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INTRODUCTION 

Twenty-f ive sur face samples f rom lower Cook I n l e t  and f o r t y - t h r e e  from 

Kodiak shel f ,  Alaska, were analyzed fo r  c l a y  mineralogy (F ig .  1 ) .  Also, 

mineralogy was determined on th ree 1 i t h i  f i e d  bedrock samples (1  l O D ,  11 10, and 

116D) from the  Kodiak shel f .  Most samples o f  unconsol idated sediment from 

these areas conta in  very low percentages of c l a y  minerals.  This i s  because 

modern ocean cur rents  v igorous ly  rework s u r f i c i a l  sediment through much of 

lower Cook I n l e t  and the  Kodiak s h e l f .  Currents winnow ou t  c l a y  minerals and 

o the r  f ine-gra ined mate r ia l  and t ranspor t  them t o  the  bays along Cook I n l e t ,  

She l i ko f  S t r a i t ,  the  sea va l l eys  on the  Kodiak s h e l f  and onto the  cont inenta l  

slope (Bouma and Hampton, 1976) . 
Methods of sample prepara t ion  and c l a y  mineral i d e n t i f i c a t i o n  are pro-  

vided by Hein, Schol l ,  and Gutmacher (1976). A b r i e f  o u t l i n e  o f  the  procedure 

i s  as fo l lows:  Carbonate and organic mat ter  are removed by Morgan's s o l u t i o n  

(sodium acetate p lus  g l a c i a l  a c e t i c  a c i d  d i l u t e d  w i t h  d i s t i l  l e d  water) and 

30% hydrogen peroxide respec t i ve l y .  The less  than 2 pm f r a c t i o n  i s  i s o -  

l a t e d  by cen t r i f uga t ion .  This c l a y  s i z e  f r a c t i o n  i s  Mg-saturated, g l y -  

colated, and heat t rea ted  ( 5 5 0 ' ~  f o r  one hour).  An x-ray d i f f rac tog ram 

i s  taken a f t e r  each treatment. I f  the  presence o f  v e r m i c u l i t e  i s  i n d i c a t e d  

on these dif fractograms, Ba-saturated samples are  x-rayed t o  conf i rm t h i s .  

Peak areas r a t h e r  than peak he ights  are  measured and the  c l a y  mineral  per-  

centages are  then ca lcu la ted  from them. Biscayes ' (1965) weight ing f a c t o r s  

are  used i n  t h i s  c a l c u l a t i o n ;  k a o l i n i t e ,  c h l o r i t e ,  i l l i t e ,  and smect i te  a re  

summed t o  equal 100 percent.  I n  general, percentages a re  reproduc ib le  t o  

w i t h i n  th ree percent o f  the  value given, and values r a r e l y  change by as much 

as f i v e  percent.  Percentages o f  c h l o r i t e  and k a o l i n i t e  are obtained by a 



slow scan o f  the  24 t o  26 0 2 0  reg ion (Biscaye, 1964). Kao l i n i  t e  i s  a minor 

component o f  Cook I n l e t  and Kodiak s h e l f  sediment (Table 1 ) .  The percentage 

values o f  kaol i n i t e  and c h l o r i t e  a re  considered together  (Table 1 and 2) 

because an accurate determinat ion o f  k a o l i n i t e  i s  d i f f i c u l t  when i t  occurs 

i n  small q u a n t i t i e s .  The percent expandable l aye rs  i n  the mixed l a y e r  

s m e c t i t e / i l l i t e  phase i s  determined from the char ts  o f  Perry and Hower (-1970) 

and Reynolds and Hower (1970). I l l i t e  c r y s t a l l i n i t y  (Y) i s  measured as the  
D 

r a t i o  of the  10A peak w id th  a t  mid-height t o  the  peak height .  

DISTRIBUTION OF CLAY MINERALS I N  LOWER COOK INLET 

Sample l oca t ions  and the d i s t r i b u t i o n  o f  d i f f e r e n t  c l a y  minerals a re  

shown i n  Figures 2 - 5. The c l a y  mineral  percentages a re  a l so  l i s t e d  i n  

Table 1. C h l o r i t e  and i l l i t e  a r e  the  dominant c l a y  minerals i n  Cook I n l e t .  

They average 52% ( i n c l u d i n g  k a o l i n i  t e )  and 45% respec t i ve l y  (Table 2).  

Smecti te averages 3%. There i s  a major d i f f e r e n c e  i n  the c l a y  mineralogy 

from near t h e  Barren Is lands across the  i n l e t  t o  Kamishak Bay and f a r t h e r  t o  

t h e  nor th .  I n  general, i l l i t e  increases i n  abundance i n  northwestern and 

nor thern  lower Cook I n l e t ,  whereas, c h l o r i t e  + k a o l i n i  t e  dominates the  c l a y  

mineral  s u i t e  near the  Barren Is lands (F igs .  3 and 4).  C h l o r i t e  + k a o l i n i t e  

i s  a l so  abundant i n  Kakhemak Bay. Smecti te percentages a re  lowest  i n  c e n t r a l  

lower Cook I n l e t  and increase both t o  the  northwest and t o  the  southeast; 

i t  i s  most abundant i n  Kachemak Bay. I l l i t e  has a h igher c r y s t a l l i n i t y  

( lower numbers) i n  samples from Kachemak Bay and northwestern and nor thern 

lower Cook I n l e t  than i t  does i n  samples near the  Barren Is lands (Fig.  5). 



DISTRIBUTION OF CLAY MINERALS ON KODIAK SHELF 

Clay mineral  percentages from Kodiak shel f sediment samples show some 

l a r g e  v a r i a t i o n s  over r e l a t i v e l y  sho r t  distances. However, i n  general , 

th ree  trends a re  apparent. F i r s t ,  most samples t o  the  south and east of 

the  eastern end of Afognak I s land  have a c l a y  mineral assemblage representa- 

t i v e  o f  t h e  average f o r  t h e  Kodiak s h e l f  taken as a whole; t h a t  i s  about 60% 

c h l o r i t e + k a o l i n i t e ,  33% i l l i t e ,  and 6% smect i te  (Table 1 and 2) .  Smectite 

i s  most var iab le ,  whereas c h l o r i t e t k a o l  i n i t e  i s  exceedingly un i fo rm through 

t h i s  area. Second, i n  general, c l a y  mineral percentages on southern, mid- 

d le,  and nor thern  Albatross Banks are  s i m i l a r ,  but ,  these values a re  d i s -  

t i n c t i v e  from those from the  in te rven ing  troughs. Samples from these t o -  

pographic lows conta in  r e l a t i v e l y  more i l l i t e  and l e s s  c h l o r i t e t k a o l i n i t e .  

Third, d a r t  cores were taken on bedrock r i dges  (sample numbers i n  Table 1 

fol lowed by the  l e t t e r  0; Fig .  6; Bouma and Hampton, 1976). The c l a y  miner- 

a l  percentages from the  semi -consol i da ted  bedrock ma te r ia l  c o l l e c t e d  i n  these 

d a r t  cores a r e  d i f f e ren t  from those o f  o the r  s h e l f  samples. The i l .1  i t e  

c r y s t a l l i n i t y  i s  e s p e c i a l l y  d i s t i n c t i v e  and averages 0.15 (excluding sample 

1250 which d i d  n o t  con ta in  bedrock) as compared t o  0.38 f o r  t h e  shel f  i n  

general (Table 2) .  Th is  value o f  0.15 i s  e s s e n t i a l l y  t he  same as t h e  average 

value fo r  lower Cook I n l e t ,  0.16. Local v a r i a t i o n  i n  the  c l a y  mineralogy on 

a bank o r  w i t h i n  a s i n g l e  trough can be a t t r i b u t e d  t o  small -scale topography 

and some mixing. For example, sample 115 has a d i s t i n c t i v e  c l a y  mineral 

assemblage; i t  was taken from a broad ou te r  shel f basin superimposed on mid- 

d l e  A1 batross Bank. 



COMPARISON OF LOWER COOK INLET AND K O D I A K  SHELF CLAY MINERALOGY 

Overa l l ,  lower Cook i n l e t  has an i l l i t e - d o m i n a t e d  c l a y  mineral  s u i t e  i n  

con t ras t  t o  the  c h o r i t e - r i c h  s u i t e  on the  Kodiak s h e l f  (Table 2 ) .  I l l i t e  

c r y s t a l l i n i t y  i s  much h igher ( lower values) i n  lower Cook I n l e t  as compared 

t o  t h e  Kodiak shel f .  Samples from southeastern Cook I n l e t  have a c l a y  mineral 

s u i t e  more l i k e  Kodiak shel f  than l i k e  the  r e s t  o f  lower Cook I n l e t  (Table 2) ; 

f o r  example, c h l o r i t e t k a o l i n i t e  i s  the  same as on the Kodiak she l f  and i l l i t e  

and i 11 i t e  c r y s t a l  1 i n i  t y  show values intermediate between t h e  average shel f  

and i n l e t  samples. Thus, samples from northwestern lower Cook I n l e t  a re  very 

r i c h  i n  i l l i t e ,  which c o n s t i t u t e s  about h a l f  o f  the  c l a y  mineral  s u i t e .  

C h l o r i t e t k a o l i n i t e  (55%) and i l l i t e  (38%) values on the ou te r  Kodiak she l f  

bedrock r idges,  however, a re  in termediate between those average values fo r  

the  s h e l f  and f o r  lower Cook I n l e t .  

REGIONAL DISTRIBUTION OF CLAY MINERALS 

Average values fo r  t he  c lay  mineral  composi t i o n  o f  suspended sediment 

from the Copper River,  bottom samples from the  Copper R iver  de l ta ,  and 

bottom samples from the cont inenta l  s h e l f  i n  the  nor thern  Gulf of Alaska a re  

l i s t e d  i n  Table 2. Copper River  samples are  comparable t o  those from the she l f  

seaward of t h a t  r i v e r ,  b u t  c h l o r i  te+kaol i n i  t e  i s  d i l u t e d  and i 1 li t e  enr iched 

i n  the  o f f sho re  bottom samples (Molnia and F u l l e r ,  1977 ; J.R. Hein, unpublished 

data, 1977; Table 2,) I n  general, the  samples o f f sho re  o f  t he  Copper River,  

have the  same c l a y  mineral  percentages as samples from Southeastern lower Cook 

I n l e t ,  and values t h a t  a re  c l o s e l y  comparable t o  Kodiak s h e l f  samples (Table 2 ). 



Bottom samples from upper Cook I n l e t ,  i nc lud ing  Knik A r m  and Turnagain 

Arm a re  i l l i t e  r i c h .  Most commonly, i l l i t e  i s  g reater  than 50 percent o f  the  

c l a y  mineral s u i t e  (N.R. O'Brien, SUNY a t  Potsdam, personal comnunication, 

1977). Th is  ill i t e - r i c h  s u i t e  i s  der ived from the  Susi tna R iver  and i s  w ide ly  

d i s t r i b u t e d  i n  upper Cook I n l e t .  

PRELIMINARY INTERPRETATION: SOURCES AND DISPERSAL PATTERNS OF CLAY MINERALS 

The Copper R iver  i s  t he  pr imary supp l i e r  o f  Holocene sediment t o  the  

nor thern  Gu l f  o f  Alaska. We i n f e r  from t h e  reg iona l  d i s t r i b u t i o n  of c l a y  

minerals t h a t  cur rents  f l ow ing  para1 l e l  t o  the  Alaskan coast c a r r y  Copper 

R iver  sediment west and southwestward. Th is  sediment i s  t h e  main source of 

c l a y  minerals found on the  cont inenta l  she1 f and perhaps the  upper slope from 

the  Copper R iver  west t o  a t  l e a s t  t he  south-western 1 i m i t  o f  Kodiak Is land.  

This Cooper R iver  c l a y  mineral s u i t e  i s  a l s o  c a r r i e d  i n t o  Cook I n l e t ,  maintains 

i t s  i d e n t i t y  around t h e  Barren Is lands,  and can be t raced n o r t h  t o  as f a r  as 

Homer and i n t o  Kachemak Bay. Near Homer, t he  c h l o r i t e - r i c h  Copper R iver  s u i t e  

mixes ex tens ive ly  w i t h  the  i l l i t e - r i c h  Susitna River  o r  upper Cook I n l e t  

su i te .  Apparently, cu r ren ts  f l ow ing  o u t  o f  Cook I n l e t  hug t h e  northwestern 

shore (Bouma and others, 1977) and depos i t  t he  Susitna R iver  s u i t e  on t h a t  

s ide  of lower Cook I n l e t  south o f  t h e  l a t i t u d e  o f  Homer. Th is  i l l i t e  s u i t e  

i s  ev ident  as fa r  south as Kamishak Bay, where our sampl i n g  stops. The fa te  

of t h i s  c h a r a c t e r i s t i c  s u i t e  i s  unknown. Shel ikof S t r a i t ,  and Cook I n l e t ,  

from Homer n o r t h  t o  t h e  Susi tna River ,  must be sampled t o  f u r t h e r  de l  ineate  

the  cu r ren t  pa t te rns  and t o  conf i rm our speculat ions about t h e  a v a i l a b l e  data. 

Apparent ly t h e  Susitna R iver  s u i t e  does n o t  en ter  the  P a c i f i c  through Stevenson 

Trough because t h i s  area conta ins the  c h a r a c t e r i s t i c  Copper R iver  c l a y  mineral 



su i te .  

The o r i g i n  o f  c lay  minerals on Kodiak she l f  i s  speculat ive. I n  gen- 

era l ,  the Copper River c lays appear t o  c o l l  ec t  on the banks. But, on 

outer  shelf bedrock ridges, a mixture o f  l o c a l l y  derived bedrock c lays 

(Quaternary (? )  mudstone) and transported Copper River c l  ays i s 1 i ke ly  . 
Further, l oca l  depressions on the banks and bedrock exposures across the 

shelf complicate the i n te rp re ta t i on  o f  any sing1 e sample. Apparently, 

some smal l - s ca le  depressions are f i l l e d  w i t h  c lays eroded from l oca l  bed- 

rock outcrops. There may be a minor con t r ibu t ion  o f  c lays t o  the shel f 

from erosion on Kodiak Is land.  Sediment-f i l  l e d  f i o r d s  on the southern 

coast could eas i l y  be churned dur ing storms r e s u l t i n g  i n  the movement o f  

f ine-grained sediment seaward onto the shel f. Kodiak I s land  f i o r d s  should 

be sampled t o  v e r i f y  t h i s  conclusion. Seismic records show tha t  the troughs 

c u t t i n g  across the Kodiak she l f  are p a r t l y  f i l l e d  w i t h  sediment (Bouma and 

Hampton, 1976). Clay mineralogy suggest t ha t  the f i n e  f r a c t i o n  o f  t h i s  

trough f i l l  i s  p r ima r i l y  derived from the Copper River su i te .  The c lays 

are probably swept i n t o  the troughs from the adjacent banks and are mixed 

p a r t l y  w i t h  Kodiak Is land derived c l ay  minerals o r  c l ay  minerals eroded from 

s he1 f bedrock outcrops. 
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1 Table 1.  Clay Minerals In Bot tom Sediments From Southern  Cook J n l e t  And 
Kod iak  Shelf, Alaska .  

Sample No. K + C  Kaol. Chl o r .  I 1  l i  t e  S r i i ec t i t e  O the rs  X*  Y '* 

2 top 
2 bot. 
4 
5 
7 
8 
9 
9V 1 
12 
14V1 
15 
16 top 
16 bot. 
17 
19 
22s 
2 3 
24S1 
25 
26 
2 9 
34 
36 
3751 
43 
48 
150 

COOK I N L E T  

41 '4 38% 
4 4 3 9 
3 1 56 
2 3 5 3 
3 1 55 
4 0 4 5 
3 6 5 4 
3 1 6 1 
3 6 5 5 
4 0 49 
3 7 4 9 
3 5 5 5 
3 C 55 
49 4 1 
45 3 9 
4 9 4 0 
42 3 9 
5 1 38 
5 3 38 
6 4 3 5 
4 3 4 1 
4 2 4 4 
4 1 45 
46 4 5 
39 3 2 
3 1 59 
4 9 39 

K O D I A K  SHELF 

70 
7 5 
95 
90 
80 
8'2 
9 5 
70 
9 5 
7 5 
85 
9 0 - 
100 
7 5 
7 5 
80 
7 0 
7 5 

? 
Sepiolite - 

70 
Sepiolite ? 

70 
90 
95 
8 5 

80 
7 0 
70 
7 5 

Sepiolite 80 
Vermi cul i te 75 

8 5 
Sepioli te 85 

7 5 
7 0 
80 
7 5 
80 
7 0 
80 
7 0 

Sepioli t e  ? 
80 
7 5 
9 5 
85 
70 



Table 1 cont. 

---.---- - ------- ---- 

Sample No. K + C Kaol. Chlgr .  Illite S m e c t i t e  Others X *  Y' 

5 80 0.2G 
4 80 0 . 3 5  
6 85 0.33 
s 75 0 .23  

2 4 70 0 .09  
7 75 0.14 
5 75 0.19 
4 70 0.15 
7 Sepic l i t e  75 0.17 
1 ? 0.39 
9 70 1.70 
6 70 Q.12 
0 - 0.17 
9 65 0.13 

3 0 55 1.37 
8 75 0.36 
7 85 0.29 
5 g0 0.48 
4 80 0.21 
6 75 0.15 
5 75 0.30 
5 80 0.24 
5 80 0.23 
4 70 0.18 

* Percent expandable layers i n  the s rnec t i te / i l l i t e  mixed layer phase. 
+ I1 1 i t e  crysta l  1 i n i  ty. 



Table 2. Average And Range Of Clay Minera l  Percentages From Lower Cook I n l e t ,  Kodiak Shelf ,  Southeastern Cook I n l e t * ,  

Copper R ive r  And Del ta,  And The Shelf O f f  The Copper River f* .  

- 

Cook I n l e t  
- --- - 

Kodiak She l f  SE Cook I n l e t  Copper R ive r  & De l ta  Shelf Of f  Copper R. 

Average Range Average Range Average Range Average Range Average Range 

Kao 1. 10 0-1 8 13 0- 39 10 0-18 12 6-1 7 9 7-10 

Chlor.  4 1 29-64 4 8 30- 65 49 42-64 5 6 53-64 53 37 -60  

I l l i t e  46 32-61 3 3 19-43 3 9 35-41 3 1 27-39 3 8 30-56 

Smecti t e  3 0-1 3 6 0- 30 2 G- 3 .1 0- 1 < 1 0- 1 

* Inc ludes samples 17, 19, 22, 23, 24, 25, 26, 29, and 150. 

**Number o f  samples analyzed from each area i s ,  25, 43, 9, 5, and 19 respec t i ve l y .  Data fo r  Copper R ive r  and d e l t a  and 
f o r  the  s h e l f  o f f  the  Copper R ive ra reunpub l i shed  data o f  James R. Hein,and B.F. Molnia and P.T. F u l l e r  1977). 

+ X = percent  expandable l a y e r s  i n  the  s m e c t i t e / i l l i t e  mixed l a y e r  phase; Y = ill i t e  c r y s t a l 1  i n i  ty. 



FIGURE CAPTIONS 

Figure 1. Location of areas o f  study: Cook I n l e t  and the Kodiak she1 f. 

Figure 2. D i s t r i bu t i on  of samples analyzed f o r  c lay  mineralogy and sample 

numbers from lower Cook I n l e t .  

F igure 3. D i s t r i b u t i o n  o f  c h l o r i  te+kaol i n i  t e  i n  lower Cook I n l e t .  Numbers 

are the percentage of ch lo r i t e+kao l i n i  t e  i n  the c lay  mineral su i te .  

The percentage values are contoured a t  a f i v e  percent i n t e r va l  . 
Figure 4. D i s t r i bu t i on  o f  ill i t e  i n  lower Cook I n l e t .  Numbers are the 

percentage o f  i 1 1 i t e  i n  the c l ay  mineral su i te .  The percentage 

values are contoured a t  a f i v e  percent i n t e r va l  . 
Figure 5 .  Var ia t ion o f  the c r y s t a l l i n i t y  o f  ill i t e  i n  lower Cook I n l e t  

sediment samples. Contour i n t e r va l  i s  0.05. 

Figure 6. Generalized physiography and d i s t r i b u t i o n  o f  samples analyzed for  

c l ay  mineralogy on Kodiak shelf .  Sample numbers are  1 i s t e d  next 

t o  the s ta t i on  locat ions.  Contour i n t e r va l s  i n  meters. 



A L A S K A  

Figure I.- Generalized location map of the study area 
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