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I n t r q cl u c t i a n 

Ihe Midway Aq -Pb Zn d e p o s i t i s l o c a t e d i n map a r e a L 040/16, 

1.0 k:i. .1 o met r e s s o u t h of t h e B„C, vukan border- and a b o u t SO 

k i 1 Qinetrei: west S O L I thwES i". ' o r Watson i ,ake> r'ukon i e r r i t o r v .. T he 

d e p o s i t i s c e n t r e d at: l a t i t u d e 59 3:5:' north,, i o n a i t u d e .1.30 20'' 

N e s t , 111 n e r a.! i a t i on on sd. s:t s of i. r r e q u .1. ar , p i pe - 1 i ke, open 

sp a r e t i I I i nq arid r op I a somen t ~ t y p e m a s s i v e s u l p h i d e b o d i e s i n 

mid D e v o n i a n He Dam© i3roup c a r b o n a t e s b e n e a t h a m a j o r 

uncon-formi.tv. R e s e r v e s c u r r e n t l y s t a n d a t C J.SS m i l l i o n t o n n e s 

g r a d i n g 410 grants oq.. 9„6% ln9 and f„0% Pb ( E x p l o r a t i o n i n B.C., 

1986) . R e g i o n a l (napping c o n d u c t e d dui ing t h e 1986 f i e l d s e a s o n 

showed r h a t fche d e p o s i t l i e s n e a r t h e s o u t h e r n t e r m i n a t i o n o f a 

br oad „ n o r t h t r end i nq ex t e n s i on a I f a u 1 t s y s t e m ('! o o t s e e R i y o r 

f a u l t one). ddel s o n and B r a d f o r d , 1987),. T h i s z o n e i n t e r s e c t s a 5 

k i 1 o m e t r e I onq „ n o r t h w e s t e r 1 y t r e n d i nn b e l t o-f h y d r o t h e r ma 1 

a l t e r a t i on -j us t s o u t h o-f t he depos i t., I u t e r i s e s e r i c i t i c 

a i t e r at i on and g u a r t v e i n i nq i. n o- :• -, ono Ml s s i s s i p J. an E a r n 

G roup s e d i m e n t s 5 , and .coi , i i c i dent, a r a v i t v arid m a g n e t i c a n o m a l i e s 

s t r o n g J, y i nd i c a t i; h at I", he b u r :i ed 1 n t r u s i ve bodv cor 1 i nq t he 

i Si i-iwa t i v d r o t h e r maS Bys'tern u n d e r ! t ^ s Br i n c o Hi 1 3, „ a b o u t 2 

k i i.ometres s o u (.he I. of t h e rho:Bo. • d e n e s I t, D e p o s l L chs?mi s t r yy 

su ! phi. do mi nor a !. on •• . i o i op i c •••• i on ..•: uf O H *nd p r e l 1 ml n ar y 

t e m p e r a t u r e d a t a ; •• •- d: e t e t h a i : i t d - ••- i s an e p l q e n e t i c , , man t o 



type d e p o s i t ; K—Ar dates and Pb i s o t o p e model ages support a 

Late Cretaceous age of m i n e r a l i z a t i o n . The f o l l o w i n g h i g h l i g h t s 

some of the r e s u l t s of ong o i n g * s t u d i e s of the Midway d e p o s i t and 

en v i r o n s by the s e n i o r author and o t h e r s . 

Deposit Geology 

§tr at i ^ r ajphy 

S t r a t a exposed east of S i l v e r t i p Creek i n the v i c i n i t y 

of Midway range from Devonian t o M i s s i s s i p i an i n age (F i g u r e ). 

M i o g e o c l i n a l carbonates of Lower t o Middle Devonian age are 

unconformably o v e r l a i n by Upper Devonian t o Lower M i s s i s s i p i an 

(mid - Fammenian t o mid - Tournasian: M. Orchard, personal 

communication, 1986) b a s i n a l s h a l e s and t u r b i d i t e d e p o s i t s of 

the Earn Group. The Earn Group i s s t r u c t u r a l l y o v e r l a i n by 

oceanic sediments and v o l c a n i c and i n t r u s i v e r o c k s of the 

S y l v e s t e r A l l o c h t h o n . 

McDameGrgup 

McDame Group carbonates of Middle Devonian age (un i t 2) 

para-conformably o v e r l i e Lower Devonian Tapioca sandstones (unit 

1), and outcrop on S i l v e r t i p H i l l west of Camp Creek F a u l t , on 

the south s i d e of S i l v e r t i p Creek i n the Midway p o r t a l area, and 

on the north end of Tour Peak, south of S i l v e r t i p H i l l ( F i g u r e 



). The base o-f the lie Dame grades down through a s e r i e s of 

a l t e r n a t i n g l i g h t and dark grey, w e l l laminated dolostones, i n t o 

non - f e t i d d o l o s t o n e s and interbedded d o l o m i t i c quartz a r e n i t e 

of the upper Tapioca sandstone. 

T o t a l t h i c k n e s s of the McDame Group i n the Midway area i s 

about 350 metres. D o l o m i t i c f a c i e * dominate i n the lower t h i r d 

of the s e c t i o n , and c o n s i s t of dark grey, f e t i d c r y p t a l g a l 

l a m i n i t e s and interbedded massive dolostone. The upper two -

t h i r d s of the s e c t i o n c o n s i s t s of f o s s i 1 i f e r o u s , f e t i d 

rudstones, f l o a t s t o n e s , wackestones, and packstones, with 

interbedded mi c r i t i c 1imestones.Faunal assemblages of low 

d i v e r s i t y c o n s i s t p r i m a r i l y of Stromatoporoids, with l o c a l 

c o n c e n t r a t i o n s of brachiopods, c o r a l s , c r i n o i d s , and b i v a l v e s 

(Mundy, 1984). 

The upper McDame con t a c t i s a r e g i o n a l unconformity marked 

by topographic r e l i e f of over 100 metres. E r o s i o n a l r e l i e f and 

widespread k a r s t i n g as manifested i n spar - healed b r e c c i a s , 

vugs, and coarse spar - f i l l e d p aleocaverns up t o s e v e r a l metres 

a c r o s s t e s t i f y t o u p l i f t and s u b a e r i a l exposure of p a r t s of the 

carbonate p l a t f o r m p r i o r t o subsidence and d e p o s i t i o n of Earn 

Group b a s i n a l s h a l e s . D e t a i l e d b i o s t r a t i g r a p h i c c o r r e l a t i o n s 

suggest that u p l i f t may have been accompanied by l o c a l block 

f a u l t i n g (Mundy, 1984). F o l l o w i n g r e g i o n a l e x t e n s i o n and 

submergence of the carbonate p l a t f o r m i n middle Fammenian time, 

s o l u t i o n c o l l a p s e w i t h i n the karst e d upper McDame accompanied 



d e p o s i t i o n and d i a g e n e s i s of the lower Earn. Mixed limestone and 

uncrenulated s h a l e fragments i n spar - healed and lime mud -

f i l l e d c a v i t i e s i n the upper McDame are widespread. These 

b r e c c i a s a r e commonly well compacted and c o n t a i n abundant 

s t y l o l i t e s c r o s s c u t t i n g and forming sutured c l a s t boundaries as 

a r e s u l t of l a t e r p r e s s u r e s o l u t i o n d u r i n g Earn d i a g e n e s i s . 

L o c a l l y , well bedded mudstones and s i l t s t o n e s occur w i t h i n 

compacted, s h a l e and limestone b r e c c i a s i n c a v i t i e s 30 metres or 

more below the top of the McDame, i n d i c a t i n g t h a t some c a v i t i e s 

were open t o the ocean f l o o r d u r i n g d e p o s i t i o n of the Earn. 

Earn_Grou£» 

Lowermost Earn Group sediments c o n s i s t of carbonaceous, 

l o c a l l y c a l c a r e o u s or s i l i c e o u s , black s h a l e s (uni t 3A, F i g u r e ) 

up t o 40 metres t h i c k . T h i s e u x i n i c b a s i n f a c i e s c o n t a i n s a r i c h 

conodont fa u n u l e of mid-Fammenian age (M. Orchard,personal 

communication, 1986). Thickness i s v a r i a b l e over s h o r t 

d i s t a n c e s , while i n p l a c e s the u n i t i s missing e n t i r e l y , perhaps 

due t o d e p o s i t i o n a l c o n t r o l by McDame paleotopography. G r a p h i t i c 

s l i c k e n s i d e s are common, i n d i c a t i n g t h a t the u n i t served as a 

detachment s u r f a c e between the McDame and o v e r l y i n g t h i c k , 

c o a r s e s i 1 i c i c l a s t i c sediments. Some t h i c k e n i n g and thinning;, 

t h e r e f o r e , might be s t r u c t u r a l i n nature. 

The black s h a l e u n i t i s o v e r l a i n by a t h i c k (up t o 250 

metres) s u c c e s s i o n of coarse sandstone, mudstone, and 



pebble conglomerate c h a r a c t e r i z e d by u b i q u i t o u s normal and 

r e v e r s e graded bedding, load and flame s t r u c t u r e s , r i p - ups, 

mud drapes, and s o l e marks (u n i t 3B). The sandstones a r e 

1 i t h a r e n i t e s , c o n s i s t i n g mainly of q u a r t z , c h e r t , and s h a l e 

g r a i n s - According t o Gordey e t _ a l . ( 1 9 8 6 ) , the development of 

t h i s t u r b i d i t e s u c c e s s i o n above the e u x i n i c b a s i n f a c i e s 

o c c u r r e d as a r e s u l t of l o c a l u p l i f t and e r o s i o n of m i o g e o c l i n a l 

b l o c k 5 d u r i n g e a r l y M i s s i s s i p i an e x t e n s i o n . 

A t h i c k s u c c e s s i o n of a r g i l l i t e , s l a t e , s i l t s t o n e , 

c a l c a r e n i t e , and sandstone c o n t a i n i n g s e v e r a l e x h a l a t i v e 

h o r i z o n s ( u n i t 3C, F i g u r e ) o v e r l i e s u n i t 3B c o a r s e t u r b i d i t e s . 

E x h a l i t e h o r i z o n s exposed at s u r f a c e c o n s i s t of o r a n g e -

weathering laminated s i l i c a , b a r i t e , p y r i t e , and l o c a l l y , 

s p h a l e r i t e . They r a r e l y a t t a i n t h i c k n e s s e s of o v e r 2 metres. 

Disco n t i n u o u s e x h a l i t e s are exposed along a s t r i k e l e n g t h of 

almost 10 k i l o m e t r e s south from Midway. T h i s probably r e p r e s e n t s 

a l i n e a r s t r i n g of e x h a l a t i v e c e n t r e s a l i g n e d along a b a s i n a l 

margin f a u l t zone which a l s o c o n t r o l l e d l a t e r d e p o s i t i o n of 

coarse t u r b i d i t e s . 

A sequence of pebble t o boulder conglomerate and l e s s e r 

sandstone with a t h i c k n e s s of 150 t o 200 metres (unit 3D) 

o v e r l i e s e x h a l i t e - b e a r i n g f i n e e l a s t i c s on S i l v e r t i p Mountain 

and Tour Peak. On Tour Peak, a s e c t i o n of well - rounded 

boulder conglomerate c o n t a i n s McDame limestone, Tapioca 

Sandstone q u a r t z i t e and dolostone, p o s s i b l y Lower Cambrian Boya 



Formation q u a r t z i t e , and black massive c h e r t of undetermined 

o r i gi n. 

The t r a n s i t i o n from f i n e e l a s t i c s of u n i t 3C t o 

conglomerates of u n i t 3D might r e p r e s e n t a t u r b i d i t e feeder 

channel p r o g r a d i n g over i t s d i s t a l lower fan- The channel 

d e p o s i t s are l o c a l i z e d t o the S i l v e r t i p Mountain - Tour Peak 

areas, with no t h i c k conglomerate o c c u r r i n g t o the south or 

west. Instead , t h i n n e r l e n s o i d conglomerates are interbedded 

with and o v e r l a i n by f i n e e l a s t i c s i n the C a r i b o u Ridge area, 

south of Tour Peak, suggesting a l a t e r a l f a c i e s change. 

A t h i c k sequence of black a r g i l l i t e , limestone with b l a c k 

c h e r t , and green t h i n - bedded c h e r t and c h e r t y p h y l l i t e , 

a s s i g n e d t o D i v i s i o n I of the S y l v e s t e r A l l o c h t h o n (Nelson et 

a,l. , 1988) a b r u p t l y o v e r l i e s u n i t 3D. Conodonts from t h i s s e c t i o n 

g i v e a l a t e Tournasian age, while u n i t 3C of Earn Group c o n t a i n s 

e a r l y t o mid - Tournasian conodonts (M. Orchard, personal 

communication, 1986). 

S t r u c t u r e 

The main set of s u l p h i d e bodies at Midway which makes up 

the S i l v e r Creek d e p o s i t i s s i t u a t e d on the west limb of a 

s h a l l o w l y s o u t h e a s t e r l y p l u n g i n g open a n t i c l i n e ( F i g u r e ). The 

east limb d i p s t o the east at about 25 degrees, while the west 

limb i s f o l d e d and cut by a s t r a n d of the Tootsee R i v e r f a u l t 



zone. The a n t i c l i n a l f o l d a x i s p a r a l l e l s s o u t h e a s t e r l y r e g i o n a l 

s t r u c t u r a l t r e n d s generated d u r i n g J u r a s s i c compression and 

emplacement of the S y l v e s t e r Atlochrthon. L o c a l l y , a l a t e r east -

t r e n d i n g phase of f o l d i n g deforms s o u 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 e s . T h i s phase i s c h a r a c t e r i z e d by chevron and kink 

f o l d s , that are o f t e n accompanied by en echelon quartz - f i l l e d 

e x t e n s i o n gashes. 

Thrust f a u l t i n g can be i n f e r r e d from diamond - d r i l l i n g i n 

the S i l v e r Creek and S i l v e r t i p areas. In the southern p a r t of 

the S i l v e r Creek d e p o s i t (DDH MW 84, 86) a wedge of u n i t 3B i s 

im b r i c a t e d with u n i t 3C above the lowermost e x h a l i t e h o r i z o n . On 

S i l v e r t i p H i l l <DDH MW 40) McDame limestone i s i m b r i c a t e d with 

u n i t 3A, which has undergone p o s s i b l e s t r u c t u r a l t h i c k e n i n g . 

The S i l v e r t i p area i s cut by s e v e r a l s t r a n d s of the Tootsee 

R i v e r f a u l t zone (TRFZ), a north - t r e n d i n g complex of 

anastomosing high angle f a u l t s extending from about 7 k i l o m e t r e s 

south of Midway t o about 17 k i l o m e t r e s north of the B r i t i s h 

Columbia - Yukon T e r r i t o r y border (Lowey and Lowey, 1987). These 

i n c l u d e the S i l v e r t i p Creek, Camp Creek, and B r i n c o Creek 

f a u l t s ( F i g u r e ). 

The S i l v e r t i p Creek f a u l t s e parates S i l v e r t i p H i l l and 

T r i c o r n Mountain to the west. R o t a t i o n of l a r g e b l o c k s 

juxtaposed a south d i p p i n g panel on T r i c o r n Mountain and east 

d i p p i n g s t r a t a on S i l v e r t i p H i l l . Because of the d i s c o r d a n t 



d i p s and convergence of s e v e r a l f a u l t s t r a n d s n o r t h of Midway, 

s t r a t i g r a p h i c throw i n c r e a s e s from 50 metres west of S i l v e r t i p 

H i l l t o over one k i l o m e t r e ( R o s e l l a Formation a g a i n s t S y l v e s t e r ) 

i n a narrow zone i n the S i l v e r t i p Creek v a l l e y , 3 k i l o m e t r e s t o 

the n o r t h . U p l i f t on the west s i d e of t h i s zone, near the 

S i l v e r k n i f e showing, may be due i n p a r t t o doming above a b u r i e d 

i n t r u s i o n , as Kechika Group metasediments are s t r o n g l y 

h o r n f e l s e d . 

The Camp Creel f a u l t juxtaposes McDame Group and Earn Group 

on S i v e r t i p H i l l , where i t d i v e r g e s i n t o 2 main s t r a n d s with 

o f f s e t s of about 50 metres, east s i d e down. Between f a u l t 

s t r a n d s , s t r a t a are d i s r u p t e d and l o c a l l y overturned. 

M i n e r a l i z a t i o n i n the S i l v e r Creek Deposit and the S i l v e r t i p 

showing i s proximal to t h i s f a u l t zone, which may have served as 

a hydrothermal s o l u t i o n guide. 

The B r i n c o Creek F a u l t o f f s e t s s t r a t a east of the Dis c o v e r y 

Deposit, with a displacement of about 100 metres, east s i d e 

down. Other f a u l t s with s m a l l e r o f f s e t s may occu r west of the 

Br i n c o Creek F a u l t . The l a t t e r appears t o d i e out t o the 

southeast, as the base of the S y l v e s t e r A l l o c h t h o n west of 

B r i n c o H i l l i s not o f f s e t . 

R e g i o n a l l y , the TRFZ i s proximal t o both Late Cretaceous 

(Midway) and Eocene ( B u t l e r Mountain) i n t r u s i o n s as well as 

numerous Ag-Pb-Zn showings of the Rancheria d i s t r i c t (Abbott, 



1984). O v e r p r i n t i n g of E a r l y M i s s i s s i p i a n e x h a l a t i v e and 

Cretaceous t o Eocene i n t r u s i v e r e l a t e d m i n e r a l i z a t i o n w i t h i n 

the TRFZ suggests t h a t i t may r e p r e s e n t a long l i v e d , 

p e r i o d i c a l l y r e m o b i l i z e d zone of s t r u c t u r a l weakness and 

anomalous heat flow t h a t was i n i t i a t e d i n the L a t e Devonian 

du r i n g e x t e n s i o n along the c o n t i n e n t a l margin. Remobi1ization of 

o l d s t r u c t u r e s d u r i n g Late Cretaceous t o Eocene d e x t r a l wrench 

f a u l t i n g may have c o n t r i b u t e d t o l o c a l i z a t i o n of post C a s s i a r 

b a t h o l i t h i n t r u s i o n s . At the same time, anomalous heat flow might 

have induced c r u s t a l e x t e n s i o n and t h i n n i n g , and helped 

r e a c t i v a t e o l d e x t e n s i o n a l f a u l t s t r u c t u r e s . 

AIteC3feiQn_and_Evidence_for_Intrusions 

Intense s e r i c i t i z a t i o n of Earn Group and S y l v e s t e r sediments 

occurs i n a n o r t h w e s t e r l y t r e n d i n g zone extending from S i l v e r t i p 

H i l l southeast f o r about 5 k i l o m e t r e s t o Gum Mountain. Strong 

a l t e r a t i o n i s a l s o evident at deeper l e v e l s i n diamond d r i l l 

h o l e s i n the s o u t h e a s t e r l y p a r t of the Midway d r i l l g r i d (near 

DDH MW 16, 32, and 41), and south of S i l v e r t i p Mountain (near 

DDH B82—1). I t s s t r o n g e s t e x p r e s s i o n i s on the north s i d e of 

B r i n c o H i l l , which c o i n c i d e s with g r a v i t y and magnetic anomalies 

i n t e r p r e t e d as c o n s i s t e n t with a b u r i e d i n t r u s i o n at depth ( J . 

Hylands, personal communication, 1986). At B r i n c o H i l l , Earn 

sandstones and conglomerates are a l t e r e d t o f i n e s e r i c i t e , 



quartz, p y r i t e , r u t i l e , and r a r e carbonate, with both matrix and 

non - s i l i c a c l a s t s being completely r e p l a c e d . The a l t e r e d 

sediments are cut by numerous S^uggy, l o c a l l y comb — s t r u c t u r e d 

1 - 10 c e n t i m e t r e t h i c k quartz v e i n s c o n t a i n i n g p y r i t e , 

c h a l c o p y r i t e , and r a r e galena b l e b s . I s o t o p i c a n a l y s e s o-f 

a l t e r a t i o n zone galena a r e pending, and may help support a 

g e n e t i c r e l a t i o n s h i p between the a l t e r a t i o n zone and carbonatre 

hosted d e p o s i t s at Midway. 

Quartz - f e l d s p a r - b i o t i t e porphyry dykes are exposed at 

s u r f a c e west of Gum Mountain, where they i n t r u d e i n t e n s e l y 

s e r i c i t i z e d and p y r i t i z e d S y l v e s t e r a r g i l l i t e s and c h e r t s . Th» 

dykes at s u r f a c e are commonly a l t e r e d t o s e r i c i t e , carbonate, 

q u a r t z , and p y r i t e . S i m i l a r dykes were observed^ d u r i n g the 1987 

f i e l d season i n the Blue Dome sheet (104P/12), where they occur 

as s u b p a r a l l e l swarms a s s o c i a t e d with quartz v e i n s i n S y l v e s t e r 

b a s a l t s and a r g i l l i t e s . 

. A l t e r a t i o n i s a s s o c i a t e d with anomalous f l u o r i n e v a l u e s . 

Grab samples i n d i c a t e t h a t QFP dykes near Gum Mountain c o n t a i n 

up t o 1200 ppm F, while s e r i c i t i z e d conglomerates at B r i n c o H i l l 

ran 790 ppm F. Microprobe analyses of s e r i c i t e s from s u r f a c e and 

d r i l l c o r e show averaged v a l u e s f o r s e v e r a l probe s i t e s p e r 

sample ranging from 2900 t o 21900 ppm F (W.D. S i n c l a i r , w r i t t e n 

communication, 1986). S u b s t i t u t i o n of F f o r OH- groups i n 

a l t e r a t i o n zone micas probably r e f l e c t s the c o n t r i b u t i o n of-

magmatic v o l a t i l e s t o the hydrothermal system centered on B r i n c o 



H i l l . 

R e c l u s i v e s u b v o l c a n i c f e l s i c i n t r u s i v e * , e l e v a t e d f l u o r i n e 

i n a l t e r a t i o n m i n e r a l s , and g e o l o g i c a l s e t t i n g w i t h i n an 

e x t e n s i o n a l f a u l t system adjacent t o an o l d e r , voluminous 

i n t r u s i o n ( C a s s i a r b a t h o l i t h ) , are a l l f e a t u r e s t y p i c a l of A -

type (anorogenic) g r a n i t e s (W.D. S i n c l a i r , personal 

communication, 1986; C o l l i n s et a l . , 1982). The presence of Sn 

m i n e r a l i z a t i o n (e.g. s t a n n i t e and f r a n c k e i t e ) at Midway i s a l s o 

c o n s i s t e n t with t h i s i n t e r p r e t a t i o n , although Sn i s a l s o 

a s s o c i a t e d with S - type g r a n i t e s . I n t r u s i v e s coeval with the 

Midway system i n the C a s s i a r P l a t f o r m i n c l u d e t h e T r o u t l i n e , 

Kuhn, and Windy st o c k s i n the C a s s i a r area. Numerous Ag-Pto~Zn 

and W skarns and v e i n s , F anomalies, f l u o r i t e v e i n s , and Mo 

showings are a s s o c i a t e d with the young C a s s i a r g r a n i t e s 

(Panteleyev, 1980). Chemistry of t h i s i n t r u s i v e s u i t e i s more 

t y p i c a l of S - type g r a n i t e s , or I - type granitJPS s t r o n g l y 

contaminated with upper c r u s t a l m a t e r i a l (Cgofce and Godwin 

1984). In any case, s t r o n g l y f r a c t i o n a t e d , v o l a t i l e r i c h f e l s i c 

i n t r u s i v e s , whether A or S - type, a re ap p a r e n t l y fundamental t o 

g e n e r a t i n g hydrothermal systems a s s o c i a t e d with Ag-Pb-Zn+Sn 

m i n e r a l i z a t i o n . The presence of f l u o r i n e depresses the l i q u i d u s 

temperature, e n a b l i n g prolonged f r a c t i o n a t i o n of v o l a t i l e r i c h 

phases, decreases melt v i s c o s i t y , e n a b l i n g magmatic ascent t o 

s u b v o l c a n i c l e v e l s , and f a c i l i t a t e s formation of metal complexes 

i n l a t e - stage f l u i d - r i c h melts (e.g., Hannah and S t e i n , 

1986). 



!S_z_^H_Ds*t i ng 

K - Ar d a t i n g of samples c o l l e c t e d by JoAnne Nelson and 

coworkers d u r i n g mapping of 1040/16 focussed on i n t r u s i v e s and 

a l t e r a t i o n a s s o c i a t e d with Ag-Pb-Zn m i n e r a l i z a t i o n (Table ). 

Two samples were dated from the a l t e r a t i o n zone southeast of 

Midway (JN30-11 and JB23-2), one from a l a t e i n t r u s i o n l e s s than 

lOO metres from s u r f a c e exposures of s u l f i d e b o dies at the Amy 

p r o p e r t y (JB26-12), and one from s e r i c i t e envelopes around galena 

r i c h quartz v e i n s at the Lucky showing, hosted i n t h e C a s s i a r 

b a t h o l i t h (KG28-7). The Midway samples i n c l u d e s e r i c i t i z e d Earn 

Group sediments from B r i n c o H i l l , and a s e r i c i t i z e d quartz -

f e l d s p a r porphyry dyke near Gum Mountain- These g i v e a l a t e 

Cretaceous age, i n t e r p r e t e d as the age of a l t e r a t i o n , and 

t h e r e f o r e appear t o be coeval with emplacement of a hidden 

i n t r u s i v e body at depth. 

The i n t r u s i o n sampled at the Amy p r o p e r t y , a Ag-Pb—Zn 

replacement d e p o s i t i n Cambro - O r d o v i c i a n Kechika Group? 

marbles and c a l c s i 1 i c a t e s , i s a tourmaline b e a r i n g e q u i g r a n u l a r 

muscovite g r a n i t e with coarse quartz - muscovite - t o u r m a l i n e 

g r e i s e n zones- The date of 97.3 Ma (Table ) suggests t h a t t h i s 

might r e p r e s e n t a l a t e - stage apophysis of the C a s s i a r 

b a t h o l i t h . The Amy d e p o s i t c o n t a i n s d r i l l i n d i c a t e d r e s e r v e s of 

72,437 tonnes grading 367 grams/tonne Ag, 2.847. Pb, and 6.037. Zn. 



Dating o-f the Lucky v e i n s a l s o suggests t h a t these belong t o 

a C a s s i a r b a t h o l i t h r e l a t e d m i n e r a l i z i n g episode. T h i s c o n t r a d i c t 

the suggestion o-f Abbott (1984), t h a t galena - r i c h v e i n s of t h e 

Midway - Rancheria d i s t r i c t hosted i n the C a s s i a r b a t h o l i t h are 

T e r t i a r y i n age. 

Cretaceous - T e r t i a r y m i n e r a l i z a t i o n i n the Rancheria 

d i s t r i c t o c c u r r e d i n t h r e e s e p a r a t e episodes. Mid - Cretaceous 

showings i n c l u d e Ag-Pb—Zn replacement d e p o s i t s (Amy) and 

i n t r u s i v e hosted v e i n s (Lucky), and Mo-W showings at the margins 

of the C a s s i a r b a t h o l i t h (Nancy, Root) (Nelson and B r a d f o r d , 

1987). Late Cretaceous i n t r u s i o n s are r e s p o n s i b l e -for carbonate 

hosted Ag-Pb-Zn-Sn m i n e r a l i z a t i o n at Midway as well as proximal 

quartz v e i n s (Brinco H i l l , Tootsee S t a r ) . Eocene m i n e r a l i z a t i o n 

i n c l u d e s Ag + Au-Pb-Zn showings ( B u t l e r Mountain) and Sn v e i n s 

and g r e i s e n s ( F i d d l e r ) (W.D. S i n c l a i r , C.I. Godwin, unpublished 

d a t a ) . The t h r e e i n t r u s i v e and a s s o c i a t e d m i n e r a l i z i n g episodes 

correspond t o a s i m i l a r set o-f i n t r u s i v e ages i n the C a s s i a r 

area (Panteleyev, 1985; C h r i s t o p h e r et_ajL. , 1972). 

Su l p h i d e _ P a r a g e n e s i s _ a 

S u l p h i d e bodies at Midway are c h a r a c t e r i z e d by a complex 

mineralogy, with at l e a s t 16 ore and ganque m i n e r a l s i d e n t i f i e d 



(Archambault, 1984). M i c r o s c o p i c and mesoscopic p a r a g e n e t i c 

r e l a t i o n s i n d i c a t e f o u r main m i n e r a l i z i n g episodes? ,<1) e a r l y 

s i l i c a - r i c h , (2) main - stage s u l p h i d e - s i l i c a , (3) l a t e 

s u l p h i d e - s u l p h o s a l t , (4) l a t e carbonate. In a d d i t i o n , post 

mineral supergene e f f e c t s have caused some a l t e r a t i o n of the 

s u l p h i d e - gangue assemblage. Mesoscopic t e x t u r e s suggest t h a t 

c o n d i t i o n s of s u l p h i d e d e p o s i t i o n f l u c t u a t e d c y c l i c a l l y , 

r e s u l t i n g , f o r example, i n repeated l a y e r s of the sequence 

p y r i t e - galena - s p h a l e r i t e . Thus w i t h i n the o v e r a l l 

c o m p o s i t i o n a l e v o l u t i o n of the hydrothermal system, v a r i a b i l i t y 

of d e p o s i t i o n a l c o n d i t i o n s r e s u l t e d i n an i n o r d i n a t e v a r i e t y of 

pa r a g e n e t i c r e l a t i o n s . On the d e p o s i t s c a l e , l a r g e r p a t t e r n s of 

s u l p h i d e z o n a t i o n probably r e f l e c t P - T - X g r a d i e n t s r e l a t e d 

t o depth, p r o x i m i t y t o the i n t r u s i v e heat source, and shape of 

the f l u i d pathway. 

Sulph i d e bodies are massive and i r r e g u l a r i n form, with 

c l e a n , sharp w a l l r o c k c o n t a c t s which are l o c a l l y bleached or 

s i l i c i f i e d . Both sub - h o r i z o n t a l , p i p e - l i k e bodies and 

v e r t i c a l , keel - shaped chimneys occur, but these do not have 

p r e d i c t a b l e compositional d i f f e r e n c e s , as at some manto d e p o s i t s 

( J . Hylands, 1986, personal communication; L o v e r i n g e t _ a l . , 

1978). Although w a l l r o c k c o n t a c t s are sharp, one may see 

g r a d a t i o n a l t r a n s i t i o n s outward from massive s u l p h i d e s , t o 

s u l p h i d e - matrix b r e c c i a s with angular "stoped" w a l l r o c k 

c l a s t s , t o carbonate - matrix mosaic and c r a c k l e b r e c c i a s , t o 

u n b r e c c i a t e d limestone. T h i s suggests that s u l p h i d e d e p o s i t i o n 



was p a r t l y c o n t r o l l e d by pre - e x i s t i n g p o r o s i t y as d e f i n e d by 

carbonate - healed b r e c c i a h a l o e s around p r e m i n e r a l i z a t i o n open 

channels and vuggy b r e c c i a s , ndw f i l l e d and p a r t l y r e p l a c e d by 

s u l p h i de. 

In a d d i t i o n , s t y l o l i t e - sutured mixed limestone - s h a l e 

b r e c c i a s with f i n e g r a i n e d non - s p a r r y carbonate matrix occur 

w i t h i n and at the base of some s u l p h i d e bodies; these may be 

r e l i c t premineral s o l u t i o n c o l l a p s e b r e c c i a s i n a l i t h i f i e d lime 

s i l t ( c a l c a r e n i t e ) k a r s t - f i l l i n g . I n t e r n a l l y , massive s u l p h i d e 

bodies c o n t a i n angular w a l l r o c k c l a s t s from pebble t o boulder 

s i z e , o c c u r r i n g as s i n g l e fragments, mosaics of c l a s t s of 

d i v e r s e s i z e s , or jumbles of r o t a t e d c l a s t s of mixed 

l i t h o l o g i e s . Shale - c l a s t b r e c c i a zones w i t h i n massive s u l p h i d e 

bodies occur well below (> 100 metres) the Late Devonian 

unconformity. Mixing of s h a l e and limestone c l a s t s at such 

depths i n d i c a t e s that s o l u t i o n c o l l a p s e of great v e r t i c a l extent 

occurred w i t h i n the McDame. In some cases s h a l e fragments e x h i b i t 

a s t r o n g c r e n u l a t i o n l i n e a t i o n , showing t h a t c o l l a p s e occurred 

a f t e r J u r a s s i c compressional deformation, probably during 

m i n e r a l i z a t i on. 

Massive s u l p h i d e bodies are most commonly found near the 

McDame - Earn c o n t a c t , but a l s o occur up t o 100 metres below i t . 

The r e l a t i v e l y impermeable lowermost Earn black s h a l e s 

c o n s t i t u t e d an i n f i l t r a t i o n b a r r i e r to hydrothermal s o l u t i o n s 

and thus behaved as a f l u i d flow guide. The s h a l e s are commonly 



b r e c c i a t e d and veined above major s u l p h i d e bodies, with 

s u l p h i d e s ( e s p e c i a l l y p y r i t e ) c u t t i n g s h a l e along bedding and 

f r a c t u r e planes. C o n c e n t r a t i o n of s u l p h i d e bodies near the 

unconformity i n d i c a t e s that pre - e x i s t i n g carbonate p o r o s i t y 

was probably g r e a t e s t i n the upper part of the McDame, producing 

f a v o r a b l e c o n d i t i o n s f o r s u l p h i d e d e p o s i t i o n along t h i s h o r i z o n . 

Mixing of s h a l e c l a s t s i n t o s u l p h i d e bodies adjacent t o t h e 

unconformity i s su g g e s t i v e of syn - m i n e r a l i z a t i o n hvdrothermal 

s t o p i n g along the co n t a c t . 

A f u r t h e r s e t of b r e c c i a s i n t e r n a l t o massive s u l p h i d e 

bodies c o n t a i n s u l p h i d e and q u a r t z fragments from e a r l i e r phases 

of m i n e r a l i z a t i o n . H v d r o t h e r m a l b r e c c i a t i o n ( p o s s i b l y i n v o l v i n g 

s o l u t i o n c o l l a p s e o f p r e v i o u s l y d e p o s i t e d s u l p h i d e s ) caused 

m i x i n g o f e a r l i e r s u l p h i d e fragments (most commonly p y r i t e , but 

i n some cases i n c l u d i n g p y r r h o t i t e , a r s e n o p y r i t e , s p h a l e r i t e , 

and galena) and sh a l e c l a s t s , s u l p h i d e s and l i m e s t o n e ? c l a s t s , or 

mixed s u l p h i d e - s h a l e - l i m e s t o n e c l a s t s i n a l a t e r s u l p h i d e 

matrix. Mixed - c l a s t b r e c c i a s i n c a r b o n a t e matrix are a l s o 

common; t h e s e post. - d a t e s u l p h i d e d e p o s i t i o n and i n v o l v e the 

l a t e s t phase of the? h v d r o t h e r m a l s y s t e m . 

In summary, b r e c c i a s at Midway are multi - e p i s o d i c , and 

j u x t a p o s e d i v e r s e combinations of l i t h o l o q i e s , s u l p h i d e , and 

gangue c l a s t s . P r e - , syn-, and post - mineral b r e c c i a t i o n 

episodes can be documented. P r e - m i n e r a l b r e c c i a t i o n and c l a s t 

mixing occurred during Earn d i a g e n e s i s , and support a model bv 



w h i c h e a r l y k a r s t i n g o f t h e 

p e r m e a b i 1 i t y -for f l u i d f l o w 

u p p e r McDame 

and s u l p h i d e 

p r o v i d e d e n h a n c e d 

depos-i t i on . 

Z o n i n g 

S k a r n - manto systems- o f t e n show a d i s t r i c t s c a l e 

c o m p o s i t i a n a l o r mi n e r a l o q i c a l z on at. i on , r e t 1 e c t i ng t e m p e r a t u r e 

and c h e m i c a l g r a d i e n t s w i t h r e s p e c t t o t h e i n t r u s i v e h e a t + 

v o l a t i 1 e source., and p r e s s u r e g r ad i en t s wi t h r e s p e c t t o s u r f a c e 

( e . g . D a r w i n , C a l i f o r n i a , H a l 1 and M a c K e v e t t , 1962; Zi m a p a n , 

tie;; i c o , S i man s and Mapes, 1956) . Ex p 1 o r a t i on a t Hi dway h a s been 

s u f f i c i e n t t o i n d i c a t e a n a l a g o u s z o n 1 n q p a t t e r n s . W i t h i n t h e 

S i l v e r C r e e k d e p o s i t , a n o r t h — s o u t h t r a n s e c t shows an a p p a r e n t 

m i n e r a l o q i c a l sh i f t w h i c h mav be a f u n c t i on o f d i s t a n c e f r o m 

h ea.t s a u r c e an d dep t h., I h t hi e n o r t hen p a r t o f t h e d e p o s i t., 

si.11 p h i do bod 1 es h a v e h i. gh F'b Sb su 1 phosa11 c o n t e n t s , . common 1 v 

up t o 15% and l o c a l l y a s h i g h as 40%, w h i l e 300 m e t r e s t o t h e 

s o u t h and a t d e e p e r 1 e v e l s m i n e r a j i 2 a t i on c o n t a l n s r e l a t i v e l y 

m i n o r s u l p h o s a l t s . I n a d d i t i o n t o i n d i c a t i n g a p o s s i b l e s a n a t i o n 

w i t h r e s p e c t t o h e a t s o u r c e arid depth., s u c h t r a n s i t i o n s may a l s o 

be a f u n c t i o n o f p r e - e x i s t i n g p e r m e a b i l i t y , , w i t h h i g h Pb/Zn 

and h i. gh HQ / Pb r ep r es en t i n g s ones of 1I :i g h p e r meab i i i t y ( B i r n i e 

a n d P e t e r s e n „ 19 7 7') ,. 

i h e s o u t h e r n p a r t o f the S i 1 v e r C r e e k d e o o s i t c o n t a i n s 



s u I p h i. d e b o c! 1 e s w J. t h a b t.i n d a n t p v r v" h o t i t . e . I*"* y r* r h o t i t l e 

a s s e m b l a g e s w i t h c h a l c o p y r i t e and n e g l i g i b l e g a l e n a a l s o 

p r e d o m i n a t e i n s u l p h i d o i n t o r s e c t i o n e i n t h e s o u t h e r n p a r t of 

t h e D i s c o v e r y d e p o s i t (MW 16, MW 2 6 ) , and i n B S 2 ~ 1 ? west of 

Br i noo Hi 1 1 , The c h a n g e f rom g a l en a -- s u l p h o s a l t t o p y r r h o t i t e 

chal. c o p y r i t e a p p a r e n t ] y d e f i n e s a d e p o s i t -• s c a l e d o n a t i o n 
Cecdt: l U f ^ f <*rr*M fUperl liO^Oi^^Z. 

p a t t e r n - . Th i s p r o v i dos evi. d e n c e f o r r e l at. i nc t h e a I t e r a t i on 2 one 

c enf r e d on Br i n c o Hi I I f' o t h e s u 1 ph i de p i p e s a t Ma dway, s i n c e 

s i mi I ar' mi ner a 1 oq i. c a .1 t r a n E i 1 1 o n 5 i n b e t t e r ' e;-; p 1 o r e d s k a r n — 

man t: o E V s t ems c o r r e j a t e w i t h d i s t a n c e f ream i n t r u s i o n, w i t h Fe—Cu 

r i c h s u l p h i d e s r e p r e s e n t i nq proKima1 m i n e r a l 1 z a t i on, and 

F'b—As Sb •- r i ch 2 o n e s r e p r e s e n t i nq d i s t a l mi n e r a l i z a t i on . I n 

a d d i t i o n , deep d r i I 1 i n t e r s e c t i o n s c 1 o s e s t t o B r i n c o H i 11 (MW 

26 > o o n t a i n c a I c s i I i c a t e s ( t r e m o l i t e arid e p i d o t e ) i n t i m a t e l y 

i n t e r m i x e d w i t h p y r r h o t i t e ; 5 k a r n mi i t e r a l o g v h a s n o t been f o u n d 

o i s e w h e r e i n t h e Mi dwav s y s t e m . 

T i n m i n e r a l o g y i s a l s o z o n e d . T i n i s h i g h (> 1 0 0 0 ppm) i n 

two a r e a s , one :i n t h e n o r t h e r n p a r i " of t h e S i l v e r C r e e k d e p o s i t , 

and a n o t h e r 300 m e t r e s t o t h e s o u t h . I he two a r e a s d i f f e r i n 

t h a t Sn Sb Pb s u l p h o s a l t s f r a n c k o u f o - 1 a r e t h e p r i m a r y t i n 

b e a r i nq m i n e r a l i n t he f ormer c a so.. uher eas s t ann i t e i s t h e 

o n l y t i n mi n e r a I t ri t he I a t t e r . a r c imp an v i no p y r r n o t i t i c 

mi n e r a l i z a t i on 1 tit ch ambaui t.. 1 v8 ! - . 

! r! mant o -- •:• !• v r: ••••• •= !• ems r-.! •• :<..•< 

s u l p h o s a l f ••- r 1 ..:: r. ft .es a r e coooor 

>r ' •„ d i s t a l , s h a l l o w e r 

•a ! 1 v e r - r i ch , wh i 1 e 



p r o x i m a l , d e e p e r , i r o n - r i c h s u l p h i d e z o n e s a r e commonly g o l d 

r i c h and s i l v e r - p o o r . In v i e w o-f t h e l i m i t e d e x p l o r a t i o n done 

i n a r e a s p r o x i m a l t o B r i n c o H i f l (due t o d e p t h o-f c o v e r r o c k s ) , 

Au mantos and v e i n s i n c o v e r r o c k s mav r e p r e s e n t an i n t e r e s t i nq 

e x p l o r a t i o n p o s s i b i l i t y s o u t h of c u r r e n t l y e x p l o r e d 

m i n e r a l i z a t i on. 

summary 

S t u d i e s o-f t he Mi dway d e p o s i t and e n v i r o n s t o d a t e h a v e 

s u g g e s t e d s e v e r a l e x p l o r a t i o n p a r a m e t r e s and c o n t r o l s on 

in i. n e r a 1 i z a t i a n .. R e q 1 o n a 11 v. .1 o c a 1 i z a t i o n of i n t r u s i v e and 

a s s o c i a t e d h v d r o t h e r m a l s y s t e m s a.l ono J a r g e - s c a l e h i g h - a n g l e 

f a u l t s y s t e m s i s i m p o r t a n t , i h e b u l k o f s k a r n - manto - v e i n 

s y s t e m s i n c a r b o n a t e s i n t h e C a s s i a r P l a t f o r m a r e a s s o c i a t e d 

wi t hi v oung f e l s i c i nt r u s i y e s \ pas I' C a ss i a r ha t h o i i t. h ) , wh i c h ar e 

common 1 y r e c I us i ve i n o u t c r o p bu t g e n e r a t e I. a r q e a l t e r a t i on 

I 'i a 1 oes i 11 non ••• c a r b o n a t e co- e r r oc k s, and ar e a s s o c i a t e d wi t h 

F, Sn, W, Mo, Pb, and Zn s r i D f n a l i e s ^ S t r o n g l y f r a c t i o n a t e d L a t e 

p h a s e s o f o l d e r i n t r u s i o n s may a l s o be m i n e r a l i z e r s -

A t t h e d e p o s i t s c a l e , f a u l t c o n t r o l o-f f l u i d p a t h w a v s mav be 

s i g n i f i c a n t i n . a r e a s L*U t h c o e v a l o r o v e r I a n p i no i n t r u s i on and 

f a u l t i ng - A t I! i dwa . ., known su 1 ph i d es a r e 1 a r g e l y d i s t r i b u t ed 

b e t w e e n t h e Camp C r e e k and B r i n c o C r e e k f a u l t s , w h i 1 e no 



m i n e r a l i z a t i o n has been f o u n d west of t h e S i l v e r t i p C r e e k F a u l t . 

Th e EE e f a u I t s c on v e r g e n o r t h of M i d Wa y a n d t h e c on v e r g e n t 2 on e 

mav h a v e f o c u s s e d f l u i d pathways,. The c o i n c i d e n c e of t h i s f a u l t 

c o n v e r g e n c e w i t h an a n t i f o r m a l s t r u c t u r e a b ove w h i c h J. i e s a 

s h a l e cap o f l o w p e r m e a b i I. t v p r o b a b l y c o n t r i b u t e d t o f o c u s s i n g 

of h v d r o t h e r m a l f 1 u i d mi qr a t 1 on i n t h e v i c i n 1 t y of t h e S i I. v e r 

C r e e k d e p a s i t.. T h e s o u t h e a s t e r 1. v p 1 u n g e o f t h :i. s s f r u c t. u r e m i g h t 

h a v e c o n t x o l 1 e d upward and o u t w a r d mi o r a t i on o f f 1 u i ds f r om t h e 

i n t r u s i v e c e n t e r t o t h e t r a p p i n g s t r u c t u r e . 

St r a t 1 g r a p h ! c a l I y',, b o t h a s t r o n g 1 v b r e c c i a t e d , k a r s t ed 

c a r ' b o n a t e s e q u e n c e w:i t h e n h a n c e d p e r m e a b i 1 i t y ? and 1 e s s 

p e r m e a b l e c a p p i nq s e q u e n c e s a r e s i g n i f 1 c a n t c o n t r o l s on s u l p h i de 

d e p o s i t i on. 

Depos 3 t c a 1 o m:i ner'a I on i ng may be •• i.sef LA 1 :!. n d e f i n i nq 

i n t r u s i ve c e n t r e s and then, r s p a t i a l r e l a t i o n s h i p t o o r e b o d i e s . 

Pit Hi dwa v , op CM- ad i c s u l ph: :i. d e s a r e f o u n d t h r o u g h o u t t h e a r e a 

bounded by t h e Lamp C r o o k and b r i n c o C r e e k f a u l t s i n v e i n s i n 

c o v e r r o c k s , and. :! n .! t m e s t o n e where dr i. J. I i nq has been u n d e r t a k e n . 

By c ompar i son w i. t h E k ar n mars t o s v s t ems. 0.! . sewhef o ma -j o r 

su.1 phi. de h o d i es at • e p r ob ah I. v n o t ! • mi t ed t o t: he r e 1 a t i v e l y 

d i s t a l u n s k a r n e d e n v i r o n m e n t of t h e S i l v e r C r e e k d e p o s i t , and 

mi n e r a 1 i ? a t i on o f d i f f e r en t t enor me v be e>; pec t ed c 1 o s e r t o t h e 

I n t r us i ve cor' o of f h s /s t em.. 

i:::iC k now i. edqoment s 



0 
-• 

We would l i k e to t h a n k J i m H v l a n d 3 , H e n r i k f h a l e n h o r s t of 

Strathcona Mineral S e r v i c e s LinTi t e d - Dave S i n c l a i r . N i k e 

Orchard, Henry Marsden» and e s p e c i a l I y J o A n n e N e l s o n f o r t h e i r 

i nsiahfc and s u p p o r t , 
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