mineral content. The lack of an 

obvious predominance of one mineral or  group o f  minerals is the only 

feature tha t  s e t s  apart  the sarnples from th i s  p a r t  o f  the Kenai Graup. 

$,lthougt~ bhe a b u n d a n w  o f  cpl'du'l..;. .i ti t l -~c  sarr;p'fc from t he  upper. part o f  
(7 

the Ster l ing  Formation i s  nluch greater t h a n  i n  the samples from the lower 

pa r t  o f  the S ter l ing  Formation and the underlying Be1 uga Formation, the 

var iab i l i ty  within these samples suggests th i s  i s  not a meaningful 

difference, 

This study has yielded some positive resu l t s .  I t  denlonstrates t he  

existence of easi ly  recognized di ffcrences in  heavy-mineral suites t h a t  

probably wi 1 1 aid i n correl a t i  on and i nterpretat i  on of econorrii cal ly im- 

p o r t a n t  subsurface uni t s .  Recoyni t i  on o f  s t r a t i  graphi cal ly in~portant 

var ia t ions  in  heavy mineralogy requi res exanii nation of a reasonably com- 

plete se t  of samples from the Kenai Group because most of the def in i t ive  

variations occur as concentrations of  minerals probably common t o  the 

entire group. The difference i n  concentration of somt. heavy niir,erals 



i 
suggests t he  use o f  rotary samples t o  be p o t e n t i a l l y  feasible ,  a1 thotngll con- 

t a m i n a t i  on t h r o u g h  caving and  reci r c u l  a t i o n  would parti a1 ly  o b s c u r e  the rr:- 

sults. This study p r o v i d e s  reasonable evidence for fu r the r  i n v e s t i g a t i o n  o-f 

the use of heavy m ine ra l s  i n  the s t r a t i g r a p h i c  study o f  the Kenai Group. 
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