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OBJECT 
The purpose of t h i s study was twofold; 

f i r s t l y , to determine the cobalt«mineral i n the 
specimens of N i c k e l P l a t e ore submitted f o r ex
amination, and; secondly, to study the occurence 
and s i z e of t h i s c o balt m i n e r a l i n r e l a t i o n to 
the other sulphide minerals i n an e f f o r t to 
throw more l i g h t on the problem of making a 
cobal t concentrate by f l o t a t i o n , 

SUMMARY Qg CONCLUSIONS, 
This study i n d i c a t e s t h a t at l e a s t 

p a r t of the cobalt i n N i c k e l P l a t e ore occurs 
as small i n c l u s i o n s , a f t e r a s s o c i a t e d w i t h gold, 
i n a r s e n o p y r i t e * These i n c l u s i o n s gave etch 
reactions which corresponded to those obtained 
by other i n v e s t i g a t o r s upon l o e l l i n g i t e and 
s a f f l o r i t e . The s i z e of the i n c l u s i o n s was 
measured and was found to range between f i v e 
and t h i r t y microns* 



SUMMARY Off PREVIOUS WORK, 
Although the presence of cobalt i n the 

ore deposits of N i c k e l P l a t e Mountain has been 
recognized f o r many years, i t has been i n recent 
years only that c a r e f u l s t u d i e s have been made 
of the sulphides to determine t h i s cobalt m i n e r a l . 

In the e a r l i e s ^ o f these s t u d i e s ^ c o b a l t i t e 
was found as t i n y i n c l u s i o n s i n , and completely 
surrounded by, a r s e n o p y r i t e * Further work done 
l a s t year proved that the c o b a l t i t e can a l s o 
occur as small i n c l u s i o n s a s s o c i a t e d w i t h gold 
i n the p y r r h o t i t e * 

ORES STUDIED, 
The samples examined by the author 

were s a i d to be r e p r e s e n t a t i v e specimens taken 
from the top, middle, and bottom of the Yellow 
ore body of the Kelowna E x p l o r a t i o n Company*s 
workings on N i c k e l P l a t e mountain. Two ad
d i t i o n a l samples, one from the north side of 
the north dyke and the other from the north 
side of the south dyke, of the Sunnyside 4^ 
ore body belonging to the same company were 
al s o examined. 

\ 



PREPARATION OF SPECIMENS, 
The samples were received as s i n g l e 

pieces of ore; each piece being r e p r e s e n t a t i v e 
of the s e c t i o n of the ore body from which i t 
was taken. From each of these samples three 
adjacent specimens were cut with a diamond saw. 
The middle s e c t i o n of the three cut from each 
sample was sent to the l a b o r a t o r i e s of the 
Department of Mines, V i c t o r i a , B, C , where the 
c o b a l t , a r s e n i c , i r o n , and sulphur assays were 
determined. The gold assays were made i n the 
Department of Mining and M e t a l l u r g y at the 
U n i v e r s i t y upon samples taken from the remain
der of the piece of ore a f t e r the s e c t i o n s had 
been cut. Each of the remaining two s e c t i o n s 
from each sample was mounted and one was p o l i s h e d 
by hand and the other superpolished, 
PRELIMINARY INVESTIGATION. 

The major sulphide minerals i n the 
p o l i s h e d s e c t i o n s were determined by etch t e s t s 
and michrochemical a n a l y s i s . Michrochemical 
t e s t s f o r c o b a l t were als o obtained f o r a l l the 
s e c t i o n s tested excepting s e c t i o n 2 2 — f r o m the 
top of the Yellow ore body. These minerals were, 
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i n the order of t h e i r abundance, ar s e n o p y r i t e , 
p y r r h o t i t e , c h a l c o p y r i t e , p y r i t e , and marcasite. 
The proportions of each of the various sulphide 
minerals i n each s e c t i o n were estimated and &pe-
shown i n Table I . 

Table I . 

r 

L o c a t i o n of 
Sample. 

Arsenopyrite 
fo 

P y r r h o t i t e 
fo 

C h a l c o p y r i t e P y r i t e . 
fo % 

22-Top of 
Yellow, 

5 22-Top of 
Yellow, 

5 

62-Middle of 
Yellow, 

90 1-2 Trace. 

122-Bottom of 
Yellow, 

5 5 Trace. 5 

Sunnyside 4^ 
N450-A North side 
of north dyke. 

15 

S450-A North side 
of south dyke. 10 

PARAGENISIS, 
A study of the p o l i s h e d s e c t i o n s from 

the Yellow ore body seems to i n d i c a t e that 
arsenopyrite was the f i r s t m ineral deposited. 
I t was followed by the c h a l c o p y r i t e and p y r r h o t i t e 
which were deposited more or l e s s contemporaneously. 
In c e r t a i n s e c t i o n s the p y r i t e seems to have a 

c 
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c o l l i f o r m s t r u c t u r e i n d i c a t i n g that i t has been 
converted to marcasite. In other s e c t i o n s the 
arsenopyrite seems to have been f r a c t u r e d and a 
subsequent d e p o s i t i o n of c a l c i t e along these 
f r a c t u r e s has occurred• One c r y s t a l of arseno
p y r i t e showed evidences of having been replaced 
i n p art by the gangue. (see P l a t e l . ) 

Table I I , 
Results of assays of s e c t i o n s . 

L o c a t i o n . Co 
fo 

As 
fo 

As 
Co 

ffe 
fo 

S 
fo 

22-Top of 
Yellow. 0.29 7.0 24 11.1 6.2 

62-Middle of 
Yellow. 0.23 11.4 50 16.5 10.0 

12-2-Bottom of 
Yellow. 0.15 1.3 8.7 12.1 6.7 

Sunnyside 4§ 
N450-A North 
side of North 
dyke. 

0.49 11.0 22.5 17.3 5.6 

S450-A North 
side of south 0.46 15.6 34 15.8 6.1 

Au 
oz/Ton T 

0.07 

0.64 

1.10 

0.80 

2.30 
dyke 

DISCUSSION Off ASSAY RESULTS. 
The cobalt and ar s e n i c assays shown 

i n Table I I are much higher than those reported 
f o r the run of mine ore. This m a t e r i a l i s s a i d r 



to assay about 0*05 to 0.10 percent cobalt and 
2 to 3 percent a r s e n i c . Tlie average cobalt assay 
f o r a l l the specimens submitted f o r examination 
was 0.26 percent and the average a r s e n i c assay 

/° percent. I f t h i s average a r s e n i c assay i s 
reduced to that of run of mine ore the cobalt 
would be^.^*^ percent. This would i n d i c a t e that 
the samples examined were not r e p r e s e n t a t i v e of 
the ore mined but were probably r e p r e s e n t a t i v e 
of the sulphides i n the ore body. 

I f an attempt i s made to c a l c u l a t e 
the percentage arsenopyrite i n the samples from 
the assay r e s u l t s i t w i l l be found i n c e r t a i n 
cases that there w i l l be a d e f i c i e n c y of sulphur 
below the t h e o r e t i c a l requirements of arseno
p y r i t e . This would i n d i c a t e that a l l the a r s e n i c 
i s not present i n the form of arsenopyrite but 
i s probably associated with the cobalt or i r o n 
to form arsenides of these elements. 

This can best be i l l u s t r a t e d by con
s i d e r i n g the a n a l y s i s of the Sample S450-A. 
S450-A-North side Co As Fe S 
of south dyke. fo fo fo fo 

0.46 15.6 15.8 6.1 



6 

r 
I f a l l the a r s e n i c e x i s t e d as arseno

p y r i t e i t would t h e o r e t i c a l l y r e q u i r e 6.7 per
cent sulphur i n the a n a l y s i s ; but, there i s 
only 6.1 percent sulphur shown. However, i f i t 
i s assumed that a l l the sulphur shown i n the 
a n a l y s i s i s combined i n a r s e n o p y r i t e , ( i t w i l l 
be noted from Table I that n e i t h e r p y r r h o t i t e 
nor c h a l c o p y r i t e were found i n the p o l i s h e d 
s e c t i o n examined) 14.2 percent a r s e n i c would 
t h e o r e t i c a l l y be r e q u i r e d . Assuming t h i s f i g u r e 
to be s u b s t a n t i a l l y c o r r e c t an excess of 15.6-

^ 14.2= 1.4 percent As over the requirements of 
arsenopyrite would be present. 

The f o l l o w i n g are r e p r e s e n t a t i v e analyses 
of s a f f l o r i t e specimens as s e l e c t e d from D a n a f s — 
Textbook of Mineralogy. 
S a f f l o r i t e . 
As. 

L/o 

S. Go. N i . 
% 

Fe. 
7° 

1. 69.53 0.32 22.11 1.58 4.63. 
2. 70.37 0.66 13.95 1.79 11.71. 
3. 66.02 0.49 21.21 11.60. 

I f the r a t i o of cobalt to a r s e n i c i n 
the f i r s t A a n a l y s e * s shown above i s used the 1.4 
percent a r s e n i c over that t h e o r e t i c a l l y r e quired 
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f o r arsenopyrite i n s e c t i o n S450-A should combine 
with 0.45 fo Cobalt. The assay shows 0.46$ Cobalt. 

When t h i s reasoning i s a p p l i e d to other 
samples that showed a sulphur d e f i c i e n c y or excess 
of a r s e n i c the r e s u l t s are as f o l l o w s : 
S e c t i o n 64-- Excess a r s e n i c shown i n a n a l y s i s over 

requirements f o r arsenopyrite i s 1.0 percent 
Cobalt to combine w i t h t h i s a r s e n i c i n r a t i o 
69.53 As to 22.1 Co. i s 0.30 percent. Cobalt 
shown i n asay i s 0.32 percent. 

S e c t i o n 1 1 . 6 — Excess a r s e n i c 1.25 percent Cobalt 
to combine w i t h t h i s a r s e n i c 0.40 percent, 
assay shows 0.33 percent c o b a l t . 

These assumptions would lead one to 
conclude that the cobalt should e x i s t as a min
e r a l more n e a r l y s a f f l o r i t e than l o e l l i n g i t e . 
However, the weakness of the whole argument l i e s 
i n the assumption that a l l the sulphur e x i s t s 
as arsenopyrite i n the samples where there i s 
apparently a shortage of sulphur. This assumption 
cannot be proven despite the f a c t that l i t t l e or 
no p y r r h o t i t e or c h a l c o p y r i t e at a l l could be 
seen i n these s e c t i o n s . I f sulphur were to 
e x i s t i n these s e c t i o n s Qloowhoro than w i t h arseno
p y r i t e i t would f o r c e one to conclude that the 
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ar s e n i c was d i s t r i b u t e d between s a f f l o r i t e and 
l o e l l i n g i t e . 
IDENTIFICATION Off THE COBALT MINERAL. 

The l o c a t i o n of the m i n e r al suspected 
of being cobalt required a thorough study of the 
s e c t i o n s under about 500 m a g n i f i c a t i o n s . Small 
i n c l u s i o n s of a hard grey mineral o f t e n associated 
w i t h gold were observed i n c e r t a i n c r y s t a l s of 
a r s e n o p y r i t e . Upon t e s t i n g these i n c l u s i o n s w i t h 
etch reagents s i m i l a r to those used by Thompson 1, 
re a c t i o n s which corresponded to those the above 
author noted f o r s a f f l o r i t e and l o e l l i n g i t e were 
obtained. These r e a c t i o n s are shown i n Table I I I . 

Table I I I . 
Etch Reactions f o r S a f f l o r i t e — L o e l l i n g i t e . 

Cone. 1-1 3-10 FeClr, Aqua Regia 
HN0 3 N i t r i c N i t r i c Sat; (CoNi)AsS. 

L o e l l i n g i t e Gry. d i f f . G r y . d i f f . F t . bn. 
remains remains remains of neg. 

S a f f l o r i t e Dk.gry. Dk. gry. L t . bn. L t . bn. d i f f . 
remains remains remains remains. 

On c e r t a i n i n c l u s i o n s the d i f f e r e n c e 
between s a f f l o r i t e and l o e l l i n g i t e could not 
be c l e a r l y d i s t i n g u i s h e d by etch t e s t s . This 
probably due to the i n c l u s i o n being a mixture 
1 Thompson, E l l i s ; A Q u a l i t a t i v e and Q u a n t i t a t i v e 
Determination of the Ores of Cobalt, Ont. 
Reprinted from Economic Geology, V o l . XXV, 
No. 5, August, 1939. 
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of s a f f l o r i t e and l o e l l i n g i t e and thus y i e l d i n g 
i n c o n c l u s i v e r e a c t i o n s . However, c e r t a i n of 
the l a r g e r i n c l u s i o n s gave r e a c t i o n s f o r s a f 
f l o r i t e that were f a i r l y c e r t a i n while those 
associated w i t h gold u s u a l l y gave r e a c t i o n s 
more t y p i c a l of l o e l l i n g i t e . 

One might conclude from these ob
s e r v a t i o n s that l o e l l i n g i t e was more o f t e n as¬
s o c i a t e d w i t h the gold and the l a r g e r i n c l u s i o n s 

r 

nearer to being pure s a f f l o r i t e , u s u a l l y stood 
alone. This i s proposed merely as a working 
hypothesis and would r e q u i r e considerably more 
work to be d e f i n i t e l y s u b s t a n t i a t e d . 

P y r r h o t i t e , c h a l c o p y r i t e , and p y r i t e 
were a l l examined f o r the same type of i n c l u s i o n s 
but none was evident. 
OCCURRENCE Off COBALT MINERAL. 

Although a l l the i n c l u s i o n s thought 
to be s a f f l o r i t e - l o e l l i n g i t e were found i n arseno
p y r i t e not a l l the arsenopyrite contained i n 
c l u s i o n s . I t seems that these i n c l u s i o n s are 
segregated i n t o c e r t a i n g r a i n s of a r s e n o p y r i t e , 
but once l o c a t e d these g r a i n s were found to con
t a i n numerous i n c l u s i o n s . No r e l a t i o n s h i p be-

^ tween the i n c l u s i o n - b e a r i n g arsenopyrite and 
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the remainder of the sulphide minerals could 
be e s t a b l i s h e d . 

Another s i g n i f i c a n t f e ature of the 
occurrence of these s a f f l o r i t e - l o e l l i n g i t e i n 
c l u s i o n s i s to be found i n t h e i r frequent as
s o c i a t i o n w i t h g o l d . The m a j o r i t y of the i n 
c l u s i o n s studied were found to be adjacent to 
a piece of gold or i n the same arsenopyrite 
g r a i n as were the specks of gold. This type of 
occurrence i s i l l u s t r a t e d i n the attached photo
graphs and drawings. 

This j u x t a p o s i t i o n of gold and s a f 
f l o r i t e — l o e l l i n g i t e i s not as s i g n i f i c a n t as 
i t might seem f o r i t w i l l be noted from the 
assays i n Table I I that there i s no apparent 
c o r r e l a t i o n between gold and cobalt assays. 
This l a c k of agreement i s probably due to the 
occurrence of gold not associated w i t h s a f f l o r i t e -
l o e l l i n g i t e i n the other sulphide minerals and i n 
the gangue. Although gold was not found i n e i t h e r 
c h a l c o p y r i t e or gangue i n the s e c t i o n s examined 
i t T s occurrence unassociated w i t h s a f f l o r i t e -
l o e l l i n g i t e i n these minerals has be.en observed 
by other i n v e s t i g a t o r s . One piece of gold not 
associated w i t h s a f f l o r i t e - l o e l l i n g i t e was found 
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i n p y r r h o t i t e during the course of the study by 
the author* (See P l a t e I I ) 

As a p o s s i b l e a i d to ore d r e s s i n g the 
author made a count of the s i z e d i s t r i b u t i o n of 
the gold and s a f f l o r i t e - l o e l l i n g i t e i n c l u s i o n s 
i n the superpolished s e c t i o n s that were examined 
This i n f o r m a t i o n i s presented i n Table IV. 

I t w i l l be noted from t h i s t a b l e that 
the m a j o r i t y of the s a f f l o r i t e - l o e l l i n g i t e i n 
c l u s i o n s measured range i n s i z e from f i v e to 
ten microns, w i t h s i n g l e pieces as la r g e as 29 
microns being found. 

Table IV. 
Size D i s t r i b u t i o n of Gold and S a f f l o r i t e - L o e l -
l i n g i t e I n c l u s i o n s i n N i c k e l P l a t e Ore. 
22-Top of Y e l l o w — n o gold or i n c l u s i o n s observed. 
62-Middle of Y e l l o w — G o l d -

1 p i e c e — 2 3 u . 
1 p i e c e — 2 6 u X 8u. 

S a f f l o r i t e — L o e l l i n g i t e . 
1 i n c l u s i o n 26 u. 
2 " 16 u. 
5 " 10 u. 
9 ft 5 u. 
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12-2 Bottom of Yellow 
Gold-- 1 piece--37 u X 26 u. 

2 p i e c e s — 10. u. 
S a f f l o r i t e — L o e l l i n g i t e . 

1 i n c l u s i o n 29 u X 13 u. 
10 i n c l u s i o n s 10 u. 

S450 A-Notth Side 
of South Dyke 

G o l d — 1 piece 10 u. 
1 piece 8 u. 
1 piece 5 u. 

S a f f l o r i t e — L o e l l i n g i t e . 
1 i n c l u s i o n 26 u X 16 u. 
2 i n c l u s i o n s 26 u. 
1 i n c l u s i o n s 24 u X 18 u. 
2 i n c l u s i o n s 10 u. 
1 i n c l u s i o n 8 u. 
3 i n c l u s i o n 5 u. 

Average Size 14 u. 
N450-A North Side 

of North Dyke. 
No i n c l u s i o n s found. 



S e c t i o n 12 -2 

Bottom of Yellow Ore Body 
Arsenopyrite being 
replaced 'by gangue 
Yellow - C h a l c o p y r i t e 
Green - Arsenopyrite 
White and shaded - Gangue 



u 
A; 77*>-

4 

L * 

Mag.- 480 X 
Gold and S a f f l o r i t e - L o e l l i n g i t e i n Arsenopyrite 
S e c t i o n 12 -2 Bottom of Yellow ore body 

As - Arsenopyrite 

S.L, - S a f f l o r i t e - L o e l l i n g i t e 
Au - Gold 



Mag. 1060 X 

Gold A s s o c i a t e d w i t h S a f f l o r i t e - L o e l l i n g i t e i n 
Arsenopyrite 

S e c t i o n 12 - 2 Bottom of Yellow ore body 
As - Arsenopyrite 
S - L S a f f l o r i t e i L o e l l i n g i t e 
Au - Gold 



P l a t e 11 

Gold i n P y r r h o t i t e 
S e c t i o n 82-2 
Middle of Yellow Ore Body 
Green - Arsenopyrite 
BroY/n - P y r r h o t i t e 
Orange - Gold 
B l a c k - Gangue 

P l a t e i l l 

Se c t i o n 12-2 
Bottom of Yellow Ore Body 
Brown - Gangue 
Green - Ar s e n o p y r i t e 
Purple - Unknown 
Etch r e a c t i o n s of unknown 
correspond t o those of galena,but * S o ° 

could not get a micnrochemical t e s t f o r l e a d 



P l a t e 

S e c t i o n 12-2 
Bottom of Yellow Ore Body 

Saf f l o r i t e - L o e ' l i i n g i t e i n 
A r s e n o p y r i t e . 
Green - Arsenopyrite 
Hed - S a f f l o r i t e - L o e l l i n g i t e 
Orange - Gold 
B l a c k - Gaiague 
I n c l u s i o n s etched b l a c k w i t h F e C l 3 i n d i c a t i n g composition 

c l o s e r to l o e l l i n g i t e 

P l a t e ? 

S e c t i o n 12-2 

Bottom of Yellow Ore 3ody 
Gold and S a f f l o r i t e -
L o e l j - i n g i t e i n Arsenopyrite 
Green - Ar s e n o p y r i t e 
B l a c k - Gangue 
Orange - Gold 
Red - S a f f l o r i t e - L o e l l i n g i t e 



P l a t e VT 

S e c t i o n 1 2 - 2 
Bottom of Yellow Ore Body 
SaTOlorite - L o e l l i n g i t e i n 
Arsenopyrite 
Green - Arsenopyrite 
Brown - P y r r h o t i t e 
Red - Safflorite-Lo£lIingite 
Black - Gangue 

P l a t e VTl 

S e c t i o n 1 2 - 2 
Bottom of Yellow Ore Body 

S a f f l o r i t e - L o e l l i n g i t e i n 
A r s e n o p y r i t e . 
Green - Ar s e n o p y r i t e 

Yellow - S a f f l o r i t e - L o e l l i n g i t e 
Brown - Gangue 
White at border of arsenopyrite — unknown 
The l e e l l i n g i t e - s a f f l o r i t e i n c l u s i o n shown i n t h i s p l a t e 
was l a r g e enough t o be r e a d i l y seen under meaium power 
m a g n i f i c a t i o n . . I t was unetched by FeClg reagent but 
etched brown w i t h Aqua r e g i a plus(Co,Hi)AsS reagent. 



P l a t e Tg 

Se c t i o n S 450 A 
North Side of South Dyke 

Gold ana S a f f l o r i t e -
L o e l l i n g i t e i n arsenopyrite 

Green - Arsenopyrite 
Ked - j S a f f l o r i t e - L o e l l i n g i t e 
Orange - Gold 
Brown - Gangue 


