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A B S T R A C T 
as-w-gaagr7ffT!'ri r-: • — 

A study of s e v e r a l samples of cobalt 
n i c k e l minerals w i t h associated uranium of 
The L i t t l e Gem Property was made. The 
r e l a t i v e abundance of the various minor 
elements which have been s t u d i e d i s d i s ¬
cussed and the c h a r a c t e r i s t i c d i s t r i b u t i o n 
of some of these minor elements are compared 
w i t h w e l l known cobalt uranium deposits of 
the world. 
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INTRODUCTION 

The microscopic a n a l y s i s of s e v e r a l samples taken from 
the L i t t l e Gem Prospect i n B r i t i s h Columbia, most of these | 
samples c o n t a i n , i n a d d i t i o n to c o b a l t , a r s e n i c , i r o n and j . 
"hit jUtA^ -

small amounts of minor elements. These elements, i n 
general, are q u a n t i t a t i v e l y of minor importance and are 
u s u a l l y r e f e r r e d to as minor elements. O c c a s i o n a l l y , these 
minor elements are of economic importance, but t h e i r c h i e f 
value at the present time seems to be that i t may be p o s s i b l e , 
by studying t h e i r occurrence and d i s t r i b u t i o n , to add a 
l i t t l e to our knowledge of the genesis of ore d e p o s i t s . 

These minor elements have an a d d i t i o n a l use, which 
inv o l v e s u t i l i z i n g the f a c t that some elements and minerals 
which are of economic importance are hard to discover and 
determine i n the f i e l d , but are d i s t r i b u t e d i n minute 
amounts i n other minerals which can more r e a d i l y be found 
and determined. I t happens that i n Western Canada there 
i s evidence that uranium, i n modest amounts, i s widespread. 
U n t i l 1948 no commercial deposits have been found. It was 
i n an e f f o r t to a s s i s t i n f i n d i n g commercial uranium 
deposits that the author stu d i e d these new p o s s i b l e pros­
pects, and compared them w i t h w e l l known producers to see 
i f there i s any r e l a t i o n s h i p e x i s t i n g between these 
d e p o s i t s . 
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L O C A T I O N 

The L i t t l e Gem group of claims i s 
s i t u a t e d c l o s e to the top of a 7000-
foot r i d g e near Roxy creek, which i s a 
t r i b u t a r y of Gun creek i n the L i l l o o e t 
Mining D i v i s i o n of B r i t i s h Columbia. 
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GENERAL GEOLOGY (1) 

The most Important rock i n the area i s a medium-grained, 

l i g h t coloured b i o t i t e q u a r t z ^ d i o r i t e which runs i n the 

form of a tbngue from a l a r g e r body of s i m i l a r composition, 

conspicuous i n Gun Creek. This tongue i s about 2000 feet 

i n width by 2£ miles i n l e n g t h . It i s bordered on i t s 

north west f lank by a l a r g e body of serpentine which along 

the contact with the b i o t i t e quartz d l o r i t e Is badly 

sheared and broken and has a banded appearance. Except on 

the northwest the rocks surrounding the plutonlcs are a 

s e r i e s of e f f u s i v e s , many of which are a n d e s l t l c i n com­

p o s i t i o n . These effusives are considered to belong to the 

Bridge Biver formation of p o s s i b l e carboniferous age. 

Near the mineral occurrence the p l u t o n i c i s a l t e r e d 

to speckled r e d d i s h rock. This a l t e r a t i o n i s thought to 

be the r e s u l t of weathering and l e a c h i n g by surface waters 

a c t i n g on a country rock already subjected to metasomatism 

by ore-bearing s o l u t i o n s . Numerous a p l e t l c and few basic 

dykes occur i n the b i o t i t e quartz d l o r i t e . 

The ore may p o s s i b l y be best considered as r i c h sulphide 

lenses i n a shear zone. The shear zone i t s e l f i s from s i x 

to twelve feet wide and, l o c a l l y at l e a s t , contains s u f ­

f i c i e n t cobalt to be considered ore. Two sulphide lenses 

have been found, and they have been exposed for from 50 to 

100 feet In l e n g t h and vary from s i x inches to s e v e r a l feet 

i n w i d t h , averaging about s i x f e e t . The depth i s as yet 
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undetermined. The ore so f a r d i s c l o s e d c o n s i s t s of a mix­
ture of a r s e n o p y r i t e , molybdenite, l o e l l i n g t t e , gangue 
quartz, f e l d s p a r and a l t e r e d country rock. Where the ore 
has been o x i d i z e d at the surface the uranium forms canary 
yellow c a r n o t i t e . The samples examined by the author were 
near the surface, thus there was no primary pitchblende 

found. 

t 
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LITTLE GEM PROSPECT 

In the samples which have been examined, the f o l l o w i n g 
minerals w i t h a m e t a l l i c l u s t e r have been i d e n t i f i e d : 

ARSENOPYRITE (FeAsS): Arsenopyrite was i d e n t i f i e d i n 
a l l s e c t i o n s from the L i t t l e Gem Prospect. I d e n t i f i c a t i o n 
was based upon microchemical analyses, because c e r t a i n of 
the c o b a l t - n i c k e l minerals are i n d i s t i n g u i s h a b l e from 
ar s e n o p y r i t e by ordinary etch t e s t s . 

Arsenopyrite occurs as small i r r e g u l a r or diamond-
shaped grains i n the quartz which i n one case forms "blebs" 
i n the molybdenite and i n another case forms euhedral quartz 
c r y s t a l s i n the l o e l l i n g i t e . 

LPELLINGITE ( n i c k e l i f e r o u s ) , ( F e , N i ) A s 2 : L o e l l i n g i t e 
c l o s e l y resembles a r s e n o p y r i t e and occurs as massive 
i r r e g u l a r patches. I t i s only p o s s i b l e to recognize t h i s 
mineral by etch and microchemical t e s t s on polished s e c t i o n s . 
Even t h i s i s f e a s i b l e only when p o s i t i v e l y i d e n t i f i e d 
m inerals are a v a i l a b l e f o r comparative c o n t r o l t e s t s . 

L o e l l i n g i t e i s found i n n o n - m e t a l l i c - l u s t e r e d gangue. 
Here, however, i t i s not e a s i l y i d e n t i f i e d , because the 

ARSENOPYRITE 
LOELLINGITE 
MOLYBDENITE 
SPHALERITE 
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the s l i g h t d i f f e r e n c e s i n hardness and colour between i t 
and a r s e n o p y r i t e are useless f o r determinative purposes. 
Where these two minerals are a c t u a l l y i n contact, s l i g h t 
d i f f e r e n c e s i n colour and hardness may be r e a d i l y observed. 
When the two minerals are not i n conta c t , only etch and 
microchemical t e s t s serve to d i s t i n g u i s h one from the other. 

MOLYBDENITE (MoS 2): Molybdenite i s present i n a l l the 
s e c t i o n s . The strong anisotropism; w i t h p o l a r i z a t i o n c o l o r s 
w h i t e , l i g h t v i o l e t , black, and the ne a r l y p a r a l l e l e x t i n c ­
t i o n and four e x t i n c t i o n s per r e v o l u t i o n help to i d e n t i f y 
the m i n e r a l . I t occurs c o n s i s t e n t l y as w e l l defined l a t h -
shaped c r y s t a l s . I t s p o s i t i o n i n the paragenesis i s not 
e s t a b l i s h e d , but i t seems probable that i t preceded the 
f i n a l c o n s o l i d a t i o n of the quartz, since i t was not found 
i n the gangue. 

SPHALERITE (ZnS): S p h a l e r i t e i s only of m i n e r a l o g i c a l 
i n t e r e s t . I t i s r a r e , but where seen i t i s u s u a l l y as 
sma l l corroded grains In the gangue. 

a l t e r e d to s o f t amorphous, canary-yellow m i n e r a l . This 
mineral forms a c r u s t on the outer part of the sample. Other 
minerals remained unal t e r e d . 

Since there i s no etch t e s t f o r t h i s secondary m i n e r a l , 
a small sample had to be ch e m i c a l l y analyzed by means of 
the "Bead t e s t " , to prove the presence of uranium. 

URANIUM:) The uranium In these specimens has been 
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The bead test comprises the f u s i o n , on the t i p of a 

platinum wire w i t h a loop i n the end, of an inorganic s a l t 

l i k e borax or calcium fl ieride w i t h a small amount of the 

unknown. The bead may be formed In the flame and then dipped 

i n t o a s o l u t i o n of the unknown, r e - f u s e d , r e - d i p p e d , re-fused 

and so on, u n t i l a f a i r l y l a r g e bead i s obtained. 

Sodium, potassium, or calcium f l u o r i d e Is the best 

bead m a t e r i a l f o r uranium t e s t s . A pure, non-fluorescent 

f l u o r l t e can also be used. Borax proves s a t i s f a c t o r y . 

While f i n e p a r t i c l e s of the mineral sample can be fused 

d i r e c t l y Into the bead, i t i s best to d i p the bead i n t o a 

s o l u t i o n of the sample during the t e s t . When the bead i s 

completely formed and a f t e r i t has c o o l e d , i t Is examined 

under the lamp. I f uranium i s present the bead w i l l f l u o r ­

esce a b r i g h t green, yel low-green or lemon yellow c o l o r . 

The s e n s i t i v i t y of bead t e s t , when u l t r a v i o l e t i n s p e c t i o n 

i s used i s great, as l i t t l e as 1 molecule of uranium 

compound i n 10,000,000 molecules of bead m a t e r i a l causing 

f luorescence. 

Before using the bead t e s t s , pure uranium compounds 

and samples of pitchblende or c a r n o t l t e should be used to 

make up standards comparisons. The bead test may be used 

q u a n t a t l v e l y , but s p e c i a l equipment and standardized working 

c o n d i t i o n s are r e q u i r e d . 
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GANGUE MINERALS 

Examination of poli s h e d sections i s , at best, a very 
u n s a t i s f a c t o r y method of determining non-metallic minerals. 
Therefore, gangue minerals i n these ores cannot be s a t i s ­
f a c t o r i l y discussed. However, the r e l a t i o n s h i p of the more 
important gangue minerals are w e l l seen i n the specimens, 
and w i l l be described. 

QUARTZ; Quartz i s widespread and important, and i s 
the predominant gangue m i n e r a l . I t forms the enclosing 
gangue f o r the e a r l y a r s e n o p y r i t e . The quartz forms w e l l 
defined euhedral c r y s t a l s i n the l o e l l i n g i t e , and appears 
as "blebs" i n the molybdenite. 

CARBONATES: The quartz and l o e l l i n g i t e are almost 
u n i v e r s a l l y crossed by a network of t i n y s t r i n g e r s and 
v e i n l e t s of carbonate. The carbonate was d i f f i c u l t to 
determine, and t e s t s f a i l e d i n most cases to e s t a b l i s h 
i d e n t i t y . 
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DISCUSSION OF OTHER  
COBALT - NICKEL - URANIUM RELATIONSHIPS 

Pitchblende occurs s p a r s e l y i n a l l of the western 
rz g e b i r g e d i s t r i c t s and In Cornwall and abundantly at Great 

Bear Lake, Canada- In these d i s t r i c t s there can be l i t t l e 
doubt that i t was deposited from s o l u t i o n s from the same 
source as those from which the cobalt and n i c k e l minerals 
were deposited, jfiM^J' 

At Joachirasthal i n the Erzgebirge, o p p o r t u n i t i e s f o r 
studying underground the r e l a t i o n s of pitchblende to the 
c o b a l t and n i c k e l minerals are poor, and recourse must be 
had to museum specimens. In s e v e r a l specimens pitchblende 
has been deposited on top of cobalt and n i c k e l arsenides. 
P r o u s t i t e and c a l c i t e commonly coat pitchblende or occupy 
f r a c t u r e s In i t . In two of the mines, the c o b a l t - n i c k e l -
s i l v e r ores gave way i n depth to q u a r t z - c a l c i t e - p i t c h b l e n d e 
ores c a r r y i n g a l i t t l e s maltIte a v a r i a t i o n i n t e r p r e t e d by 
Step and Becke as primary. K e i l noted that i n the ores of 
Joachimsthal c r y s t a l l i n e dendrites of bismuth and of n a t i v e 
s i l v e r are encrusted not only by cobalt and n i c k e l arsenides 
but i n places by pitchblende. In places, pitchblende 
encrusts s m a l t i t e and elsewhere appears to have c r y s t a l l i z e d 
simultaneously w i t h n i c c o l i t e and rammelsbergite. 

At Annaberg and Schne^herg, according to M i l l e r , the 
pitchblende i s a c h a r a c t e r i s t i c though minor component of 
the cobalt v e i n type. The c o n c l u s i o n seems j u s t i f i e d that 
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In the Erzgebirge the pitchblende was deposited i n the same 

veins with the c o b a l t , n i c k e l minerals and i n part contem­

poraneously with them. 

In the w e l l known Dolcath mine of C o r n w a l l , pitchblende 

occurred "associated with native bismuth, and a r s e n i c a l 

cobalt i n a matrix of red compact quartz and purple 

f l u o r s p a r " . At South Tresavean i t occurred with n i c c o l l t e , 

nat ive s i l v e r , and r i c h argentiferous galena. 

At Great Bear Lake, Canada, the pitchblende Is c l o s e l y 

associated w i t h the cobalt and n i c k e l minerals and seemingly 

n e a r l y contemporaneous with them. 

Other a s s o c i a t i o n s of pitchblende may be expected to 

throw some l i g h t on the genetic r e l a t i o n s h i p s . Its charac­

t e r i s t i c occurrence In granite pegmatites i s e s p e c i a l l y 

w e l l known as seen by the new rediscovery of pitchblende 

at Theano P o i n t , i n O n t a r i o . It Is found i n fe ldspar quar­

r i e s i n such rocks near Middletown, Glastonbury and Branch-

v i l l e , Connecticut, and In mica mines i n granite pegmatites 

i n North C a r o l i n a . It occurs i n the granite pegmatites of 

Llano County, Texas. Of the pitchblende occurrences des­

c r i b e d by E l l s w o r t h i n Ontario Canada nearly a l l (23 In 

number) are i n granite pegmatite and one doubtful occurrence 

i n s y e n i t e pegmatite. He states t "The r a d i o - a c t i v e minerals 

occur apparently mostly i n the greatest abundance In the 

a c i d pegmatites. . .They are l e s s abundant i n the intermediate 

types and are not known to occur at a l l i n the more basic 

v a r i e t i e s . " * 
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Pitchblende occurs In the copper veins of Teleinarkin, 
Norway, whose bismuth content and a s s o c i a t i o n w i t h i n t r u s i v e 
g r a n i t e s have been s t u d i e d . 

pitchblende, occur i n g r a n i t e pegmatites c u t t i n g the g r a n i t e 
massif of Northern P o r t u g a l . 

The pitchblende deposits of G i l p i n County, Colorado, 
appear to be a v a r i a n t of the sulphide m i n e r a l i z a t i o n of 
the d i s t r i c t and are associated w i t h monzonites, monzonite 
porphyries and b o s t o n l t e s . There are no basic i n t r u s i v e s 
near the d e p o s i t s . 

The presence of pitchblende, t h e r e f o r e , s t r o n g l y favors 
the view that the deposits i n which i t occurs were deposited 
by s o l u t i o n s derived from magmas of a c i d or at most of 
intermediate composition. It i s notable, however, that not 
a l l the ores of the c o b a l t type c a r r y pitchblende and that 
i t has not been found i n any of the ores of Cobalt on the 
neighboring Canadian camps. 

Uranium compounds, probably from the o x i d a t i o n of 
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PLATE 2 

I 1 a r s e n o p y r i t e 
\ 1 Quartz 
[ ' . 1 Molybdenite 

A r s e n o p y r i t e i s enclosed i n the quartz and the quartz 
occurs as blebs i n molybdenite. 



] L o e l l i n g i t e 
1 Molybdenite 
J Brown gangue 
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1 '" - :i Secondary 1 itdiblende 
1 1 Molybdenite 
[ I Brown gangue 

| . I L o e l l i n g i t e 
The pitchblende has been a l t e r e d to a b r i g h t y e l l o w and 

green amorphous mineral which forms c r u s t s or bands on the 
outcrops of d e p o s i t s . 



PLATE I . 

Arsenopyrite 

Q/uartz 
Brown gangue 

L o e l l i n g i t e 

Carbonate 

Carbonate r e p l a c i n g quartz and l o i l i n g i t e but not the 
brown gangue. This barbonate has a p a r a l l e l c h a r a c t e r i s t i c 


