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I N T R O D U C T I O N 

N o r t h a i r M ines L t d . ' s Cal laghan Creek p r o p e r t y is a b o u t 8 5 k i l o m e t r e s n o r t h o f V a n c o u v e r o n t h e wes te rn 

side o f M o u n t S p r o a t , 8 k i l o m e t r e s n o r t h by gravel road f r o m H i g h w a y 9 9 . Genera l geology o f t he area has 

been o u t l i n e d m o s t recen t l y by Mi l le r and Sincla i r ( 1 9 7 8 ) . D u r i n g the 1 9 7 8 f i e l d season a m o r e de ta i l ed 

s t u d y was u n d e r t a k e n o f some aspects o f t he geology in the i m m e d i a t e v i c i n i t y o f t he m ine ra l depos i ts . T h i s 

was done as a c o n t i n u a t i o n o f a p ro jec t i n i t i a t e d at t he Un ive rs i t y o f B r i t i sh C o l u m b i a t h r o u g h the B r i t i s h 

C o l u m b i a M i n i s t r y o f Mines a n d P e t r o l e u m Resources and c o n t i n u e d w i t h t he s u p p o r t o f N o r t h a i r Mines 

L t d . a n d the N a t i o n a l Research C o u n c i l o f Canada. We p a r t i c u l a r l y t h a n k M r . M . P. D i c k s o n , m i n e manager , 

and M r . W a y n e A s h , m i n e engineer , f o r t he i r in terest and encou ragemen t . D r . N . C. Car ter 's in terest a n d 

en thus iasm f o r t h e s t u d y has been an i m p o r t a n t f a c t o r in its success. 

G E N E R A L G E O L O G Y 

A de ta i led geologica l m a p o f a smal l area i n c l u d i n g N o r t h a i r m ine is g iven o n F igure 3 2 . Pr inc ipa l r o c k u n i t s 

are n u m b e r e d a f te r Mi l le r and Sinc la i r ( 1 9 7 8 ) and have been s u b d i v i d e d f u r t h e r where possib le. A l l 

Mesozo ic p y r o c l a s t i c un i t s s t r ike n o r t h e r l y o r n o r t h w e s t e r l y and are near ver t i ca l w i t h t o p s fac ing easter ly 

wherever such d e t e r m i n a t i o n s c o u l d be made , m a i n l y ou ts ide the area o f F igure 3 2 . A n u m b e r o f samples 

were c rushed , g r o u n d , and fused t o p roduce glass beads f o r re f rac t ive index measurements . These 

measurements can be co r re la ted r o u g h l y w i t h c o m p o s i t i o n s ( f o r e x a m p l e , M a t h e w s , 1 9 5 1 ; C h u r c h , 1975) 

and resul ts , s h o w n g raph ica l l y o n F igure 3 3 , ind ica te the p r e d o m i n a n c e o f r h y o d a c i t i c t o andes i t i c 

c o m p o s i t i o n s f o r the p y r o c l a s t i c un i t s (un i t s 3 t o 5 inc lus ive) . T h e Coast P l u t o n i c C o m p l e x is represented in 

the map-area by a d i o r i t e ( u n i t 6 b ) . Desc r ip t ions o f these un i t s f o l l o w . 

L i t h o l o g i c Desc r ip t i ons 

U n i t 3 — A n d e s i t i c c rys ta l t u f f has an a p h a n i t i c , da rk grey m a t r i x s u r r o u n d i n g clasts o f z o n e d , subhedra l 

plagioclase and lesser h o r n b l e n d e . Clasts make u p a b o u t 2 0 per cen t o f t he r o c k , and some are u p t o 1 

c e n t i m e t r e in l eng th . T h e clasts are b r o k e n crysta ls t h a t c o m m o n l y s h o w a c rude a l i g n m e n t ( b e d d i n g ) . 

A n d e s i t i c c rys ta l t u f f f r a g m e n t s up t o 6 cen t ime t res in d iame te r are present in smal l a m o u n t s in t h e lower 

par t o f t h i s u n i t . These f r a g m e n t s are genera l ly spher ical a n d s u b r o u n d e d , w i t h clasts o f b r o k e n phenoc rys ts 

o f plagioclase a n d h o r n b l e n d e m a k i n g u p 4 0 per cen t o f t h e f r a g m e n t . 
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Figure 32. Detailed geological map of a part of Callaghan Creek pendant including mineral deposits of Northair Mines L td . 
Portals to the main deposits are labelled: M — Manifold zone, W — Warman zone, and D — Discovery zone. 
A — A 1 is the location of a cross-section through the Warman zone, shown in Figure 35. 
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Figure 33. Histogram of refractive index measurements for fused 
glass beads obtained from crushed powders of hand 
specimens of units 3, 4, and 5. 
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Figure 34. Generalized plan of underground haulage levels showing relative locations 

of three principal ore zones. A — i s location of the cross-section of 

Figure 35 (modified f rom Dickson and McLeod, 1975). 
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U n i t 4 - D a c i t i c agglomerate ( m a t r i x suppor ted ) has a f i ne -g ra ined , m e d i u m grey-green, t u f f a c e o u s m a t r i x 

w h i c h con ta ins th ree f r a g m e n t t ypes i n c l u d i n g dac i te , r h y o d a c i t e , a n d andesi te in decreasing o rde r o f 

abundance . F ragments are subangular and e longate a n d range u p t o 3 0 cen t ime t res in d iame te r w i t h an 

average o f a b o u t 6 cen t ime t res . M a t r i x varies f r o m 2 0 t o 7 0 per cen t b u t averages a b o u t 5 0 per cen t . 

G r a d e d b e d d i n g a n d crossbedding were observed in the basal par t *o f the u n i t and ind ica te t o p s f ac ing east. 

Si l iceous s i l ts tone ( u n i t 4a) is da rk grey w i t h a very f i ne -g ra ined , u n i f o r m t e x t u r e and con ta ins t race 

a m o u n t s o f f i n e l y d isseminated p y r i t e . Dac i t i c agglomerate ( f r a g m e n t s u p p o r t e d , u n i t 4b) is s imi la r t o t h e 

general d e s c r i p t i o n o f u n i t 4 e x c e p t t h a t t he m a t r i x is cons is ten t l y a b o u t 10 per cen t and 4 b is f r a g m e n t 

s u p p o r t e d . T u f f a c e o u s sandstones and s i l ts tones ( u n i t 4c) are d a r k g rey , s i l iceous s i l ts tones t o pale g rey , 

t u f f a c e o u s sandstones i n t e r b e d d e d o n v a r y i n g scales, f r o m 1 c e n t i m e t r e t o 5 0 met res , and t oge the r 

compr ise a layer a b o u t 3 5 metres t h i c k . 

U n i t 5 — A n d e s i t i c agg lomerate has a f i ne -g ra ined , d a r k green t u f f a c e o u s m a t r i x w h i c h su r rounds six 

d i f f e r e n t f r a g m e n t t ypes . These are, in o rder o f decreasing a b u n d a n c e : andes i te , andes i t i c t u f f , dac i te , 

t u f f a c e o u s sandstones, dac i t i c t u f f , and jasper. F ragments range f r o m w e l l r o u n d e d t o sub-angular , 

c o m m o n l y are o v o i d in general shape, and are u p t o 7 0 cen t ime t res in d iamete r (average a b o u t 4 

c e n t i m e t r e s ) . M a t r i x varies f r o m 20 t o 9 5 per cent w i t h an average o f a b o u t 4 0 per cen t . Ep ic las t ic vo l can ic 

breccia ( u n i t 5a) has a very f i ne -g ra ined , b lack m a t r i x s u r r o u n d i n g f o u r d i f f e r e n t coarse f r a g m e n t t y p e s , 

w h i c h are in decreasing o rde r o f abundance : andesite equ ig ranu la r t u f f , dac i te , and si l iceous s i l t s tone . T h e 

f r a g m e n t s are angular t o subangular and e longate in shape w i t h an average d iamete r o f 3 cen t ime t res b u t 

range u p t o 3 0 c e n t i m e t r e s . M a t r i x varies f r o m 9 0 t o 5 per cen t a n d averages a b o u t 15 per cen t . T u f f a c e o u s 

sandstones a n d s i l ts tones ( u n i t 5b) vary be tween pale t o m e d i u m grey s i l ts tones a n d coarse-grained 

sandstones. Graded b e d d i n g and crossbedding were observed t h r o u g h o u t th i s u n i t . A n d e s i t i c c rys ta l t u f f 

( u n i t 5c) has an a p h a n i t i c , dark grey m a t r i x s u r r o u n d i n g b r o k e n phenoc rys ts o f z o n e d , subhedra l 

plagioclase. T h e plagioclase laths are up t o 1 c e n t i m e t r e in l eng th . 

U n i t 6 b — D i o r i t e is f i ne t o m e d i u m gra ined and pale t o m e d i u m grey-green w i t h an equ ig ranu la r t e x t u r e . 

M inera l c o m p o s i t i o n is a b o u t 4 5 per cen t p lagioclase, 2 5 per cen t c h l o r i t e , 14 per cen t e p i d o t e , 8 per cen t 

q u a r t z , and the rema inder accessory minera ls . 

M I N E R A L D E P O S I T S 

Three ore zones are k n o w n o n the Cal laghan Creek p r o p e r t y o f N o r t h a i r Mines w h i c h are, f r o m n o r t h t o 

s o u t h , t he D iscovery , W a r m a n , and M a n i f o l d zones (F i t j . 3 4 ) . A l l zones are tabu la r in f o r m , s t r ike a b o u t 

n o r t h 4 0 degrees west and have near ver t ica l d ips . Average th icknesses are a b o u t 1.8, 2 .4 , and 5.1 met res 

respect ive ly f r o m s o u t h t o n o r t h . Ore grades d i f f e r progressively f r o m zone t o zone. In general the s o u t h e r n 

( M a n i f o l d ) zone is h igh in prec ious metals and l o w in base meta ls . T h e converse is t rue f o r t h e D iscovery 

zone and t h e W a r m a n zone is i n t e r m e d i a t e in character . S i m i l a r l y , t he f o r m o f m i n e r a l i z a t i o n varies f r o m 

sou th t o n o r t h . In the s o u t h ( M a n i f o l d ) zone sulphides are d isseminated or t h i c k l y layered in a s i l iceous 

carbona te layer a n d in the n o r t h (D iscovery ) zone su lph ides are layered and loca l l y massive in f o r m . A g a i n 

the W a r m a n zone is i n t e r m e d i a t e in character . 
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lithologic contacts and the Warman zone whose thickness is shown to 

correct scale. 

I- 2700' 

128 



T h e th ree zones appear t o represent f a u l t e d segments o f a single m inera l - r i ch sheet. Such an i n t e r p r e t a t i o n 

is apparen t u n d e r g r o u n d between the ends o f the W a r m a n and M a n i f o l d zones where smal l f a u l t e d segments 

o f t he ore have been i d e n t i f i e d . A more c o m p l e x f a u l t zone ex is ts be tween the W a r m a n and D iscovery 

zones. T h i s 'single sheet ' hypo thes is is s u p p o r t e d by the g jada t j pna l character is t ics o f t h e ore i f al l th ree 

zones are r e c o n s t r u c t e d t o a single b o d y . Character is t ics o f b o t h the D iscovery and M a n i f o l d zones e x t e n d 

t o t he respect ive ad jacent par ts o f the W a r m a n zone . 

O r i g i n o f t he N o r t h a i r m inera l deposi ts recen t l y has been the sub ject o f con t rove rsy w i t h t he t w o general 

e x t r e m e p o i n t s o f v iew being (1) a ve in hypo thes is a n d (2) a vo l can ic exha la t i ve o r i g i n f o l l o w e d b y par t ia l 

m o b i l i z a t i o n a c c o m p a n y i n g p l u t o n i s m . We w i l l n o t cons ider al l t he a rguments f o r genesis in t h i s d iscuss ion, 

b u t some resul ts o f the 1 9 7 8 f i e l d w o r k have a d i rec t bear ing o n the p r o b l e m . One o f the m a i n p o i n t s used 

in t he past as ind ica t ive o f an ep igenet ic na ture t o the ore zones has been the a p p a r e n t l y diverse 

o r i e n t a t i o n s o f bedd ing a n d the tabu la r ore zones. T h e n o r t h w e s t e r l y t r e n d o f the ore zones has been 

con t ras ted w i t h the n o r t h e r l y regional t r e n d o f bedd ing measured h u n d r e d s o f met res t o t h e west and s o u t h 

o f t he ore zones. E x t r a p o l a t i o n o f these bedd ing o r i e n t a t i o n s i n t o the area o f ore depos i ts has led t o the 

suggest ion o f transgressive g e o m e t r y f o r the ore shoots and t h e r e f o r e an ep igenet ic o r i g i n . 

De ta i l ed e x a m i n a t i o n o f core f r o m 12 e x p l o r a t o r y d r i l l holes t o the s o u t h w e s t o f the W a r m a n zone has 

establ ished a local de ta i led s t ra t ig raphy t h a t ex tends the leng th o f , and paral le ls, the W a r m a n ore zone . A n 

examp le is s h o w n in cross-sect ion A - A ' (F ig . 3 5 ) , the l o c a t i o n o f w h i c h is i nd ica ted o n F igure 3 2 and 3 4 . 

T h e i m m e d i a t e f o o t w a l l o f the W a r m a n zone is a 1 1 3 - m e t r e - t h i c k layer o f andes i t ic agg lomerate w h i c h 

consists o f a f ine-gra ined t u f f a c e o u s m a t r i x c o n t a i n i n g 7 0 per cen t large f r a g m e n t s as in t h e general 

d e s c r i p t i o n o f u n i t 5. A b o u t 3 4 metres b e l o w t h e W a r m a n zone is a 0 .3 t o 4 . 6 - m e t r e , f i ne -g ra ined 

t u f f a c e o u s marke r layer t h a t loca l l y is d i s r u p t e d i n t o f r a g m e n t s . B e l o w t h e andes i t i c agg lomerate layer is a 

pale grey t o green t u f f a c e o u s sandstone u n i t t h a t con ta ins rare s u b r o u n d e d f r a g m e n t s u p t o 3 cen t ime t res in 

d iamete r . T h e c o n t a c t be tween the t u f f a c e o u s sandstone and the andes i t ic agglomerate is g rada t iona l over 

a b o u t 1.5 met res . A s imi lar andes i t ic agglomerate c o n t a i n i n g a t h i n t u f f marke r has been observed in a 

single d i a m o n d - d r i l l ho le o n the s o u t h w e s t side o f the D iscovery zone , b u t the m a r k e r c a n n o t be t raced 

because o f lack o f b o t h o u t c r o p and o t h e r a p p r o p r i a t e l y loca ted d r i l l ho les : Nevertheless, t h i s occur rence 

indicates t h a t t he s t ra t i g raphy i m m e d i a t e l y s o u t h w e s t o f and paral le l t o t he W a r m a n zone ex tends over a 

t o t a l d is tance o f at least 5 0 0 met res . As y e t we have n o t been able t o check the presence o f a c o m p a r a b l e 

s t ra t i g raphy t o the s o u t h w e s t o f the M a n i f o l d zone because o f the d e t e r i o r a t e d c o n d i t i o n o f boxes o f d r i l l 

core f r o m e x p l o r a t i o n holes d r i l l e d several years ago. H o w e v e r , we no te the para l le l i sm o f so-cal led 

a l t e r a t i o n zones m a p p e d in one cross-sect ion o f the M a n i f o l d zone by L i t t l e ( 1 9 7 4 ) and suggest t he 

poss ib i l i t y t h a t in rea l i t y these zones w h i c h paral le l bedd ing d e f i n e d above , represent o r ig ina l c o m p o s i t i o n a l 

d i f fe rences ra ther t h a n super imposed a l t e r a t i o n zones. 

In a d d i t i o n t o r e c o g n i t i o n o f a para l le l ism be tween ore zones and bedd ing o n a scale o f h u n d r e d s o f met res , 

i t is c o m m o n in u n d e r g r o u n d w o r k i n g s t o see su lph ide layers f r o m a f e w m i l l i m e t r e s t o a f e w c e n t i m e t r e s 

t h i c k t h a t paral le l a l t e r n a t i n g layers o f ca rbona te , q u a r t z , a n d , l oca l l y , s i l icates, over d is tance o f cen t ime t res 

t o met res . These layered su lph ides are par t o f a h igh l y d e f o r m e d ( f o l d e d a n d f r a c t u r e d ) i n te r laye red 

sequence t h a t is c u t by veins o f coarse-grained calc i te w i t h o r w i t h o u t q u a r t z a n d / o r su lph ides. In places 

these f o r m a m y r i a d o f su lph ide-bear ing vein lets o f p o s t - d e f o r m a t i o n age, superposed in places o n layered 

su lph ides t h a t appear t o represent vestiges o f a p r e - d e f o r m a t i o n a l m ine ra l i z i ng even t . I t was th is o b v i o u s 
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f i n e l y layered aspect, apparen t u n d e r g r o u n d loca l l y in all ore zones, t h a t o r i g ina l l y led us t o suggest an ear ly 

' vo l canogen ic ' stage in t he d e v e l o p m e n t o f t h e ore zones (M i l l e r and S inc la i r , 1 9 7 7 ; M i l l e r , et a/., 1 9 7 8 ) . 

In ideal ized f o r m the m o d e l t h a t we propose is a d is ta l vo lcanogen ic or exha la t ive m o d e l in w h i c h a local 

mar ine basin f o r m e d d u r i n g a h ia tus in exp los ive r h y o d a c i t i c t o andes i t ic v o l c a n i s m . Ore f l u i d s were f e d t o 

t he wa te r -sed imen t in ter face f r o m a p ipe z o n e , n o t n o w k n o w n , t o c o n t r i b u t e base and prec ious meta ls t o 

t he basin o f chemica l s e d i m e n t a t i o n . F u r t h e r exp los ive vo l can i sm f o l l o w e d . T h e depos i t was d e f o r m e d and 

m e t a m o r p h o s e d t o greenschist facies d u r i n g subsequent e m p l a c e m e n t o f Coast p l u t o n i c rocks and i t was 

late in t h i s in te rva l t h a t p o s t - d e f o r m a t i o n a l , su lph ide-bear ing carbonate a n d / o r qua r t z ve in le ts f o r m e d by 

m o b i l i z a t i o n o f o r i g ina l l y syngenet ic m a t e r i a l . S im i la r ve in le ts r e m o v e d f r o m k n o w n minera l zones are f ree 

o f su lph ides. T h e depos i t was later d i s r u p t e d by n o r t h e r l y t r e n d i n g f a u l t s , m a n y w i t h s ign i f i cant s t r ike-s l ip 

c o m p o n e n t s . One o f these fau l t s t runca tes the D iscovery zone o n the west . 

C O N C L U S I O N S 

Deta i l ed m a p p i n g in the v i c i n i t y o f the N o r t h a i r o re depos i ts has led t o the es tab l i shment o f a f a i r l y 

de ta i led s t ra t i g raphy w i t h i n t he p y r o c l a s t i c sequence t h a t con ta ins the ores. Bedd ing has been s h o w n t o be 

paral le l t o t he W a r m a n zone and p r o b a b l y t o the D iscovery zone as w e l l . R e - e x a m i n a t i o n o f the M a n i f o l d 

zone is r e q u i r e d . 

T h e w e i g h t o f avai lable ev idence ind icates a c o m p l e x o r i g i n f o r the N o r t h a i r depos i ts . T h e i r close 

assoc ia t ion w i t h a t h i c k p y r o c l a s t i c sequence or r h y o d a c i t i c t o andes i t ic c o m p o s i t i o n is we l l establ ished as is 

the layered na tu re o f the ores and the para l le l i sm o f th i s layer ing w i t h bedd ing in the enc los ing py roc las t i c 

rocks . These features as we l l as the more de ta i led associat ion w i t h c o m m o n exha l i te p r o d u c t s such as 

layered c h e r t a n d carbona te w o u l d appear t o necessitate some genet ic re la t i onsh ip o f ore t o v o l c a n i s m . 

H o w e v e r , super imposed o n t h i s ' vo l canogen ic ' exha l i t e are the o b v i o u s l y later e f fec ts , the ve in le ts t h a t 

c rosscut d e f o r m e d layered su lph ides. I t seems unreasonable t o requ i re t h a t meta ls in these ve in le ts be 

der ived e lsewhere, p a r t i c u a r l y because s imi la r ve in le ts e lsewhere in the p e n d a n t do n o t c o n t a i n su lph ides. 

C o n s e q u e n t l y , we a t t r i b u t e these su lph ide-bear ing ve in le ts t o local r e m o b i l i z a t i o n d u r i n g m e t a m o r p h i s m 

t h a t a c c o m p a n i e d i n t r u s i o n o f t he ad jacen t Coast P l u t o n i c C o m p l e x . 

T h e m o d e l p r o p o s e d here has i m p o r t a n t i m p l i c a t i o n s regard ing e x p l o r a t i o n o f o t h e r r o o f p e n d a n t s a n d 

septae in t h e Coast P l u t o n i c C o m p l e x . Su lph ide-bear ing vein lets appear t o requ i re a meta l - r i ch source, t h a t 

in some cases c o u l d be a bedded vo lcanogen ic c o n c e n t r a t i o n . T h i s poss ib i l i t y is in acco rd w i t h t he general 

p r i n c i p l e e n u n c i a t e d by S inc la i r , et a/. ( 1 9 7 8 ) , regard ing the i m p o r t a n c e o f me ta l occurrences as an 

i m p o r t a n t f a c t o r in m inera l e x p l o r a t i o n a n d resource e v a l u a t i o n . 
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