
All rights reserved © Maritime Sediments, 1969 Ce document est protégé par la loi sur le droit d’auteur. L’utilisation des
services d’Érudit (y compris la reproduction) est assujettie à sa politique
d’utilisation que vous pouvez consulter en ligne.
https://apropos.erudit.org/fr/usagers/politique-dutilisation/

Cet article est diffusé et préservé par Érudit.
Érudit est un consortium interuniversitaire sans but lucratif composé de
l’Université de Montréal, l’Université Laval et l’Université du Québec à
Montréal. Il a pour mission la promotion et la valorisation de la recherche.
https://www.erudit.org/fr/

Document généré le 15 jan. 2025 00:34

Atlantic Geology

Comparison of the Fabric of a Sensitive Pleistocene Clay with
Laboratory Flocculated Clay using the Scanning Electron
Microscope
Neal R. O'Brien et Eiji Suito

Volume 5, numéro 2, august 1969

URI : https://id.erudit.org/iderudit/ageo05_2rep05

Aller au sommaire du numéro

Éditeur(s)
Maritime Sediments Editorial Board

ISSN
0843-5561 (imprimé)
1718-7885 (numérique)

Découvrir la revue

Citer cet article
O'Brien, N. R. & Suito, E. (1969). Comparison of the Fabric of a Sensitive
Pleistocene Clay with Laboratory Flocculated Clay using the Scanning Electron
Microscope. Atlantic Geology, 5(2), 58–61.

https://apropos.erudit.org/fr/usagers/politique-dutilisation/
https://www.erudit.org/fr/
https://www.erudit.org/fr/
https://www.erudit.org/fr/revues/ageo/
https://id.erudit.org/iderudit/ageo05_2rep05
https://www.erudit.org/fr/revues/ageo/1969-v5-n2-ageo_5_2/
https://www.erudit.org/fr/revues/ageo/


M a r i t i m e S e d i m e n t s , Vol . 5, No. 2 , A u g u s t , 1969, pp. 40-43. 58 
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I n t r o d u c t i o n 

T h i s p a p e r r e p o r t s t h e r e s u l t s of a s c a n n i n g e l e c t r o n m i c r o s c o p e s t u d y of t h e f a b r i c of 
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 o u t c r o p p i n g in t h e St. L a w r e n c e R i v e r V a l l e y . T h i s f a b r i c i s 
c o m p a r e d t o t h a t p r o d u c e d in f l o c c u l a t e d c l a y s e d i m e n t e d in d i s t i l l e d w a t e r in t h e l a b o r a t o r y . 

T h e p a r t i c u l a r c l a y s t u d i e d i s f o u n d 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 S n e l l L o c k on t h e 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 York . At t h i s l o c a t i o n i t i s 
4 0 f e e t t h i c k and l i e s 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 , n e a r b y t h e c l a y i s f o u n d o v e r l y i n g t w o 
d i s t i n c t i v e t i l l s . M a c C l i n t o c k (1958) i d e n t i f i e d t h e m a s t h e M a l o n e and F o r t C o v i n g t o n t i l l s . 
P r o p e r t i e s of t h e c l a y d e s c r i b e d in t h i s p a p e r a r e a l s o v e r y s i m i l a r t o o t h e r f i n e - g r a i n e d 
s e n s i t i v e s e d i m e n t s c a l l e d " L e d a " c l a y and f o u n d i n t h e v a l l e y s of t h e St. L a w r e n c e and O t t a w a 
R i v e r s . 

O ' B r i e n and H a r r i s o n (1969) h a v e p u b l i s h e d a t r a n s m i s s i o n e l e c t r o n m i c r o g r a p h of t h e 
s e n s i t i v e c l a y w h i c h r e v e a l s t h e r a n d o m a r r a n g e m e n t of c l a y f l a k e s . T h e i r c o n c l u s i o n i s t h a t 
t h e f a b r i c s u p p o r t s t h e c a r d h o u s e m o d e l and t h a t i t w a s p r o d u c e d by d e p o s i t i o n in t h e f l o c c u l a t e d 
s t a t e . E l e c t r o n m i c r o g r a p h s by G i l l o t t (1969) and C r a w f o r d (1968) a l s o s h o w a g e n e r a l r a n d o m 
o r i e n t a t i o n of c l a y p a r t i c l e s in a s i m i l a r c l ay . C r a w f o r d (1968) s t a t e s t h a t t h e L e d a c l a y s , l i k e 
o t h e r s e n s i t i v e c l a y s , a r e t h o u g h t t o h a v e a c a r d h o u s e f a b r i c b e c a u s e of t h e i r e n v i r o n m e n t of 
d e p o s i t i o n . M a r i n e f o s s i l s f o u n d in s o m e a r e a s d e m o n s t r a t e t h e c l a y w a s d e p o s i t e d in s a l t w a t e r . 

Gadd (1962) h o w e v e r , s u g g e s t s t h a t t h e r e m a y h a v e b e e n r e d e p o s i t i o n of m a r i n e c l a y s in to 
f r e s h w a t e r . C r a w f o r d (1968) s t a t e s t h a t "if t h e s e c l a y s w e r e a c t u a l l y d e p o s i t e d in f r e s h w a t e r , 
s o m e e x p l a n a t i o n m u s t be f o u n d f o r t h e i r o p e n s t r u c t u r e and s e n s i t i v i t y " . It i s t h e p u r p o s e of 
t h i s p a p e r t o p r e s e n t e v i d e n c e t h a t t h e o p e n s t r u c t u r e m a y be p r o d u c e d a l s o by f l o c c u l a t i o n in 
f r e s h w a t e r . T o t e s t t h i s h y p o t h e s i s , t h e a u t h o r s s t u d i e d t h e f a b r i c of c l a y f l o c c u l a t e d in 
d i s t i l l e d w a t e r and c o m p a r e d t h e f a b r i c p r o d u c e d t o t h a t of t h e P l e i s t o c e n e c lay . 

P l e i s t o c e n e C l a y F a b r i c 

F i g u r e s 1 - 2 s h o w t h e f a b r i c of t h e b e d d i n g p l a n e s u r f a c e of an a i r - d r i e d c l a y s a m p l e . 
T h e 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 o r c a r d h o u s e s t r u c t u r e i s q u i t e a p p a r e n t . 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 t o t h e c l u s t e r of f l a k e s l y i n g p e r p e n d i c u l a r t o t h e p l a n e of t h e p h o t o g r a p h in 
F i g u r e 1. E v e n t h o u g h t h e c l a y s a m p l e w a s a i r - d r i e d , t h e o p e n s t r u c t u r e can s t i l l be o b s e r v e d 
( F i g u r e 2). T h e g e n e r a l p a r t i c l e o r i e n t a t i o n of t h e a i r - d r i e d c l a y a p p e a r s t o be l i t t l e d i f f e r e n t 
f r o m f r e e z e - d r i e d c lay . P u s c h (1966) s t u d i e d q u i c k c l a y in t h e Go ta R i v e r V a l l e y and r e p o r t e d 
" n o s i g n i f i c a n t d i f f e r e n c e b e t w e e n t h e m i c r o s t r u c t u r e of s a m p l e s f r o m 3 m d e p t h ( the d r y c r u s t ) 
and 6 m d e p t h ( the q u i c k c l a y ) " . A l t h o u g h t h e r e i s a c h a n g e in v o l u m e in t h e a i r - d r i e d s a m p l e 
s t u d i e d , t h e g r o s s f a b r i c p r o b a b l y d o e s not c h a n g e . 

F a b r i c of F r e e z e - d r i e d F l o c c u l a t e d K a o l i n i t e 

T h e r e s e e m s t o be l i t t l e doub t t h a t t h e c a r d h o u s e s t r u c t u r e i s p r o d u c e d in f l o c c u l a t e d c l a y 
d e p o s i t e d in m a r i n e w a t e r . H o w e v e r , c an t h i s s t r u c t u r e a l s o r e s u l t f r o m d e p o s i t i o n in f r e s h 
w a t e r ? M o r e b a s i c a l l y , w h a t i s t h e a c t u a l o r i e n t a t i o n of c l a y in a c a r d h o u s e , w h e t h e r f o r m e d in 
m a r i n e o r f r e s h w a t e r ? T o a n s w e r t h e s e q u e s t i o n s and t o r e l a t e t h e a n s w e r s t o t h e f a b r i c of a 
n a t u r a l c l a y , e x p e r i m e n t s w e r e r u n in w h i c h a h igh c o n c e n t r a t i o n ( w h i c h p r o m o t e d f l o c c u l a t i o n ) 
of p o o r l y c r y s t a l l i n e k a o l i n i t e w a s s e d i m e n t e d in d i s t i l l e d w a t e r . In t h i s c a s e t h e f l o c c u l a t i o n 
w a s not due t o t h e p r e s e n c e of e l e c t r o l y t e s but t h e c l a y c o n c e n t r a t i o n . K a o l i n i t e w a s u s e d 

^ M a n u s c r i p t r e c e i v e d D e c e m b e r 22, 1969. 
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F I G U R E 1 - Stereo-pair scanning electron micrograph of the top surface, 
Pleistocene c lay, x 20000. 

F I G U R E 2 - Stereo-pair scanning electron micrograph of the top surface, 

Pleistocene c lay , x 10000. 
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F I G U R E 3 
Scanning electron micrograph of freeze-
dried flocculated kaol ini te, x 2000. 

F I G U R E 4 
Scanning electron micrograph of freeze-
dried flocculated kaol injte, x 4000. 
(enlargement of Figure 3). 

F I G U R E 5 
Scanning electron micrograph of freeze-dried 
flocculated kaol inite, x 2000. 

F I G U R E 6 
Scanning electron micrograph of freeze-dried 
f locculated kaol inite, x 4000. 
(enlargement of Figure 5). 
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b e c a u s e i t s f l a k e . b o u n d a r i e s ; a r e b e t t e r d e f i n e d and t h u s e a s i e r t o r e c o g n i z e in t h e m i c r o s c o p e . 
T h e c l a y w a s s t i r r e d in d i s t i l l e d w a t e r and a l l o w e d t o s e t t l e . D r o p s of t h e f l o c c u l a t e d 
s u s p e n s i o n w e r e put o n t o s m a l l s a m p l e h o l d e r s , w h i c h w e r e t h e n i m m e r s e d i n to l i q u i d 
n i t r o g e n ( -160 C) f o r a f e w s e c o n d s . I c e w a s t h e n r e m o v e d by s u b l i m a t i o n u n d e r a v a c u u m , 
l e a v i n g a f r a m e w o r k of d r y c l a y h a v i n g a p p r o x i m a t e l y t h e s a m e v o l u m e a s t h e m o i s t c l ay . T h e 
s a m p l e s w e r e k e p t at a t e m p e r a t u r e of a t l e a s t - 2 0 ° C d u r i n g s u b l i m a t i o n . 

F i g u r e 3 - 6 s h o w t h e t y p i c a l f a b r i c p r o d u c e d by t h e f r e e z e - d r y i n g of f l o c c u l a t e d k a o l i n i t e . 
T h e f a b r i c c o n s i s t s of a n o p e n n e t w o r k of f l a k e s o r i e n t e d a t v a r i o u s a n g l e s . T h e s i d e s of a 
t y p i c a l f l o c c u l e ( F i g u r e 3) c o n s i s t of a d o m a i n of a n u m b e r of f a c e t o f a c e f l o c c u l a t e d f l a k e s . 
T h e s e d o m a i n s t h e n a p p e a r t o be f l o c c u l a t e d in a n e d g e - f a c e o r e d g e - e d g e m a n n e r t h u s 
c o m p o s i n g t h e e n t i r e f l o c c u l e . S m a l l e y and C a b r e r a (1969) s t u d i e d t h e f a b r i c of m o i s t c o m p a c t e d 
k a o l i n i t e s and o b s e r v e d a p a r t i c l e a s s o c i a t i o n w h i c h t h e y c a l l e d " s t e p p e d f a c e t o f a c e " . O t h e r s 
u s e t h e t e r m " b o o k h o u s e " f o r t h e s t r u c t u r e of t h e r a n d o m p a c k e t s of c lay . T h e f a b r i c of t h e 
c l a y r e p o r t e d h e r e s e e m s t o be a m o d i f i c a t i o n of t h e t y p i c a l c a r d h o u s e m o d e l in w h i c h t h e s i d e s 
of t h e m o d e l a r e c o m p o s e d of p a c k e t s of f l a k e s , i n s t e a d of i n d i v i d u a l f l a k e s . 

C o n c l u s i o n 

T h e s i g n i f i c a n c e of t h e s e f i n d i n g s i s t h a t t h e r e i s a s i m i l a r i t y b e t w e e n t h e f a b r i c of c l a y 
f l o c c u l a t e d in d i s t i l l e d w a t e r and t h a t of t h e s e n s i t i v e P l e i s t o c e n e c l ay . F o r e x a m p l e , bo th 
F i g u r e 1 and F i g u r e 4 s h o w f l a k e s p a r a l l e l and p e r p e n d i c u l a r t o t h e p l a n e of t h e photo . In 
a d d i t i o n F i g u r e 1 r e v e a l s p a c k e t s c o m p o s e d of p a r a l l e l f l a k e s ; t h e s e p a c k e t s , in t u r n , a p p e a r 
a t t a c h e d t o o t h e r s c o m p o s e d of p a r a l l e l f l a k e s . G e n e r a l l y , t h e r a n d o m o r i e n t a t i o n and o p e n 
t e x t u r e i s a p p a r e n t in bo th s a m p l e s . I t s e e m s l i k e l y t h a t t h e f a b r i c of t h e P l e i s t o c e n e c l a y 
cou ld be p r o d u c e d by d e p o s i t i o n in t h e f l o c c u l a t e d s t a t e . T h i s s t a t e cou ld be p r o d u c e d no t on ly 
by s e d i m e n t a t i o n i n m a r i n e w a t e r , but by d e p o s i t i o n of a h i g h c l a y c o n c e n t r a t i o n in f r e s h w a t e r . 
U n d e r t h e l a t t e r c o n d i t i o n s , t h e c l a y c o n c e n t r a t i o n i s a m a j o r f a c t o r in p r o m o t i n g f l o c c u l a t i o n 
and h e n c e 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 . 
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