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INTRODUCTION 
H i s t o r i c a l l y the m a j o r i t y of base metals p r o d u c t i o n i n B r i t i s h 
Columbia has been d e r i v e d from carbonate or shale hosted massive 
s u l p h i d e d e p o s i t s i n the e a s t e r n two b e l t s of the C o r d i l l e r a and 
porphyry d e p o s i t s i n the c e n t r a l and western b e l t s of the 
C o r d i l l e r a . Future base metals production i s l i k e l y t o come 
i n c r e a s i n g l y from volcanogenic type massive s u l p h i d e d e p o s i t s (VMS) 
l o c a t e d i n the c e n t r a l and western b e l t s . While l a c k i n g the l a r g e 
s u r f a c e e x p r e s s i o n of most porphyry d e p o s i t s and t h e r e f o r e the 
r e l a t i v e ease of d i s c o v e r y they are extremely a t t r a c t i v e t a r g e t s 
because of t h e i r g e n e r a l l y s u b s t a n t i a l l y h igher grade, p o l y m e t a l l i c 
composition and tendency f o r s e v e r a l d e p o s i t s t o occur i n 
p r o x i m i t y . 

G e o l o g i c c h a r a c t e r i s a t i o n and understanding of VMS d e p o s i t s as a 
c l a s s has l a r g e l y developed i n the l a s t t h i r t y y ears. There i s now 
an e x c e l l e n t understanding of t h e i r mode of occurrence and 
approaches t o e x p l o r a t i o n . Westmin Resources L i m i t e d have used 
these methods t o gr e a t e f f e c t a t t h e i r Myra F a l l s mine on Vancouver 
I s l a n d i n d i s c o v e r i n g numerous VMS d e p o s i t s a l l o w i n g continuous 
p r o d u c t i o n of copper, z i n c , l e a d , g o l d and s i l v e r f o r more than 25 
years w i t h p o t e n t i a l f o r a t l e a s t another 10 years of pr o d u c t i o n . 
The o b j e c t i v e of t h i s r e p o r t i s t o focus a t t e n t i o n on the VMS 
d e p o s i t s p o t e n t i a l of the western C o r d i l l e r a of northwestern 
B r i t i s h Columbia and a d j o i n i n g Alaska panhandle, p a r t i c u l a r l y an 
area r e f e r r e d t o as the A l t a B a s i n . 

VMS OCCURRENCES IN THE NORTHWESTERN CORDILLERA 

F i g u r e 1 shows the western two b e l t s of the C o r d i l l e r a , the I n s u l a r 
and Coast C r y s t a l l i n e B e l t s from l a t i t u d e 56 t o 60 degrees n o r t h . 
Important VMS environments are i d e n t i f i e d and t h e i r l o c a t i o n e i t h e r 
i n the I n s u l a r B e l t (Alexander Terrane) and/or marginal t o the 
Coast C r y s t a l l i n e B e l t i s apparent. 
E a r l i e s t p r o d u c t i o n from what are now considered t o be VMS d e p o s i t s 
was from the Tulsequah Chief and B i g B u l l mines i n B r i t i s h Columbia 
from 1951 t o 1957. Ore m i l l e d aggregated 1,029,089 tons (933,583 
tonnes) w i t h a recovered grade of 1.32% Cu, 6.06% Zn, 1.31% Pb, 
0.02% Cd, 0.09 oz/ton Au and 3.30 oz/ton Ag (Souther J.G., 1971). 
Recent underground e x p l o r a t i o n on the Tulsequah Chief p r o p e r t y has 
de f i n e d an a d d i t i o n a l resource of 8.6 m i l l i o n tons (7.8 m i l l i o n 
tonnes) g r a d i n g 1.6% Cu, 6.5% Zn, 1.2% Pb, 0.08 oz/ton Au and 3.2 
oz/ton Ag, very s i m i l a r grades t o those p r e v i o u s l y e x p l o i t e d 
(Northern Miner, 1991). I n Figure 2 the l o c a t i o n s of the Tulsequah 
Ch i e f and B i g B u l l mines are shown as w e l l as the Ericksen-Ashby 
d e p o s i t . At the l a t t e r VMS lenses have been explored i n d i c a t i n g a t 
l e a s t 900,000 tonnes of m i n e r a l i s a t i o n grading 3.79% Zn, 2.23% Pb 
and 6.27 oz/ton Ag (Anglo Canadian, 1980). 
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MASSIVE SULPHIDE POTENTIAL OF THE 
NORTHWESTERN CORDILLERA OF BRITISH COLUMBIA 

AND THE SIGNIFICANCE OF THE ALTA BASIN 

SUMMARY 
Ten areas of p o l y m e t a l l i c , volcanogenic, massive s u l p h i d e d e p o s i t s 
and p r o s p e c t s have been i d e n t i f i e d i n the c o a s t a l b e l t of B r i t i s h 
Columbia and Al a s k a between l a t i t u d e s 56 and 60 degrees n o r t h . With 
i n d i v i d u a l s i z e s ranging up t o more than 100 m i l l i o n tonnes t h i s 
c l a s s of d e p o s i t s i n t h i s area has the p o t e n t i a l t o be a major 
source of metals p r o d u c t i o n extending w e l l i n t o the twenty f i r s t 
c entury. One mine, Greens Creek i n A l a s k a , r e c e n t l y s t a r t e d 
p r o d u c t i o n and i n i t s f i r s t year became the l a r g e s t s i l v e r producer 
i n the USA. Environmental p e r m i t t i n g f o r development of the Windy 
Craggy d e p o s i t s i n the A l t a B a s i n of B.C. i s underway. When t h i s 
mine s t a r t s p r o d u c t i o n i t w i l l be the second l a r g e s t copper 
producer i n Canada and w i t h p o t e n t i a l t o be one of the l a r g e s t 
c o b a l t producers i n the world. 
These VMS d e p o s i t s are w i t h i n the Alexander Terrane of the I n s u l a r 
B e l t and i n l i e r s w i t h i n the a d j o i n i n g Coast C r y s t a l l i n e B e l t . The 
t y p i c a l g e o l o g i c a l environment of these d e p o s i t s , where not masked 
by metamorphism, i s a mafic v o l c a n i c sequence w i t h e i t h e r 
interbedded or u n d e r l y i n g c a r b o n a t e - r i c h sediments. The sequence i s 
l i k e l y t o be of T r i a s s i c age. The area of h i g h e s t known p o t e n t i a l 
i s the A l t a B a s i n i n the Haines T r i a n g l e of B r i t i s h Columbia. This 
volcano-sedimentary b a s i n covers some 500 square k i l o m e t r e s and 
cou l d host more than h a l f a b i l l i o n tonnes of ore. 
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Greens Creek, 25 k i l o m e t r e s southwest of Juneau, A l a s k a , i s the 
on l y p r e s e n t l y producing VMS mine. P r i o r t o s t a r t - u p i n February 
1989 t o t a l r e s e r v e s were 3.5 m i l l i o n tons (3.2 m i l l i o n tonnes) 
g r a d i n g 9.7% Zn, 3.0% Pb, 0.18 oz/ton Au and 24 oz/ton Ag. By e a r l y 
1991 a f t e r mining more than 660,000 tons (600,000 tonnes) r e s e r v e s 
stood a t 6.3 m i l l i o n tons (5.7 m i l l i o n tonnes) g r a d i n g 12.4% Zn, 
4.2% Pb, 0.13 oz/ton Au and 15.1 oz/ton Ag (Walker S., Nov. 1991). 
I n i t s f i r s t f u l l year of production Greens Creek became the 
l a r g e s t s i l v e r producer i n the United S t a t e s of America; a 
r e f l e c t i o n of the h i g h grade of the VMS ore. 

VMS s t y l e m i n e r a l i s a t i o n has been l o c a t e d a t the Dream prospect i n 
A l a s k a and a t the Mt. Henry Clay prospect spanning t he A l a s k a -
B r i t i s h Columbia border. Reserves have not been announced f o r 
e i t h e r o f these prospects. Other VMS s t y l e p r o s p e c t s and d e p o s i t s 
i n A l a s k a shown on Fi g u r e 1 are l i s t e d and d e s c r i b e d i n Table 1 
(Alaska's M i n e r a l I n d u s t r y , 1989). 
By f a r the l a r g e s t VMS type d e p o s i t s d e f i n e d are those w i t h i n Windy 
Craggy mountain i n the Haines t r i a n g l e i n the extreme northwest 
corner of B r i t i s h Columbia. A f t e r three years of i n t e n s i v e d r i l l i n g 
(1988 - 1990) p a r t s of these huge d e p o s i t s have been d e f i n e d and 
res e r v e s announced (Geddes Resources L i m i t e d , 1991). 

Tonnes 
Zone X ooos CU % CO % AU O/t AO O/t 
SOUTH 117,450 1.44 0.075 0.16 3.37 
NORTH 148,250 1.44 0.25 0.066 0.23 4.16 
RIDGE 5,790 1.33 0.21 0.044 0.20 4.12 
Other 25-949 0.76 
T o t a l 297.439 1.38 
L i m i t e d r e g i o n a l e x p l o r a t i o n of t h i s area has i d e n t i f i e d numerous 
other anomalies of which only two have had any d r i l l t e s t i n g . 

GENERAL GEOLOGICAL CHARACTERISTICS 07 THE OCCURRENCES 
D e s c r i p t i o n s of the g e o l o g i c a l s e t t i n g s of each of these VMS 
d i s t r i c t s i s a v a i l a b l e i n the l i t e r a t u r e and w i l l not be repeated 
here. L i k e w i s e no attempt i s made t o c l a s s i f y any of them i n t o the 
more s p e c i f i c c l a s s e s of VMS d e p o s i t s documented. Some general 
c h a r a c t e r i s t i c s stand out as common t o s e v e r a l or a l l of them, 
which may have i m p l i c a t i o n s i n f u r t h e r i n g e x p l o r a t i o n and 
development. 
1) Although i n t e r m e d i a t e t o mafic v o l c a n i c r o c k s o r t h e i r 

metamorphosed e q u i v a l e n t s are present i n the v i c i n i t y of the 
d e p o s i t s they are not n e c e s s a r i l y the host r o c k s . The l o c a l 
host r o c k s tend t o be a r g i l l a c e o u s sediments. 
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2) The a s s o c i a t e d v o l c a n i c s do not i n c l u d e f e l s i c sequences. 
3) The h o s t i n g sediments tend t o be l i m e - r i c h and the u n d e r l y i n g 

s t r a t i g r a p h y i n c l u d e s s u b s t a n t i a l t h i c k n e s s e s of limestones 
and limey sediments. 

4) S t r u c t u r a l geology of the de p o s i t s environment i s complex w i t h 
the dominant s t r u c t u r a l e f f e c t being polyphase f o l d i n g . 

5) The i r o n s u l p h i d e component of the massive s u l p h i d e s i n c l u d e s 
a s i g n i f i c a n t p r o p o r t i o n of p y r r h o t i t e . I n some d e p o s i t s 
p y r r h o t i t e i s predominant over p y r i t e . 

6) The s t r u c t u r a l deformation has i n f l u e n c e d d i s t r i b u t i o n of 
grades of some of the "commercial" metals i n the d e p o s i t s , 
p a r t i c u l a r l y g o l d and s i l v e r . 

7) Host rocks age i s most l i k e l y t o be T r i a s s i c . 
S t i l l i n the Alexander Terrane but 250 k i l o m e t r e s northwest of the 
north e r n l i m i t of Figure 1 i s the l o c a t i o n of the Kennecott 
d e p o s i t s . VMS d e p o s i t s had not been recognised as a c l a s s when 
these d e p o s i t s were mined out. These extremely r i c h copper d e p o s i t s 
were d e s c r i b e d r e c e n t l y as: 

"Major s t r a t i f o r m Cu-Ag massive s u l p h i d e d e p o s i t s l o c a l i z e d 
near c o n t a c t between C h i t i s t o n e Limestone and N i k o l a i 
Greenstone of T r i a s s i c age; contained some of h i g h e s t grade Cu 
lodes mined i n North America. From 1911 t o 1938, produced more 
than 1.2 b i l l i o n l b Cu and 10 m i l l i o n oz Ag from 4.8 m i l l i o n 
tons ore." (Alaska's M i n e r a l Industry, 1989.) 

These d e p o s i t s c o n s i s t e d almost e n t i r e l y of supergene 
m i n e r a l i s a t i o n , dominantly c h a l c o c i t e , w i t h an average grade 
g r e a t e r than 12% Cu and 2 oz/ton Ag (Berg and Cobb, 1967) . While no 
equivalence of d e p o s i t s mineralogy can be concluded, t h e r e i s 
s i m i l a r i t y i n r e s p e c t of c h a r a c t e r i s t i c s 1, 2, 3 and 7 and i t i s 
reasonable t o sp e c u l a t e t h a t the Kennecott d e p o s i t s should be added 
t o the VMS ranks of the area. 
The geology of the northwest C o r d i l l e r a i n c l u d e s environments which 
have the c h a r a c t e r i s t i c s t o host VMS d e p o s i t s w i t h s i z e s and/or 
grades comparable w i t h any i n the world. 
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THE ALTA BASIN 
Reconnaissance mapping of the Haines t r i a n g l e by the G e o l o g i c a l 
Survey of Canada was completed i n 1979 (Dodds C.J., 1979). One of 
the f e a t u r e s of the area, l o c a t e d i n the quadrant n o r t h of the 
confluence and between the ALsek and TAtshenshini R i v e r s , i s a 
s y n c l i n o r i u m or b a s i n r e f e r r e d t o as the AL TA b a s i n ( F i g u r e 3) . I t 
tre n d s n o r t h - n o r t h w e s t e r l y w i t h a len g t h of some 25 kms. and width 
of 20 kms. The o l d e s t r o c k s , d e f i n i n g the b a s i n edge, are 
limestones and marbles of Devonian age t o the west and O r d o v i c i a n -
Devonian age i n the east. These grade up i n t o a Devonian t o 

T r i a s s i c " t r a n s i t i o n " sequence of a r g i l l i t e s , s i l t s t o n e s and 
limest o n e s . I n t u r n these grade up i n t o a T r i a s s i c sequence of 
mafic v o l c a n i c s w i t h interbedded limey a r g i l l i t e s and s i l t s t o n e s . 
F o l d i n g was the dominant s t r u c t u r a l cause w i t h deformation i n more 
than one o r i e n t a t i o n . Subsequently f e l s i c i n t r u s i o n s have rimmed 
the b a s i n . F a u l t i n g has had a minor r o l e i n the s t r u c t u r a l 
e v o l u t i o n of the b a s i n even though the Border Ranges and 
Fairweather F a u l t s t o the west and D e n a l i F a u l t t o the east 
juxtapose t o t a l l y d i f f e r e n t g e o l o g i c a l t e r r a n e s . 
E x p l o r a t i o n , a l b e i t c ursory t o date, has had a remarkable degree of 
success i n i d e n t i f y i n g m i n e r a l i s a t i o n (Figure 4 ) . Water and 
sediment samples from the two creeks t h a t d r a i n the m a j o r i t y of the 
b a s i n (Henshi and Tats Creeks) are anomalous i n base metals. 
A i r b o r n e g e o p h y s i c a l surveys have i d e n t i f i e d numerous l a r g e 
conductors and magnetic anomalies. P r o s p e c t i n g l o c a t e d p o l y m e t a l l i c 
massive s u l p h i d e boulders up t o 2 metres i n diameter i n moraine and 
a l l u v i a l g r a v e l s i n F r o b i s h e r , Henshi and Tats creeks v a l l e y s . 
Mapping and p r o s p e c t i n g i d e n t i f i e d p o l y m e t a l l i c m i n e r a l i s a t i o n i n 
outcrop on Windy Craggy mountain, north of F r o b i s h e r v a l l e y , 
adjacent t o East Arm G l a c i e r a t the head of Henshi Creek and 
northwest, n o r t h and east of Tats Lake. Common c h a r a c t e r i s t i c s of 
most of these m i n e r a l i s e d l o c a t i o n s are: 

t h e i r s t r a t i f o r m , VMS s t y l e a f f i n i t y , 
c o i n c i d e n c e w i t h geophysical anomalies, 
occurrence w i t h i n or a t the upper or lower c o n t a c t of the 
" t r a n s i t i o n " sequence. 

D e t a i l e d e x p l o r a t i o n a t Windy Craggy mountain has demonstrated 
c o n v i n c i n g l y the occurrence of s e v e r a l , 100 m i l l i o n tonne p l u s VMS 
d e p o s i t s . L i m i t e d e x p l o r a t i o n i n the East Arm G l a c i e r area suggests 
the p o s s i b i l i t y of one or more 100 m i l l i o n tonne p l u s VMS d e p o s i t s 
t h e r e as w e l l . Other anomalies have the s t r e n g t h and dimensions t o 
y i e l d more of these g i g a n t i c d e p o s i t s . I m p l i c a t i o n s are t h a t the 90 
- 100 km. l e n g t h of the b a s i n perimeter determined by the 
" t r a n s i t i o n " u n i t i s h i g h l y p r o s p e c t i v e f o r VMS d e p o s i t s . The 
u l t i m a t e resource contained i n the A l t a B a s i n c o u l d be f i v e hundred 
m i l l i o n t o a b i l l i o n tonnes of p o l y m e t a l l i c ore, making t h i s one of 
the areas of most abundant m i n e r a l i s a t i o n i n the world. 
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CONCLUSIONS 

The Alexander Terrane of the I n s u l a r B e l t of the C o r d i l l e r a i n 
northwestern B r i t i s h Columbia and neighbouring A l a s k a c o n t a i n s 
s e v e r a l areas w i t h d e p o s i t s and prospects of volcanogenic type, 
p o l y m e t a l l i c , massive s u l p h i d e s . The t y p i c a l g e o l o g i c a l environment 
of these VMS d e p o s i t s , where not masked by metamorphism, i s a mafic 
v o l c a n i c sequence w i t h e i t h e r interbedded or u n d e r l y i n g carbonate-
r i c h sediments. The sequence i s l i k e l y t o be of T r i a s s i c age and t o 
have s u f f e r e d s e v e r a l phases of f o l d deformation. 
The massive s u l p h i d e s tend t o have a high p y r r h o t i t e t o p y r i t e 
r a t i o and t h e r e f o r e a s t r o n g l y magnetic c h a r a c t e r . Base metals 
present i n c l u d e copper, l e a d and z i n c as the primary s u l p h i d e s and 
a l s o as supergene-enriched s u l p h i d e and oxide m i n e r a l s . Minor 
metals present may i n c l u d e g o l d , s i l v e r , c o b a l t and cadmium. B a r i t e 
i s e n r i c h e d i n the v i c i n i t y of some of the d e p o s i t s . S i z e and/or 
grade are comparable w i t h those of VMS d e p o s i t s anywhere i n the 
world, making t h i s type of d e p o s i t an a t t r a c t i v e e x p l o r a t i o n t a r g e t 
i n t h i s area. P r o x i m i t y t o tide w a t e r p r o v i d e s an economic 
inducement. 
The l a r g e s t d e p o s i t s i d e n t i f i e d t o date are i n the Haines T r i a n g l e 
of B r i t i s h Columbia. They are l o c a l i s e d w i t h i n a volcano-
sedimentary b a s i n , the A l t a Basin, c o v e r i n g some 500 square 
k i l o m e t r e s . Three d e p o s i t s have been e x t e n s i v e l y d r i l l e d and w h i l e 
s t i l l not f u l l y d e l i m i t e d have reserves of almost 300 m i l l i o n 
tonnes. One ot h e r prospect, w i t h a s i m i l a r magnitude g e o p h y s i c a l 
anomaly, has r e c e i v e d i n i t i a l d r i l l t e s t i n g c o n f i r m i n g p o l y m e t a l l i c 
m i n e r a l i s a t i o n . Another t en or more anomalies i n the A l t a B a s i n 
r e q u i r e i n v e s t i g a t i o n . 
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Figure 2 

Location of VMS Deposits in the Tulsequah River Area, B.C. 
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TABLE 1 

References to VMS style prospects shown on Figure 1: 

1. Tulsequah Chief B.C. 

2. Big Bull B.C. 

3. Erickson - Ashby B.C. 

4. Green's Creek Alaska 

5. Windy Craggy B.C. 

6. East Arm B.C. 

7. Mt Henry Clay Alaska/B.C. 

8. Dream Alaska 

References extracted from: 

Alaska's Mineral Industry, 1989— Special Report 44 

APPENDIX C—Continued 

Haines Baritc - Major stratiform Ba-Pb-Zn-d-Ag deposit in pil
low basalt-dominated section of Paleozoic or Triassic age; consists 
of 48- to 60-ft-thick zone of 60-percent baritc with upper zone (2 to 
S ft thick) of massive sulfides that contain 2 percent Pb, 3 percent 
Zn, I percent Cu, 2 to 4 oz/ton Ag, and 0,12 oz/ton A u . Estimated 
to contain 750,000 tons of 65 percent baritc with metal credits. 

Sumdutn - Voicanogenie Cu-Pb-Zn massive sulfide deposit in 
Mesozoic mctamorphic complex with potential strike length of over 
10,000 ft. Inferred reserves of 26.7 million tons ore that grade 
0.57 percent Cu, 037 percent Zn, and 0.3 oz/ton A g reported. 

Tracy Arm - Strata-bound Cu-Zn-Pb massive sulfide prospect in 
Mesozoic schist; over 1,100 ft long and up to 12 ft thick. Reported 
grades of l J percent Cu, 3.9 percent Zn, 0.76 oz/ton Ag, and 
0.013 oz/ton Au. 

Conrwallis Peninsula - Volcanogenic Cu-Pb-Zn-Ag-Ba massive 
sulfide deposit of Triassic(?) age; reported grades of up to 
20 percent Pb-Zn and 23 oz/ton Ag. 

111 Castle Island - Stratiform barite deposit of Triassic age hosted in 
carbonate and pillow basalt; about 856,000 tons of raw and refined 
barite produced from 1963 to 1980; also contains Zn, Pb, and Cu 
sulfides. Reported to be mined out. 

112 Ground Hog Basin - Area contains several stratiform massive 
sulfide prospects in Mesozoic schist and gneiss whose origins are 
unknown. Reported grades of up to 8 percent Pb, 29 oz/ton Ag, 
and 0.5 oz/ton A u . Area also contains potential for porphyry Mo 
deposits. 

119 Copper City - Stratiform Cu-Zn-Ag-Au massive sulfide deposit 
hosted in late Precambrian Wales Group. Reported grades of up to 
12.7 percent Cu, 2.7 percent Zn, 23 oz/ton Ag, and 0.2 oz/ton Au. 

121 Niblaek - Volcanogenic Cu-Pb-Au-Ag massive sulfide deposit 
hosted in Precambrian(?) Wales Group or Ordovician to Silurian 
Descon Formation; produced more than 1.4 million lb Cu, 11,000 oz 
Au, and 15,000 oz Ag. 
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