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PROBLEM No.4. 
T O R B R I T S I L V E R M I N E , B . C . 

I INTRODUCTION 
L o c a t i o n : 

The T o r b r i t (Torlo) S i l v e r Mine i s located i n tbe 
Por t l a n d Canal area, B.C. (near southern end of Alaska 
Panhandle), about 17 miles uostream on K i t s a u l t R i v e r 
from A l i c e Arm. I t i s connected with A l i c e Arm by a 
road, and i s i n a steep-walled v a l l e y , at an e l e v a t i o n 
of s l i g h t l y over 1 0 0 0 f e e t . 

Map of B.C. North-West Coastal Area. 
S c a l e : 40 miles to 1 i n c h . 



-2-

H i s t o r y : 
S t a r t i n g about 1916 s l i v e r occurences were explored, 

I n d i c a t i n g two main zones of m i n e r a l i z a t i o n . In 1 9 2 4 the 
c o n s o l i d a t e d Homestake Mining and Development Company 
optioned the o r i g i n a l Toric claim and s t a r t e d to work 
on the lower zone, now c a l l e d l e v e l 1 1 5 0 . In 1 9 2 9 

B r i t a n n i a Mining and Smelting Co. acquired the mine. 
Due to low s i l v e r p r i c e s the mine was i n a c t i v e from 
1 9 3 0 to 1 9 4 9 . In 1 9 4 6 the Mining Corp. of Canada took 
over the mine and began production i n 1 9 4 9 . By 1 9 5 7 i t 
was the t h i r d l a r g e s t s i l v e r producer i n Canada, f o l l o w i n g 
United Keno and S u l l i v a n . I t was closed about a year ago. 

P r o d u c t i o n : 
The estimated average grade of ore t r e a t e d through 

1 9 4 9 - 1 9 5 7 p e r i o d was 1 7 . 2 oz. Ag and 0.42^ Pb per ton. 

By 1 9 5 8 ore m i l l e d was 135,892 tons. T o t a l concentrates 
produced amounted to 1,872 tons c o n t a i n i n g 1 , 0 9 0,846 oz. Ag 
and 1 ,506,849 lbs Pb. T o t a l b u l l i o n produced was 240,242 
f i n e ounces. 

The 420 ton m i l l c o n s i s t s of a crushing p l a n t , 
f l o t a t i o n c i r c u i t , and cyanidatlon c i r c u i t . 80 % of Ag 
i s covered as f l o t a t i o n concentrate, 20 % as b u l l i o n . 

The g o l d - s i l v e r r a t i o i s l e s s than 1 : 1 0 0 . This i s 
p e c u l i a r In t h i s respect that of ten s i l v e r producing 
mines In t h i s general area only T o r b r i t (and adjacent 
Do l l y Varden) has produced no gold. 

The production has ceased now, since the ore has been 
exhausted. The l a s t shipment out was i n October f\1950 



I I GEOLOGY 

General: 
The country rocks of Upper K i t s a u l t area belong to 

Hazelton group ( J u r a s s i c ? ) , and c o n s i s t of heterogeneous 
assemblage of v o l c a n i c b r e c c i a s , t u f f s , and flows with 
poorly defined sediments. They form a s y n c l i n e that 
s t r i k e s s l i g h t l y west of north and plunges 30° N. The 
sequence of Hazelton group i s as f o l l o w s : 

Upper Volc a n i c formation ( b r e c c i a s , t u f f s , some 
l o c a l graywaeke and shale) . 

Upper Sedimentary formation (shale, a r g i l l i t e , 
graywacke, t u f f ) . 

Lower Volc a n i c formation ( p r o p y l i t i z e d v o l c a n i c 
b r e c c i a t u f f and a n d e s i t e ) . 

Lower Sedimentary formation ( a r g i l l i t e s with 
interbedded scraywacke, some 
conglomerate!. 

This sequence has been intruded by f e l s p a r porphyry 
(Cretaceous ?) and l a t e r by a s e r i e s of andesite dikes 
( T e r t i a r y ?) 

The f e l s p a r porphyry has composition of rhyodacite, 
i t i s auto-brecciated and h i g h l y a l t e r e d and p y r i t i z e d . 
The a p h a n i t l c matrix i s completely a l t e r e d to s e r i c i t e , 
c h l o r i t e and carbonate. The locus of numerous copper 
occurences i s along the eastern margin of the f e l s p a r 
porphyry body, accompanied by superimposed c h l o r i t i z a t i o n 
("greenstone") . This m i n e r a l i z a t i o n i s cut by q u a r t z - b a r i t e 
v e i n s , and both are cut again by andesite d i k e s . 

This i n t r u s i o n was c o n t r o l l e d by the a x i a l plane of 
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the s y n c l i n e , and i t spread out i n a s i l l - l i k e body 
between the lower v o l c a n i c s and o v e r l y i n g sediments. 
A zone of weakness near the a x i a l plane of s y n c l i n e 
probably gave ingress to the f e l s p a r porphyry. 

Geology of the mine: 
The mine l i e s e n t i r e l y i n the Lower Volcanic f o r 

mation near the m a j o r , s y n c l i n a l a x i s . The most common 
rock type i s a s l i g h t l y s c h i s t o s e greenstone. The o r i g i n a l 
t e x t u r e and the bedded or i n t r u s i v e s t r u c t u r e s have 
gene r a l l y been o b l i t e r a t e d by shearing or crushing 
and a l t e r a t i o n . 

Only the lower of the two known zones of m i n e r a l i 
z a t i o n has been explored and developed. I t c o n s i s t s of one 
l a r g e and s e v e r a l small replacement d e p o s i t s , c o n s i s t i n g 
mainly of hematite, b a r i t e , qua,rtz, jasper and carbonates 
and small amounts of incompletely replaced greenstone. 
I t a l s o includes small proportions of p y r i t e and galena 
and other m e t a l l i c (Ag, Gu, Zn) minerals. Most of the 
m i n e r a l i z e d part c o n s i s t of narrow c r u s t i f o r m bands, i n 
which the p r o p o r t i o n of minerals d i f f e r s from adjacent 
bands. In some b a r i t e c r y s t a l s are o r i e n t e d across the 
band, i n others p a r a l l e l or nearly so. The growth of 
minerals was probably r e l a t e d to f r a c t u r e s , p o s s i b l y 
shears, along which the s o l u t i o n s c i r c u l a t e d . 

P a r t s of the deposit i n which the s i l v e r content i s 
of economic importance c o n s t i t u t e the ore shoots. The 
p r i n c i p a l d i f f e r e n c e i s the concentration of s i l v e r , 
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otherwise there i s not much change. The m i n e r a l i z a t i o n 
i n the core from the deepest d r i l l h o l e i s s i m i l a r i n 
appearance to that from near the s u r f a c e . 

The ore has been a f f e c t e d by minor f a u l t i n g and 
has been cut by numerous andesite d i k e s . 

I l l MINERALOGY 
O r i g i n a l samples co n s i s t e d of two sets of numerous 

la r g e chunks of ore mixed with gangue (mostly b a r i t e ) . 
These were broken up and the pieces c o n t a i n i n g more 
ore were s e l e c t e d and then c u t . Of these cuts 5 f u r t h e r 
specimens were s e l e c t e d and mounted and then p o l i s h e d . 
A number of remaining smaller specimens were a l s o 
p o l i s h e d , to be studied under the microscope. Nowhere i n 
these specimens was massive m i n e r a l i z a t i o n encountered; 
the amount of gangue exceeds many times the amount of 
m e t a l l i c minerals, even.in the most c a r e f u l l y chosen 
po l i s h e d s e c t i o n s . 

Megascopic: 
The c r u s t i f o r r a banding of some specimens i s most 

s t r i k i n g , and a l s o the general abundance of b a r i t e . 
Color i s usually l i g h t gray, except i n more m i n e r a l i z e d 
p a r t s . Ore seems to lay i n t h i n l a y e r s along bands, 
generally . 

In other specimens, however, f r a c t u r i n g has taken 
p l a c e . Ore minerals, e s p e c i a l l y ruby s i l v e r , can be found 
In these c r o s s - c u t t i n g f r a c t u r e s . 



-6-

Gangue minerals are b a r i t e , c a l c l t e , quartz and 
c h l o r i t e (in un-replaced greenstone) 

Ore minerals recognizable by eye are: r a t h e r massive 
p y r i t e , i n c r u s t i f o r m bands on gangue; galena, often 
disseminated as smaller grains i n the gangue; ruby s i l v e r 
( p y r a r g y r i t e ) i n minute f r a c t u r e s c r o s s - c u t t i n g the gangue. 

Ore minerals and t h e i r percentages: 
Ore minerals are f o l l o w i n g Ag-Pb-Cu-Fe s u l f i d e s and 

s u l f o s a l t s (percentage v a r i e s considerably from specimen 
to specimen) : 

P y r i t e 30-40$ 
Galena 40 - 5 0 $ 

Tetrahedrite .. 10 - 1 5 $ 

"Ruby s i l v e r s 1 1 . . 6 - 8 $ 

p y r a r g y r i t e ... 5 - 6 $ 

stephanite .... le s s than 1$ 

unknown 1 - 2 $ 

C h a l c o p y r i t e ( ? ) ... traces 

M i c r o s c o p i c : 
P y r i t e ( F e S 2 ) : 

P o l i s h poor; cannot be scratched. Usually i n l a r g e r , 
w e l l developed, but often deeply corroded cubic c r y s t a l s . 
I s o t r o p i c , nonpleochroic. Often surrounded by galena; 
other times f r a c t u r e d , with galena (and other minerals) 
f i l l i n g f r a c t u r e s . Seems to be the e a r l i e s t m e t a l l i c 
m i n e r a l . 



Galena (PbS): 
P o l i s h f a i r ; c o l o r galena-white, hardness B; s e c t i l e . 

Texture: surface mottled and p i t t e d i n most specimens, 
I n d i c a t i n g cleavage; c a r i e s , ( i n other specimens, however, 
have massive l o o k i n g galena). Seems to cut some quartz 
g r a i n s . Non-pleochroic; i s o t r o p i c ; no twinning. A s s o c i a t i o n s : 
p y r i t e , "ruby s i l v e r s " , t e t r a h e d r i t e . 

Etch t e s t s : HgCl2> K.OH and KCN negative. HC1, F e C l 5 

and HNO^ p o s i t i v e , with i r i d e s c e n c e and black c o a t i n g . 
Seems to replace p y r i t e , and gangue along very i r r e g u l a r 

f r a c t u r e s , and i n c e r t a i n l a y e r s i n c r u s t i f o r m bands. 
Shows mutual boundaries with s t e p h a n l t e . 

T e t r a he d r i t e (5Cu 2S-2(Cu,Fe)S.2Sb 23 3): 
P o l i s h poor; c o l o r d u l l grey, hardness B+. Texture massive, 

mottled surface, c a r i e s . I s o t r o p i c ; non-pleochroic; 
no twinning; no cleavage. 

A s s o c i a t i o n s : p y r i t e , galena, "ruby s i l v e r s " . 
Etch t e s t s : A l l reagents negative; only Aqua Regia 

shows s l i g h t brownish s t a i n i n g . Seems to replace galena 
and p y r i t e , with embayments i n t o galena. 

P y r a r g y r i t e (3AgS •Sb2 s3) • 
P o l i s h e x c e l l e n t ; c o l o r b l u i s h gray; hardness B; 

streak reddish-brown. Texture massive. S l i g h t l y aniso
t r o p i c ; nonpleochroic. Texture under crossed n i c o l s 
massive. No twinning; no cleavage. Very strong ruby red 
i n t e r n a l r e f l e c t i o n . 
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Etch t e s t s : HgCl negative ( ? ) . KOH tarn i s h e s and 
brings out s t r i a t i o n s , surface turns brown. KQN etches. 
HC1 and FeCl-5 negative. HNOj etches s l i g h t l y , with blue 
s t a i n . 

Has mutual boundaries with other "ruby s i l v e r s ' 1 and 
sometimes a l s o with galena. F i l l s minute cracks cross-
c u t t i n g the gangue. Probably replaces galena, but not 
to a great extent. 

Steohanite (5Ag2S•Sb2S3): 
P o l i s h e x c e l l e n t ; c o l o r l i g h t (greenish) grey; 

I hardness G. Texture massive. Nonpleochroic. A n i s o t r o p i c : 
dark grey to creamy grey. Texture under crossed n i c o l s massive. 
No twinning, no cleavage. No i n t e r n a l r e f l e c t i o n seen. 

A s s o c i a t i o n s : galena, other f ,ruby s i l v e r s " , t e t r a 
h e d r i t e , p y r i t e . 

Etch t e s t s : HgCl s t a i n s l i g h t brown; turns p u r p l e . 
KOH s t a i n s dark brown (to b l a c k ) , brings out s t r i a t i o n s . 
HC1, FeCl-j and HNO3 t e s t s seemed to be negative; but 
the r e s u l t s are i n d e f i n i t e and doub t f u l because of the 
strong r e a c t i o n with c a l c i t e ( e f f e r v e s c e n c e ) . 

No confirmatory microchemical t e s t s were c a r r i e d 
out since only minute grains of mineral were seen. 

I t may be p o s s i b l e that t h i s mineral Is not stephanlte, 
but some other "ruby s i l v e r " . Probably X-ray patterns 
are needed to confirm t h i s m i n e r a l . 

I t was observed to have mutual boundaries r e l a t i o n 
ship with galena, (see Fig.4) 



Unknown t fruby s i l v e r " (?) : 
P o l i s h e x c e l l e n t ; c o l o r ( p i n k i s h ) white; hardness B(+). 

Texture massive. Nonpleochroic ( ? ) • A n i s o t r o p i c : l i g h t e r 
and darker p i n k i s h c o l o r s (stronger than p y r a r g y r i t e ) . 
Texture under crossed n i c o l s massive. No twinning. No 
I n t e r n a l r e f l e c t i o n seen. No cleavage. 

A s s o c i a t i o n s : P y r a r g y r i t e , stephanite, galena, t e t r a 

h e d r i t e , p y r i t e . 

Etch t e s t s : H g C l 2 negative; KOH n e g a t i v e ^ ) , very 
s l i g h t p i t t i n g . KGN negative. HC1 i n d e f i n i t e , s l i g h t 
e t ching of s t r i a t i o n s . FeCl-j probably p o s i t i v e , grey 
c o a t i n g . HHO^ i n d e f i n i t e , some p i t t i n g ( ? ) . N.B. - Test 
with HG1, FeCl-j and. HNO3 are a l l of doubtful v a l i d i t y , 
due to strong r e a c t i o n of reagents with c a l c i t e ( e f f e r 
vescence) . 

This mineral shows mutual boundaries with p y r a r g y r i t e , 
i n which i t i s seen as small blebs (only i n some specimens). 

Since t h i s mineral was present i n very small 
q u a n t i t i e s , and since the etch t e s t s were p a r t l y masked 
by r e a c t i o n s with c a l c i t e , i t could not be i d e n t i f i e d , 
d e f i n i t e l y . However, a f t e r s e v e r a l checks I t could be 
assumed with some c e r t a i n l y that t h i s mineral i s another 
"ruby s i l v e r " , probably e i t h e r m l a r g y r l t g (Ag 23*Sb2 s3) 
or f r e i e s l e b e n i t e .. (2AgpS QPbS .2Sb2S;Q . ( F i r s t mineral 
i s commonly associated with p y r a r g y r i t e , while the 
second one i s a r a r e r m i n e r a l ; however, f r e i e s l e b e n i t e 
f i t s the d e s c r i p t i o n more c l o s e l y than m l a r g y r l t e ) • 
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Otber p o s s i b i l i t i e s : c o s a l i t e , a l k i n i t e , galenobismuthite, 
- a l l Bismuth s u l f o s a l t s of Pb, Ag or Cu. 

A X-ray p a t t e r n would probably i d e n t i f y t h i s m i n e r a l . 

This mineral was only seen as very minute w e l l 
p o l i s h e d yellow specks under high power of microscope 
and was i n f e r r e d to be c h a l c o p y r i t e . No t e s t s were made. 

Other minerals, i n minor amounts, were reported i n 
the l i t e r a t u r e of the mine, such as magnetite, a r g e n t i t e 
s o h a l e r l t e and native Ag. These, however, were not seen 
i n the specimens involved i n t h i s study, 

I n t e r p r e t a t i o n of t e x t u r e s : 
Crustiform banding of gangue and some ore minerals i s 

i n d i c a t i v e of open space or f i s s u r e f i l l i n g . The host i s 
the v o l c a n i c rock, that has been s e r i c i t i z e d and p r o p y l l -
t i z e d . P a r t s of the vein are f r a c t u r e d and b r e c c l a t e d . 
There were probably s e v e r a l a l t e r n a t i n g periods of 
de p o s i t i o n and f r a c t u r i n g . In such a deposit same 
minerals may be e a s i l y deposited at d i f f e r e n t times at 
d i f f e r e n t p l a c e s . Quartz and b a r i t e were deposited f i r s t , 
with carbonates f o l l o w i n g (see F i g . l ) . 

Since samples contain galena of two d i f f e r e n t appear
ances (see under galena), i t appears that the small 
grained o i t t e d v a r i e t y , e n c l o s i n g grains of p y r i t e , 

C h a l c o p y r i t e (CuFeS 2)(??): 

IV PARAGENESIS 
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was deposited before the carbonates. This would a l s o mean 
that at l e a s t part of the p y r i t e was deposited even e a r l i e j 
Since p y r i t e has a very wide temperature range of 
d e p o s i t i o n , i t could have deposited throughout the 
e n t i r e p e r i o d of m i n e r a l i z a t i o n . In general, galena 
replaces p y r i t e (see F i g . 5 & 6) . 

The l a t e r minerals ( i n c l u d i n g some galena) lack 
any s i g n i f i c a n t t e x t u r e s , except mutual boundaries, 
which i n d i c a t e s that they were deposited more or l e s s 
simultaneously. This seems to be e s p e c i a l l y the case 
with galena and stephanita, which occur together and show 
s t r a i g h t l i n e mutual boundaries (see F i g . 4 ) . 

T e t r a h e d r i t e replaces galena, as shown by c a r i e s 
texture . 

P y r a r g i i M t e (which occurs together with the unknown 
mineral as unmixing product) i s the l a s t mineral to be 
deposited i n these specimens. I t occupies f r a c t u r e s , 
and i s of ten. seen i n contact with sralena (see Fist. 3 & 5) . 

Paragenetic sequence: 
1. Quartz and b a r i t e deposited as c r u s t i f o r m bands. 
2. Some p y r i t e and galena deposited on quartz and b a r i t e . 
3. Several f r a c t u r i n g s , a l t e r n a t i n g with carbonate 

d e p o s i t i o n . (Also some quartz as separate c r y s t a l s ) 
4 . Most of the p y r i t e deposited, p o s s i b l y with some 

f u r t h e r f r a c t u r i n g . 
5. Pb-Ag-Cu-Fe ore minerals deposited, almost s i m u l t 

aneously, as shown by f o l l o w i n g diagram: 



T e t r a h e d r i t e 

Stephanite 

P y r a r g y r i t e 

Unknown 

Further r e l a t i o n s h i p s are i n d i c a t e d by the f o l l o w i n g 
Vandeveer diagram: 

Type of d e p o s i t : 
The T o r b r i t orebody i s c l e a r l y of hydrothermal 

type, deposited from c i r c u l a t i n g metal-bearing s o l u t i o n s . 
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The s t r u c t u r e must have been f a i r l y open; t h i s and 
the assemblage of Ag-Pb s u l f i d e s and s u l f o s a l t s I n d i 
cates mesothermal s e t t i n g . However, the c r u s t i f o r m banding 
and the presence of carbonates i n d i c a t e s epithermal 
d e p o s i t s . P y r a r g y r i t e i s us u a l l y deposited at about 250°C. 

Therefore the deposit was formed approximately 
between intermediate (mesothermal) and low (epithermal) 
temperature ranges, from 500°C to about 200°G or a l i t t l e 
l e s s . A c c o r d i n g l y , the pressures were als o low to moderate, 
which means that the depth of formation was moderate, 
probably l e s s than 2 m i l e s . 

The orebody i s l a t e r than the f e l s p a r porphyry 
I n t r u s i o n and probably r e l a t e d to i t as a l a t e r stage. 
Both, the i n t r u s i o n and the m i n e r a l i z a t i o n , may, i n turn , 
be r e l a t e d to Coast Range i n t r u s i o n ( b a t h o l i t h ) , as a 
l a s t stage. In t h i s respect the orebody would be s i m i l a r 
t o many others i n the western part of North America. 

.oOo. 



C r u s t i f o r m b a n d i n g i n d i c a t e s open 
space d e p o s i t i o n of gangue m i n e r a l s . 
Q u a r t z , b a r i t e and c a l c i t e are 
d e p o s i t e d , r e p e a t e d l y , i n t h i s o r d e r . 

t e r m i n a t e d c r y s t a l s , on 
g r a i n e d g a l e n a , mixed w i t h 
d e p o s i t e d . A l a t e r gangue 

f i l l e d f r a c t u r e c u t s a c r o s s the 
s t r u c t u r e . Q uartz c o n f a i n s a m i n e r a 
l i z e d zone ( p y r i t e ? ) . 

Q u artz has 
w h i ch f i n e 
b a r i t e , i s 

A d i s p l a c e d v e i n l e t of p y r a r g y r i t e 
c u t t i n g a c r o s s a c r u s t i f o r m band of 
gangue. G-alena f i l l i n g f r a c t u r e s 
and errain b o u n d a r i e s i n c a l c i t e . 

P y r a r g y r i t e and unknown m i n e r a l 
showing mutual b o u n d a r i e s , i n d i c a t i v e 
of s i m u l t a n e o u s d e p o s i t i o n . The un
known m i n e r a l was p r o b a b l y e x s o l v e d 
from the more abundant p y r a r g y r i t e 
h o s t . 

Flo;.3 230 x 



G-alena and s t e p h a n i t e showing mutual 
b o u n d a r i e s , i n d i c a t i n g s i m u l t a n e o u s 
d e p o s i t i o n . Thi3 i s p r o b a b l y a l a t e r 
scalena. 

230 x 

P y r a r g y r i t e and gal e n a showing 
mutual b o u n d a r i e s i n d i c a t i n g almost 
s i m u l t a n e o u s d e p o s i t i o n , ( i n p l a c e s 
see s u g g e s t i o n of c a r i e s t e x t u r e , w i t h 
embayments concave toward p y r a r g y r i t e , 
which i n d i c a t e s t h a t p y r a r g y r i t e may be 
somewhat l a t e r m i n e r a l . ) G-alena i s 
s u r r o u n d i n g and r e p l a c i n g h i g h l y c o r r o d e d 
p y r i t e c r y s t a l s . 
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