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I n t r o d u c t i o n and acknowledgment. 
In 1910, Camsell (1) mentions the presence of c o b a l t i n 

the ore at Hedley. In 19oo, Warren and Gummings (4) p u b l i s h e d 
a r e p o r t on the, "Mineralogy at n i c k e l P l a t e Mine", which s a i d 
i n p a r t ; 

"Under m a g n i f i c a t i o n s of 900 diameters, what are 
thought to be specks of t h i s m i n e r a l , c o b a l t i t e , 
•were seen i n one place e n c l o s i n g " i s l a n d s " of 
p y r r h o t i t e , but u s u a l l y as t i n y i n c l u s i o n s In 
end completely surrounded by a r s e n o p y r i t e . A 
microchemlcal t e s t betrayed the presence of c o b a l t 
and i t s etch r e a c t i o n s and p h y s i c a l p r o p e r t i e s are 
i n d i c a t i v e of c o b a l t i t e * " 

This r e p o r t d e a l t mainly w i t h the d i s t r i b u t i o n and 
mode of occurrence of the g o l d i n the ore and f a r t h e r c o n f i r 
mation of the presence of c o b a l t i t e was not undertaken. 

i i i n c e 19^6 and under the s t r e s s of war, c o b a l t has be
come a s t r a t e g i c m i n e r a l , AS a r e s u l t of t h i s , work was under
taken to e s t a b l i s h the s i z e , d i s t r i b u t i o n and a s s o c i a t i o n of 
the c o b a l t m i n e r a l , or minerals, i n the ore, which would be of 
p r a c t i c a l a s s i s t a n c e i n mining and m i l l i n g . 

Four students, i n c l u d i n g the author, under the d i r e c 
t i o n of i ) r . H. V. Warren, undertook t h i s work i n the opring of 
194£. This r e p o r t deals w i t h the f i n d i n g s of the author w i t h 
regard to the aforementioned problems* 

acknowledgment must be made to Dr. Warren, of the 
Department of Geology, f o r h i s e n t h u s i a s t i c encouragement and 
suggestions, and a l s o to G. Hey and H. Thompson f o r advice and 
a s s i s t a n c e . 



L o c a t i o n , 
The Hedley d i s t r i c t , which i s 210 m i l e s due east of 

Vancouver, I s s i t u a t e d on the Gkanagsn Kange of southern 
B r i t i s h Columbia, the l i i c k e l P l a t e mine i s on S i e k e l P l a t e 
mountain,which i s near the town of Hedley. 

Hedley, on a spur of the Great northern .Hallway, i s 
s i t u a t e d between Keremeos 17 m i l e s to the southeast, and 
P r i n c e t o n m i l e s to the northwest, from the east, the 
l o c a l i t y may be reached by the JJ i c k e l P l a t e road which j o i n s 
the Keremeoe-Pentioton highway. The mine I s l o m i l e s from the 
road j u n c t i o n and $2 m i l e s from P e n t i c t o n {Z). 

Previous work & H i s t o r y ; 

H'or d e t a i l e d work on the h i s t o r y , development, miner
alogy and geology, the reader i s r e f e r r e d t o the b i b l i o g r a p h y 
on page 11. 

The f i r s t claims on N i c k e l P l a t e Mountain were recorded 
In 1894 but i t was not u n t i l 1898 that ore of commercial 
promise was discovered, a c t i v e production s t a r t e d i n 1904 and 
e a r l y i n 19&L the Hedley Gold Mining Company, who were the 
operators at that time, were f o r c e d to end operations due to 
l a c k of ore. J i x p l o r a t i o n was c a r r i e d on throughout 196o and 
1934 by the Kelowna iSxpioratioa Company and i n the f a i l of 
19o4 the N i c k e l P l a t e Mine was reopened. The f o l l o w i n g t a b l e 
was taken from the, " F i n a n c i a l Post, Survey of Mines," 1941-42, 
and g i v e s the reader some idea of production and recovery 
between 1898 and 1940. 



Year Tons er. T o t a l 
xtecovery Kecovery 

4 ? 
1898-1930 ....... .... 10,000,000 

1935 54,032 9,14 495,990 
1936 64,854 IE.20 791,000 
1937 ?7,S87i 13.48 1,050,000 
1938 86,636 12.25 1,085,521 
1939 90,204 12.65 1,141,153 
1940 82,660 12.73 1,052,576 

General Geology: 
According to Bostock, the Hedley d i s t r i c t l i e s i n an area 

of westward dipping T r i a s s i c sedimentary rocks, which have been 
int r u d e d and almost surrounded by l a r g e bodies of igneous rocks 
of l a t e r Mes&zoie and e a r l y T e r t i a r y age. 

The Igneous i n t r u s i v e s of t h i s d i s t r i c t a l l have a bearing 
on the geology of H i c k e l P l a t e mountain. They in c l u d e 
b a t h o l i t h s , stocks, apophyses and sheets, and a i l are i n t r u 
s i v e i n t o the T r i a s s i c sediments a f t e r d e p o s i t i o n had ceased. 
The i n t r u s i v e s are subdivided by Bostock as f o l l o w s ; 

1. Gabbro-complex-siils, dykes, apophyses. 
2. G r a n o d i o r i t e - B a t h o i i t h at base of H i c k e l P l a t e Mt. 
3. G r a n i t e - B a t h o l i t h - c o n t a c t I f m i l e s n o r t h of H i c k e l 

P l a t e mine. 
Of the phases of the d i o r i t e - g a o o r o complex, the l a t e r 

gabbro phases appear to have had the g r e a t e s t m i n e r a l i z a t i o n 
a s s o c i a t e d w i t h i t . The ore deposits occur In the i n t r u d e d 
sedimentary rocks c l o s e to the contact of the gabbro i n t r u s i v e 
and p a r t i c u l a r l y where an abundance of apophyses occur. They 
are found to favour bells of c e r t a i n composition, p a r t i c u l a r l y 
impure limestones. The ore deposits occur w i t h i n areas i n 
which metamorphic s i l i c a t e s have been developed. 



In g r e a ter d e t a i l the l o c a t i o n of the S l c k e l P l a t e ore- bodies 
appear to be due to p e r m e a b i l i t y produced i n the s t r a t a by a 
smaj.1 f o l d and i n t r u s i o n of s i l l apophyses. The m i n e r a l i z i n g 
s o l u t i o n s seem to be independent of these s i l l s except to 
t h e i r i n f l u e n c e i n g u i d i n g and l o c a l i z i n g the m i n e r a l i z i n g 
agents to favourable zones f o r d e p o s i t i o n . 

.UBUitATOHx" i-,£a&I£UTI0M Off TE& 0H£ 
Int&oauction: 

A cross s e c t i o n of the N i c k e l P l a t e ore body i s shown i n 
f i g . l . The main ore bodies are c a l l e d , upper purple, lower 
pur p l e , red, orange and yellow, temples were taken from 
upper, middle and lower s e c t i o n s of each of these ore bodies 
and the author s t u d i e d the samples of the rea and orange ore 
bodies. 
Mineralogy; 

The f o l l o w i n g m i n e r a l s have been determined by the author-
Gold G a i c i t e 
i-xsenopyrite s i l i c a t e s 
P y r i t e 
O halcopyrite 
P y r r h o t i t e 
S p h a l e r i t e 
i - o e l i n g i t e - o a f f l o r i t e 
C o b a l t i t e ? 

Table I shows the r e l a t i v e abundance of the m e t a l l i c 
m i n e r a l s I n the p o l i s h e d s e c t i o n s o f the two ore bodies 
s t u d i e d by the author. 



T a b l e I . 

Sample. 
ASS 

Gold 

ay. 

Gobalt ^.rsenopyrite P y r i t e P y r r i i o t i t e J n a l c o p y r i t e s p h a l e r i t e 
L o l l i n g i t e 
S a f f l o r i t e 

Cobalt 
t>e 

Upper 
Keel 2.00 0. J8?B — t r a c e — — lOjfr 

? 

middle 
Ked 0.60 0.14 60 15ft 5 15% trace -

Lower 
Ued 0.2? 0.19 90 — t r a c e trace 5 trace 

Upper 
Orange 2.70 0.19 99 — t r a c e trace t r a c e 

Middle 
Orange 0.76 G.30 96 — t r a c e — 4 -

Lower 
Orange • 0.04 0.22 95 — 1 4 trace -

TABUS HjiL^TION BLTv.jiKU UiCTALLIC ^IN^RAhS W HJSD ^JD OiUHGii: 
®m bQDim 



5a. 
Summary and Conclusions: 

C o b a l t i t e i s known to e x i s t i n the H i c k e l P l a t e ore 
but I t s presence was not e s t a b l i s h e d , w i t h p o s s i b l e exception 
of the upper-red s e c t i o n , i n the s u i t e s t u d i e d by the author. 

h o l l i n g i t e - s a f f l o r i t e issfeown to be present In the ore. 
The c r y s t a l s of t h i s m i n e r a l vary i n s i z e from about 5 microns 
to .2 m i l l i m e t e r s and appear i n greatest abundance i n the 
upper-red and middle-orange s e c t i o n s . In a l l cases noted the 
c o b a l t m i n e r a l s seem to be connected w i t h and concentrated i n 
and around a r s e n o p y r i t e . 

The f o l l o w i n g t a b l e , given by Dr. Warren, gives analyses 
f o r c o b a l t , a r s e n i c , i r o n and sulphur. 

ASbAY LOCATION GGBALT IRON sahPHtm R a t i o 

Top ked 25. 0.38> 8.3$ 7.7^ 3.6^ 3.20 
K i d d l e ited49. 0.14 12.7 20.0 10.7 1.19 
Bottom Hed89. 0.19 15.5 la.O 6.0 2.58 
Top Orange 51. 0.19 22.6 15.4 7.5 3.02 
Mid.Orange 11.6. 0.53 8.5 10.9 3.1 3.77 
Bot.Grange 15.3. 0.22 13.1 11.1 5.8 2.26 

Arsenopyrite w i t h composition Fe^sS,(As-46^, 3-19.7, • 
Fe-34.3>sJ1 

has an a r s e n i c : smjkpnur r a t i o of 2.33. I t i s noted t h a t i n 
the above t a b l e a r s e n i c : sulphur r a t i o s are i n p l a c e s above 
2.35. The e x t r a a r s e n i c may t h e r e f o r e be L o l l i n g i t e (JPeAs) 
and S a f f l o r i t e (GaAS^j. On t h i s b a s i s the analyses above and 
the estimates based on experimental data,(Table I,p.5) check 
roughly. I t i s a l s o i n t e r e s t i n g to note that microchemlcal 
t e s t s given i n Table I I I g i v e d i s t i n c t c o b a l t r e a c t i o n s f o r 
the top red and middle orange which correspond to the c o b a l t 
assay above. 



6. 

Examination f o r Cobalt M i n e r a l s : 
The most abundant m e t a l l i c mineral i s arse n o p y r i t e , 

(see t a b l e I . j The problem appeared t o be the se p a r a t i o n of 
arsenopyr i t e from a group of minerals which are a l s o hard and 
white. Table I I gi v e s a s e r i e s o f etch t e s t s f o r micros
copic examination of miner a l s of t h i s group. 

Table I I 
Cone. m i . Pot. FeOls A.H. 

M i n e r a l Ooiap. xMOo iMC3 Perm. Sat, jfeAss. (OoNijAsS. 
-Arsenopyrite JTe-tisS 4 4 _ *» _ 
Ghioanthite HiAsE 4 4 - f 4 4 
C o b a l t i t e GoxiSD - — - - -
G e r s d o r f f i t e NiAsS 4 t - — -
h o & l l i n & t ^ ' FeAs2 4 + + - -
Hammelsbergite BiAe£ 4 4 4 4 * 

£>afflorite OoAsB * 4 - —• 4 

S k u c t e r u d i t e CoAsS 4 „ - - m 

s m a i t i t e 0oAs2 4 — - - 4 

C o b a l t i t e : 
C o b a l t i t e was shown to be i n the N i c k e l P l a t e ore by 

A. A l l e n i n 1941. .For t h i s reason i t was the f i r s t c o b a l t 
m i n e r a l t e s t e d f o r by the author. 

from t a b l e I I i t i s seen t h a t c o b a l t i t e i s negative 
to a l l t e s t s , Arsenopyrite i s only p o s i t i v e to n i t r i c a c i d . 
Consequently, by app l y i n g n i t r i c a c i d (cone.) to an arseno
p y r i t e c r y s t a l the p a r t or p a r t s that d i d not etch would pre
sumably be c o b a l t i t e . 

^Thompson, i ! i 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, Ontario." Economic Geology, V o l . 25, 
Bo.5, August, 1930. 



7. 

borne twenty t e s t s of t i i i s type were t r i e d and no c o b a l t i t e was 
found i n any of the s e c t i o n s . 

f o r these t e s t s the usual minute f o r e t c h i n g was found to 
he too long. The a c i d ate too deeply i n t o the ar s e n o p y r i t e 
causing a t h i c k p r e c i p i t a t e to form on the surface of the 
s e c t i o n , which, i t wss thought, would mask any small unetched 
c r y s t a l s of c o b a l t i t e . Ten t o f i f t e e n seconds were found to 
be ample time f o r e t c h i n g the a r s e n o p y r i t e . 

With m a g n i f i c a t i o n of over 1000 diameters,one small 
(app. 7 microns; c r y s t a l , w i t h the c h a r a c t e r i s t i c o u t l i n e of 
c o b a l t i t e , was found i n the upper-red s e c t i o n completely 
surrounded by a r s e n o p y r i t e . I t was then thought that c o b a l t i t e 
may e x i s t i n small c r y s t a l s disseminated i n the arsenop y r i t e 
but too smell to see by the e t c h i n g described above and under 
m a g n i f i c a t i o n of £50 diameters* 

A s e r i e s of mlcrochemical t e s t s were made on the arsen
o p y r i t e c r y s t a l s w i t h r e s u l t s given i n t a b l e JUil. These t e s t s 
confirmed the presence of c o b a l t i n the ar s e n o p y r i t e and 
suggested e i t h e r that c o b a l t i t e was disseminated i n s m a l l 
c r y s t a l s through the arsenop y r i t e ( e s p e c i a l l y upper-red and 
middle-orange s e c t i o n s ; or the presence of another c o b a l t 
m i n e r a l . 



8. 
TABUS I I I if 

^CiiOOHiiilCAL Ti*i3T3 

S e c t i o n Test R e s u l t s 

Upper 
Bed 

1 
Z 
ft 
4 

Abundant c o b a l t c r y s t a l s 
n 
M 
« 

Middle 
Red 

' 1 
Z 
3 

Trace 
omaj.1 amount 
Trace 

Bottom 
xied 

1 
Z 
3 
4 

Trace -
Trace -
KU 
Trace? 

One smaxl blue c r y s t a l 
s e v e r a l blue c r y s t a l s 

Top 
Orange 

1 
Z 
3 
4 

H i l 
Trace? 
Traoe? 
H i l 

Middle 
Orange 

1 
Z 
3 

Oobalt • 

Lower 
Orange 

1 
Z 
3 
4 

Trace 
w u 
Trace 
N i l 

f 
Short, U*M*i "Microscopic Determination of Ore M i n e r a l s , " 
U.S.G.3., B u l l e t i n §914 p.p. 195-6.(Cesium C h l o r i d e T e s t ) . 



9. 

h o l l i n g i t e - ^ a f f l o r l t e : 
A mineral w i t h p o s i t i v e r e a c t i o n s to saturated f e r r i c 

c h l o r i d e ; aciua r e g i a and feAsS; ao^ua r e g i a and (Co,Ni)AsS; 
and n i t r i c a c i d , was b e l i e v e d to be l o l l i n g i t e - s a f f l o r i t e . 
L o i l i n g i t e , t f e A s tand s a f f l o r i t e , OoAs^.are thought to mix i n 
a i l p r o p o r t i o n s . They appear In the ore as small dissemin
a t i o n s (app. 8 microns) i n the ar s e n o p y r i t e , or as segre
gations (up to 0.2 m.m.) i n the arsenopyrite, i n the gangue 
or on the border of the a r s e n o p y r i t e and gangue; see p l a t e 1. 
The small disseminations may have been deposited contempor
aneously w i t h the arsenop y r i t e and concentrated, p o s s i b l y by 
e x s o l u t i o n . The l a r g e r c r y s t a l s seem t o have been deposited 
l a t e r than the ar s e n o p y r i t e , see f i g . 2. 

Gold: 

Gold was found i n and completely surrounded by arseno
p y r i t e , on the border of a r s e n o p y r i t e and gangue and i n the 
gangue, see p l a t e Z, The gold i n the arsenop y r i t e was 
probably deposited contemporaneously w i t h that m i n e r a l . The 
gold i n the gangue occurs, i n a i l cases noted, on the border 
of c a l c i t e and a s i l i c a t e . I t has been suggested t h a t the 
gol d was deposited from a c o l l o i d a l c o n d i t i o n when the c a l c i t e 
c r y s t a l l i z e d . This seems doub t f u l because the c a l c i t e pres
ent i s e i t h e r an o r i g i n a l m i n e r a l replaced by s i l i c a t e s and 
m e t a l l i c minerals or as secondary c a l c i t e deposited by 
supergene processes. Therefore the gold i s e i t h e r supergene 
or deposited by the s i l i c a t e s . 



10 

In the s e c t i o n s studied no gold was found over £0 microns 
i n s i z e and the average s i z e was much s m a l l e r , assays f o r the 
d i f f e r e n t s e c t i o n s are given i n Table I . 

Paragenesis: 

The f i r s t minerals t o r e p l a c e the limestone were the 
s i l i c a t e s (with g o l d ? ) . The s i l i c a t e s were f o l l o w e d by 
arseno p y r i t e , g a l a and l o l l i n g i t e - s a f f l o r i t e , v;hich appear t o 
have b :en deposited contemporaneously. L a t e r l o i l i n g i t e -
s a f f l o r i t e was seen c u t t i n g the ars e n o p y r i t e ( f i g . E . ) . 
O h alcopyrite was noted f i l l i n g a f r a c t u r e i n an arsenopy r i t e 
c r y s t a l I f i g . a . ) and i n one s e c t i o n the o h a l c o p y r i t e was cut 
by p y r r h o t i t e ( f i g . 4*)« The r e l a t i o n s h i p between these 
min e r a l s and the s p h a l e r i t e and p y r i t e was not determined. 

Order of -Deposition 
S i l i c a t e s (gold?) 
-arsenopyrite. ........... 
GOld. . . . * . . • . . . . 
h o l l i n g i t e - o a f f l o r i t e . 
O h a lcopyrite. 
P y r r h o t i t e . 
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