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A I'ineraloprayhic I n v e s t i g a t i o n , on  
Ore from the L i t t l e Gem Kine 

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

L o c a t i o n 
The L i t t l e Gem mining property c o n s i s t s of 11 claims l o c a t e d 

on Roxey Creek, a t r i b u t a r y of Gun Creek, i n the L i l l o o e t I i n i n g 
D i s t r i c t of B r i t i s h Columbia. The mine i s on the top of a r i d g e t h a t 
slopes down t o Roxey Creek. 

Beside t r e n c h i n g work, two tunnels have "been d r i v e n on the 
property. One t u n n e l at an e l e v a t i o n of 6400 f e e t f o l l o w s high-grade 
ore f o r most of i t s t o t a l l e ngth of 200 f e e t . The other t u n n e l at 6350 
f e e t eleva t i o n i s about 500 f e e t long and f o l l o w s the ore f o r about 
60 f e e t . 
Geology 

The l o c a l rock formation i s a b i o t i t e - q u a r t z - d i o r i t e • This 
d i o r i t e i s i n the form of a tongue 2000 f e e t wide and 3 j m i l e s long 
extendingfrom a l a r g e r body of d i o r i t e t h a t covers Gun Creek v a l l e y . 
A massive dark green serpentine borders JNOAMHI the d i o r i t e to the 
n o r t h west and shows a banded s t r u c t u r e along the contacts where i t i s 
badly sheared and broken. Numerous A p l i t i c dikes t r a v e r s e the d i o r i t e 
and f o l l o w c l o s e l e l y a "brown weathered d i i e of f e r r u g i n o u s carbonate 
composition. There are numerous s m a l l diabase d i k e s . I n a few p l a c e s , 
s m a l l s e c t i o n s of greenstone axe included i n the d i o r i t e . 
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Ore Occurrences 
The ore "bodies appear t o be l e n t i c u l a r and vary i n width 

from a few inches to s e v e r a l f e e t . Two v e i n s whic I N thought t o be 
A 

p a r t of the same ore body, are being developed a t present. The f o o t -
w a l l v e i n dips a t 90 degrees and s t r i k e s e a s t e r l y - w e s t e r l y . I t i s 
exposed f o r 50 f e e t on the s u r f a c e . I t v a r i e s i n width from a few 
inches at the lower end t o about s i x f e e t at the upper end and i s 
covered by an a l t e r e d d i o r i t e cap-rock. The hanging-wall v e i n i s p a r a l l e l 
to the f o o t - w a l l v e i n 17 f e e t t o the south. This v e i n appears wider 
and longer than the f o o t - w a l l v e i n and averages s i x f e e t i n width over 
90 f e e t of l e n g t h . 

Throughout the ore bodies are numerous masses of quartz and 
f e l d s p a r . Very l i t t l e a l t e r a t i o n appears at the borders of the v e i n s . 

A shear, 6 to 12 f e e t wide, s t r i k i n g e a s t e r l y - w e s t e r l y was 
.traced f o r 200 f e e t on the s u r f a c e . The shear c r o s s - s e c t i o n assays from 
0.22fS t o 0.40% c o b a l t , ./here s m a l l d i i e s cut the shear, arsenopyrite 
and c o b a l t bloom are found. These occurrences may i n d i c a t e higher values 
below.# 

lAineralogra^hv 

Sections 
Sections were cut i n t r ip3.ica.te, one f o r the author, and two 

which were superpolishEd by Mr. J . Donnan f o r Dr. H.V. Warren. The 
author's s e c t i o n s were mounted w i t h iJamar Gum i n brass molds. A s e c t i o n 
f o r assaying was cut between those of the author and those of Dr. Warren. 

http://trip3.ica.te
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The s e c t i o n s were made up from the f o l l o w i n g samples: 
"A" -1 Channel Sample 47 f e e t from p o r t a l of Upper Tunnel, 

5.5 f e e t wide. Most of the massive sulphide pieces 
were removed from t h i s sample. Taken 2 f e e t from 
f l o o r across f a c e of tun n e l 1$ R.Taylor, Aug.2/38. 

"A" -2 Channel sample 5 4 f e e t from p o r t a l of Upper Tunnel, 
5.7 f e e t wide. Most of massive sulphide pieces were 
removed from t h i s sample. Sample taken 2 f e e t from 
f l o o r across face "by R. T a y l o r , Aug. 3/38. 

"A" -3 Channel sample 5 4 f e e t from p o r t a l of Upper Tunnel, 
5.7 f e e t wide. Most of massive sulphide pieces have 
been removed from t h i s sample. Sample taken 2 f e e t 
from f l o o r across face by R. T a y l o r , Aug. 4/38. 

"B" Channel sample 90 f e e t from p o r t a l of Upper Tunnel, 
4.4 f e e t wide. Taken i n r o o f of t u n n e l by J.M. 
Ta y l o r , Get. 1941. 

"C" Channel sample 30 f e e t from face of Upper Tunnel, 
4.7 f e e t wide. Taken i n r o o f of tun n e l by J.M. 
T a y l o r , Oct. 1941. 

"D" Channel sample 10 f e e t from face of Upper Tunnel, 
4.5 f e e t wide. Taken along broken hanging-wail face 
b r e a s t h i g h by J.M. T a y l o r , Oct. 1941. 

, rE" Channel sample 5 f e e t wide from Lower Tunnel. Sample 
taken on south w a l l of main showing. Channel ex
tended from 4 f e e t to 9 f e e t above Tunnel f l o o r . 
Taken by J.M T a y l o r , Oct. 1941. 

"F" Lumps of massive sulphide tqaken i n the r e g i o n of 
samples "E" and "C" i n the Upper Tunnel. Taken by 
J.M. T a y l o r , Oct. 1941. 

Three s e c t i o n s were taken from sample "F" and marked "F" -1. l fF" -2, 
and "F" -3. • 
Reagents 

Beside the ordinary reagents, the f o l l o w i n g were made up as 
i n d i c a t e d i n Mr. E l l i s Thompson's paper: "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 Ores of Cobalt,Onty Economic Geology, V o l . 25. Ho.6, 
1930. 
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: . i n e r a l 

(1) . Cone. JTK)o. 
o 

(2) . 3:10 nDg« 
(3) . Saturated. SSBOx* 
(4) . Saturated F e C l 3 . 
(5) . Aqua Regia / Ars e n o p y r i t e . This reagent was made "by 

s a t u r a t i n g the aqua r e g i a w i t h a r s e n o p y r i t e . The s o l u t i o n 
was taken to dryness overnight to get a l l the sulphur 
i n t o s o l u t i o n . 

(6) . Aoua Regia / 1.82 gm. Co 
1.82 gm. BCt 
2.25 gm. As 
1.0C gm. S 

The above elements were taken to dryness i n a la r g e v o l 
ume of aqua r e g i a overnight. The residue was taken up 
wi t h 20 c.c. of aqua r e g i a and, f i l t e r e d . 

Tab^e of Etch Reactions 
The f o l l o w i n g t a b l e i s taken from E l l i s Thompson's r e p o r t . 

Cone. 1:1 KMOo 3:10 HKOQ Sat. F e C l - A.R. f A.R. f 
mo Co;.:iAsS FeAsS 

Arsenopyrite Dk. I r r i d . dk 
grey bn rem. 

F t . bn rubs 
c l e a n 

O o b a l t i t e 
Rammels- Dk grey Dk grey 

b e r g i t e . rem. bk rem. 
L o e l l i n g i t e Grey Grey d i f f 

d i f f rem. rem. 
S a f f l o r i t e Dk grey Dk grey 

rem. rem. 

I t . bn rem. Dk bn 
• rem. 
F t bn d i f f . 

rem or neg. 

L t dk hn rem. 

F t bn rem. L t bn d i f f 
rem. 

Observations 
Because s e c t i o n s "A" -1, "A" -2, and "A" -3 contained very 

l i t t l e s u l p h i d e , and because of l a c k of time, these s e c t i o n s were not 
examined 
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Tinder the microscope a l l s e c t i o n s appeared to c o n s i s t of 
three c o n s t i t u e n t s - m e t a l l i c - l u s t r e d groundmass, m e t a l l i c - l u s t r e d 
i n c l u s i o n s and gangue. 

The f o l l o w i n g t a b l e gives a l i s t of general observations 
made on the s e c t i o n s . 

S e c t i o n % i n c l u s i o n s Gangue - Remarks 
i n pToundxnass  

B 1 5 - 2 0 Ne a r l y a l l Some s o f t b l a c k gangue v e i n i n g the 
carbonate. carbonates• 

C 25 - 30 A l i t t l e carbon- T r e e - l i k e intergrowth of gangue and 
ate, r e s t Qtz. s u l p h i d e s . 

D 2 0 - 2 5 Grey quartz. I n c l u s i o n s shot w i t h gangue. 
much carbonate. 

,, E 80 - 90 Quartz and a T r e e - l i k e intergrowth of gangue and 
l i t t l e white s u l p h i d e s . Two generations of quartz , 
carbonate. Gold seen i n s a f f l o r i t e near gangue. 

F -1 30 Grey q u a r t z , very K u t e c t i c - l i k e mixture of both s u l -
l i t t l e carbonate, phides. Intimate mixture of s u l p h i d e 

and gangue. 
F -2 85 - 90 Grey q u a r t z , Two generations of quartz. Gold seen 

very l i t t l e carb. between sulphides and gangue. 
F -3 85 - 90 Grey quar t z , Two generations of quartz. Some 

much carbonate. s o f t green gangue. (serpentine?) 
The f o l l o w i n g t a b l e gives the p h y s i c a l p r o p e r t i e s of the 

groundmass and i n c l u s i o n s as noted by the author under the microscope 
.and under p o l a r i s e d l i g h t . A l l sulphides were A n i s o t r o p i c . 
Component Colour bareness S.G. P o l i s h - P o l a r i z a t i o n c o l o u rs  

Groundmass t i n - w h i t e F/- 5.9-6.2 High p o l - P u r p l e , pink, brown, Green-
(5.5-C.5) i s h and y e l l o w , shows diamond-

l u s t r e , shaped prisms, 
Inc l u s i ons P ale - F/-

cream. (5.5-6J 0.9-7.2 Not so good Hot so strong as those 
, as th a t of of groundmass, more 

groundmass• subdued. Yellow-brown, 
s t e e l - b l u e . 
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T_:tch Tests; " t c h t e s t s were run on the s e c t i o n s t o determine a method 
f o r i d e n t i f y i n g the i n c l u s i o n s . The s p e c i a l reagents were t e s t e d on 
pure samplesof Danaite, S a f x l o r i t e and L o e l l i n g i t e provided by Dr. ^ 
H.V, Vasnraa ft ^| . 
The f o l l l w w i n g t a b l e gives the etch r e a c t i o n s observed: 
He accent Groundmass , I n c l u s i o n s  
1:1 HMO. I r r i d e s c e n t d i f f e r e n t i a l 

e t c h . Shows p r i s m a t i c 
s t r u c t u r e . 

3:10 HE8O3 ;"eg. 

L t . bn to grey. Sometimes 
shows f i b r o u s s t r u c t u r e . ( s l i g h t 
effervescence?) 

Keg. 
Cone. HNO« 

1:1 HC1 
Aqua Re g i a , 
KCU 
KOH 
H g C l 2 

Sat. F e C l Q 

o 
Sat. KLmO, 

Dark grey, rough surface. L i g h t brown d i f f e r e n t i a l to 
dark grey. 

Neg. 
Keg, 
Neg. 
Meg. 
Neg. 
Neg. 
Neg. 

A.R. f FeAsS Neg. 
A.R. f 

CoMiAsS Weg. to brown 

Neg. 
Keg. 
Neg. 
Keg. 
Keg. 

F a i n t brown to neg. d i f f . 
Neg. 
Neg. 

Neg. o c c a s i o n a l l y I t . bn. d i f f . 
r i c r o c h e m i c a l Tests: I i c r o c n e m i c a l t e s t s were r u n on samples of the 
groundmass and i n c l u s i o n s d r i l l e d as c l e a n as p o s s i b l e f o r c o b a l t , iron, 
and a r s e n i c . 'The f o l l o w i n g t a b l e s giTfes the r e s u l t s of these t e s t s : 

''lement Gr oundmas s Inc l u s i ons 
Cobalt Always p o s i t i v e 

I r o n P o s i t i v e 

A r s e n i c P o s i t i v e . 
ITickel A l i t t l e sometimes 

Always p o s i t i v e j same s e c t i o n s 
showed more than others. 

P o s i t i v e . Some showed l e s s than 
others, 

P o s i t i v e . 
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From the r e s u l t s of these eteh t e s t s and microchemical 
t e s t s i t was found t h a t the i n c l u s i o n s etched l i g h t brown to dark 
grey w i t h concentrated HROn. The etched appeared to be darker, the 
greater the amount of c o b a l t present i n the i n c l u s i o n . Concentrated 
and ltlJHHOu were found to be the b e s t reagents to d i s t i n g u i s h between 
the groundmass and i n c l u s i o n s when i n doubt. 

The groundmass gave a l l r e a c t i o n s f o r a r s e n o p y r i t e , w h i l e 
the i n c l u s i o n s v a r i e d In t h e i r r e a c t i o n s between those of s a f f l o r i t e 
and l o e l l i n g i t e as i n d i c a t e d i n the t a b l e from K l l i s Thompson f s 
r e p o r t . I t was found that'the i n c l u s i o n s , i n most cases, gave much 
stronger c o b a l t t e s t s than the groundmass. 
As s ars 

The assay s e c t i o n s of samples "E", "C", "D", "E", "F" -1, 
and "F" -2 were assay ed i n spare time f o r Cobalt, I r o n , A r s e n i c , 
and Sulphur, The f o l l o w i n g t a b l e gives the r e s u l t s . 
S e c t i o n Au i n Co Fe As S I n s o l T o t a l /rp Of Of Of OL 

" i •<! * J • : > i i • ' } • 7 

Of 3? 
B 0.44 3.43 15,6 25.5 9.2 1,8 55,53 
C 2.64 4.66 26.3 55.8 13.9 5.28 105.99 
D 2.72 1.42 24.6 21.4 7.2 14.4 68.95 
E 4.48 4.43 19.2 49.5 2.79 14.0 C9.S8 
F -1 0.36 6.25 26.3 46.9 17.5 1.6 9S.53 
F -2 0.96 5.93 20.7 65.7 1.57 2.6 96.5 

The h i g h r e s u l t f o r the t o t a l i n s e c t i o n " "6" i s probably 
due t o the sulphur assay being i n e r r o r . 

The low r e s u l t s f o r the t o t a l s i n the other s e c t i o n s i s due 
to the presence of carbonate and other s o l u b l e gangue i n the s e c t i o n s . 
The assays were c o r r e c t e d f o r i n s o l and the d i f f e r e n c e from 100%, The 
cor r e c t e d assays are recorded i n the f o l l o w i n g t a b l e together w i t h 
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the estimate of the percentage of i n c l u s i o n s i n the groundmass as 
p r e v i o u s l y recorded on page 5. 
S e c t i o n Co Fe As S T o t a l % i n c l u s i o n s to 

2 2 j 51 i ;;roundmass  
B 6.39 29.0 47.5 17.11 100.00 15 - 20 
D 2.6 45.1 39.2 13.1 100.00 20 - 25 
E 5.84 25.3 65.3 3.68 99.12 SO - 90 
F -1 6.45 27.1 48.4 18.03 100.00 30 
F -2 6.32 22.0 70.0 1.67 100.00 85 - 9© 

S e c t i o n C was l e f t out "because the assays d i d not add up to 
100%. Assuming t h a t a l l the sulphur i s i n the a r s e n o p y r i t e , the ar s e n i c 
equivalent to, the sulphur was c a l c u l a t e d . The r e s u l t s are as f o l l o w s : 

B D B F -1 F -2  
As eouiv to S 40 30.6 8,6 42.1 2.72 
As l e f t over 
f o r s a f f - l o ' e l l . 7,5 14.5 56.7 6.3 67.28 

The a r s e n i c e q u i v a l e n t to to the c o b a l t was t h e n 
c a l c u l a t e d assuming t h a t the the c o b a l t was a l l i n pure s a f f l o r i t e . 

B D B F -1 F -2 
Cobalt equiv. 
to As 16,2 6.6 14.8 16.4 16.1 

The i r o n e q u i v a l e n t to the sulphur was then c a l c u l a t e 
assuming t h a t i t .was a l l present as a r s e n o p y r i t e . 

B D B . F -1 • F -2 
I r o n equiv. -
to S 30 22.9 6.4 31.6 2.9 
Corrected i r o n 
assay f o r com- 29 45.1 25.3 27,1 22.0 
p a r i s o n . 

From the comparison of the above c a l c u l a t i o n s w i t h the c o r r 
ected assay s the f o l l o w i n g p o i n t s were noted. 
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S e c t i o n 3: The i r o n equivalent to sulphur i n FeAsS i s j u s t enough to 
s a t i s f y the c o r r e c t e d assay. The arsenic l e f t over a f t e r a l l o w i n g f o r 
FeAsS i s i n s u f f i c i e n t f o r the c o b a l t , hence the i n c l u s i o n s may be 
quit e pure s a f f l o r i t e . The remaining c o b a l t must be i n the arsenopyrite. 
This f a c t v/as borne out by the i n c l u s i o n s g i v i n g very strong c o b a l t 
t e s t s . 
S e c t i o n D: I n t h i s s e c t i o n there i s f a r more i r o n than can be accounts 
f o r by the FeAsS, a l s o more ar s e n i c than can be accounted f o r by the 
c o b a l t , hence i r o n must be r e p l a c i n g c o b a l t i n the s a f f l o r i t e i n t h i s 
s e c t i o n . The i n c l u s i o n s gave strong t e s t s f o r i r o n and very weak t e s t s 
f o r cob-alt i n t h i s s e c t i o n thus b e a r i n g out the observations. 
S e c t i o n E: The i r o n equivalent to the FeAsS i s much smaller than the 
t o t s l amount i n d i c a t e d by the assays. The ar s e n i c i s more than enough 
to account f o r the FeAsS and. the Cobalt, hence much i r o n must be i n 
the i n c l u s i o n s . This f a c t was borne out by microchemical t e s t s . 
-vection F -1; I n t h i s s e c t i o n there i s not enougn i r o n i n d i c a t e d by 
the assay t o account f o r a l l the sulphur and not enough ar s e n i c l e f t 
a f t e r s u b t r a c t i n g i t s equivalent to sulphur to account f o r a l l the 
c o b a l t , hence the I n c l u s i o n s must be h i g h i n c o b a l t and some c o b a l t 
must re p l a c e i r o n i n the groundmass. I-icrochemical t e s t s i n d i c a t e d 
h i g h c o b a l t i n the i n c l u s i o n s and higher than u s u a l c o b a l t i n the 
groundmass. 
S e c t i o n F -2; In t h i s s e c t i o n , the i r o n e q u i v a l e n t to the sulphur i s 
very low l e a v i n g much f o r the i n c l u s i o n s . The a r s e n i c e q u i v a l e n t to 
c o b a l t i s much l e s s than t h a t l e f t a f t e r accounting f o r i t s e q u i v a l e n t 
to sulphur. These f a c t s i n d i c a t e t h a t the i n c l u s i o n s must be r i c h i n 
i r o n and low i n c o b a l t . This f a c t Was borne out i n microchemical t e s t s . 
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The f o l l o w i n g analyses are from "A System of Mineralogy" 
by Dana: 
Danaite: As S Fe Go S i m i l a r to . 

47,45 . 17, .78 SO.91 4.75 B 
41.44 17.84 32.94 6.56 F -1 

S a f f l o r i t e -
L o e l l i n g i t e 70.59 1.65 28.67 6.1 F -2 

63.66 3.66 21.22 6.44 E 
The similaritAr betwaen. the above assays an& those of the 

s e c t i o n s should be noted. I t should be noted a l s o t h a t s e c t i o n s B and 
F -1 showed a s m a l l number of i n c l u s i o n s } while F -2 and E showed 
l i t t l e groundmass. 

Conclusions 

I Mineralogy 

The m i n e r a l o g i c a l composition of t h i s ore appears t o be a 
mixture of two m e t a l l i c - l u s t r e d m i n e r a l s : - C o b a l t i f e r o u s arsenopyrite 
(groundmass) sometimes c a l l e d Danaite and a m i n e r a l which may be 
c a l l e d S a f f l o r i t e - L o e l l i n g i t e . S a f f l o r i t e - L o e l l i n g i t e , according to 
textbooks 5 i s a d i a r s e n i d e of i r o n and c o b a l t i n which the c o b a l t i s 
r e p l a c i n g the i r o n . From the r e s u l t s of the assays and c a l c u l a t i o n s , 
and the etch and microchemical t e s t s , the composition of t h i s m i n e r a l 
appears to vary between pure S a f f l o r i t e (CoAso) and pure L o e l l i n g i t e 
(FeAs^)* Intermediate compositions being formed by the replacement of 
I r o n by c o b a l t i n the L o e l l i n g i t e . The i n c l u s i o n s showed great v a r 
i a t i o n I n t h e i r i r o n and c o b a l t content as c a l c u l a t e d from assays and 
as noted i n microchemical t e s t s . The i n c l u s i o n s a l s o gave etch r e a c t i o n s 
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v a r y i n g between s a f f l o r i t e - a n d l o e l l i n g i t e , depending on t h e i r c o b a l t 
content. 

The groundmass gave a l l r e a c t i o n s f o r arsenopyrite p l u s 
microchemical t e s t s f o r c o b a l t and sometimes a s l i g h t t e s t foi? n i c k e l . 
vThis m i n e r a l was thought to be Danaite or arsenopyrite i n which 
c o b a l t i s r e p l a c i n g the i r o n . 

Comparison of the c o r r e c t e d assays w i t h the assays f o r 
Danaite and c o b a l t i f e r o u s L o e l l i n g i t e given i n "A System of Mineralogy" 
by Dana i n d i c a t e t h a t some of the s e c t i o n s were p r a c t i c a l l y pure 
Danaite or S a f f l o r i t e - L o e l l i n g i t e . This f a c t was a l s o borne out by 
observation on these s e c t i o n s . 
P a r a g e n i s i s 

As most of the time a v a i l a b l e was used f o r work on the two 
sulphide m i n e r a l s , - including assaying, etch and microchemical t e s t s , 
l i t t l e time was l e f t t o work out the p a r a g e n i s i s of the ore d e p o s i t . 
However, the f o l l o w i n g p o i n t s were noted. 
(1) . The danaite groundmass appeared to be the e a r l i e s t i n m i n e r a l 

i s a t i o n . 
(2) . The s a f f l o r i t e - l o e l l i n g i t e appeared to have been deposited 

contemporaneously w i t h or l a t e r than the da n a i t e . I n some s e c t i o n s i t 
appeared t o be v e i n i n g the danait e . 
(3) . A l l the gangue was v e i n i n g the sulphides andin some j&laces 

showed replacement of the da n a i t e . Two generations of quartz was obs
erved i n some s e c t i o n s . 

(4) . A carbonate gangue was noted i n some s e c t i o n s b u t i t was not 
d e f i n i t e l y determined whether the c a l c i t e was e a r l i e r or l a t e r than 
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the q u a r t s , although i n some s e c t i o n s i t appeared to he v e i n i n g both 
generations-of q u a r t z . 
( 4 ) . Only two specks of gold were seen by the author and these occurred 

a t the boundary between sulphides and s i l i c e o u s gangue p o s s i b l y i n d 
i c a t i n g t h a t the gold came i n l a t e w i t h the q u a r t z . There i s no app
arent r e l a t i o n between the gold and the c o b a l t as i n d i c a t e d bv the 
assay s t although a rough r e l a t i o n may be seen between the go l d and 
i n s o l assays, however i t i s not very d e f i n i t e . 

The f o l l o w i n g photographs show some of the above mentioned 
p o i n t s . 

Fig-are 1: S e c t i o n E, showing Danaite and S a f f l o r i t e - L e o l l i n g i t e both 
f r a c t u r e d and re p l a c e d by gangue. 
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Figu r e 3: S e c t i o n F -2, showing danaite p r o j e c t i n g i n t o i n t o S a f f l o r i t e -
L o e l l i n g i t e w i t h some unattached remnants of da n a i t e . 
(Danaite etched). 
The f o l l o w i n g t a b l e i s a summary of the p a r a g e n i s i s c f the 

ore d e p o s i t : 
(1) . Danaite (and p o s s i b l y some s a f f l o r i t e - I o e l l i n g i t e ) . 
(2) . S a f f l o r i t e - L o e l l i n g i t e . 
(3) . S i l i c e o u s gangue I T o . 1. 

P o s s i b l y gold came i n w i t h one of 
(4) . S i l i c e o u s gangue I T o . 2 these. 
(5) . C a l c i t e . 
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