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SILVER MINERALIZATION AT THE DOLLY VARDEN MINE. 

The D o l l y Varden Mine i s s i t u a t e d i n the K i t s a u l t 
R i v e r v a l l e y , eighteen miles from the head of A l i c e Arm, 
i n the Naas R i v e r mining d i v i s i o n of B r i t i s h Columbia. 
During the years 1919-21, i t was operated by the Taylor 
Engineering Co L t d . , Who produced 1 , 3 0 0 , 0 0 0 oz. of s i l ­
ver from about 3 6 , 0 0 0 tons of ore. The ore was t r a n s ­
ported by narrow gauge railway to A l i c e Arm, and shipped 
to Anyox smelter f o r treatment. During recent y e a r s , 
a small quantity of h i g h grade ore has been e x t r a c t e d 
by l e a s e r s and shipped tp the Tacoma smelter. 

The mine presents an i n t e r e s t i n g example of 
bonanza type of ore d e p o s i t , combined w i t h some super-
gene enrichment. 
General Geology. 

The mine i s lo c a t e d near the south end of the 
" K i t s a u l t Igneous Body". The l a t t e r i s composed of 
a.group of e x t r u s i v e and fragmental igneous rocks, 
which are surrounded by sedimentary r o c k s , p r i n c i p a l l y 
a r g i l l i t e s , of the Bear R i v e r s e r i e s . The K i t s a u l t 
igneous body i s about Sight miles long and one mile 
wide; i t runs almost north and south and has i t 1 s 
a x i s s l i g h t l y to the west of the K i t s a u l t R i v e r . The 
Bear R i v e r s e r i e s has been c o r r e l a t e d , w i t h the Hazle-
ton s e r i e s of Lower J u r a s s i c age. At a d i s t a n c e of 
f i v e m iles to the west i s the contact of the Coast 
Range b a t h o l i t h w i t h the o v e r l y i n g sediments. The 

# Hansen, Can. Geol, Survey. Mem. #|75" 
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immediate r e l a t i o n of the "batholith to the ore deposits 
of the K i t s a u l t area i s obscure, since there are no out­
crops of p l u t o n i c rocks i n the v a l l e y . 

The ore de^posit i s a v e i n , which f o l l o w s a 
f a u l t f r a c t u r e i n t u f f . I n the productive p a r t of i t 1 s 
l e n g t h , the v e i n f o l l o w s a contact between red-purple 
t u f f and green t u f f : i n other p l a c e s i t i s wholly i n 
the green t u f f . Diabase d i k e s cut the v e i n i n a num­
ber of p l a c e s . 
S t r u c t u r a l Geology. 

The v e i n i s a replacement of the green rocks 
which form the f o o t w a l l of the f r a c t u r e : i t i s up 
to 25 f e e t wide, has an average s t r i k e of N 55E , and 
a dip to the north west of between 4-5 and 60 degrees. 
The topography a t the mine i s f a i r l y steep h i l l s i d e 
w i th l o n g i t u d i n a l g u l l i e s , f o l l o w i n g f a u l t outcrops. 
Selow the main l e v e l p o r t a l , the h i l l s i d e f a l l s away 
very steeply to the K i t s a u l t R i v e r , 7 0 0 f e e t below. 

F a u l t i n g i s a conspicuous f e a t u r e of the dev­
eloped p o r t i o n of the v e i n . The s t r u c t u r a l f e a t u r e s 
may be roughly d i v i d e d i n t o four separate groups. 

(1) F a u l t i n g i n the plane of the v e i n along 
the hanging w a l l . This was probably a c o n t i n u a t i o n 
of the f a u l t i n g which ' f i r s t a f f o r d e d a passage f o r 
hydrothermal s o l u t i o n s , and may be r e s p o n s i b l e f o r l a t ­
er hypogene d e p o s i t i o n . 

( 2 ) . A s e r i e s of reverse f a u l t s having very 
l i t t l e v e r t i c a l displacement. These s t r i k e approx­
imately north and south and have displacements up to 



1 3 0 f e e t . They d i v i d e the v e i n up i n t o a number of 
short segments.(See F i g 1 ) 

( 3 ) F r a c t u r i n g and i n t r u s i o n of diabase d i k e s . 
One dyke^only ,1s important as i t i s u s e f u l as a plane 
of reference: i t i s 10 to 16 f e e t wide. Other dykes 
are s m a l l • 

(4) A normal f a u l t , the 2 0 5 f a u l t (see f i g . 
1 and 2 ), cuts a l l the e a r l i e r f a u l t s and the dyke. 
I t a f f o r d s a channel f o r f r e e c i r c u l a t i o n of meteoric 
water. 

F i g . 1 i s a p l a n of the v e i n segments a t d i f f ­
erent e l e v a t i o n s . F i g . 2 i s a p r o j e c t i o n on a v e r t i c ­
a l plane of the va r i o u s segments. The only f a u l t 
which, on the drawing, shows v e r t i c a l movement, i s the 
2 0 5 f a u l t • This appears d i s p l a c e d by the e a r l i e r 
f a u l t s , when the v e i n i s drawn i n the u n f a u l t e d pos­
i t i o n . 

Economic G-eoIogy. 
The values i n the v e i n were found to decrease 

r a p i d l y w i t h depth. Commercial ore appears to bottom 
a short d i s t a n c e below 400 l e v e l . Three types of com­
mercial ore were found: 

( 1 ) Native s i l v e r i n v e i n l e t s and masses., was 
found close to the surface and near the 2 0 5 f a u l t . 

( 2 ) Black q u a r t z , w i t h no s i l v e r minerals 
v i s i b l e to the naked eye, occurred near the hanging 
w a l l throughout the mine. 

( 3 ) White qua r t z , w i t h f i n e m i n e r a l i z a t i o n of 
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ruby s i l v e r , was mined, mainly from the east end of 
'the ore shoot. 

R e f e r r i n g to f i g . 2, the f o l l o w i n g was the 
tonnage and grade of ore mined during the year 1920 
from the v a r i o u s stopes. 

SUmmary of Ore Shipments, 1 9 2 0 . 

Stope Tons. Average Assay• 
2 5 2 3 5 8 23.2 oz. 
3 5 1 5 7 0 7 16.4 
452A 3 7 4 7 27.4 
452B 8 2 9 3 6 . 0 
4 5 3 2 5 5 3 7 . 9 
4 5 4 3 1 4 1 2 . 6 
4 5 5 A 2 5 1 6 2 6 . 4 
4 5 5 B 1 9 6 1 1 7 . 6 
4 5 5 C 4 3 3 3 6 . 7 
4 5 6 6 9 0 2 9 . 5 

4 5 7 5 7 0 / 2 5 . 5 

Figures f o r #1 Glory Hole " ? ( 1 5 1 stope) are only a v a i l ­
able f o r one month (Sept.) when 3 3 0 tons averaging 5 5 

oz. were shipped. The above f i g u r e s do not i n c l u d e 
high-grade, which was sacked and shipped separately 
to Tacoma: sacked ore r a n 5 0 0 oz or b e t t e r . 

The m e t a l l i c minerals present i n the v e i n are 
P y r i t e , S h a l c o p y r i t e , T e t r a h e d r i t e , Galena, A r g e n t i t e , 
P y r a r g y r i t e , S p h a l e r i t e and Native S i l v e r . The 
gangue mineral was mainly quartz, w i t h small amounts of 
B a r i t e , G a l c i t e and Jasper. 

The o r i g i n of the ore was a debated p o i n t during 
the time that the mine was under development and oper­
a t i o n . I t was then considered that the h i g h grade 
s i l v e r minerals were due to supergene enrichment of 
low grade a r g e n t i f e r o u s galena and t e t r a h e d r i t e p r o t o r e . 

Hanson G. CI.M.M. Trans. V o l . 2 5 p. 212-224. 1 9 2 2 



Study of p o l i s h e d s e c t i o n s of ore under the modern met-
a l l o g r a p h i c microscope, w i t h a technique much improved 
since that time, shows supergene enrichment^superfic­
i a l l y imposed upon a high grade primary m i n e r a l i z a t i o n 
of a low temperature type. 
Hypogene M i n e r a l l z a t i o n . 

The f o l l o w i n g M i n e r a l s are considered to he of 
hypogene o r i g i n : 

M e t a l l i c M i n e r a l s . Gangue M i n e r a l s . 

# May p o s s i b l y be supergene i n some cases. 
The mode of occurrence and probable o r i g i n of these 
minerals i s t r e a t e d i n d i v i d u a l l y below. 

P y r i t e occurs abundantly throughout the v e i n . 
I t was probably the e a r l i e s t of the m e t a l l i c minerals 
and i n low grade p o r t i o n s of the v e i n i s almost the 
only mineral present, other than q u a r t z . Thesis very 
l i t t l e s i l v e r a s s o c i a t e d w i t h the p y r i t e as determined 
by assay of picked m i n e r a l . I n a l a r g e p o r t i o n of the 
stoped area, a band of massive f i n e grained p y r i t e , up 
to 10 f e e t t h i c k and bar r e n of s i l v e r , occurs on the 
f o o t w a l l at a dist a n c e of 1 5 - 2 0 f e e t from the hanging 
w a l l . To what extent p y r i t e has been replaced by 
l a t e r minerals i s not evident i n the sections studied; 
i t i s probable that some replacement of p y r i t e by arg-
e n t i t e and ruby s i l v e r has occurred e s p e c i a l l y i n the 

P y r i t e 
S p h a l e r i t e 
T e t r a h e d r i t e 
Galena 
Ghalcopyrite 
A r g e n t i t e # 
P y r a r g y r i t e § 

Quartz 
B a r i t e 
C a l c i t e 
Jasper 
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part of the v e i n about 10 f e e t from the hanging w a l l , 
where s i l v e r minerals are p a r t i c u l a r l y p l e n t i f u l . 
Newhouse says," Study i n d i c a t e s t h a t replacement of 
one sulphide by a l a t e r one plays a considerable part 
i n massive sulphide ore bodies. I n f a c t , successive 
p a r t i a l replacement of e a r l i e r sulphides by l a t e r ones 
seems to be the r u l e . . . . . . . . . I t i s a l s o true t h a t , as 
replacement proceeds, i t destroys i t s own f o o t p r i n t s , 
and so i t i s only on i t s f r o n t i e r that evidence i s 
found." Some evidence of p o s s i b l e replacement of pyr­
i t e w i l l be described below. 

A r g e n t l t e i s an important hypogene source of 
s i l v e r ; i t occurs i n three ways: 

( l ) As an i n t e r s t i t i a l m i n e r a l , f i l l i n g the 
spaces 
spaces between gr a i n s of b r e c c i a t e d quartz. F i g . 3 

xeo 

F i g . 3 A r g e n t i t e grains i n b r e c c i a t e d quartz 
TfcSm s e c t i o n 

i s a t h i n s e c t i o n of quartz w i t h a r g e n t i t e showing as 

^Newhouse W.H."The Micros c o p i c c r i t e r i a of Replacement 
i n the Opaque Ore M i n e r a l s " . Fairbanks. 
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i r r e g u l a r dark patches. This gives the ore a char­
a c t e r i s t i c b l u e i s h black c o l o r . With a view to com­
paring the s i l v e r content of the b l a c k quartz at d i f ­
ferent l e v e l s , two samples were s e l e c t e d , one from im­
mediately beneath the outcrop, and the other from 4 5 2 A 

stope,' 100 feet below. There i s no d i r e c t v e i n con­
t i n u i t y between these two p l a c e s , since the v e i n i s 
d i s p l a c e d between them by a f l a t f a u l t having an o f f s e t 
of 40 f e e t or more. The two specimens appeared iden­
t i c a l to the naked eye, except that there were some 
areas of supergene native s i l v e r i n the specimen from 
the h i g h e r e l e v a t i o n . The m a t e r i a l was crushed and 
picked, under the low power.binoculars, as f r e e as pos­
s i b l e of minerals other than black q u a r t z . Assay v a l ­
ues are as f o l l o w s : 

Black quartz from 2 5 2 stope, e l . 1809 S"7«.«oz/ton 
" 452A M el.1693 Z<5£> IS 

A l l o w i n g f o r contamSjnatlonn of the upper sample by 
secondary native s i l v e r , these f i g u r e s show about the 
d i m i n u t i o n of values to be expected i n the low tem­
perature type of d e p o s i t . Microchemical t e s t s on 
t h i s m a t e r i a l showed i r o n and s i l v e r present but 
f a i l e d to i n d i c a t e a r s e n i c or antimony or copper: 
thus i t would appear that there i s no stephanite, 
p o l y b a s i t e , p e a r c i t e or t e t r a h e d r i t e a s s o c i a t e d w i t h 
tha a r g e n t i t e I n the black quartz. 

( 2 ) A r g e n t i t e a l s o occurs i n v e i n l e t s , assoc­

i a t e d w i t h t e t r a h e d r i t e and p y r a r g y r i t e . The f a c t that 

t h i s type of occurrence i s more common i n the upper part 

of the v e i n c e r t a i n l y suggests secondary o r i g i n , but 
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i n t e r m i r i e r a l r e l a t i o n s h i p s and other f a c t o r s , to be des­
cr i b e d below, appear to disprove 'this contention. Im­
mediately below the o x i d i z e d capping, the a r g e n t i t e 
has been a l t e r e d to native s i l v e r . F i g 4 I s a v e i n -
l e t of a r g e n t i t e w i t h spots of native s i l v e r round 
the edges, 

x 30 

F i g 4. A r g e n t i t e (A) w i t h native 
s i l v e r (Ag.T. 

(3) A f u r t h e r mode of occurrence of a r g e n t i t e 
i s as a f i l l i n g of vugs, a s s o c i a t e d w i t h c a l c i t e and 
b a r i t e . The minerals u s u a l l y have c r y s t a l faces and 
i n many cases have not f i l l e d the vug completely. 

I t would seem that there were two d i f f e r e n t 
periods of a r g e n t i t e d e p o s i t i o n . The f i r s t was when 
the black quartz was formed and the second when the 
ve i n l e t s , w h i c h cut acrtoss the black q u a r t z , were f i l l e d 
The vug f i l l i n g may have been connected w i t h e i t h e r of 
these p e r i o d s . 

A r g e n t i t e has an i n v e r s i o n point at a temper-
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ature of about 175 degrees Cent ( 1 7 5 , Bowen: 179,Sch -
neiderhohn:)• At t h i s temperature,it i n v e r t s to a 
lower degree of symmetryand becomes a n i s o t r o p i c . A l l 
a r g e n t i t e specimens examined proved to be i s o t r o p i c . 
This f a c t , w h i l e perhaps not c o n c l u s i v e , suggests a 
temperature of formation corresponding to epithermal 
type of d e p o s i t , r a t h e r than to enrichment by supergene 
s o l u t i o n s . 

T e t r a h e d r i t e i s not common but occurs i n v e i n -
l e t s and i n i r r e g u l a r patches. I n v e i n l e t s , i t seems 

x s o 

F i g . 5 T e t r a h e d r i t e (U) and A r g e n t i t e (A) i n 
v e i h l e t . 

to be contemporaneous w i t h galena, and overla p p i n g , 

but i n general l a t e r than a r g e n t i t e . ( F i g 5 ) • When 

oc c u r r i n g as i r r e g u l a r patches, i t appears to be sim-
in o c c u r r e n c e 

i l a r . to the a r g e n t i t e i n the black q u a r t z , except 
that i t has a d i f f e r e n t appearance i n hand specimens. 

Bowen N.L. "G-eologic Thermometry". Fairbanks. 
Schneiderhohn H. Amer.Mineral. V o l 1 2 1 9 2 7 . 
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F i g . 6 i s a specimen of i r r e g u l a r patches of tetrahed­
r i t e . See a l s o F i g . 10. 

X 90 

F i g . 6 Patches of t e t r a h e d r i t e i n q u a r t z . 
A shipment of 120 tons of ore ran 0.19$ Cu: 

n e g l e c t i n g c h a l c o p y r i t e , which i s q u i t e uncommon, t h i s 
corresponds to a content of about 1% of t e t r a h e d r i t e 
i n the ore. I t would seem t h a t , i f the ore deposit 
i s due to secondary enrichments t h i s amount of t e t r a ­
h e d r i t e would give r i s e to a l t e r a t i o n minerals such 
as c o v e l l i t e : t h i s mineral has not been observed, 
a f a c t which suggests that the ore below the capping 
i s of una l t e r e d hypogene o r i g i n . 

P y r a r g y r i t e i s found throughout the oreshoot. 
I t ' s mode of occurrence i s s i m i l a r to a r g e n t i t e , 
namely dissemminated through, b r e c c i a t e d quartz and i n 
v e i n l e t s . The dissemminated mineral gives the ore 
a red c o l o r , known l o c a l l y as "ruby s t a i n " , i n the ab­
sence of a r g e n t i t e . F i g . 8 shows v e i n l e t s of pyrarg­
y r i t e c r o s s i n g the quartz b r e c c i a : the l a t t e r c a r r i e s 
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Innumerable small patches of the same mi n e r a l . The 

xe<* 

Fig.7 V e i n l e t s of p y r a r g y r i t e (dark) i n q u a r t z , 
p y r a r g y r i t e i s thought to he l a t e r than the e a r l i e r 
generation of a r g e n t i t e and.-probably contemporaneous 
with the second i n j e c t i o n of a r g e n t i t e i n v e i n l e t s . 
t h i s f a c t could not be determined w i t h c e r t a i n t y . 

Replacement of p y r i t e by p y r a r g y r i t e I s sug­
gested by f i g s . 8 and 9.(see next page). F i g . 8 
appears to be r e s i d u a l p y r i t e i n p y r a r g y r i t e . Cusps 
and t r a n s e c t i n g v e i n l e t s of the l a t t e r mineral are 
seen I n the patch of p y r i t e . F i g . 9 shows what may 
be an instance of " c e n t r i f u g a l ^ replacement, i . e . 
replacement s t a r t i n g from the center; at l e a s t , i t 
i s d i f f i c u l t to account f o r the i s l a n d s of p y r a r g y r i t e 
i n the center of an apparantly euhedral p y r i t e c r y s t a l . 

Lindgren,W. "Mineral Deposits" P185 
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F i g 8 R e s i d u a l s ( ? ) of p y r i t e (Py) i n p y r a r g y r i t e (Pyr) 

Fig.9 C e n t r i f u g a l replacement (?) of p y r i t e (Py) 
by p y r a r g y r i t e (Pyr) 

Galena occurs sparsely i n the oreshoot as v e i n l e t s 
and bunches. I t i s apparently contemporaneous with 
t e t r a h e d r i t e as seen by f i g . 10 (next page). I t a l s o 
appears to be l a t e r than, but overlapping, a r g e n t i t e . 
The l a t e d e p o s i t i o n of galena i s u s u a l according to 
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G u i l d . F i g 1 1 i s a r g e n t i t e and galena,the l a t t e r 
being of l a t e r d e p o s i t i o n . 

X 3o 

F i g . SO G-alena (G), T e t r a h e d r i t e (T) and n a t i v e 
s i l v e r (Ag) i n a v e i n l e t . 

X 90 

F i g , 1 1 Galena (G) l a t e r than A r g e n t i t e ( A ) i n 
a v e i n l e t . 

Galena i s not important as an ore mi n e r a l ; picked 
specimens seldom run more than 10 oz/ton Ag. I n the 
low grade segment of the v e i n east of the 304 f a u l t , 

G u i l d F.N. "The "Enrichment of S i l v e r Ores". Fairbanks. 
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galena, a s s o c i a t e d with s p h a l e r i t e i s common. Values 
are, however, extremely low. 

S p h a l e r i t e c o n s t i t u t e s l e s s than 2% of the dep­
o s i t i n the productive p a r t of the v e i n . I t i s one 
of the early m i n e r a l s , probably contemporaneous with 
quartz and p y r i t e . The texture i s f i n e grained and 
the mineral i s l i g h t straw colored i n the upper part 
of the ore shoot. I n 4 5 7 stope i t i s dark colore^., 
coaBse grained and massive. 

Ghalcopyrite i s comparatively r a r e . I t ' s age 
r e l a t i o n s to other minerals could not be determined 
since only one small g r a i n was v i s i b l e i n the s e c t i o n s . 
Gangue M i n e r a l s . 

Quartz I s the most abundant gangue mineral; i t 
forms 7 0 - 8 5 ^ of the v e i n . No banding s t r u c t u r e i s 
v i s i b l e and the quartz i s hard and g l a s s y . Probably 
two or more generations are present but t h i s could 
not be determined f o r c e r t a i n ; however, the e a r l i e r 
b r e c c i a t e d quartz seems to have r e c r y s t a l l ! z e d i n ad­
d i t i o n to being impregnated with a r g e n t i t e . I n p l a c e s , 
notably i n 4 5 5 stope, the quartz i s dark gray, but 
does not carry values, i n d i c a t i n g that b r e c c i a t i o n was 

I'H p ieces 

succeeded^by a second generation of quartz without arg­
e n t i t e . 

B a r i t e i s present i n small q u a n t i t i e s through­
out the v e i n . I t appears as a coating on f r a c t u r e 
planes and may have been contemporaneous w i t h formation 
of a r g e n t i t e and p y r a r g y r i t e i n v e i n l e t s . Increase or 
decrease of the quantity of b a r i t e with depth, could 
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not be determined. Hanson s t a t e s that b a r i t e i s 
more common i n the Sleeper parts of the v e i n . 

O a l c i t e occurs as c r y s t a l s i n vugs, probably 
contemporary w i t h a r g e n t i t e . 

Jasper i s uncommon; i t i s u s u a l l y found i n 
i r r e g u l a r patches. 
Mi'JjpEE Succession of Hypo gene M i n e r a l s . 

The f o l l o w i n g i s considered to be the sequence 
of events a f t e r the formation of the o r i g i n a l f r a c t u r e , 
which served as a channel f o r ore s o l u t i o n s . 

(1 ) D e p o s i t i o n of q u a r t z , p y r i t e and sphaler­
i t e . The ore s o l u t i o n s ascended i n channels along 
the f r a c t u r e plane, causing metasomatic replacement, 
s i l i c i f i c a t i o n and s e r i c i t i z a t i o n of the green t u f f s 
on the f o o t w a l l s i d e . The hanging w a l l , by reason 
of i t s having l e s s p e r m e a b i l i t y or because I t was pro­
te c t e d by a l a y e r of f a u l t gouge, was not i n v o l v e d i n 
t h i s replacement. I t i s n o t i c e a b l e t h a t , i n the p a r t 
of the v e i n whichdoes not f o l l o w the contact and which 
has green rocks f o r both hanging and f o o t w a l l s , r e p l a c e ­
ment has occurred I n both w a l l s . 

l l S ) Movement fo l l o w e d , along the hanging w a l l . 
This i s evident from the presence of s i l i c i f i e d f a u l t 
gouge next to the hanging w a l l i n every segment of the 
v e i n . This movement was accompanied by f r a c t u r i n g and 
b r e c c i a t i o n of the v e i n f i l l i n g . A f e a t u r e , which 
may have an important s i g n i f i c a n c e i n the formation of 
the ore shoo|,is that the l a y e r of s i l i c i f i e d gouge and 
quartz s t r i n g e r s on the hanging w a l l i s widest i n the 
productive area. This may mean that f r a c t u r i n g was m 



-16-
rnost intense i n the oreshoot, thus p r o v i d i n g a f r e e 
passage f o r the s o l u t i o n s . 

( 3 ) S o l u t i o n s c o n t a i n i n g a r g e n t i t e (and t e t ­
r a h e d r i t e ? ) were next i n j e c t e d along the channels. 
This process r e s u l t e d i n the formation of the b l a c k 
quartz. Quartz probably accompanied t h i s phase of 
the m i n e r a l i z a t i o n . Vugs were f i l l e d w ith a r g e n t i t e . 

(4) F u r t h e r movement, forming f r a c t u r e s , was 
followed by i n j e c t i o n s o f , f i r s t , a r g e n t i t e and pyrar­
g y r i t e and afterwards g a l e n a , t e t r a h e d r i t e and b a r i t e . 
These minerals were thus deposited as v e i n l e t s i n the 
e a r l i e r ore m i n e r a l s . 

The r e l a t i o n of c a l c i t e , b a r i t e and jasper to 
the-other minerals could not always be a s c e r t a i n e d . 
F a u l t i n g Subsequent to Hypogene D e p o s i t i o n . 

Subsequent to hjapogene ore formation, s t r e s s e s 
connected w i t h mountain b u i l d i n g , caused f a u l t i n g of 
the v e i n . The f a u l t s run approximately north and 
southand have displacements up to 1 3 0 f e e t . The 
f a u l t s belonging to t h i s s e r i e s are remarkably clean 
cut; they a l s o have l i t t l e v e r t i c a l displacement. 
The oreshoot was thus cut up i n t o small segments twide­
l y separated from one another. The i n t e r v e n i n g count­
ry rock has no appreciable s i l v e r content, a f a c t which 
precludes the p o s s i b i l i t y of any widespread secondary 
enrichment. 

Subsequent to the h o r i z o n t a l movement> diabase 
dykes were i n t r u d e d i n f r a c t u r e s which do not d i s p l a c e 
the v e i n . The v e i n matter adjacent to the l a r g e dyke 
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near the center of the oreshoot, appears t o A s l i g h t l y 
lower i n grade. F o l l o w i n g the i n t r u s i o n of the dyke, 
a younger s e r i e s of f a u l t s , notably the 2 0 5 f a u l t , 
d i s p l a c e s both dyke and ore segments. 
Supergene M i n e r a l i z a t i o n . 

The outcrop of the v e i n c o n s i s t s of a barren, 
o x i d i z e d capping 8 - 1 2 f e e t t h i c k . At the base of 
the capping, there Is i an abrupt change to unoxidized 
v e i n matter. Native s i l v e r , which i s the only super­
gene mineral of importance, occurs i n la r g e p l a t e - l i k e 

Fig'. 1 2 . Native S i l v e r (Ag) occupying the same 
f r a c t u r e as t e t r a h e d r i t e (T). 

masses and sc a l e s immediately below the capping. The 
s i l v e r has been taken i n t o s o l u t i o n i n the eroded por­
t i o n of the v e i n and then redeposited below the zone 
of o x i d a t i o n , i n f r a c t u r e s formed by f a u l t i n g . S i l v e r 
i s r e a d i l y deposited from sulphate s o l u t i o n s .by ferrous 
Sulphate. The l a t t e r would b e p / l e n t i f u l i n ground water 

U n i o n s W.H. "The Enrichment of Sulphide"Ores". p i 1 9 7 
U.S.G.S. B u i . 5 2 9 . 1 9 1 3 . 
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due to p a r t i a l o x i d a t i o n of p y r i t e , and accounts f o r 
the a l t e r a t i o n of the s i l v e r minerals to na t i v e s i l v e r . 
F i g . 1 3 represents a v e i n l e t of ruby s i l v e r i n process 
of reduction to native s i l v e r . 

I n the e x a m i n a t i o n of p o l i s h e d s e c t i o n s , i t 
was o f t e n noted that n a t i v e s i l v e r occurred^In the same 
f r a c t u r e as t e t r a h e d r i t e , g a l e n a a r g e n t i t e and ruby 
s i l v e r ( f i g s . 4 , 1 0 , 1 2 ) , w i t h an abrupt boundary between 
them. I t i s , however, more than proba^ble that t h i s 
i s the r e s u l t of reopening of f i s s u r e s , f i l l e d during 
hypogene m i n e r a l i z a t i o n , by subsequent f a u l t i n g , r a t h e r 
than the r e s u l t of simultaneous d e p o s i t i o n . 

X 90 

F i g . 1 3 . P y r a r g y r i t e (P) a l t e r i n g to Native 
S i l v e r (Ag) i n v e i n l e t . 

The q u a n t i t y of n a t i v e s i l v e r r a p i d l y diminishes 
w i t h depth, u n t i l , at 60 f e e t below the outcrop, i t 
occurs only adjacent to afavorable channel f o r super­
gene water such as the 2 0 5 f a u l t . The e a r l i e r s e r i e s 
of f a u l t s ( 2 0 3 , 4 1 7 , 3 0 4 see f i g . 1 , 2 ; ) , are t i g h t and dry; 
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th ey are e v i d e n t l y unfavorable f o r the c i r c u l a t i o n of 
meteoric water, and consequently, the ore adjacent to 
them i s not appreciably enriched. Native s i l v e r was 
important economically: i t i s probable that 40^ or 
more of the s i l v e r produced occurred i n t h i s form. 

Mention has already been made of the absence 
of c o v e l l i t e , or other a l t e r a t i o n products of t e t r a ­
h e d r i t e ; a l t e r a t i o n products of galena, such as 
c e r r u s s i t e or a n g l e s i t e , are a l s o absent i n the dep­
o s i t . 

Table showing Succession of D e p o s i t i o n . 
Hypogene I Supergene. 

Quartz. (?) \ >\ 
P y r i t e . • 
S p h a l e r i t e . " . o wl 
A r g e n t i t e , 0 z in ̂  
P y r a r g y r i t e . p a 
Galena. < J to J 
T e t r a h e d r i t e . JJ (?) « ..... Jp) 
B a r i t e . * « _ 2 . 
G a l c i t e . m ( ? ) I*. 
Native S i l v e r . P \ 

O r i g i n of the Ore. 
The orebody cannot be c o r r e l a t e d with any 

s p e c i f i c i n t r u s i o n of p l u t o n i c r o c k s . I t can only 
be conjectured that an unexposed p a r t of the b a t h o l i t h 
was the source of the ore s o l u t i o n s . The same magma 
may have produced the dykes: the l a t t e r , however, do 
not seem to have been connected w i t h the oreforming 
process as thay were in t r u d e d l a t e r , a f t e r the v e i n 
had been f a u l t e d . 

The depth of formation of the v e i n can be i n f e r ­
red from the surrounding topography. The highest sum-
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mits i n the b a t h o l i t h , i n the v i c i n i t y of the mine, 
are approximately 2 5 0 0 f e e t higher than the outcrops. 
Making an allowance f o r e r o s i o n , we are brought to 
the c o n c l u s i o n that the ddpth of formation was not^more 
than 3 0 0 0 f e e t : at the same time, i t could not have 
been l e s s than 800 f e e t , having regard to the topog­
raphy of D o l l y Varden Mountain. Again, from the f a c t 
that a r g e n t i t e at the D&lly Varden i s i s o m e t r i c , we 
i n f e r that the temperature of formation was at l e a s t 
175 degrees cent: a l s o that c o n d i t i o n s of c o o l i n g 
were such as to prevent i t r e v e r t i n g to the a n i s o ­
t r o p i c form. 

Neglecting the supergene n a t i v e s i l v e r , reasons 
to account f o r the impoverishment of the ore a t the 
comparatively s l i g h t depth of 2 5 0 - 3 0 0 f e e t are not e v i ­
dent. I t seems probable that the present deposit 
represents the lower p a r t of a shallow ore shoot of 
the bonanza type, and that p h y s i c a l c o n d i t i o n s at the 
time of formation were such as to cause p r e c i p i t a t i o n 
of ore minerals only over a comparatively l i m i t e d 
v e r t i c a l range. The p o s s i b i l i t y the oreshoot 
p i t c h e s to the west must a l s o be considered: I n 
t h i s event, ore may be found considerably below the 
lowest known e l e v a t i o n , as at present determined by 
diamond d r i l l i n g . 



- 2 1 -

B i b l i o g r a p h y . 
Hanson,G. Can. Geol. 5 u r . Mem # 1 7 5 . 

Hanson, G. CM .SUM. Trans. V o l . 25 1 9 2 2 . p 2 1 2 . 

# Newhouse W.H. "The Microscopls C r i t e r i a of Replac 
ment i n the Opaque Ore M i n e r a l s . 

# Bowen N.L. "Geologic Thermometry". 
# G u i l d F.N. "The Enrichment of S i l v e r Ores". 
§ Colony R.J. "Ore M i n e r a l Sequence". 

Sehneiderhohn H . Amer. M i n e r a l . V o l . 12 1 9 2 7 . 

Lindgren W. "Mineral Deposits", 
Emmons W.H. "The Enrichment of Sulphide Ores". 

U.S.G.S. B u i . 5 2 9 1 9 1 3 . 

# Included i n "The Laboratory I n v e s t i g a t i o n of Ores 
Fairbanks 1 9 2 8 . 


