
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 1 juin 2025 11:02

Atlantic Geology

Some Techniques and Applications of Scanning Electron
Microscopy in the Fields of Marine Science
D. A. Walker et D. E. Buckley

Volume 5, numéro 3, december 1969

URI : https://id.erudit.org/iderudit/ageo05_3rep04

Aller au sommaire du numéro

Éditeur(s)
Maritime Sediments Editorial Board

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

Découvrir la revue

Citer cet article
Walker, D. A. & Buckley, D. E. (1969). Some Techniques and Applications of
Scanning Electron Microscopy in the Fields of Marine Science. Atlantic Geology,
5(3), 113–118.

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_3rep04
https://www.erudit.org/fr/revues/ageo/1969-v5-n3-ageo_5_3/
https://www.erudit.org/fr/revues/ageo/
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S o m e T e c h n i q u e s and A p p l i c a t i o n s of 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 y in t h e 
F i e l d s of M a r i n e S c i e n c e * 

D. A. W A L K E R and D. E. B U C K L E Y 
A t l a n t i c O c e a n o g r a p h i c L a b o r a t o r y , B e d f o r d I n s t i t u t e , D a r t m o u t h , N. S. 

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

M a n y of t h e s p e c i a l i z e d r e s e a r c h d i s c i p l i n e s of m a r i n e s c i e n c e i n v o l v e t h e s t u d y of 
m i n u t e p a r t i c l e s o r o r g a n i s m s . T h e n a t u r e and d e t a i l e d s t r u c t u r e of t h e s e m i c r o s c o p i c 
m a t e r i a l s a r e o f t e n t h e k e y t o i m p o r t a n t o c e a n i c p r o c e s s e s o r e n v i r o n m e n t s . F o r t h i s r e a s o n 
m u c h e f f o r t is e x p e n d e d by t h e m a r i n e s c i e n t i s t in a t t e m p t i n g t o o b t a i n d a t a on t h e s i z e , s h a p e , 
and u l t r a s t r u c t u r e of s u c h d i v e r s e m a t e r i a l s a s t h e t e s t a t e F o r a m i n i f e r i d a ( P r o t o z o a ) , c l a y 
m i n e r a l s , o r g a n i c r i c h a g g r e g a t e p a r t i c l e s , and c r y s t a l s of m i n e r a l s p r e c i p i t a t e d on t h e s e a 
f l o o r . 

In r e c e n t y e a r s t h e d e v e l o p m e n t of t h e 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. E. M. ) h a s 
d e m o n s t r a t e d t h a t t h i s i n s t r u m e n t c an be u s e d by s c i e n t i s t s t o o b t a i n i m a g e s of m a t e r i a l s h a v i n g 
f e a t u r e s in t h e m i c r o n a n d s u b m i c r o n s i z e r a n g e . A c o n c i s e and d e s c r i p t i v e r e v i e w of t h e 
a p p l i c a t i o n s of t h i s t y p e of m i c r o s c o p y i s g i v e n in a r e c e n t p a p e r by K i m o t o and R u s s (1969). 
A s i m p l i f i e d e x p l a n a t i o n of t h e f u n c t i o n s of t h e S. E . M. m a y be found in a p a p e r by G i l l o t t (1969). 
A f e w r e f e r e n c e s d e a l i n g w i t h a p p l i c a t i o n s a p p r o p r i a t e to t h e s c i e n c e s of b io logy , m i c r o -
p a l e o n t o l o g y , a n d g e o l o g y a r e : B^ (1968), S m a l l and M a r s a l e k (1969), Hay and S a n d b e r g (1967), 
B a r t l e t t (1968), H o n j o and B e r g g r e n (1967), H e s l o p - H a r r i s o n (1968), G i l l o t t (1969), and a p a p e r 
w h i c h a p p e a r e d in M a c h i n e D e s i g n , J u l y 1969, a u t h o r a n o n y m o u s . 

A J E O L C O J S M - 2 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 w a s i n s t a l l e d a t t h e A t l a n t i c 
O c e a n o g r a p h i c L a b o r a t o r y , B e d f o r d I n s t i t u t e in t h e e a r l y p a r t of 1969. S i n c e t h i s i n s t a l l a t i o n 
c o n s i d e r a b l e e x p e r i e n c e h a s b e e n g a i n e d w i t h r e s p e c t t o a p p l i c a t i o n s of t h i s i n s t r u m e n t to t h e 
n e e d s of m a r i n e s c i e n t i s t s , and s e v e r a l t e c h n i q u e s f o r m o u n t i n g and v i e w i n g s p e c i m e n s h a v e 
b e e n t e s t e d . T h i s p a p e r d e s c r i b e s s o m e of t h e s e t e c h n i q u e s and s p e c i f i c a p p l i c a t i o n s , 
i l l u s t r a t e d w i t h a f e w e x a m p l e s of p h o t o m i c r o g r a p h s . 

S p e c i m e n P r e p a r a t i o n 

A l l s p e c i m e n s w e r e m o u n t e d on c o p p e r o r a l u m i n u m b l o c k s . T h e b l o c k s w e r e p r e p a r e d 
by g e n t l e p o l i s h i n g of one end w i t h f i n e e m e r y p a p e r In o r d e r t o r e m o v e a n y g r o o v e s o r 
s c r a t c h e s f o r m e d a s a r e s u l t of c u t t i n g t h e b l o c k s . F o r e a s e of o r i e n t a t i o n , o n c e t h e b l o c k s 
h a v e b e e n p l a c e d in t h e S. E. M. , q u a d r a n t s m a y be s c r a t c h e d on t h e p o l i s h e d s u r f a c e and e a c h 
q u a d r a n t n u m b e r e d a t t he i n t e r s e c t i o n . T h e b l o c k s w e r e t h e n f i n a l l y p o l i s h e d w i t h a f i n e l i qu id 
a b r a s i v e (e. g. B r a s s o ) and p l a c e d in an o r g a n i c s o l v e n t , s u c h a s CCI4, t o r e m o v e c o n t a m i n a t i o n 
due t o h a n d l i n g . 

S a m p l e p r e p a r a t i o n p r i o r t o m o u n t i n g u s u a l l y c o n s i s t e d of w a s h i n g w i t h d e i o n i z e d w a t e r 
In o r d e r t o r e m o v e s a l t s n o r m a l l y p r e s e n t in s e a w a t e r w h i c h w o u l d c r y s t a l l i z e upon d r y i n g . 
A l l s a m p l e s w e r e d r i e d c o m p l e t e l y , g e n e r a l l y in a d e s i c c a t o r . In t h e c a s e of f o r a m i n i f e r a 
c o l l e c t e d f r o m p l a n k t o n t o w s , t h e r e is u s u a l l y an a b u n d a n c e of o r g a n i c m a t e r i a l a d h e r i n g t o t h e 
t e s t s . S u c h s a m p l e s w e r e t r e a t e d in a low t e m p e r a t u r e a s h e r (e. g. T r a c e r l a b L T A 600) to 
r e m o v e a l l o r g a n i c m a t e r i a l by an o x i d a t i o n p r o c e s s . 

T h e s p e c i f i c t e c h n i q u e of m o u n t i n g t h e s a m p l e s on the b lock d e p e n d e d on the t y p e and 
s i z e of m a t e r i a l e x a m i n e d . In m o u n t i n g f o r a m i n i f e r a l t e s t s t h e b lock w a s f i r s t c o a t e d w i t h a 
t h i n f i l m of c o l l o d i o n (C. A. G o d d e n , A. O. L. , o r a l c o m m u n i c a t i o n ) t o r e n d e r the s u r f a c e a d h e s i v e . 
T h e c o l l o d i o n w a s a l l o w e d t o d r y f o r a b o u t 5 m i n u t e s . T h e f o r a m i n i f e r a l t e s t s w e r e t h e n 
t r a n s f e r r e d t o t h e b lock u s i n g a f i n e c a m e l h a i r b r u s h m o i s t e n e d w i t h i s o - a m y l a c e t a t e . T h e 
s m a l l a m o u n t of i s o - a m y l a c e t a t e a d h e r i n g to the t e s t a c t e d a s a s o l v e n t f o r t he c o l l o d i o n , 
a l l o w i n g t h e t e s t s t o be c e m e n t e d t o t h e block. T h e t e s t s w e r e s p a c e d o v e r the b lock In s u c h a 
w a y t h a t d u r i n g t h e s u b s e q u e n t m e t a l l i c c o a t i n g p r o c e s s one test , d id not s h a d o w a n o t h e r . 

C l a y m i n e r a l s w e r e m o u n t e d d i r e c t l y on to t h e p o l i s h e d s u r f a c e of t he block. No a d h e s i v e 
w a s n e e d e d t o m o u n t p a r t i c l e s s m a l l e r t h a n 10 . In the e v e n t t h a t e x t r e m e l y s m a l l c l a y 

* M a n u s c r i p t r e c e i v e d F e b r u a r y 11, 1970. 
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FIGURE 1 - R. globuloris - view of entire test 
of pelagic phase, dextral ly coi led test proper on 
upper portion of photograph, f loat chamber on 
lower portion, x 260. 

FIGURE 3 - R. globuloris, embossed float chamber 
pores, showing protective membrane intact in pores on 
right side of photograph; inner gas fi l led chamber is vis-
ible through pores lacking the organic membrane, x 1000. 
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FIGURE 5 - R. globuloris, single embossed float 
chamber pore, x 5,250, 

W i 

-

~ w y 

5M 

IS 

FIGURE 2 - R. globuloris, pore structure on outer 
surface of test proper, x 3,000. 
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FIGURE 4 - R. globuloris, l ine profi le mode is 
i l lustrated, enabling measurements to be made of 
height of embossed portion of pores, x 1,700. 

FIGURE 6 - Glo saccul i fer, great depth of f ie ld is 
i l lustrated here in view of apertural region, X600. 
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p a r t i c l e s w e r e t o be s t u d i e d (e. g. ( 0. Syu), t h e s u r f a c e of t h e b lock w a s c o a t e d w i t h gold in o r d e r 
t o f i l l a n y m i n u t e s c r a t c h e s l e f t f r o m p o l i s h i n g . It p r o v e d d e s i r a b l e t o avo id t h e u s e of an a d h e s i v e 
c o a t i n g , s u c h a s c o l l o d i o n , a s it t e n d e d t o w a r p and c r a c k w h e n t h e s m a l l c l a y p a r t i c l e s w e r e 
v i e w e d u n d e r h igh m a g n i f i c a t i o n (> x 10^). A v e r y d i l u t e s u s p e n s i o n of c l a y s ( ( 1 0 m g / l i t r e ) w a s 
p r e p a r e d in d e i o n i z e d w a t e r , and one o r t w o d r o p s of t h i s s u s p e n s i o n t r a n s f e r r e d t o t h e 
s p e c i m e n block u s i n g a P a s t e u r p i p e t t e . T h e s a m p l e w a s t h e n d e s i c c a t e d a t r o o m t e m p e r a t u r e , 
a n d f i n a l l y h e a t e d t o 65°C t o c o m p l e t e t h e d r y i n g p r o c e s s . 

S m a l l c h i p s of w h o l e r o c k s a m p l e s w e r e p r e p a r e d by d r y i n g t o r e m o v e w a t e r in p o r e s 
a n d void s p a c e s . T h e c h i p s t h e n w e r e c e m e n t e d t o t h e b lock s u r f a c e w i t h a s m a l l a m o u n t of 
e l e c t r o n i c s i l v e r p a i n t (e. g. Do t i t e ) . T h e s u r f a c e of a w h o l e r o c k s a m p l e s h o u l d be a f r e s h 
f r a c t u r e s u r f a c e t h a t h a s not b e e n a b r a d e d o r s m o o t h e d by a n y m e a n s . 

S o m e e x p e r i e n c e w a s g a i n e d in m o u n t i n g o t h e r t y p e s of m a t e r i a l w h i c h i n c l u d e d i a t o m s , 
m a r i n e o r g a n i c p a r t i c u l a t e m a t t e r , p o l y h e d r a l p r o t e i n i n c l u s i o n b o d i e s in i n s e c t c e l l s , h u m a n 
t e e t h , and m e t a l f r a c t u r e s . In a l l of t h e s e c a s e s t h e m e t h o d of p r e p a r a t i o n w a s one of t h o s e 
d e s c r i b e d a b o v e , e x c e p t f o r c e r t a i n o r g a n i s m s , s u c h a s d i a t o m s , w h i c h w e r e f r e e z e - d r i e d p r i o r 
t o m o u n t i n g ( S m a l l and M a r s a l e k , 1969). 

o 
O n c e m o u n t e d on t h e b lock s p e c i m e n s w e r e c o a t e d w i t h a t h i n f i l m (e . g. 2 0 0 - 5 0 0 A) of 

m e t a l , e i t h e r go ld o r a l u m i n u m , t o r e n d e r t h e s a m p l e e l e c t r i c a l l y c o n d u c t i v e . W e h a v e found 
t h a t m o s t g e o l o g i c m a t e r i a l s c a n be v i e w e d a t m a g n i f i c a t i o n s l e s s t h a n x 3 , 0 0 0 w i t h o u t m e t a l l i c 
c o a t i n g . T h i s m a y be an i m p o r t a n t c o n s i d e r a t i o n in c a s e s w h e r e it is d e s i r a b l e t o o b t a i n 
e l e c t r o n o r X - r a y s p e c t r o g r a p h i c d a t a s i m u l t a n e o u s l y w i t h t h e i m a g i n g c a p a b i l i t i e s of t h e S. E . M. 

M e t a l l i c c o a t i n g w a s a c c o m p l i s h e d by e v a p o r a t i n g a s m a l l a m o u n t of m e t a l in a h igh 
v a c u u m e v a p o r a t o r in w h i c h t h e m o u n t e d s p e c i m e n s w e r e p l a c e d . F o r o u r p u r p o s e s an E d w a r d s 
M o d e l 3 H i g h V a c u u m E v a p o r a t o r w a s u s e d in w h i c h a v a c u u m g r e a t e r t h a n 10"^ T o r r w a s 
n e c e s s a r y f o r s a t i s f a c t o r y d i s t r i b u t i o n of e v a p o r a t e d m e t a l . We h a v e found t h a t a l u m i n u m 
c o a t i n g w a s s a t i s f a c t o r y w i t h r e s p e c t t o i m a g e q u a l i t y , but w a s s u b j e c t t o d e t e r i o r a t i o n due t o 
o x i d a t i o n . S y l v e s t e r - B r a d l e y (1969) h a s found t h a t a l u m i n u m c o a t i n g i s , in s o m e r e s p e c t s , 
b e t t e r t h a n gold in t h a t s p e c i m e n s m a y be r e t r i e v e d m o r e e a s i l y f o r o t h e r t y p e s of s t u d i e s . 

A p p l i c a t i o n s 

1. B i o l o g i c a l and M i c r o p a l a e o n t o l o g i c a l ; 

S t u d i e s of t h e u l t r a s t r u c t u r e of t h e t e s t a t e f o r a m i n i f e r a c a n be a p p l i e d to p r o b l e m s in 
t h e f i e l d s of m i c r o p a l a e o n t o l o g y and m a r i n e e c o l o g y . P e r h a p s one of t h e g r e a t e s t u s e s of t he 
S. E . M. in t h e m i c r o p a l a e o n t o l o g y of f o r a m i n i f e r a w i l l be t o c o m p l e t e l y r e v i s e t h e t a x o n o m y of 
t h i s o r d e r , a s s u g g e s t e d by B a r t l e t t (1968). In t h e f i e l d of m a r i n e e c o l o g y Be ' (1968) h a s 
s u g g e s t e d t h a t s h e l l p o r o s i t y of p l a n k t o n i c f o r a m i n i f e r a v a r i e s a c c o r d i n g t o the l a t i t u d i n a l 
l o c a t i o n of t h e v a r i o u s s p e c i e s , in t h a t t h e r e i s a n i n c r e a s i n g g r a d i e n t of s h e l l p o r o s i t y f r o m t h e 
p o l a r t o t h e s u b p o l a r , t e m p e r a t e , s u b t r o p i c a l , and t r o p i c a l p l a n k t o n i c s . Be a n t i c i p a t e s be ing 
a b l e t o d e t e c t c l i m a t i c c h a n g e s t h r o u g h t h e g e o l o g i c a g e s b a s e d on s u c h i n f o r m a t i o n . 

A d e s c r i p t i o n of u l t r a s t r u c t u r a l f e a t u r e s w h i c h h a v e b e e n s t u d i e d u s i n g t h e S. E. M. 
f o l l o w s . F i g u r e s 1 -5 a r e s c a n n i n g e l e c t r o n m i c r o g r a p h s of t h e c a l c a r e o u s t e s t s of t h e 
f o r a m i n i f e r R o s a l i n a g l o b u l a r i s ( T r e t o m p h a l u s b u l l o i d e s ) . F i g u r e 1 i l l u s t r a t e s t h e a d u l t g a m o n t 
( p e l a g i c ) , t h e d e x t r a l l y c o i l e d p o r t i o n be ing t h e t e s t p r o p e r ; t h e l a r g e r o u n d e d c h a m b e r on t h e 
l o w e r p o r t i o n of t h e p h o t o g r a p h is t h e f l o a t c h a m b e r , p o s s e s s i n g e m b o s s e d p o r e s t h r o u g h w h i c h 
t h e g a m e t e s a r e r e l e a s e d f o r g a m e t o g a m i c r e p r o d u c t i o n . F i g u r e 2 s h o w s , a t a h i g h e r 
m a g n i f i c a t i o n , r e p r e s e n t a t i v e p o r e s on t h e o u t e r s u r f a c e of t h e t e s t p r o p e r ; t h e s e p o r e s a r e , on 
t h e a v e r a g e , 3-5,1* in d i a m e t e r , d e p e n d i n g on t h e p a r t i c u l a r c h a m b e r on w h i c h t h e p o r e s a r e 
l o c a t e d . T h i s p h o t o g r a p h i l l u s t r a t e s t h e c a l c i t e l a y e r i n g of t h e t e s t , s h o w i n g t h r e e w e l l -
d e f i n e d l a y e r s ; s i m i l a r e v i d e n c e is g i v e n in 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 s of R o s a l i n a 
f l o r i d a n a ( A n g e l l , 1967). F i g u r e 3 i l l u s t r a t e s t h e e m b o s s e d f l o a t c h a m b e r p o r e s . T h e o r g a n i c 
m e m b r a n e , w h i c h s e a l s t h e s e p o r e s f r o m t h e e x t e r n a l e n v i r o n m e n t u n t i l s u c h t i m e a s t h e 
g a m e t e s a r e r e l e a s e d , is s t i l l p r e s e n t in s o m e of t h e p o r e s ( s h o w n on t h e r i g h t s i d e of t h e 
p h o t o g r a p h ) . L o o k i n g t h r o u g h t h e p o r e s l a c k i n g t h e p r o t e c t i v e m e m b r a n e , o n e is a b l e t o v i ew 
t h e o u t e r w a l l of t h e i n n e r g a s - f i l l e d c h a m b e r . T h e f l o a t c h a m b e r p o r e s a r e c o n s i d e r a b l y 
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l a r g e r t h a n t h o s e of t h e t e s t p r o p e r , abou t 10-l2/< i n s i d e d i a m e t e r and 1 5 - 1 8 ^ o u t s i d e d i a m e t e r . 
F i g u r e 4 i l l u s t r a t e s t h e l ine p r o f i l e lode of t h e S. E . M. , w h i c h i s a c h i e v e d by s t o p p i n g t h e 
h o r i z o n t a l s c a n of t h e e l e c t r o n b e a m . Wi th t h i s c a p a b i l i t y one is a b l e to s t udy s u r f a c e t o p o g r a p h y . 
F o r e x a m p l e , a m e a s u r e m e n t of a b o u t byu Is o b t a i n e d f o r t h e h e i g h t of t h e e m b o s s e d p o r e s on 
t h e f l o a t c h a m b e r . F i g u r e 5 is a f u r t h e r e n l a r g e m e n t of a s i n g l e f l o a t c h a m b e r p o r e , I l l u s t r a t i n g 
t h e e m b o s s e d l ip . One of t h e a d v a n t a g e s of t h e S. E . M. Is t h e d e p t h of f i e l d a v a i l a b l e , a s 
i l l u s t r a t e d in f i g u r e 6 w h i c h s h o w s t h e a p e r t u r a l r e g i o n of a s p i n o s e p l a n k t o n i c f o r a m i n i f e r 
G l o b i g e r i n o i d e s s a c c u l l f e r . 

2. M i n e r a l o g i c a l :

D a t a o b t a i n e d f o r i d e n t i f y i n g d i s c r e t e m i n e r a l s o r f o r q u a n t i t a t i v e a n a l y s e s of m i n e r a l 
a s s e m b l a g e s h a v e b e e n o b t a i n e d m o s t c o m m o n l y by m e a n s of t h e o p t i c a l p e t r o g r a p h i c m i c r o s c o p e 
o r X - r a y d i f f r a c t i o n e q u i p m e n t . Bo th m e t h o d s r e q u i r e c o n s i d e r a b l e t i m e f o r p r e p a r a t i o n of 
s a m p l e s and a l s o r e q u i r e s k i l l and e x p e r i e n c e on t h e p a r t of t h e a n a l y s t t o m a k e t h e c o r r e c t 
i d e n t i f i c a t i o n s . T h e r e a r e s o m e d i s a d v a n t a g e s In t h e u s e of t h e s e t e c h n i q u e s w h i c h c a n be 
o v e r c o m e t o s o m e e x t e n t by u s e of a c o m b i n a t i o n of X - r a y a n a l y s i s , p e t r o g r a p h i c m i c r o s c o p e
o b s e r v a t i o n , c h e m i c a l t e s t s , and e x a m i n a t i o n in t h e 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 .

FIGURE 7 - Fracture surface of carbonate cement-
ed sandstone with small cyrstals of apatite min-
erals on surface of quartz grain (r ight half of 
photograph). Carbonate c rys ta l s are s ider i te. 
x 1,000. 

FIGURE 8 - Apat i te crystals on fracture surface 
of carbonate cemented sandstone. Crysta ls are 
typ ica l ly wel l formed wi th clusters oriented in 
subparal lel d i rect ions. Granular appearance may 
indicate some solut ion, x 10,000. 

A n e x a m p l e of t h e u s e of t h e S. E . M. t o r e s o l v e t h e m i n e r a l o g y of a m i n o r c o n s t i t u e n t 
in a m a r i n e c a r b o n a t e r o c k i s i l l u s t r a t e d by f i g u r e s 7 and 8. T h i s p a r t i c u l a r s p e c i m e n had been 
e x a m i n e d a s a t h i n s e c t i o n on a p o l a r i z i n g p e t r o g r a p h i c m i c r o s c o p e and w a s o b s e r v e d t o be a 
c a r b o n a t e c e m e n t e d s a n d s t o n e (King e t a l . 1970). A p o w d e r e d s a m p l e of t h e s a m e m a t e r i a l w h e n 
a n a l y s e d by X - r a y d i f f r a c t i o n w a s f o u n d t o c o n t a i n a b o u t 15% a p a t i t e [ C a g f F , CI) ( P 0 4 ) 3 ] 
m i n e r a l s , a l t h o u g h no a p a t i t e m i n e r a l s cou ld be s e e n in t h i n s e c t i o n s of t h e s a m p l e . T h e 
s a m p l e w a s t h e n c h e m i c a l l y t e s t e d f o r p h o s p h a t e c o n t e n t w h i c h c o n f i r m e d t h e p r e s e n c e of 
p h o s p h a t e . W h e n a s m a l l c h i p of t h e s a m p l e w a s e x a m i n e d in t h e S. E . M. t h e X - r a y and 
c h e m i c a l d a t a w e r e c o n f i r m e d , and d e t a i l s of t h e r e l a t i o n s h i p s b e t w e e n t h e m i n e r a l s of t h e r o c k 
w e r e d e t e r m i n e d . 

F i g u r e 7 is a v i e w of a q u a r t z g r a i n on t h e r i g h t half of t h e p h o t o g r a p h w h i c h is e n c r u s t e d 
w i t h d e l i c a t e long p r i s m a t i c c r y s t a l s of a p a t i t e . T h e c r y s t a l s do not a p p e a r on t h e s u r f a c e s of 
t h e c a r b o n a t e m i n e r a l ( s i d e r i t e ) , i n d i c a t i n g t w o d i s t i n c t p h a s e s of p r e c i p i t a t i o n . F i g u r e 8 i s a 
m o r e h i g h l y m a g n i f i e d v i ew of t h e a p a t i t e c r y s t a l s and s h o w s t h e t y p i c a l u n s t r a i n e d h e x a g o n a l 
c r y s t a l s . E x a m i n a t i o n of t h e s e p h o t o g r a p h s y i e l d s a n e x p l a n a t i o n a s t o why t h e s e c r y s t a l s cou ld 
no t be s e e n in t h i n s e c t i o n . T h e a v e r a g e s i z e is c o n s i d e r a b l y s m a l l e r t h a n c a n be s e e n t h r o u g h 
a p e t r o g r a p h i c m i c r o s c o p e . In a d d i t i o n the cu t t i ng and g r i n d i n g a c t i o n w o u l d -have a b r a d e d the 
f r a g i l e c r y s t a l s f r o m t h e s u r f a c e of t h e l a r g e r d e t r i t a l g r a i n s . T h e t i m e r e q u i r e d t o m a k e t h e 
S. E. M. o b s e r v a t i o n s w a s l e s s t h a n e i t h e r t h a t by t h e p e t r o g r a p h i c m i c r o s c o p e o r t h e X - r a y 
d iff r a c t o m e t e r . 
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3. S i z e A n a l y s i s :

T h i s t y p e of a n a l y s i s i s a p p l i e d t h r o u g h p r a c t i c a l l y e v e r y b r a n c h of s c i e n c e . T h e 
m e t h o d s h a v e b e c o m e e x t r e m e l y v a r i e d and c o m p l e x . S i z e a n a l y s e s h a v e been c o n d u c t e d by 
m e a n s of s i e v e s , s e t t l i n g t u b e s , X - r a y , c o n d u c t i v i t y c e l l s , and m i c r o s c o p e s . E a c h m e t h o d 
m e a s u r e s a s l i g h t l y d i f f e r e n t a s p e c t of t h e p a r t i c l e s i z e , and e a c h m e t h o d h a s c e r t a i n l i m i t a t i o n s 
a s t o t h e r a n g e of s i z e s t h a t c a n be a n a l y s e d . S e v e r a l of t h e s e m e t h o d s d e t e r m i n e s i z e b a s e d 
on t h e m e a n d i a m e t e r of e q u i v a l e n t s p h e r e s (e . g. s e t t l i n g t u b e , c o n d u c t i v i t y c o u n t e r , s i e v e s ) , 
h o w e v e r t h e s e m e t h o d s a r e u n a b l e t o a c c o u n t f o r v a r i a b l e s h a p e f a c t o r s . Only a m e t h o d c a p a b l e 
of m e a s u r i n g a l o n g t h r e e a x e s w i l l y i e l d t r u e s i z e and s h a p e d a t a . N o r m a l l y t h r e e - d i m e n s i o n a l 
m e a s u r e m e n t s c a n on ly be m a d e m e g a s c o p i c a l l y , h o w e v e r t h i s c a p a b i l i t y d o e s e x i s t w i t h t h e 
u s e of t h e S. E . M. 

FIGURE 9 - Dispersed clay sized minerals 
(2-4u). Mineral assemblage consists of b iof i te, 
ch lor i te , hornblend, feldspars, and quartz. Sample 
was dispersed on an aluminum block, x 1,000. 

FIGURE 10 - Detr i ta l grains of b iot i te ( th in 
plates lower centre and upper r ight), ch lor i te? 
(par t ia l ly curled plate at r ight), feldspar rhomb 
at centre, x 3,000. 

F IGURE 11 - Layered s i l i ca te par t ia l ly curled as 
result of dehydration (chlorite?). L ine prof i le 
through centre of photograph gives graphic dis-
play of thickness of part ic le, x 17,000. 
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T h e m o s t d i f f i c u l t a n a l y s i s f o r a l l t h e s e m e t h o d s is one i nvo lv ing n o n s p h e r i c a l p a r t i c l e s 
t h a t a r e in t h e c o l l o i d a l s i z e r a n g e . N a t u r a l c l a y m i n e r a l s (< 4/<) a r e e x t r e m e l y d i f f i c u l t t o 
a n a l y s e b e c a u s e t h e y a r e t a b u l a r p l a t e s , and b e c a u s e t h e y b e h a v e a s a c o l l o i d in e l e c t r o l y t e s . 
U s e of t h e S. E. M. f o r p a r t i c l e s i z e a n a l y s i s of c l a y m i n e r a l s is d e m o n s t r a t e d by f i g u r e s 9, 10, 
a n d 11. T h e s e p h o t o g r a p h s a r e v i e w s of c l a y m i n e r a l s d i s p e r s e d on a l u m i n u m b locks . T h e 
s u s p e n s i o n s f r o m w h i c h t h e c l a y m i n e r a l s w e r e t a k e n w e r e d i l u t e ( c a . 10 mg. / l i t r e ) and w e r e 
s a l t f r e e . It c an be s e e n t h a t t h e r e w a s p r a c t i c a l l y no f l o c c u l a t i o n of t h e c l a y m i n e r a l s a s t h e 
a q u e o u s s u s p e n s i o n w a s d r i e d on t h e s a m p l e block. F i g u r e 9 s h o w s a n a s s e m b l a g e of c l a y 
m i n e r a l s ( c h l o r i t e , m i c a ) , and s o m e a m p h i b o l e s and q u a r t z h a v i n g a d i a m e t e r of 2 - 4 
F i g u r e 10 is a m o r e h i g h l y m a g n i f i e d v iew of t h e s a m e s a m p l e . It c a n be s e e n t h a t s o m e d e t a i l s 
of t h e c r y s t a l l i n i t y c a n be r e s o l v e d a t t h i s m a g n i f i c a t i o n . F i g u r e 11 i l l u s t r a t e s t h e u s e of t h e 
l i n e p r o f i l e t e c h n i q u e r e f e r r e d t o e a r l i e r . H e r e t h e l i n e p r o f i l e c a n be e m p l o y e d t o o b t a i n a n 
e s t i m a t e of t h e t o p o g r a p h y and t h i c k n e s s of t h e p a r t i c l e . 
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