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l NTRODUCT l ON 

Th i s  r epo r t  i nc ludes  two s t u d i e s  on the  c l a y  m inera logy  and p e t r o l o g y  
o f  sediments from t h e  Cook l n l e t  r eg i on .  The f i r s t  dea l s  w i t h  modern 
sediments, the second w i t h  T e r t i a r y  sedimentary rocks.  They a r e  inc luded  
t oge the r  because an unders tand ing  o f  modern sediment d i s t r i b u t i o n  may be 
u s e f u l  i n  i n t e r p r e t i n g  t h e  o r i g i n  o f  T e r t i a r y  rocks i n  t h e  a rea .  

Both s t ud ies  were conducted a t  t h e  Tu lsa Research Labo ra to r y  o f  
S i n c l a i  r O i  1 Corpora t ion  (now A t l a n t  i c - R i c h f  i e l d  company) and issued as 
company repo r t s  i n  1966. A t l a n t i c - R i c h f i e l d  Company has k i n d l y  g ran ted  
permiss ion  t o  p l ace  these  i n  open-f  i l e  s t a t u s  ( w r i t t e n  commun., R.L. Tabber t ,  
1974) - 

The pr imary purpose o f  r e i s s u i n g  these r e p o r t s  i s  t o  make t h e  da ta  and 
conc lus ions  a v a i l a b l e  t o  t h e  p u b l i c .  Only minor m o d i f i c a t i o n s  o f  t h e  o r i g i n a l  
r e p o r t s  have been made and no a t tempt  was undertaken t o  update them by t a k i n g  
i n t o  account more recen t  i n f o r m a t i o n .  I n  essence, these a r e  p r e v i o u s l y  un- 
pub l i shed  data and ideas t h a t  may be u s e f u l  i n  i n t e r p r e t i n g  t h e  geology o f  t he  
Cook l n l e t  reg ion.  

PART I - CLAY MINERALOGY OR RECENT SEDIMENTS, 
NORTHERN COOK INLET, ALASKA 

INTRODUCTI ON TO PART I 

The purpose o f  t h i s  s tudy  i s  t o  determine t he  c l a y  m ine ra l  composi t ion 
o f  f i ne -g ra i ned  sediments c u r r e n t l y  be ing c a r r i e d  i n t o  Cook l n l e t  by major 
r i v e r s .  I f  d i f f e r e n c e s  e x i s t  among t h e  r i v e r s ,  c l a y  m ine ra l  compos i t i on  
may be used t o  c h a r a c t e r i z e  d i f f e r e n t  source t e r ranes  i n  t h e  p resen t  geo- 
l o g i c a l  s e t t i n g .  Such i n f o r m a t i o n  should  be use fu l  i n  i n t e r p r e t i n g  sediment 
d i s t r i b u t i o n  systems w i t h i n  Cook l n l e t  today, and a l s o  i n  i n t e r p r e t i n g  t he  
source areas f o r  mudrocks w i t h i n  t h e  Cook l n l e t  T e r t i a r y  bas in .  

I n  ve ry  gene ra l i zed  terms, n o r t h e r n  Cook l n l e t  may be cons idered  a  
l a r g e  graben - - an e l onga te ,  con t i nuous l y  nega t i ve  area bordered by d i s -  
t i n c t ,  r e l a t i v e l y  s t r a i g h t  f a u l t s .  I t  was f i l l e d  w i t h  up t o  23,000 f e e t  
o f  T e r t i a r y  sediments. The f a c t  t h a t  these sediments a r e  a lmost  e n t i r e l y  
nonmarine sands, s i l t s ,  and sha les  i m p l i e s  t h a t  d e p o s i t i o n  s tayed  a  l i t t l e  
ahead o f  subsidence; i . e . ,  t h e  bas in  su r face  p robab ly  never passed below 
sea l e v e l .  The p resen t  c o n f i g u r a t i o n  o f  Cook I n l e t  - - w i t h  i t s  marine- 
b r a c k i s h  waters ,  h i g h  t i d e s ,  and s w i f t  c u r r e n t s  - - was shaped l a r g e l y  by 
P le i s t ocene  a c t i v i t y ,  p a r t i c u l a r l y  g l a c i e r s .  

The Cook l n l e t  graben o r  bas in  had a  long and complex h i s t o r y  and i t  
seems very  l i k e l y  t h a t  sediment provenance changed w i t h  t i m e  and p l ace  w i t h -  
i n  t h e  bas in .  Since t h e  sur round ing  p o s i t i v e  areas c o n s i s t  o f  d i f f e r e n t  
k i n d s  o f  rocks,  one would expect  v a r i a t i o n s  i n  sediment m inera logy .  Know- 
ledge o f  any three-d imensional  v a r i a t i o n s  i n  m inera logy  w i t h i n  t h e  T e r t i a r y  
rocks  would be u s e f u l  f o r :  

(1)  C o r r e l a t i o n  (which i s  d i f f i c u l t  w i t h i n  t h i s  t h i c k  accumulat ion 
o f  nonmarine sediments r e p r e s e n t i n g  a narrow range o f  d e p o s i t i o n a l  env i ron-  
ments) .  



( 2 )  Recons t ruc t ion  o f  geo log i c  h i s t o r y  ( p a r t i c u l a r l y  t h e  sequence o f  
t e c t o n i c  even ts  and paleogeography).  

An i n v e s t i g a t i o n  o f  t h e  T e r t i a r y  Kenai Format ion - - based on ou t c rops ,  
c u t t i n g s ,  and a  few cores - - has been i n  p rogress  a t  the  Tu lsa Research 
Center s i n c e  1965. As a  supplement t o  t h i s ,  i t  seemed d e s i r a b l e  t o  s tudy  
t h e  provenance o f  sediments c u r r e n t l y  be ing  t r anspo r t ed  i n t o  n o r t h e r n  Cook 
I n l e t ,  b e a r i n g  i n  mind the  probable  d i f f e r e n c e s  between the  modern Cook I n -  
l e t  and t h e  T e r t i a r y  Cook l n l e t  bas i n .  

For  t h i s  s tudy,  du r i ng  June-Ju ly ,  1966, sediment samples were c o l l e c t e d  
f rom a l l  ma jo r  r i v e r s  and many minor  streams f l o w i n g  i n t o  n o r t h e r n  Cook I n l e t .  
The p resen t  r e p o r t  i s  p r i m a r i l y  r e s t r i c t e d  t o  t h e  c l a y  m inera logy  o f  f i n e  
f r a c t i o n s  ( l e s s  than 2  microns i n  d i ame te r ) .  

Concurrent  w i t h  a  s tudy o f  r eg iona l  provenance, i t  a l s o  seemed d e s i r a b l e  
t o  s t udy  i n  more d e t a i l  t he  sediments depos i t ed  i n  va r i ous  l o c a l  env i ronments  
(backswamps, ponds, levees, sand bars ,  e t c . )  assoc ia ted  w i t h  a  ma jo r  r i v e r .  
There were two main o b j e c t i v e s  o f  t h i s  work :  

(1)  To seek systemat ic  d i s t r i b u t i o n s  o f  c l a y  m ine ra l s  w i t h i n  t h e  v a r i o u s  
c o n t i n e n t a l  subenvironments which would be a p p l i c a b l e  t o  t h e  a n c i e n t  c o n t i n e n t a l  
sediments depos i t ed  i n  t he  Cook l n l e t  bas i n .  

(2 )  To determine the  l o c a l  v a r i a b i l i t y  i n  c l a y  m ine ra l ogy ,o f  sediments 
depos i t ed  by a  s i n g l e  l a r g e  r i v e r .  

The broad p l a i n  o f  t h e  lower Sus i t na  R i v e r  was se lec ted  f o r  such a  de- 
t a i l e d  s tudy .  

METHODS OF INVESTIGATION 

Samples I n v e s t i g a t e d  

A l l  samples were c o l l e c t e d  i n  p l a s t i c  b o t t l e s  t o  ma in ta i n  them i n  t h e i r  
o r i g i n a l  m o i s t  c o n d i t i o n .  

T h i r t y - e i g h t  samples o f  r i v e r  sediments were c o l l e c t e d  f o r  t h e  r e g i o n a l  
provenance s tudy .  Only one o f  these was o f  t h e  suspended load a c t u a l l y  i n  
t r a n s p o r t .  A l l  o t he rs  cons i s t ed  o f  a r g i l l a c e o u s  m a t e r i a l  c o l l e c t e d  i m -  
m e d i a t e l y  ad jacen t  t o  t h e  r i v e r s ;  u s u a l l y  f rom c l a y  f i l m s  o r  pond d e p o s i t s  
on sand bars .  Al though no t  i n  t r a n s p o r t  a t  t h e  t ime,  such m a t e r i a l  was 
o b v i o u s l y  r e l a t e d  t o  recen t ,  s l i g h t l y  h i g h e r  r i v e r  l e v e l s .  Loca t i ons  and 
d e s c r i p t i o n s  o f  these samples a r e  l i s t e d  i n  t a b l e  1 - 1 .  

T h i r t y - o n e  samples were c o l l e c t e d  i n  t h e  lower Sus i tna R i v e r  a rea  
( t a b l e  1-2).  A few o f  these may be o l d e r  g l a c i a l  o r  t i d a l  d e p o s i t s  n o t  
a c t u a l l y  depos i ted  by t he  Sus i tna  R i v e r  o r  i n  i t s  assoc ia ted  swamps and 
ponds. I t  i s  no t  always easy t o  i d e n t i f y  these  o l d e r  depos i t s  i n  t h e  f i e l d  
( o r  f rom t h e i r  minera logy,  as w i l l  be d iscussed  l a t e r ) .  

I n  a d d i t i o n ,  13 samples ( t a b l e  1-3) were taken from misce l laneous  
l o c a t i o n s  which m igh t  p rov i de  u s e f u l  i n f o r m a t i o n  f o r  i n t e r p r e t i n g  source 



SAMPLE 
NUHBER " 1 

.$I 7 
A 2  3 
D22 
A2 6 
A2 8 
A3 0 

32 
3 5 
3 6 

A3 3 
A 3  9 
A42 
P.44 
046 
042 
C50 
C52 
5 3 
6 1 

::t7 
"69 

C90 
C 32 
c55 
C37 

C l O C  
.C101 
C 104 

. 106 
B 109 
B l I O  
B11i 
BI i 2  
B i  13 
C l  I 4  
G l l 5  
B116 

Tab le  1 -1 .  Samples c o l l e c t e d  fl,r reg iona l  provenance s tudy .  

PEAK-HEIGHT PERCENTAGES 
MONTMORLLLON ITE l LLbTE CHLORITE 

-- LOCAT l ON DESCRIPTIDN ( 17A) ( I  0A) (7;) 
Sus i tna  R. , near  Sus i :na C lay  l a y e r  1 '  1,elow sand ba r  s u r f a c e  2 52 D 

Tokos i t na  R. ,  nedr  Ruth Glac. C l  ~y among coj l . , les on g rave l  ba r  0 6 9 3 1 
Chul i t n a  R., near Ruth Glac. Mud-capped r i p p l e s  on sand ba r  0 5 7 43 
Sus i t na  R., near  Cur ry  Mud-capped r i p p l e s  on sand ba r  5 1 2 0 29 
Kahl i tna R., near  Kahl .  Glac. Sandy mud on gi-avel ba r  0 6 9 3 1 
Yentna R., N. o f  Youngstown Mud-capped r i p i ; l es  on sand bar  0 63 37 
K ichatna R., S. o f  Youngstown Mud 1 '  below si:nd bar  su r face  0 64 36 
Skwentna R., above Hayes R. j c t .  Mud-capped r i p [ : l e s  on sacd b a r  18 4 2 40 
Hayes R., above Skwentna R. j c t .  - l a y  among cot>t) les on g r z v e l  b a r  2 0 2 9 .51  
Skwentns R., near Skwentna Ilud f i l m  f r om clry pond on ba r  1 1  3 7 5 2 
'Ieaina R.,  above Skwentna R. j c t .  Mud f i l m  frorn d r y  pond on ba r  0 63 '3 7 
Yentna R., below Skwentna R. j c t .  A r g i  1 1 .  sand, edge o f  main channel 0 52 4 3 
K a h l i t n a  R., N. o f  McDougall Clay amona cobt l les on g rave l  b a r  6 59 35 
Susi  tna  R., j u s t  S .  o f  Tal  keetna Mud-capped r i p p l e s  on sand bar  0 57 4 3 
Ta lkee tca  R . ,  10 mi .  f r om Ta lk .  Mud f i l m  f rom d r y  pcnd on bar  3 7 17 46 
Sheep C r . ,  about 14 m i .  f rom Sus. R. Sandy c l a y  t repped among p l a n t  r o o t s  59 0 k 1 
Kashwi t na  R., E. o f  Caswell Mud f i l m  on sand bar  8 42 5 3 
i - l i l l o v ~  C r . ,  E .  o f  Wii lo\.r Clay among c o b t l e s  on grave l  ba r  0 3 6 64 
Yentna R. ,  j u s t  abcve Sus. R. j c t .  Mud f i l m  on s2r.d-gravel bar  5 52 4 3 
Sus i tna  R., j u s t  above Yentna R. j c t .  Mud-capped r i p ~ l e s  on sand-gravel  b a r  18 4 1 4 1 
Sus i t na  R . ,  N. end B i g  I s .  Mud-capped r i p p l e s  on sand ba r  18 4 3 33 
S u s i t n a  k., N. end B e l l  I s .  Suspended m a t e r i a l ,  f l o c c e d  w i t h  CaCI2 12 5 1 3 7 
I n d i z n  C i - . ,  near Girdwood Sandy c l a y  a t  edge o f  c h a n ~ i e l  0 35 6 4 
C l a c i e r  C r . ,  near Alyeska ' J i l l .  Clay among cobb les ,  stream edge 0 4 4 5 6 
Resur rec t  i o n  C r .  , near Hope Clay among cobb les ,  st ream edge 0 3 9 6 1 
S i x - M i l e  C r . ,  above S u n r i s z  Clay among bou l : ie rs ,  st ream edge 0 35 6 5 
lnyram C r . ,  near Po r tage  Muddy sand a lonq  stream edge 0 3 6 64 
Eag le  R., a l o r ~ g  Glenn Huy. Clay among cobb les  on g rave l  b a r  0 4 2 5 3 
K n i k  R., Glenn tlwy. b r i d g e  Clay anion9 cobb les  on g rave l  b a r  0 4 I 59 
Matanuska R., near Pa lne r  C lay  among cobb les  on g rave l  ba r  9 3 2 59 
D r i f t  R., West fo re land area Mud-capped r i p? l  es on g rave l  ba r  5 9 16 2 5 
Chicchantna R.,  Cap9s Glac. - - - - - - -  J - -  4 5 13 : 6 
Straight C r . ,  near  Capps Glac. - - - - - - - d : - - - - - - - -  I )  8 1 6 13 
Nac iscan ing R., W. o f  Mt. Spu r r  1 18 40 4 2 
Chacachatna R., S.  o f  M t .  Spur r  - - - - - - -  d , , - -  - - - - - -  15 6 1 23 
S k i l a k  R . ,  above S k i l a k  Lake Mud f i l m  on sand ba r  0 48 52 
Beluga R.,  akove aeluga L. - - - - - - -  d,> - - - - -  - - -  4 i 15 4 5 
Beluga k. , above Cel uga L. - - - - - - -  d ( , - - - - -  - - -  3? 29 3 4 

* Inc luded  i n  t a b l e  1-2 a l so .  



U Table 1-2. Samples collected for dciailed study of lower Susitna area 

PEAK-HEIGHT 
MONTHOR I LLON I TT 

PERCENTASES -- 
I LLJTE CELOR I TE 
(1 0A) (7A) 
52 46 

SAMPLE 
DFSCRIPTION ( 1  7;) 

Clay layer 1' below sand bar surface 2 
LOCAT l ON 

Island j!rst S. of Susitna , . 
Surface mud from swamp 
1-1/2' from 4' bank of small stream 
Bottom sediment, small pond 
1-1/2-2' below top of Sus. R. levee 
Surface mud from sr..larnp E. of levee 
Blue sdy. clay, 3 '  down in marsh 
6" blue clay below org. layer in marsh 
Blue-gray clay from 6' 
Clay-org. mixture, 4' down in old channel 
1' clay layer, middle of 10' levee 
Clay-org. mixt~re, 2'-3' from top of 10' 
l evee 
Mud from 8" in old channel 

E. side, opposite S. end Bell Is. 
E. side, opposite N. end Bell Is. 
E. side, opposite N. end Bell Is. 
E. side, just S. of Bell Is. 
E. side, Just S. of Bell Is. 
200' U. of Sus. levee, opposite Big Is 
Middle of northern Big is. 
Western Sus. plain N.E. of Theodore R. 
Near VABH Tyro, central Big Is. 
E. side, opposite central Big. Is. 
E. side, opposite central Big Is. 

1 mi. E. of Sus. R . ,  2 mi. S. of Sus. 
Central Big. Is., along a main channel 
N. end of Bell Is. 
About 1 mi. E. of Maid L. 
Figure 8 Lake, north edge 
Figure 8 Lake, north edge 
W. edge Sus. plain, 3-1/2 mi. SE. of 
A1 exander 
S. af Lewis Slough, near Ivan R. 
W. edge Sus. plain, 4-1/2 mi. SE of 
A1 exander 
W. edge Sus. plain, 4-1/2 mi. SE of 
A1 exander 
Saall Lake, 4-1/2 mi. SE of Alexander 
Small Lake, 4-1/2 mi. SE of Alexander 
Cent2r of Sus. plain, 4 mi. SE. of 
Alexander 
Center of Sus. plain, 4 mi. SE. of 
P. l exander 
4 mi. S. of Alex., 1/4 m i .  W. of 
Scs. R. 
4 mi. S. of Alexander., 1/4 mi. W. of 

Mud-capped rip3les on sand bar 
Suspended material, flocced with CaC12 
Org. material, 4' down in'marsh 
Org. material, 3' down at water edge 
Org. material, in 1' water 

Ciay from 6 ' ,  base of hill 
Gray mud f rom it-1/2" 

Org. material just below surface - - 
Blue sdy. clay from 6' 
Surface org. material from marsh 
Brown org. material, at lake edge 

Surface, organic material from marsh - - 

Blue sdy. clay from 6' 9 

Clay-org. mixt~.re, 1' in oid channel 10 

Surficial clay-oyg. material, marsh 4 

Clay from 6", old levee? 6 

Gray sdy. silt, 1-1/2' in old levee? 14 

Sus. R. 
4 mi. S. of ~lexa'nder, 1/4 mi. W. of 
Sus. R. 
4 mi. S. of Alexander, i/4 mi. W. of 
Sus. R. 
4-1/4 mi. S. of Alexander, W .  shore 
Sus. R. Bluish clay-org. mixture at shovel ine 9 

"These samples are also included in table 1-1 since they also a ~ p l y  to the regional provenance study. 



Table 1-3. Miscellane~us samples. 

SAMPLE 
NUbtBiR 

7 
LOCAT l ON 

Hills on W. edge of plain, near 
Lewis R. 
Little Sus. R., inner edge of Sus. 
Flats 
Sand flats of Susitna delta, 6 mi. 
off shore 
Tidal flat, 3 mi. W. of L. Sus., 
1/4 mi. offshore 
Hills on W. edge of plain, No. of 
Beluga R. 
Hills on W. edge of plain, No. of 
Ezluga R. 
Along Sus. R., 4-1/2 mi. N.E. of 
Sus i tna 
W. bank Sus. R., 3-1/2 mi. S.W. of 
Sus i tna 
E. share of Mud Lake 
Eeluga R., at edge of Sus. plain 
Tidal flat 3 mi. E. of Little SUS. R. 
Tidal flat, Turnagsin Arm, near 
Portage 
Along 6-mile Cr., near  Sunrise 
Eroded edge of tidal flat, E .  of 
L. Sus. R. 

DESCRIPTION 

From 6' + bed, massive blue clay 

Blue tidal mud:; along R. bank 

Sand, very little clay 

Soft, sticky b-own clay 

Firm blue silt.{ clay 

Organic materi,il from swamp 

20' + bed sticky blue clay 

8' + bed of sticky blue clay 
Firm blue clay, 2'-4' above water 
Blue boulder clay (glacial ti1 1) 
Sticky gray silt from 1-1/2' 

Firm gray silt 
Laminated blue silt (glacial?) 

Firm gray silt 

PEAK-HEIGHT PERCENTAGES 
MONTMORLLLON ITE I LLLTE CHLOEITF 

(1 7A) - ( 10A) -- ( 7 A )  

24 4 3 3 3 



areas and minera l  d i s t r i b u t i o n s  o f  t h e  o the r  samples. Most o f  these  were 
f rom Cook I n l e t  t i d a l  f l a t s  o r  f rom o l d e r  depos i t s  ( g l a c i a l ? )  c u t  by the  
Sus i tna  R ive r .  

I d e n t i f i c a t i o n  o f  Clay M inera ls  

Po r t i ons  o f  each sample were d ispersed  w i t h  d i s t i l l e d  wa te r  i n  a  Waring 
Blender  w i t h  < 2 p  f r a c t i o n s  separated by c e n t r i f u g a t i o n .  These were p i p e t t e d  
o n t o  g l ass  s l i d e s  t o  produce o r i e n t e d  c l a y  f i l m s  f o r  X- ray d i f f r a c t i o n  
a n a l y s i s .  

Clay m inera ls  i d e n t i f i e d  i n c l u d e  m o n t m o r i l l o n i t e ,  c h l o r i t e ,  i l l i t e ,  and 
t r a c e  q u a n t i t i e s  o f  k a o l i n i t e .  R e l a t i v e  abundances o f  i l l i t e ,  c h l o r i t e ,  and 
m o n t m o r i l l o n i t e  were es t ima ted  by measuring s imple peak-he igh t  i n t e n s i t i e s  
f o r  t h e  pr imary (001) r e f l e c t  ions o f  these m ine ra l s  and normal i z i n g  t o  a  
common bas is  o f  100%. I n  o t h e r  words, t he  i n t e n s i t i e s  f o r  t h e  p r imary  X-ray 
r e f l e c t i o n s 1  o f  m o n t m o r i l l o n i t e ,  i l l i t e ,  and c h l o r i t e  were added and t he  
r e l a t i v e ( ? )  c o n t r i b u t i o n  o f  each m ine ra l  t o  t h i s  t o t a l  was c a l c u l a t e d .  I t  
should  be noted t h a t  these peak-he ight  percentage da ta  do n o t  necessary re -  
f l e c t ,  and a re  p robab ly  q u i t e  d i f f e r e n t  from, abso lu te  percentages p resen t .  

D iagnos t i c  r e f l e c t i o n s  f o r  c h l o r i t e  and k a o l i n i t e  a r e  so c l o s e  t h a t  a  
l a r g e  amount o f  one e s s e n t i a l l y  obscures the  presence o f  t h e  o t h e r .  I n  the  
p resen t  case, the  problem was t o  d e t e c t  t r a c e  amount o f  k a o l i n i t e .  F i f t e e n  
samples were heated a t  80°c i n  1N HCl f o r  8 hours t o  remove c h l o r i t e  and 
reveal  the  presence, i f  any, o f  k a o l i n i t e .  The m a j o r i t y  o f  these  conta ined 
a  t r a c e  o f  k a o l i n i t e ,  a  l e s s e r  number conta ined no d e t e c t a b l e  k a o l i n i t e ,  and 
two con ta ined  more than a  t r a c e  o f  k a o l i n i t e .  

RESULTS AND DISCUSSION 

Reg i ona 1 Provenance Study 

Clay Minera logy o f  Stream Sediments 

Peak-height percentages o f  m o n t m o r i l l o n i t e ,  c h l o r i t e ,  and i l l i t e  i n  
r i v e r  samples a re  l i s t e d  i n  t a b l e  1 - 1  and shown acco rd i ng  t o  l o c a t i o n  i n  
f i g u r e  1 - 1 .  A l so  shown i n  f i g u r e  1 - 1  a re  c l a y  m ine ra l  compos i t i ons  o f  s i x  
t i d a l  f l a t  sediments: samples 8, 9, 10, 76, 93, and 108. 

Four areas o f  d i s t i n c t i v e  m inera logy  a re  apparent i n  f i g u r e  1 - 1 :  

(1)  Area A, i n  t h e  n o r t h e r n  Sus i tna  bas in ,  c o n t a i n i n g  streams which 
d r a i n  the  southern A laska Range sou th  o f  M t .  McKinley.  

(2)  Area 8,  c o n t a i n i n g  streams d r a i n i n g  t h e  n o r t h e r n  A l e u t i a n  Range 
between Redoubt Volcano and M t .  Gerdine. 

( 3 )  Area C ,  c o n t a i n i n g  streams f l o w i n g  f rom t h e  Chugach and Kenai 
ranges. 

( 4 )  Area D, c o n t a i n i n g  streams from the  Ta lkee tna  Mountains.  

'~l~col-treatedospecimens wereoused. M o n t m o r i l l o n i t e  i n t e n s i t i e s  were 
measured a t  1 7 A ,  i l l  i t e  a t  10A, and c h l o r i t e  ( p l u s  t r a c e s  o f  kao l  i n i t e  i f  
p resen t )  a t  7 # .  

- 6 -  



SAMPLE NUMBERS = numbers underlined 
AREAS W /  DISTINCT CLAY MlN  ERAL SUITES = - - - 
PEAK HEIGHT X OF MONTMORILLONITE.ILLITE B 5 0  CHLORITE; nds not underlned - 

- - 

F i gu re  1 - 1 .  Map showing c l a y  m inera l  d i s t r i b u t i o n  i n  r ecen t  sediment samples. 



Area A stream sediments a r e  dominated by i l l  i t e  (52-69 peak-he ight  
p e r c e n t ) ,  l e sse r  amounts o f  c h l o r i t e  (31-48 peak-height pe rcen t )  and no 
m o n t m o r i l l o n i t e  (except  f o r  a smal l  amount i n  sample 42 ) .  Stream sediments 
i n  area C a re  dominated by c h l o r i t e  (52-65 peak-he ight  p e r c e n t ) ,  l e sse r  
amounts o f  i l l i t e ,  and, aga in ,  no m o n t m o r i l l o n i t e .  Stream sediments i n  
area B con ta i n  v a r i a b l e  b u t  s i g n i f i c a n t  amounts o f  m o n t m o r i l l o n i t e  (16-81 
peak-he ight  percen t )  and g e n e r a l l y  l ess  i l l i t e  than c h l o r i t e .  Area D streams 
a l s o  con ta i n  v a r i a b l e  bu t  s i g n i f i c a n t  amounts o f  montmori 1 l o n i t e  (except  f o r  
sample 52) and l ess  i l l  i t e  than  c h l o r i t e .  

Samples 32, 34, and 36 occur  between areas A and B .  These sediments con- 
t a i n  moderate amounts o f  m o n t m o r i l l o n i t e  and g e n e r a l l y  l e s s  i l l i t e  than 
c h l o r i t e ,  perhaps i n d i c a t i n g  a c l o s e r  r e l a t i o n s h i p  t o  area B than  t o  area A. 

The f i v e  sample (1 ,  59, 62, 6 7 ,  and 69) from the  lower  Sus i t na  R ive r  
should  be, and appa ren t l y  a re ,  m i x t u r e s  o f  sediments f r om  areas A and D .  
Sample 59, f rom the  Skwentna R i ve r ,  Tor  example, i s  dominated by i l l i t e ,  
r e f l e c t i n g  a l a r g e  c o n t r i b u t i o n  f rom area A ,  w h i l e  sample 62 f rom t h e  
Sus i t na  R ive r  appears t o  be a m i x t u r e  o f  m a t e r i a l  f rom areas A and D .  

Sample 106 f rom t h e  Matanuska R i ve r ,  which i s  a l s o  a ma jo r  stream, 
p robab l y  con ta ins  c o n t r i b u t i o n s  f rom bo th  the  Ta lkeetna and Chugach ranges. 

Samples 22 and 44,  b o t h  f rom t h e  upper Sus i tna  R i v e r ,  i l l u s t r a t e  t he  
g r e a t  d i f f e r e n c e s  which may be found i n  sediments from a s i n g l e .  r i v e r .  
Sample 44, from j u s t  sou th  o f  Ta lkee tna ,  d i f f e r s  markedly  f rom sample 22, 
c o l l e c t e d  about 25 m i l e s  upstream ( i n  peak-height pe rcen t )  : 

M o n ~ m o r i l l o n i t e  I l l  i t e  C h l o r i t e  
Sample 22 5 1 2 0 2 9 
Sample 44 0 57 4 3 

I n  t h i s  case i t  i s  suggested t h a t  sample 22 represen ts  m a t e r i a l  depos i ted  
f rom a s l i g h t l y  h igher -wa te r  s tage  due t o  f l o o d i n g  o f  t h e  C h u l i t n a  R i ve r  
and i t s  t r i b u t a r i e s  i n  a rea  A. A t  t h i s  t ime  t he  sediment c o n t r i b u t i o n  from 
t h e  upper Sus i tna  R i ve r  was p robab l y  neg l i gab le .  I f  samples had been taken 
o f  sediments a c t i v e l y  i n  t r a n s p o r t  r a t h e r  than those a l r e a d y  depos i t ed  
ad jacen t  t o  t h e  streams, such c o n t r a s t s  p robab ly  would n o t  be as s t r i k i n g  
(except  d u r i n g  t imes o f  f l o o d  f rom p a r t i c u l a r  a reas) .  

Al though t h i s  method o f  de te rm in i ng  abundances o f  c l a y  m i n e r a l s  i s  crude, 
t h e r e  i s  o f t e n  good agreement f o r  peak-he ight  percentages f rom c l o s e l y  as- 
s o c i a t e d  samples. For t h r e e  samples taken from t h e  Yentna R i v e r  and one o f  
i t s  t r i b u t a r i e s ,  t h e  r e s u l t s  a r e  as f o l l o w s :  

Montmor i l  l o n i t e  l l l i t e  C h l o r i t e  
Sample 28 0 63 3 7 
Sample 30 0 
Sample 38 0 

and f o r  f o u r  c l o s e l y  r e l a t e d  samples i n  area C :  

Sample 95 0 
Sample 96 0 
Sample 97 0 
Sample 100 0 



These r e s u l t s  tend t o  suppor t  t h e  da ta  as measures o f  r e a l  d i f f e r e n c e s  
i n  sediment c l a y  m inera logy .  

R e l a t i o n s h i p  t o  Bedrock Geology 

R e l a t i n g  c l a y  m inera logy  o f  stream sediments t o  bedrock geology o f  
source areas i s  d i f f i c u l t  because (1 )  most o f  t he  areas a r e  complex, and 
(2 )  f o r  these remote r eg ions  n o t  much i n f o rma t i on  i s  a v a i l a b l e .  

Some observa t ions  may be made, however. M o n t m o r i l l o n i t e  i s  most 
abundant i n  area B ,  where t h e r e  i s  a c t i v e  volcanism, and a rea  D ,  wh ich 
c o n t a i n s  abundant anc ien t  v o l c a n i c  rocks.  Th i s  i s  a  reasonable  r e l a t i o n s h i p  
s i n c e  m o n t m o r i l l o n i t e  i s  commonly thought  t o  o r i g i n a t e ,  t o  a  l a r g e  e x t e n t ,  
f rom t h e  a l t e r a t i o n  o f  v o l c a n i c  ash. 

Area C i s  dominated by c h l o r i t e  i n  stream sediments. T h i s  may be 
l o g i c a l l y  r e l a t e d  t o  an abundance o f  metamorphosed graywacke and sha le  here.  
M o n t m o r i l l o n i t e  i s  absent,  p robab l y  because vo l can i c  rocks  a r e  p robab l y  o f  
m inor  e x t e n t  and t h e r e  i s  no modern vo lcan ism.  

Area A i s  dominated by i l l i t e .  T h i s  i s  a  ve ry  complex area,  bu t  t h e  
i l l i t e  might  be a  weather ing p roduc t  o f  f e l dspa rs  and micas i n  t h e  abundant 
i n t r u s i v e  rocks exposed here .  The absence o f  m o n t m o r i l l o n i t e  i s  presumably 
due t o  a  l a c k  o f  v o l c a n i c  ash as pa ren t  m a t e r i a l .  

D e t a i l e d  Study o f  Lower Sus i tna  R ive r  Area 

The 31 samples c o l l e c t e d  i n  t h e  lower Sus i tna  area a r e  l i s t e d  i n  t a b l e  1-2, 
a long  w i t h  l o c a t i o n ,  d e s c r i p t i o n s ,  and c l a y  minera logy.  A v a r i e t y  o f  m a t e r i a l s  
a r e  represented,  i n c l u d i n g  su r f ace  sediments f rom swamps, levee  d e p o s i t s ,  
bot tom sediments f rom smal l  l akes ,  mud-capped r i p p l e s ,  and one sample o f  c l a y s  
a c t u a l l y  i n  t r a n s p o r t .  

I n  general  terms, these  samples c o n t a i n  smal l  t o  moderate amounts o f  
m o n t m o r i l l o n i t e  (0-18 peak-he igh t  pe rcen t )  and n e a r l y  equal  amounts o f  i l l i t e  
and c h l o r i t e .  V a r i a b i l i t y  w i t h i n  t h e  group i s  appa ren t l y  n o t  s imp l y  r e l a t e d  
t o  where t h e  samples were c o l l e c t e d  ( levee ,  swamp, e t c . ) ,  g r a i n  s i z e  ( a r g i l -  
laceous sands, s i l t s ,  o r  f i n e  c l a y s ) ,  o r  a s s o c i a t i o n  w i t h  o r g a n i c  m a t e r i a l .  
The degree o f  v a r i a t i o n ,  however, i s  l e ss  than t h a t  shown by t r i b u t a r i e s  up- 
stream. I t  seems l i k e l y ,  t h e r e f o r e ,  t h a t  these v a r i a t i o n s  a r e  r e l a t e d  t o  
d i f f e r i n g  c o n t r i b u t i o n s  o f  t r i b u t a r i e s  (and t h e i r  source areas)  d u r i n g  f l o o d s  
and/or s h i f t s  o f  t h e  major  s t ream channel .  

Seven samples (71, 72, 73, 78, 80, 81, 82) were f rom swamps o r  ponds 
w e l l  removed from t h e  Sus i t na  R i v e r  o r  i t s  minor t r i b u t a r i e s .  None o f  these 
con ta i ned  de tec tab le  c l a y  m i n e r a l s .  Apparent ly  such areas r e c e i v e  l i t t l e  o r  
no i no rgan i c  d e t r i t a l  sediment ( c l a y ,  s i  1 t ,  and sand) excep t  d u r i n g  major  
f l o o d s  o r  s h i f t s  o f  t h e  channel .  The ex ten t  o f  areas accumula t ing  p r i m a r i l y  
o r g a n i c  sediment i s  no tewor thy ;  t h e  one i n  the  west s i d e  o f  t h e  Sus i tna  R ive r  
i s  about 12 m i l es  long and 4 m i l e s  wide (maximum d imensions) .  

M isce l laneous  Samples 

Table  1 -3  con ta i ns  l o c a t i o n s ,  d e s c r i p t i o n s ,  and peak-he igh t  percentages 
o f  c l a y  m ine ra l s  f o r  13 samples n o t  d i r e c t l y  a  p a r t  o f  t h e  p r e v i o u s  s tud ies .  



S i x  o f  these (7 ,  53, 63, 65,  70 ,  and 75) a re  from o l d e r  m a t e r i a l  
( ~ l e i s t o c e n e ( ? ) ,  p robab ly  g l a c i a l  i n  o r i g i n )  unde r l y i ng  modern Sus i t na  
R i ve r  sediments o r  f rom t h e  sur round ing  up lands.  They g e n e r a l l y  c o n t a i n  
moderate amounts o f  montmori 1 l o n i  t e  (1  5 -31  peak-height pe rcen t )  and some- 
what more c h l o r i t e  than i l l i t e .  T h e i r  c l a y  minera l  compos i t i on  i s  v a r i a b l e ,  
and ove r l aps  t he  v a r i a t i o n s  i n  c l a y  m inera logy  o f  modern Sus i t na  R i v e r  
sediments.  Clay m inera logy  i s  t h e r e f o r e  no t  s u f f i c i e n t  t o  d i s t i n g u i s h  - -  

modern and ~ l e i s t o c e n e ( ? )  sediments.  T h i s  i s  no t  unexpected, s i n c e  they  
b o t h  p robab ly  had t h e  same provenance. 

The f i v e  samples o f  t i d a l  f l a t  sediments (8 ,  10, 76, 93, 108) a r e  q u i t e  
s i m i l a r  t o  modern Sus i tna  R i ve r  sediments i n  t h a t  they  c o n t a i n  smal l  amounts 
o f  m o n t m o r i l l o n i t e  and app rox ima te l y  equal  amounts o f  i l l i t e  and c h l o r i t e .  

Sample 54 i s  f rom a  marshy area on t he  upland west o f  t h e  Sus i t na  f l o o d -  
p l a i n .  I t  conta ined no d e t e c t a b l e  c l a y  m ine ra l s .  As was suggested f o r  
s i m i l a r  samples f rom t h e  Sus i t na  f l o o d p l a i n ,  such swamps a r e  p robab l y  t o o  
f a r  f rom t h e  r i v e r s  t o  r e c e i v e  i n o r g a n i c  d e t r i t a l  m a t e r i a l .  

Sample 96 was c o l l e c t e d  on a  mounta ins ide  severa l  hundred f e e t  above 
sea l e v e l  f rom a  road c u t  i n  lamina ted  s i l t  and c l a y .  Most l i k e l y  t h i s  i s  
a  g l a c i a l  l a ke  depos i t  - - seve ra l  P l e i s t ocene  lakes,  some as h i g h  as 700 
f e e t  above sea l e v e l ,  have been desc r i bed  i n  the  l i t e r a t u r e .  The c l a y  
m inera logy  o f  t h i s  sample i s  e s s e n t i a l l y  i d e n t i c a l  w i t h  t h a t  o f  modern 
s t  reams i n  the  area (see p. 8 )  . 

Re la t i onsh ip  t o  T e r t i a r y  Sedimentary Rocks 

F i g u r e  1-2 shows t h e  proposed s t r a t i g r a p h i c  nomenclature f o r  T e r t i a r y  
sed imentary  rocks i n  t he  Cook I n l e t  Bas in .  

The upper p a r t  o f  t h e  T e r t i a r y  Kenai Group con ta i ns  abundant c h l o r i t e  
bu t  ve r y  1 i t t l e  kao l  i n i t e . 2  I n  t h e  Tyonek-Middle Ground Shoals a rea  t h i s  i n -  
c l udes  t h e  Beluga R i ve r  member o f  t h e  Homer Format ion and younger rocks .  The 
genera l  absence o f  k a o l i n i t e  i n  modern sediments appa ren t l y  r ep resen t s  a  con- 
t i n u a t i o n  o f  provenance c o n d i t i o n s  f rom l a t e r  T e r t i a r y  t imes .  

Below t he  Beluga R i v e r  member, k a o l i n i t e  g r a d u a l l y  inc reases  i n  abundance, 
e v e n t u a l l y  becoming more abundant than  c h l o r i t e .  A few samples o f  t h e  Hemlock 
Format ion ( f rom t h e  Swanson R i v e r  f i e l d )  c o n t a i n  o n l y  minor  amounts o f  c h l o r i t e .  

None o f  the  modern r i v e r s  sampled con ta i ns  s i g n i f i c a n t  amounts o f  
kao l  i n  i t e .  Therefore,  t h e  source ( i n  terms o f  provenance) o f  t h e  abundant 
k a o l i n i t e  i n  t h e  lower Kenai Group remains unknown. 

The major geo log i c  problem here  i s  t o  account f o r  t h e  abundant k a o l i n i t e  
i n  t h e  lower Kenai Group and i t s  g radua l  decrease upward u n t i l  i t  i s  e s s e n t i a l l y  
absent  i n  t h e  upper p a r t  o f  t h e  Group as w e l l  as i n  modern sediments.  There 
a r e  a t  l e a s t  f o u r  a1 t e r n a t i v e  e x p l a n a t i o n s :  

(1) The supply o f  kao l  i n i t e  may have been exhausted (eroded comp le te l y ) ,  
covered up (by f a u l t i n g  o r  subs idence) ,  o r  c u t  o f f  (by ma jo r  d ra i nage  changes. 

Z l l l i t e  and m o n t m o r i l l o n i t e  a r e  u s u a l l y  p resen t  and a r e  sometimes abundant. 
These c l a y  m ine ra l s  a r e  no t  d iscussed  here,  however, because t h e  s i g n i f i c a n t  
r e l a t i o n s h i p  appears t o  be a  r e c i p r o c a l  one between c h l o r i t e  and k a o l i n i t e .  
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( 2 )  The kaol  i n i  t e  may have been r e l a t e d  t o  e a r l  i e r  T e r t i a r y  
weather ing c o n d i t i o n s  (warm, humid),  r a t h e r  than  t o  any p a r t i c u l a r  parent  
m a t e r i a l .  The c o l d e r  c l i m a t e  o f  the  l a t e r  T e r t i a r y  may no t  have been 
conducive t o  k a o l i n i t e  f o rma t i on .  

( 3 )  The fo rmat  ion o f  kao l  i n i t e  may have been r e l a t e d  t o  t h e  d u r a t i o n  
( l e n g t h  o f  t ime)  o f  wea ther ing .  Low r e l i e f  i n  t he  source a rea  o r  slow 
d e p o s i t i o n  and low r e l i e f  i n  t he  area o f  accumulat ion may have p rov ided  an 
o p p o r t u n i t y  f o r  l ong-con t inued  weather ing d u r i n g  t h e  e a r l i e r  T e r t i a r y .  

( 4 )  K a o l i n i t e  i n  t h e  o l d e r  rock may be d i a g e n e t i c  i n  o r i g i n ,  r e l a t e d  
t o  h i ghe r  temperatures and pressures assoc ia ted w i t h  deep b u r i a l .  

I f  t he re  have been no major changes i n  source c o n d i t i o n s  d u r i n g  l a t e r  
T e r t i a r y  t imes,  r e s u l t s  o f  t h e  reg iona l  provenance s tudy  should p rov i de  
some bas is  f o r  d e c i p h e r i n g  t h e  sources o f  upper Kenai Group sediments. Beds 
ve ry  r i c h  i n  m o n t m o r i l l o n i t e  a r e  probably  r e l a t e d  t o  v o l c a n i c  ash f a l l s  from 
t h e  nor thwest  s i d e  o f  Cook I n l e t .  Beds l a c k i n g  m o n t m o r i l l o n i t e  bu t  r i c h  i n  
c h l o r i t e  p robab ly  were d e r i v e d  f rom the  Chugach-Kenai ranges i n  t h e  southeast 
s i d e  o f  t he  I n l e t .  I l l i t e - r i c h  sediments presumably were d e r i v e d  from areas 
o f  a c i d  i n t r u s i v e  rocks ,  such as t h a t  i n  t h e  n o r t h e r n  Sus i t na  Bas in .  Th ick  
i n t e r v a l s  c o n t a i n i n g  n e a r l y  equal amounts o f  i l l i t e  and c h l o r i t e  w i t h  
moderate amounts o f  m o n t m o r i l l o n i t e  might be r e l a t e d  t o  ma jo r  r i v e r s  where 
m i x i ng  o f  c l a y  m i n e r a l s  f rom d i f f e r e n t  source areas occu rs .  

CONCLUSIONS 

(1) Several  areas can be d i s t i n g u i s h e d  which c o n t a i n  d i s t i n c t i v e  c l a y  
m inera l  s u i t e s  i n  s t ream sediments. D i f f e rences  i n  c ! ay  m ine ra l  s u i t e s  a re  
p robab ly  r e l a t e d  t o  t h e  p a r t i c u l a r  source rocks wh ich  occur  i n  each area. 

(2 )  The c l a y  m inera logy  o f  sediments assoc ia ted  w i t h  t h e  lower Sus i tna 
R ive r  i s  h i g h l y  v a r i a b l e .  These v a r i a t i o n s  a r e  p robab l y  r e l a t e d  t o  d i f -  
ferences i n  sediment c o n t r i b u t i o n s  f rom t r i b u t a r y  streams (which d i f f e r  i n  
c l a y  minera logy)  d u r i n g  f l o o d s  and/or s h i f t s  o f  t h e  ma jo r  s t ream channel .  
I t  does no t  seem l i k e l y  t h a t  depos i t i ona l  environment ( l evee ,  swamp, sand 
ba r ,  e t c . )  has any s i g n i f i c a n t  e f f e c t  on c l a y  m inera logy .  

( 3 )  Th i s  i n v e s t i g a t i o n  o f  t h e  c l a y  m inera logy  o f  modern sediments w i l l  
be u s e f u l  i n  i n t e r p r e t i n g  t h e  o r i g i n  o f  t h e  Kenai Group. S p e c i f i c a l l y  i t  
p rov i des  a  bas i s  f o r  a n t i c i p a t i n g  c l a y  m i n e r a l o g i c a l  changes i n  t he  Kenai 
Format ion and i n f o r m a t i o n  p e r t a i n i n g  t o  t h e  known l a c k  o f  k a o l i n i t e  i n  t he  
upper p a r t  o f  t h i s  f o rma t i on .  



PART 2 - CLAY MINERALOGY AND PETROLOGY OF TERTIARY MUDROCKS 

INTRODUCTION TO PART 2 

The main purpose o f  t h i s  s tudy was t o  desc r i be  t h e  c l a y  m inera logy  o f  
T e r t i a r y  mudrocks i n  t h e  Cook I n l e t  r eg i on  - - s imp ly  t o  see w h a t ' s  t he re .  
A l though  p r e l i m i n a r y  i n t e r p r e t a t i o n s  a re  de r i ved  f rom t h e  v e r y  l i m i t e d  da ta  - - 
i n  terms o f  provenance, d i a g e n e t i c  m o d i f i c a t i o n s ,  pa leoc l ima tes ,  e t c .  - - these 
should  be cons idered o n l y  as t e n t a t i v e  suggest ions.  Much more da ta  a r e  needed; 
fu r the rmore ,  c l a y  m inera logy  and p e t r o l o g y  a re  o n l y  a  smal l  p a r t  o f  t he  o v e r a l l  
p i c t u r e ,  and must be i n t e r p r e t e d  a long  w i t h  a l l  o t h e r  g e o l o g i c a l  i n f o rma t i on .  

T h i s  s tudy i s  p a r t  o f  a  r e p o r t  o f  the  S i n c l a i r  O i l  and Gas Company; i t  
i s  reproduced w i t h  o n l y  min imal  r e v i s i o n s .  

M ine ra l og i ca l  examina t ion  was r e s t r i c t e d  t o  t he  c l a y  m i n e r a l s  ( o r ,  more 
s p e c i f i c a l l y ,  the  -2 m i c ron  f r a c t i o n s )  o f  p redominan t l y  a r g i l l a c e o u s  rocks.  
Sandstones and t h e  minera logy  o f  m a t e r i a l  l a r g e r  than  2 m ic rons  a r e  n o t  
cons i dered here. 

Several o t h e r  p r o p e r t i e s  o f  a r g i l l a c e o u s  rocks were a l s o  examined as an 
a i d  t o  i n t e r p r e t i n g  c l a y  m ine ra l ogy  and geo log i c  h i s t o r y .  These p r o p e r t i e s  
i n c l u d e  b u l k  d e n s i t y ,  pH, s a n d - s i l t - c l a y  r a t i o s ,  and p h y s i c a l  appearance. 

The present  w r i t i n g  i s  based on 150 samples, d i s t r i b u t e d  as f o l l o w s :  

52 sampl es, Kachemak Bay sec t  i on ( ~ e n a  i Fm. ) 3 
33 samples, Beluga and Chu i tna  s e c t i o n  ( ~ e n a i  ~ m . ) 3  
40 samples, Swanson R i ve r  f i e l d  cores (subsur face  Kenai ~ m . ) 3  
25 samples, Winding Creek s e c t i o n  ( ~ h i c k a l o o n  Fm.) 

Each o f  these f o u r  groups w i l l  be descr ibed  b r i e f l y ,  f o l l o w e d  by a  com- 
p a r i s o n  and summary o f  t h e  most s i g n i f i c a n t  aspects.  

KACHEMAK BAY SECTION 
(NE o f  Homer, a long  west s i de  o f  Kachemak Bay) 

T h i s  sec t i on  c o n s i s t s  o f  2,000 f e e t  o f  Kenai ~ o r m a t i o n ; 3  t h e  lower p a r t  
i s  Homerian, the  upper p a r t  Clamgulchian i n  age. Clays and s i l t y  c l a y s  pre-  
dominate, w i t h  many con t inuous  coa l  beds and l e s s e r  amounts o f  sand. The 
l a t t e r  a re  appa ren t l y  f l u v i a l  i n  o r i g i n ;  they  a r e  d i scon t i nuous  and charac- 
t e r i z e d  by c u t - a n d - f i l l  s t r u c t u r e s .  

F i gu re  2 - 1  shows c l a y  m ine ra l  d i s t r i b u t i o n ,  s a n d - s i l t - c l a y  r a t i o n s ,  and 
b u l k  d e n s i t y  va lues w i t h i n  t h i s  sec t i on .  C h l o r i t e  and i l l i t e  a r e  t h e  most 
abundant c l a y  m ine ra l s .  K a o l i n i t e  was i d e n t i f i e d  (by X-ray d i f f r a c t i o n )  i n  
o n l y  one sample bu t  may be p resen t  i n  nonde tec tab le  amounts i n  o t h e r s .  The 
r e l a t i v e  absence o f  k a o l i n i t e  i s  s t r i k i n g ,  e s p e c i a l l y  compared w i t h  i t s  
d i s t r i b u t i o n  i n  t h e  o t h e r  T e r t i a r y  rocks.  

M o n t m o r i l l o n i t e  d i s t r i b u t i o n  i s  a l s o  s i g n i f i c a n t .  At  two l e v e l s  i n  t he  
s e c t i o n  i t  i s  ve r y  abundant, i n  a  few samples almost t o  t h e  e x c l u s i o n  o f  o t h e r  

jNow t h e  Kenai Group   alderw wood and Fack le r ,  1972, Amer. Assoc. Petroleum 
Geo log is ts  B u l l . ,  v.  56, p. 739-754). 



Figure  2-1. Kachemak Bay s e c t i o n  - Clay minera logy ,  s a n d - s i l t - c l a y  
r a t i o s ,  and b u l k  d e n s i t y .  



c l a y  m i n e r a l s .  Through t h e  r e s t  o f  t h e  s e c t i o n  i t  i s  a  minor component o r  
v i r t u a l l y  absent .  As a  p r e l i m i n a r y  i n t e r p r e t a t i o n ,  t h i s  suggests a  p e r i o d i c  
i n f l u x  o f  m o n t m o r i l l o n i t e  assoc ia ted  w i t h  ash f a l l s .  I t  should be emphasized 
however, t h a t  none o f  these m o n t m o r i l l o n i t e - r i c h  samples appear as b e n t o n i t e  
beds i n  t h e  f i e l d  - - they  a re  normal ,  g ray ,  a r g i l l a c e o u s  rocks.  

S a n d - s i l t - c l a y  r a t i o s  appa ren t l y  have no r e l a t i o n s h i p  t o  r e l a t i v e  
abundance o f  c l a y  m inera ls  - - bea r i ng  i n  mind t h a t  these a r e  a l l  a r g i l l a c e o u s  
rocks .  T h i s  suggests t h a t  t h e r e  has been no d i f f e r e n t i a l  sed imenta t ion  o f  c l a y  
m i n e r a l s  accord ing  t o  g r a i n  s i z e .  

Bu l k  d e n s i t i e s  show a  d e f i n i t e  r e g u l a r  decrease w i t h  depth i n  t h e  s e c t i o n  
f rom about 1.8 t o  2.1. No p a r t i c u l a r  r e l a t i o n s h i p  o f  bu l k  d e n s i t i e s  w i t h  c l a y  
m inera logy  o r  s a n d - s i l t - c l a y  r a t i o s  i s  e v i d e n t .  Comparison o f  these  d e n s i t y  
va lues  w i t h  pub l i shed  dep th -dens i t y  cu rves  suggests t h a t  t h e  Kachemak Bay 
s e c t i o n  was never bu r i ed  by more than  2,000-3,000 f e e t  o f  sediment. T h i s  v a l u e  
i s  c o n s i s t e n t  w i t h  the r eg iona l  g e o l o g i c a l  p i c t u r e :  about 3,000 f e e t  o f  ad- 
d i t i o n a l  Kenai Format ion has been r e p o r t e d  o v e r l y i n g  the s e c t i o n  desc r i bed  here.  

BELUGA AND CHUITNA R I V E R S  SECTIONS 
(NW s i d e  o f  Cook I n l e t )  

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 s  o f  samples f rom t h i s  area a r e  u n c e r t a i n  and 
no t h i c k  con t inuous  sec t i ons  were a v a i l a b l e .  T h i s  l i m i t s  any i n t e r p r e t a t i o n  
o f  m i n e r a l o g i c a l  and o t h e r  v a r i a t i o n s  w i t h i n  t h e  area a l though  o v e r a l l  com- 
p a r i s o n s  can be made w i t h  o t h e r  s e c t i o n s .  

The rocks  a r e  p r i m a r i l y  a r g i l l a c e o u s ,  w i t h  many t h i c k  coa l s ,  one con- 
g lomerate,  and a  few t h i c k  sands. 

K a o l i n i t e ,  c h l o r i t e ,  i l l i t e ,  and m o n t m o r i l l o n i t e  a re  a l l  p resen t  bu t  
t h e  r e l a t i v e  abundance5 va ry  c o n s i d e r a b l y .  I n  genera l ,  m o n t m o r i l l o n i t e  i s  
most v a r i a b l e  i n  abundance and i s  assoc ia ted  w i t h  moderate amounts o f  i l l i t e  
and c h l o r i t e .  K a o l i n i t e  i s  u s u a l l y  p resen t  i n  smal l  t o  moderate amounts and 
i s  a p p a r e n t l y  absent from severa l  samples. 

Three samples ( they  may a l l  be f rom t h e  same s t r a t i g r a p h i c  i n t e r v a l )  
c o n s i s t e d  a lmost  e n t i r e l y  o f  k a o l i n i t e .  Th i s ,  combined w i t h  t h e  apparent  
absence o f  k a o l i n i t e  i n  some samples, suggests t h a t  k a o l i n i t e  i s  secondary 
i n  o r i g i n ;  i . e . ,  t h a t  i t  i s  n o t  an o r d i n a r y  d e t r i t a l  m ine ra l .  Perhaps 
k a o l i n i t e ,  l i k e  m o n t m o r i l l o n i t e ,  i s  r e l a t e d  t o  t h e  p e r i o d i c  i n f l u x  o f  ash 
f a1  1 s. 

Bu l k  d e n s i t i e s  range f rom about 1.75 t o  2.2. Again, t h e r e  i s  no apparent  
r e l a t i o n s h i p  o f  b u l k  d e n s i t i e s  t o  c l a y  m inera logy  o r  s a n d - s i l t - c l a y  r a t i o s .  
The range o f  b u l k  d e n s i t i e s  suggests t h a t  some o f  t h e  samples were never  b u r i e d  
more than 2,000-3,000 f e e t  and o t h e r s  n o t  more than 3,000-4,000 f e e t .  

SWANSON RIVER FIELD CORES 
(upper Kena i Pen i nsu 1 a )  

Sca t t e red  samples were se lec ted  f rom cores  o f  1 3  w e l l s .  Some s t r a t i g r a p h i c  
i d e n t i f i c a t i o n  (upper, Midd le ,  Lower Kenai Format ion) was p rov i ded  w i t h  t h e  
co res ,  bu t  t h i s  subsurface t e rm ino logy  does n o t  correspond e x a c t l y  t o  t h a t  f o r  
su r f ace  exposures o f  t he  Kenai Format ion.  Sample depth ranges f r om about  4,000 
t o  12,000 f e e t .  



I l l i t e ,  k a o l i n i t e ,  c h l o r i t e ,  and m o n t m o r i l l o n i t e  were p resen t  i n  a l l  
samples. M o n t m o r i l l o n i t e  i s  most v a r i a b l e  i n  abundance, f o l l owed  c l o s e l y  by 
i l l i t e .  C h l o r i t e  and k a o l i n i t e  a r e  a l s o  p resen t  i n  v a r i a b l e  amounts bu t  
a r e  g e n e r a l l y  l e s s  abundant. 

B u l k  d e n s i t i e s  range from about 2.05 t o  2.57,  w i t h  no r e l a t i o n s h i p  t o  
m ine ra l ogy  o r  c l a y  con ten t .  When compared t o  pub l i shed  dep th -dens i t y  cu rves ,  
these samples a r e  d i s t i n c t l y  low i n  d e n s i t y  f o r  t h e i r  cor responding depths.  
S ince  these  a r e  r e l a t i v e l y  young rocks,  t h i s  suggests t h a t  cons ide rab le  t i m e  
i s  r e q u i r e d  t o  ach ieve a  un i f o rm  dep th -dens i t y  r e l a t i o n s h i p .  I n  o t h e r  words, 
r a t e  o f  compact ion may l ag  behind t h e  r a t e  o f  b u r i a l .  

Measured pH va lues f o r  s l u r r i e s  range f rom 8.0 t o  9.6. No i n t e r p r e t a t i o n  
i s  o f f e r e d ,  b u t  t h e  absence o f  a c i d  pH va lues  i s  s u r p r i s i n g  s i nce  these  a r e  
c o n t i n e n t a l  rocks .  

WIND1  NG CREEK SECT1 ON 
 e ear M i  l e  92, a long Glenn Highway n o r t h e a s t  o f  ~ n c h o r a g e )  

About 1,200 f e e t  o f  sha les,  s i l t s  and sandstones were measured i n  t h e  
Chicka loon Format ion here. Some b l a c k  carbonaceous shales were p resen t ,  
b u t  no coa l  beds. 

C lay  m ine ra l  d i s t r i b u t i o n  and b u l k  d e n s i t y  va lues a re  shown i n  
f i g u r e  2-2 .  I l l i t e ,  c h l o r i t e ,  and m ixed - l aye r  c l a y  ( o f  undetermined com- 
p o s i t i o n )  a r e  p resen t  i n  approx imate ly  equal  amounts. K a o l i n i t e  i s  g e n e r a l l y  
p resen t  i n  smal l  amounts o r  appa ren t l y  absent .  The most s t r i k i n g  f e a t u r e  o f  
c l a y  m ine ra l  d i s t r i b u t i o n  i s  i t s  r e l a t i v e  u n i f o r m i t y ;  t h e r e  i s  ve r y  l i t t l e  
v a r i a t i o n  except  f o r  k a o l i n i t e ,  as ment ioned above. There i s  no d i s c r e t e  
m o n t m o r i l l o n i t e .  

Bu l k  d e n s i t i e s  a re  g e n e r a l l y  h i g h  (2 .4-2.6) .  Th is  suggests b u r i a l  o f  
a t  l e a s t  8,000 f e e t  o r  probably  more, c o n s i d e r i n g  t he  r e l a t i v e l y  young age 
o f  these  rocks .  I t  must be no ted ,  however, t h a t  de fo rmat ion  ( f o l d i n g  and 
f a u l t i n g )  c o u l d  c o n t r i b u t e  t o  t he  h i g h  observed d e n s i t i e s .  

These rocks were t oo  s t r o n g l y  l i t h i f i e d  f o r  d i saggrega t ion  and sand- 
s i l t - c l a y  a n a l y s i s .  

SUMMARY AND CONCLUSIONS 

(1 )  The major  m ine ra l og i ca l  d i f f e r e n c e  between the  Kenai and Chicka loon 
Format ions i s  t h e  absence o f  m o n t m o r i l l o n i t e  and abundance o f  m i xed - l aye r  
c l a y  i n  t h e  Chickaloon. Th i s  c o u l d  be r e l a t e d  t o  d i f f e r e n c e s  i n  provenance 
s i n c e  t h e  s i n g l e  Chickaloon s e c t i o n  d i f f e r s  i n  age and geographic  l o c a t i o n  
f rom t h e  Kenai samples. Another p o s s i b i l i t y  i s  t h e  p o s t d e p o s i t i o n a l  
a l t e r a t i o n  o f  m o n t m o r i l l o n i t e  t o  m i xed - l aye r  c l a y  r e l a t e d  t o  t h e  g r e a t e r  
age and depth o f  b u r i a l  o f  the  Chicka loon.  

(2) M o n t m o r i l l o n i t e  seems t o  be v a r i a b l e  i n  amount b u t  g e n e r a l l y  p resen t  
i n  samples from t h e  Chuitna-Beluga area and t h e  Swanson R i ve r  f i e l d .  These 
were m o s t l y  s c a t t e r e d  samples, however. I n  t h e  cont inuous s e c t i o n  measured 
a long  Kachemak Bay, m o n t m o r i l l o n i t e  was concen t ra ted  o n l y  a t  d i s c r e t e  l e v e l s ,  
which suggests a  r e l a t i o n s h i p  t o  ash f a l l s .  The s i g n i f i c a n c e  o f  t h e  two d i f -  
f e r e n t  modes o f  d i s t r i b u t i o n  remains an enigma. 



F igure  2-2.  Winding Creek s e c t i o n  - c l a y  m inera logy  and b u l k  
dens i t y  . 



( 3 )  K a o l i n i t e  d i s t r i b u t i o n  i s  a l s o  s i g n i f i c a n t .  I t  i s  u s u a l l y  
p resen t  i n  small amounts o r  a p p a r e n t l y  absent i n  both t h e  Kenai and 
Chicka loon format ions.  The major  excep t i on  i s  t he  r e l a t i v e l y  pu re  bed 
o f  k a o l i n i t e  i n  the  Beluga a rea .  T h i s  d i s t r i b u t i o n  suggests t h a t  kao- 
l i n i t e  was no t  a  p a r t  o f  t h e  normal d e t r i t a l  sediment d e r i v e d  f rom land  
masses around the  Cook I n l e t  area.  Ins tead ,  i t  i s  p robab ly  r e l a t e d  t o  
some spec ia l  process, such as t he  p e r i o d i c  i n f l u x  o f  v o l c a n i c  ash. I f  
so, t h e  a l t e r a t i o n  c o n d i t i o n s  r e s u l t i n g  i n  k a o l i n i t e  r a t h e r  than mont- 
m o r i l l o n i t e  need t o  be i n v e s t i g a t e d .  

( 4 )  I n  none o f  t h e  Kenai samples was t h e r e  any r e l a t i o n s h i p  be- 
tween c l a y  minera logy and s a n d - s i l t - c l a y  r a t i o s .  Apparen t l y  t h e  sed i -  
men ta t i on  processes were n o t  e f f e c t i v e  i n  separa t ing  c l a y  m i n e r a l s  
acco rd i ng  t o  g r a i n  s i ze .  


