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MICROSCOPIC DETERMIHATION OF THE ORE MINERALS OF 
THE MINTO MINE 

L o c a t i o n 

The Minto Mine i s s i t u a t e d i n the Bridge R i v e r 
s e c t i o n of the L i l l o o e t Mining D i v i s i o n on the north bank 
of Bridge R i v e r , about two miles below the mouth of Gun 
Creek. I t s p o s i t i o n i s anproximately l a t i t u d e 50° 57 1 North 
and i t s longitude 122° 49 1 West. 

Communication 

The mine i s 40 miles from S h a l a l t h , a s t a t i o n on 
the P a c i f i c Great E a s t e r n Railway, and i s reached from there 
by a motor road. This road i s passable throughout the year, 
except a f t e r very heavy f a l l s of snow, when i t may be closed 
f o r a few days. A r e g u l a r s e r v i c e of t r u c k s and stages 
operates along the road from Bridge R i v e r and S h a l a l t h to 
the Pioneer Mine, 55 miles away. The B r i t i s h Columbia 
Telephone Company i n s t a l l e d a telephone s e r v i c e i n the 
Bridge R i v e r ¥alley*in 1934, and during the same year, the 
B. C. E l e c t r i c Power Company put through a power l i n e , so 
t h a t every convenience i s enjoyed i n the v a l l e y . 

H i s t o r y 

The property was known o r i g i n a l l y as the Alpha 
group, and was owned by W. Davidson. During 1929, the 
Consolidated Mining and Smelting Company of Canada, L i m i t e d 
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took an o p t i o n on the property, and f i n a n c e d a l l development 
work done on i t . A d r i f t was d r i v e n f o r 400 f e e t on a 
shear zone, and a crosscut d r i v e n towards a second shear. 
The average values i n the shear i n which d r i f t i n g was done 
were low, though o c c a s i o n a l h i g h values were obtained. 
Development work was d i s c o n t i n u e d i n 1931, and the property 
l a y i d l e u n t i l Jurte, 1933, when Minto Gold Mines, L i m i t e d 
was incorporated and took over the property. The c a p i t a l i z 
a t i o n i s 3,000,000 shares of no par value. 

Since the new company took over, development work 
has proceeded at a r a p i d r a t e , and the company reported 
during 1934 that 100,000 tons of " p o s i t i v e " ore had been 
blocked out, the average values being above commercial grade. 

A small m i l l was assembled i n 1934, and a process 
of t r e a t i n g the a r s e n i c and antimony i n the ore has been 
worked out, so that the m i l l i n g costs are only 87 cents per 
ton f o r removal of the a r s e n i c . The concentrates are shipped 
to Taeoma. The Minto Company i s very e n t h u s i a s t i c and 
o p t i m i s t i c , and b e l i e v e s i t has a property which w i l l be 
very important i n the f u t u r e . 

General Geology 

Below are given two t a b l e s of formations found i n 
the Bridge R i v e r area, as presented by W. S. McCann i n 
Memoir 130 of the G e o l o g i c a l Survey of Canada and by Dr. V. 
J . Dolmage i n the Canadian Mining and M e t a l l u r g i c a l B u l l e t i n 
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f o r August, 1 9 3 4 . Dr. Dolmage's Table has been cut down 
f o r popular use. 

Table of Formations (W. S. McCann) 
ERA P e r i o d Formation L i t h o l A g i c a l character 

Thick
ness 

Quat 
ern 

Recent V o l c a n i c 
ash and 
stream 
deposits 

White a n d e s i t i c pumice, 
g r a v e l , sand, s i l t , and 
cl a y 

ary P l e i s t o c e n e Stream 
deposits 
G l a c i a l 
d eposits 

Gravel, sand, s i l t , and 
cl a y 
Boulder c l a y or t i l l 

250 

Unconformity 

0 1 i g o c e n e ( ? ) 

D l o r l t e 
porphyry 
dykes 

Buff or red-weathering 
p o r p h y r i t i c dykes, and 
s i l l s w i t h a s s o c i a t e d 
antimony deposits. 

Tert 
i a r y 

0 1 i g o c e n e ( ? ) Rexmount 
porphyry 

L i g h t - c o l o u r e d i n t r u s i v e 
stock and s i l l s of 
andesite porphyry. 
V o l c a n i c b r e c c i a , t u f f , 
and l a v a . 
The l a t t e r r e s t s i n 
places upon conglomerate, 
sandstone, and shales 
c o n t a i n i n g a few t h i n 
seams of l i g n i t e c o a l . 

1000 

300 

Unconformity 
Post 
Lower 
Cretaceous 

Bendor 
quartz 
porphyry 

I n t r u s i v e b a t h o l i t h , 
cupola stocks and dykes 
of quartz d i o r l t e , 
g r a n o d i o r i t e , and quartz 
d i o r i t e porphyry. 

Me so 
z o i c 

Lower 
Cretaceous 

21dorado 
S e r i e s 

Interban&ed green sand
stone and grey to b l a c k 
a r g l l l i t e w i t h grey 
f e l s p a t h i c sandstone and 
coarse to f i n e conglomer
ate. Thin beds of c r y s t 
a l l i n e limestone and 
i n t e r f l o w s of andesite. 

15000 

Unconformity 
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Era P e r i o d Formation L i t h o l o g i c a l Character Thick
ness 

Upper 
J u r a s s i c 

A ugite-
d i o r i t e 
stock 

I n t r u s i v e stocks of 
a u g i t e - d i o r i t e , c o n t a i n i n g 
gold-quartz v e i n s . 

Meso 
z o i c 

Upper 
T r i a s s i c 

Cadwallader 
s e r i e s 

Conglomerate , calcareous 
conglomerate and sandstone, 
c r y s t a l l i n e limestone, 
and dolomites. A n d e s i t i c 
and b a s a l t i c i n t e r f l o w s 
(greenstone). 
Lenses of b l a c k f o s s i l i f -
erous limestone. 

21000 

Unconformity 
T r i a s s i c ( ? ) Red-weathering serpentine 

rocks ( v o l c a n i c b r e c c i a , 
porphyry, and dense rocks) 
(Shulaps v o l c a n i c s ) . 

2000 

Unconformity 

Paleo 
z o i c 

Pennsyl 
vanian-
Permian 

Bridge 
R i v e r 
s e r i e s 

M a i n l y contorted, t h i n -
bedded cherty q u a r t z i t e s 
separated by t h i n f i l m s of 
a r g l l l i t e s c h i s t , dark-
coloured a l t e r e d a r g i l l i t e s 
and c r y s t a l l i n e limestone 
lenses and arenaceous 
s c h i s t . Flows of b l a c k 
and green metabasalt. 
In the v i c i n i t y of 
i n t r u s i v e r o c k s , the rocks 
have been metamorphosed 
to quartz-mica s c h i s t , 
squeezed conglomerate and 
sandstone, p h y l l i t e , 
t a l c o s e , s e r i c i t i c , and 
c h l o r i t e s c h i s t s . 

9500 

^Fotal t h i c kness 30150 

Dolmage's Table of Formations appears on the f o l l o w i n g page. 
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Table of Formations (V. J . Dolmage) 
T e r t i a r y K e r s a n t i t e Dykes 

F e l s i t e Dykes 
(?) A l b i t i t e Soda g r a n i t e and a p l i t e 

Post Lower 
Cretaceous 

Coast Range 
B a t h o l i t h 

Quartz d i o r i t e , g r a n o d i o r i t e 
quartz porphyry dykes 

Post Lower 
Cretaceous 

Bridge R i v e r 
A u g i t e - d i o r i t e 

A u g i t e - d i o r i t e , d i o r i t e , 
q u a r t z - d i o r i t e , e t c • 

Cretaceous 
Sediments 

Eldorado Formation Sandstone, shale, conglomer
ate , and limestone 

Pre-Cretaceous 
Sediments and 
V o l c a n i c s 

Cadwallader 
Formation 

A r g i l l i t e s , greenstones, 
and serpentine. 

Pre-Cretaceous 
Sediments and 
V o l c a n i c s Bridge R i v e r 

Formation 
Q u a r t z i t e s, a r g i l l i t e s , 
greenstones, serpentine, 
and limestone. 

L o c a l geology 

The country rock i n the property i s mainly Bridge 
R i v e r s e r i e s , and c o n s i s t s of a l t e r e d sediments with interbeds 
of greenstone and serpentine. The c h i e f member of the s e d i 
mentary s e r i e s i s a blue-grey chert grading i n t o & cherty 
q u a r t z i t e , o f t e n much contorted. The beds are separated by 
t h i n bands of a r g l l l i t e . 

The greenstones are of e s p e c i a l i n t e r e s t since the 
Pioneer v e i n i s enclosed i n these rocks f o r over 2,000 f e e t . 
There seems l i t t l e doubt that they were formed from submarine 
l a v a f l o w s ; they c o n s i s t almost e n t i r e l y of dense bl a c k 
a l t e r e d b a s a l t s . Their general conformity i n a l t i t u d e w i t h 
the sediments, the presence of t h i n l a y e r s of interbedded 
a r g l l l i t e , and the almost i n v a r i a b l e presence of p i l l o w -
s t r u c t u r e , flow b r e c c i a and amygdules a l l l e n d proof of t h e i r 
v o l c a n i c o r i g i n . In c e r t a i n l o c a l i t i e s , these v o l c a n i c s are 
a l t e r e d to c h l o r i t i c s c h i s t s and serpentine. C a l c i t e occurs 
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I r r e g u l a r l y as v e i n l e t s i n the sheared mass. 

The minerals found i n the r e s u l t i n g metamorphosed 
rock are:- c a l c i t e , k a o l i n , c h l o r i t e , serpentine, z o i s i t e , 
s e r i c i t e , and i r o n oxides. 

Economic Geology 

Very l i t t l e has been w r i t t e n on the economic 
geology of the part of the area i n which the Minto Mine i s 
l o c a t e d . As f a r as can be as c e r t a i n e d , the deposits l i e i n 
shear zones i n the Bridge R i v e r s e r i e s . The m i n e r a l i z a t i o n , 
as determined by an examination of specimens from the mine 
by the w r i t e r , c o n s i s t s of quartz, p y r i t e , a r s e n o p y r i t e , 
s p h a l e r i t e , s t i b n i t e , t e t r a h e d r i t e ( ? ) , and c h a l c o p y r i t e . 
Reoorts from the mine s t a t e that galena i s present a l s o , but 
none was found i n the specimens examined. M a r i p o s i t e and 
c a l c i t e are found i n small f i s s u r e s i n the quartz. 

Assays conducted by Dr. H. V. Warren and Mr. Jack 
Cummings of the U n i v e r s i t y of B r i t i s h Columbia revealed that 
the gold occurs c h i e f l y i n the contacts between the sulphides, 
i n d i c a t i n g t h a t f r e e gold i s accumulated the r e , but none was 
found when p o l i s h e d specimens were examined under the micros
cope. The o y r i t e , a r s e n o p y r i t e , s p h a l e r i t e , and other sulphides 
a l s o carry gold i n smaller q u a n t i t i e s . 

The assay r e s u l t s of Dr. Warren and Mr. Cummings are as f o l l o w s . 
Samples +4 mesh 

-40 mesh 
0.66 ozs/ton 
1.16 ozs/ton 
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Table Concentrates - 1 0 +20 mesh 1. 4 #44 ozs/ton 
2. 2.84 ozs/ton 
3 . 1 . 3 2 ozs/ton 

Table Concentrates 

- 2 0 -MO mesh 4.48 ozs/ton 
Arsenopyrite With quartz 1.8 ozs/ton Arsenopyrite 

Pure 1 . 6 0 ozs/ton 
P y r i t e With quartz 2 . 5 0 ozs/ton P y r i t e 

Pure 3 . 5 0 ozs/ton 
S p h a l e r i t e Pure 1 . 2 0 ozs/ton 
S p h a l e r i t e and other sulphides 0 . 9 0 ozs/ton 

Sulphide contacts 2 8 . 6 0 ozs/ton 

The p y r i t e was not separated q u i t e c l e a n l y from 
the other sulphides which probably accounts f o r the high 
values obtained w i t h i t . 
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Megascopic Examination of the Specimens  
No, 2. Arsenopyrite, p y r i t e , s p h a l e r i t e and quartz and one 
mineral which could not be determined megascopically. The 
s o h a l e r i t e surrounds i r r e g u l a r masses of arsenopyrite and 
p y r i t e . 

No. 3» P y r i t e i n f r a c t u r e d quartz, with s t i b n i t e . The 
p y r i t e i s w e l l c r y s t a l l i z e d . 

M o . 4. Arsenopyrite and p y r i t e i n a gangue of quartz with 
m a r i p o s i t e ( ? ) . 

No. 5• W e l l - c r y s t a l l i z e d p y r i t e i n white and dark quartz. 
The quartz i s s l i g h t l y f r a c t u r e d . 

No. 6. A r s e n o p y r i t e , s p h a l e r i t e and o y r i t e i n zones i n 
f r a c t u r e d quartz. The s p h a l e r i t e l i e s i n contact w i t h , and 
probably surrounds, the a r s e n o p y r i t e . The p y r i t e occurs i n 
dark parts of the quartz. 

No. 8 . Bands of arsenopyrite and o y r i t e f a i r l y w e l l 
c r y s t a l l i z e d i n grey and white quartz. D i s t i n c t v e i n i n g of 
the me t a l l i e s by quartz i s i n evidence. 

No. 9. W e l l - c r y s t a l l i z e d a r s e n o p y r i t e , small q u a n t i t i e s of 
p y r i t e c r y s t a l s , and m a r i p o s i t e ( ? ) . The c r y s t a l s occur i n 
d e f i n i t e zones. 

No* 10. C r y s t a l s of p y r i t e i n v e i n m a t e r i a l with c a l c i t e 
and small v e i r l e t s of s p h a l e r i t e a l s o c a r r y i n g p y r i t e . 
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Mo, 11. S p h a l e r i t e i n quartz w i t h impregnations of some 
m e t a l l i c mineral or minerals not determined megascopically. 
One of the m e t a l l i c s i s probably s t i b n i t e . The s p h a l e r i t e 
shows d e f i n i t e cleavage faces. 

No. 12, D e f i n i t e zones of arsenopyrite and p y r i t e i n 
shattered quartz, Arsenopyrite and p y r i t e show c r y s t a l form 
i n some places. 

Remarks 

From the above i t i s seen that the predominant 
m e t a l l i c minerals are arsenop y r i t e and p y r i t e , while the 
important gangue mineral' i s quartz. 

S p h a l e r i t e occurs i n considerable q u a n t i t i e s i n some 
s e c t i o n s , but as the specimens^not marked, i t i s not p o s s i b l e 
to state what parts of the mine would be r i c h i n p y r i t e or 
what i t s exact a s s o c i a t i o n s are. 

P o l i s h e d s e c t i o n s of some specimens were not 
prepared as they were s i m i l a r to other specimens which 
appeared to show the r e l a t i o n s between the minerals more 
c l e a r l y . 

Specimen No. 8 proved of considerable i n t e r e s t , so 
that two p o l i s h e d s e c t i o n s of I t were made. 

The sect i o n s which proved the most i n t e r e s t i n g were 
Nos. 2, 5, 6, 8, 11, and 12, and drawings were made of them. 
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M i c r o s c o p i c Examination of the P o l i s h e d 
Sections 

No. 2. G-angue of quartz, w i t h s p h a l e r i t e e n c l o s i n g p a r t i c l e s 
of p y r i t e and a r s e n o p y r i t e . The p y r i t e and arsenopyrite are 
not w e l l - c r y s t a l l i z e d , though some semblance of c r y s t a l 
form i s observed. The s p h a l e r i t e i s massive and contains 
impregnations of c h a l c o n y r i t e . The s p h a l e r i t e i s disseminated 
through the quartz. C r y s t a l s of a r s e n o p y r i t e and p a r t i c l e s 
of p y r i t e are found i n the s p h a l e r i t e . ( F i g . 2) 

No. 3» Fractured c r y s t a l s of p y r i t e w i t h quartz, i n d i c a t i n g 
that the p y r i t e came i n f i r s t and was f r a c t u r e d by the 
quartz coming i n at a l a t e r time. The s t i b n i t e observed i n 
the hand specimen was not i n evidence i n the p o l i s h e d s e c t i o n . 
(Note. That the mineral i s s t i b n i t e was proved by blow-piping). 
A v e i n l e t of quartz cuts through the massive quartz gangue # 

i n d i c a t i n g two generations of quartz. The l a t e r generation 
contains no m e t a l l i c minerals. 

No. 4, This s e c t i o n shows c r y s t a l s of arsenopyrite with 
f r a c t u r e f i l l i n g s o^ quartz. No other m e t a l l i c minerals 
observed. 

No. 5 * Good p y r i t e c r y s t a l s i n quartz gangue. A v e i n l e t 
of u a r t z c u t t i n g the massive quartz and c a r r y i n g g r a i n s of 
p y r i t e i s present. The p y r i t e contains i n c l u s i o n s of 
s p h a l e r i t e and s t i b n i t e , which appear u n c r y s t a l l i z e d . 
S p h a l e r i t e i s a l s o found i n massive form i n the quartz. 
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The s p h a l e r i t e i n c l u s i o n s i n the p y r i t e and quartz co n t a i n 
i n c l u s i o n s of c h a l c o p y r i t e . ( F i g . 4) 

No. 6. S p h a l e r i t e i s the predominant mineral i n t h i s 
s e c t i o n . Arsenopyrite and p y r i t e are found i n contact v/ith 
the s p h a l e r i t e . C h a l c o p y r i t e appears i n the s p h a l e r i t e 
i n controlled i n c l u s i o n s . The gangue mineral i s quartz. 
( F i g . 3) ; 

No. 8a. Arsenopyrite and p y r i t e c r y s t a l s with f r a c t u r e 
f i l l i n g s quartz and i n c l u s i o n s of s p h a l e r i t e and s t i b n i t e , 
make up the greater part of t h i s s e c t i o n . S t i b n i t e a l s o 
appears as minute i n c l u s i o n s i n the quartz. A v e i n of 
f r a c t u r e d quartz appears i n t h i s s e c t i o n between arse n o p y r i t e 
on one side and arsenopyrite and s p h a l e r i t e on the other. 
An i n t e r e s t i n g feature i s shown i n F i g . 6, where massive 
quartz and f r a c t u r e d quartz, the l a t t e r c o n t a i n i n g a s i n g l e 
c r y s t a l of p y r i t e , cuts across the s p h a l e r i t e . ( F i g s . 1 & 6) 

No. 8b. The most i n t e r e s t i n g part of t h i s s e c t i o n i s shown 
i n F i g . 5, where a l a r g e piece of s t i b n i t e without c r y s t a l 
form i s found surrounded by p y r i t e and quartz. The s t i b n i t e 
i s apparently i s p l a t y form i n f r a c t u r e s i n the quartz. 
P a r t i c l e s of s t i b n i t e o f t e n disappeared while p o l i s h i n g 
a f t e r an etc h i n g t e s t , showing how t h i n the p a r t i c l e s were^' 
( F i g . 5) 

No. 1 0 . The most i n t e r e s t i n g f e a t u r e of t h i s s e c t i o n i s a 
s t r a g g l i n g v e i n l e t of quartz c o n t a i n i n g p y r i t e c r y s t a l s , 
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which cuts through a h i g h l y f r a c t u r e d f i e l d of quartz w i t h 
m a r i ? o s i t e ( ? ) f i l l i n g the cracks. 

Mo. 11. The minerals present i n t h i s s e c t i o n are s p h a l e r i t e , 
t e t r a h e d r i t e ( ? ) , s t i b n i t e , a r s e n o p y r i t e , and quartz. There 
i s an almost complete l a c k of c r y s t a l s t r u c t u r e . Arsenopyrite 
occurs as small c r y s t a l s i n the quartz. T e t r a h e d r i t e ( ? ) i s 
found as i n c l u s i o n s i n the s p h a l e r i t e , and s t i b n i t e as i n c 
l u s i o n s i n the t e t r a h e d r i t e ( ? ) . This s e c t i o n a l s o e x h i b i t s 
c l e a r g l a s s y quartz c u t t i n g massive white quartz. The 
former c a r r i e s no m e t a l l i c minerals. ( P i g s . 7 & 9) 

No. 12 • This s e c t i o n c o n s i s t s of a gangue of quartz which 
appears h i g h l y f r a c t u r e d , w i t h bands of c r y s t a l l i z e d p y r i t e 
and zones of arsenopyrite i n almost p a r a l l e l arrangement, 
i n d i c a t i n g that the rock was under considerable s t r e s s at 
some time. The arsenopyrite i s f r a c t u r e d , the f r a c t u r e 
f i l l i n g s being of quartz. ( P i g . 8) 

Remarks 

The mineral which i s assumed to be t e t r a h e d r i t e 
gave a d i s t i n c t t e s t f o r copper when a micrechemical t e s t was 
run on i t , though no confirmatory antimony t e s t was obtained. 
The e t c h i n g t e s t s gave a strong i n d i c a t i o n of t e t r a h e d r i t e , 
however. 
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Paragenesis 

Order of succession of the minerals 

1. P y r i t e and Arsenopyrite 
2. Quartz 
3. S p h a l e r i t e and Cha l c o p y r i t e 
4. T e t r a h e d r i t e ( ? ) 
5 . S t i b n i t e 
6 . Quartz 

Factors l e a d i n g to the above conclusions 

The a r s e n o p y r i t e and p y r i t e appear w e l l - c r y s t a l l i z e d 
i n many s e c t i o n s . 

Where the arsenopy r i t e and p y r i t e are f r a c t u r e d , the 
f r a c t u r e f i l l i n g i s quartz, showing that the quartz came i n 
a f t e r the two m e t a l l i c minerals. 

The s p h a l e r i t e and c h a l c o p y r i t e came i n l a t e r than 
the quartz as they are found c u t t i n g both i t and the p y r i t e . 
They are an example of "Unmixing". The s p h a l e r i t e , 
separating out at a high temperature must have contained 
i n s o l i d s o l u t i o n , i r o n and copper. As c o o l i n g too£ place, 
the copper and i r o n c r y s t a l l i z e d , and appear as c h a l c o p y r i t e , 
arranged s y s t e m a t i c a l l y along the cleavage planes of the 
c r y s t a l l i z i n g s p h a l e r i t e . This would account f o r the c o n t r o l 
of the s p h a l e r i t e over the c h a l c o o y r i t e as shown i n F i g . 3. 

The t e t r a h e d r i t e ( ? ) and s t i b n i t e came i n l a t e r than 
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the s p h a l e r i t e as they cut i t . There i s a very s l i g h t 
p o s s i b i l i t y that the t e t r a h e d r i t e ( ? ) i s a replacement of the 
s p h a l e r i t e , though no d e f i n i t e conclusions can be drawn from 
the r e l a t i o n of the minerals as shown i n the sect i o n s 
examined. 

In one s e c t i o n a piece of t e t r a h e d r i t e ( ? ) i s found 
completely surrounding a smaller g r a i n of s t i b n i t e . This i s 
the maia reason f o r p l a c i n g the s t i b n i t e a f t e r the t e t r a h e d r i t e 
r a t h e r than w i t h i t . 

The second generation of quartz i s assumed to come 
a f t e r the t e t r a h e d r i t e ' ? ) and s t i b n i t e as i t appears to cut 
completely across the sec t i o n s i n which i t i s observed 
r e g a r d l e s s of the minerals present. In only one case i s i t 
found to co n t a i n m e t a l l i c m inerals, so there i s a p o s s i b i l i t y 
that what was taken f o r a v e i n i n s e c t i o n 10 i s r e a l l y a 
wide f r a c t u r e c o n t a i n i n g p y r i t e c r y s t a l s . 

The Minto d e p o s i t s are probably o f th6 lowest 
temperature Mesothermal type. No d e f i n i t e conclusions can 
be reached u n t i l an examination of the m i n e r a l i z e d zones 
of the mine has been made. 


