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R E P O R T S 

C l a y F l a k e O r i e n t a t i o n in a S e n s i t i v e P l e i s t o c e n e C l a y * 

N E A L R . O ' B R I E N 
D e p a r t m e n t of Geo logy , S ta t e U n i v e r s i t y of New York , P o t s d a m 

WILLIAM HARRISON 
D e p a r t m e n t of C iv i l E n g i n e e r i n g , C l a r k s o n C o l l e g e of T e c h n o l o g y 

P o t s d a m , N e w York 

I n t r o d u c t i o n 

The p u r p o s e of t h i s p a p e r i s to r e p o r t p r e l i m i n a r y f i n d i n g s of an e l e c t r o n 
m i c r o s c o p e i n v e s t i g a t i o n of c l a y f l a k e o r i e n t a t i o n in a s e n s i t i v e P l e i s t o c e n e m a r i n e 
c l a y . V e r y l i t t l e i n f o r m a t i o n h a s b e e n p u b l i s h e d c o n c e r n i n g the a c t u a l o b s e r v e d 
f a b r i c of s e n s i t i v e c l ay , t h e r e f o r e , i t w a s f e l t t ha t an e l e c t r o n m i c r o s c o p e s tudy 
m i g h t s h e d a d d i t i o n a l l igh t upon the r e a s o n s f o r s e n s i t i v i t y . ROSENQVIST (1959) 
p u b l i s h e d e l e c t r o n m i c r o g r a p h s of N o r w e g i a n qu ick c l a y s . The p h o t o g r a p h s 
p r e s e n t e d in th i s p a p e r a r e b e l i e v e d to be the f i r s t showing d e t a i l s of the f a b r i c of 
a s e n s i t i v e c l a y found in the St. L a w r e n c e R i v e r V a l l e y . 

T h e c l a y i n v e s t i g a t e d i s found a t w a t e r l e v e l a p p r o x i m a t e l y 600 f e e t d o w n s t r e a m 
f r o m Sne l l Lock on the St. L a w r e n c e R i v e r , n e a r M a s s e n a , New Y o r k . At t h i s 
l o c a t i o n the c l a y i s 40 f e e t t h i ck a n d l i e s d i r e c t l y on O r d o v i c i a n b e d r o c k . H o w e v e r , 
u p s t r e a m and d o w n s t r e a m f r o m Snel l L o c k , t he c l a y o v e r l i e s two d i s t i n c t i v e t i l l s 
w h i c h r a n g e f r o m 6 to 55 f e e t in t h i c k n e s s ( U . S . ARMY ENG. R E P T . 1958). 
M a c C L I N T O C K (1958) h a s i d e n t i f i e d the l o w e r t i l l a s the M a l o n e t i l l of the C a r y 
s u b s t a g e of W i s c o n s i n g l a c i a t i o n a n d the u p p e r t i l l a s F o r t Coving ton of the V a l d e r s 
s u b s t a g e . 

U n d i s t u r b e d c o r e s w e r e o b t a i n e d by i n s e r t i n g She lby tubing in to the s a t u r a t e d 
c l a y on the r i v e r b o t t o m . C o r e s w e r e s lowly a i r d r i e d in the l a b o r a t o r y and a f t e r 
d r y i n g w e r e e x t r a c t e d and b r o k e n open . C a r b o n r e p l i c a s w e r e then m a d e of the 
s u r f a c e of the c l a y . B e c a u s e of the r o u g h n e s s of the f r e s h s u r f a c e , s p e c i m e n s w e r e 
r o t a t e d d u r i n g shadowing , shadow ang le b e i n g a p p r o x i m a t e l y 90° . R e p l i c a t e d 
s p e c i m e n s w e r e p l a c e d in to h y d r o f l u o r i c a c i d , d i s s o l v i n g the c l a y and a l lowing the 
c a r b o n r e p l i c a to f l o a t f r e e . A f t e r r e m a i n i n g in" the a c i d b a t h f o r two d a y s , the 
r e p l i c a s w e r e w a s h e d in d i s t i l l e d w a t e r and m o u n t e d on 200 m e s h c o p p e r g r i d s . 

C lay P r o p e r t i e s and F a b r i c 

GOLDSCHMIDT (1926), CASAGRANDE (1932), L A M B E ( 1 9 5 3 ) , TAN (1957), and 
ROSENQVIST (1959) have p r e s e n t e d t h e o r i e s wh ich s u p p o r t a h o n e y c o m b o r c a r d -
h o u s e a r r a n g e m e n t of c l a y f l a k e s in s e n s i t i v e s o i l s . K E R R (1963) showed , 
d i a g r a m m a t i c a l l y , the o r i e n t a t i o n of c l a y a n d s i l t g r a i n s in a qu ick c l a y in bo th the 
u n d i s t u r b e d a n d r e m o u l d e d s t a t e s . E l e c t r o n m i c r o g r a p h s of the Os lo B lue c l a y 
p u b l i s h e d b y ROSENQVIST (1959, I960) show t h i s s e n s i t i v e c l ay to be c o m p o s e d of 
r a n d o m l y o r i e n t e d c l a y f l a k e s . R o s e n q v i s t c o n c l u d e d tha t the m i n e r a l a r r a n g e m e n t 
in the u n d i s t u r b e d c l a y c o r r e s p o n d s to the c a r d - h o u s e s t r u c t u r e s u g g e s t e d by 
G o l d s c h m i d t , L a m b e , and T a n . 

The so i l i n d e x p r o p e r t i e s of t he c l a y e x a m i n e d a r e s i m i l a r to t h o s e r e p o r t e d 
f o r o t h e r s e n s i t i v e c l a y s : 

* M a n u s c r i p t r e c e i v e d 5 D e c e m b e r , 1966 
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Figure 1 

Electron Micrograph of P le is tocene c lay. Mag-
n i f i ca t ion 11, 660x, carbon rep l i ca . Clay f lakes 
are t i l ted at var ious angles. 

F igure 2 

Electron Micrograph of a P le is tocene c lay , 
enlargement of a sect ion of Figure 1. Magni f i -
cat ion 14,000x, carbon rep l ica . A is a s i l t grain, 
B points to clay f lakes coat ing a s i l t grain and 
perpendicular to the plane of thephoto , C shows 
an area of a col lapsed f loccu le ly ing perpendi-
cular to the photo, and D indicates f la t ly ing 
clay f lakes. 

Figure 3 

ElectronMicrograph of a P le is tocene c lay. Mag-
n i f i ca t ion 11, 660x, carbon repl ica. Two large 
s i l t grains are marked by point A, grain borders 
indicated by arrows. B marks indiv idual c lay 
f lakes coat ing grains and C shows randomly 
or ientated f lakes in the clay matr ix. 
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L i q u i d L i m i t (%) 
P l a s t i c L i m i t (%) 
M o s i t u r e c o n t e n t (% d r y w e i g h t ) 
S p e c i f i c g r a v i t y 
S e n s i t i v i t y 
S a l t c o n t e n t ( g / l . ) 
P a r t i c l e s i z e (%<5/ l ) 

48 

20 

67 

25 
62 

0. 4 

2. 80 

E l e c t r o n m i c r o g r a p h s of t he i l l i t i c P l e i s t o c e n e c l a y show a f a b r i c s i m i l a r to the 
c l a y s s t u d i e d by R o s e n q v i s t . T h e m o s t a p p a r e n t f e a t u r e i s t he r a n d o m o r i e n t a t i o n 
of c l a y f l a k e s ( F i g u r e 1). S i l t g r a i n s a p p e a r to b e f l o a t i n g in a c l a y m a t r i x c o m p o s e d 
of a j u m b l e d m a s s of c l a y p l a t e l e t s . X - r a y a n a l y s i s of the c l a y f l a k e o r i e n t a t i o n 
a c c o r d i n g to a t e c h n i q u e d i s c u s s e d by O ' B R I E N (1964) c o r r o b o r a t e s the r a n d o m 
o r i e n t a t i o n o b s e r v e d in e l e c t r o n m i c r o g r a p h s . F i g u r e 2 i s an e n l a r g e m e n t of a 
p o r t i o n of F i g u r e 1 a n d s h o w s in d e t a i l t he m u t u a l r e l a t i o n s h i p of s i l t g r a i n s a n d 
c l a y . P a r t i c u l a r a t t e n t i o n i s c a l l e d to a g r o u p of f l a k e s a t p o i n t C in F i g u r e 2. T h e 
a u t h o r s i n t e r p r e t t h i s a s a c o l l a p s e d c l a y a g g r e g a t e o r f l o c c u l e . M a n y s u c h 
s t r u c t u r e s w e r e o b s e r v e d in o t h e r e l e c t r o n m i c r o g r a p h s no t i n c l u d e d in t h i s r e p o r t . 
T h e g r o s s f a b r i c t e n d s to s u g g e s t d e p o s i t i o n of t h e c l a y in the f l o c c u l a t e d s t a t e a s 
c o m p a r e d to the d i s p e r s e d s t a t e . 

T h e r e l a t i o n s h i p of c l a y f l a k e s to l a r g e s i l t g r a i n s i s d i s p l a y e d in F i g u r e 3. 
I n d i v i d u a l c l a y f l a k e s a p p e a r to c o a t t he s i l t ' g r a i n s ( s e e f l a k e s a t p o i n t s B on g r a i n s 
A) . H o w e v e r , t h e s i l t g r a i n s t h e m s e l v e s a r e s e p a r a t e d b y r a n d o m l y o r i e n t e d c l a y 
a g g r e g a t e s (C in F i g u r e 3). 

T h e e l e c t r o n m i c r o g r a p h s o f f e r a d d i t i o n a l e v i d e n c e of the r a n d o m o r i e n t a t i o n 
of c l a y f l a k e s in s e n s i t i v e c l a y . T h i s o r i e n t a t i o n m a y h a v e b e e n p r o d u c e d by 
d e p o s i t i o n of the c l a y in the f l o c c u l a t e d s t a t e . L I E B L I N G a n d K E R R (1965, p . 868) 
s t a t e " . . . . . . . r a n d o m s t a c k i n g of c l a y p a r t i c l e s h a s b e e n a t t r i b u t e d to c o a g u l a t i n g 
e f f e c t s of e l e c t r o l y t e s . " M a r i n e f o s s i l s h a v e b e e n r e p o r t e d in the c l a y a t t he s a m p l e 
l o c a t i o n , ( p e r s o n a l c o m m u n i c a t i o n , F . J . E . W A G N E R , B e d f o r d I n s t i t u t e of 
O c e a n o g r a p h y ) , t h u s s u p p o r t i n g the b e l i e f t h a t the c l a y w a s d e p o s i t e d in a s a l i n e o r 
e l e c t r o l y t e - r i c h e n v i r o n m e n t . R e g a r d l e s s of m o d e of o r i g i n the e l e c t r o n m i c r o -
g r a p h s do i n d i c a t e a r a n d o m c l a y f l a k e o r i e n t a t i o n , w h i c h p o s s i b l y c o n t r i b u t e d to 
s e n s i t i v i t y of t he P l e i s t o c e n e c l a y . F u r t h e r w o r k i s b e i n g c o n d u c t e d b y the a u t h o r s 
in i n v e s t i g a t i n g c h a n g e s in f a b r i c d u r i n g r e m o u l d i n g . 

T h e a u t h o r s a r e g r a t e f u l to the R e s e a r c h F o u n d a t i o n of t h e S t a t e U n i v e r s i t y of 
N e w Y o r k a n d t h e D i v i s i o n of R e s e a r c h , C l a r k s o n C o l l e u e of T e c h n o l o g y f o r t h e i r 
f i n a n c i a l s u p p o r t . 
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