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SYNOPSIS 
The Windy Craggy massive s u l p h i d e d e p o s i t i s 
l o c a t e d w i t h i n the S t . E l i a s Mountains i n the 
n o r t h w e s t e r n c o r n e r o f B r i t i s h Columbia. Access 
i s a t p r e s e n t l i m i t e d to h e l i c o p t e r . Most o f the 
d e p o s i t i s cov e r e d by g l a c i a l i c e and snow f i e l d s 
and e x p l o r a t i o n work i s d i f f i c u l t , c h a l l e n g i n g 
and e x p e n s i v e . 

S u l p h i d e b e a r i n g b o u l d e r s were d i s c o v e r e d i n 
1958, f o l l o w - u p l e d to the d i s c o v e r y o f o u t c r o p s 

;and s t a k i n g o f the d e p o s i t . As the r e s u l t of an 
jagreement between F a l c o n b r i d g e L i m i t e d and Ceddes 
Resources L i m i t e d an i n t e n s i v e e x p l o r a t i o n p r o 
gramme has been c a r r i e d out d u r i n g the p e r i o d 

: 1980-83. 

The d e p o s i t l i e s near the c o n t a c t o f e x t e n 
s i v e p i l l o w b a s a l t s and a dom i n a n t l y s e d i m e n t a r y 
sequence composed o f b l a c k a r g i l l a c e o u s s i l t -
s t o n e s and l i m e s t o n e s which a r e i n t e r b e d d e d w i t h 
minor i n t e r m e d i a t e v o l c a n i c u n i t s . The age r e 
l a t i o n s h i p s of these r o c k s are p r e s e n t l y p o o r l y 
u n d e r s t o o d . Recent work by the G e o l o g i c a l Survey 
of Canada on conodont f a u n a l assemblages has e s t 
a b l i s h e d a N o r i a n age f o r sediments i n the v i c 
i n i t y o f the d e p o s i t . 

D r i l l i n g and mapping to date have demon
s t r a t e d the presence o f s u l p h i d e m i n e r a l i z a t i o n 
over an apparent s t r i k e l e n g t h of a t l e a s t 1800 
metres. The s u l p h i d e body i s g r o s s l y coraformable 
to the e n c l o s i n g v o l c a n i c and se d i m e n t a r y u n i t s . \ 
The a d j a c e n t w a l l r o c k s a r e c h a r a c t e r i z e d by both 
Sediments and v o l c a n i c s . S t r i n g e r type s u l p h i d e 
m i n e r a l i z a t i o n i s found w i t h i n t h i s a l t e r e d 
.assemblage on both s i d e s of the massive s u l p h i d e s ! 
D e t a i l e d mapping a t the n o r t h e r n end o f the zone j 

has succeeded i n i d e n t i f y i n g two phases o f 
f o l d i n g d e f o r m i n g the s u l p h i d e s and a d j a c e n t w a l l 
r o c k s . 

The s u l p h i d e body e x h i b i t s g r o s s m i n e r a l -
o g i c a l and c h e m i c a l z o n a t i o n . An encouraging 
g o l d i n t e r s e c t i o n was encountered i n DDH 14-83 
which assayed 9.2 g/t ove r 61.23 metres. Much 
work remains to be done t o e v a l u a t e the s i g n i f 
i c a n c e o f t h i s i n t e r s e c t i o n , the s t r u c t u r a l 
c o m p l e x i t y , s t r a t i g r a p h y , m e t a l z o n a t i o n and 
tenor and the o v e r a l l economic s i g n i f i c a n c e o f 
t h i s i n t r i g u i n g d e p o s i t . 

LOCATION, TOPOGRAPHY AND ACCESS 
The d e p o s i t i s l o c a t e d a t L a t i t u d e 59 degrees 
44'N and L o n g i t u d e 137 degrees 44'W i n the n o r t h 
w e s t e r n s e c t i o n o f B r i t i s h Columbia ( F i g u r e 1), 
known as the A l s e k a r e a a f t e r the main d r a i n a g e 
system i n the r e g i o n . T h i s i s one o f the most 
rugged p a r t s o f Canada and i s a t l e a s t 50% 
cove r e d by i c e f i e l d s and g l a c i e r s . Both Mount 
Logan, the h i g h e s t mountain i n Canada, which 
reaches an e l e v a t i o n o f 5,852 metres and Mount 
F a i r w e a t h e r the h i g h e s t p o i n t i n B r i t i s h Columbia, 
which r i s e s r a p i d l y out of the P a c i f i c Ocean t o a 
h e i g h t o f 4,633 metres are i n t h i s r e g i o n . The 
r e l a t i v e r e l i e f o f th e s e i m p r e s s i v e peaks to t h e i r 
s u r r o u n d i n g s r i v a l s t h a t of Mount E v e r e s t . I t i s 
perhaps not s u r p r i s i n g t h a t e x p l o r a t i o n a c t i v i t i e s 
i n t h i s r e g i o n have lagged behind o t h e r a r e a s o f 
the Canadian C o r d i l l e r a . 

There a r e no s e t t l e m e n t s i n the A l s e k s o u t h 
Of the Yukon b o r d e r . W h i t e h o r s e , i n the Yukon 
T e r r i t o r y , i s the n e a r e s t l a r g e p o p u l a t i o n c e n t r e | 
i n Canada and has been used as the s t a g i n g and 



T i t l e o f c o n f e r e n c e 

F i g . 1. L o c a t i o n and t e c t o n i c s e t t i n g o f t h e 
_.Windy Craggy a r e a . 

s u p p l y base f o r e x p l o r a t i o n a c t i v i t i e s i n the 
r e g i o n . I t l i e s about 200 a i r k i l o m e t r e s n o r t h 
e a s t o f Windy-Craggy and has a wide range o f 
s e r v i c e s a v a i l a b l e . F u e l and s u p p l i e s were f l o w n 
i n from W h i t e h o r s e by f i x e d wing a i r c r a f t to 
s u p p o r t e x p l o r a t i o n d u r i n g the 1958-83 p e r i o d . 

The nearby A l a s k a n c o a s t a l communities o f 
(Haines and Y a k u t a t b o t h o f f e r p o r t f a c i l i t i e s 
jwhich c o u l d be used f o r c o n c e n t r a t e shipments 
s h o u l d the p r o p e r t y be brought i n t o commercial 
p r o d u c t i o n . L i n k a g e o f the d e p o s i t a r e a t o t h e 
e x i s t i n g highway systems s e r v i n g t h e s e communities 
w i l l need the u s u a l c a r e f u l e n g i n e e r i n g s t u d i e s 
r e q u i r e d f o r n o r t h e r n mountainous a r e a s . 

i 

HISTORY OF EXPLORATION 
:A b r i e f a e r i a l r e c o n n a i s s a n c e was c a r r i e d out i n 
11957 by J . J . McDougall o f F a l c o n b r i d g e who 
i s p o t t e d p o t e n t i a l l a n d i n g s i t e s i n the a r e a and 
'noted p o s s i b l e s i g n s of m i n e r a l i z a t i o n . 
i 

D u r i n g the summer o f 1958, a r e g i o n a l p r o s 
p e c t i n g programme was c a r r i e d out u s i n g two P i p e r 
Cub a i r c r a f t supplemented by a B e l l G2 h e l i c o p t e r . 
D u r i n g t h i s p e r i o d a r e c o n n a i s s a n c e g e o l o g i c a l 
map o f the r e g i o n was p r e p a r e d , t o p o g r a p h i c names 
were g i v e n to the most prominent f e a t u r e s and 
some f o r t y m i n e r a l i z e d p r o s p e c t s were l o c a t e d , 

and s t a k e d i n c l u d i n g the Windy and Craggy c l a i m s . ! 
Reconnaissance g e o l o g i c a l o b s e r v a t i o n s were made 
and c h i p samples were ta k e n over the exposed 
m i n e r a l i z a t i o n on the e a s t f l a n k o f Windy Craggy 1 

mountain, which assayed 0.9% Cu, 0.2 o z s / t Ag i 
o v e r 168 m i n c l u d i n g 30 m which r a n 1.41% Cu. 

I n 1959 f l o a t r u n n i n g up to 4% Cu was 
l o c a t e d beneath m i n e r a l i z e d , but i n a c c e s s i b l e 
o u t c r o p s , to the n o r t h o f the c h i p sampled zone. \ 
A d d i t i o n a l s a m p l i n g was c a r r i e d out and 5 s h o r t j 
packsack d r i l l h o l e s , t o t a l l i n g 93 metres were j 
put down over a s t r i k e l e n g t h o f 61 metres. The , 
b e s t i n t e r s e c t i o n was 2Z Cu over 3.3 metres i n 
DDH 4/59. 

I n I960 work c o n c e n t r a t e d on the s o u t h e r n 
s e c t i o n of the zone. An a d d i t i o n a l 14 p a c k s a c k 
d r i l l h o l e s , t o t a l l i n g 173 metres were d r i l l e d 
and i n c l u d e d 5 c o l l a r e d i n the g l a c i a l i c e c o v e r 
i n g p a r t o f the zone. A t r a n s i t c o n t r o l l e d geo
l o g i c a l survey was made o f a l l the a c c e s s i b l e 
p o r t i o n s of the m i n e r a l i z e d zone. These s t r u c 
t u r e s were b e l i e v e d to be p l u n g i n g to the n o r t h . . 

I n 1965 a programme of 3 AX h o l e s t o t a l l i n g 
364 metres was completed ( F i g u r e 2 ) . The b e s t 
i n t e r s e c t i o n o b t a i n e d (DDH 3/65) was 1,512 Cu 
over 42.7 metres. These i n d i c a t i o n s were con
s i d e r e d to be i n t e r e s t i n g enough to w a r r a n t maint
a i n i n g the p r o p e r t y i n good s t a n d i n g . However, 
the i s o l a t e d l o c a t i o n , s e v e r e c l i m a t e , g l a c i a l 
c o v e r and s t e e p topography suggested t h a t the 
i n d i c a t e d copper grades were not s u f f i c i e n t l y h i g h 
to w a r r a n t commercial e x p l o i t a t i o n i n the f o r s e e -
a b l e f u t u r e . The p r o p e r t y remained i n F a l c o n -
b r i d g e ' s i n v e n t o r y f o r the n e x t 15 y e a r s . 

D u r i n g the p e r i o d 1977-79 the G e o l o g i c a l 
Survey o f Canada was a c t i v e i n the S t . E l i a s 
^Mountains and A l s e k r e g i o n and produced a p r e 
l i m i n a r y g e o l o g i c a l map. 1 The Windy-Craggy de
p o s i t l i e s w i t h i n the u n i t mapped as the Kaska-
wulsh Group which was c o n s i d e r e d a t the time to 
jbe a l o c a l t h i n a c c u m u l a t i o n of p i l l o w l a v a and 
h r e c c i a of Cambro-Ordovician age w i t h i n an 
O r d o v i c l a n carbonate and greywacke sequence. 

I n 1979 and 1980, the T h o r n h i l l l a b s o f 
F a l c o n b r i d g e examined samples o f the 1965 d r i l l 
c o r e . E l e c t r o n probe measurements i n d i c a t e d t h a t 
p y r r h o t i t e and c o e x i s t i n g p y r i t e c o n t a i n e d c o b a l t 
v a l u e s i n the ranges o f 0.1% to 0.52. The host 
r o c k was d e s c r i b e d as s p i l i t i c p i l l o w b a s a l t . 
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F i g . 2. Outcrop geology and l o c a t i o n o f d r i l l h o l e s 
been p r o j e c t e d v e r t i c a l l y upwards t o t h e t o p o g r a p h i c 

The s u l p h i d e m i n e r o l o g y o f the Windy-Craggy zone 
was c o n s i d e r e d p o s s i b l y r e l a t e d to t h e v e n t a r e a 
of a v o l c a n o g e n i c s u l p h i d e zone. 

In 1981, F a l c o n b r i d g e e n t e r e d i n t o an agree-. 
ra£nt w i t h Geddes Resources L i m i t e d and s t a k e d 
a d d i t i o n a l c l a i m s i n the a r e a . The a r e a o f 
i n t e r e s t was c o v e r e d by a DIGHEM h e l i c o p t e r mag/ 1 

EM s u r v e y . A major d r i l l i n g programme, managed 
by F a l c o n b r i d g e , was c a r r i e d out i n t h a t y e a r 
w i t h 10 h o l e s t o t a l l i n g 2541 metres u s i n g 2 l o n g -
y e a r F l y 38 machines. T h i s d r i l l i n g s u g g e sted a 
c o n t i n u o u s zone ov e r a s t r i k e l e n g t h of 400 
metres w i t h m i n e r a l i z a t i o n t o a depth o f a t l e a s t 
492 metres. The northernmost h o l e completed t h a t 
y e a r (Dull 5B/8I) r e t u r n e d an e n c o u r a g i n g 1.23% Cu 
over 165.2 metres. 

completed d u r i n g the 1965-1983 p e r i o d . Holes have 
s u r f a c e . 

In 1982, one o f the F l y 38 d r i l l i n g machines 
was r e p l a c e d w i t h a Longyear 44 f o r i t s b e t t e r 
depth c a p a c i t y . D r i l l i n g proceeded northwards 
from DDH 5B/81 w i t h h o l e s 9/82, 11/82 and 12/82 
b e i n g d r i l l e d f o r a t o t a l o f 1364 metres. F u r t h e r 
e n c o u r a g i n g r e s u l t s were o b t a i n e d w i t h DDH 11/82 
r e t u r n i n g 2.78% Cu over 112.8 metres and DDH 12/82 
r e t u r n i n g 1.82 Cu and 17g/t Ag over 162.8 metres 
i n c l u d i n g a s e c t i o n a s s a y i n g 3.1% Cu o v e r 52.7 
metres. D r i l l i n g i n 1982 and 1983 was t o t a l l y 
h e l i c o p t e r s u p p o r t e d due to the t o p o g r a p h i c pos- i 
l t i o n s of the c o l l a r s . A v a i l a b l e d r i l l s e t - u p s 
were v e r y l i m i t e d . The e x p e n d i t u r e s i n c u r r e d by 
Geddes Resources L i m i t e d d u r i n g the 1981-1982 
p e r i o d were s u f f i c i e n t t o earn them a 49% J o i n t 
V e n t u r e i n t e r e s t w i t h F a l c o n b r i d g e on the prop
e r t y • 
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F i g . 3. N o r t h Face of Windy Craggy showing t h e a r e a o f s u l p h i d e o u t c r o p s above the C e n t r a l G l a c i e r . 

The 1983 d r i l l programme was designed t o 
attempt t o o b t a i n more complete i n f o r m a t i o n i n the 
v i c i n i t y of h o l e s 11/82 and 12/82. A f u r t h e r 9 
h o l e s were completed t h a t y e a r , f o r an aggregate 
metreage on the p r o p e r t y o f 8,410 metres. The 
1983 programme was j o i n t l y funded by Geddes Res
o u r c e s and F a l c o n b r i d g e i n accordance w i t h t h e i r 
r e s p e c t i v e e q u i t y i n t e r e s t s i n the J o i n t V e n t u r e . 

The h o l e s d r i l l e d i n 1983 c o n f i r m e d m i n e r a l 
i z e d w i d t h s and copper grades. However, the 
s u l p h i d e zone was d i s t i n c t l y t h i n n e r i n the a r e a 

;between h o l e s DDH 11/82 and DDH 12/82. The main 
h o l e t e s t i n g t h i s a r e a was DDH 14/83. Assay 
r e s u l t s f o r t h i s h o l e , however, r e v e a l e d t h e 
p r e s e n c e o f an i n t e r e s t i n g g o l d zone w i t h v a l u e s 
of 9.6 g/t Au and 1.22% Cu o v e r 61.2 m e t r es. 
W i t h i n t h i s i n t e r v a l 38.7 metres averaged 12.8 
g/t Au and the b e s t 6 metre s e c t i o n averaged 28.8 
g/t Au. 

The r e s u l t i n g p a t t e r n o f d r i l l h o l e s a t t h e 
end o f 1983 i s shown on F i g u r e 2. The n o r t h f a c e 
of Windy Craggy, above the C e n t r a l G l a c i e r , . ̂ Ls 
seen on F i g u r e 3. F l o a t c o l l e c t e d fronr t h e 
g l a c i a l d e b r i s s u g g ested t h a t the m i n e r a l i z a t i o n 
c o n t i n u e d a c r o s s t h i s f a c e . The DIGHEM h e l i ¬
c o p t e r EM r e s u l t s a l s o i n d i c a t e d a s t r i k e e x t e n 
s i o n of the main s u l p h i d e body In t h i s a r e a . To 

i g a i n c r i t i c a l i n f o r m a t i o n , a team of mountain
e e r i n g g e o l o g i s t s , from D i h e d r a l E x p l o r a t i o n 
L i m i t e d , was engaged t o map and sample the N o r t h 
Face. The work c o n f i r m e d the presence of t h i s 
h y p o t h e s i z e d zone and mapped two phases o f 
f o l d i n g a f f e c t i n g the m i n e r a l i z e d zone and the 
e n c l o s i n g w a l l r o c k s . Mapping r e s u l t s a r e a l s o 
summarized i n F i g u r e 2. 

I n l a t e 1983 F a l c o n b r i d g e conveyed t i t l e t o 
l l h e p r o p e r t y to Geddes Resources i n r e t u r n f o r a 
i c a r r i e d 22.5% i n t e r e s t i n the n e t proceeds o f 
•production f o l l o w i n g recoupment of c a p i t a l . 
•Geddes Resources have announced p l a n s to under
t a k e a f i n a n c i n g t o r a i s e s u f f i c i e n t funds to 
'drive an e x p l o r a t i o n a d i t to a s s e s s the a r e a of 
i n d i c a t e d g o l d m i n e r a l i z a t i o n and h i g h e r copper 
grades by f u r t h e r underground e x p l o r a t i o n 
j d r i l l i n g . ' 
1 i 

REGIONAL GEOLOGY 
As i n d i c a t e d on F i g u r e 1, the Windy Craggy a r e a 
i s l o c a t e d w i t h i n the A l e x a n d e r T e r r a n e , one of 
;the " s u s p e c t , t e r r a n e s " which a r e c o n s i d e r e d to 
ihave been a c c r e t e d to t h e west c o a s t of N o r t h 
;A.merica as a r e s u l t o f T a c t i l e sea f l o o r 
|.spreading d u r i n g ; the. Meso.zoic./ Recent geo-
! l o g i c a l mapping i n d i c a t e s t h i s a r e a i s under-
I l a i n by complexly deformed P a l e o z o i c e l a s t i c s 
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F i g . I*. D i s t r i b u t i o n of main ro c k u n i t s i n the v i c i n i t y of Windy Craggy. 
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and c a r b o n a t e s o f r e l a t i v e l y low metamorphic 
grade. 

The p r o p e r t y i s u n d e r l a i n by an e x t e n s i v e 
monotonous sequence of b l a c k g r a p h i t i c s h a l e s and 
a r g i l l i t e s w i t h o c c a s i o n a l i n t e r c a l a t e d v o l c a n i c 
f l o w s . These a r e i n c o n t a c t w i t h a l a r g e v o l 
c a n i c complex, h e r e i n termed the Tats Complex, 
w h i c h c o n s i s t s o f i n t e r m e d i a t e to m a f i c f l o w s , 

p i l l o w b a s a l t s and minor sediments. Recon-
3 

n a i s s a n c e mapping by D. P r i n c e i n 1983 ( F i g u r e 
,4) combined w i t h v i s i t s from government geo-

4-5 
l o g i s t s has h e l p e d d e f i n e a broad but u s e f u l 
s t r a t i g r a p h i c s e c t i o n . F i v e major s u b d i v i s i o n s 
can be d e r i v e d as f o l l o w s : 
Upper Tats Complex - Age u n c e r t a i n ( L a t e T r i -

a s s i c ? ) - m a i n l y p i l l o w 
b a s a l t 

M i d d l e T a t s Complex - Upper T r i a s s i c - Mixed 
s h a l e s , a r g i l l i t e s , 
p i l l o w e d and massive 
f l o w s . 

Lower Tats Complex - Age?: i n t e r m e d i a t e t o 
m a f i c f l o w s d i o r i t e s i l l s . 

G r a p h i t i c S h a l e U n i t - Age?: Limy g r a p h i t i c 
s h a l e , a r g i l l i t e s , l i m e ¬
s tone. 

Limestone U n i t . - S i l u r o - D e v o n i a n ? - Grey 
p l a t y l i m e s t o n e s . 

Large s c a l e b l o c k and s t r i k e - s l i p f a u l t i n g 
d i s r u p t t h i s s t r a t i g r a p h y to the south and e a s t 
and may be p r e v a l e n t elsewhere. The Lower Tat s 
Complex appears to be s p a t i a l l y r e s t r i c t e d to the 
c e n t r a l p o r t i o n o f the p r o p e r t y due i n p a r t to 
j f a u l t i n g and p o s s i b l e l a t e r a l f a c i e s changes. 
!rhe sequence appears to be u p r i g h t g e n e r a l l y w i t h 
s t e e p d i p s and f a c i n g d i r e c t i o n s toward t h e NE. 
R e v e r s a l o f d i p s and tops d i r e c t i o n s on the N o r t h 
end o f the p r o p e r t y suggests a broad s y n c l i n a l 
f o l d s t r u c t u r e p l u n g i n g e a s t e r l y w i t h i t s a x i s 
r u n n i n g g e n e r a l l y E-W a l o n g the F r o b i s h e r g l a c i e r 
to the n o r t h . Elsewhere f o l d i n g v a r i e s markedly 
i n s t y l e and c o m p l e x i t y and i s c h i e f l y governed by 
t h e competence of the major l i t h o l o g i e s . The 
sediments undergo p l a s t i c d e f o r m a t i o n when i n 
c o n t a c t w i t h o n l y m i l d l y warped massive v o l c a n i c 
u n i t s . 

The M i d d l e T a t s Complex which forms the h o s t 
r o c k s f o r the Windy Craggy d e p o s i t can be t r a c e d 
i n o u t c r o p as w e l l as by a low r e s i s t i v i t y DIGHEM 

response from N o r t h of Tats Lake to t h e T a t s 
g l a c i e r . The Lower Tats Complex has been f a u l t e d 
o f f , o r grades out by f a c i e s changes, w i t h the 
r e s u l t t h a t the M i d d l e Tats Complex changes t o 
wards the SW by d e c r e a s i n g v o l c a n i c c o n t e n t i n t o 

the g r a p h i t i c s h a l e u n i t . 
The M i d d l e Tats Complex has been dated i n 

the v i c i n i t y o f t h e d e p o s i t by the G e o l o g i c a l 
4 

Survey of Canada u s i n g conodont f a u n a l assem
b l a g e s c o l l e c t e d from l i m y sediments i n b o t h 
d r i l l c ore and s u r f a c e samples. Ages o b t a i n e d 
a r e c o n s i s t e n t l y N o r i a n o r Upper T r i a s s i c . C a l 
careous s h a l e and a r g i l l i t e u n i t s o f i d e n t i c a l 
appearance have been i n t e r s e c t e d on b o t h s i d e s o f 
the main s t r a t i f o r m s u l p h i d e zone s u g g e s t i n g t h a t 
the m i n e r a l i z a t i o n may be c o e v a l and T r i a s s i c i n 
age. 

The Upper Tats Complex i s a t h i c k u n i t of 

dominantly p i l l o w e d b a s a l t i c v o l c a n i c s . F a c i n g 

d i r e c t i o n s o b t a i n e d from p i l l o w s c o n f i r m the 

broad s y n c l i n a l f o l d s t r u c t u r e mapped a t the 

n o r t h of the p r o p e r t y . 

DEPOSIT GEOLOGY 
• G e n e r a l 

S u r f a c e geology i s shown on F i g . 2 and i n c l u d e s 
t h e r e s u l t s o f s u r f a c e and s t r u c t u r a l mapping 
c a r r i e d out on the i b r t h Face by D i h e d r a l E x p l o r 
a t i o n i n 1983. S u r f a c e o u t c r o p i s l i m i t e d by 
e x t e n s i v e snow, i c e and t a l u s c o v e r . D i f f i c u l t 
topography l i m i t s c o n v e n t i o n a l a c c e s s to the 
s t e e p e r p o r t i o n s o f the mountain. T h i s s p e c i a l 
i s t crew of g e o l o g i s t s has e x t e n s i v e rope c l i m b i n g 
e x p e r i e n c e . F u r t h e r s u r f a c e mapping w i l l p r o b a b l y 
r e q u i r e g e o l o g i s t s o f s i m i l a r background. 

L i t h o l o g i e s 

The major l i t h o l o g i e s i n the d e p o s i t a r e a con
s i s t s of mixed g r a p h i t i c s h a l e s and a r g i l l i t e s 
and i n t e r m e d i a t e to m a f i c massive and p i l l o w e d 
f l o w s . Sediments tend t o dominate i n the s o u t h 
and w e s t e r n p o r t i o n s w i t h v o l c a n i c s i n c r e a s i n g i n 
abundance and importance towards the NE. P i l l o w e d 
v o l c a n i c s have been i d e n t i f i e d on the n o r t h s i d e 
of the d e p o s i t and grade northwards i n t o the 
massive p i l l o w b a s a l t s o f the Upper Tats Complex.1, 
V o l c a n i c s i n t e r b e d d e d w i t h t h e a r g i l l a c e o u s r o c k s 
tend t o be massive a m y g d a l o i d a l f l o w and s i l l 
u n i t s o f i n t e r m e d i a t e t o m a f i c c o m p o s i t i o n . 

4 , 
-4--' 
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i C h l o r i t i c a l t e r a t i o n o f v o l c a n i c s i n c r e a s e s w i t h J 
p r o x i m i t y t o the m i n e r a l i z a t i o n c u l m i n a t i n g i n ( 
c h l o r i t e s c h i s t . The l i t h o l o g i c a l c l a s s i f i c a t i o r j - j 
on the maps and s e c t i o n s i s based on broad . 
gro u p i n g s of s i m i l a r r o c k s and i s based on f i e l d ! 
c l a s s i f i c a t i o n o n l y . Summary d e s c r i p t i o n s 
f o l l o w : 
\ \ 

\ | 
A r g i l l i t e s 
Dominantly dark grey to b l a c k c a l c a r e o u s , g r a p h i c ' 

j 
s h a l e s , s i l t s t o n e s and l e s s e r grey to b u f f impure! 
l i m e s t o n e s . A s l a t y c l e a v a g e i s w e l l developed ! 

I 
i n most members and i s a x i a l p l a n a r t o F l i s o 
c l i n a l f o l d i n g . " N o d u l a r " a r g i l l i t e s a r e l o c a l l y ^ 
abundant and c o n t a i n e l l i p s o i d a l boudins o f l i g h t ! 
grey c a l c a r e o u s s i l t s t o n e and l i m e s t o n e w i t h l o n g 
axes o r i e n t e d p a r a l l e l t o the prominent c l e a v a g e . 
T h i n p r i m a r y p y r i t i c beds a r e o f t e n observed 
w i t h i n the s h a l e s . j 

j V o l c a n i c s 
[ I n t e r m e d i a t e t o m a f i c massive f l o w s and t u f f s , 
.with minor columnar j o i n t e d and p i l l o w e d b a s a l t s . 
I n d i v i d u a l u n i t s v a r y from l e s s than one meter t o 
more than 50 meters i n t h i c k n e s s and a r e l a t e r 
a l l y c o n t i n u o u s over observed s t r i k e l e n g t h s o f 
jfrom 100 to 400 meters. These u n i t s o f t e n p i n c h 
and t e r m i n a t e a b r u p t l y w i t h i n , the s e d i m e n t s , and 
some o f them may r e p r e s e n t s i l l u n i t s . T h i n n e r 
i v e s i c u l a r f l o w s , ash t u f f s and b r e c c i a s have been 
obs e r v e d i n d r i l l c o r e . 

The s u i t e of i n t e r m e d i a t e to m a f i c v o l c a n i c s 
i s a l t e r e d t o greenstones and c h l o r i t e s c h i s t s . 
C h l o r i t i c a l t e r a t i o n i s most common but carbon-
a t i z e d and s i l i c i f i e d v o l c a n i c s a r e l o c a l l y 
abundant. These a l t e r e d v o l c a n i c s a r e commonly 
jLn c l o s e p r o x i m i t y o r a d j a c e n t to the massive 
s u l p h i d e s . S t r i n g e r and d i s s e m i n a t e d p y r i t e and 
p y r r h o t i t e a r e commonly a s s o c i a t e d , w i t h p y r r -
J h o t i t e d o m i n a t i n g near massive s u l p h i d e c o n t a c t s . 
The l a r g e expanse of a l t e r e d v o l c a n i c s found a l o n g 
the r i d g e a t the l o c a t i o n of DDH 19/83 has been 
p o s i t i v e l y i d e n t i f i e d as p i l l o w b a s a l t s w i t h 
p i l l o w s s t r e t c h e d and deformed a l o n g the prom
i n e n t s c h i s t o s i t y . Wavy and c r e n u l a t e d c l e a v a g e 
has been observed a t t e s t i n g t o a secondary f o l d i n g 
event a t n e a r l y r i g h t a n g l e s to the S I a x i a l : 
c l e a v a g e . j 

iBa s i c Dykes 
jGabbroic m a f i c dykes a r e o f l i m i t e d o c c u r r e n c e . 
iThey a r e medium g r a i n e d and g e n e r a l l y w i t h abun-
jdant f e l t e d h o r n b l e n d e p h e n o c r y s t s i n a c a l c i t e -
c h l o r i t e - e p i d o t e m a t r i x . 

1 . i 
Cherty Zones i 
Ch e r t s of presumed c h e m i c a l p r e c i p i t a t e o r i g i n , I 
i 
t o g e t h e r w i t h carbonate f a c i e s " i r o n f o r m a t i o n " 
j c o n t a i n i n g an assemblage o f s i d e r i t e , d o l o m i t e 
and c a l c i t e . The ca r b o n a t e s have t e x t u r e s i n d i c 
a t i n g c o - p r e c i p i t a t i o n w i t h s u l p h i d e m i n e r a l s . 
T h i n bedded p y r i t i c and m a g n e t i t e b e a r i n g u n i t s j 
are a l s o p r e v a l a n t i n t h i s zone t o g e t h e r w i t h j 
i t h i n v o l c a n i c l a s t i c u n i t s . T h i s package o f r o c k s ; 

h o s t s the g o l d m i n e r a l i z a t i o n encountered i n DDH 
14/83. 

S u l p h i d e s j 

I n c l u d e s semi-massive s u l p h i d e s . Gangue m i n e r a l s ! 
i n c l u d e fragments of c h l o r i t e s c h i s t , s i l i c i f i e d j 

or d o l o m i t i z e d a r g i l l i t e and a f i n e g r a i n e d j 

m a t r i x of q u a r t z , s i d e r i t e o r f e r r o a n d o l o m i t e | 
and c a l c i t e . S t i l p n o m e l a n d and gypsum commonly j 
coat f r a c t u r e s o r l i n e c l e a v a g e f a c e s . ! 

S t r u c t u r e 
Severe f o l d d e f o r m a t i o n i n the d e p o s i t a r e a has 
been s u s p e c t e d s i n c e the 1982 season. U n t i l then 
the SE p o r t i o n o f the d e p o s i t had been regarded 
as a s i m p l e t a b u l a r body d i p p i n g s t e e p l y towards 
the NE. D r i l l i n t e r s e c t i o n s i n 1982 and s u r f a c e 
{napping r e s u l t s suggested a t i g h t s y n c l i n a l f o l d 
S t r u c t u r e p l u n g i n g m o d e r a t e l y t o the NW. A 
second f o l d i n g event was s u s p e c t e d from i n d i r e c t 
e v i d e n c e of f o l d e d S I cl e a v a g e p l a n e s . 

Mapping on th e N o r t h Face d u r i n g 1983 proved 
e x c e p t i o n a l l y u s e f u l i n t y i n g down the s t r u c t u r a l 
c o m p l e x i t i e s . P r i m a r y F l i s o c l i n a l f o l d s t r e n d 
i n g NW and WNW a r e i n t u r n deformed by secondary 
F2 open f o l d s t r e n d i n g N t o NNE. F l f o l d s a r e 
o f t e n o v e r t u r n e d towards the SW and plunge mod¬

o o 
e r a t e l y (30-50) towards the NW. The plunge of F l 
axes v a r i e s due t o t h e i n f l u e n c e of the s t e e p l y 
iNorth p l u n g i n g F2 f o l d s . The i n t e r p l a y between 
these d e f o r m a t i o n events i s f u r t h e r i n f l u e n c e d by 
the i n t e r f a c e w i t h the s t e e p topography r e s u l t i n g 
i n a complex o u t c r o p p a t t e r n as shown on F i g . 2. 
The s u l p h i d e exposures on the N o r t h Face a r e 
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'covered by mixed v o l c a n i c s and s h a l e s w i t h o n l y 
minor a l t e r a t i o n . These c o u l d be r e g a r d e d as a 
hanging w a l l sequence. 

E x t r a p o l a t i o n o f t h i s s t r u c t u r a l h i s t o r y t o 
the SE was i m p o s s i b l e from s u r f a c e i n f o r m a t i o n 
'alone due t o the poor o u t c r o p exposure. Geo
l o g i c a l i n f o r m a t i o n c o m p i l e d from t o t a l d r i l l i n g 

F i g . S. I n t e r p r e t e d g e o l o g y , a t the p l a n e o f the 
1600 m. e l e v a t i o n , showing the l o c a t i o n s of the 
s e c t i o n s shown i n F i g s . 5-7. 

to d a t e has been used t o c o n s t r u c t l e v e l p l a n s , 
l o n g s e c t i o n s and p s e u d o - s e c t i o n s , i n an attempt 
to d e f i n e the geometry of t h e d e p o s i t . 

'THE SULPHIDE ZONE 
The s t r i k e e x t e n t of the m i n e r a l i z a t i o n i n d i c a t e d 
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|on F i g . 2 i s a p p r o x i m a t e l y 1800 metres from Red 
I Creek i n the s o u t h to the C e n t r a l G l a c i e r i n the 
N o r t h . Over t h i s d i s t a n c e the c h a r a c t e r of the 
m i n e r a l i z a t i o n changes. At the s o u t h e r n end of 
the zone p y r r h o t i t e i s the dominant i r o n s u l p h i d e 
p r e s e n t , copper grades a r e u s u a l l y about 1% or 
l e s s and c o b a l t i s p r e s e n t i n the range of 0.05% 
^o 0.25%. I n the s e c t i o n of the zone between 
;holes 5B/82 and 13/83 p y r i t e predominates over 
p y r r h o t i t e as the dominant i r o n s u l p h i d e , copper 
grades i n c r e a s e t o a range of 1% t o 2.5% and 
c o b a l t v a l u e s d e c r e a s e t o around 0.05%. Proce e d 
i n g n o r t h w a r d s , i n the v i c i n i t y of h o l e 14/83 the 
'sulphide zone d e c r e a s e s g r e a t l y i n w i d t h . The 
c&pper v a l u e s a l s o d e c r e a s e to around 1%. How
ever t h i s i s the same i n t e r v a l t h a t c o n t a i n s the 
p r o m i s i n g g o l d v a l u e s r e f e r r e d t o above. 

I n the v i c i n i t y of h o l e 12/82, the zone 
widens up a g a i n , c o p p e r v a l u e s a r e i n the range o f , 
2% t o 3% and a r e accompanied by some s i l v e r and 
z i n c , c o b a l t i s low. N o r t h o f t h i s a r e a , i n the 
N o r t h Face a r e a mapped by D i h e d r a l E x p l o r a t i o n , 
t h e r e a r e some i n d i c a t i o n s of a l a t e r a l t r a n s 
i t i o n t o a more s p h a l e r i t e r i c h m i n e r a l o g y h o s t e d 
by a r g i l l i t e . 

Each season of d r i l l i n g has advanced p r o 
g r e s s i v e l y towards the NW a l o n g the m i n e r a l i z e d 
zone. N e v e r t h e l e s s d r i l l c r o s s s e c t i o n s remain < 
Wide spaced, g e n e r a l l y s e p a r a t e d by i n t e r v a l s of j 

100 meters o r more, due to the tremendous s t r i k e j 

l e n g t h of s u l p h i d e m i n e r a l i z a t i o n . To f u r t h e r j 

c o m p l i c a t e i n t e r p r e t a t i o n many s e c t i o n s a r e 
t e s t r i c t e d t o a s i n g l e h o l e and many of the 1983 
" s e c t i o n s were f o r c e d t o d e p a r t from a u n i f o r m 
c r o s s s e c t i o n a l b e a r i n g due t o l i m i t e d d r i l l s i t e 
a v a i l a b i l i t y and d e v i a t i o n s i n the s t r i k e of the 
s u l p h i d e zones. T h i s s i t u a t i o n made n e c e s s a r y 
c o n s t r u c t i o n o f l e v e l p l a n s a t f i v e a r b i t r a r i l y 
chosen e l e v a t i o n s to assemble the d a t a i n t o a j 
p o s s i b l e model. F i g s . 5 through 7 show p o s s i b l e 
g e n e r a l i z e d g e o l o g i c a l i n t e r p r e t a t i o n s a c r o s s 
t h r e e s e c t i o n s through the zone. F i g . 8 shows a 
p l a n v i e w of t h e d e p o s i t geology at the 1600 m 
e l e v a t i o n . The g e o l ogy as shown i n complex due 
to the i n t e r p l a y o f the two phases of f o l d i n g 
and r e s u l t i n g v a r i a n c e i n s t r i k e of l i t h o l o g i c a l • 
u n i t s . | 

I n t e r p r e t a t i o n o f the d e p o s i t geology e n v i s - ' 
ages two d i s t i n c t s u l p h i d e b o d i e s i s o c l i n a l l y J 

f o l d e d , c r o s s f o l d e d , f a u l t e d and s e p a r a t e d by a 
t h i c k a l t e r e d p i l l o w e d v o l c a n i c u n i t . The SE 
d e p o s i t i s composed d o m i n a n t l y of p y r r h o t i t e and 
t a p e r s to a narrow semi-massive to s t r i n g e r s u l 
p h i d e zone i n the extreme s o u t h e a s t . T h i s body 

| i s deformed by s e v e r a l i s o c l i n a l F l f o l d s w h i ch 
are a p p a r e n t l y o v e r t u r n e d t o the southwest. The 
F l f o l d axes a r e i n t u r n warped by s t e e p n o r t h 
e a s t e r l y p l u n g i n g open f o l d s w h i ch p r o b a b l y i n -
jduce v a r i a b l e plunge a t t i t u d e s a l o n g F l axes. 
The major p o r t i o n o f the d e p o s i t o c c u p i e s a s y n -

i c l i n a l f o l d p l u n g i n g t o t h e WNW and i s c u t by a 
;prominent f a u l t zone t r e n d i n g s u b - p a r a l l e l t o the 
j f o l d a x i s . The c e n t r a l , p y r i t e b e a r i n g zone i n 
|the massive s u l p h i d e s plunges n o r t h w e s t e r l y and 
; i s i n t e r s e c t e d i n DDH 11 and 13 on c r o s s - s e c t i o n 
C-C ( F i g . 7 ) where i t o c c u p i e s the core o f the 
s y n c l i n e west of the m e d i a l f a u l t . P y r i t e con
t e n t i n c r e a s e s p r o p o r t i o n a l l y upwards w i t h DDH 11 
i n t e r s e c t i n g p r i m a r i l y p y r i t i c s u l p h i d e s . E a s t 
of the m e d i a l f a u l t on t h i s s e c t i o n p y r i t i c s u l 
p h i d e s a r e thrown i n t o a c o m p l i c a t e d f o l d p a t t e r n 
i n t e r p r e t e d t o plunge towards the n o r t h w e s t . The 
i n t e n s e i s o c l i n a l f o l d i n g e x h i b i t e d c o u l d be a t 
t r i b u t e d t o p r o x i m i t y t o m assive, competent, 
a l t e r e d v o l c a n i c s i m m e d i a t e l y to the n o r t h w e s t 
and the p r e s e n c e o f abundant incompetent a r g i l 
l a c e o u s h o s t r o c k s . The g o l d - b e a r i n g c h e r t y 
h o r i z o n i n t e r s e c t e d i n DDH 14, s e c t i o n B-B ( F i g . 
6) may, i f s t r a t i f o r m , o v e r l i e the f o l d e d py
r i t i c s u l p h i d e s and plunge s t e e p l y n o r t h w e s t be
n e a t h the v o l c a n i c s . 

The a l t e r e d , f o l i a t e d , p i l l o w e d v o l c a n i c j 

sequence o v e r l y i n g the SE s u l p h i d e body i s f o l - ! 
ded i n t o a broad s y n c l i n e . The a x i a l t r a c e o f j 

t h i s f o l d passes near the c o l l a r o f DDH 19 and j 

extends through the s y n c l i n a l f o l d c l o s u r e i n 
the NW s u l p h i d e body a t the l o c a t i o n o f DDH 12, j 

15, 16 and 17 on c r o s s - s e c t i o n A-A ( F i g . 5 ) . 
These h o l e s c u t the f o l d e d s u l p h i d e body a t an 
o b l i q u e a n g l e . DDH 18 was d r i l l e d down the d i p j 

and plunge of the f o l d ; i t e f f e c t i v e l y r e p r e 
s e n t s a l o n g i t u d i n a l s e c t i o n through the s u l 
p h i d e s and r e t u r n e d an assay of 1.93% Cu over 
an i m p r e s i v e 415 metres. 

The second,lower s u l p h i d e i n t e r s e c t i o n i n 
DDH 12 i n 1982 has been e x t r a p o l a t e d upwards to 
form a t h i n l a t e r a l s t r i k e e x t e n s i o n of the SE 
s u l p h i d e body. T h i s zone c o n s i s t s p r i m a r i l y o f 
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F i g . 9. Range of t e x t u r e s a s s o c i a t e d w i t h t h e Windy Craggy m i n e r a l i z a t i o n . ( S c a l e b a r i n a l l cases 
l i s i n m i c r o n s ) . A. - P y r i t e framboids w i t h n u c l e a r c o r e o f s p h a l e r i t e . B. - P y r i t e fraraboids 
e n c l o s e d i n massive p y r i t e - p y r r h o t i t e . C. - P o s s i b l e t r a n s i t i o n between the t e x t u r e s shown i n A and 
B. D. - C i r c u l a r s t r u c t u r e o f (?) o r g a n i c o r i g i n Imbedded i n a p y r i t e - s p h a l e r i r e m i x t u r e . E. - Gold 
a s s o c i a t e d w i t h p y r i t e . F. - C o l d a s s o c i a t e d w i t h p y r i t e , p y r r h o t i t e and c h a l c o p y r i t e . 
G. - E u h e d r a l and s u b h e d r a l p y r i t e I n a m a t r i x o f c h a l c o p y r i t e , p y r r h o t i t e and spongy p y r i t e . 
H. - Apparent c o - p r e c i p i t a t i o n t e x t u r e of c a r b o n a t e s ( c a l c i t e , d o l o m i t e and s i d e r i t e ) w i t h s u l p h i d e s 
( s p h a l e r i t e and p y r i t e ) i n the host r o c k s to the g o l d m i n e r a l i z a t i o n i n h o l e 14/83. 

p y r r h o t i t e i n a l t e r e d s i l i c i f i e d a r g i l l i t e s and 
v o l c a n i c s . The s u r f a c e e x p r e s s i o n o f the zone 
may sub-crop west o f the c o l l a r of DDH 20, which 
was d r i l l e d e s s e n t i a l l y down d i p and plunge o f 
the a l t e r e d v o l c a n i c u n i t , i n t e r s e c t i n g minor 
p a t c h y s u l p h i d e c o n c e n t r a t i o n s . A p y r r h o t i t e -
r i c h i n t e r s e c t i o n a t depth i n h o l e 20 may r e p r e 
s e n t a deep c u t a t p a r t of the NW s u l p h i d e body. 

H a n g i n g w a l l r o c k s o v e r l y i n g t h e NW s u l p h i d e 
body are r e l a t i v e l y u n a l t e r e d m i x t u r e of v o l 
c a n i c s and a r g i l l i t e s . They a r e s u p e r f i c i a l l y 
s i m i l a r i n appearance to the a r g i l l i t e / v o l c a n i c 
package s o u t h o f t h e SE s u l p h i d e body. The 

i n n e d i a t e u n d e r l y i n g f o o t w a l l r o c k s t o b o t h s u l 
p h ide b o d i e s a r e p r i m a r i l y c h l o r i t i c , m a f i c and 
sometimes p i l l o w e d v o l c a n i c s b e a r i n g d i s s e m i n a t e d 
and s t r i n g e r s u l p h i d e s . A n o t a b l e e x c e p t i o n 
'occurs i n the i n t e n s e l y f o l d e d p y r i t e zone a t the 
northwest terminus of the SE s u l p h i d e body, i n 
the v i c i n i t y of DDH 11 and 13 on c r o s s - s e c t i o n 
C-C. I n t h i s p o r t i o n the s u l p h i d e s are e n c l o s e d 
i.for the most p a r t by dominantly a r g i l l a c e o u s sed-
.iments. 

R e g i o n a l s t r a t i g r a p h i c o b s e r v a t i o n s can be 
r e l a t e d t o the p r e s e n t i n t e r p r e t a t i o n of the de
p o s i t geology to propose a g e n e t i c model t o g u i d e 
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f u r t h e r e x p l o r a t i o n . The known d e p o s i t s a r e 
u n d e r l a i n by m a f i c v o l c a n i c s , i n c l u d i n g p i l l o w 
j b a s a l t s , near t h e i r c o n t a c t w i t h a g r a p h i t i c 
s h a l e sequence c h a r a c t e r i z e d by d e c r e a s i n g v o l -
p a n i c c o n t e n t d o w n s e c t i o n . I t would appear t h a t 
' d e f o r m a t i o n a l e p i s o d e s had l i t t l e e f f e c t on the 

i m a s s i v e v o l c a n i c s of the Tats. Complex w i t h 

j i n t e n s e f o l d i n g r e s t r i c t e d t o t h e s e d i m e n t a r y 
[package. The e n t i r e s e c t i o n may r e p r e s e n t a ! 
s l i c e of deep ocean c r u s t w i t h s u l p h i d e b o d i e s 
o r i g i n a t i n g from " b l a c k smoker" vent a r e a s ad- j 

j a c e n t t o an a c t i v e b a s a l t i c s p r e a d i n g c e n t r e . 
The abundance o f p e l i t i c sediments suggests r a p i d 
c o n c u r r e n t s e d i m e n t a t i o n perhaps analogous to the 
Guaymas are a i n the G u l f of C a l i f o r n i a . ^ j 
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