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A MICROSCOPIC STUDY OF HATURALIff 

OCCUH11G ARSEUIC-A1TIMOHY ALLOYS 

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

The word " a l l e m o n t i t e " has l o n g been used i n 

r e f e r e n c e t o any n a t u r a l l y o c c u r i n g m i x t u r e o f a r s e n i c and 

antimony r e g a r d l e s s o f t h e p e r c e n t a g e s o f each p r e s e n t , and 

r e g a r d l e s s o f t h e i r t e x t u r e d r e l a t i o n s . Dana (19 3 2 ) , a s s i g n e d 

a c o m p o s i t i o n o f SbAs 3 t o a l l e m o n t i t e and sugg e s t e d t h a t a l l 

a l l e m o n t i t e i s an i n t e r g r o w t h o f m e t a l l i c a r s e n i c and antimony. 

W a l k e r (1 9 2 1 ) , s t u d i e d a l l e m o n t i t e f r o m A t 1 i n , B r i t i s h Columbia, 

and c o n c l u d e d t h a t i t i s an i n t e r g r o v / t h o f s u c c e s s i v e l a y e r s o f 

a r s e n i c and antimony w h i c h do n o t f o r m c h e m i c a l compounds o r 
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isomorphcus m i x t u r e s . Holmes (1 9 3 6 ) , s t u d i e d s e v e r a l 

specimens o f a l l e m o n t i t e and d e c i d e d t h a t i t i s n o r m a l l y an 

i n t e r g r o w t h o f an a r s e n i c phase w h i c h may c o n t a i n s m a l l 

amounts o f antimony (phase "A") and an a r s e n i c - a n t i m o n y 

m i x t u r e w h i c h may "be a t r u e c h e m i c a l compound or a member o f a 

s o l i d s o l u t i o n s e r i e s (phase " B " ) . He s u g g e s t e d t h a t t h e term 

" a l l e m o n t i t e " be r e s t r i c t e d t o phase "B" but was u n a b l e t o 

d e f i n e i t s c h e m i c a l c o m p o s i t i o n o r i n t e r n a l s t r u c t u r e . More 

r e c e n t i n v e s t i g a t i o n s by Edwards (1947) have shown t h a t t h e r e 

a r e t h r e e homogeneous a l l o y phases o f a r s e n i c ana antimony 

w h i c h he d e f i n e d as f o l l o w s : ( l ) an a r s e n i c - r i c h phase 

c o n t a i n i n g up t o f i v e a t o m i c p e r ce n t antimony; (2) an antimony-

r i c h phase c o n t a i n i n g up t o f i v e a t o m i c p e r c e n t a r s e n i c ? and 

(3) an i n t e r m e d i a t e phase ( s t i b a r s e n i c ) c o n t a i n i n g about 50 

a t o m i c p e r c e n t a r s e n i c . On t h e b a s i s o f t h i s , he d e s c r i b e d 

t h r e e t y p e s o f a l l e m o n t i t e w h i c h a r e : ( l ) A l l e m o n t i t e I -

c o n s i s t i n g o f a n a t u r a l i n t e r g r o w t h o f t h e a n t i m o n y - r i c h phase 

and t h e a r s e n i c - a n t i m o n y phase; (2) A l l e m o n t i t e I I - c o n s i s t i n g 

o f t h e r a r e , homogeneous a r s e n i c - a n t i m o n y phase; and (3) 

A l l e m o n t i t e I I I - c o n s i s t i n g o f a n a t u r a l i n t e r g r o w t h o f t h e 

a r s e n i c - r i c h phase and t h e a r s e n i c - a n t i m o n y phase. He used the 

e q u i l i b r i u m d i a g r a m o f W r e t b l a d (See Edwards, p. 42) t o e x p l a i n 

t h e u n m i x i n g w h i c h o c c u r s a t t e m p e r a t u r e s below 470°C i n 

A l l e m o n t i t e s I and I I I . He f e l t t h a t A l l e m o n t i t e I I i s r e a l l y 

an a l l o y phase and n o t a compound and t h a t i t owes i t s a p parent 

p e r s i s t e n t homogenity s i m p l y t o t h e f a c t t h a t i t s c o m p o s i t i o n 

i s i n t e r m e d i a t e between two i m m i s c i b l e p h a s e s . 

The pur p o s e o f t h i s r e p o r t i s t o s t u d y s e l e c t e d 



samples of w o r l d wide d i s t r i b u t i o n i n o r d e r t o d e t e r m i n e t h e 

n a t u r e o f a r s e n i c - a n t i m o n y i n t e r g r o w t h s , a.nd t o see t o what 

e x t e n t t h e c o n c l u s i o n s . o f t h e above mentioned a u t h o r s w i l l 

e x p l a i n t h e s e i n t e r g r o w t h s . F o r c o n v e n i e n c e , Edward fs 

t e r m i n o l o g y o f t h e t h r e e t y p e s o f a l l e m o n t i t e w i l l be used. 

I n a d d i t i o n , because no o t h e r word i n common usage w i l l 

a d e q u a t e l y convey th e same t h o u g h t , t h e word " a l l e m o n t i t e " by 

i t s e l f w i l l be used i n the p o p u l a r sense t o mean any i n t e r ­

growth o f a r s e n i c and antimony of unknown c o m p o s i t i o n . 



Geology o f A l l e m o n t i t e D e p o s i t s 

A l l e m o n t i t e d e p o s i t s a r e commonly c l a s s e d as 

e p i t h e r m a l , and a r e p r o b a b l y always hypogene. They a r e formed 

under c o n d i t i o n s o f r e l a t i v e l y low te m p e r a t u r e and p r e s s u r e 

and commonly e x h i b i t b o t r y o i d a l and c o l l o f o r m s t r u c t u r e s . 

Common m i n e r a l a s s o c i a t e s a r e c o b a l t - s i l v e r - a r s e n i d e o r e s f 

s i l v e r - a n t i m o n i & e s and s i l v e r - s u l p h \ ^ - a n t i m o n i d e s . C a l c i t e , 

q u a r t s and c h a l c e d o n y a r e t h e u s u a l gangue m i n e r a l s . 

L a b o r a t o r y P r o c e d u r e 

P o l i s h e d s e c t i o n s were made from s e l e c t e d specimens 

and were examined m i c r o s c o p i c a l l y . I n o r d e r t o become adept 

a t d i s t i n g u i s h i n g between a r s e n i c and antimony w h i c h have v e r y 

s i m i l a r p r o p e r t i e s , specimens o f n a t i v e a r s e n i c and of 

e s s e n t i a l l y p u r e antimony were used as t e s t s e c t i o n s . The 

f o l l o w i n g d i f f e r e n c e s i n e t c h r e a c t i o n s were a p p a r e n t : 

( A r s e n i c - s l o w l y e f f e r v e s c e s ; s t a i n s i r r i d e s c e n t . 

( Antimony - q u i c k l y s t a i n s brown o r b l a c l c . 

( A r s e n i c - q u i c k l y s t a i n s i r r i d e s c e n t t o b l a c k . 

( Antimony - s l o w l y s t a i n s brown or b l a c k . 

I t i s r e a l i z e d t h a t t h e s e d i f f e r e n c e s a r e not g r e a t 

and t o o much i m p o r t a n c e s h o u l d n o t be p l a c e d on t h e r e s u l t s . 

The tendency o f a r s e n i c t o t a r n i s h more r e a d i l y t h a n antimony 

i s used where p o s s i b l e . -
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D e t a i l e d D e s c r i p t i o n * o f Specimens 

(1) V a r ^ t r a s k , Sweden 

M a c r o s c o p i c Study 

T h i s specimenj about one i n c h l o n g , c o n t a i n s l a r g e , 

e u h e d r a l c r y s t a l s o f a l l e m o n t i t e h a v i n g a t l e a s t one c l e a v a g e 

w e l l d e v e l o p e d . The c r y s t a l s a r e s i l v e r w h i t e i n c o l o u r . 

W i t h t h e a i d o f a hand l e n s , a f i n e s t r u c t u r e r e s e m b l i n g 

p i l l o w - l a v a s t r u c t u r e can be seen on t h e s u r f a c e . M i c r o -

s c r o p i c e x a m i n a t i o n shows t h a t t h i s i s an i n t e r g r o w t h . 

A s s o c i a t e d w i t h t h e a l l e m o n t i t e a r e c r y s t a l s o f g r e e n t o u r m a l i n e 

about l / 4 i n c h a c r o s s , and some r o s e q u a r t z . 

M i c r o s c o p i c Study 

A r a t h e r c o a r s e i n t e r g r o w t h o f A l l e m o n t i t e I i s 

v i s i b l e w i t h o u t c r o s s e d n i c o l s . B o t h components a r e a n i s o ­

t r o p i c . The a n t i m o n y - r i c h phase i s b r i g h t e r t h a n g a l e n a w h i t e 

i n c o l o u r and i t e f f e r v e s c e s i n s t a n t l y and s t a i n s brown when 

etched w i t h EMQ3 , I t o c c u r s i n o v a l and p o l y g o n a l p a t c h e s up 
- -

t o 150 m i c r o n s by 250 m i c r o n s . These p a t c h e s a r e a l l i n t e r ­

c o n n e c ted i n a t l e a s t one c o r n e r . The s t i b a r s e n i c phase i s 

medium g r e y i n c o l o u r and does n o t appear t o be etched by W0S . 

I t o c c u r s i n c u r v i n g s t r i n g e r s and bands w h i c h a l m o s t s u r r o u n d 

l a r g e p a t c h e s o f t h e a n t i m o n y - r i c h phase and w h i c h do i s o l a t e 

s m a l l p a t c h e s o f t h e same. (See P h o t o g r a p h no. 1, A p p e n d i x ) . 

I t makes up about 10 p e r cent o f t h e s e c t i o n . O r i e n t e d , 

e l o n g a t e d p i t s due t o c l e a v a g e c u t t h r o u g h b o t h m i n e r a l s 

i n d i c a t i n g t h a t t h e y s o l i d i f i e d i n a homogeneous phase a t f i r s t . 

The p r e s e n c e o f t o u r m a l i n e and t h e l a r g e s i z e o f the 
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a l l e m o n t i t e c r y s t a l s s u g g e s t s t h a t c o o l i n g o c c u r e d s l o w l y a t 

h i g h e r t h a n average t e m p e r a t u r e s . T h i s p o s s i b l y p e r m i t t e d the 

n u c l e a t i o n o f a s m a l l number o f l a r g e , homogeneous g r a i n s 

w h i c h unmixed a t l o w e r t e m p e r a t u r e s t o form b r o a d bands o f 

s t i b a r s e n i c on t h e b o u n d a r i e s o f a r s e n i c - r i c h g r a i n s . A t s t i l l 

l o w e r t e m p e r a t u r e s , t h e bands o f s t i b a r s e n i c became s a t u r a t e d 

w i t h antimony and unmixed t o form s m a l l a n t i m o n y - r i c h s p o t s 

w i t h i n t h e bands. I t i s p o s s i b l e t h a t e x a m i n a t i o n under v e r y 

h i g h power would show t h a t t h e l a r g e a n t i m o n y - r i c h p a t c h e s 

a l s o unmixed f u r t h e r a t lower t e m p e r a t u r e s t o g i v e a v e r y f i n e 

i n t e r g r o w t h o f s t i b a r s e n i c i n antimony. 

(2) E n g i n e e r Mine, B r i t i s h Columbia 

M a c r o s c o p i c Study 

Two specimens from th e E n g i n e e r mine were s t u d i e d . 

They show b o t r y o i d a l s t r u c t u r e and i n d i s t i n c t c o n c e n t r i c 

b a n d i n g . They t a r n i s h a l m o s t b l a c k but have a s i l v e r y l u s t r e 

on t h e f r e s h surfa.ce. B o t h have what appears t o be c h a l c e d o n i c 

q u a r t z i n c o l l o f o r m or r h y t h m i c bands a s s o c i a t e d w i t h them. 

The a l l e m o n t i t e appears t o be e s s e n t i a l l y homogeneous w i t h t h e 

e x c e p t i o n o f two f r a c t u r e s or r h y t h m i c bands i n t h e l a r g e 

specimen w h i c h c o n t a i n s s m a l l , i r r e g u l a r l y d i s t r i b u t e d g r a i n s 

o f a soft* s i l v e r y m i n e r a l , and a few g r a i n s o f a s o f t , p a l e 

y e l l o w m i n e r a l somewhat t h e c o l o u r o f p y r r h o t i t e . A s m a l l 

amount o f ruby s i l v e r appears t o be p r e s e n t . 

M i c r o s c o p i c Study 

One s e c t i o n i s homogeneous c o n s i s t i n g of g r a i n s up t o 

600 m i c r o n s o f e s s e n t i a l l y p u r e antimony w h i c h show wavy 

a n i s t r o p i c e x t i n c t i o n w i t h c r o s s e d n i c o l s . The c o m p o s i t i o n was 

http://surfa.ce


c o n f i r m e d by X - r a y photographs t a k e n by Dr. Thompson. 

The o t h e r s e c t i o n c o n t a i n s Allemontite I I I ( a r s e n i c -

r i c h ) , d y s c r a s i t e and m i a r g y r i t e , a l l o f w h i c h were c o n f i r m e d 

by X - r a y p h o t o g r a p h s . The main mass c o n s i s t s of a v e r y f i n e 

i n t e r g r o w t h o f s m a l l rounded beads l e s s t h a n f o u r m i c r o n s 

a c r o s s o f white s t i b a r s e n i c i n a groundmass o f a s l i g h t l y 

d a r k e r a r s e n i c - r i c h phase. The s t i b a r s e n i c makes up about 25 

p e r c ent of t h e s e c t i o n . Ho g r a i n b o u n d a r i e s a r e v i s i b l e under 

c r o s s e d n i c o l s . 

D y s c r a s i t e , w h i c h was c o n f i r m e d by e t c h i n g and by i t s 

a n i s o t r o p ^ i s m , o c c u r s t y p i c a l l y i n rod-shaped g r a i n s r a n g i n g 

f rom 20 t o 1600 m i c r o n s i n l e n g t h . (See P h o t o g r a p h no. 2, 

A ppendix) I t a l s o o c c u r s i n i r r e g u l a r p a t c h e s up t o 1.5 mms 

a c r o s s . M i a r g y r i t e o c c u r s i n I s o l a t e d , i r r e g u l a r l y - s h a p e d 

p a t c h e s or i n t h e A l l e m o n t i t e I I I and i n t h e d y s c r a s i t e . I t 

i s c l o s e l y a s s o c i a t e d with gangue w h i c h i t appears t o r e p l a c e . 

(See P h o t o g r a p h no. 3, A ppendix) 

The m i a r g y r i t e and d y s c r a s i t e occupy what i s p r o b a b l y 

a c o l l o f o r m or r h y t h m i c band? but w h i c h may be a f r a c t u r e , i n 

the A l l e m o n t i t e I I I . A l l t h r e e appear t o be contemporaneous i n 

age, a l t h o u g h the m i a r g y r i t e may be s l i g h t l y e a r l i e r t h a n t h e 

d y s c r a s i t e . 

I t i s i n t e r e s t i n g t o n o t e t h a t of t h e two specimens 

from t h e E n g i n e e r mine s t u d i e d , one i s antimony r i c h and one 

a r s e n i c r i c h . T h i s i s p r o b a b l y a c o n d i t i o n t o be e xpected i n 

any a l l e m o n t i t e d e p o s i t . 
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(o) Unknown l o c a l i t y , B r i t i s h Columbia 

M a c r o s c o p i c Study 

A l t h o u g h t h e l o c a l i t y f rom w h i c h t h i s specimen was 

t a k e n i s not d e f i n i t e l y known, i t i s p r o b a b l y f r o m t h e E n g i n e e r 

mine. I t i s a l a r g e , m a s s i v e specimen about 2 l / 2 i n c h e s 

square t a r n i s h e d a l m o s t b l a c k , but I n p a r t h a v i n g a r e d s t a i n 

about t h e c o l o u r of h e m a t i t e . I t has l a r g e c o n c e n t r i c bands 

and i s bounded by q u a r t z on two s i d e s g i v i n g i t a v e i n l i k e 

a p pearance. 

M i c r o s c o p i c Study 

The i n t e r g r o w t h i n t h i s s e c t i o n c l o s e l y resembles 

t h e A l l e m o n t i t e I I I from t h e E n g i n e e r mine. The s t i b a r s e n i c 

o c c u r s i n r o d s and e l l i p t i c a l g r a i n s h a v i n g a maximum l e n g t h 

o f f i v e m i c r o n s and making up about 10 p e r cent o f t h e s e c t i o n . 

When t h e s e c t i o n i s p l a c e d over a b o t t l e o f n i t r i c a c i d f o r two 

m i n u t e s , t h e s e s p o t s do not appear t o e t c h , but t h e main mass, 

an a r s e n i c - r i c h phase, i s p i t t e d and darkened s l i g h t l y • Some 

s m a l l , u n o r i e n t e d p i t s a r e p r e s e n t . A l l e m o n t i t e I I I and gangue 

a r e t h e o n l y m i n e r a l s o b s e r v e d i n t h e s e c t i o n . 

(4) E m e r a l d L e a d - Z i n c Mine, B r i t i s h Columbia 

M a c r o s c o p i c Study 

The o r i g i n a l mass o f a l l e m o n t i t e appears t o have been 

b r e c c i a t e d and the fragments cemented w i t h q u a r t z and c a l c i t e . 

I t has a, b r i g h t , m e t a l l i c l u s t r e and does not t a r n i s h r e a d i l y . 

I t shows some c o n c e n t r i c b a n d i n g . 

M i c r o s c o p i c Study 

The i n t e r g r o w t h i s A l l e m o n t i t e I as c o n f i r m e d by 

X - r a y p a t t e r n s , but i s v e r y i r r e g u l a r . There a r e a n t i m o n y - r i c h 



rhombs and b o r d e r s i n and around t h e i n t e r g r o w t h o f s t i b a r s e n i c 

i n antimony. S t i b a r s e n i c i s not p r e s e n t i n a l l t h e s e c t i o n , 

but where i t does o c c u r i t i s i n s p i n d l e l i k e r o d s and 

i r r e g u l a r masses l e s s t h a n 100 m i c r o n s l o n g . 

About f o u r p e r cent of t h e s e c t i o n i s composed of 

g r a i n s o f s t i b n i t e w h i c h a r e commonly l e s s t h a n 50 m i c r o n s 

a c r o s s . Some o f t h e g r a i n s a r e t w i n n e d . The s t i b n i t e i s 

c l o s e l y a s s o c i a t e d w i t h and appears t o r e p l a c e t h e gangue. A 

few g r a i n s o f p y r i t e , up t o 100 m i c r o n s i n s i z e , a r e p a r t i a l l y 

r e p l a c e d by gangue. 

An undetermined m i n e r a l about t h e same c o l o u r as 

s t i b n i t e and w i t h a n i s o t r o p i c c o l o u r s f rom l i g h t t o dark g r e y 

o c c u r s i n i s o l a t e d , rod-shaped g r a i n s up t o 100 m i c r o n s l o n g 

i n t h e gangue. I t appears t o be n e g a t i v e t o a l l t h e s t a n d a r d 

e t c h s o l u t i o n s , but t h e e f f e r v e s c e n c e s o f c a l c i t e o b scures t h e 

e t c h r e a c t i o n s t o a c i d s . I t has a h a rdness o f , fB M. 

The b r e c c i a t e d and subsequent space f i l l i n g 

a ppearance i s not as e v i d e n t i n p o l i s h e d s e c t i o n as i n hand 

specimens. On t h e c o n t r a r y , t h e gangue appears t o be e a r l y 

and t o be r e p l a c e d by A l l e m o n t i t e I . However, t h e l a c k o f 

homogenity i n t h e A l l e m o n t i t e s u g g e s t s t h a t e i t h e r c r y s t a l l ­

i z a t i o n d i d not t a k e p l a c e under q u i e s c e n t c o n d i t i o n s or t h e r e 

was movement soon a f t e r . 

(5) A l l e m o n t , F r a n c e 

S e c t i o n Ho. 1 (Museum no. M9 - K5) 

M a c r o s c o p i c Study 
AT 

The specimen i s about 3/4 o f an i n c h t h i c h and t h r e e 
i n c h e s l o n g . C o n c e n t r i c b a n d i n g , w h i c h may be due t o a s l i g h t 



change i n g r a i n s i z e , i s f a i n t l y v i s i b l e . G r a i n s up t o two 

nuns, l o n g c o a t what appears t o be f r a c t u r e p l a n e s . These 

g r a i n s show c l e a v a g e and t e n d t o be l i n e a t e d , p o s s i b l y due t o 

s t r a i n or movement. The a l l e m o n t i t e has a l e a d - g r e y , 

g l i t t e r i n g f r a c t u r e - s u r f a c e , and a somewhat t a r n i s h e d weathered-

s u r f a c e . 

specimen i s A l l e m o n t i t e I . About 20 p e r ce n t o f t h e s e c t i o n 

i s made up of s t i b a r s e n i c i n g r e y bent r o d s a v e r a g i n g 35 t o 50 

m i c r o n s i n l e n g t h and r e a c h i n g a maximum o f ISO m i c r o n s . 

These l o n g e r r o d s appear t o c o r r e s p o n d t o t h e e l o n g a t e d 

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

o f t h e s e l a r g e g r a i n s a r e s t r a i g h t and m a r k e d l y l i n e a t e d . 

The app earanc e o f t h e s e c t i o n as a whole under c r o s s e d n i c o l s 

i s a mosaic o f i r r e g u l a r g r a i n s , s l i g h t l y e l o n g a t e d and up t o 

100 m i c r o n s l o n g . The r o d s o f s t i b a r s e n i c , f o r m i n g an 

e u t e c t o i d i n t e r g r o w t h , c r o s s t h e s e g r a i n s and a l l t h e r o d s go 

i n t o e x t i n c t i o n a t the same t i m e i n d i c a t i n g t h a t t h e g r a i n s 

were composed o f a homogeneous s o l i d s o l u t i o n when t h e y f i r s t 

s o l i d i f i e d . T h i s i s v e r i f i e d f u r t h e r by t h e p r e s e n c e i n some 

p l a c e s o f l i n e a t e d c l e a v a g e p i t s w h i c h c r o s s t h r o u g h severaJ. 

g r a i n s . 

S e c t i o n Ho. 2 (Museum no. A9 - E3) 

M a c r o s c o p i c Study 

T h i s specimen, about l / 2 i n c h a c r o s s , i s somewhat 

s i m i l a r t o s e c t i o n no. 1. I t i s c o n c e n t r i c a l l y banded and 

appears t o be homogeneous except f o r a s l i g h t v a r i a t i o n i n 

M i c r o s c o p i c Study 

E t c h e s r e a c t i o n s w i t h n i t r i c a c i d i n d i c a t e t h a t t h e 
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g r a i n s i z e . I t i s p r e d o m i n a n t l y f i n e g r a i n e d "but a few c r y s t a l s 

up t o 3 mms a c r o s s a r e p r e s e n t and show c l e a v a g e . 

M i c r o s c o p i c Study 

The main groundmass e f f e r v e s c e s i n s t a n t l y and s t a i n s 

b r o w n i s h b l a c k w i t h n i t r i c a c i d i n d i c a t i n g t h a t i t . i s A l l e m o n ­

t i t e I . The s t i b a r s e n i c i n t h e w h i t e , a n t i m o n y - r i c h phase 

o c c u r s i n grey r o d s a v e r a g i n g 80 m i c r o n s i n l e n g t h . I t 

composes about 35 p e r c e n t o f t h e s e c t i o n . For some r e a s o n , 

t h e a n t i m o n y - r i c h phase appears t o be more s t r o n g l y a n i s o t r o p i c 

t h a n usua,l. Under c r o s s e d n i c o l s , a mosaic o f g r a i n s up t o 75 

m i c r o n s l o n g can be seen. The i n t e r g r o w t h s u g g e s t s something 

of t h e " p i l l o w - l a v a " t y p e i n t e r g r o w t h o bserved i n t h e specimen 

f r o m V a r u t r a s k , Sweden, but i t i s on a much s m a l l e r s c a l e and 

i s not as r e g u l a r . 

A few g r a i n s o f l o e l l i n g i t e ( f o r c o n f i r m a t i o n see 

under s e c t i o n no. 3 below) o c c u r i n g r a i n s up t o 400 m i c r o n s 

l o n g . I n one c o r n e r o f t h e s e c t i o n , an a p p a r e n t anomaly seems 

t o c o n s i s t of antimony r e p l a c i n g gangue. 

S e c t i o n Ho. 3 (Museum no. M9 - 133) 

M a c r o s c o p i c Study 

Two specimens, b o t h somewhat r u s t y w e a t h e r i n g and 

v u g g y , c o n s i s t m a i n l y o f a m i n e r a l h a v i n g t h e l u s t r e o f 

a r s e n o p y r i t e , a hardness o f 6? and a g r a v i t y o f about 5. The 

g r a i n s a r e e l o n g a t e d and somewhat r a d i a t i n g . One specimen 

c o n t a i n s up t o 30 p e r cent o f A l l e m o n t i t e (?) i n s h o r t , 

i r r e g u l a r l y d i s t r i b u t e d c r y s t a l s h a v i n g c l e a v a g e . Some f r a c t u r e s 

appear t o c o n t a i n ruby s i l v e r s showing r a d i a t i n g s t r u c t u r e . 

Q u a r t z o c c u r s i n s m a l l , b l a c k , t w i n n e d and s t r i a t e d c r y s t a l s . 



Some c r y p t e e r y s t a l l i n e q u a r t z o r c h a l c e d o n y i s p r e s e n t . The 

o v e r a l l mass has a somewhat b o t r y o i d a l appearance. 

M i c r o s c o p i c Study 

The main p a r t o f one s e c t i o n , and a l m o s t a l l o f t h e 

o t h e r c o n s i s t o f l e a f l i k e o r b l a d e l i k e , r a d i a t i n g c r y s t a l s 

up t o l / 2 mm l o n g o f l o e l l i n g i t e w h i c h i s s t r o n g l y a n i s t r o p i c , 

t h e c o l o u r s r a n g i n g f r o m p a l e brown t o g r e y t o p a l e b l u e . 

X - r a y photographs i n d i c a t e d t h a t t h i s m i n e r a l i s s a f f o r i t e 

( c o b a l t a r s e n i d e ) or l o e l l i n g i t e ( i r o n a r s e n i d e ) but m i c r o -

c h e m i c a l t e s t s do not g i v e a p o s i t i v e t e s t f o r c o b a l t , so i t 

i s assumed t h a t the m i n e r a l i s l o e l l i n g i t e . 

The a r e a s of a l l e m o n t i t e w h i c h , i n t h e p r e s e n c e o f 

l o e l l i n g i t e , a r e enamenal-white r a t h e r t h a n t h e u s u a l t i n -

w h i t e , o c c u r i n i r r e g u l a r l y shaped p a t c h e s a p p a r e n t l y 

r e p l a c i n g l o e l l i n g i t e . These p a t c h e s c o n s i s t o f a v e r y 

p e c u l i a r i n t e r g r o w t h w h i c h i s o n l y f a i n t l y v i s i b l e under h i g h 

power w i t h c r o s s e d n i c o l s (because one component i s more 

a n i s o t r o p i c t h a n t he o t h e r ) , but w h i c h i s p l a i n l y v i s i b l e 

when e t c h e d p r o p e r l y . The f o l l o w i n g e t c h r e a c t i o n s were 

obs e r v e d ( t h o s e not mentioned b e i n g n e g a t i v e ) : 

Reagent A n i s t r o p i c I s o t r o p i c or weakly 

M i n e r a l A n i s o t r o p i c m i n e r a l 

H g C l ^ S l i g h t l y brown l i t t l e o r no r e a c t i o n 

j ? e C l 3 d a r k brown i r r i d e s c e n t 
HITOy r e d d i s h - b r o w n e t c h e s d i f f e r e n t i a l l y 

( i n s t a n t l y ) t o show a f u r t h e r 
i n t e r g r o w t h . 

The components o c c u r i n o v a l shaped and p o l y g o n a l 

g r a i n s , t h e a n i s o t r o p i c ( l i g h t t o dark g r e y ) g r a i n s would 



appear t o "be r e p l a c e d by t h e o t h e r s r a t h e r t h a n i n t e r g r o w n 

w i t h them i f i t were n o t f o r t h e p r e s e n c e of c l e a v a g e p i t s 

w h i c h extend t h r o u g h b o t h components. These g r a i n s a r e up t o 

150 m i c r o n s a c r o s s . The i n t e r g r o w t h w i t h i n some of t h e l a r g e r 

g r a i n s b r o u g h t out by e t c h i n g w i t h n i t r i c a c i d c o n s i s t s o f 

s m a l l , c l o s e l y spaced, o v a l or rounded s p o t s w h i c h do n o t 

s t a i n as d a r k l y as t h e ground mass. I t does not l o o k l i k e a 

e u t e c t o i d i n t e r g r o w t h . The main i n t e r g r o w t h i s d i f f i c u l t t o 

e x p l a i n . I t may p o s s i b l y be a p e c u l i a r i n t e r g r o w t h o f t h e 

antimony and t h e a r s e n i c r i c h phases w i t h o u t an i n t e r v e n i n g 

s t i b a r s e n i c phase. A f u r t h e r s t u d y o f t h i s s e c t i o n w i t h t h e 

use o f X- r a y s would be w o r t h w h i l e . 

The l a r g e r p o l i s h e d s e c t i o n c o n t a i n s some 

u n c l a s s i f i e d r uby s i l v e r w h i c h i s f a i r l y s t r o n g l y a n i s o t r o p i c 

f r o m g r e y t o b l u e - g r e y and w h i c h has a deep r e d i n t e r n a l 

r e f l e c t i o n p r o b a b l y m i a r g y r i t e or p y a r g y i t e . I n one 

p l a c e t h e ruby s i l v e r i s d e f i n i t e l y c u t by l o e l l i n g i t e but 

elsew h e r e i t appears t o r e p l a c e l o e l l i n g i t e . Gangue c u t s o r 

r e p l a c e s ruby s i l v e r . 

I n t h e s m a l l e r s e c t i o n , t h e r e i s a s m a l l amount o f 

s p h a l e r i t e c o n f i r m e d by i n t e r n a l r e f l e c t i o n and e t c h r e a c t i o n s , 

and a few g r a i n s o f u n c l a s s i f i e d ruby s i l v e r . These a r e 

p r o b a b l y l a t e r t h a n t h e l o e l l i n g i t e . 

(6) P z r i b r a m , Bohemia 

M a c r o s c o p i c Study 

The specimen, about two i n c h e s a c r o s s , i s f i n e t o 

medium g r a i n e d , shows b o t r y o i d a l s t r u c t u r e , and i s i n t e r -

banded w i t h c a l c i t e . The s u r f a c e breads v e r y "unevenly. Some 



s p h a l e r i t e and p o s s i b l y a s m a l l amount o f ruby s i l v e r a r e 

p r e s e n t . I n a d d i t i o n , a fe?/ g r a i n s each of a b l a c k m i n e r a l 

h a v i n g a m e t a l l i c l u s t r e , w h i t e s t r e a k and hardness e q u a l t o 
of 

4; andAa p a l e y e l l o w , m e t a l l i c , f i n e l y d i s s e m i n a t e d m i n e r a l 

a r e p r e s e n t . C a l c i t e shows comb s t r u c t u r e and appears t o be 

I n p a r t l a t e r t h a n and i n p a r t contemporaneous w i t h t h e main 

mass. 

M i c r o s c o p i c Study 

The main mass e f f e r v e s c e s i n s t a n t l y and s t a i n s 

brown w i t h n i t r i c a c i d , and s l o w l y s t a i n s b r o w n i s h - b l a c k w i t h 

f e r r i c c h l o r i d e i n d i c a t i n g t h a t i t I s A l l e m o n t i t e I . I t o c c u r s 

i n i r r e g u l a r , c o n c e n t r i c bands s e p a r a t e d by gangue and s t i b n i t e , 

t h e bands r a n g i n g f r o m a few m i c r o n s t o 2 rams i n w i d t h . Most 

o f t h e a l l e m o n t i t e appears t o be homogeneous and may be j u s t 

t h e a n t i m o n y - r i c h phase r a t h e r t h a n A l l e m o n t i t e I . The g r a i n s 

do n o t have a wavy e x t i n c t i o n p a t t e r n as i s common w i t h 
they 

A l l e m o n t i t e I and Amust be v e r y s m a l l , p o s s i b l y l e s s t h a n 10 

m i c r o n s . However, i n some a r e a s a d e f i n i t e , b u t v e r y i r r e g u l a r 

e u t e c t o i d i n t e r g r o w t h i s v i s i b l e I n t h e s e p l a c e s , t h e 

l a m e l l a e o f s t i b a r s e n i c a r e l e s s t h a n t e n m i c r o n s l o n g and may 

compose as much as 40 p e r . c e n t of t h e t o t a l a r e a . E t c h i n g w i t h 

n i t r i c a c i d b r i n g s out t h e i n t e r g r o w t h and, i n a d d i t i o n , 

r e v e a l s an o c c a s i o n a l t i n y bead l e s s t h a n f o u r m i c r o n s a c r o s s 

o f a v e r y w h i t e m i n e r a l w h i c h i s not e t c h e d . These s p o t s 

appear t o be n e g a t i v e t o o t h e r e t c h r e a g e n t s a l s o . 

I n a d d i t i o n t o t h e a l l e m o n t i t e , t h e f o l l o w i n g 

m i n e r a l s a r e p r e s e n t : 
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Unknown m i n e r a l s I t i s about as w h i t e as a l l e m o n t i t e and i s 

f a i r l y s t r o n g l y a n i s o t r o p i c ? t h e c o l o u r s r a n g i n g from 

b l u i s h - g r a y t o p i n k i s h - g r e y t o w h i t e . I t 

c h a r a c t e r i s t r e a l l y o c c u r s i n diamond-shaped g r a i n s 

r a n g i n g f rom 5 m i c r o n s t o 70 m i c r o n s a c r o s s , w h i c h 

a r e i s o l a t e d or i n narrow v e i n l e t s i n t h e gangue. 

The p r o j e c t i o n o f one end of t h e diamonds i n t o t h e 

gangue g i v e s t h e v e i n l e t a saw-toothed appearance. 

The m i n e r a l has a hardness o f "B". The e t c h r e ­

a c t i o n s appear t o be f a i r l y d i s t i n c t i v e . Mercurous 

c h l o r i d e s t a i n s s l i g h t l y brown or i r r i d e s c e n t n e ar 

the edge o f the dr o p . P o t a s s i u m h y d r o x i d e e t c h 

r e v e a l s t h a t t h e "saw-toothed" v e i n l e t s a c t u a l l y 

c o n s i s t o f diamonds w h i c h a r e s t a i n e d p a l e b l u e t o 

i r r i d e s c e n t w i t h t h e development o f e t c h c l e a v a g e , 

and o f a s u r r o u n d i n g m i n e r a l w h i c h i s not et c h e d . 

T h i s s u r r o u n d i n g m i n e r a l may be t h e same c o m p o s i t i o n 

as the s m a l l beads a p p e a r i n g i n the a l l e m o n t i t e . 

The p o t a s s i u m c y a n i d e e t c h i s s i m i l a r t o the 

p o t a s s i u m h y d r o x i d e e t c h , b u t i s more p o s i t i v e . Two 

e t c h c l e a v a g e s a r e de v e l o p e d a good one approx­

i m a t e l y p a r a l l e l t o two s i d e s o f t h e diamond, and a 

p o o r e r one a p p r o x i m a t e l y p a r a l l e l t o the s h o r t 

d i a g o n a l o f t h e diamond. H y d r o c h l o r i c a c i d , f e r r i c 

c h l o r i d e and n i t r i c a c i d a l l g i v e n e g a t i v e e t c h t e s t s . 

S t i b n i t e : I t makes up about f i v e p e r cent o f the s e c t i o n . I t 

was i d e n t i f i e d by i t s s t r o n g a n i s o t r o p h i s m ( b l u e t o 

p i n k i s h - g r e y ) and by t h e f o r m a t i o n o f an orange 
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r e s i d u e when e t c h e d w i t h p o t a s s i u m h y d r o x i d e . I t 

o c c u r s w i d e l y d i s t r i b u t e d i n i s o l a t e d g r a i n s , i n 

bands, and i n i r r e g u l a r p a t c h e s . The g r a i n s a r e 

fr o m s u b - m i c r o s c o p i c t o 50 m i c r o n s i n s i z e . S t i b n i t e 

i s c l o s e l y a s s o c i a t e d w i t h t h e gangue b u t a l s o o c c u r s 

i s o l a t e d i n and a p p a r e n t l y r e p l a c e d by a l l e m o n t i t e . 

S p h a l e r i t e : About one p e r cent o f t h e s l i d e i s composed o f 

s p h a l e r i t e w h i ch r e p l a c e d gangue and p o s s i b l y 

s t i b n i t e . I t i s most common where t h e b a n d i n g i s 

b e s t d e v e l o p e d , and t h e r e a t ends t o o c c u r i n t h i n 

bands a,round t h e gangue. 

G a l e n a : A few p a t c h e s o f galena, l e s s t h a n l / 2 mm a c r o s s and 

showing t r i a n g u l a r p i t s o c c u r i n a l l e m o n t i t e near 

g a n g u e - a l l e m o n t i t e c o n t a c t s . I t appears t o be 

r e p l a c e d by a l l e m o n t i t e and s t i b n i t e . 

Ruby S i l v e r : One rod-shaped mass and a few p a t c h e s up t o 1 ruin 

a c r o s s o f ruby s i l v e r were ob s e r v e d . They a r e 

f a i r l y s t r o n g l y a n i s o t r o p i c r a n g i n g i n c o l o u r from 

b l u e t o p a l e b u f f t o g r e y , and a r e b l u e - g r e y w i t h o u t 

c r o s s e d n i c o l s . They have a deep r e d i n t e r n a l 

r e f l e c t i o n . B o t h gangue and a l l e m o n t i t e appear t o 

r e p l a c e them. 

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

p y a r g y r i t e or m y a r g y r i t e . 

Ho c o n c l u s i v e age r e l a t i o n s f o r t h e m i n e r a l s c o u l d 

be d e t e r m i n e d . For t h e most p a r t , t h e y appear to be contempor­

aneous and each was p r o b a b l y d e p o s i t e d d u r i n g two or more 

p e r i o d s when t h e magma became s a t u r a t e d i n the r e s p e c t i v e 
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m i n e r a l s . 

C o n c l u s i o n s 

A r s e n i c and antimony form e u t e c t o i d i n t e r g r o w t h , the 

c o a r s e n e s s o f w h i c h p r o b a b l y depends on t h e t e m p e r a t u r e of 

d e p o s i t i o n . S i n c e t h e s o l u b i l i t y of each phase i n t h e o t h e r 

decreases w i t h d e c r e a s i n g t e m p e r a t u r e , a s u b - m i c r o s c o p i c i n t e r ­

g r owth p r o b a b l y forms i n each component a f t e r t h e o r i g i n a l ex-

s o l u t i o n . T h i s , of c o u r s e , would depend on t h e r a t e of c o o l i n g 

w h i c h would a f f e c t t h e m o b i l i t y o f t h e atoms. 

The c o n c l u s i o n s r e a c h e d by Edwards seem t o be v e r i f i e d 

by t h i s s t u d y . The o n l y p o s s i b l e e x c e p t i o n i s t h e i n t e r g r o w t h 
m 

observedAsection no. 3 from A l l e m o n t , F r a n c e . T h i s . i n t e r g r o w t h 

may be composed o f g r a i n s o f n a t i v e a r s e n i c and antimony, but 

t h i s i s open to debate. 

Of t h e s e c t i o n s s t u d i e d , t h e o n l y a r s e n i c - r i c h ones, 

were some of t h e s e f r o m t h e E n g i n e e r mine. I t w i l l be 

remembered t h a t the i n t e r g r o w n g r a i n s of s t i b a r s e n i c were 

s m a l l and g l o b u l a r rather than l o n g and r o d - l i k e as i n antimony-

r i c h i n t e r g r o w t h . A r t i f i c i a l l y p r e p a r e d intergrbwths s h o u l d be 

s t u d i e d t o d e t e r m i n e t h e rea,sons f o r t h i s d i f f e r e n c e and t o see 

i f t h e e q u i l i b r i u m d iagram i s a c t u a l l y as p i c t u r e d i n Edwards. 

The w r i t e r s u g g e s t s t h a t t h e word " a l l e m o n t i t e 1 1 be 

r e t a i n e d i n t h e t e c h n i c a l language i n i t s p r e s e n t sense mearning 

any i n t e r g r o w t h o f a r s e n i c and antimony. J u s t i f i c a t i o n f o r t h i s 

i s t h e f a c t t h a t t h e n a t u r e o f t h e i n t e r g r o w t h cannot be 

r e c o g n i z e d w i t h o u t m i c r o s c o p i c s t u d y , and some word i s r e q u i r e d 



t o d e s c r i b e hand specimens o f a r s e n i c - a n t i m o n y a l l o y s o f 

unknown c o m p o s i t i o n . The word " s t i b a r s e n i c " s u g g ested by 

Edwards can be g i v e n t o t h e homogeneous s o l i d s o l u t i o n o f 

a r s e n i c and antimony c o n t a i n i n g about 50 a t o m i c p e r cent 

a r s e n i c . 
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APPiiHD IX 



Photographs 

P h o t o g r a p h Ho. 1; A l l e m o n t i t e I . 
A n t i m o n y - r i c h pha.se g r e y ; s t i b a r s e n i c d a r k 
g r e y . 

P h o t o g r a p h Ho. 2; D y s c r a s i t e w h i t e ; 
A l l e m o n t i t e I I I g r e y ; gangue "black. 

http://pha.se


P h o t o g r a p h Ho. 3 ; D y s c r a s i t e w h i t e ; 
A l l e m o n t i t e I I I g r e y ; m i a r g y r i t e d a r k g r e y 
Qan^Q b l a c k . 
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