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INTRODUCTION 

The need f o r  the  preservation of con t inen ta l  and marine environments 

i n  a s  unpolluted a s t a t e  a s  poss ib le  has long been recognized. However, i n  

order t o  d e t e c t  po l lu t ion  i n  an environment i t  is  necessary t o  have i n  hand 

base l ine  eco log ica l  da ta  r e l a t i v e  t o  t h a t  environment i n  i t s  p r i s t i n e  o r  un- 

pol lu ted  s t a t e .  The foregoing has s p e c i a l  relevance to  the con t inen ta l ,  

d e l t a i c  and shallow marine environments of A r c t i c  Alaska. Although t h i s  re- 

gion i s  apparently r e l a t i v e l y  f r e e  from any appreciable po l lu t ion  a t  p resen t ,  

p o t e n t i a l  problems may a r i s e  i n  the  f u t u r e  a s  a r e s u l t  of increased develop- 

ment i n  t h a t  a r e a ,  especia l ly  of t h e  l a r g e  petroleum reserves.  Realizing 

t h i s  var ious  Federal ,  S ta te  and p r i v a t e  agencies have undertaken t o  f u r t h e r  

our environmental knowledge of t h i s  region. This r epor t  presents  prel iminary 

r e s u l t s  of some basel ine  s tud ies  of t h e  mineralogy of sediments from the  con- 

t i n e n t a l  margin and the  adjacent  shallow marine regime of t h i s  region. 

DESCRIPTION OF ENVIRONMENTS 

The d e l t a i c  region of nor th  A r c t i c  Alaska i s  one of the  few t r a n s i t i o n a l  

n a t u r a l  environments on ea r th  of which w e  have very l imited knowledge. The 

a rea  under s tudy extends from Harrison Bay i n  the  west t o  Maguire I s l and  i n  

t h e  e a s t ,  and from t h e  North Slope coas t  oceanward t o  approximately t h e  1 0  

fathom l i n e  (Figure 1 )  . 
The t r a n s i t i o n a l  environment between Cape Halkett  and Canning River 

mouth (Figure 1 )  consis ts  of a complex of s e v e r a l  r i v e r  e s t u a r i e s ,  d is -  

t r i b u t a r y  channels, bays, lagoons, b a r r i e r s ,  ba r s ,  coas ta l  beaches and d e l t a i c  

p l a i n  cons i s t ing  of tundra. Several  l a r g e  r i v e r s  (e.g. Co lv i l l e ,  Kuparuk, 





Sagavanirktok and Canning) have b u i l t  d e l t a s  which coa le sce  l a t e r a l l y  to  

form a complex of d e l t a s .  The most prominent of t h e  d e l t a s  i n  t h i s  reg ion  

is  t h a t  of t h e  C o l v i l l e  R ive r ,  and i t  g r e a t l y  i n f l u e n c e s  sed imenta t ion  i n  

t h e  nearshore. A s  such i t  merits s p e c i a l  mention. 

The C o l v i l l e  River  has  a course  of approximately 600 km, and has  b u i l t  
2 

a 560 km d e l t a  a t  t h e  mouth. Severa l  d i s t r i b u t a r i e s  b r e a k  o f f  from t h e  main 

channel a t  t h e  d e l t a  head,  and a s  a r e s u l t  s e v e r a l  l o b a t e  i s l a n d s  have formed 

i n  t h e  f a r  downstream end. Most of t hese  i s l a n d s  i n  t h e  e s t u r a r y  a r e  elon- 

gated p a r a l l e l  t o  t h e  d i s t r i b u t a r y  channels. A l l  r i v e r  channels  of t h e  North 

Slope a r e  h ighly  b ra ided ,  presumably because of t h e  g r e a t  s e a s o n a l  v a r i a t i o n s  

i n  sediment and water d ischarge .  Arnborg e t  a l .  (1962) have c a l c u l a t e d  t h a t  

t h e  most s t r i k i n g  f e a t u r e  of t h e  A r c t i c  r i v e r s  i s  t h e  g r e a t  concen t r a t ion  of 

a c t i v i t y  i n  a s h o r t  p e r i o d  of t i m e .  For example, i n  1962 43% of t h e  annual 

9 3 
discharge  (16 x 10  m ) and 73% of t h e  t o t a l  i no rgan ic  suspended load  (5.8 x 

6 
1 0  tons)  were discharged from t h e  C o l v i l l e  River  du r ing  a three-week per iod  

around t h e  s p r i n g  breakup (Arnborg e t  a l . ,  1962). The bu lk  of t h i s  sediment- 

laden  f l u v i a l  d i scha rge  i n i t i a l l y  flows oceanward over  sea i c e  s i t u a t e d  of f  t h e  

r i v e r  mouths, and settles on t h e  i c e  a s  a d e p o s i t  ranging  from 1 t o  8 inches 

i n  thickness .  F i n a l l y  t h i s  sediment f i n d s  i ts  way t o  t h e  bottom through d r a i n  

ho le s  i n  s e a  i c e  (Walker, 1972) and/or  by me l t ing  of t h e  i c e .  According t o  

Reimnitz and Bruder (1972), most of t h i s  f l u v i a l  sediment o u t f a l l  is deposi ted 

on t h e  s t e e p e r  s l o p e s  seaward of t h e  2 m depth contour  o f f  t h e  C o l v i l l e  River 

mouth; t h i s  a r e a  r e p r e s e n t s  t h e  d e l t a  f r o n t .  

Some d e t a i l e d  morphological  and hydrographical  a t t r i b u t e s  of t h e  North Slope 

r i v e r  d e l t a s  - e s p e c i a l l y  t h a t  of C o l v i l l e  River  - were r e c e n t l y  presented by 

Walker and McCloy (1969) , Lewellen (1972) , Kinney e t  a l .  (1972) and L?alker (1972) , 



and t h e r e f o r e ,  p a r t i c u l a r s  of t h e s e  a t t r i b u t e s  w i l l  n o t  be enumerated here .  

However, i t  should be noted t h a t  t h e  morphologies of t he  North S lope  d e l t a s  

do n o t  exac t ly  conform t o  any of t h e  d e l t a  pro to types  mentioned i n  t h e  l i t e r a -  

t u r e ;  t h e  c l o s e s t  resemblance, a t  b e s t ,  i s  probably t o  t h e  a r c u a t e  d e l t a  

type. A l l  North Slope r i v e r s  a r e  t r u l y  A r c t i c  r i v e r s  inasmuch as they a r i s e ,  

f low and d ischarge  i n  A r c t i c  Alaska, which is  cha rac t e r i zed  by permafros t  

t e r r a i n .  A l l  these  rivers a r e  p a r t l y  o r  wholly f rozen  almost  e i g h t  months of 

t h e  yea r .  

The mean lunar  t i d a l  range  i n  t h e  n o r t h  Alaskan a r c t i c  c o a s t  i s  compar- 

a t i v e l y  very  low, roughly 1' (Matthews , 1970)'. Kinney e t  a l .  (1972), have re- 

po r t ed  t h a t  i n  t he  lagoons and nearshore  during t h e  summer s u r f a c e  c u r r e n t s  

may range from 0 t o  37 cm/sec (0 t o  0.75 knots ) .  Dygas e t  a l .  (1972),while 

observing a good c o r r e l a t i o n  of s t r e n g t h  and d i r e c t i o n s  of water  c u r r e n t s  and 

wind, concluded t h a t  i n  t h e  Simpson Lagoon the  bottom c u r r e n t  v e l o c i t y  i s  i n  

t h e  o r d e r  of 17.3 cm/sec. However, a s  a r e s u l t  of s torm su rge  sea l e v e l  i n  

t h e  c o a s t a l  a r ea  may va ry  a s  much a s  5 f t  w i th in  a s h o r t  t i m e  (Matthews, 1970; 

Kinney e t  a l . ,  1972). Although t i d a l  f l a t s  a r e  n o t  ex t ens ive  i n  t h e  n o r t h  

c o a s t  of Alaska because of low t i d a l  range ,  some low l y i n g  d e l t a i c  a r e a s  may 

o f t e n  become water-logged dur ing  t h e  s e a  l e v e l  r i s e  r e s u l t i n g  from storm surge. 

S a l i n i t i e s  of waters  i n  t h e  C o l v i l l e  De l t a  and a d j a c e n t  c o n t i n e n t a l  margin 

r eg ion  range from 10:/0o t o  65. go/,, (Kinney e t  a l . ,  1972; S c h e l l  and H a l l ,  

1972; Walker, 1972). Presumably, t h e  unusual ly h igh  s a l i n e  wa te r s  a r e  

formed as a r e s u l t  of g r e a t  c o n c e n t r a t i o n  of i ons  i n  wa te r  bodies  entrapped 

between grounded i c e ;  t h e  i o n i c  supply being from d e i o n i z a t i o n  of s a l i n e  i c e .  

Primary p roduc t iv i ty  i n  t h e  lagoonal  a r e a  is r e l a t i v e l y  low, most va lues  

ranged around 1 ug C-hr (Alexander and B i l l i n g t o n ,  1972).  



The c o n t i n e n t a l  f a c i e s  of t he  North Slope De l t a s  i s  dominated by t h e  

c o a s t a l  beaches,  Harr ison Bay, Simpson Lagoon, t he  f a r  o f f sho re  and near-  

sho re  b a r r i e r s .  The lagoon and Harr i son  Bay a r e  shal low,  having a dep th  

range  of 0.8 t o  3.5 m. The b a r r i e r s  and b a r s  a r e  o r i en t ed  roughly p a r a l l e l  

t o  t h e  d e l t a i c  c o a s t l i n e ,  and l o c a t i o n s  of a l l  b a r r i e r s  i n  t h e  a r e a  of s tudy  

a r e  conf ined  t o  t h e  e a s t  of t h e  C o l v i l l e  River  confluence, The b a r r i e r  su r -  

f a c e s  c o n s i s t  predominantly of g r a v e l s .  With t h e  except ion of t h e  a r e a s  near  

r i v e r  mouths, t h e  c o a s t d b e a c h  e s s e n t i a l l y  has  g rave l ly  and sandy d e p o s i t s ,  

t h e  s i z e  d i s t r i b u t i o n s  of which have been descr ibed  by Naidu e t  a l .  (1970) 

and Dygas e t  a l .  (1971). The open marine d e l t a i c  f aces  and t h e  a d j a c e n t  

s h e l f  s u r f a c e  is  p re sen t ly  be ing ,  and/or  been modi f i f ied ,  by i c e  gouging (Reim- 

n i t z  e t  a l ,  1972),  and some of t h e  o f f s h o r e  b a r s  seem t o  have o r i g i n a t e d  by 

i c e  push. Comparative a e r i a l  photographic s t u d i e s  (Dygas e t  a l . ,  1972) re -  

v e a l  l a r g e  s c a l e  morphological changes i n  t h e  Pingok and The t i s  I s l a n d s  over 

t h e  p a s t  20 yea r s .  The A r c t i c  d e l t a i c  environment under d e s c r i p t i o n  d i f f e r s  

from t h e  low- la t i tude  d e l t a s  i n  s e v e r a l  ways. The more no tab le  d i f f e r e n c e s  a r e  

t h e  absence of ex tens ive  sand dunes, f l o o d  p l a i n s ,  t i d a l  f l a t s  and mangrove 

swamps, t oge the r  w i th  t h e  common presence  of c o a s t a l  g r a v e l  d e p o s i t s ,  a d e l t a i c  

p l a i n  dominated by tundra,  and s u b j e c t i o n  of t h e  e n t i r e  a r ea  t o  s t r o n g  i c e  s t r e s s  

c o n d i t i o n s  f o r  t h e  major p a r t  of t h e  y e a r ,  a s  w e l l  a s  t o  thermal e ros ion .  

DETAILED CLAY MINERALOGIC STUDIES 

INTRODUCTION 

R e s u l t s  presented  i n  t h i s  r e p o r t  a r e  based on analyses  of s u r f a c e  sed i -  

ment samples t h a t  were c o l l e c t e d  dur ing  v a r i o u s  phases of a c t i v i t i e s  r e l a t e d  t o  

cont inuing  p r o j e c t s  of the  I n s t i t u t e  of Marine Sciences,  Un ive r s i t y  of Alaska,  



i n  t h e  North Slope a rea .  Details have been given elsewhere (Naidu, 1972; 

Naidu and Mowatt, 1973 a , b ) .  

I n  a n  a t tempt  a t  e l u c i d a t i n g  t h e  minera logic  r e l a t i o n s h i p s ,  d e t a i l e d  

s t u d i e s  have been made of m a t e r i a l s  from s e l e c t e d  sample s t a t i o n s  a long  t h e  

lower course  of t h e  C o l v i l l e  River  ( l o c a t i o n s  CR3, CR5, CR7, CR8, f i g u r e  2 ) ,  

a s  w e l l  as from t h e  Harr i son  Bay a r e a  (KR1, f i g u r e  2) .  S imi l a r  work t o  t h a t  

desc r ibed  below i s  c u r r e n t l y  i n  p rog res s  on ma te r i a l s  from l o c a t i o n s  CR4, 

CR6, CR9, CR17 and CR18, and w i l l  a l s o  be done on o the r  s e l e c t e d  s t a t i o n s  of f -  

s h o r e  a s  our prel iminary r e s u l t s  i n d i c a t e  a r e a s  of p a r t i c u l a r  i n t e r e s t .  

Our p r i n c i p a l  approach i n  t h e s e  d e t a i l e d  s t u d i e s  has been t o  i n v e s t i g a t e  

t h e  mineralogy wi th in  sub- f rac t ions  of t h e  less- than two micron equ iva l en t  

s p h e r i c a l  diameter ("e.s.d.") p a r t i c l e - s i z e  range f o r  each sample l o c a l i t y .  

It was a n t i c i p a t e d  t h a t  t h i s  would permi t  more d e f i n i t i v e  c h a r a c t e r i z a t i o n  

of t h e  c l a y  mineral  types p r e s e n t ,  and thus  enable i n v e s t i g a t i o n s  of r e l a t i o n -  

s h i p s  between the  sample l o c a l i t i e s  t o  be based on an  inc reased  deg ree  of 

r e s o l u t i o n  w i t h  r e spec t  t o  minera logies .  Fu r the r ,  t h e  r e l a t i o n s h i p s  among 

t h e  d i f f e r e n t  p a r t i c l e - s i z e  f r a c t i o n s  of each sample l o c a t i o n  was deemed t o b e  

of i n t e r e s t  i n  i nc reas ing  our  unders tanding  wi th  r e s p e c t  t o  matters of sediment 

t r a n s p o r t ,  depos i t i on ,  and p o s s i b l e  changes i n  t he  na tu re  of t h e  c l a y  minera ls  

d u r i n g  t h e  sedimentary regimen. F i n a l l y ,  a n  a p p r a i s a l  of d i f f e r e n t  modes 

of sample p repa ra t ion  and t rea tment  was made on m a t e r i a l s  from each  of t h r e e  

p a r t i c l e  s i z e  ranges from one s t a t i o n ,  CR5, i n  order  t o  e v a l u a t e  a p p l i c a b i l i t y  

t o  t h i s  type  of study. The comparative behavior  of v a r i o u s  s i z e s  of clay 

mine ra l s  i n  response t o  t h e s e  t r ea tmen t s  w a s  noted,  and w i l l  be  d i scussed  f u r t h e r  

i n  t h e  s e c t i o n  desc r ib ing  t h e  mineralogy of l o c a l i t y  CR5. 

The r e s u l t s  on t h e  f i v e  l o c a t i o n s  s t u d i e d  t o  d a t e  i n d i c a t e  t h e  d e s i r a b i l i t y  

of performing d e t a i l e d  s t u d i e s  of t h i s  n a t u r e ,  i n  a d d i t i o n  t o  t h e  r o u t i n e  in-  
f 

v e s t i g a t i o n  of t h e  less - than  two micron e.s.d.  s i z e  f r a c t i o n  i n  t o t o  ( t h e  "bulk 
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c l ay  mineralogy," i e ) .  The gross  aspec ts  of sedimentologic  r e l a t i o n s h i p s  

a r e  normally c h a r a c t e r i z e d  f a i r l y  we l l  by t h e  l a t t e r  in format ion ,  but  o f t e n  

t h e r e  a r e  ambigui t ies  l e f t  unresolved without  more d e t a i l e d  ana lys i s .  I n  

some in s t ances  h i t h e r t o  unsuspected mineralogic  s u b t l e t i e s  a r e  brought t o  

l i g h t  a s  w e l l ,  which is cause  f o r  some concern r ega rd ing  i n t e r p r e t a t i o n s  and 

gene ra l i za t ions  made on t h e  b a s i s  of t he  more cu r so ry  examinations r o u t i n e l y  

performed. Admittedly t h e  more d e t a i l e d  s t u d i e s  i nvo lve  a considerably 

g rea t e r  expendi ture  of t i m e  and e f f o r t ,  and a r e  l e s s  amenable t o  r o u t i n e  work 

on a g r e a t  number of samples. However, based on p re l imina ry  a p p r i s a l  of a 

given a r e a  by means of t h e  bulk  c l ay  mineralogy, samples of c r i t i c a l  importance 

may be s e l e c t e d  f o r  t h e  a d d i t i o n a l  in-depth s t u d i e s  which appear t o  be es- 

s e n t i a l l y  t h e  nex t  h ighe r  l e v e l  of s o p h i s t i c a t i o n .  Given t h e  expense a t t en -  

dant  t o  c o l l e c t i o n  of samples,  along wi th  t h e  i n t e r e s t  regard ing  mineralogy- 

geochemistry-sedimentology of t h e  geographic a r e a s  r ep re sen ted ,  t h i s  increased  

degree of a n a l y t i c a l  r e s o l u t i o n  appears worth s t r i v i n g  f o r .  

The va lue  of t h i s  approach has been amply demonstrated elsewhere; M.L. 

Jackson i n  h i s  v a r i o u s  s o i l  mineralogy s t u d i e s  ( c f .  Jackson,  1956, 1964, e t c . )  

was one of t h e  e a r l i e r  advoca tes ,  f o r  example. 

Sample P repa ra t ion  

Separate  p o r t i o n s  of t h e  sample m a t e r i a l  from each of t h e  l o c a t i o n s  pre- 

v ious ly  descr ibed  were t r e a t e d  according t o  t h e  fo l lowing  procedura l  scheme. 

1. The bulk  sample was wet-sieved wi th  d e i o n i z d w a t e r ,  us ing  a 230 mesh 

(62.5&) s t a i n l e s s  s t e e 1  s i eve .  



2 .  The r e ~ u l t a n t L 6 2 . 5 ~ e . s . d .  m a t e r i a l  was t r e a t e d  w i t h  H202 ,  u s ing  t h e  

method descr ibed  by Jackson,  1956, pages 35-36, i n  o r d e r  t o  remove organic  

m a t e r i a l .  This permits  s tudy  of t h e  inorganic  phases p r e s e n t ,  w i thou t  the  

u n c e r t a i n t i e s  and ambigui t ies  which a r i s e  i n  t h e  presence of app rec i ab le  

o rgan ic  ma te r i a l .  Although t h i s  obviously l eads  away from a t r u e  under- 

s t a n d i n g  of t h e  geochemical-mineralogic-sedimentologic r e l a t i o n s h i p s  i n  t h e  

n a t u r a l  environment, i t  appears  necessary  i n  o rde r  t o  c l e a r l y  c h a r a c t e r i z e  

t h e  c l a y  mineral  phases p r e s e n t .  Thus, a t  l e a s t  an  enhanced understanding of 

one f a c e t  of t h e  n a t u r a l  system is a t t a i n e d ,  admit tedly a t  some s a c r i f i c e  i n  

terms of t h e  n a t u r a l  con tex t .  A s  per  t h e  suggest ion of Douglas and F i e s s i n g e r ,  

1971, t h e  pH was monitored dur ing  t h i s  tzeatment on each  sample. The most 

a c i d i c  va lue  observed was 6 .6 ,  which sugges ts  l i t t l e  l i ke ihood  of s i g n i f i c a n t  

c l a y  minera l  modi f ica t ion  r e s u l t i n g  from t h i s  t reatment .  

3 .  The r e s u l t a n t  sedimentary m a t e r i a l  was suspended i n  1000 ml .  graduated 

c y l i n d e r s ,  i n  deionized wa te r ,  and t h e  4 2 , ~  e.s.d.  s i z e  m a t e r i a l  was removed by 

d i f f e r e n t i a l  s e t t l i n g  of t h e  c o a r s e r  m a t e r i a l  (,2,M e .s .d . ,  i e . ) .  The sus- 

pendedt2r  ma te r i a l  was removed by s iphoning,  a d d i t i o n a l  de ionized  water  was 

added t o  t h e  r e s i d u a l  m a t e r i a l  i n  t h e  cy l inde r ,  t h e  mixture  was s t i r r e d  and 

re-suspended, and any remain ing<2,R m a t e r i a l  removed a s  be fo re .  Th i s  procedure 

was repea ted  u n t i l  t h e  supe rna t an t  m a t e r i a l  was c l e a r  t o  t h e  eye ,  a t  which 

s t a g e  presumably most if n o t  a l l  of the<2A sediment o r i g i n a l l y  p r e s e n t  i n  t he  

sample had been removed f o r  f u r t h e r  s tudy.  No d i s p e r s a n t  chemicals were 

added, a s  f l o c c u l a t i o n  d i d  n o t  appear  t o  p re sen t  any problem w i t h  these  

m a t e r i a l s ,  presumably due t o  t h e  u s e  of deionized wa te r ,  a s  w e l l  a s  because of 

e f f e c t i v e  r i n s i n g  of t h e  mix tu re  by t h e  repea ted  re-suspensions. 



4. The r e s u l t a n t  ( 2 , m a t e r i a l  was s u b j e c t e d  t o  f u r t h e r  p a r t i c l e - s i z e  

f r a c t i o n a t i o n ,  us ing  centrifugd.sedimentation, fol lowing the  methods desc r ibed  

by Jackson ,  1956, pages 127 f f .  The d 0 . 3 ~  e . s .d .  s i z e  f r a c t i o n  was removed 

f i r s t ,  fol lowed success ive ly  by t h e  0 .3  - t l . O y  e.s.d.  s i z e  f r a c t i o n ,  and then 

t h e  1 . 0  -(2.0fie.s.d. s i z e  f r a c t i o n .  It  is  r e a l i z e d ,  given t h e  compromises 

necessary  r e l a t i v e  t o  g e n e r a l i z a t i o n s  r ega rd ing  p a r t i c l e  shape and p a r t i c l e  

d e n s i t y ,  a s  w e l l  a s  phys i ca l  parameters  regard ing  f l u i d  dynamics and p a r t i c l e  

s e t t l i n g ,  g r a v i t a t i o n a l  e f f e c t s  a s  a  f u n c t i o n  of g e o g r a p h i ~  l a t i t u d e ,  e t c . ,  

t h a t  t h e s e  p a r t i c l e - s i z e  va lues  a r e  only nominal i n  any a b s o l u t e  sense .  Hope- 

f u l l y ,  however, they a r e  v a l i d  i n  a  r e l a t i v e  sense  w i t h i n  t h e  framework of 

s t u d i e s  i n  one labora tory .  The r e s u l t s  of our work t o  d a t e  seem t o  suppor t  

t h i s  l a t t e r  app rec i a t ion  of t h e  s i t u a t i o n ,  a t  l e a s t .  

5. For  t h e  r e s u l t a n t  m a t e r i a l s  from s t a t i o n  CR5, each of t h e  p a r t i c l e - s i z e  

f r a c t i o n s  obtained was d iv ided  i n t o  two po r t ions .  One a l i q u o t  was r e se rved  

f o r  a n a l y s i s  as descr ibed below, t h e  second a l i q u o t  was f i r s t  s u b j e c t e d  t o  t h e  

t r ea tmen t  descr ibed  by Jackson,  1956, pages 57-58, f o r  t h e  removal of " f ree-  

i r o n  oxidetf  m a t e r i a l  from sediment.  An eva lua t ion  of the  e f f e c t s  of t h i s  

t rea tment  w a s  made i n  comparison t o  t h e  o t h e r  a l i q u o t s ,  i n  o r d e r  t o  a s c e r t a i n  

t h e  d e s i r a b i l i t y  of u t i l i z i n g  t h i s  procedure. O f  i n t e r e s t  a l s o  was t h e  e f f e c t  

of t h i s  t r ea tmen t ,  which involves  t h e  u s e  of N a 3 ~ ~ ~ ~ 0 ~  2H20, NaHC03, and 

Na2S204, a t  temperatures of 75-80°C, on t h e  v a r i o u s  p a r t i c l e - s i z e s .  The r e s u l t s  

a r e  d i scussed  i n  t h e  s e c t i o n  d e s c r i b i n g  t h e  mineralogy of l o c a t i o n  CR5. Ad- 

d i t i o n a l l y ,  t h i s  " f ree- i ron  oxide removal" t rea tment  was used on t h e  0.3 - d . O p -  

s i z e  f r a c t i o n  from l o c a t i o n  CR3, a f t e r  i t  became apparent t h a t  t h e  X-ray d i f -  

f r a c t i o n  p a t t e r n s  of t h e  un t r ea t ed  m a t e r i a l  were u n i n t e l l i g i b l e ,  due t o  t h e  

presence  of app rec i ab le  amounts of i r o n  oxide. The r e s u l t s  of t h i s  are d i s -  

cussed i n  t h e  s e c t i o n  dea l ing  w i t h  s t a t i o n  CR3. 

-8- 



Ana ly t i ca l  Procedures  

General Discuss ion  - 
The p r i n c i p a l  o b j e c t i v e  of our s t u d i e s  t o  d a t e  has  been t o  i n v e s t i g a t e  t h e  

na tu re  of t h e  c l a y  mine ra l s  p re sen t  i n  each of t h e  s i z e  f r a c t i o n s ,  and t o  a t t empt  

t o  understand t h e  r e l a t i o n s h i p s  w i th in  each sample l o c a l i t y ,  a s  w e l l  a s  between 

l o c a l i t i e s .  X-ray d i f f r a c t i o n  has been t h e  b a s i c  a n a l y t i c a l  method used,  a l though 

chemical s t u d i e s  a r e  i n  progress  or  planned a s  w e l l .  I n  X-ray d i f f r a c t i o n  work, 

t he  fo l lowing  a n a l y t i c a l  scheme was u t i l i z e d .  

For each p a r t i c l e - s i z e  f r a c t i o n ,  f o r  each sample l o c a t i o n ,  seven specimens 

were prepared by p l a c i n g  aqueous suspensions on porous ceramic p l a t e s  (American 

Olean Co. Bisques,  c u t  t o  s i z e ) .  By means of vacuum app l i ed  t o  t h e  unders ide  

of each p l a t e ,  t h e  suspended c l ay  m a t e r i a l  was sedimented onto t h e  s u r f a c e  of 

t he  p l a t e  i n  such a  manner t h a t  t h e  b a s a l  p l anes  of t h e  l a y e r  s i l i c a t e  mine ra l s  

a r e  predominantly a l i gned  p a r a l l e l  t o  t h e  s u r f a c e  of t h e  p l a t e .  This i s  e s s e n t i a l l y  

the  method of K i n t e r  and Diamond, 1956, a s  a l s o  desc r ibed  and evaluated by Gibbs, 

1965. This  method is p r e f e r r e d  a s  i t  permi ts  v a r i o u s  f u r t h e r  t reatments  t o  be 

performed on t h e  c l a y  m a t e r i a l s  a f t e r  they are thus  mounted on the  p l a t e s .  Ad- 

d i t i o n a l l y ,  t h e  ub iqu i tous  presence of d i f f r a c t i o n  maxima ("peaks", i e . )  a t -  

t r i b u t a b l e  t o  t h e  alpha-quartz  present  i n  t h e  ceramic p l a t e  m a t e r i a l ,  f a r  from 

being any g r e a t  h indrance ,  a c t u a l l y  s e r v e s  t h e  u s e f u l  purpose of a  b u i l t - i n  

i n t e r n a l  s t anda rd  f o r  each sample, w i th  r e s p e c t  t o  a b s o l u t e  pos i t i ons  of t h e  dif- 

f r a c t i o n  maxima from t h e  c l a y  minerals  w i th  r e s p e c t  t o  Bragg angles ,  The q u a r t z  
0 0 0 

peaks thus  used a r e  l o c a t e d  a t  26.64'28 (3.348) and 20.8428 (4 .268)  f o r  copper 

K-alpha r a d i a t i o n ,  which was used throughout t h e  cou r se  of our  work, 

Mineralogic de t e rmina t ions  

Various f u r t h e r  t rea tments  were performed on t h e  va r ious  p l a t e  mounts of 



each p a r t i c l e - s i z e  f r a c t i o n  of each sample, followed by X-ray d i f f r a c t i o n  

a n a l y s i s ,  A P h i l i p s  E l e c t r o n i c s  Norelco X-ray Dif f  rac tometer  was employed, t h e  

samples being analyzed a t  vary ing  scanning speeds as a p p r o p r i a t e ,  using Nickel- 

f i l t e r e d  copper K-alpha r a d i a t i o n .  These t rea tments  a r e  descr ibed  ind iv idua l ly  

below, i n  conjunct ion  w i t h  d iscuss ions  of t h e  c r i t e r i a  used f o r  r ecogn i t i on  

of t he  var ious  c l a y  mine ra l  spec i e s .  A c e r t a i n  amount of such  d e f i n i t i o n  

seems unavoidable h e r e ,  i n  view of i n c o n s i s t e n c i e s  i n  usage ,  disagreements 

i n  terminology, and s o  f o r t h ,  wi th  which t h e  l i t e r a t u r e  is  unfor tuna te ly  r e p l e t e .  

Much of t h i s  confus ion  i s  due t o  t he  d i f f i c u l t i e s  i n h e r e n t  i n  at tempting an 

assessment of complex assemblages of f ine-grained m a t e r i a l s .  More complete 

d iscuss ions  of t h e  t h e o r e t i c a l  and p r a c t i c a l  a s p e c t s  of c l a y  mineralogic  a n a l y s i s  

can be found i n  s t anda rd  r e fe rence  works such a s  Brown, 1961, G r i m ,  1968, 

Car ro l ,  1970, e t c .  A l l  of t h e  work descr ibed  i n  t h e  p r e s e n t  s tudy was c a r r i e d  

out  a t  room tempera ture  and r e l a t i v e  humidity.  Each of t h e  c a t i o n  s a t u r a t i o n  

t reatments  w a s  fol lowed by two r i n s e s  w i t h  de ionized  wa te r .  The X-ray d i f -  

f r a c t i o n  work was performed on mounts which had been a i r -d r i ed  under l abo ra to ry  

condit ions.  The in s t rumen ta l  parameters used r o u t i n e l y ,  un le s s  otherwise 

s p e c i f i e d ,  were 2'28 p e r  minute scan speed,  t i m e  ccns t an t  2 ,  w i th  1' -0.006" 

s l i ts .  

S p e c i f i c  Treatments and Clay Minera logic  Analysis  

1. S a t u r a t i o n  w i t h  e thy lene  g lycol  - Thi s  permi ts  t h e  d e t e c t i o n  of t he  

presence of m a t e r i a l s  (eg. smec t i t e s  and some v e r m i c u l i t e s ,  a s  w e l l  a s  mixed- 

layered phases con ta in ing  e i t h e r  of t hese  a s  component l a y e r s )  i n t o  which 

molecules of g l y c o l  may a s s o c i a t e  themselves i n  i n t e r l a y e r  s t r u c t u r a l  sites. 

Reynolds, 1965, d i scussed  t h i s  e f f e c t  q u i t e  thoroughly. The r e s u l t a n t  i n t e r -  
0 

planar  b a s a l  r e p e a t  d i s t a n c e  f o r  smec t i t e s  is i n  t h e  neighborhood of 17A. 



2. Sa tu ra t ion  w i t h  KCL (IN') - This  procedure a f f o r d s  t h e  oppor tun i ty  f o r  

exchange of K+ onto such  a p p r o p r i a t e  i n t e r l a y e r  s t r u c t u r a l  s i t e s  a s  may e x i s t  

i n  any of t he  minera l  phases p r e s e n t .  The present  consensus of op in ion  regard- 

i n g  t h i s  phenomenon seems t o  b e  t h a t  m a t e r i a l s  v a r i o u s l y  desc r ibed  (o f t en  some- 

what nebulously) a s  " s t r i p p e d ,  weathered,  degraded" i l l i t e s  o r  micas,  " s o i l  

ve rmicu l i t e s , "  e t c .  w i l l  r e a d i l y  accep t  K+ ions i n t o  i n t e r l a y e r  s t r u c t u r a l  s i t e s  

formerly occupied by K+ p r i o r  t o  t h e  "degradationf1 process .  This  r e s u l t s  i n  

t h e  "col lapse" of t h e  degraded s t r u c t u r e ,  and is  r e f l e c t e d  i n  t h e  X-ray d i f -  
0 

f r a c t i o n  a n a l y s i s  a s  a s h i f t  i n  b a s a l  spacings from somewhere>lOA t o  approxi- 
0 

mately t h e  10A region .  The t e r m  " i l l i t e "  might be used t o  c o l l e c t i v e l y  desig- 

n a t e  m a t e r i a l s  of t h i s  s o r t ,  b u t  o the r  s t u d i e s  (Hower and Mowatt, 1966) have 

i n d i c a t e d  t h a t  t h e r e  are o t h e r  a s p e c t s  r e l a t i v e  t o  t h i s  problem which a r e  

d i f f i c u l t  t o  d i s t i n g u i s h  i n  working w i t h  polyphase assemblages such  as the  

p r e s e n t  s tudy.  Thus, our  p r e s e n t  usage of t he  term " i l l i t e "  i n ' d e s c r i b i n g  t h e  

mineralogy should no t  be cons t rued  a s  o the r  than a g e n e r a l i z a t i o n  t o  desc r ibe  

m a t e r i a l  w i th  gross  x-ray d i f f r a c t i o n  e f f e c t s  s i m i l a r  t o  t hose  descr ibed  by 

Hower and Mowatt. Ac tua l ly ,  a s  i n  t he  p re sen t  s t u d i e s ,  some t e r m  of a more 
0 

d e s c r i p t i v e  na tu re ,  such as "10A m a t e r i a l , "  might w e l l  be adopted,  a t  l e a s t  

i n  t hose  in s t ances  where more d e f i n i t i v e  information i s  l ack ing .  I n  essence,  

s i n c e  t h e  term i l l i t e  has been i n t e r p r e t e d  va r ious ly  by many i n v e s t i g a t o r s ,  f o r  

our  purposes we w i l l  e i t h e r  u s e  i t  i n  a very gene ra l  d e s c r i p t i v e  sense ,  o r  

avoid i t s  use,  w i th  t h e  unders tanding  t h a t  t h e  problem e s s e n t i a l l y  i s  one of 

i n t e r f a c i n g  terminology, prev ious  usages,  and l i m i t s  of r e s o l u t i o n  f o r  a n a l y t i c a l  

techniques c u r r e n t l y  a v a i l a b l e .  This  f u r t h e r  l eads  t o  t h e  n e c e s s i t y  h e r e  f o r  a 

b r i e f  d i scuss ion  of our  handl ing  of t h e  matter  of " i n t e r s t r a t i f i e d , "  o r  "mixed- 

layer"  ma te r i a l s .  I n  view of t h e  problems a l r eady  c i t e d  r ega rd ing  the  un- 

r a v e l i n g  of d i f f r a c t i o n  e f f e c t s  from polycomponent assemblages,  toge ther  w i t h  



t h e  obvious complexity of t h e  problem, i t  seems b e s t  t o  merely g e n e r a l i z e  

i n  a d e s c r i p t i v e  manner wi th  r e s p e c t  t o  mixed-layer m a t e r i a l s  i n  our  samples,  

r a t h e r  than  a t tempt  t o  p re sen t  d e t a i l e d  i n t e r p r e t a t i o n s  whose dubious v a l i d i t y  

s e e m  t o  outweigh t h e i r  p o s s i b l e  u se fu lnes s .  The matter  of mixed-layering 

has been d e a l t  w i th  r ecen t ly  by Reynolds, 1967, Reynolds and Hower, 1970, 

and Hower, 1967, t r e a t i n g  t h e  problem of vary ing  degrees of o rde r ing  w i t h i n  

t h e s e  m a t e r i a l s ,  f o r  s i m p l i f i e d  cases .  The n a t u r a l  assemblages,  p a r t i c u l a r l y  

t hose  r e p r e s e n t i n g  ma te r i a l s  whose p r o p e r t i e s  r e s u l t  from a combination of 

h e r i t a g e ,  weathering,  and c a t i o n  exchange i n  t he  l acus t r ine /mar ine  environ- 

ment, a r e  undoubtedly more complex, and thus  even l e s s  amenable t o  c l e a r  under- 

s t a n d i n g  w i t h  our  present  methods. A s  po in ted  ou t  by M i l l s  and Zwarich, 1972, 

t h e  r e c o g n i t i o n  and i n t e r p r e t a t i o n  of i n t e r s t r a t i f i c a t i o n s  i n  c l a y  minera l  

assemblages is o f t e n  extremely d i f f i c u l t ,  and i n  t he  f i n e  c l ay  f r a c t i o n s  

a t t e n t i o n  must a l s o  be given t o  l ine-broadening e f f e c t s  on d i f f r a c t i o n  maxima 

r e s u l t i n g  from very  smal l  p a r t i c l e  s i z e s .  

S m e c t i t i c  m a t e r i a l s  a r e  those  which possess  r e s i d u a l  i n t e r l a y e r  char.ges 

r e s u l t i n g  from dev ia t ions  from e l e c t r o s t a t i c  n e u t r a l i t y  w i t h i n  t h e  "bas ic  

l a t t i c e "  of t h e  minerals  such t h a t  equ i l i b r ium exchange of K+ coordina ted  w i t h  

water molecules i n t o  the  i n t e r l a y e r  si tes is  manifested by a b a s a l  spac ing  
0 

i n  t h e  12.5A reg ion  by X-ray a n a l y s i s ,  under our experimental  cond i t i ons .  I n  

"degraded" micas,  e t c . ,  t h i s  r e s i d u a l  i n t e r l a y e r  charge is  somewhat h ighe r  

(of a more nega t ive  c h a r a c t e r ,  i e . ) ,  such t h a t  K+ ions  e n t e r  t h e  exchange s i t e s  
0 

wi thou t  t h e  water  molecules,  l e a d i n g  t o  t h e  smal le r  (N~OA, i e . )  i n t e r p l a n a r  

d i s t a n c e s  observed. P r i o r  t o  K+ exchange, some of these  l a t t e r  m a t e r i a l s  may 

a l s o  show vary ing  degrees of apparent  s t r u c t u r a l  to le rance  f o r ,  uptake o f ,  and 

r e s u l t a n t  "expandabi l i ty"  w i t h ,  e thy lene  g l y c o l ,  and thus  may b e  confused w i t h  



s m e c t i t i c  m a t e r i a l s  i f  more d e t a i l e d  work i s  n o t  done. However, once s a t u r -  

a t ed  w i t h  K+, v e r m i c u l i t e s  and degraded micaceous m a t e r i a l s  commonly show 

l i t t l e  o r  no tendency t o  "re-expand" upon s a t u r a t i o n  wi th  e thylene  g l y c o l .  

Thus, t h e  d i f f e r e n c e s  i n  behavior of c l a y  mine ra l  samples subjec ted  t o  v a r i o u s  

t rea tments  o f f e r  c l u e s  i n  at tempting t o  o b t a i n  g r e a t e r  i n s i g h t  i n t o  t h e  n a t u r e  

of t h e  assemblages,  and i n  a s se s s ing  t h e  p r o p e r t i e s  of t he  phases p re sen t .  

The o t h e r  t r ea tmen t s  descr ibed i n  t h i s  s e c t i o n  a r e  f u r t h e r  examples of t h i s  

approach. 

3. S a t u r a t i o n  w i t h  NaCl(1N) - This  is  done i n  o rde r  t o  a s c e r t a i n  t h e  e f f e c t s  

of t h e  i n t e r a c t i o n  between Na+ions, t h e  v a r i o u s  c l a y  minera l  phases,  and t h e  

aqueous phase. The Na+ion a s  such is appa ren t ly  n o t  a s  s t a b l e  i n  t h e  i n t e r l a y e r  

sites of degraded micas a s  t h e  l a r g e  K+ion, and i t s  r e l a t i o n s h i p  t o  degraded 

phases i s  n o t  c l e a r l y  def ined  under our  exper imenta l  condi t ions .  However, 

s m e c t i t i c  m a t e r i a l s  e f f e c t  an equ i l i b r ium w i t h  Na+ and coordinated water  
0 

molecules such t h a t  b a s a l  spacings i n  t h e  12.5A reg ion  a r e  observed by X-ray 

ana lys i s .  

4. S a t u r a t i o n  w i t h  MgC12(1~) - Although bo th  v e r m i c u l i t i c  and s m e c t i t i c  

phases appear  t o  adopt an equi l ibr ium w i t h  Mg* and water  such t h a t  a  b a s a l  
0 

spac ing  of about  14A r e s u l t s ,  t he  s m e c t i t i c  m a t e r i a l s  w i l l  subsequent ly re- 

e q u i l i b r a t e  w i t h  e thy lene  g lyco l  i n  such a manner t h a t  a  basa l  spac ing  i n  t h e  
0 

neighborhood of ]7A r e s u l t s ,  whereas v e r m i c u l i t e s  do no t  seem t o  show t h e  same 

e f f e c t .  "Degraded" c h l o r i t e s ,  r ep re sen t ing  t h e  c h l o r i t i c  analogs of vermi- 

c u l i t e s  and "degraded" micas,  a l s o  r e a d i l y  e q u i l i b r a t e  wi th  Mg* i o n s  and t h e  
0 

aqueous phase,  w i t h  a  14A b a s a l  p e r i o d i c i t y  t h e  r e s u l t .  



5. S a t u r a t i o n  w i t h  Ca ( C 2 ~ 3 ~ 2 )  (IN) - Smec t i t e s ,  C a w ,  and water e q u i l i -  
0 

b r a t e  i n  such a manner t h a t  a b a s a l  spacing of about  15A r e s u l t s ,  whereas t h e  

behavior of v e r m i c u l i t e s  and degraded micas i s  somewhat inde termina te .  Although 

t h i s  t rea tment  was n o t  ove r ly  u s e f u l  i n  i t s e l f  i n  d e l i n e a t i n g  c l a y  mineral  

spec i e s ,  i t  served  a s  a necessary  antecedent  i n  e f f e c t i n g  exchange of t h e  same 

ion  onto s m e c t i t e  phases i n  a l l  samples p r i o r  t o  f u r t h e r  h e a t  t reatments  of 

t hese  samples. The l a t t e r  t reatments  d id  prove t o  be  q u i t e  informative.  

6 .  S a t u r a t i o n  w i t h  f i l t e r e d  s e a  water  - T h i s  t rea tment  was performed i n  

order  t o  i n v e s t i g a t e  t h e  mutual equi l ibr ium r e l a t i o n s h i p s  among the  major 

ca t ions  p r e s e n t  i n  s e a  water ,  t h e  aqueous phase,  and t h e  c l ay  mineral  phases,  

having analogous d a t a  from t h e  o the r  t rea tments  desc r ibed  above f o r  i n d i v i d u a l  

ca t ions .  

7. S a t u r a t i o n  w i t h  e thylene  g lyco l  of each  c a t i o n  s a t u r a t e d  sample, 

a f t e r  X-ray d i f f r a c t i o n  a n a l y s i s  - In  o rde r  t o  compare t h e  e f f e c t s  of t h e  v a r i o u s  

c a t i o n  t r ea tmen t s ,  each specimen was s a t u r a t e d  w i t h  e thy lene  g lyco l ,  and re- 

analyzed by X-ray d i f f r a c t i o n .  The r e s u l t a n t  d i f f e r e n c e s ,  f o r  a given sample, 

i n  peak p o s i t i o n s  and i n t e n s i t i e s ,  were q u i t e  i n fo rma t ive  w i t h  r e s p e c t  t o  

c h a r a c t e r i z i n g  t h e  minera l  phases. 

0 

8. Heat t r ea tmen t ,  one hour a t  300 C - A f t e r  X-ray a n a l y s i s ,  each calcium 
0 

a c e t a t e  t r e a t e d  specimen was heated i n  a muff le  fu rnace  f o r  one hour a t  300 C ,  

and re-analyzed by X-ray d i f f r a c t i o n .  This  t rea tment  d r i v e s  off t h e  l o o s e l y  

bound i n t e r l a y e r  water  molecules from s m e c t i t i c  and v e r m i c u l i t i c  m a t e r i a l s ,  b u t  

has no apprec i ab le  e f f e c t  on i l l i t i c ,  k a o l i n i t i c ,  o r  c h l o r i t i c  components. 

The r e s u l t a n t  b a s a l  spac ing  f o r  smec t i t e s  and v e r m i c u l i t e s  co inc ides ,  i n  



0 

gene ra l ,  wi th  t h a t  of i l l i t e s  and micas,  i n  t he  neighborhood of 10A- A use- 

f u l  comparison is p o s s i b l e  h e r e  between the  e f f i c a c y  of KCL t rea tment  and the  

300°C t rea tment ,  f o r  a given sample, i n  "col lapsing" t h e  hydra ted  "expandable" 
0 

smec t i t i c -ve rmicu l i t i c  l a y e r s  p re sen t  t o  t h i s  10A p e r i o d i c i t y .  

9. Heat t r ea tmen t ,  one hour a t  430°C - The same specimens previous ly  heated 

t o  300°C were heated f o r  an a d d i t i o n a l  one hour per iod  a t  430°C, and re-analyzed 

by X-ray d i f f r a c t i o n .  This  hea t ing  i s  made w i t h  t h e  i n t e n t  of a t tempt ing  t o  

monitor s t r u c t u r a l  changes i n  any of t h e  c l ay  mine ra l s  p r e s e n t ,  p a r t i c u l a r l y  

any c h l o r i t i c  and/or  k a o l i n i t i c  phases of r e l a t i v e l y  low thermal  s t a b i l i t y .  

I t  i s  o f t e n  d i f f i c u l t ,  a t  b e s t ,  t o  d i s c e r n  such changes i n  i n d i v i d u a l  members 

of polyphase assemblages such a s  those  under s tudy  h e r e ,  b u t  t h e  a t tempt  was 

made never the less .  

10. Heat t r ea tmen t ,  one hour a t  550°C - K a o l i n i t e s  g e n e r a l l y  break  down 
0 

t o  amorphous m a t e r i a l s  under t h i s  t rea tment ,  and t h e  b a s a l  spac ing  i n  the  7A 

reg ion  due t o  k a o l i n i t e  i n  t h e  sample disappears  under X-ray examination. Any 
0 

con t r ibu t ion  t o  a d i f f r a c t i o n  maximum i n  t h e  7A r e g i o n  due t o  t h e  presence of a 

c h l o r i t i c  phase a l s o  d i sappea r s  under t hese  cond i t i ons ,  b u t  t h e  presence of 

such m a t e r i a l  i s  confirmed by t h e  enhancement i n  i n t e n s i t y  of a d i f f r a c t i o n  
0 

maximum i n  t h e  l4; reg ion ,  o f t e n  s h i f t e d  toward t h e  13.8A neighborhood some- 

what. Thus, a measurement of t h e  r e l a t i v e  i n t e n s i t i e s  of t h e s e  va r ious  d i f -  
0 

f r a c t i o n  maxima, a s  w e l l  a s  those  i n  t h e  10A reg ion ,  provide  u s e f u l  i nd ica t ions  

a s  t o  t h e  na tu re  and r e l a t i v e  amounts of the  minera ls  p r e s e n t .  The same Ca* 

s a t u r a t e d  specimens p rev ious ly  heated a t  300°C and 430°C were u t i l i z e d  i n  t h i s  

s t e p  of our a n a l y t i c a l  scheme. 



11. Slow-scanning, 20' t o  28'28 - I n  an a t tempt  t o  a s s e s s  t h e  presence and 

r e l a t i v e  amounts of c h l o r i t e  and k a o l i n i t e ,  each KCL s a t u r a t e d  specimen was 

re-analyzed by X-ray d i f f r a c t i o n ,  with t h e  goniometer scanning a t  1/2"28 pe r  

minute, over t h e  28 range  of 20' t o  28O, w i t h  t h e  r eco rde r  c h a r t  speed s e t  a t  one 

inch  pe r  minute.  The r e s u l t a n t  d i f f r a c t i o n  t r a c e s  r e a d i l y  permit the  r e s o l u t i o n  
0 0 

of d i s c r e e t  d i f f r a c t i o n  peaks i n  t he  3.52 - 3.548 r e g i o n  and the  3.58A r e g i o n ,  

and t h e s e  a r e  most l i k e l y  a t t r i b u t a b l e  t o  c h l o r i t i c  and k a o l i n i t i c  components, 

r e spec t ive ly .  Whenever p o s s i b l e ,  i n  t he  p r e s e n t  s t u d y ,  t h e  r e l a t i v e  a r e a s  of 

the  peaks were determined,  f o r  a given specimen, i n  o r d e r  t o  e s t ima te  t he  r e l -  

a t i v e  amounts of t h e s e  phases present .  

12. HCL t r ea tmen t  - Aliquots  of each p a r t i c l e  s i z e  from samples K R 1  

and CR7 were sub jec t ed  t o  t reatment  w i t h 1 N  HCL a t  80°C f o r  24 hours ,  p o r c e l a i n  

p l a t e  mounts were prepared  of t he  r in sed  r e s i d u a l  s o l i d s ,  which were then  an- 

alyzed by X-ray d i f f r a c t i o n ,  using the  "slow-scanning" procedure. This t r e a t -  

ment appears  t o  a t t ack .  ( c f .  Ross, 1969) t h e  c h l o r i t i c  phases p re sen t ,  l e a v i n g  

any k a o l i n i t e  p r e s e n t  a s  an  enhanced component of t h e  r e s i d u a l  sample m a t e r i a l ,  
0 

a s  seen b y ' t h e  subsequent  d iminui t ion  o r  complete absence of the  3.52 - 3.548 
0 

reg ion  d i f f r a c t i o n  maximum. Coincident w i t h  t h i s ,  t h e  peak i n  t he  3.588 

reg ion  is  much more c l e a r l y  def ined ,  v e r i f y i n g  t h e  presence of t h i s  phase i n  t h e  

samples s t u d i e d  t o  d a t e .  S imi la r  work i s  i n  p rog res s  on the  ma te r i a l s  from 

l o c a l i t i e s  CR3, CR5, and CR8, and w i l l  a l s o  be  done on samples from l o c a l i t i e s  

CR4, CR6, CR9, CR17, and CR18, which a r e  c u r r e n t l y  under s tudy.  

13. Random powder a n a l y s i s  - In  o r d e r  t o  complete t he  X-ray ana lyses ,  each 

p a r t i c l e - s i z e  f r a c t i a n  of each sample was analyzed us ing  a random (non-oriented 

i e . )  mounted powder sample. Information r e s u l t i n g  from such a n a l y s i s  might 

be a n t i c i p a t e d  t o  be  of some s i g n i f i c a n c e  w i t h  r e s p e c t  t o  e luc ida t ion  of poly- 



types of t he  va r ious  c l a y  minera ls  present .  However, t h e  f a c t  t h a t  t h e  samples 

c o n s i s t  of polycomponent mixtures  r e s u l t s  i n  s u f f i c i e n t  ove r l ap  of d i f f r a c t i o n  

maxima from t h e  s e v e r a l  phases p re sen t  t h a t  s u f f i c i e n t  ambigu i t i e s  a r i s e  to  

l a r g e l y  negate  t h e  u s e f u l n e s s  of t h i s  approach. 

A n a l y t i c a l  Data 

Method of i n t e r p r e t a t i o n  and p re sen ta t ion .  

On t h e  b a s i s  of p a s t  exper iences  of t h e  p r e s e n t  i n v e s t i g a t o r s ,  a s  w e l l  a s  

those  of o ther  workers w i t h  whom we a r e  aquain ted ,  we are i n  s t r o n g  agreement 

w i t h  t h e  d i scuss ion  and commentary given by P i e r c e  and S i e g e l ,  1969, w i t h  res -  

p e c t  t o  at tempts  a t  q u a n t i f i c a t i o n  i n  c l ay  minera l  s t u d i e s .  I n  accordance 

w i t h  t h i s  philosophy, we have n o t  attempted t o  assess i n  any s o r t  of "quant- 

i t a t i v e "  o r  "semi-quant i ta t ive" manner t h e  abundances of t h e  v a r i o u s  phases 

p r e s e n t  i n  t h e  samples under s tudy  here.  Rather ,  a s  suggested by P i e r c e  and 

S i e g e l ,  we have determined t h e  a reas  of t h e  v a r i o u s  d i f f r a c t i o n  peaks of in -  

t e r e s t  by measurement w i t h  a  compensating po la r  p l an ime te r ,  and have presented 

t h e s e ,  as  r a t i o s ,  i n  t a b u l a r  form a s  our b a s i c  d a t a .  We have a l s o  ca l cu la t ed  

va r ious  o the r  r a t i o s  of peak a r e a s  of i n t e r e s t ,  and used these  i n  at tempting 

t o  e l u c i d a t e  c l ay  mine ra l  r e l a t i o n s h i p s .  

These d a t a  are d i scussed  i n  t h e  fol lowing s e c t i o n s ,  f o r  each  sample 

l o c a l i t y ,  and then t h e  r e l a t i o n s h i p s  among t h e  l o c a l i t i e s  a r e  d e a l t  wi th ,  i n  a  

s e p a r a t e  s ec t ion .  The l o c a l i t i e s  a r e  shown on f i g u r e  2. 

Thorough d i s c u s s i o n  of t h e  d i f f r ac tome te r  t r a c e s  and t h e i r  probable s ig -  

n i f i c a n c e  regard ing  t h e  minera logic  r e l a t i o n s h i p s  w i l l  n o t  be presented i n  the 



p r e s e n t  r e p o r t ,  bu t  w i l l  be  d e f e r r e d  u n t i l  work c u r r e n t l y  underway on the  

o t h e r  samples has been completed. 

Sample Locat ion CR3 - 
Represent ing m a t e r i a l  f u r t h e s t  upstream of those s i t e s  i n v e s t i g a t e d ,  t h e  

minera logic  r e l a t i o n s h i p s  u n f o r t u n a t e l y  were n o t  a s  c l e a r l y  d e f i n a b l e  a s  we might 

have hoped. This m a t e r i a l  was c h a r a c t e r i z e d  by an unusual ly  h i g h  amount of i r o n  

oxide/hydroxide component, c o a t i n g  t h e  o t h e r  minera l  p a r t i c l e s ,  and causing 

t h e  X-ray d i f f r a c t i o n  e f f e c t s  t o  be somewhat d i f f i c u l t  t o  i n t e r p r e t .  This  

was due t o  t h e  high background r e s u l t i n g  from f luorescence  of i r o n  caused by 

t h e  copper K-alpha r a d i a t i o n  employed, a s  w e l l  a s  t o  t h e  poor ly  c r y s t a l l i n e  

n a t u r e  of t h e  fe r ruginous  material, and t h e  masking e f f e c t  of c o a t i n g s  on the  

g r a i n s  of t h e  c l a y  minera ls .  I n  o r d e r  t o  d e a l  w i t h  t h i s  problem, the t rea tment  

t o  remove f r e e  i r o n  oxides desc r ibed  by Jackson , ,  1956, and a l l u d e d  t o  e a r l i e r  

i n  t h i s  paper ,  was r e s o r t e d  t o .  While t h i s  procedure d i d  indeed r e s u l t  in im- 

proved x-ray d i f f r a c t i o n  e f f e c t s  from t h e  r e s i d u a l  m a t e r i a l s ,  t h e r e  was cause 

f o r  concern regard ing  i t s  e f f e c t  on t h e  c l a y  mineral  phases p r e s e n t ,  no tab ly  

t h e  c h l o r i t i c  m a t e r i a l s ,  p a r t i c u l a r l y  i n  t h e  f i n e r  p a r t i c l e - s i z e  ranges.  Thus, 

we p r e s e n t  our d a t a  f o r  t h i s  l o c a l i t y  w i t h  some misgivings w i t h  r e s p e c t  t o  t h e i r  

v a l i d i t y  vis-a-vis t he  n a t u r a l  assemblages,  and wi th  r e s p e c t  t o  comparison wi th  

materials from o the r  l o c a l i t i e s  which were n o t  subjec ted  t o  t h i s  t rea tment .  A s  

t h e  d a t a  on some of t h e  CR-3 samples ,  a s  w e l l  a s  f o r  t hose  from l o c a l i t y  CR-5 

i n d i c a t e ,  i t  is  l i k e l y  t h a t  some mod i f i ca t ions  a r e  e f f e c t e d  i n  t h e  c l a y  min- 

e r a logy  a s  a r e s u l t  of t h i s  procedure.  A s  t h e  e x t e n t  of t h e s e  changes is  

d i f f i c u l t  t o  a s se s s  f o r  any g iven  sample wi thout  comparative d a t a  on un t r ea t ed  

a l i q u o t s ,  t h e  t reatment  was n o t  used r o u t i n e l y  i n  t he  f u r t h e r  cou r se  of t h i s  

i n v e s t i g a t i o n .  

-18- 



Figures  3 through 10 g raph ica l ly  d e p i c t  some of t h e  d i f f r a c t i o n  peak 

a r e a  r e l a t i o n s h i p s  f o r  t he  d a t a  which seem t o  be most r e l i a b l e ,  based o n  t h e  

q u a l i t y  of t h e  d i f f r a c t i o n  t r a c i n g s .  R e p l i c a t e  ana lyses  were made of samples 

s e l e c t e d  a t  random, e n t a i l i n g  s e p a r a t e  p r e p a r a t i o n  of p l a t e s  and s e p a r a t e  

t r e a t m e n t s ,  i n  order  t o  eva lua t e  t h e  r e p r o d u c i b i l i t y  of t h e  exper imenta l  pro- 

cedures .  The r e s u l t s  of t hese  ana lyses  appear  as d u p l i c a t e  p l o t t i n g s  of 

va r ious  p o i n t s  on s e v e r a l  of t h e  f i g u r e s ,  and a l low some e s t ima t ion  t o  be  made 

r ega rd ing  exper imenta l  e r r o r  and a n a l y t i c a l  p r e c i s i o n .  Given t h e  o t h e r  com- 

p l e x i t i e s  of ana lyses  of t h i s  s o r t ,  i t  was n o t  deemed appropr i a t e  t o  exp lo re  

t h i s  m a t t e r  i n  a  more s o p h i s t i c a t e d  manner i n  t h e  p re sen t  s tudy.  

A s  can be  seen  f o r  t hese  d a t a ,  t h e  glycol-expandable and non-expandable 
0 0 

2:l  l a y e r  l a t t i c e  s i l i c a t e  components ( t h e  smectite,17A and " i l l i t e " ,  10A, 

r e s p e c t i v e l y )  do n o t  vary g r e a t l y  w i t h i n  t h e  p a r t i c l e  s i z e  ranges examined. 

Furthermore,  t h e  17/10 r a t i o  does n o t  exceed 2.0,  which sugges t s ,  based on 

a t t empt s  by o t h e r  workers,  (Johns, G r i m ,  and Bradley, 1954; Biscaye,  1965) t o  

s e m i q u a n t i t a t i v e l y  app ra i se  c l a y  m i n e r a l  abundances, t h a t  the s m e c t i t e l i l l i t e  

r a t i o  is  r a t h e r  low i n  these  materials. Somewhat s u r p r i s i n g l y ,  t h i s  v a l u e  is  

lowes t  i n  t h e  f i n e s t  s i z e  f r a c t i o n ,  which presumably r e p r e s e n t s  a  sedimentologic  

e f f e c t  a t  t h i s  sample s i t e ,  s i n c e  commonly t h e  expandabi l i ty  of s m e c t i t i c  

materials i n c r e a s e s  w i th  decreas ing  p a r t i c l e  s i z e  ( c f .  Jonas and Roberson, 

1960). The 7/10 r a t i o  i n  unglycolated specimens, which is  i n t e r p r e t e d  t o  rep- 
0 

r e s e n t  a measure of t h e  amount of combined c h l o r i t e  p lus  k o a l i n i t e  (7A peak) 
0 

r e l a t i v e  t o  t h e  amount of i l l i t e  p l u s  v e r m i c u l i t i c  m a t e r i a l  (10A peak) is 

lower f o r  t h e  f i n e s t  p a r t i c l e  s i z e  f r a c t i o n ,  and somewhat h igher  and e s s e n t i a l l y  

c o n s t a n t  f o r  t h e  two coarser  s i z e  i n t e r v a l s .  This  r ep re sen t s  another  example 

of t h e  predominance of c h l o r i t i c  and k a o l i n i t i c  phases i n  t h e  c o a r s e r  s i z e  
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ranges  of sediments,  which has been noted i n  many o t h e r  s t u d i e s  r epo r t ed  i n  

t h e  l i t e r a t u r e .  The r e p l i c a t e  ana lyses  of t he  KCL and NaCL t r e a t e d  specimens 

shown on f i g u r e  8 provide  a  u s e f u l  f e e l i n g  f o r  t h e  s i g n i f i c a n c e  of v a r i a t i o n s  

i n  t h e  r a t i o s .  On t h i s  b a s i s ,  t h e  7/10 r a t i o s  of t h e  g l y c o l a t e d  specimens 

appear t o  be s i g n i f i c a n t l y  h i g h e r ,  f o r  each p a r t i c l e  s i z e  f r a c t i o n ,  which i s  

most l i k e l y  a t t r i b u t a b l e  t o  g l y c o l a t i o n  and expansion of a  c e r t a i n  amount of 
0 

t h e  components recorded a s  "10A ma te r i a l "  i n  t h e  unglycola ted  specimens. 

The sense  of t rend i s  somewhat d i f f e r e n t  f o r  t h e  g lyco la t ed  specimens, i n  t h a t  

t h e  c o a r s e s t  f r a c t i o n  shows t h e  h i g h e s t  7/10 r a t i o ,  w h i l e  t h e  two f i n e r  

f r a c t i o n s  a r e  somewhat lower. However, t h e  o v e r a l l  t r end  of i n c r e a s i n g  7/10 

r a t i o  w i th  increas ing  p a r t i c l e  s i z e  i s  d i s c e r n i b l e  i n  t h e s e  g lyco la t ed  speci-  

mens. It i s  noteworthy t h a t ,  i n  each in s t ance ,  the  7/10 r a t i o  i s  h igher  f o r  

t h e  KCL vs .  t he  NaCL t r e a t e d  samples,  f o r  a  given p a r t i c l e  s i z e ' i n t e r v a l ,  f o r  

each  of t h e  g lycola ted  o r  non-glycolated s u i t e s .  This  s t r o n g l y  sugges ts  t h a t  
0 

;he 10A component i n  t h e s e  m a t e r i a l s  does n o t  con ta in  a p p r e c i a b l e  amounts of 

v e r m i c u l i t i c  ma te r i a l .  Indeed,  i f  t h e  d i f f e r ences  i n  t h e  d a t a  a r e  s i g n i f i c a n t ,  

as t h e i r  consis tency i n  s e n s e  seems t o  sugges t ,  t h i s  behavior  w i t h  K+ and Na+ 

exchange i s  d i f f i c u l t  t o  r a t i o n a l i z e  on t h e o r e t i c a l  grounds. It is  suggested 

t h a t  perhaps t h e  t rea tment  f o r  removal of f r e e  i r o n  oxide  may have had some 

e f f e c t  here.  This  t o p i c  w i l l  be  d iscussed  f u r t h e r  under t h e  s e c t i o n s  dea l ing  

w i t h  o the r  samples which were n o t  sub jec t ed  t o  such f r e e  i r o n  oxide  removal. 
0 0 

The 112' 28 pe r  minute s cans  endeavoring t o  r e s o l v e  t h e  3.52A and 3.58A 

( c h l o r i t e  and k a o l i n i t e ,  r e s p e c t i v e l y )  peaks were i n t e l l i g i b l e  only f o r  t he  

two coa r se r  s i z e  ranges ;  n e i t h e r  of t h e s e  peaks was d i s c e r n i b l e  f o r  the$0.3& 

specimen. However t h e  mere d e t e c t i o n  of k a o l i n i t e  i n  t h e  c o a r s e r  s i z e  i n t e r -  

v a l s  provides u s e f u l  in format ion  w i t h i n  the  context  of t h e  p r e s e n t  s tudy .  



Heat t rea tments  were n o t  performed on some of the  specimens from CR3, 

due t o  t h e  l i m i t e d  amount of sample a v a i l a b l e .  

Examination of d i f f r a c t i o n  t r a c e s  of t h e  CR3 specimens r e s u l t e d  i n  

ambigu i t i e s  of i n t e r p r e t a t i o n  of t h e s e  assemblages due t o  t h e  r a t h e r  ill- 

def ined  peaks and low peak t o  background r e l a t i o n s h i p s ,  p a r t i c u l a r l y  i n  t h e  

cCO.&size range. However, a few b r i e f  comments on these  t r a c e s  appear  w a r -  

r a n t e d .  There a r e  i n d i c a t i o n s  of small b u t  d e t e c t a b l e  amounts of "mixed- 

layer1 '  materials p re sen t  i n  each of t h e  p a r t i c l e  s i z e  ranges ,  a l though f u r t h e r  

assessment  of t h i s  i s  d i f f i c u l t  g iven  t h e  n a t u r e  of t h e  problem. A t  l e a s t  i t  

appears  t h a t  "mixed-layered" phases r e s u l t i n g  from inheri tance-weathering-  

f l u v i a l  r e c o n s t i t u t i o n  e f f e c t s  a r e  n o t  dominant i n  t h i s  sample. Ra the r ,  t h e  

mine ra l s  p r e s e n t  tend t o  be more r e p r e s e n t a t i v e  of "end-member" t ypes ,  a l though 

t h e  r e l a t i o n s h i p s  a r e  l e s s  than  wel l -def ined ,  p a r t i c u l a r l y  i n  t h e  f i n e s t  s i z e  

f r a c t i o n ,  where l ine-broadening e f f e c t s  combine wi th  the  i r o n  oxide  problem 

t o  compl ica te  i n t e r p r e t a t i o n s .  

Sample l o c a t i o n  CR5 - 
A s  mentioned previous ly ,  m a t e r i a l s  from each p a r t i c l e  s i z e  i n t e r v a l  from 

t h i s  l o c a l i t y  were divided i n t o  two a l i q u o t s ,  i n  order  t o  a s s e s s  t h e  e f f e c t s  

of t h e  f r e e  i r o n  oxide removal t rea tment .  F i r s t  t he  d a t a  from t h e  r o u t i n e l y  

prepared  specimens w i l l  be  d i scussed ,  n e x t  t h e  analogous specimens which were 

t r e a t e d  f o r  t h e  removal of f r e e  i r o n  oxide  w i l l  be d e a l t  w i t h ,  and then  com- 

p a r i s o n s  between t h e  t rea tments  w i l l  be  made. 
0 

A s  can b e  s e e n  on f i g u r e s  3 and 4 ,  t h e  smectite/lOA m a t e r i a l  component 
0 

appears  t o  decrease  wi th  i n c r e a s i n g  p a r t i c l e  s i z e .  Since t h e  17A peak a r e a  
0 

w a s  v e r y  l a r g e  i n  comparison t o  t h e  10A peak i n  these  specimens, some of t h e  

appa ren t  d e v i a t i o n s  may have been caused by consequent over-emphasis of t h e  



unavoidable e r r o r s  i n  peak a rea  measurements. C e r t a i n l y  the  m a t e r i a l s  i n  

each of t h e s e  p a r t i c l e  s i z e  ranges con ta in  cons ide rab le  amounts of s m e c t i t e ,  

ranging from a predominant amount i n  t h e  ~ 0 . 3 , s i z e ,  through dominant i n  
0 

t h e  0 .3 -< l .Oarange ,  t o  perhaps sub-equal amounts of s m e c t i t e ,  10A, and 
0 

combined 7A m a t e r i a l s  i n  t he  1 .0  -t2.Oarange. The informat ion  on t h e  o t h e r  

F igures  (5-10) f u r t h e r  emphasizes t h e s e  r e l a t i o n s h i p s .  Noteworthy a r e  t h e  

lower 7/10 r a t i o s  f o r  t h e  KCL+glycol specimens v e r s u s  t h e  o the r  ca t ion+glycol  

specimens, f o r  a g iven  s i z e  f r a c t i o n .  This  r e l a t i o n s h i p  i s  maintained f o r  

t h e  KCL v e r s u s  t h e  NaCL t r e a t e d  non-glycolated specimens a s  w e l l ,  and s t r o n g l y  
0 

sugges ts  t h a t  an apprec i ab le  po r t ion  of t h e  10A component c o n s i s t s  of "de- 

graded m i c a / ~ e r m i c u l i t e "  ma te r i a l .  F i g u r e  10-C i l l u s t r a t e s  t he  r e l a t i v e  pro- 
0 0 

por t ions  of 3.52-3.54A/3.58A s c a t t e r i n g  phases p r e s e n t ;  t he  r e p l i c a t e  ana lyses  

g ive  some i n d i c a t i o n  of t h e  p r e c i s i o n  of t h e  a n a l y t i c a l  method; E s s e n t i a l l y  

t he  r a t i o  appears  t o  be f a i r l y  cons tan t  among t h e  t h r e e  p a r t i c l e  s i z e  r anges ,  

a t  a  v a l u e  sugges t ing  a considerably g r e a t e r  p ropor t ion  of t he  c h l o r i t i c  

m a t e r i a l ,  b u t  d e f i n i t e l y  i n d i c a t i n g  t h e  presence  of app rec i ab le  k a o l i n i t e  a s  

w e l l .  

I n  t h e  analogous specimens which were sub jec t ed  t o  the  f r e e - i r o n  oxide  

removal procedure,  t h e  same sense of t r e n d s  are shown, although the re  do seem 

t o  be s e v e r a l  d i f f e r e n c e s  i n  r a t i o  v a l u e s  s u f f i c i e n t l y  g r e a t  t o  cause some 

concern r ega rd ing  t h e  e f f e c t  of t h i s  t r ea tmen t  on  c l a y  minera l  s t r u c t u r e s  , 

p a r t i c u l a r l y  i n  t h e  f i n e s t  p a r t i c l e  s i z e  range. I n  p a r t i c u l a r ,  t h e  NaCL and 

KCL t r e a t e d  specimens appear t o  have had t h e i r  c h a r a c t e r i s t i c s  somewhat a l -  

t e r e d ,  and i n  such  a  manner t h a t  i t  i s  sugges ted  he re  t h a t  f ine-grained 

c h l o r i t i c  phases may w e l l  be p r e f e r e n t i a l l y  s u s c e p t i b l e  t o  a t t a c k  by the re- 

agents  employed t o  remove the  " f r e e  i r o n  oxide". This might be a n t i c i p a t e d ,  



p a r t i c u l a r l y  f o r  c h l o r i t e s  conta in ing  apprec i ab le  i r o n .  Therefore ,  due t o  

t hese  e f f e c t s ,  a s  w e l l  a s  u n c e r t a i n t i e s  regarding a s p e c t s  r e l a t i v e  t o  d i f -  

f e r e n t  c l ay  mine ra l  composi t ions,  t he  f ree- i ron  oxide  removal procedure was 

no t  u t i l i z e d  f u r t h e r  du r ing  t h e  p re sen t  s tudy .  

This  sample s t a t i o n ,  CR5, i s  loca t ed  a t  t h e  mouth of t h e  Kogasukruk River ,  

where i t  e n t e r s  t h e  C o l v i l l e  River .  The Kogasukruk River  has i t s  headwaters 

t o  t h e  south ,  i n  t h e  r e g i o n  n o r t h e a s t  of t he  s e t t l e m e n t  of Umiat. This i s  

t h e  a rea  i n  which t h e  "Umiat Bentonite",  a  w e l l  developed montmor i l lon i t ic  

smec t i t e ,  w i th  c e r t a i n  b e i d e l l i t i c  a f f i n i t i e s ,  ou tcrops .  This  m a t e r i a l  has 

been s tud ied  by Anderson and Reynolds, 1966, who thoroughly cha rac t e r i zed  i ts  

mineralogic ,  chemical ,  and phys i ca l  p r o p e r t i e s .  Reference t o  t h i s  work, to- 

ge ther  w i th  pe r sona l  communications between Reynolds and Mowatt, 1972, a f f i r m  

t h a t  t h e  m a t e r i a l  r ep re sen ted  a t  sample l o c a l i t y  CR5 con ta ins  an apprec iab le  

amount of t h i s  b e n t o n i t e  component, Thus, an oppor tun i ty  i s  af forded  t o  

monitor t h e  sed imento logic ,  minera logic ,  and geochemical behavior  of t h i s  w e l l -  

def ined s m e c t i t e  du r ing  t h e  course  of i t s  subsequent s o j u r n  i n  t h e  sedimentary 

regime from t h i s  l o c a l i t y ,  downstream i n  t h e  C o l v i l l e  R ive r ,  t o  t he  C o l v i l l e  

De l t a ,  and i n t o  t h e  marine environment. It is f e l t  t h a t  t h i s  i s  p o t e n t i a l l y  a  

va luab le  parameter t o  cons ider  i n  any a t tempt  t o  d e l i n e a t e  t r ends  and mechanisms 

of sedimentat ion and sediment t r anspor t  i n  t h i s  r e g i o n ,  a s  w e l l  a s  i n  endeavor- 

i ng  t o  e l u c i d a t e  mineralogic-geochemical r e l a t i o n s h i p s  regard ing  poss ib l e  

d i agene t i c  e f f e c t s  i n  t h e s e  environments. The C o l v i l l e  is  a  t r u l y  A r c t i c  r i v e r ,  

having i t s  dra inage  b a s i n  e n t i r e l y  no r th  of t h e  A r c t i c  C i r c l e ,  and t h i s  f u r n i s h e s  

uniqueness t o  t h e  s e t t i n g  which was f u r t h e r  i n c e n t i v e  t o  t h e  p re sen t  and planned 

d e t a i l e d  work. 

With regard t o  t h e  d i f f r ac tome te r  t r a c e s  obta ined  from CR5 specimens, d i s -  

cuss ion  w i l l  be  l i m i t e d  i n  t h i s  r e p o r t  t o  t h e  fo l lowing  observa t ions .  De tec t ab le  

amounts of mixed-layer m a t e r i a l s  appear t o  b e  p r e s e n t  i n  each of t h e  p a r t i c l e  



s i z e  i n t e r v a l s ,  being p a r t i c u l a r l y  apparent  i n  t he  hea t - t r ea t ed  specimens. 

The d a t a  suggest  t h a t  t h e s e  phases r ep re sen t  i n t e r l a y e r e d  " i l l i t e / c h l o r i t e f ' ,  

"vermiculite/chloritel', and/or  " smec t i t e / ch lo r i t e "  components, presumably 

r e p r e s e n t i n g  ma te r i a l s  r e s u l t i n g  from t h e  e f f e c t s  of h e r i t a g e  and weathering 

p r i o r  t o  depos i t ion  a t  l o c a l i t y  CR5. The l a r g e  amount of wel l-defined smec t i t e  

i n  t h e s e  samples prec ludes  c l e a r e r  e l u c i d a t i o n  of t h e  n a t u r e  of t h e  mixed-layer 

components by t h e  va r ious  c a t i o n  exchange t reatments  i n  t h i s  i n s t a n c e .  However, 

t h e r e  does seem t o  be  n o t i c e a b l y  l e s s  mixed-layer m a t e r i a l  i n  t h e  c o a r s e s t  s i z e  

f r a c t i o n ,  which seems t o  f u r t h e r  suppor t  t h e  above con ten t ion  a s  t o  t h e  na tu re  

and o r i g i n  of t hese  components. The X-ray d i f f r a c t i o n  m a n i f e s t a t i o n s  of t he  

mixed-layer phases a r e ,  i f  any th ing ,  somewhat more c l e a r l y  de f ined  i n  t h e  speci-  

mens which were sub jec t ed  t o  t h e  f r ee - i ron  oxide removal t r ea tmen t ,  presumably 

due t o  t h e  "cleaning-up" e f f e c t  r e l a t i v e  t o  t h e  i r o n  oxide.  I t  is  d i f f i c u l t  

t o  a s s e s s  any e f f e c t  of t h i s  t rea tment  on t h e  mixed-layer materials themselves, 

a l though such e f f e c t s  might be a n t i c i p a t e d .  It i s  a l s o  e n t i r e l y  p o s s i b l e  t h a t  

an apprec i ab le  amount of mixed-layered i l l i t e / s m e c t i t e ,  a commonly occurr ing  

m a t e r i a l  geo log ica l ly ,  might be p r e s e n t  i n  t hese  sed iments ,  b u t  n o t  be d e t e c t a b l e  

due t o  t h e  high con ten t  of d i s c r e e t  smect i te .  

Sample l o c a t i o n  CR7. 
0 

A s  shown by f i g u r e s  3 - 6 ,  t h e  r e l a t i v e  amount of s m e c t i t e  t o  10A and combined 
0 

7A m a t e r i a l s  is  cons iderably  l e s s  a t  t h i s  sample s t a t i o n ,  a s  compared t o  

l o c a t i o n  CR5 upstream. However, a l though l e s s  s t r i k i n g ,  t h e  same sense  of t rend 

of decreas ing  17/10 and 1717 r a t i o s  w i t h  increas ing  p a r t i c l e  s i z e  is  seen a t  

l o c a l i t y  CR7. S i m i l a r l y ,  a g a i n  t h e  KCL+glycol t r e a t e d  specimens show c o n s i s t e n t l y  

lower 17/10 and 1717 r a t i o s  than  t h e i r  p a r t i c l e - s i z e  e q u i v a l e n t s  which have 

been t r e a t e d  wi th  NaCL, MgCL2, o r  s e a  water .  This a g a i n  sugges t s  t h e  presence of 



a s i g n i f i c a n t  component of "degraded mica/vermicul i te"  i n  each s i z e  f r a c t i o n  

of t h i s  s ' a p l e ,  This i s  emphasized by t h e  7/10 r e l a t i o n s h i p s  shown on f i g u r e s  

9 and 1 0 ,  f o r  t h e  KCL+glycol ve r sus  t h e  o t h e r  cat ion+glycol  specimens. The 

o t h e r  d a t a ,  w i t h  t he  except ion  of t h e  somewhat e r r a t i c  p a t t e r n  given by 

t h e  s e a  water+glycol  specimens, demonstrate  a  well-defined t rend  of i n c r e a s i n g  

7/10 r a t i o s  w i t h  inc reas ing  p a r t i c l e  s i z e ,  aga in  r e f l e c t i n g  inc reased  propor- 
0 

t i o n s  of t h e  combined c h l o r i t e  p l u s  k a o l i n i t e  component r e l a t i v e  t o  t h e  10A 

m a t e r i a l s  i n  t h e  l a r g e r  s i z e  ranges.  S ince  t h e  d a t a  presented  i n d i c a t e  a  

predominant amount of c h l o r i t e  r e l a t i v e  t o  k a o l i n i t e ,  t he  f u r t h e r  i n t e r p r e t a t i o n  

of t h e  7/10 t rend  a s  p r imar i ly  r e p r e s e n t i n g  increased  amounts of c h l o r i t i c  

m a t e r i a l  r e l a t i v e  t o  " i l l i t i c "  phases as a f u n c t i o n  of i n c r e a s i n g  p a r t i c l e  s i z e  

s u g g e s t s  i t s e l f .  This  i s  f u r t h e r  suppor ted  by t h e  t rend of t h e  14/10 r a t i o s  

shown on f i g u r e  10-b. 

The d i f f r ac tome te r  aga in  i n d i c a t e  t h e  presence  of a  d e t e c t a b l e  amount of 

mixed-layer m a t e r i a l  i n  each p a r t i c l e  s i z e  range ,  although t h e  p ropor t ion  is  

lowes t  i n  t h e  c o a r s e s t  i n t e r v a l .  Due t o  t h e  considerably lower amount of 

s m e c t i t e  i n  t h e s e  samples, a s  compared t o  t hose  from CR5, t h e  i n t e r s t r a t i f i e d  

phases a r e  d i s c e r n i b l e  i n  some of t h e  ca t ion - t r ea t ed  specimens, a s  w e l l  a s  i n  

t h e  hea t - t r ea t ed  specimens. Again, t h e  i n t e r p r e t a t i o n  is  t h a t  t h e  mixed-layer 

m a t e r i a l s  r ep re sen t  a  vermiculite-illite-smectite/chlorite phase, o r  com- 

b i n a t i o n  of such phases. Due t o  t h e i r  low concent ra t ions  i n  t h e s e  multicomponent 

samples,  b e t t e r  d e f i n i t i o n  of t h e i r  n a t u r e  does n o t  seem f e a s i b l e .  The presence 

of i n t e r s t r a t i f i e d  i l l i t e / s m e c t i t e  is  suggested by t h e  X-ray t r a c e s ,  b u t  d i f -  

f i c u l t  t o  v e r i f y  more s u b s t a n t i a l l y .  



Sample l o c a t i o n  CR8. 

I n t e r e s t i n g l y ,  f i g u r e s  3-6 p o r t r a y  a  d e f i n a b l e  t rend  of i nc reas ing  

17/10 and 1717 r a t i o s  w i t h  increas ing  p a r t i c l e  s i z e .  This  might be i n t e r -  

p re t ed  a s  r e f l e c t i n g  inc reas ing  amounts of expandable "degraded mica/ 

v .ermicul i te t t  as a  f u n c t i o n  of p a r t i c l e  s i z e ,  g iven  t h e  r e l a t i v e l y  low amount 

of expandable component i n  thel0.3. , range,  as compared t o  t he  m a t e r i a l s  from 

l o c a t i o n s  CR5 and CR7. However, t h i s  t r end  might a l s o  be i n t e r p r e t e d  a s  

r e p r e s e n t i n g  a sedimentologic  e f f e c t ,  r e s u l t i n g  from non-deposition of f i n e r  

grained s m e c t i t i c  m a t e r i a l s  a t  l o c a l i t y  CR8. These r e l a t i o n s h i p s  w i l l  b e  

d iscussed  subsequent ly  i n  t he  p re sen t  paper ,  b u t  must be apprec ia ted  a t  the 

p resen t  t ime i n  o r d e r  t o  at tempt  an e v a l u a t i o n  of t h e  c l a y  mineral  assemblage 

a t  t h i s  l o c a l i t y .  The d a t a  of f i g u r e s  7-10 sugges t  t h a t  t he  maximum i n  

7/10 r a t i o s  i n  t h e  in t e rmed ia t e  p a r t i c l e  s i z e  i n t e r v a l ,  0 .3-<l .0 ,yrepresents  
0 

a g r e a t e r  p ropor t ion  of c h l o r i t i c  component r e l a t i v e  t o  10A phases.  The 

KCL+gl~col  v e r s u s  NaC1- ,  MgCL2,0r s e a  water+glycol  r e l a t i o n s h i p s  shown sugges t  
0 

t h a t  an  apprec i ab le  p o r t i o n  of t h i s  10A m a t e r i a l  r e p r e s e n t s  somewhat ex- 

p a n s i b l e  degraded illite-mica-vermiculite, t h e  presence  of which is  most 

n o t i c e a b l e  i n  t h e  c o a r s e s t  s i z e  f r a c t i o n ,  1.0-<2.0,. The p a r a l l e l  7/10 r a t i o s  

of t h e  KCL+gl~col v e r s u s  MgCL2+glycol and sea water+glycol  specimens, i s  

worthy of n o t e ,  a l though a  c l e a r e r  unders tanding  of i t s  s i g n i f i c a n c e  demands 

f u r t h e r  s tudy ,  c u r r e n t l y  i n  progress .  I t  is  t e n t a t i v e l y  suggested t h a t  an  ap- 

p r e c i a b l e  amount of "degraded" c h l o r i t e  may be p r e s e n t  i n  t h e  0.3-<l.Ok, s i z e  

range,  w i t h  r e s u l t a n t  " r econs t i t u t ion"  t o  a be t te r -def ined  c h l o r i t i c  m a t e r i a l  

a t t e n d a n t  upon MgCL2 s a t u r a t i o n ,  and t h a t  t h i s  m a t e r i a l  may show a degree  of 

analogous behavior  upon KCL s a t u r a t i o n .  I n  o t h e r  words, i t  may be d i f f i c u l t ,  



wi th  KCL t rea tment  a l o n e ,  t o  d i f f e r e n t i a t e  between some degraded micas, and 

degraded c h l o r i t e s .  I f  this i n t e r p r e t a t i o n  is  c o r r e c t ,  t h e  usefu lness  of t h e  

v a r i e t y  of t r ea tmen t s  used i n  t he  present  work i s  f u r t h e r  a£ firmed. The 14/10  

r a t i o s  confirm t h e  inc reased  propor t tons  of c h l o r i t e  t o  i l l i t e  p lus  smec t i t e  
0 

plus  o the r  1Q4 phases i n  t h e  coarser  s i z e  ranges.  

The d i f f r a c t o m e t e r  t r a c e s  i n d i c a t e  t h e  presence  of mixed-layer m a t e r i a l s  

i n  each of t h e  p a r t i c l e  s i z e  i n t e r v a l s .  The phases  a r e  more r e a d i l y  d i s -  

c e r n i b l e  i n  t h i s  sample a s  r ep re sen t ing  a vermiculite-illite-smectite/chlorite 

component t oge the r  w i t h  probably vermiculite-illite/smectite a s  wel l .  

Sample l o c a t i o n  KR1. 

It is  c l e a r  t h a t  t h e s e  m a t e r i a l s  a r e  q u i t e  low in s m e c t i t e ,  a s  shown by 

the  17/10 and 1717 r a t i o s  of f i g u r e s  3-6. Resor t  t o  an  expanded d a t a  por- 

t r a y a l  would be neces sa ry  t o  d e l i n e a t e  any t r e n d s  as a func t ion  of p a r t i c l e  

s i z e ,  and such  t r ends  might be f e l t  t o  be  more apparent  than  r e a l .  Due t o  

i n s u f f i c i e n t  sample m a t e r i a l ,  t he  MgCL2 s a t u r a t i o n  t r ea tmen t s  were n o t  made 

of t h i s  sample, b u t  t h e  r e l a t i o n s h i p s  seem t o  be reasonably  i n t e r p r e t e d  

never the less .  The gene ra l  t rend  is  one of i n c r e a s i n g  7/10 r a t i o  w i t h  in- 

creas ing  p a r t i c l e  s i z e .  The d a t a  seem t o  sugges t  a n  apprec i ab le  decrease  i n  

t h e  r e l a t i v e  p ropor t ions  of c h l o r i t e  t o  k a o l i n i t e  i n  t h e  0.3-<l.O,,size range ,  
0 0 

toge ther  w i t h  roughly sub-equal amounts of t o t a l  7 ~ /  t o t a l  10A components i n  

t h e  0.3 - ~1.0,versus t h e  1 .0  - 42.0+ s i z e  i n t e r v a l s .  Thus, a s i g n i f i c a n t  

concent ra t ion  of k a o l i n i t e  i s  seen i n  t he  0.3 -41.0 s i z e  range,  superimposed M 

upon the  afore-mentioned 7/10 t rend  a s  a f u n c t i o n  of p a r t i c l e  s i z e .  I n  
0 

t h e  t h ree - s i ze  i n t e r v a l s ,  t he  con t r ibu t ion  t o  t h e  t o t a l  I O A  components of 

any degraded mica /vermicul i te  m a t e r i a l s  i n  n o t  d e t e c t a b l e ,  which is n o t  

s u r p r i s i n g ,  g iven  t h e  f a c t  t h a t  t h i s  sample s t a t i o n  r e p r e s e n t s  a marine 

l o c a l i t y ,  and, nence, a depar ture  from t h e  f l u v i a l / d e l t a i c  ma te r i a l s  prev-  



i o u s l y  discussed.  The appa ren t ly  "deviant" behavior  of t h e  NaCL t r e a t e d  

1.0- 42.0,specimen most l i k e l y  r e p r e s e n t s  an  a n a l y t i c a l  "anomaly", given t h e  

apparent  cogency of t h e  remainder of t h e  da ta .  Thus, a n  apparent  s l i g h t  

maximum i n  smec t i t e  r e l a t i v e  t o  t h e  o the r  phases is  seen  i n  t h e  0 . 3 - 4 1 . 0 ~ ~  

s i z e  range, toge ther  w i t h  a somewhat more n o t i c e a b l e  maximum i n  k a o l i n i t e .  
0 

As c l e a r l y  demonstrated by  t h e  55Q°C t r e a t e d  m a t e r i a l s ,  the c h l o r i t e I l 0 A  

m a t e r i a l s  propor t ions  i n c r e a s e  w i t h  inc reas ing  p a r t i c l e  s i z e .  This  sense of 

t rend  i s  common t o  t h e  o t h e r  l o c a l i t i e s  a s  w e l l ,  and appears  t o  b e  a charac te r -  

i s t i c  f e a t u r e  of t h e s e  assemblages.  

The d i f f r ac tome te r  t r a c e s  i n d i c a t e  small b u t  s i g n i f i c a n t  amounts of mixed- 

l a y e r  components i n  each of t h e  p a r t i c l e  s i z e  ranges ,  a g a i n  r ep re sen t ing  a 

vermiculite-illite-smectite/chlorite and a probable vermiculite-illitelsmectite 

phase,  apparent ly p e r s i s t i n g  i n  t h e  marine environment a t  t h i s  l o c a l i t y .  

Comparative Mineralogy 

I n  t h i s  s e c t i o n ,  an a t t empt  is made t o  demonstrate  and d i s c u s s  t h e  

observed r e l a t i o n s h i p s  among t h e  c l a y  mineral  assemblages r ep re sen t ing  t h e  

f i v e  sample s i t e s  i n v e s t i g a t e d  t o  da t e .  Ce r t a in  t r ends  a r e  d i s c e r n i b l e  from 

f i g u r e s  3-10 presumably r e f l e c t i n g  d i f f e r e n c e s  i n  c l a y  mine ra l  s u i t e s  r e s u l t i n g  

from var ious  sedimentologic  and geochemical f a c t o r s .  C a r e f u l  s c r u t i n y  of 

some of these  d a t a  appears  t o  warran t  f u r t h e r ,  more s p e c i f i c  comments. 

Figures  3 and 4 p o r t r a y  t h e  17/10 r a t i o s ,  and f i g u r e  5 compares t he  17/10 

r a t i o s  f o r  KCL + g l y c o l  ve r sus  NaCL+glycol specimens. The l a t t e r  p l o t  shows 

a decided t rend towards a dec rease  i n  t h e  va lues  of t h i s  parameter a s  one 

proceeds from l o c a l i t y  CR3 t o  KR1. I n t e r e s t i n g l y ,  t h i s  t r e n d ,  as w e l l  a s  t h e  

abso lu t e  va lues  f o r  t h e  parameter ,  i n  genera l  t r a c k  q u i t e  n i c e l y  f o r  t he  

11 v a r ious  p a r t i c l e  s i z e s  as we l l .  Even the  th ree  appa ren t ly  somewhat anomalous" 

h igh  va lues  off  t h i s  main t r end  appear  t o  d e f i n e  a sub-trend p a r a l l e l  t o  t h e  

-27 - 



primary one. Admittedly t h e  d a t a  a r e  n o t  t h a t  abundant t o  pe rmi t  a vigorous 

defense  of t h e s e  apparent  r e l a t i o n s h i p s ,  b u t  t he  t rends  do seem t o  be  r e a l .  

I n s p e c t i o n  of t h e  f i g u r e s  shows t h a t ,  w i t h  t h e  except ion of t h e  m a t e r i a l s  

from l o c a l i t y  CR5, where t h e  Umiat b e n t o n i t e  smec t i t e  dominates t h e  assemblage, 

t h e  17/10 r a t i o s  range i n  v a l u e  from a maximum of 2 . 2  on down t o  t h e  0.1 

neighborhood. This  c e r t a i n l y  sugges t s  t h a t  t he  sediments s t u d i e d  a r e  composed 
0 

of a g r e a t e r  propor t ion  of 10A materials, r e l a t i v e  t o  s m e c t i t i c  phases,  f o r  

each of t h e  p a r t i c l e  s i z e  i n t e r v a l s ,  This  may be p r imar i ly  a r e f l e c t i o n  of 

non-deposition of smec t i t e ,  due t o  v a r i o u s  sedimentologic  e f f e c t s ,  s i n c e  the  

abundance of expandable c l a y  mine ra l s  appears  higher  i n  marine sediments  o f f -  

sho re  from t h e  C o l v i l l e  De l t a  than  i n  sediments from ad jacen t  p o r t i o n s  of t h e  

Beaufort  Sea a rea .  P a r t  of our  f u r t h e r  work, now underway, i nvo lves  s tudy  of 

suspended load  ma te r i a l  from each  of t h e s e  sample s i t e s ,  f o r  comparative pur- 

poses ,  i n  o rde r  t o  more c l e a r l y  d e f i n e  t h e  sedimentologic  and geochemical 

s i t u a t i o n .  The f a c t  t h a t  t h e  v a l u e  of t h e  parameter 17/10 f o r  KCL+glycol 

v e r s u s  NaCLfglycol specimens is  l e s s  than  1 .0  i s  s t r o n g  ev idence  f o r  t h e  pres-  
0 

ence of a s i g n i f i c a n t  amount of degraded 10A m a t e r i a l ,  i n  each  of t h e  p a r t i c l e  

s i z e  ranges ,  f o r  every sample ( t h e  s o l e  except ion is t h e  1.0-<2.0asize a t  

s t a t i o n  CR5), and the  sense  of t r end  f u r t h e r  sugges ts  t h a t  t h i s  m a t e r i a l  in -  

c r e a s e s  i n  r e l a t i v e  amount w i t h  d i s t a n c e  downstream. However, t h i s  may be 

i l l u s o r y ,  i n  t h a t  the same d a t a  might be  i n t e r p r e t e d  a s  r e p r e s e n t i n g  more 

e f f e c t i v e  exchange of i o n s  from s a l i n e  wa te r ,  given t h e  f a c t  t h a t  l o c a l i t y  

KR1 is a marine si te,  and shows t h e  lowes t  va lues  f o r  t h i s  t rend .  I n  o t h e r  

words, degraded m a t e r i a l s  which had n o t  y e t  been exposed t o  s a l i n e  water  may 

behave i n  a somewhat d i f f e r e n t  manner, under our  experimental  c o n d i t i o n s  of 

a t tempted c a t i o n  exchange, r e l a t i v e  t o  m a t e r i a l s  which have had a prev ious  op- 

p o r t u n i t y  t o  e f f e c t  (or  a t  l e a s t  approach) equi l ibr ium under s a l i n e  condi t ions .  



This argument is f u r t h e r  strengthened by t h e  r e l a t i o n s h i p s  shown on f i g u r e  

4-d i n  which t h e r e  appears t o  be a  r a t h e r  ab rup t  d i f f e r e n c e  i n  the  17/10 s e a  

water + g l y c o l  specimens between l o c a l i t i e s  CR7 ( f r e s h  water)  and CR8 (which 

may have been p e r i o d i c a l l y  exposed t o  i n f l u x  of the  sal t -water  wedge coming 

upstream from t h e  r i v e r  mouth). Actual ly ,  i n  view of these  complexit ies ,  i t  

is apparent  t h a t  a  c l e a r e r  apprec ia t ion  of t h e  s i t u a t i o n  awaits  the  r e s u l t s  of 

our f u r t h e r  s t u d i e s  now i n  progress. I n  concluding t h e  comments on t h e  17/10 

r e l a t i o n s h i p s  f o r  t h e  p resen t ,  we might p o i n t  ou t  t h e  cons is tent  behavior of 

the 1 .0  - <2.0, s i z e ,  r e l a t i v e  t o  t h e  f i n e r  s i z e  m a t e r i a l s ,  a t  s t a t i o n  CR8 

under NaCL, MgCL2, and s e a  water exchange and reglycola t ion .  The i n t e r p r e -  

t a t i o n  is t e n t a t i v e l y  advanced here t h a t  t h e  c o a r s e s t  ma te r i a l  here  i s  com- 

posed of an unusual ly high amount of degraded micaceous - i l l i t i c  m a t e r i a l ,  

r e l a t i v e  t o  t h e  sma l l e r  p a r t i c l e s  a t  t h i s  s i t e ,  when comparison of i t s  i n t e r -  

a c t i o n  wi th  KCLS-glycol is  made. This might be  f u r t h e r  i n d i c a t i v e  of t h e  f r e s h /  

s a l i n e  water  r e l a t i o n s h i p s  discussed above, i n  t h a t  it would be a n t i c i p a t e d  

t h a t  t h e  f i n e r  p a r t i c l e s  would r e a c t  more r a p i d l y  i n  e f f e c t i n g  exchange 

equi l ibr ium w i t h  t h e  environment of depos i t ion .  Thus, t h i s  r a t h e r  s u b t l e  

f e a t u r e  may be q u i t e  important i n  ga in ing  added i n s i g h t  i n t o  the  o v e r a l l  re- 

l a t i o n s h i p s .  However, a l t e r n a t i v e l y ,  and perhaps l i k e l i e r ,  i t  may merely r ep resen t  

i n f l u x  of m a t e r i a l s  from the  I t k i l l i k  River ,  which en te r s  the C o l v i l l e  River 

a t  s i t e  CR8. 

F igure  6 p o r t r a y s  t h e  17/7 r a t i o s  f o r  the  va r ious  ca t ion  + g lyco l  t r e a t e d  

specimens, and is  presented more f o r  t h e  sake  of completeness of d a t a  than 

f o r  any p a r t i c u l a r l y  s t r i k i n g  r e l a t i o n s h i p s  d i sce rn ib le .  The t rends  a r e  

c o n s i s t e n t  w i t h  t h e  17/10 r a t i o s  j u s t  d iscussed .  Noteworthy i s  t h e  s i m i l a r  

behavior of t h e  c o a r s e s t  s i z e  f r a c t i o n  of l o c a t i o n  CR8 wi th  r e spec t  t o  t h e  

accompanying smaller p a r t i c l e s  i n  t h i s  assemblage. The absolu te  va lues  of t h e  



1717 r a t i o  f o r  s t a t i o n  CR5 show the  dominance of t h e  s m e c t i t e  component i n  

those m a t e r i a l s ,  t h e  remaining s t a t i o n s  i n v e s t i g a t e d  y i e l d  1717 r a t i o s  more 

i n d i c a t i v e  of subord ina t e  amounts of expandable components i n  propor t ion  t o  

t o t a l  c h l o r i t e  p l u s  k a o l i n i t e .  S t a t i o n  KR1, marine,  shows t h e  lowest  va lue ,  

and may r e s u l t  from v a r i o u s  environmental d i f f e r e n c e s .  Winnowing and/or  non- 

depos i t i on  of s m e c t i t e ,  a s  w e l l  a s  formation of a u t h i g e n i c  c h l o r i t i c  m a t e r i a l  

i n  t h e  marine environment a r e  poss ib l e  reasons ,  b u t  d i f f e r i n g  source m a t e r i a l s  

is another  p o t e n t i a l  f a c t o r  t o  be  considered. This  w i l l  be pursued f u r t h e r  

below. 

I n  o rde r  t o  o b t a i n  t h e  maximum amount of in format ion  from our d a t a ,  we 

have presented  i n  f i g u r e s  7 through 1 0  q u i t e  a few of t h e  a v a i l a b l e  7/10 re -  

l a t i o n s h i p s ,  f o r  v a r i o u s  t rea tments ,  and combinations the reo f .  It i s  f e l t  t h a t  

unique d e f i n i t i o n  of t h e  r e l a t i o n s h i p s  is more l i k e l y  t h e  more thorough such 

g raph ica l  p o r t r a y a l  of d a t a  is  attempted. Again, c e r t a i n  t r ends  seem r e a d i l y  

d i s c e r n i b l e ,  wh i l e  some s u b t l e t i e s  may be v a r i o u s l y  i n t e r p r e t e d ,  and w i l l  re- 

main somewhat unc lea r  u n t i l  more work is  done. These f i g u r e s  show t h e  e f f e c t s  

of K+, Na+ and h e a t  t rea tments .  Evident i s  t h e  c o n s i s t e n t l y  lower 7/10 r a t i o  

f o r  t h e  <0.3,size range  of a given l o c a l i t y ,  denot ing  l e s s e r  amounts of c h l o r i t e  
0 

plus  k a o l i n i t e  r e l a t i v e  t o  10A m a t e r i a l  i n  t h i s  f i n e s t  s i z e  f r a c t i o n .  F u r t h e r ,  

a t rend  of i nc reased  7/10 va lues  p rog res s ive ly  from CR5 through KR1 i s  seen ,  

f o r  each s i z e  i n t e r v a l ,  which sugges ts  i nc reased  c h l o r i t e  p l u s  k a o l i n i t e  pro- 

po r t ions ,  w i t h  g r e a t e s t  amount i n  t he  marine sample l o c a t i o n ,  KR1. A t  t h e  

l a t t e r  s i te ,  t h e  d i f f e r e n c e  i n  7/10 between t h e  300°C and 430°C t rea tments  of 

t h e  f i n e s t  and i n t e r m e d i a t e  p a r t i c l e  s i z e  materials may r e f l e c t  a s i g n i f i c a n t  

amount of a u t h i g e n i c  c h l o r i t i c  m a t e r i a l ,  of lower thermal  s t a b i l i t y  t han  t h e  

more usua l  d e t r i t a l  c h l o r i t e s ,  which a r e  g e n e r a l l y  of metamorphic o r  igneous 

h e r i t a g e ,  and, t hus ,  more s t a b l e  under the 430°C t rea tment  than a c h l o r i t i c  



m a t e r i a l  formed under sedimentary condi t ions .  It would be  f u r t h e r  a n t i c i -  

pa t ed  t h a t  such a u t h i g e n i c  phases  a s  might be p r e s e n t  would b e  predominantly 

i n  t h e  f i n e r  g ra in  s i z e s ,  due t o  probable  low growth r a t e s  i n  t h e  temperature- 

p r e s s u r e  regimen of t h e  sedimentary environment. 

The general  sub-equal va lues  f o r  CR3, CR7, and CR8 sugges t  t h a t  the  CR5 

assemblage is  somewhat unusual  and, i n  e f f e c t  i s  a "dfluent" t o  t h e  o the r  

s u i t e s  represented  by ou r  sample s i t e s  upstream from t h e  d e l t a  proper .  These 

l a t t e r  ma te r i a l s  appear t o  e x h i b i t  t h e  " c h a r a c t e r i s t i c "  7/10 r e l a t i o n s h i p s  

of C o l v i l l e  River f l u v i a l  sediments .  

Again, t he  r e l a t i o n s h i p s  shown by the  f i g u r e  which p o r t r a y s  t h e  7/10 

r a t i o s  f o r  KCL ve r sus  NaCL t r e a t e d  specimens i n d i c a t e  t h e  presence  of an  ap- 
0 

p r e c i a b l e  component of degraded 10A m a t e r i a l  i n  t h e  samples stuictied. However, 

t h e  f a c t  t h a t  those  v a l u e s ,  excep t  f o r  the40.3,smectite-rich specimen f o r  lo-  

c a t i o n  CR5, are mainly c l u s t e r e d  i n  t h e  1.2-1.0 r e g i o n  sugges t s  t h a t  t h i s  de- 

graded 10; c o n t r i b u t i o n  i s  r e l a t i v e l y  minor. F igu re  8-b compares t h e  7/10 

r a t i o s  f o r  KCL ve r sus  300°C t r e a t e d  specimens, and i l l u s t r a t e s  t h e  genera l  s im-  

i l a r i t i e s  f o r  s t a t i o n s  CR3, CR7 and CR8. The except ions  once aga in  occur a t  

CR5, where t h e  f i n e r  s i z e  f r a c t i o n s  show t h e  dominance of t h e  U m i a t  smec t i t e ,  

which i s  no t  a f f e c t e d  by KCL a s  much a s  i t  i s  by h e a t  t rea tment .  I n t e r e s t i n g l y ,  

t h e  KR1 m a t e r i a l  d e p a r t s  i n  t h e  same sense  a s  those  CR5 f iner  m a t e r i a l s ,  from 

t h e  main sequence of v a l u e s  on f i g u r e  8-b. Also noteworthy is  t h e  agreement, 

w e l l  w i t h i n  the  exper imenta l  e r r o r ,  of t he  va lues  f o r  each  of t h e  t h r e e  p a r t i c l e  



s i z e  i n t e r v a l s  a t  s t a t i o n  KR1. This degree  of s i m i l a r i t y  i n  behavior  among 

t h e  s i z e  ranges of one p a r t i c u l a r  sample m a y  merely be f o r t u i t o u s .  However, 

i t  seems s u f f i c i e n t l y  unusual t h a t ,  i n  endeavoring t o  exp la in  t h i s  s i t u a t i o n ,  

we t e n t a t i v e l y  suggest  t h a t  i t  may r e p r e s e n t  an  e f f e c t i v e  equ i l i b r ium s i t u -  

a t i o n  having been a t t a i n e d  w i t h  r e s p e c t  t o  K-l- exchange a t  t h i s  s i t e  i n  t h e  

marine environment such t h a t  similar responses  (more p r e c i s e l y  l a c k  of re -  

sponse)  t o  K-t exchange under our  exper imenta l  condi t ions  h a s  r e s u l t e d .  This  

is  perhaps a somewhat out rageous ly  s p e c u l a t i v e  suggest ion,  b u t  we n e v e r t h e l e s s  

advance i t  he re ,  f u l l y  aware of i t s  unce r t a in ty .  I t  i s  d i f f i c u l t  t o  e i t h e r  

c o r r o b o r a t e  o r  c o n t r a d i c t  t h i s  a s s e r t i o n  w i t h  r e spec t  t o  K+ s p e c i f i c a l l y ,  upon 

examination of t h e  d a t a  shown i n  f i g u r e  8-C, which s i m i l a r l y  p o r t r a y s  t h e  7/10 

r a t i o s  f o r  NaCL versus 300°C t r e a t e d  specimens. The o v e r a l l  t r e n d s  among t h e  

sample l o c a l i t i e s  a r e  analogous t o  t hose  i n  f i g u r e  8-b, b u t  t h e  t h r e e  p a r t i c l e  

s i z e  ranges a t  sample s t a t i o n  KR1 a r e  no longer  i d e n t i c a l  i n  behavior  t o  one 

another .  This  may mean t h a t  t h e  NaCL s a t u r a t i o n  under our  expermental  con- 

d i t i o n ?  w a s  s u f f i c i e n t  t o  d i s t u r b  t h e  p o s t u l a t e d  equi l ibr ium,  a l though  KCL 

t rea tment  d i d  not  have t h e  same e f f e c t .  Data a r e  not  a v a i l a b l e  f o r  t h e  7/10 

r a t i o s  of non-glycolated MgCL2 o r  s e a  water  t r e a t e d  specimens, s o  comparisons 

a r e  n o t  p o s s i b l e  a t  t h i s  t ime,  a l t hough  t h i s  w i l l  be i n v e s t i g a t e d  f u r t h e r .  

F igu res  9 and 10 show t h e  7/10 r a t i o s  f o r  t h e  var ious  ca t ion+glycol  t r e a t ~ d  
0 0 

specimens. The c o n s i s t e n t  dominance of t h e  7A phases w i t h  r e s p e c t  t o  10A 

materials i n  t h e  coa r se r  s i z e  f r a c t i o n s  of a given sample i s  appa ren t ,  w i t h  

t h e  s o l e  except ion of t h e  s e a  wa te r  t r e a t e d  m a t e r i a l  i n  t h e  < 0 . 3 4 i n t e r v a l  a t  

s t a t i o n  CR7. It is d i f f i c u l t  t o  d i s c e r n  any r e a l l y  well-defined t r e n d s ,  a l -  
0 

though t h e  coarser  KR1 m a t e r i a l s  appear  t o  be  somewhat enr iched  i n  7A com- 

ponents  once again. It might be f u r t h e r  gleaned from f i g u r e  10-a, i n  which 



the 7/10 r a t i o s  f o r  KCL+glycol versus NaCL+glycol samples a r e  compared, t h a t  
0 

the r e l a t i v e  amounts of combined c h l o r i t e  p l u s  k a o l i n t t e  ve r sus  10A m a t e r i i l s  

do no t  va ry  g r e a t l y  among the samples s t u d i e d ,  al though i t  would seem t h a t  

the  marine l o c a l i t y ,  K R 1  has c h a r a c t e r i s t i c s  somewhat d i f f e r e n t  from t h e  f l u v i a l  

sediments.  

F igure  10-b por t r ays  the  14/10 r a t i o s  f o r  specimens heated f o r  one hour 

a t  550°C. The d a t a  from s t a t i o n  CR3 a r e  somewhat suspec t ,  i n  view of the 

problems c i t e d  e a r l i e r  regarding the  presence of s i g n i f i c a n t  amounts of f e r -  

ruginous m a t e r i a l s ,  a t tempts a t  its removal, and consequent u n c e r t a i n t i e s  re- 

garding t h e  n a t u r e  of t h e  r e s i d u a l  assemblages vis-a-vis the  n a t u r a l  ones. 

Thus, we have n o t  considered these da ta  i n  t h e  fol lowing d iscuss ion ,  a l though 

the  d a t a  a r e  shown on f i g u r e  10-b f o r  completeness. Discernib le  i s  a t rend 
0 

toward inc reas ing  c h l o r i t e  r e l a t i v e  t o  10A m a t e r i a l s  ( i n  t h i s  case  t h e  l a t t e r  

r ep resen t s  t o t a l  smec t i t e ,  i l l i t e ,  and degraded micas-vermiculites) downstream, 

wi th  t h e  maximum v a l u e  i n  t h e  marine l o c a l i t y ,  KR1. This t rend is w e l l  de- 

f ined ,  and equal ly  shown f o r  any given s i z e  range among the  sample s t a t i o n s ,  

a s  w e l l  a s  i n  a broad sense f o r  each e n t i r e  assemblage. This i s  q u i t e  i n t e r -  

e s t i n g ,  and presumably represents  the  e f f e c t  of sediment t r anspor t  and depos i t ion ,  

combined wi th  p o s s i b l e  considerat ions of source  m a t e r i a l  d i f f e rences ,  a s  w e l l  

a s  au th igenes i s  i n  t h e  marine environment. Although our d a t a  a r e  i n s u f f i c i e n t  

a t  p r e s e n t  t o  lend s t r o n g  support t o  any of t h e s e  v a r i a b l e s ,  a s  shown e a r l i e r  

the re  a r e  some sugges t ions  t h a t  a moderate amount of auth igenic  formation of 

c h l o r i t i c  m a t e r i a l  may i n  f a c t  be occurr ing i n  t h e  marine milieu. The apparen t ly  

lower 7/10 va lues  f o r  MgCLZ + glycol  and s e a  water+glycol specimens a t  KR1 

might a l s o  suggest  t h a t  some of t h i s  c h l o r i t i c  component may rep resen t  a de- 

graded c h l o r i t i c  component i n  t h e  r i v e r ,  which subsequently has r e -equ i l ib ra t ed  

wi th  MgSt i n  t h e  marine environment t o  form a " recons t i tu ted"  c h l o r i t e .  This  



i s  l i t t l e  more than  s p e c u l a t i o n  a t  the  p r e s e n t  s t a g e  of our  s t u d i e s ,  and w i l l  

be pursued f u r t h e r .  C e r t a i n l y ,  the  r e l a t i o n s h i p s  a r e  n i c e l y  de l inea t ed  w i t h  
0 

t h e  550°C t r ea tmen t ,  due t o  removal of t h e  " c h l o r i t e  p l u s  k a o l i n i t e  = 7A 

mater ia l"  problem. 

Regarding this l a t t e r  problem, f i g u r e  10-C p o r t r a y s  t h e  d a t a  r e s u l t a n t  
0 

from our a t tempts  t o  r e s o l v e  t h e  113.52/3, 5 8 ~ d o u b l e t "  r e s u l t i n g  from X-ray 

d i f f r a c t i o n  maxima f o r  c h l o r i t i c  versus k a o l i n i t i c  phases ,  r e spec t ive ly .  The 

l ack  of apparent  t r e n d s  might sugges t  l i t t l e  succes s  i n  this a t tempt ,  b u t ,  w i t h  

one except ion,  t h e  r e p r o d u c i b i l i t y  represented  by t h e  r e p l i c a t e  samples shown 

i n d i c a t e s  t h a t  t h e  technique inhe ren t ly  has a  u s e f u l  degree  of prec is ion .  The 

va lues  f o r  t h e  f r ee - i ron  oxide removal t reatedr .0.3,  f r a c t i o n  of sample CR5 

suggest  an apprec i ab le  degree  of d e s t r u c t i o n  of f i n e  gra ined  c h l o r i t i c  ma te r i a l .  

No c o n s i s t e n t  r e l a t i o n s h i p s  a r e  apparent  from t h e  d a t a  p r e s e n t l y  on hand, b u t  

t h e  information po r t r ayed  i s  f e l t  t o  b e  v a l i d  i n  i t s e l f ,  w i t h i n  a  given sample 

s i te ,  a s  w e l l  as between sites. D i f f i c u l t i e s  i n  o b j e c t i v e l y  obta in ing  t h e s e  

d a t a  can b e s t  be app rec i a t ed  by r e fe rence  t o  t h e  d i f f r a c t o m e t e r  t r a c e s  obta ined  

experimental ly .  An a d d i t i o n a l  complicat ion i s  t h e  p o s s i b i l i t y  of s h i f t s  of t h e  
0 

c h l o r i t e  peak toward t h e  3.56-3.588 a r e a ,  depending upon s t r u c t u a l  and corn- 

p o s i t i o n a l  e f f e c t s .  

Conclusions 

De ta i l ed  s t u d i e s  of mineral  assemblages i n  sedimentary ma te r i a l s  seem 

t o  be p o t e n t i a l l y  q u i t e  u se fu l  i n  enabl ing  an  enhanced degree  of c e r t a i n t y  

regarding c h a r a c t e r i z a t i o n  of t h e  c o n s t i t u e n t  phases.  Th i s  i n  t u rn  permi ts  

a p p r a i s a l  of geochemical and sedimentologic  r e l a t i o n s h i p s  t o  be made w i t h  b e t t e r  

i n s i g h t  i n t o  t h e  n a t u r e  of t h e  m a t e r i a l s  involved.  With t h i s  i n s i g h t ,  more 



r e l i a b l e  p red ic t ions  may b e  ventured  a s  t o  t h e  p o t e n t i a l  behavior ,  r e a c t i v i t y ,  

e c t .  of these  m a t e r i a l s  under v a r i o u s  geo1og:ic-geochemical c o n d i t i o n s ,  a s  w e l l  

a s  w i t h  regard t o  t h e  probable  r e a c t i o n  of t hese  m a t e r i a l s  i n  t h e  context  of 

t h e  a c t i v i t i e s  of man, 

With regard t o  t h e  m a t e r i a l s  d i scussed  i n  t h i s  pape r ,  t h e  ubiqui tous  
0 

presence of s m e c t i t i c  and degraded 10A phases i n  t h e  sediments  sugges ts  t h a t  

a  reasonably h igh  degree  of " a c t i v i t y "  might be a n t i c i p a t e d  i n  t h e i r  n a t u r a l  

environment, w i th  r e s p e c t  t o  exchange of c a t i o n s  and/or  f o r e i g n  organic  mat te r ,  

However, i t  must b e  remembered t h a t  t h e  m a t e r i a l s  s t u d i e d  r equ i r ed  "removal" 

of organic  m a t e r i a l  w i t h  hydrogen peroxide i n  o rde r  t o  permi t  meaningful X-ray 

a n a l y s i s .  Thus, t h e  sample d a t a  r e p r e s e n t  m a t e r i a l  no longer  i n  t h e  n a t u r a l  

s t a t e .  However, t h e  ease of exchanging vari.ous c a t i o n s ,  as w e l l  a s  e thylene  

g l y c o l ,  onto t h e  c l a y s  i n  t h e  l abo ra to ry  sugges ts  t h e  l i k e l i h o o d  of analogous 

behavior  i n  t h e i r  n a t u r a l  s t a t e  a s  wel l .  Aclditionally,  i t  should b e  noted 

t h a t  a l though s m e c t i t e  i s  ub iqu i tous ,  i t  is  n o t  p r e s e n t  i n  predominant pro- 

p o r t i o n s  i n  any of t h e  l o c a l i t i e s  downstreara from s t a t i o n  CR5 s t u d i e d  t o  d a t e  

(however, work i n  p rog res s  sugges t s  t h a t  l o c a t i o n  CR9 is  f a i r l y  r i c h  i n  s m e c t i t e  

as w e l l ,  poss ib ly  a s  t h e  r e s u l t  of a  sedimentologic  e f f e c t  i n  t h i s  a r ea ) .  Thus, 

t h e  abso lu t e  l e v e l  of " a c t i v i t y "  of any of these sediments  remains t o  be as- 

s e s sed  q u a n t i t a t i v e l y .  Furthermore, t he  one marine l o c a l i t y  s t u d i e d ,  KR1, is  

notably  lower i n  any expandable phases,  which would l e a d  one t o  p r e d i c t  a  co- 

i n c i d e n t a l l y  lower " a c t i v i t y "  f o r  t h e s e  sediments relative t o  exchange phenomena. 

Phys i ca l  adsorp t ion  on to  c l a y  s u r f a c e s ,  r a t h e r  t han  t h e  exchange i n t o  i n t e r l a y e r  

s t r u c t u r a l  s i t e s  d i scussed  i n  t h e  p r e s e n t  work, would be  a n  a d d i t i o n a l  mechanism 

p o t e n t i a l l y  a v a i l a b l e  t o  add t o  such "ac t iv i ty"  of a  sediment ,  and,  f o r  t h e  

c l a y  minera ls ,  would b e  p r e d i c t a b l e  p r imar i ly  on t h e  b a s i s  of a  q u a n t i t a t i v e  

assessment of p a r t i c l e  s i z e  d i s t r i b u t i o n  w i t h i n  a  sediment.  Greater a c t i v i t y ,  



i n  g e n e r a l ,  would be a n t i c i p a t e d  with sediments  conta in ing  g r e a t e r  p ropor t ions  

of f iner -gra ined  c o n s t i t u e n t s .  

The p re sen t  s tudy has r e s u l t e d  i n  a  ra the , r  d e t a i l e d  c h a r a c t e r i z a t i o n  of 

t h e  sediments  along t h e  lower C o l v i l l e  River and De l t a ,  and should be  u s e f u l  

i n  endeavoring t o  e l u c i d a t e  sed imento logic  a.nd geochemical r e l a t i o n s h i p s  i n  

t h e  a d j a c e n t  a r eas  o f f sho re ,  a long t h e  Alask-an c o a s t ,  and i n t o  t h e  deeper  A r c t i c  

Basin. This  l a t t e r  work i s  c u r r e n t l y  i n  progress ,  u t i l i z i n g  t h e  methods de- 

s c r i b e d  i n  t h e  p re sen t  s tudy .  R e s u l t s  t o  d a t e  have been publ i shed  elsewhere 

(Naidu and Mowatt, 1973a,b; Naidu, Mowatt, Hawkins, and Hood, 1973; Naidu and 

Mowatt, 1974).  
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