
802209 

A MINERALOGIGAL AND GEOCHEMICAL STUDY 
OP THE ZONAL DISTRIBUTION OP ORES IN 
THE HUDSON BAY RANGE, BRITISH COLUMBIA 

By 

RODNEY VICTOR KIRKHAM 

A thesis submitted in partial fulfillment of the 
requirements for the degree of 

DOCTOR OP PHILOSOPHY 
(Geology) 
at the 

UNIVERSITY OP WISCONSIN 

196*? 



i i 

ABSTRACT 
S u l f l d e - s u l f o s a l t v e i n and replacement ores r i c h i n Fe, 

As, Ag f Zn, Pb, and Au; a stockwork-type molybdenum d e p o s i t ; 
a Au-Bi-Te- v e i n and replacement d e p o s i t ; and some sma l l Cu-
Fe-Ag dep o s i t s i n the Hudson Bay Range of w e s t - c e n t r a l B r i t ­
i s h Columbia are z o n a l l y arranged about f e l s i c p o r p h y r l t i c 
T e r t i a r y i n t r u s i o n s . The ores are apparently temporally and 
g e n e t i c a l l y r e l a t e d t o the i n t r u s i o n s . 

A study has been made of the geologic s e t t i n g of the 
d e p o s i t s , the chemistry of the ores, and the geochemistry of 
s p h a l e r i t e , p y r r h o t i t e , a r s e n o p y r i t e , and other minerals i n 
an attempt t o d e f i n e the zoning more c l o s e l y and t o e v a l u ­
ate processes c o n t r o l l i n g i t s development. 

The 60 or so known depo s i t s of the d i s t r i c t have been 
d i v i d e d i n t o groups based on t h e i r mineralogy, metal content, 
and s t r u c t u r a l f e a t u r e s . Small " s u l f i d e " v e i n deposits w i t h 
v a r i a b l e amounts of s u l f o s a l t and gangue minerals are by f a r 
the most common type, A r s e n o p y r i t e , p y r i t e , p y r r h o t i t e , 
s p h a l e r i t e , galena, quartz, carbonate, marcasite, chalcopy-
r i t e , t e t r a h e d r i t e , bournonite, and ruby s i l v e r s are the 
most common min e r a l s . S u l f i d e replacement bodies, that have 
many of the mineralogic features of the v e i n s , occur a t s u l ­
f i d e v e i n i n t e r s e c t i o n s i n limestone l e n s e s . 

The molybdenum d e p o s i t , which i s c e n t r a l l y l o c a t e d , i s 
e s s e n t i a l l y a very extensive stockwork of s m a l l quartz veins 
c o n t a i n i n g v a r i a b l e amounts of ore and other gangue m i n e r a l s . 
Quartz, magnetite, p y r i t e , molybdenite, hornblende, b i o t i t e , 
c h l o r i t e , potash f e l d s p a r , muscovite, c a l c i t e , dolomite, 
p y r r h o t i t e , c h a l c o p y r i t e , s c h e e l i t e , and gypsum are the most 
important v e i n m i n e r a l s . The Au-Bi-Te d e p o s i t , c o n s i s t i n g of 
n a t i v e Au and B i , b i s r a u t h i n i t e , Bi-Te s u l f i d e s , and molyb­
de n i t e i n quartz veins and replacement pods i n h i g h l y a l t e r e d 
r o c k s , occurs near the f r i n g e of the molybdenum d e p o s i t . 

The Cu-Fe-Ag ores are a s p e c i a l type of outer zone de­
p o s i t . They are mostly s m a l l v e i n s , w i t h l i t t l e a s s o c i a t e d 
a l t e r a t i o n , c o n t a i n i n g v a r i a b l e amounts of c h a l c o p y r i t e , bor-
n i t e , magnetite, hematite, p y r i t e , and u n i d e n t i f i e d s i l v e r 
m i n e r a l s . 

Metal content, mineralogy, and s t r u c t u r a l f e atures of 
the ores o u t l i n e the zoning. The d i s t r i b u t i o n of i r o n s u l ­
f i d e s has been used to d i v i d e the d i s t r i c t i n t o an i n n e r 
( p y r i t e ) , an intermediate ( p y r r h o t i t e ) zone, and an outer (py­
r i t e ) zone. The inner zone i s approximately c o i n c i d e n t w i t h 
the molybdenum deposit and the intermediate and outer zones 
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cover the areas that c o n t a i n s u l f i d e d e p o s i t s . An area con­
t a i n i n g mostly barren quartz v e i n s , between the inner and 
intermediate zones and somewhat overlapping the two, has 
been designated the "barren" zone. 

Metal content, mineralogy, s t r u c t u r a l f e a t u r e s , and spa­
t i a l arrangement of d e p o s i t s suggest t h a t a l l ores were em-
placed under the same r e g i o n a l thermal-hydrothermal regime. 
But the s u l f i d e ores were probably formed before the molyb­
denum de p o s i t d u r i n g or j u s t a f t e r the period of thermal 
metamorphism. The molybdenum deposit was formed l a r g e l y 
a f t e r the period of thermal metamorphism d u r i n g a stage of 
more r e s t r i c t e d magmatic a c t i v i t y i n the G l a c i e r Gulch a r e a . 
The thermal-hydrothermal regime e s t a b l i s h e d by the emplace­
ment of the T e r t i a r y porphyries could have been the main 
f a c t o r c o n t r o l l i n g the zonal arrangement of ores. 
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INTRODUCTION 
During the past two decades the understanding of geo-

chemical processes of hydrothermal ore d e p o s i t i o n has been 
tremendously advanced. The recent book "Geochemistry of 
Hydrothermal Ore Deposits" (ed. Barnes, 1967) i s ample t e s ­
timony to t h i s f a c t . Most of the advances have been made 
through l a b o r a t o r y study of p e r t i n e n t phase e q u i l i b r i a , so­
l u t i o n chemistry, and by the a p p l i c a t i o n of thermodynamic 
p r i n c i p l e s to the understanding of n a t u r a l systems. Because 
of the nature of these s t u d i e s most of the work has been 
c a r r i e d out by physical-chemists and l a b o r a t o r y - o r i e n t e d ge­
o l o g i s t s . However, i f we are to gain a more accurate im­
p r e s s i o n of the processes of ore d e p o s i t i o n , geochemically 
o r i e n t e d f i e l d s t u d i e s which guide, supplement, and u l t i ­
mately t e s t the l a b o r a t o r y work should keep pace w i t h exper­
imental s t u d i e s . I t was w i t h t h i s c o n s i d e r a t i o n i n mind that 
the present study was undertaken. 

When the study was i n i t i a t e d i n 1 9 6 3 , i t was thought 
that temperatures of ore formation could be determined by ap­
p l i c a t i o n of s u l f i d e s o l i d - s o l u t i o n geothermometers and that 
the importance of temperature as a c o n t r o l on d i s t r i c t - w i d e 
mineral zoning could be evaluated. The compositions of s p h a l ­
e r i t e and p y r r h o t i t e were to be used as " s l i d i n g - s c a l e " geo­
thermometers. Work since t h i s study was i n i t i a t e d has shown 
that these geothermometers, as o r i g i n a l l y proposed, are i n ­
v a l i d . However, the same s t u d i e s have added g r e a t l y to our 
knowledge of the c o n d i t i o n s of formation of these m i n e r a l s . 
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Thus, even though at t h i s time q u a n t i t a t i v e geothermometry 
u s i n g these minerals i s not p o s s i b l e , study of t h e i r com­
p o s i t i o n s and ass o c i a t e d minerals can set some general r e ­
s t r i c t i o n s on c o n d i t i o n s which p r e v a i l e d during ore depo­
s i t i o n , and hence, give g r e a t e r i n s i g h t i n t o the processes 
of d e p o s i t i o n . 

Since i t was f i r s t s t u d i e d , the Hudson Bay Mountain area 
has been considered to be a d i s t r i c t d i s p l a y i n g prominent 
zonatlon of mine r a l d e p o s i t s . This study was designed to de­
f i n e the zoning more c l o s e l y and to shed l i g h t on the pro­
cesses of ore d e p o s i t i o n . The study of s p h a l e r i t e has been 
s t r o n g l y emphasized because s p h a l e r i t e i s widespread and 
shows considerable chemical v a r i a t i o n , and because i t s phase 
r e l a t i o n s are f a i r l y w e l l known. In general i t s chemical 
v a r i a t i o n s conform w i t h the zonal p a t t e r n of the ores; hence, 
they should r e f l e c t some of the changes i n c o n d i t i o n s of ore 
d e p o s i t i o n . V a r i a t i o n s i n other major minerals such as p y r r ­
h o t i t e , a r s e n o p y r i t e , and v e i n carbonates, have been s t u d i e d , 
but d e t a i l e d s t u d i e s of w a l l rock a l t e r a t i o n and minor con­
s t i t u e n t s of the depo s i t s have been d e f e r r e d . I t i s hoped t h a t 
by c o n c e n t r a t i n g on major aspects of the mineralogy and the 
as s o c i a t e d r e g i o n a l g e o l o g i c a l study, a foundation w i l l be 
e s t a b l i s h e d from which other s t u d i e s can be c a r r i e d out. 
F i e l d s t u d i e s of a l l the depo s i t s considered here and a study 
of the r e g i o n a l geology have been c a r r i e d out by the w r i t e r , 
but general g e o l o g i c a l aspects of these s t u d i e s are only 
summarized In t h i s t h e s i s . They w i l l be presented l a t e r as 
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a b u l l e t i n of the B r i t i s h Columbia Department of Mines. 
L o c a t i o n and Topographic Features of the D i s t r i c t 
The f i f t y t o s i x t y known mineral d e p o s i t s that l i e w i t h ­

i n the Hudson Bay Mountain mining d i s t r i c t occur i n the eas­
t e r n h a l f of the Hudson Bay Range i n w e s t - c e n t r a l B r i t i s h 
Columbia, The area i s about 900 miles by road n o r t h of Van­
couver and about 230 miles east of the port of Prince Rupert, 
I t i s immediately west of the B u l k l e y R i v e r a t the town of 
Smithers and l i e s about ^0 miles east of the Coast Mountains, 
B.C. Highway 16 and a l i n e of the Canadian N a t i o n a l Railway 
pass a l o n g the e a s t e r n margin of the d i s t r i c t . 



The range Is one of a group c o l l e c t i v e l y c a l l e d the 
Hazelton Mountains. These i s o l a t e d ranges l i e immediately 
east of the main chain of the Coast Mountains j u s t north of 
the I n t e r i o r P l a t e a u , To the east they are flanked by more 
sm a l l ranges t h a t form the southern end of the Skeena Moun­
t a i n s and northern end of the Nechako Plateau (Holland, 1 9 6 5 ) « 

Figure 2 - A e r i a l view of Hudson Bay Mountain from 
the northeast. G l a c i e r Gulch i s i n the 
foreground and Toboggan Creek i s to the 
r i g h t . The center of the molybdenum de­
p o s i t i s marked by an "x". 

The Hudson Bay Range i s an I s o l a t e d group of ri d g e s and 
peaks about 200 square miles i n ex t e n t . Hudson Bay Mountain, 
8497 f e e t i n e l e v a t i o n , i s the dominant topographic f e a t u r e . 
V a l l e y s and passes bounding the mountain mass range from 
1300 to 3500 f e e t i n e l e v a t i o n . 
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Three small g l a c i e r s are present i n the upper reaches of 

Hudson Bay Mountain and there are a few rock g l a c i e r s i n some 
of the west and n o r t h - f a c i n g c i r q u e s . In gen e r a l , outcrop i s 
e x c e l l e n t above 5000 f e e t at t r e e - l i n e , but some areas below 
t h i s l e v e l have very sparse exposures and t h i c k c o n i f e r f o r ­
e s t s . 

Previous Studies 
A l l mining p r o p e r t i e s of the area have been examined 

from time to time by o f f i c e r s of the B r i t i s h Columbia Depart­
ment of Mines and are described i n the Annual Reports of the 
M i n i s t e r of Mines. The prime purpose of these r e p o r t s was to 
record any e x p l o r a t i o n a c t i v i t y on the p r o p e r t i e s ; some of 
them th e r e f o r e c o n t a i n l i t t l e or no g e o l o g i c a l i n f o r m a t i o n . 
The only comprehensive r e p o r t s on the geology and mineral de­
p o s i t s of the area have been published by the G e o l o g i c a l Sur­
vey of Canada. 

R.H. Jones (1925 and Univ. of Wis. Ph.D. t h e s i s ) pub­
l i s h e d the f i r s t comprehensive repor t on the geology and min­
e r a l deposits of the d i s t r i c t . He spent one summer on f i e l d 
work, mapping about 200 square miles and studying s e l e c t e d 
mineral p r o p e r t i e s . A g e o l o g i c a l map at a sc a l e of one i n c h 
to two miles that i n c l u d e s the Hudson Bay Range was compiled 
by J.E. Armstrong of the Canadian G e o l o g i c a l Survey i n 1944. 
There are few changes on t h i s map from Jones 1 o r i g i n a l work. 
B.D. K i n d l e (1954) published a re p o r t on the mineral resources 
of the area but he mainly r e s t r i c t e d h i s study to i n d i v i d u a l 
d e p o s i t s and made no attempt to study the a r e a l geology. 
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The w r i t e r (1966) has described b r i e f l y the geology i n 
the v i c i n i t y of the molybdenum d e p o s i t . 

Mining H i s t o r y 
The Hudson Bay Mountain mining d i s t r i c t has not been an 

important source of metals, but i t s f u t u r e prospects are 
promising. Since 1905, when extensive e x p l o r a t i o n i n the d i s ­
t r i c t began, the only s i g n i f i c a n t producer has been the S i l 
Van Mine ( e a r l i e r the Duthie Mine and the Henderson Mine). 
Prom 1923 to 1954 i t produced about 80,000 tons of ore, bear­
i n g values i n l e a d , s i l v e r , z i n c , g o l d , and copper. 
Other p r o p e r t i e s of the d i s t r i c t have only y i e l d e d tonnages 
of ore i n s u f f i c i e n t to s u s t a i n mining operations. 

I n t e r e s t i n the d i s t r i c t was renewed i n 1956, when the 
molybdenum deposit was staked. American Metals Oliraax (South­
west Potash and Climax D i v i s i o n s ) has since been e x p l o r i n g the 
d e p o s i t . The company f i r s t d i d extensive diamond d r i l l i n g 
from s u r f a c e , and then i n 1966 continued e x p l o r a t i o n from 
underground workings. This deposit should become a major 
source of molybdenum, tungsten, and p o s s i b l y copper. 
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GENERAL GEOLOGY 

The d i s t r i c t i s u n d e r l a i n mainly by v o l c a n i c and s e d i ­
mentary s t r a t a of the Hazelton Group and sedimentary s t r a t a 
of the Bowser Group (Figure 3), both probably of J u r a s s i c 
age. A few small bodies of J u r a s s i c or Cretaceous (?) gran-
o d i o r i t e and quartz monzonite are exposed i n the northern 
and western p a r t s of the d i s t r i c t , and numerous e a r l y T e r t i ­
ary porphyry dikes and some s m a l l plugs and stocks occur 
near the molybdenum deposit i n G l a c i e r Gulch. Covered T e r t i ­
ary porphyry i n t r u s i o n s are probably r e s p o n s i b l e f o r the 
thermal metamorphism i n the c e n t r a l p a r t of the d i s t r i c t . 
There has been no r e g i o n a l metamorphism above lowest green-
s c h i s t f a c i e s . Although there has been extensive f a u l t i n g , 
i n c l u d i n g t h r u s t i n g , i n g e n e r a l , f o l d i n g has not been i n ­
tense. 

S t r a t i g r a p h y 
S t r a t i g r a p h i c r e l a t i o n s i n the d i s t r i c t are summarized 

i n Table 1. 
Hazelton v o l c a n i c rocks i n c l u d e many d i v e r s e types but 

p y r o c l a s t i c r o c k s , e s p e c i a l l y l a p i l l i t u f f , of intermediate 
composition are most abundant. Welded t u f f s and l a v a domes 
have been recognized i n some u n i t s . Some sequences are com­
posed almost e n t i r e l y of massive u n i t s whereas some c o n t a i n 
a h i g h percentage of bedded r o c k s . Many sequences are com­
posed mainly of rocks t h a t are shades of red, purple or 
brown, owing to hematite pigment; however, rocks t h a t have 
been hydrothermally a l t e r e d or thermally metamorphosed are 





Table 1 - Table of Formations 
Era Period or Epoch Unit L i t h o l o g y 

P l e i s t o c e n e 
& Recent 

G l a c i a l t i l l ; g l a c i o -
f l u v l a l sand, g r a v e l , 
and s i l t ; recent t a ­
l u s and a l l u v i u m 

Cenozoic Unconformable contact 
Paleocene F e l s i c , p o r p h y r i t i c 

d i k e s and stocks 
B u l k l e y i n ­

t r u s i o n s 
I n t r u s i v e contact B u l k l e y i n ­

t r u s i o n s 
J u r a s s i c or 

Cretaceous(?) 
G r a n o d i o r i t e and 
quartz monzonite 

F a u l t and i n t r u s i v e contacts 
Upper J u r a s s i c 

and Lower 
Cretaceous (?) 

Bowser Group Poorly sorted conglom­
er a t e s , graywacke 
s i l t s t o n e , mudstone, 
minor impure c o a l , and 
h o r n f e l s i c e q u i v a l e n t s 

Mesozolc Unconformable contact 
Middle 

J u r a s s i c (?) 

o 

V o l c a n i c 
D i v i s i o n 

A n d e s i t i c , d a c i t i c , 
r h y o l i t i c , and ba­
s a l t i c t u f f s , brec­
c i a s , f l o w s , and i n ­
t r u s i o n s , and horn­
f e l s i c e quivalents 

U 

CiJ 
Pi 

F a u l t contact (?) 
Ba^ocian 

(Lower Middle 
J u r a s s i c ) 

o •p H <D to o3 W 

Sedimentary 
D i v i s i o n 

Poorly sorted l i m y 
tuffaceous gray­
wacke and s i l t s t o n e , 
mudstone, cherty mud­
stone, and minor con­
glomerate and c o a l 

Conformable contact 
Lower Middle 
J u r a s s i c or 

e a r l i e r 
V o l c a n i c 
D i v i s i o n 

A n d e s i t i c , d a c i t i c , 
r h y o l i t i c , and ba­
s a l t i c t u f f s , brec­
c i a s , f l o w s , and i n ­
t r u s i o n s and horn­
f e l s i c e q u i v a l e n t s ; 
minor limestone and 
tuffaceous graywacke 
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g e n e r a l l y l i g h t or dark shades of green, gray or brown. I n -
t e r l a y e r e d u n i t s of unquestionable sedimentary character are 
uncommon i n the v o l c a n i c sequences. Nevertheless, i t I s 
q u i t e p o s s i b l e t h a t much of the p y r o c l a s t l c d e b r i s has been 
reworked by sedimentary agents. Greenstone, diabase, and 
d i o r i t e dikes and f e l s i t i c i n t r u s i o n s are abundant i n most 
v o l c a n i c sequences. 

B a j o c i a n sedimentary rocks of the Hazelton Group are def­
i n i t e l y conformable w i t h the u n d e r l y i n g v o l c a n i c rocks on the 
western side of Hudson Bay Mountain but t h e i r upper contact 
r e l a t i o n s have not been e s t a b l i s h e d . 

Bowser sedimentary rocks unconformably o v e r l i e v o l c a n i c 
rocks of the Hazelton Group. Plant f o s s i l s i n Bowser rocks 
mostly i n d i c a t e an Upper J u r a s s i c age but there i s a p o s s i ­
b i l i t y t hat some are Lower Cretaceous. 

F e l s l c I n t r u s i o n s 
Three main groups of f e l s i c i n t r u s i o n s have been recog­

nized i n the d i s t r i c t : f e l s i t e s , g r a n o d l o r i t e s , and T e r t i a r y 
p o r p h y r i e s . The f e l s i t e s are massive, s p h e r u l i t i c , f l o w 
banded, a p h a n i t i c , and/or s l i g h t l y p o r p h y r i t l c . Where con­
t a c t s are w e l l exposed the i n t r u s i o n s seem to have had l i t t l e 
e f f e c t on the country rock. Without seeing contact r e l a t i o n ­
ships one would tend to map most of the bodies as l a v a flows 
or domes. Most of the f e l s i t e i n t r u s i o n s are probably r e ­
l a t e d to J u r a s s i c volcanism, but t h e i r age(s) has not been 
e s t a b l i s h e d a c c u r a t e l y . Some f e l s i t e i n t r u s i o n s outside the 
d i s t r i c t have m i n e r a l d e p o s i t s a s s o c i a t e d w i t h them and may 
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be T e r t i a r y i n age (Brown, 1965 and 1966). In Figure 3 
these i n t r u s i o n s have not been separated from t h e i r v o l c a n i c 
host r o c k s . 

Both w i t h i n and outside hydrothermally a l t e r e d or t h e r m a l l y 
metamorphosed areas, the g r a n o d i o r i t e i s t y p i c a l l y a h i g h l y 
a l t e r e d g r a n i t i c , a p l i t i c , granophyric, and/or p o r p h y r i t i c rock. 
The l a r g e s t known body of g r a n o d i o r i t e i s a t h i c k , d i f f e r e n ­
t i a t e d sheet that does not outcrop but occurs at depth i n the 
v i c i n i t y of the molybdenum d e p o s i t . Small d i k e - and stock­
l i k e bodies a l s o occur near S i l v e r n Lake and on Mount Evelyn. 

The w r i t e r (1966) suggested that because the granodior­
i t e sheet and a l l Hazelton v o l c a n i c rocks are cut by mafic 
dikes and i r r e g u l a r bodies, and because the Bowser sediments 
are not cut by these i n t r u s i o n s , the g r a n o d i o r i t e i s probably 
pre-Upper J u r a s s i c . The r e l a t i o n s h i p between the mafic i n ­
t r u s i o n s and the g r a n o d i o r i t e was i n f e r r e d from diamond d r i l l 
cores. Subsequent underground work has shown t h a t although 
a few mafic dikes c e r t a i n l y cut the g r a n o d i o r i t e , many of 
the bodies logged as mafic dikes are a c t u a l l y l a r g e mafic 
b l o c k s w i t h i n the g r a n o d i o r i t e . The e a r l i e r age i n t e r p r e t a ­
t i o n i s thus weakened, but the o v e r a l l h i g h l y a l t e r e d and de­
formed nature of t h i s rock i n a l l environments suggests t h a t 
i t was emplaced r e l a t i v e l y e a r l y i n the t e c t o n i c h i s t o r y of 
the area. C e r t a i n l y t h i s u n i t pre-dates the T e r t i a r y por­
p h y r i e s , but the absence of unaltered primary b i o t i t e or 
hornblende has precluded use of conventional potassium-ar­
gon d a t i n g techniques. 
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B 
Figure k - T y p i c a l specimens from the g r a n o d i o r i t e sheet 

Note how the mafic minerals have been r e d i s ­
t r i b u t e d i n c l o t s and v e i n l e t s , presumably 
by metamorphism. 
A - most t y p i c a l of the upper part of the sheet 
B - most t y p i c a l of the lower part of the sheet 
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The only T e r t i a r y porphyries shown i n Figure 3 are the 

dikes that form a somewhat r a d i a l p a t t e r n i n the c e n t r a l 
part of the d i s t r i c t . However, at l e a s t three small stock-
or p l u g - l i k e bodies are known i n the G l a c i e r Gulch area, and 
I t i s b e l i e v e d t h a t T e r t i a r y plutonlsm was r e s p o n s i b l e f o r 
the development of the thermal metamorphism and hydrothermal 
a l t e r a t i o n that i s so prevalent i n the d i s t r i c t . T y p i c a l 
T e r t i a r y porphyry i s a l i g h t - c o l o r e d , massive, and markedly 
p o r p h y r i t i c rock, having an a p h a n i t i c to medium-grained gran­
i t i c or a p l i t i c m atrix. The porphyries range from g r a n i t e to 
quartz d i o r i t e . Most, however, are quartz raonzonite or 
g r a n o d i o r i t e . Quartz, f e l d s p a r , and l e s s commonly b i o t i t e 
occur as phenoerysts. 

Figure 5 - T y p i c a l T e r t i a r y porphyry from small 
body exposed i n a crevasse near the 
toe of the Hudson Bay G l a c i e r . 
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B l o t i t e from two porphyries has been dated by the Geo­
l o g i c a l Survey of Canada? one at 67^5 m.y., the other a t 
6ots m.y. The former i n t r u s i o n i s i n t r a - m i n e r a l 1 ( t h a t i s , 
emplaced between periods of m i n e r a l i z a t i o n ) w i t h respect to 
the molybdenum m i n e r a l i z a t i o n and the l a t t e r apparently post­
dates the molybdenum m i n e r a l i z a t i o n . Since a hornblende from 
a molybdenite-bearing quartz v e i n i n the same area has been 
dated a t 6^t6 m.y., and b i o t l t e from a v e i n l e t a t 6 3 - 4 m.y., 
the r a d i o m e t r i c dates are c o n s i s t e n t w i t h the known geologic 
r e l a t i o n s • 

Thermal Metamorphism 
An area of thermal metamorphism i s present i n the cen­

t r a l part of the d i s t r i c t . I t was probably caused by the 
emplacement of T e r t i a r y p orphyries. I t s outer l i m i t i s shown 
on Figures 3» 1 2 , and 46. In v o l c a n i c rocks thermal meta­
morphism has r e s u l t e d i n marked c o l o r changes; c r y s t a l l i z a ­
t i o n of amphibole, c h l o r i t e , b i o t i t e , epidote, and/or garnet; 
and the formation of minor amounts of p y r r h o t i t e and/or mag­
n e t i t e . Sedimentary rocks have become spotted or r e c r y s t a l -
l i z e d t o f i n e - g r a i n e d metamorphic rocks c o n t a i n i n g amphibole, 
c h l o r i t e , epidote, and/or b i o t i t e . The d e t a i l e d petrography 
of the metamorphosed rocks has not yet been s t u d i e d . 

Since the thermal metamorphism i s thought t o be due t o 
the T e r t i a r y porphyries, and the T e r t i a r y porphyries were a t 
l e a s t i n part being emplaced a t the time of hydrothermal ore 

1 This term was introduced by Wallace and others ( i 9 6 0 ) . 
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d e p o s i t i o n , i t i s c o n j e c t u r a l whether or not there was any 
period of thermal metamorphism separate from the p e r i o d ( s ) 
of hydrothermal a c t i v i t y . M i n e r a l assemblages and rock ap­
pearances i n areas that d i s p l a y thermal e f f e c t s are d i s t i n c t 
from those that have obviously been e x t e n s i v e l y hydrothermal-
l y a l t e r e d . Most of the v o l c a n i c rocks have been metamor­
phosed to dark c o l o r s . The abundance of veins w i t h bleached 
and a l t e r e d halos c u t t i n g the dark metavolcanlcs of the molyb­
denum deposit i n d i c a t e s that the hydrothermal f l u i d s that 
deposited t h i s ore and caused the bleaching and a l t e r a t i o n 
must have post-dated the metamorphism. The w r i t e r i s con­
vinced that the main period of thermal metamorphism preceded 
formation of the molybdenum d e p o s i t . 

Geologic H i s t o r y of the Range 
The range i s s t r u c t u r a l l y complex. Most of the major 

s t r u c t u r a l f e a t u r e s are the r e s u l t of doming, f a u l t i n g and 
some f o l d i n g . Thrust f a u l t i n g may have been of major t e c t o n i c 
importance, although i n d i v i d u a l t h r u s t f a u l t s are d i f f i c u l t 
to d e f i n e . The l a c k of i n t e r n a l features i n some v o l c a n i c 
u n i t s , absence of good marker h o r i z o n s , s c a r c i t y of f o s s i l s i n 
v o l c a n i c u n i t s , and presence of numerous a l t e r a t i o n zones make 
a c l e a r understanding of the r e g i o n a l s t r u c t u r e s and geologic 
h i s t o r y d i f f i c u l t . 

H azelton Group v o l c a n i c and sedimentary rocks were pro­
bably l a i d down on J u r a s s i c v o l c a n i c i s l a n d s and i n shallow 
seas. P o s s i b l y the area was part of an i s l a n d arc system 
(Tipper, 1959). These rocks were f a u l t e d and t i l t e d and 
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Figure 6 - View of a t h r u s t f a u l t on the east side 
of the Toboggan G l a c i e r . The f a u l t se­
parates massive v o l c a n i c s . The l i g h t 
bands above the t h r u s t are f e l s i t e dikes 
that have not been found below the t h r u s t . 

p a r t l y eroded p r i o r to the d e p o s i t i o n of the c o n t i n e n t a l and 
marine s t r a t a of the Bowser Group. P o s s i b l y the t h r u s t i n g 
and the i n t r u s i o n of the g r a n o d i o r i t e s occurred during an 
orogenic episode at t h i s time. The Bowser sediments were 
deposited i n the south end of a l a r g e Jura-Cretaceous sed­
imentary b a s i n , named the Bowser B a s i n (See Souther and Arm­
strong, 1 9 6 6 ) . There i s evidence of some orogenic a c t i v i t y 
d u r i n g Bowser time. 

Since e a r l y Cretaceous, the area has been part of a 
la r g e emergent, n o r t h e a s t e r l y t r e n d i n g s t r u c t u r a l l y high 
b e l t c a l l e d the Skeena Arch (Souther and Armstrong, 1 9 6 6 , 

and White, 1 9 6 6 ) . This b e l t i s c h a r a c t e r i z e d by small moun­
t a i n ranges, s m a l l s i l i c i c i n t r u s i o n s , and block f a u l t s . 
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Except f o r the f a c t that i t has been e x t e n s i v e l y s c u l p t u r e d 
by g l a c i e r s , t h i s area might have resembled parts of the Basin 
and Range province of the southwestern United S t a t e s , 

During the E a r l y T e r t i a r y , s i l i c i c porphyry i n t r u s i o n s 
were emplaced i n various parts of the Hudson Bay Range, I n ­
t r u s i o n s i n the e a s t - c e n t r a l part of the Range were accom­
panied ty block f a u l t i n g , f r a c t u r i n g , broad gentle doming, 
thermal metamorphism, and extensive hydrothermal a c t i v i t y . 
Most ore dep o s i t s of the d i s t r i c t were formed a t t h i s time. 
I t i s a l s o p o s s i b l e that most of the u p l i f t of Hudson Bay 
Range occurred then or somewhat l a t e r i n the T e r t i a r y , Ter­
t i a r y volcanism, known to have been a c t i v e i n the area, was 
of major importance to the south. 
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General D e s c r i p t i o n 
There i s a great d i v e r s i t y of mineral d e p o s i t s i n the 

Hudson Bay Range. With the exception of c o a l deposits and 
p o s s i b l y some small syngenetic or d i a g e n e t l c i r o n s u l f i d e 
d e posits i n black mudstones, the deposits appear to be gene­
t i c a l l y r e l a t e d to the T e r t i a r y porphyry i n t r u s i o n s . R e l ­
a t i v e l y s m a l l , complex s u l f i d e - s u l f o s a l t v e i n s , r i c h i n As, 
Zn, and Pb are the most common type of deposit i n the d i s ­
t r i c t . The l a r g e stockwork-type molybdenum deposit i n the 
e a s t - c e n t r a l part of the d i s t r i c t overshadows a l l others i n 
economic importance. 

The deposits of the d i s t r i c t can be d i v i d e d i n t o f i v e 
groups: 1. s u l f i d e veins 

2. s u l f i d e replacement bodies i n limestone 
3. molybdenum deposit 
4. g o l d - b i s m u t h - t e l l u r i u m deposit 
5. c o p p e r - i r o n - s i l v e r v e i n and replacement 

deposits 
The " s u l f i d e " v e i n and replacement deposits are s u l f i d e ores 
w i t h v a r i a b l e amounts of s u l f o s a l t and gangue minerals. The 
molybdenum deposit i s e s s e n t i a l l y a very extensive stockwork 

1 
of quartz v e i n l e t s w i t h v a r i a b l e amounts of ore and gangue 
miner a l s . The g o l d - b i s m u t h - t e l l u r i u m deposit i s a unique 
occurrence of n a t i v e gold and bismuth, b i s r a u t h i n i t e , and 

1 The term "ore m i n e r a l " used i n t h i s t h e s i s has no eco­
nomic s i g n i f i c a n c e . I t i s used i n i t s broadest sense to 
r e f e r to m e t a l l i c minerals whether or not they are economic. 



20 
b i s m u t h - t e l l u r i u m - s u l f i d e s , such as ;)oseite ;and molybdenite 
i n quartz veins and replacement pods i n a l t e r e d rocks. The 
c o p p e r - i r o n - s i l v e r deposits are separated from the " s u l f i d e " 
v e i n and replacement deposits because of t h e i r d i s t i n c t i v e 
mineralogy and metal content. They c o n t a i n i r o n oxides, 
chalcopyrite,and/or b o r n i t e , minor q u a n t i t i e s of s i l v e r min­
e r a l s , and some co n t a i n p y r i t e . Supergene(?) c h a l c o c i t e , 
c o v e l l i t e , and b o r n i t e are a l s o found i n these ores. Their 
l a c k of Zn, Pb, and As d i s t i n g u i s h them from the " s u l f i d e " 
v e i n and replacement d e p o s i t s . T y p i c a l l y they have very l i t ­
t l e a s s o c i a t e d a l t e r a t i o n and are best considered a s p e c i a l 
group of outer zone d e p o s i t s . 

S u l f i d e Vein and Replacement Deposits 
The s u l f i d e v e i n s , the most numerous and widespread 

type of d e p o s i t , are found i n the intermediate and outer 
zones of the d i s t r i c t . The main ore minerals i n these veins 
are a r s e n o p y r i t e , p y r i t e , p y r r h o t i t e , s p h a l e r i t e , galena, 
marcasite, c h a l c o p y r i t e , bournonite, t e t r a h e d r i t e , and py-
r a r g y r i t e . Quartz, c a l c i t e , dolomite, s i d e r i t e , and c h a l ­
cedony are the main gangue mi n e r a l s . The v e i n minerals were 
deposited as open-space f i l l i n g s and replacements along sheet­
ed and b r e c c i a t e d f r a c t u r e zones. Many veins form anasto­
mosing systems, some of which are over a mile i n l e n g t h . 
Cockade s t r u c t u r e s and drusy c a v i t i e s l i n e d w i t h terminated 

q u a r t z , c a l c i t e , p y r i t e , o r a r s e n o p y r i t e c r y s t a l s are common 
i n some v e i n s . M i n e r a l i z a t i o n w i t h i n a given v e i n system 
i s concentrated i n ore shoots that g e n e r a l l y range from a 
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few Inches to about ten f e e t i n width. 

Figure 7 - Dome ve i n showing t y p i c a l sheeted nature 
of the f r a c t u r e zone. Most of the dark 
areas are s u l f i d e m i n e r a l i z a t i o n . 

Some parts of vein systems co n t a i n only an i n c h or two 
of s u l f i d e s , barren quartz, or c a l c i t e . A l l veins have 
bleached and a l t e r e d borders. P r o p y l i t i c a l t e r a t i o n , w i t h 
q u a r t z , s e r i c i t e , carbonates, c h l o r i t e , epidote, c l a y s , and 
p y r i t e I s the most abundant k i n d . 1 

Apart from the replacement bodies that are i n t e g r a l 
p a r t s of the s u l f i d e v e i n s , there are a l s o some s u l f i d e r e ­
placement bodies i n limestone lenses on the Iron Vault c l a i m 
near S i l v e r n Lake. These i r r e g u l a r bodies, which occur at 

limestone vein i n t e r s e c t i o n s , have mineral assemblages that 

1 Wall rock a l t e r a t i o n i n the d i s t r i c t was not studied i n 
d e t a i l . 
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are very s i m i l a r to those of the v e i n s . P y r r h o t i t e and py­
r i t e , however, predominate over the other s u l f i d e s . 

Molybdenum Deposit 
On surface molybdenum m i n e r a l i z a t i o n occurs over an 

area of about one by one-half miles i n G l a c i e r Gulch, on 
the east s i d e of Hudson Bay Mountain, In places t h i s min­
e r a l i z a t i o n i s known to extend t o depths greater than 3 * 0 0 0 

f e e t . The molybdenum m i n e r a l i z a t i o n occurs i n a quartz v e i n 
network that i s f a r more extensive than the molybdenite min­
e r a l i z a t i o n . These quartz veins occur over an area of about 
10 to 15 square m i l e s . In t h i s study the poorly m i n e r a l i z e d 
outer part of t h i s quartz v e i n network i s r e f e r r e d t o as the 
"barren" zone. Most v e l n l e t s are l e s s than one-half i n c h 
wide, but some are greater than two t o three f e e t wide. Mo­
lybdenum, tungsten, and copper are the main metals of econom­
i c i n t e r e s t . 

Most of the veined area i s u n d e r l a i n by a h i g h l y a l t e r e d 
and metamorphosed v o l c a n i c sequence composed p r i m a r i l y of 
bedded p y r o c l a s t i c r o c k s . Many types of i n t r u s i o n s occur 
i n the a r e a . The l a r g e , concealed, d i f f e r e n t i a t e d granodi­
o r i t e sheet i s the most favorable host rock and one or more 
e a r l y T e r t i a r y s i l i c i c porphyries are probably the source 
of the hydrothermal f l u i d s t h a t deposited the ores of the 
d i s t r i c t . 



Figure 8 Area of prominent j o i n t i n g i n the molybdenum 
deposit to the east of the Hudson Bay G l a c i e r . 

Figure 9 - T y p i c a l quartz v e i n stockwork of the molyb­
denum d e p o s i t , immediately east of the 
Hudson Bay G l a c i e r . Note the absence of 
prominent a l t e r a t i o n halos* 
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The main minerals found i n the veins of the molybdenum 

deposit are q u a r t z , magnetite, p y r i t e , molybdenite, horn­
blende, b i o t i t e , c h l o r i t e , potash f e l d s p a r , muscovite, c a l ­
c i t e , dolomite, p y r r h o t i t e , c h a l c o p y r i t e , s c h e e l i t e , and 
gypsum. Other minerals have been found i n the veins but 
they are of minor importance. 

Hydrothermal a l t e r a t i o n and bleaching are extensive 
both i n s i d e and outside the area of molybdenum m i n e r a l i z a t i o n . 
There i s a p r o f u s i o n of v e i n l e t types and a l t e r a t i o n and 
bleached halos (borders). Hocks w i t h a h i g h c o n c e n t r a t i o n 
of v e i n s are markedly bleached over l a r g e areas. Quartz, 
s e r i c i t e (muscovite), carbonate, potash f e l d s p a r , b i o t i t e , 
c h l o r i t e , hornblende, epidote, garnet, magnetite, and p y r i t e 
are widespread a l t e r a t i o n m i n e r a l s . . 

Figure 10 - Sparsely mi n e r a l i z e d f i n e - g r a i n e d quartz,molybden­
i t e v e i n l e t w i t h a prominently bleached a l t e r a ­
t i o n h alo. The host rock i s dark, dense metamor­
phosed t u f f from near the outer l i m i t of molyb­
denum m i n e r a l i z a t i o n i n Climax's e x p l o r a t i o n a d i t . 



Figure 11A - Quartz, magnetite v e i n l e t with a prominent, 
p y r i t i c , bleached halo i n a dark metamor­
phosed bedded p y r o c l a s t i c rock from the mo­
lybdenum d e p o s i t . Mag, 2 x , 

Figure 11B - Bleached a l t e r a t i o n halos along a quartz, horn­
blende v e i n l e t and a p y r i t e v e i n l e t i n dark 
metamorphosed v o l c a n i c rock from the molybdenum 
d e p o s i t . Note the d i f f e r e n c e i n a l t e r a t i o n 
h a l o s . Mag. 2 . 5 x . 
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Hypogene Zoning 
D i s t r i c t - w i d e hypogene zoning i s manifested by v a r i a t i o n s 

of mineralogy, metal content, and s t r u c t u r e of the d e p o s i t s . 
The abundance and v a r i a t i o n of i r o n minerals i n the ores pro­
vide a very u s e f u l means f o r d e f i n i n g zones of the d i s t r i c t . 
The d i s t r i c t i s d i v i d e d i n t o an inner ( p y r i t e ) zone, an i n t e r ­
mediate ( p y r r h o t i t e ) zone, and an outer ( p y r i t e ) zone w i t h a 
"barren" quartz v e i n zone between and s l i g h t l y overlapping the 
i n n e r and Intermediate zones (Figure 1 2 ) . In ores w i t h both 
p y r i t e and p y r r h o t i t e the predominant one was used to d e f i n e 
the zone. As d e f i n e d the inner zone i s e s s e n t i a l l y c o i n c i d e n t 
w i t h or s l i g h t l y more extensive than the molybdenum d e p o s i t . 
Magnetite and other features of the mineralogy serve to d i s ­
t i n g u i s h the i n n e r from the outer zone. The intermediate 
and outer zones cover those parts of the d i s t r i c t c o n t a i n i n g 
s u l f i d e v e i n and replacement d e p o s i t s and Cu-Fe-Ag ores. 
Veins of the "barren" zone c o n t a i n minor p y r i t e and pyrrho­
t i t e w i t h p y r i t e g e n e r a l l y being most abundant near the 
molybdenum d e p o s i t . Ores of the intermediate zone grade to 
ores of the outer zone but there i s some question as t o how 
the intermediate zone i s r e l a t e d to the inner zone. 

The g e n e r a l i z e d mineral zonation i s shown i n Figure 1 3 -

I t i s r e a d i l y apparent that the i n n e r zone i s m l n e r a l o g i c a l l y 
d i s t i n c t from the intermediate and outer zones. C h a l c o p y r i t e 
i s the only ore mineral common to a l l zones and d e p o s i t s . 
Telescoping i s apparent i n the G l a c i e r Gulch area and on 
the northwest side of Hudson Bay Mountain west of the 





Table 2 - Index t o P r o p e r t i e s shown on Figure 12 
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Prop. 
No. 

Property Name Prop. 
No. 

Property Name 

1 
1A 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

G l a c i e r Gulch Molybdenum 
G l a c i e r Gulch Molybdenum 3500 Le v e l 
Unnamed 
Unnamed 
Yukon 
Unnamed 
Unnamed 
G l a c i e r Gulch Gold-Bismuth 
G l a c i e r Gulch North Side 
G l a c i e r Gulch South Side 
Unnamed (Matuss v e i n system) 
Matuss 
Unnamed 
S i l v e r King Claim 
J o s i e Claim 
Bee Claim and "A" F r a c t i o n 
Iron King 
Heather 
J e s s i e 
Cascade 
Snowshoe 
Groundhog 
Dorothy 
Empire 
Neepawa 
Mayflower 
Mayflower 
Mayflower 

Claims 1 and 3 
Claim 2 (Henderson v e i n 
Claim 4 (Henderson v e i n 

S a l l y Claim (Mamie v e i n system?) 
Evlnrude and Florence Claims (Mamie 
Mamie (Mamie v e i n system) 
Torrent 
Canary (Henderson v e i n system) 
Dome 

34 
35 
36 
37 
38 
39 

40 

41 
42 
43 
44 
45 
46 
47 
48 

49 

50 
51 
52 
53 
54 
55 
56 
57 
58 

v e i n system)59 
60 
61 
62 
63 
64 

system) 
system) 

Hummingbird (Henderson v e i n system) 
Pay r o l l 
V i c t o r y 
West Coronado 
East Coronado ( S i l v e r Star Claim) 
Ashman and Gerrard Veins (Henderson ve i n 
system) 

Henderson and F a u l t Plane veins (Henderson 
v e i n system) 

King Tut 
Unnamed 
Vancouver Group (Lone S t a r ) 
Unnamed 
Unnamed 

• Bonanza 
Unnamed 
S i l v e r Lake 1 and 2 and Cee Claims (Hudson 
Bay Mtn. S i l v e r ) 

Iron Vault and Van Anda Claims (Hudson 
Bay Mtn. S i l v e r ) 

Mammoth and Iron Mask Claims 
Copper Queen Claim 
"T M F r a c t i o n and Copper Queen Claim 
L a s t Chance 
Rio Grande 
Unnamed 
C a r r o l l East 
C a r r o l l West 
Rico Aspen 
Evelyn 
T r l x i e 
Zobnic 
Canadian C i t i z e n and American C i t i z e n C l a i n s 
Smithera Coooer 
Z e o l i t e 

Toboggan G l a c i e r . In these areas ores w i t h outer zone f e a ­
t u r e s occur i n the same area as ores w i t h intermediate 
zone f e a t u r e s . 

The metal zonation i s q u i t e marked. Molybdenum and 
tungsten are e s s e n t i a l l y unique to the inner zone, whereas 
a r s e n i c , z i n c , l e a d , and s i l v e r are e s s e n t i a l l y unique to 
the intermediate and outer zones. Gold was p r e f e r e n t i a l l y 
concentrated to a l i m i t e d extent i n the intermediate zone 
and i n pa r t s of the outer zone; lead and s i l v e r were con­
centrated i n the outer zone; and copper was deposited i n 
about equal amounts i n a l l zones. Iron and a r s e n i c depo­
s i t i o n was apparently s i g n i f i c a n t l y l e s s near the p e r i ­
phery of the d i s t r i c t . 
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FIGURE 13 - G E N E R A L I Z E D 01 AGS AM OP THE MINEKAL ZOKIKG 

INSEa 20KS u n n ZONE I:;TL[(KEI;IAT& ZONE OUTER :O:;L 

OA , KISERAlS 
J.n^ne t i to 
P y r i t e 
Scfccelito Mo-rich 1 
Molybdenite 
C h a l c o p y r i t e 
Molybdenite 
C h a l c o p y r i t e 

_ 

P y r r h o t i t e — — ' LI 
Araenopyrlte .... . . : ,. ; , ' : 

S p h a l e r i t e (Hlau, S p h a l e r i t e (Hlau, ?y Mod, lf-w_FeS)_. 
K a r c a s l l e 1 
a i s n u t h l n l t e — (local) 
Bl-Te s u l f i d e s — _ (loeot) 
Ter.nantlte _ 
T e t r s h e d r l t e -

Boi;rnonite 
Galena ( lata) _ _ 
P y r a r g y r l t e 
Hematite (7) _ ___J«al> 
Born!te _ , flnroll 

ChaXcoclto 
GAHfiUi 

tjuartz -( IclC — 

" A n h y d r l t e ( ? ) n 

(gypsum) 
" A n h y d r l t e ( ? ) n 

(gypsum) 
Feldspar 
Muscovite 
Hornblende 
S l o t l t e 
C h l o r i t e 

C a l c i t e 
V E o l o n l t e {intermodioto 4. late) 

S l d e r l t e S l d e r l t e 

The change i n character of the v e i n i n g outward i n the 
d i s t r i c t i s the s t r u c t u r a l m a n i f e s t a t i o n of zoning. The 
inner (molybdenum) zone i s e s s e n t i a l l y a stockwork of 
quartz v e i n l e t s . A t t i t u d e s of the v e i n l e t s g e n e r a l l y be­
come more uniform away from the c e n t r a l a r e a . Most of 
these veins are l e s s than an inch wide, have quartz as t h e i r 
main c o n s t i t u e n t , and occupy simple f r a c t u r e s . Although 
these veins occur i n swarms, i n d i v i d u a l v e i n l e t s are u s u a l l y 
f a i r l y w i d e l y spaced. Veins of the intermediate and outer 
zones, on the other hand, range up to s e v e r a l f e e t i n 
width; i n many places c o n t a i n more s u l f i d e s than q u a r t z i 
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and t y p i c a l l y occupy sheeted f r a c t u r e zones which have r e a ­
sonably w e l l defined l i m i t s and are g e n e r a l l y spaced a few 
hundred to a few thousand f e e t apart. 

S t a t i s t i c a l Study of Assays 
I n t r o d u c t i o n 

Assays from 2550 samples from 55 de p o s i t s i n the d i s ­
t r i c t were a v a i l a b l e f o r study. I t became apparent t h a t 
g e n e r a l i z a t i o n s made from scanning the assays would give 
l i t t l e i d e a of the c o m p l e x i t i e s and d e t a i l s of metal d i s ­
t r i b u t i o n i n the d i s t r i c t . The metal zoning i s not simple 
o r e a s i l y d e f i n e d . Manual means of a n a l y z i n g the data are 
p r o h i b i t i v e l y slow; hence a s t a t i s t i c a l a n a l y s i s making f u l l 
use of computers was selected as the best means of han d l i n g 
the data. The study was i n i t i a t e d w i t h the f i r m b e l i e f that 
i t would be p o s s i b l e to o u t l i n e d e t a i l s of the zoning u s i n g 
s t a t i s t i c a l techniques and th a t some s u b j e c t i v e elements of 
human b i a s could be e l i m i n a t e d . Because of the r a t h e r poor 
nature of some of the data ( e s p e c i a l l y f o r d i s t r i c t - w i d e 
s t u d i e s ) many of the s t a t i s t i c s should be considered "des­
c r i p t i v e " r a t h e r than "formal". The goal remains the same i n 
e i t h e r case—namely, to describe more f u l l y the d i s t r i b u t i o n 
of metals i n the d i s t r i c t . S t a t i s t i c a l i n f e r e n c e s from the 
numerical a n a l y s i s , however, should not be app l i e d too r i g ­
o r o u s l y . The methods serve to i l l u s t r a t e a type of study 
of zoning t h a t can be c a r r i e d out. Only a summary of the 

s a l i e n t f e a t u r e s of t h i s study are given; a more thorough 
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coverage of the r e s u l t s w i l l be presented elsewhere. 
S t a t i s t i c a l Methods and Computing Procedures 

P r e l i m i n a r y work consisted of c o r r e l a t i o n analyses sup­
ported by sele c t e d r e g r e s s i o n analyses; mechanically p l o t t e d 
s c a t t e r diagrams; and c a l c u l a t i o n of property assay means, 
standard d e v i a t i o n s , and c o e f f i c i e n t s of v a r i a t i o n s . Pro­
p e r t y , l o c a l area, and d i s t r i c t - w i d e s t u d i e s were c a r r i e d 
out s e p a r a t e l y . Property assay means and standard d e v i a t i o n s 
are given i n Table 3. For ease i n computing s = /£(x-x)2 

r a t h e r than s = fc(x-x)2 was used f o r the standard d e v i a -
^ H-l 

t i o n . This s i g n i f i c a n t l y a f f e c t s the r e s u l t s f o r small 
numbers of assays. Polynomial trend surfaces f o r s e l e c t e d 
metals and metal r a t i o s were a l s o c a l c u l a t e d . 

The 1604 and 3600 C o n t r o l Data Corporation computers at 
the U n i v e r s i t y of Wisconsin were employed f o r t h i s study. 
Extensive use was made of standard s t a t i s t i c a l programs i n 
STATJOB which i s c u r r e n t l y a v a i l a b l e as a 1604 CO-OP MON­
ITOR l i b r a r y tape. UCPLOT l i b r a r y r o u t i n e on the CDC 3600 
computer was used to construct the s c a t t e r diagrams. Sev­
e r a l small FORTRAN programs were w r i t t e n f o r s p e c i a l aspects 
of t h i s work. A program f o r a n a l y z i n g g r a v i t y data that 
was a v a i l a b l e i n the Department of Geophysics was adapted 
by B. Lewis and to a l e s s e r extent by the w r i t e r , to c a l ­
c u l a t e and co n s t r u c t contour diagrams of polynomial trend 
surfaces f o r assay and other g e o l o g i c a l data. 
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- Table 3 - S u m a r y o f Assay Data f o r the Hudson Bay Mountain Min ing D i s t r i c t 

Proper ty 
Wo. 

Au Ag Pb Zn Ca s As 

X 0 n X s n X 8 n X • n i s n I • n I s 

1 5 .02 .01 6 . u .7 1 .01 - 2 .81 .80 8 .U8 1.22 7 1.95 U . U - - -
3 l .01, _ 1 .1 - 1 .11 - 1 .13 - 1 .30 - 1 12.08 - - -
U 7 .21 .18 5 .2 .2 - - - 3 1.03 .U2 1 .21 - - - - - - -6 1 .01 1 .7 - 1 .75 - 1 5.60 - 1 .02 1 7.79 
7 13 U.60 7.07 13 l . U 2.1 - - - _ - - - - 1 .18 - • 
6 6 .12 .12 5 55 .9 70.7 3 1U.20 10.68 3 18.73 11.76 3 .28 .22 . - - - - -
9 5 .06 .oU 5 21.3 U . 6 5 3.97 3.26 5 6.11 5.10 1 .25 1 19.25 - 1 1.59 -

10 1 - .2U 1 .1 1 .01 - 1 2 .80 - 1 .3U 1 23.U0 - 1 .50 -11 1 .36 - 1 .1 - - - - - - - - - - - -12 1 .26 • 1 .1 - - - - - - 1 .05 • - • - 1 27.90 -1L 1 .01 • 1 .2 - 1 .11 - 1 6.00 - 1 .05 - 1 15.11 - - - -15 1 .01 - 1 7.3 - 1 5.2U - 1 12.90 - 1 .15 • 1 25.56 - - - -16 8 .15 .11 8 U . o 3.U 1 .08 - 3 8.U3 5.27 3 .98 .53 1 12.81 - 1 9.01 -17 1 .10 - 1 .5 - - — - 1 3.U0 - - - • - • - - - -18 6 .26 .07 6 8.1 9.7 6 6 .00 8.22 6 9.02 2.97 2 .U9 .26 2 13.16 3.8U 2 9.20 U.80 
19 5 .2U .12 5 2.3 2 .3 U 20.0U 8.58 1 8.80 - 1 .1U - 1 20.08 

1 8.30 -20 6 .10 .07 6 97.3 59 .3 6 22.2b 17.16 5 11.09 3.27 u . 79 .U6 2 17.36 3.56 2 1.87 .U7 

21 3 .08 - 3 7 .1 1.U 2 2.65 .55 - - - 1 .75 - - - - - -22 2 .53 .23 2 6.5 .5 1 25.20 - 1 23.UO - 2 1 .00 - - - - - - -
23 12 .11* .20 13 6U.0 86 .5 12 21.1U 13.73 11 16.37 5.98 3 .73 .38 1 25.95 - - - -2U 2 .38 - 2 3.8 - • - - 2 6.20 - - - - • . - - - -26 2 .06 .OU 2 3.3 1.6 2 .38 .26 2 1.75 1.U5 2 .82 .16 2 22.7U . 60 2 l . 5 o 1.10 27 1 .01 - 1 .1 - 1 .01 - 1 .03 - 1 .02 - 1 U.69 - 1 12.00 

• 
28 1 .Oii - 1 .2 - 1 .02 - 1 7.U0 - 1 .15 1 15.97 1 5.80 -29 2 .2U .01* 2 1 .5 . 5 1 .11 - 2 7.7U 2.27 1 .70 - 1 10.17 - 1 6.16 -30 259 .36 • U l 259 7.5 1U.2 - - - 2U0 8.00 7 .80 80 .89 .98 - - . -31 1 .22 1 2 .0 - 1 .12 - 1 3.80 - 1 .30 - 1 16.55 • 1 20.15 -32 106 .15 .12 106 12.1 12.1 98 8.63 7.37 99 8.25 U.97 - _ - - • - - .. -33 13 .05 .05 Hi 15.U 22.5 13 1U.78 21.86 11 3.78 3.16 2 .12 .08 2 7.22 X.7U 2 7.55 .95 

3U Loo .13 .12 U i o 10.6 1U.3 3UU 7.23 9.15 UoU 7.U3 7.06 - - • - - • 
35 l .01* - l .9 - 1 .U2 - l 6.20 1 . 03 1 1U.18 • 1 3.80 -> 36 85 .18 .16 86 15.0 58 .5 6U 8.U0 11.L3 83 5.6U 6.71 2 1.20 - - • - • 
37 16 .27 .16 16 30.1 31.2 15 1U.U8 U . U 2 15 16.78 9.12 - - - - • • - • -38 5 .20 .16 5 32.8 17 . U U 21.29 
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a • number o f assays Au and kg - i n ounces per ton 

x • mean va lue Pb ,Zn ,Cu ,S ,and As - I n per cen t 

• " s tandard d e v i a t i o n 

T h i r t y v a r i a b l e s and other miscellaneous i n f o r m a t i o n 
were coded on punched cards. The coded i n f o r m a t i o n i s as 
f o l l o w s : property number, sample i d e n t i f i c a t i o n number, 
sample width i n inches, sample q u a l i t y e v a l u a t i o n code, 
ounces per ton go l d , ounces per ton s i l v e r , per cent l e a d , 
per cent z i n c , per cent copper, per cent s u l f u r , per cent 
a r s e n i c , mine h o r i z o n t a l c o - o r d i n a t e , e l e v a t i o n , n o r t h -
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south map co-o r d i n a t e , east-west map co-ordinate, distance to 
metamorphic "front"" 1", d i s t a n c e to a point i n the center of the 
molybdenum deposit ("A"), estimated average mole per cent 
FeS i n s p h a l e r i t e f o r the d e p o s i t , s p e c i a l code to i d e n t i f y 
samples from Cu-Fe-Ag deposits and samples taken by the 
w r i t e r (a t o t a l of 52), card sequence number, s i l v e r / g o l d 
r a t i o , g o l d / s i l v e r r a t i o , s i l v e r / l e a d r a t i o , l e a d / z i n c r a t i o , 
copper/zinc r a t i o , gold/copper r a t i o , gold/lead r a t i o , copper/ 
lead r a t i o , a r s e n i c / s u l f u r r a t i o , s i l v e r / s u l f u r r a t i o , g o l d / 
s u l f u r r a t i o , g o l d / a r s e n i c r a t i o , g o l d / z i n c r a t i o , and s i l ­
v e r / z i n c r a t i o . 
Nature of the Samples 

In any s t a t i s t i c a l study one should d e f i n e the "t a r g e t 
p o p u l a t i o n " — t h a t i s , the po p u l a t i o n about which one wants to 
gain i n f o r m a t i o n or make s t a t i s t i c a l i n f e r e n c e s (see Krum-
bei n and G r a y b i l l , 1965). The tar g e t p o p u l a t i o n of t h i s 
study i s the ore dep o s i t s of the d i s t r i c t . I f v a l i d i n f e r ­
ences are to be made about the po p u l a t i o n , the samples should 
be randomly taken from the "sampled ( a c c e s s i b l e ) p o p u l a t i o n " . 
As i s t y p i c a l f o r most geologic s t u d i e s , the sampled pop­
u l a t i o n does not e x a c t l y equal the ta r g e t p o p u l a t i o n . 

U n f o r t u n a t e l y the a v a i l a b l e samples are not e n t i r e l y 
s u i t a b l e f o r r i g o r o u s s t a t i s t i c a l a n a l y s i s because they are 
not r e p r e s e n t a t i v e " p r o b a b i l i t y samples" (p. 1^9, Krumbeln and 

1 Only values outside the metamorphic aureole were recorded 
and the f r o n t was considered to d i p outwards at depth. 
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G r a y b i l l ) of the sampled or t a r g e t p o p u l a t i o n . Therefore 
considerable s u b j e c t i v e judgement has been used i n evalua­
t i n g the r e s u l t s . The main problem i n v o l v e d i s the nature 
of the samples and the l a c k of a p r e c i s e d e f i n i t i o n of a 
mineral deposit f o r sampling purposes. For i n s t a n c e , i t i s 
reasonable to ask i f the samples are composed s o l e l y of ore 
minerals or i f they contain v a r i o u s amounts of gangue, w a l l 
rock, or even o x i d a t i o n products. Because of the v a r i e t y of 
mineral occurrences i n the d i s t r i c t , i t i s d i f f i c u l t to de­
f i n e c l e a r l y the t a r g e t p o p u l a t i o n , the "ore d e p o s i t " . I t can 
be expected that most samples taken from surface exposures 
were o x i d i z e d to v a r y i n g degrees. Samples could have been 
chipped from " r e p r e s e n t a t i v e " m a t e r i a l across a massive s u l ­
f i d e v e i n , across a wide but sparsely m i n e r a l i z e d sheeted 
f r a c t u r e zone, or across an e n t i r e rock mass of stockwork 
ore. They could a l s o have been grab samples from weathered 
high grade ore on mine dumps. F o r t u n a t e l y , i n one r e s p e c t , 
many of these problems have been avoided, since over 1900 
of the assays are chip samples taken underground from the 
S i l Van Mine. Hence i t can be expected that there was a c e r ­
t a i n degree of u n i f o r m i t y i n c o l l e c t i n g these samples. But 
t h i s l eads to another problem i n the studying of zoning on 
a d i s t r i c t - w i d e s c a l e . There i s a tremendous " c l u s t e r i n g " 
of data from one area, and f o r many of the p r o p e r t i e s there 

i s o nly meager data. Because of the greater amount of data 
a v a i l a b l e , more emphasis has been placed on studying the 
S i l Van Mine area than other p a r t s of the d i s t r i c t . 
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There are als o other f e a t u r e s of the assays that r e s ­

t r i c t t h e i r use i n the study of zoning. G e n e r a l l y , unless a 
metal was ob v i o u s l y abundant i n the ore, no assay was made 
f o r i t . The absence of complete assay data causes the prob­
lem of handling "missing data" i n the s t a t i s t i c a l a nalyses. 
Because gold and s i l v e r minerals could not be r e a d i l y i d e n ­
t i f i e d i n hand specimen, and because they are economically 
important, g e n e r a l l y , more assays are a v a i l a b l e f o r these 
metals. The Mamie property i s a good example of one where 
there i s ample assay data on gold , s i l v e r , z i n c , and copper, 
but a b s o l u t e l y no i n f o r m a t i o n on l e a d . Yet galena, although 
sparse, i s present i n the ore. 

Another problem a r i s e s from the f a c t that f o r some sam­
p l e s l o c a t i o n s are only roughly known. Th e i r "place" value 
i s , t h e r e f o r e , c o n s i d e r a b l y l e s s than that of a s e r i e s of 
assays whose r e l a t i v e l o c a t i o n s are shown on a map. 

Formidable as these problems seem, they can be e v a l ­
uated to some degree. The use of metal r a t i o s g r e a t l y 
a l l e v i a t e s some sampling problems i n studying the zoning."*" 
There are, however, problems that are much more d i f f i c u l t 
to account f o r , t h a t may s i g n i f i c a n t l y a f f e c t the r e s u l t s . 

1 Koch and L i n k (1963), i n a study somewhat s i m i l a r to the 
present one, m u l t i p l i e d the assay value by the sample width 
i n an attempt to circumvent sampling e r r o r s . Sound as t h i s 
procedure may be f o r weighting assays f o r grade and tonnage 
c a l c u l a t i o n s , i t does not solve sampling problems f o r s t a ­
t i s t i c a l s t u d i e s . Moreover, i t tends to cloud the r e s u l t s 
so t h a t they cannot be d i r e c t l y compared w i t h other areas. 



36 
For i n s t a n c e , on underdeveloped p r o p e r t i e s there i s no way 
of determining whether or not the sample was taken from a 
s u l f i d e shoot. Assays from developed p r o p e r t i e s , of course, 
are mainly from the s u l f i d e shoots. I t i s very p o s s i b l e t h a t 
ores from shoots and ores from l e s s h i g h l y m i n e r a l i z e d por­
t i o n s of v e i n systems are s i g n i f i c a n t l y d i f f e r e n t . Supergene 
processes could p o s s i b l y a f f e c t the r e s u l t s . Some high s i l ­
v er p o r t i o n s of the Henderson v e i n system were a t t r i b u t e d by 
e a r l y workers to supergene d e p o s i t i o n of n a t i v e s i l v e r and 
ruby s i l v e r m i n e r a l s . Although i t i s c u r r e n t l y b e l i e v e d that 
these minerals are hypogene, the t e x t u r a l evidence f o r t h i s 
consensus i s not unequivocal. 
Selected R e s u l t s 

This study has produced a mass of data not yet completely 
analyzed. For example, one c o r r e l a t i o n run wit h 30 v a r i a b l e s 
produces 900 c o r r e l a t i o n c o e f f i c i e n t s . The sheer volume of 
r e s u l t s w i l l r e q u i r e a great d e a l more time f o r a n a l y s i s ; 
t h e r e f o r e , only some of the most obvious f i n d i n g s are presented. 

The r e l a t i o n s h i p between lead and s i l v e r i s perhaps the 
most s t r i k i n g d i s c o v e r y of t h i s study. For many of the de­
p o s i t s of the d i s t r i c t there i s a remarkably high c o r r e l a t i o n 
between the lead and s i l v e r contents of the ores. C o r r e l a t i o n 
c o e f f i c i e n t s as h i g h as .98(5) were found. Galloway (1924, 
p. 109) and other workers have suggested that there i s a 

c o r r e l a t i o n between lead and s i l v e r of some ores. The f o r ­
mer noted t h a t there i s about 1 to 2 ounces per ton s i l v e r 



f o r every per cent lead i n the V i c t o r y v e i n , However, the 
high degree of c o r r e l a t i o n had never been emphasized. F i g ­
ure 14 shows a t y p i c a l r e l a t i o n s h i p between lead and s i l v e r 
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When i t was found t h a t lead and s i l v e r showed a very close 
r e l a t i o n s h i p i n many of the d e p o s i t s , the w r i t e r expected 
that a s i n g l e r e l a t i o n s h i p would hold f o r a l l these ores. 
However, when r e g r e s s i o n equations were c a l c u l a t e d f o r these 
p r o p e r t i e s , i t was discovered that each property or part 
of a property has i t s own c h a r a c t e r i s t i c r e l a t i o n s h i p (Figure 
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In sharp c o n t r a s t to the h i g h c o r r e l a t i o n s found f o r many 
s i l v e r - l e a d o r es, d e p o s i t s or p a r t s of d e p o s i t s w i t h high 
s i l v e r contents t y p i c a l l y have low to moderate c o r r e l a t i o n s 
w i t h l e a d . For i n s t a n c e , the 3240 f o o t l e v e l of the Hender­
son v e i n and the S i l v e r Creek No* 3 v e i n are h i g h grade s i l ­
v e r o res, i n places c o n t a i n i n g as much as 50 to 100 ounces 
of s i l v e r per ton. 

1 I t i s easy to see how averaging of assay, data would have 
obscured the r e l a t i o n s h i p s . Stanton and Richards (1961 and 
1963) have discussed the problem of averaging assay data 
f o r c o r r e l a t i o n analyses. 
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I t i s very d i f f i c u l t to conceive of m u l t i - s t a g e pro­

cesses on a d i s t r i c t - w i d e s c a l e t h a t could account f o r the 
very h i g h c o r r e l a t i o n s between s i l v e r and l e a d . I t i s f a r 
more reasonable to assume that they were deposited together 
i n s i l v e r - b e a r i n g PbS s o l i d s o l u t i o n s . Oriented intergrowths 
of s i l v e r minerals i n galena and the phase r e l a t i o n s i n the 
Pb-Ag-Bl-S system ( C r a i g , 1967) support t h i s c o n c l u s i o n . 
The h i g h grade s i l v e r ores which show much lower c o r r e l a t i o n s 
between s i l v e r and l e a d , on the other hand, suggest that 
there was a separate stage of s i l v e r m i n e r a l i z a t i o n i n these 
areas. But the w r i t e r has not studied enough p o l i s h e d sur­
faces of these ores to s u b s t a n t i a t e t h i s c o n c l u s i o n on min-
e r a l o g i c a l grounds. The v a r i a t i o n i n slope of the s i l v e r -
lead r e g r e s s i o n curves i s probably a r e f l e c t i o n of v a r i a t i o n s 
i n the s i l v e r / l e a d r a t i o i n the ore s o l u t i o n s . 

I t i s noteworthy that Koch and L i n k (1963) found very 
s i m i l a r patterns i n the Don Thomas v e i n of the F r i s c o Mine 
i n Mexico. Unfortunately t h e i r data cannot be d i r e c t l y com­
pared w i t h the w r i t e r ' s , since they m u l t i p l i e d t h e i r assays 
by sample width. V a r i a t i o n s i n s i l v e r and lead contents of 
the Henderson v e i n system, moreover, would tend to cast doubt 
on t h e i r c o n c l u s i o n t h a t since the m i n e r a l i z a t i o n i s d i f f ­
erent on e i t h e r side of the F r i s c o f a u l t , f a u l t i n g presum­
ably took place before part or a l l of the ore was emplaced 

(p. 1070). There are no major f a u l t s o f f - s e t t i n g the Hen­
derson v e i n , yet i t possesses v a r i a t i o n s i n metal content 
very s i m i l a r to those of the Don Thomas v e i n . The v a r i a t i o n s 
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they describe could e q u a l l y w e l l be due to l a t e r a l zonation 
w i t h i n a s i n g l e v e i n p r i o r to f a u l t i n g . 

C o r r e l a t i o n s between other metals, metal r a t i o s , and 
various distance parameters, i n general, are much lower than 
those f o r s i l v e r and l e a d . This suggests that d e p o s i t i o n of 
most metals was not as c l o s e l y r e l a t e d as was the d e p o s i t i o n 
of some of the s i l v e r and l e a d . Perhaps i t merely r e f l e c t s 
the l a c k of simple s o l i d s o l u t i o n r e l a t i o n s h i p s of heavy 
metals i n s i n g l e minerals. 

Although deposits of the d i s t r i c t have been broadly 
grouped i n zones, s t a t i s t i c a l s tudies have served to i n d i c a t e 
t h a t d e p o s i t s w i t h i n small areas have t h e i r own c h a r a c t e r i s ­
t i c s . For example, i f we consider three veins t h a t are f a i r ­
l y c l o s e t o g e t h e r — t h e West Coronado, Mamie, and Henderson 
v e i n s — w e f i n d they have d i s t i n c t d i f f e r e n c e s . The West 
Coronado v e i n i s c h a r a c t e r i z e d by marked zonation over a d i s ­
tance of a few hundred f e e t ; the Mamie v e i n by a low l e a d , 
and h i g h gold and copper content; and the Henderson v e i n by 
a high s i l v e r and lead content and by very gradual zonation. 
These v a r i a t i o n s i n d i c a t e that to some degree c o n d i t i o n s of 
ore d e p o s i t i o n i n the va r i o u s v e i n systems were s i g n i f i c a n t l y 
d i f f e r e n t . 

V a r i a t i o n s i n absolute metal contents, as f u n c t i o n s of 
dista n c e from the metamorphic f r o n t ( a u r e o l e ) , are shown 
i n F i g u r e s 16 to 19- The mean value f o r each property l i s t e d 

i n Table 3 was used f o r the graphs. In general " l a r g e " 
(greater than 30 assays) and "i n t e r m e d i a t e " - s i z e d (greater 
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than 10 assays) samples, shown as l a r g e dots, o u t l i n e the 
trends b e t t e r than do the small samples. Some low values 
probably only s i g n i f y p oorly m i n e r a l i z e d rock. From the 
p l o t s i t can be seen that gold values are highest i n a zone 
about 3500 to 6000 f e e t from the metamorphic f r o n t ; s i l v e r 
values i n a zone about 5000 to 9000 f e e t from the f r o n t ; 
lead values i n a zone about 5000 to 8000 f e e t from the 
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f r o n t ; and that z i n c values show no d i s c e r n i b l e i n c r e a s e or 
decrease away from the f r o n t . I t should be noted that the 
mole per cent FeS content of s p h a l e r i t e (Figure 44, p. 105) 

and the atomic per cent a r s e n i c i n a r s e n o p y r i t e (Figure 50, 
p. 1 2 0 )also show d e f i n i t e trends away from the f r o n t . 

V a r i a t i o n s i n sele c t e d metal r a t i o s as f u n c t i o n s of 
di s t a n c e from the metamorphic f r o n t are shown i n Fi g u r e s 20, 
22, and 23. 

Again the l a r g e and intermediate s i z e d samples o u t l i n e 
the trends b e t t e r than do the small samples. The r a t i o s 
were c a l c u l a t e d from the property assay means i n Table 3. 
The same r a t i o s determined by c a l c u l a t i n g the means of the 
r a t i o s of the raw assay data, i n t e r e s t i n g l y enough, y i e l d 
very d i f f e r e n t v a l u e s , but the trends are the same. The 
"mean of the r a t i o s " i s a f u n c t i o n of assay variance but 
i s not a f u n c t i o n of the absolute values of the assays as 
i s the " r a t i o of the means". Mathematically i t i s probably 
a b e t t e r value than the " r a t i o of the means" used i n t h i s 
r e p o r t . The s i l v e r / g o l d , s i l v e r / l e a d , and l e a d / z i n c r a t i o s 
a l l show marked i n c r e a s e s i n the outer part of the d i s t r i c t . 
V a r i a t i o n i n the s i l v e r / g o l d r a t i o i s very s i m i l a r to that 
given by Sims and Barton (1962) f o r the C e n t r a l C i t y d i s ­
t r i c t (Figure 21). Although the s i l v e r / g o l d r a t i o s f o r the 
Hudson Bay Mountain d i s t r i c t are somewhat l a r g e r , the s t r i k ­
i n g s i m i l a r i t y of the trends s t r o n g l y i n d i c a t e s t h a t the 
Hudson Bay Mountain trend i s r e a l . Sims and Barton used 
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production data and sampling-works assays f o r t h e i r c a l c u ­
l a t i o n s , and the dista n c e they c i t e was measured from the 
c e n t e r l i n e of the core of the d i s t r i c t . 

I t can be noted that i n the metal and metal r a t i o p l o t s 
there i s abrupt t e r m i n a t i o n of p r o p e r t i e s at about 8000 f e e t 
from the metamorphic f r o n t . Figure 21 shows a s i m i l a r abrupt 
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t e r m i n a t i o n of p r o p e r t i e s about 8000 f e e t from the center-
l i n e of the C e n t r a l C i t y d i s t r i c t . Sims and Barton (1962) 
have a t t r i b u t e d the d r a s t i c changes i n s i l v e r / g o l d r a t i o and 
presumably the t e r m i n a t i o n of the m i n e r a l i z a t i o n to a zone 
of t h r o t t l i n g ( i r r e v e r s i b l e a d i a b a t i c expansion of the ore 
s o l u t i o n s ) and p o s s i b l y of mixing of the magmatically de­
r i v e d hydrothermal s o l u t i o n s w i t h ground water. S i m i l a r 
d e p o s i t i o n a l mechanisms are q u i t e f e a s i b l e f o r the Hudson 
Bay Mountain d i s t r i c t , but the w r i t e r b e l i e v e s that mix­
i n g of s o l u t i o n s was probably the most important f a c t o r 
causing the d r a s t i c change i n r a t i o s and p o s s i b l y the t e r ­
mination of m i n e r a l i z a t i o n . 

Since much of the assay i n f o r m a t i o n comes from the 
southwest p a r t of the d i s t r i c t , a n d since the known extent 
of these v e i n s i s approximately c o i n c i d e n t w i t h the l i m i t 
of outcrop, the abrupt t e r m i n a t i o n of the m i n e r a l i z a t i o n as 
shown i n Figures 16 to 23 should be viewed w i t h c a u t i o n . 
E x p l o r a t i o n work done by S i l Van Mines L t d . has shown that 
there are geophysical anomalies i n the covered areas along 
s t r i k e from some of the v e i n s . P o s s i b l y the v e i n s could ex­
tend at l e a s t 1000 f e e t f a r t h e r from the f r o n t . 

Mole per cent FeS i n s p h a l e r i t e was p l o t t e d a g a i n s t 
assays and metal r a t i o s , but due to c l u s t e r i n g of data 
trends of o n l y dubious value were o u t l i n e d . Sympathetic 
v a r i a t i o n of metal r a t i o s and mole per cent FeS i n s p h a l ­
e r i t e , of course, would support the contention t h a t the 



45 
u n d e r l y i n g causes f o r v a r i a t i o n i n both would be d i r e c t l y 
or i n d i r e c t l y the same. Since absolute metal content, 
metal r a t i o s , mole per cent FeS i n s p h a l e r i t e , and atomic 
per cent a r s e n i c i n a r s e n o p y r i t e a l l vary as a f u n c t i o n of 
d i s t a n c e from the metamorphic f r o n t , i t can be expected 
that they are a l l r e l a t e d to some degree. 

Vein and M i n e r a l Paragenesis 
The main purpose of a paragenetic study i s to recon­

s t r u c t the d e p o s i t i o n a l h i s t o r y of ores. Because of the 
problems i n v o l v e d i n i n t e r p r e t i n g the temporal aspects of 
ore d e p o s i t i o n f o r an e n t i r e mining d i s t r i c t , a d i s t i n c t i o n 
has been drawn between v e i n and m i n e r a l paragenesis. De­
t a i l e d mapping of deposits and d i s t r i c t has shown that not 
a l l d e p o s i t s were formed at the same time. Nevertheless, 
there i s i n s u f f i c i e n t evidence to e s t a b l i s h the exact 
chronology of each d e p o s i t . Since veins and deposits formed 
at d i f f e r e n t times, i t i s apparent that mineral paragenesis, 
the sequence of mineral d e p o s i t i o n w i t h i n a rock or v e i n , 
has only l o c a l s i g n i f i c a n c e . I t would take thousands of 
p o l i s h e d surfaces and many f i e l d observations to e s t a b l i s h 
the exact t i m i n g of the various m i n e r a l i z i n g events, i f i n 
f a c t i t can be e s t a b l i s h e d . 

There are numerous examples of successive periods of ore 
d e p o s i t i o n and more could probably be found i f i t were not 
f o r the f a c t that most ore exposures, whether on surface or 
underground, are covered by a l a y e r of oxides or grime. 
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A summary of the r e l a t i v e age r e l a t i o n s h i p s of ores and 

i n t r u s i o n s i n the d i s t r i c t i s as f o l l o w s : 
1. The porphyry dikes i n the G l a c i e r Gulch area 

shown i n Figure 12 are i n t r a - r n i n e r a l w i t h 
respect to the molybdenum m i n e r a l i z a t i o n ( i . e . , 
they cut and are cut by molybdenum-bearing 
v e i n l e t s ) , and to the n o r t h of the Toboggan 
G l a c i e r they cut s u l f i d e veins of the i n t e r ­
mediate zone. 

2. A p h a n i t i c p o t a s h - r i c h dikes r e l a t e d to the 
stock below the ridge south of G l a c i e r Gulch 
are a l s o i n t r a - m i n e r a l w i t h respect to the 
molybdenum m i n e r a l i z a t i o n . These dikes post­
date about 80 to 90 per cent of the quartz 
v e i n l e t s . 

3. The small body of g r a n o d i o r i t e porphyry ex­
posed i n a crevasse near the toe of the Hud­
son Bay G l a c i e r apparently cuts the surface 
molybdenite m i n e r a l i z a t i o n , but i s cut by 
numerous v e i n l e t s c o n t a i n i n g c h a l c o p y r i t e . 
This i s an i n d i c a t i o n that there might have 
been a major stage of copper m i n e r a l i z a t i o n 
that at l e a s t i n part followed the period 
of molybdenum m i n e r a l i z a t i o n . 

4. The abundance of c r o s s - c u t t i n g veins and the 
great d i v e r s i t y of v e i n and a l t e r a t i o n types 
i n the molybdenum deposit i n d i c a t e that a 
v a r i e t y of ore s o l u t i o n s under somewhat va r ­
i a b l e physlcochemical c o n d i t i o n s were r e s ­
ponsible f o r ore formation i n t h i s area. 

5. P o s t - s u l f i d e chalcedony and chalcedony-kao-
l i n i t e veins occur i n the Henderson and Dome 
v e i n systems, and very f i n e grained quartz 
post-dates at l e a s t some of the s u l f i d e s i n 
the Empire and Snowshoe v e i n s . 

6. P o s t - s u l f i d e carbonate veins have been ob­
served on the Henderson, Vancouver, and G l a ­
c i e r Gulch South Side p r o p e r t i e s . 

7. A minute bournonite v e i n that cuts deformed ga­
l e n a and s p h a l e r i t e was found i n a hand s p e c i ­
men from the East Coronado v e i n . 
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8. On the Bee Claim a two to four i n c h galena, 

s p h a l e r i t e v e i n i s traversed f o r s e v e r a l f e e t 
by a i i t o i i n c h c h a l c o p y r i t e v e i n . 

9 . S u l f i d e s t r i n g e r s w i t h e n t i r e l y d i f f e r e n t min­
e r a l assemblages which occur i n the sheeted 
f r a c t u r e zones, i n d i c a t e that the ore s o l u t i o n s 
were of v a r i a b l e nature and passed through the 
f i s s u r e s at d i f f e r e n t times. 

In the molybdenum deposit there i s a seemingly c h a o t i c 
maze of c r o s s - c u t t i n g v e i n s which have been grouped by the 

w r i t e r ( 1966) as f o l l o w s : 
A. "wormy" barren quartz v e i n l e t s i n the contact 

r e g i o n of the quartz monzonite stock (Figure 24) 
B. barren quartz v e i n stockwork ("high s i l i c a " rock) 

i n the contact region of the quartz monzonite 
stock ( v e i n l e t s have plannar w a l l s ) (Figure 24) 

C. Type I molybdenum-bearing quartz v e i n s ( f i n e 
g rained, sugary, w e l l developed banded (ribbon) 
s t r u c t u r e , high magnetite content) (Figures 25 and26) 

D. Type I I molybdenum-bearing quartz v e i n s (medium 
and coarse grained, drusy, massive, low magne­
t i t e content) (Figure 26) 

E. Post-Type I I barren and molybdenum-bearing quartz 
veins 

F. Post-quartz v e i n stockwork, quartz-carbonate 
veins (anastomosing, c o n t a i n minor p y r i t e , 
s p h a l e r i t e , galena,and molybdenite which 
i s present only i n ve i n fragments from the 
quartz v e i n stockwork) 

From r e l a t i o n s h i p s observed i n diamond d r i l l core i t was 
concluded that these v e i n groups appear to represent suc­
c e s s i v e l y younger periods of m i n e r a l i z a t i o n . However, from 
some of the v e i n r e l a t i o n s h i p s observed underground, i t was 
discovered t h a t the d i s t i n c t i o n between Type I and Type I I 
veins i s not c l e a r - c u t . Some Type I veins along s t r i k e 
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grade to veins that are more l i k e Type I I i n character, and 
some Type I vei n s with a w e l l developed banded s t r u c t u r e 
c o n t a i n c l o t s of coarse grained drusy minerals. Even though 
a c l e a r d i s t i n c t i o n between Type I and Type I I molybdenum 
veins cannot be made f o r that p a r t of the deposit exposed 
i n the underground workings, i t i s s t i l l a d e f i n i t e p o s s i ­
b i l i t y that there were at l e a s t two d i s t i n c t periods of 
m i n e r a l i z a t i o n i n other parts of the de p o s i t . I t should be 
remembered that a tremendous volume of rock has been miner­
a l i z e d and not a l l of i t has been adequately s t u d i e d . 

Figure 24 - Barren "wormy" quartz veins cut by tab­
u l a r quartz veins i n d r i l l core specimen 
from the c h i l l e d contact zone of the 
quartz monzonite porphyry l o c a t e d approx­
imately 3000 to 3500 f e e t below the r i d g e 
south of G l a c i e r Gulch. Mag, 2x. 


