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TECK EXPLORATION 

sm^-veys and shallow cores. Some of the r e s u l t i n g differences i n 
interpretation w^te resolved but fundamental disagreement about oc^an. 
crust genesis remains. 

Th«? map provides data for mode) l i n g the evolution of th« circum— 
Arctic region and guidance for resources evaluation. Ocean bcisin 
deposits contain information about past global climates; and cr\i«?tal 
plate motions. 

Thi» map was published i n three months through cooperation among 
st a f f of the Geological Survey of Canada i n H a l i f a x r Calgary arid 
Ottawa, and a contracted computer graphics firm i n Montreal. 

GEOCHEMISTRY OF IAPETAN VOLCANIC ROCKS: HO DEL ACE FOR EARLY RIFTING 
OF FROTO-ATIANTIC BASIN 

"*01ive. V a l e r i c . Habere, Rejeaxi. , Department do geologie. 
Univcrsite Laval, Quebec (Qc), G1K 7P4; Loubet, Michel., Laboratoire 
de tfirtcr&logxe c t de CristaHographie. Unlversice Paul Sabatier, 
33,rue des Trentc-Six Ponts, 31400 Toulouse, France. 
In the s t r u c t u r a l external domain of the Quebec Appalachians, three 
groups of basalts ( s l k a l l c - t r a n s i t i o n a l and KORB-type t h o l e i i t i c ba-
sal t s ) a$ well as trachyandesicc and rh y o l i t e were, i d e n t i f i e d i n the 
nappe de l a Riviere Chaudiere and i n Che Drurnmondvillc olistostrooie. 
They are the well preserved testimonies rcauiining from the early 
stage of IapetuK ocean r i f t i n g . Isocopic geochemistry have been pet-
formed en the b a s a l t i c rocks usin& (Sm/Nd) and (Rb/Sr) radiogenic txa-
cc-rs. Preliminary resu l t s show thet the a l k a l i c and t h o l e i i t i c ba
sa l t s are i s o t o p i c a l l y cogeniclc. Tr a n s i t i o n a l basalts and rh y o l i t e s 
appear to be contaminated by a continental crust component. A (Sm/Nd) 
model age i s proposed f o r the Iapetus opening provided by an isochron 
obtained from analyses of the altered taargin and core of single 
t h o l e i i t i c pillows. Occurrence of lustreous black material (anthra-
x o l i c e ) , associated with c a l c l t e and quartz In veins of a breccicd 
t h o l e i i t i c p i l low facies lead us to Investigate the p o s s i b i l i t y of 
f l u i d con Camilla t i n g by percolation of f l u i d s through surrounding sedi
ments. There i s no clear relations between the contamined f l u i d and 
the altered margin of the pillow but we present complementary isocopic 
analyses on separated plagioclase phenocrysts and core of t h o l e i i t i c 
basalt p i l l o w . Those results allow us to better understand the impor
tance of contamination phenomenon on the significance of Sa»/Nd ages. 
New data on a l k a l i c and t h o l e i i t i c basalts w i l l constrain the contem
poraneity of these two groups. Tra n s i t i o n a l basalts analyses w i l l 
give us informations on the role of the continental crust during magma 
genesis. The data presented are c r i t i c a l f o r establishment of isoto-
pic signatures and chronology of the various magma trie events associa
ted with progressively continental breakup and oceanic r i f t i n g . 

S784S3 

WRENCH FAULT TECTONICS AND GOLD MINERALIZATION: THE 
GOLDEN BEAR DEPOSIT; N.W. BRfTlSH COLUMBIA. 

•Oliver, J . L and Hodgson, C. J . Department of Geological 
Sciences, Queen's Uriiverstty, Kingston, Ontario K7L 3N6. 

The Golden Bear deposit, 625,390 tonnes diluted geological reserves 
grading 18.63 grams per tonne, is located 140 kilometres west of Dease 
Lake. British Columbia. The deposit is hosted by shears and splays of 
a crustaJ scale transcurrent fault, the Bear Faufc Several large scale 
tectonic features characterize this fault 1. en echelon west-verging 
overturned folds; 2, northwest and southeast verging thrust faults, linked 
by transcurrent faults; and 3. remnant ophiolfte assemblages. Lithologic 
discontinuities and the orientation of en echelon fold axial surfaces 
suggest that earliest movements on this "fault were sinistral and reverse. 
Later movements are dextrai. 

Alteration associated with mineralization has been K/Ar dated at 
between 174 and 204 Ma. Along the Bear- Fault gold mineralization is 
associated with dilatent zones developed at the contacts of pyritized 
mafic tuffs and siliceous dolomites. An epithermal origin is suggested 
by the association of gold and sflver tellurides, native mercury and 
mercury teilurides, with the main ore body. Metallic minerals are usually 
less than 5 microns in diameter and free gold is generally absent A 
mesothermaJ origin is supported by the alteration style, carbonate-
dnk)rite-sericitei)yrrte> the limrted development of day rich alteration 
assemblages, and by the absence of well defined quartz veins exhibiting 
open space filling textures. -
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#Th/U DISEQUILIBRIA AND 
SHELLS FROM RAISED MAR 
METHODOLOGICAL PROBLEMS 

OrtUeb, Luc. Mission ORSTO& 
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KINETIC MODELS OF PETROLEUM 
AND THE IMPOl«CANCE OF EKHAN« 

*Os jtdetz. K. C. , Snowdoi 
Petroleum Geology, 3303-
Doligei, B. and Burrus. J 
92506 Rueil-Malmalson Ce 
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tha t the h y d r o t h e r m a l f l u i d s w e r e l ow in s a l i n i t y , I to 3 % N a C I , and o f l ow t e m p e r a 

t u r e , I 8 0 ° C ( J . O ' B r i e n t , B . B o d n e r , 1984). 

T h e m o d e l f o r t he G O L D E N B E A R m i n e r a l i z a t i o n r e q u i r e s t h e f o l l o w i n g f e a t u r e s : 

(1) M a j o r f a u l t 

(2) S u i t a b l e s t r u c t u r a l t r ap 

(3) H e a t p u m p ( J u r a s s i c i n t rus ions a n d / o r p o r p h y r y coppe r depos i t ) 

(4) T r i a s s i c v o l c a n i c r o c k s 

T h e s e g e n e r a l i z e d f e a t u r e s c a n now be m a d e m o r e s p e c i f i c f o r the G O L D E N B E A R 

m i n e r a l i z a t i o n . A m a j o r f a u l t is r e q u i r e d to c h a n n e l t he h y d r o t h e r m a l f l u i d s bo th 

l a t e r a l l y and v e r t i c a l l y . T h e B e a r F a u l t and W e s t W a l l F a u l t a r e bo th m a j o r z o n e s 

w h i c h h a v e s l i v e r s o f l i m e s t o n e , t u f f , u l t r a m a f i c s and d i o r i t e a l o n g t h e i r l e n g t h . 

T h e d i v e r s i t y of l i t h o l o g i e s and t h e p r e s e n c e o f f a u l t s l i v e r s suppor t the hypo thes i s 

t ha t i t is a m a j o r f a u l t s y s t e m a n d does t a p d e e p e r s e g m e n t s o f the c r u s t . 

H y d r o t h e r m a l f l u i d s , e i t h e r f r o m i n t r u s i o n s o r f r o m l o c a l ho t spo t s , w i l l be a b l e to 

m o v e up and a l o n g t h e s e f a u l t z o n e s . T h e a s s o c i a t i o n b e t w e e n go ld depos i t s a n d 

p o r p h y r y c o p p e r m i n e r a l i z a t i o n c a n be c l e a r l y d o c u m e n t e d . F o r e x a m p l e , in C h i l e , 

the S i l i c a go ld depos i t is f ound 1000 m e t e r s v e r t i c a l l y a b o v e the l a rge p o r p h y r y 

c o p p e r d e p o s i t , EI S a l v a d o r . T h i s t y p e o f s e t t i n g c a n be a p p l i e d to the G O L D E N 

B E A R w h e r e t he re a r e n u m e r o u s l o w g r a d e p o r p h y r y c o p p e r depos i t s n e a r b y . T h e 

h y d r o t h e r m a l s y s t e m w h i c h c r e a t e d the p o r p h y r y c o p p e r depos i t s c o u l d a l so h a v e 

c a u s e d the go ld d e p o s i t a t G O L D E N B E A R . In t h e T a t s a m e n i e a r e a , the J u r a s s i c 

i n t rus ions c o n t a i n e d abundan t v o l a t i l e s as t hey w e r e c r y s t a l l i z i n g . In t he c a s e o f the 

R A M - T U T c l a i m s , t he J u r a s s i c d i o r i t e was a l b i t i z e d . T h e a l b i t i z a t i o n p r o c e s s t akes 

p l a c e in the meaning s t a g e s of m a g m a t i c c r y s t a l l i z a t i o n w h e n the v o l a t i l e s a l t e r the 
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c r y s t a l l i z e d p o r t i o n o f the i n t r u s i o n . T h e d a t e o f th is a l b i t i z a t i o n even t is 

171 + 5 ffia ( H e w g i l l , 1985), c l o s e to the s e r i c i t e d a t e d f r o m the B E A R m i n e r a l i z a 

t i o n (177 M a ) . 

T h e hos t r o c k s a r e i m p o r t a n t bo th s t r a t i g r a p h i c a l l y and s t r u c t u r a l l y . S t r a t i g r a p h i -

c a l l y , t he T r i a s s i c v o l c a n i c s a p p e a r to be s i g n i f i c a n t w h e n c o n s i d e r i n g g o l d depos i t s 

on a p r o v i n c i a l s c a l e as t hey m a y be the s o u r c e f o r t h e g o l d . S t r u c t u r a l l y , t he host 

r o c k , i f i t is not o r i g i n a l l y porous o r p e r m e a b l e , w i l l r e q u i r e some m o d i f i c a t i o n by 

b r i t t l e d e f o r m a t i o n . T h e r e a r e c e r t a i n a s p e c t s t ha t w o u l d m a k e one se t o f f a u l t 

s y s t e m s m o r e a m e n a b l e to c r e a t i n g a m o r e f a v o u r a b l e hos t . T h e y i n c l u d e r o c k s o f 

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

h a v e b e e n a n u m b e r o f f e e d e r z o n e s w h i c h h a v e b rough t f l u i d s up th rough t h e b r i t t l e 

l i m e s t o n e . In s o m e c a s e s , f a u l t s s u c h as the W e s t W a l l F a u l t and B e a r F a u l t have 

b r o k e n t h e c o n t a c t b e t w e e n t he S i l t s t o n e and L i m e s t o n e U n i t s . In o the r c a s e s the 

c o n t a c t has not b e e n b r o k e n and the s i l i c a r i c h f l u i d s h a v e r e p l a c e d the upper l aye rs 

o f t he L i m e s t o n e U n i t to f o r m a m a n t o s t y l e d e p o s i t (e .g . R A M T U T ) . 

A f t e r c o m p l e t i o n o f the underg round wo rk a t G O L D E N B E A R , i t is c l e a r t h a t the 

h y d r o t h e r m a l f l u i d s h a v e t r a v e l l e d a l o n g the B e a r F a u l t (a m a j o r f au l t s y s t e m ) and 

d e p o s i t e d the 3 E A R M a i n Z o n e a t a change in s t r i k e and d ip ( s t ruc tu ra l t rap) o f the 

f a u l t z o n e . T h e c h a n g e in s t r i k e a n d d ip is e x t r e m e l y w e l l i l l u s t r a t e d when s t r u c 

tu ra l c o n t o u r s a r e m a d e o f the f a u l t p l ane ( H u l s t e i n , p e r s . c o m m . 1987). It is i n t e r 

e s t i n g to n o t e tha t t h e bu lk of t h e cons i s t en t h i g h g r a d e m i n e r a l i z a t i o n in t h e B E A R 

M a i n Z o n e is d i r e c t l y a s s o c i a t e d w i t h th is c h a n g e in s t r i k e and d ip and o c c u r s jus t 

a b o v e t h e ro l l in t he f a u l t ( F i g . 5) . O n c e the f a u l t b e c o m e s m o r e regu la r in s t r i k e 

and d i p , t he g rade is less p r e d i c t a b l e . T h e s t y l e o f m i n e r a l i z a t i o n b e c o m e s m o r e 

• 3 9 / 0 5 / 3 0 
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t y p i c a l o f o t h e r g o l d depos i t s w i t h r e s p e c t t o the d i f f i c u l t y in c o n n e c t i n g d r i l l ho le 

i n t e r s e c t i o n s to m a k e o r e s h o o t s . T h e a b i l i t y to p r e d i c t c h a n g e s in s t r i k e a n d d ip 

w i l l be essen t i a l in f i n d i n g a n o t h e r l a rge depos i t in the a r e a . 

PROPERTY GEOLOGY AND MINERALIZATION 

T h e g e o l o g y o f e a c h p r o p e r t y w i l l be d i scussed based upon the i n f o r m a t i o n f r o m t h e 1987 

d r i l l c o r e and s u r f a c e m a p p i n g f r o m 1981 to 1987. 

M I S T Y - N I E 

T h e M I S T Y - N I E c l a i m s a r e unde r l a i n by the P r e - U p p e r T r i a s s i c a s s e m b l a g e as s h o w n on 

F i g u r e 3 . D e t a i l e d g e o l o g i c a l maps ( F i g . 6ab , 7) c o v e r s the M I S T Y - N I E c l a i m s a n d 

i n c l u d e s the 1987 d r i l l h o l e s . 

P r e - U p p e r T r i a s s i c 

T h e s t r a t i g r a p h i c c o l u m n ( F i g . 4) o f the S t i k i n e A s s e m b l a g e is r e p r e s e n t e d on the c l a i m s . 

T h e basa l L i m e s t o n e U n i t o c c u r s o n l y as f a u l t s l i v e r s a l o n g t he W e s t Wa l l F a u l t . T h e s e 

f a u l t bounded s l i v e r s a r e p r e d o m i n a n t l y u n a l t e r e d . T h e l i m e s t o n e is g e n e r a l l y e q u i g r a n o -

l a r and appea rs t o have r e c r y s t a l l i z e d . T h e l i m e s t o n e was i n t e r s e c t e d by h o l e N - 3 8 and i t 

was no t poss ib l e to i d e n t i f y w h e r e in the s t r a t i g r a p h i c c o l u m n i t c a m e f r o m . 

T h e S i l t s t o n e U n i t was i n t e r s e c t e d in t he m a j o r i t y of t he h o l e s . It is r e p r e s e n t e d by we l l 

b e d d e d , g r a p h i t i c muds tones to s i l t s t o n e s that e x h i b i t so f t s e d i m e n t d e f o r m a t i o n . S o f t 

s e d i m e n t b r e c c i a s w e r e a l so o b s e r v e d in m a n y o f the h o l e s . T h e f r a g m e n t s a p p e a r t o have 

been s i l i c i f i e d and the m a t r i x is p r i m a r i l y c o m p o s e d o f g r a p h i t e . T h e s i l i c i f i c a t i o n in the 

i n t r a f o r m a t i o n a l b r e c c i a and in pa r t s o f the s i l t s t o n e is bo th p e r v a s i v e and a l o n g b a n d i n g . 

o 3 9 / 0 5 / 3 2 
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S t r u c t u r a l l y , m o s t o f the s l i p has b e e n t a k e n up by th i s un i t . In the s i l t s t o n e , s l i c k e n s i d e s 

a r e v i s i b l e o n g r a p h i t i c s u r f a c e s and in s o m e gouge z o n e s . M o s t o f the f r a g m e n t s in t he 

i n t r a f o r m a t i o n a l b r e c c i a h a v e b e e n e l o n g a t e d , p r o b a b l y du r i ng f a u l t i n g . 

T h e S i l t s t o n e r e p r e s e n t s a r e s t r i c t e d a n o x i c bas in w h e r e the m u d and s i l t c o l l e c t e d . T h i s 

un i t r e p r e s e n t s t h e t r a n s i t i o n f r o m a r e e f a l l i m e s t o n e to a m a j o r v o l c a n i c c y c l e . W i t h i n 

t he l a y e r e d s i l t s t o n e , t h e r e is abundan t f i n e y e l l o w p y r i t e w h i c h is p robab l y s y n g e n e t i c . 

M u c h o f the b l a c k c o m p o n e n t in t he s i l t s t o n e is g r a p h i t e , a l t h o u g h in some i n s t a n c e s i t 

does r e s e m b l e the f i n e b l a c k su lph ides o b s e r v e d in t he B E A R d e p o s i t . 

T h e T u f f U n i t is v e r y c o m m o n on the M I S T Y - N I E . It is r e p r e s e n t e d by i n t e r m e d i a t e to 

m a f i c , f i n e to m e d i u m g r a i n e d t u f f s and poss ib l y f l o w s . T h e y r a n g e in co lou r f r o m 

m e d i u m g r e e n to d a r k g r e e n to g r e e n i s h g r a y . T h e t u f f s a re p r e d o m i n a n t l y f i n e g r a i n e d 

w i t h r a r e l a p i l l i f r a g m e n t s a n d a r e t y p i c a l l y b l e a c h e d w h e n a l t e r e d . T h e b l e a c h i n g is 

c a u s e d by a n i n t r o d u c t i o n o f d o l o m i t e a n d p y r i t e . Q u a r t z and c a r b o n a t e ve in i ng is a l s o 

m o r e c o m m o n in the b l e a c h e d z o n e s . T h i s t ype o f a l t e r a t i o n is t y p i c a l o f that on the 

G O L D E N B E A R p r o p e r t y , p e r i p h e r a l to t he m i n e r a l i z a t i o n . 

O n s u r f a c e , u l t r a m a f i c r o c k s h a v e b e e n m a p p e d , a l t h o u g h none w e r e i n t e r s e c t e d in t h e 

c o r e . T h e s e r o c k s a r e d e s c r i b e d by S o u t h e r (1971) as p a r t o f the S t i k i n e t e r r a n e . O n the 

c l a i m s they a r e t y p i c a l l y s e r p e n t i n i z e d a m p h i b o l i t e . A s m a l l s l i v e r of u l t r a m a f i c o c c u r s 

on the N I E p l a t e a u a d j a c e n t to t h e W e s t W a l l F a u l t . T h e r o c k s a r e i n t e r p r e t e d as a l p i n e 

u l t r a m a f i c s r a f t e d i n to t h e i r c u r r e n t s t r u c t u r a l p o s i t i o n by m a j o r f a u l t i n g . T h e l a r g e s t o f 

these u l t r a m a f i c bod ies is w i t h i n w h a t is n o w c a l l e d the U l t r a m a f i c F a u l t on the e a s t s i d e 

of the N I E g r o u p . 



F o l i a t e d D i o r i t e 

T h e f o l i a t e d d i o r i t e is c l a s s i f i e d as T r i a s s i c by S o u t h e r (1971). It is g e n e r a l l y m e d i u m 

g r a i n e d , e q u i g r a n u l a r a n d has a weak to s t r o n g f o l i a t i o n . In m o s t c a s e s on t h e N I E c l a i m s , 

i t is in f au l t c o n t a c t w i t h t he T u f f U n i t ; h o w e v e r , on t h e G O L D E N B E A R p r o p e r t y to the 

s o u t h , i t has an i n t r u s i v e c o n t a c t w i t h the T u f f U n i t . 

N o n - F o l i a t e d D i o r i t e 

Sou the r (1971) has c l a s s i f i e d the n o n - f o l i a t e d d i o r i t e as J u r a s s i c . O n the N I E g roup i t is 

r e p r e s e n t e d by a s e r i e s o f f e l d s p a r p o r p h y r y d y k e s , w h i c h h a v e c o m e up a l o n g t h e Wes t 

W a l l F a u l t . T h e s e dykes a r e p robab l y r e l a t e d to the l a r g e body o f J u r a s s i c d i o r i t e tha t 

o u t c r o p s o n M i s t y M o u n t a i n , j us t to t he wes t o f t he N I E C l a i m s . 

In m a n y o f t he d r i l l h o l e s , the i n t e r s e c t e d dykes w e r e g e n e r a l l y da rk g ray w h e n l e a s t 

a l t e r e d . T h e d y k e s a r e u s u a l l y po rphy r i n i c w i t h 80 - 9 0 % f e l d s p a r , 5 - 10% m a f i c s and 

5 - 10% q u a r t z . In the m o s t i n t ense l y a l t e r e d s e c t i o n s , t he f e l d s p a r was t o t a l l y c l a y 

a l t e r e d w i t h a g r e e n to w h i t e c o l o u r a n d the m a f i c c o n t e n t d e c r e a s e d to less than 5 % . 

A w a y f r o m the f a u l t , the d y k e s a re p i n k i s h in c o l o u r a n d w e r e o r i g i n a l l y though t t o be 

s y e n i t i c . H o w e v e r , th in s e c t i o n s have shown the c o m p o s i t i o n to be d i o r i t i c . T h e dykes 

h a v e p r e f e r e n t i a l l y i n t r u d e d the s i l t s t o n e s a long the W e s t W a l l F a u l t . 

F r o m the bes t s h o w i n g on the N I E C l a i m s , a s a m p l e o f t he d y k e was d a t e d by S c h r o e t e r 

(1987) y i e l d i n g a n a g e o f 156 M a . T h e s e dykes a r e p r e s u m e d to be p a r t of the l a t e r phase 

o f the J u r a s s i c d i o r i t e i n t r u s i o n ( S c h r o e t e r , 1987). If t he J u r a s s i c i n t rus ions a r e t he heat 

pump w h i c h c r e a t e d the h y d r o t h e r m a l s y s t e m to f o r m the m i n e r a l i z a t i o n in th i s a r e a 

( G O L D E N B E A R ) , then tha t s y s t e m s u r v i v e d fo r a p p r o x i m a t e l y 50 M a ( f rom 154 to 

205 M a ) . T h e s e d a t e s , b a s e d on K - A r d a t i n g of s e r i c i t e in the d i o r i t e s , w e r e o b t a i n e d f r o m 

s a m p l e s c o l l e c t e d by C h e v r o n a n d S c h r o e t e r (1987). 
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L e v e l M o u n t a i n B a s a l t s 

T h e s e b a s a l t s a r e l o c a t e d o n the upper p l a t e a u o f t he N I E C l a i m s a n d a re r e m n a n t s o f 

f l o w s f r o m the H e a r t s P e a k a n d L e v e l M o u n t a i n v o l c a n o . O r i g i n a l l y a la rge p o r t i o n of t h e 

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

o f c o l u m n a r - j o i n t e d , v e s i c u l a r b a s a l t s . T o d a y a n u m b e r o f t h e c i n d e r cones a r e s t i l l v i s 

i b l e on H e a r t s P e a k . 

M i n e r a l i z a t i o n 

T h e g o l d m i n e r a l i z a t i o n d i s c o v e r e d to d a t e is a s s o c i a t e d w i t h su lph ides ( p r i m a r i l y p y r i t e ) 

a l o n g t h e Wes t W a l l F a u l t . In m o s t c a s e s , the s u r f a c e g r a b s a m p l e s assayed f r o m 

10 g r a m s / t o n n e to 61 g r a m s / t o n n e g o l d . T h e h i g h e s t v a l u e w a s then t r e n c h e d w i t h r e s u l 

t an t assays o f 10 g r a m s / t o n n e go ld o v e r 0.6 m e t e r s a n d 20 g r a m s / t o n n e go ld o v e r 

0.3 m e t e r s . T h i s z o n e w a s i n t e r s e c t e d a t d e p t h in ho les N - l a n d N - 3 and a l o n g strike in 

ho les N - 4 a n d N - 6 . D r i l l ho l es p l a c e d b e l o w the t r e n c h and b e l o w a l l of the s h o w i n g s 

produced no h i g h l y a n o m a l o u s g o l d v a l u e s . 

A s e c o n d f a u l t , the U l t r a m a f i c F a u l t , is the l ocus o f a series o f g r a b samp les f r o m v a r i o u s 

l o c a t i o n s a l o n g s t r i k e ranging in v a l u e f r o m 3.4 t o 8.6 g r a m s / t o n n e g o l d . T h e s e s a m p l e s 

a r e a l so r i c h in s u l p h i d e s . 

T h e s t y l e of m i n e r a l i z a t i o n e x p e c t e d o n the M I S T Y - N I E C l a i m s is s i m i l a r to tha t o n the 

G O L D E N B E A R p r o p e r t y a n d is d e s c r i b e d earlier in t h i s r e p o r t . T h e m i n e r a l i z a t i o n on the 

M I S T Y - N I E has been i n t e r p r e t e d as a n i n d i c a t i o n t ha t the f a u l t is s t i l l f e r t i l e and has 

a l l o w e d m i n e r a l i z a t i o n to l eak f r o m d e p t h . A l t h o u g h m u c h o f the a r e a is c o v e r e d by 

g l a c i a l m o r a i n e s and i c e , e x t e n s i v e s a m p l i n g has a s c e r t a i n e d tha t the depos i t does no t 

o u t c r o p a t s u r f a c e . R e g i o n a l a l t e r a t i o n and the s t r o n g h y d r o t h e r m a l s y s t e m a t G O L D E N 
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B E A R a r e i n d i c a t i v e o f a v e r y l a rge s y s t e m o r s e v e r a l s m a l l e r s y s t e m s . T h e s i z e o r 

e x t e n t o f the s y s t e m is c o n v e y e d by the w i d e s p r e a d a l t e r a t i o n ( s i l i c i f i c a t i o n ) o f t h e upper 

l a y e r s o f t h e l i m e s t o n e . O n e k e y to f i nd i ng the o r e g r a d e m i n e r a l i z a t i o n is t o l o c a t e the 

f e e d e r z o n e o f the f l u i d . O n t he M I S T Y - N I E C l a i m s , t h e W e s t W a l l F a u l t has been c l e a r l y 

i d e n t i f i e d as t he f e e d e r z o n e . N o w i t is essen t i a l t o l o c a t e a s t r u c t u r a l t r a p s i m i l a r to 

G O L D E N B E A R w h e r e t h e g o l d has been d e p o s i t e d . 

O U T L A W 

T h e O U T L A W C l a i m s , i l l u s t r a t e d in F i g u r e 3 , a r e u n d e r l a i n by P r e - U p p e r T r i a s s i c r o c k s , 

S tuh in i v o l c a n i c s , a J u r a s s i c d i o r i t e and the S l o k o G r o u p v o l c a n i c s . T h e g e o l o g i c a l m a p 

fo r the O U T L A W c l a i m b l o c k (F igu re 7) c o n t a i n s the f o l l o w i n g un i t s : 

P r e - U p p e r T r i a s s i c U n i t 

S t u h i n i G r o u p 

T a k w a h o n i F o r m a t i o n 

B i o t i t e - h o r n b l e n d e D i o r i t e 

S l o k o G r o u p 

M P r e - U p p e r T r i a s s i c " (?) 

A l t h o u g h th is un i t is m a p p e d by Sou the r (1971) as P r e - U p p e r T r i a s s i c , i t c o u l d be i n t e r 

p r e t e d as a h o r n f e l s e d p o r t i o n o f the T a k w a h o n i F o r m a t i o n . R e g i o n a l t r a v e r s e s by t he 

au tho r have l o c a t e d o t h e r a r e a s o f c l e a r l y T a k w a h o n i F o r m a t i o n w h i c h have been c o n t a c t 

m e t a m o r p h o s e d by the J u r a s s i c v o l c a n i c r o c k s . In s o m e p l a c e s the s e d i m e n t s c a n be 

t r a c e d f r o m a r e a s o f l ow m e t a m o r p h i s m th rough c o n t a c t m e t a m o r p h i s m and i n t o t h e 

i n t r u s i o n . T h e o u t c r o p s on the O U T L A W C l a i m s a r e not the s a m e as a n y of t he s t r a t i 

g r a p h i c s e c t i o n s t ha t o c c u r in t he P r e - U p p e r T r i a s s i c . T h i s s e c t i o n w o u l d h a v e to b e a 

c o m p l e t e l y d i f f e r e n t un i t t ha t has not been seen b e f o r e . T h e r e l a t i v e l y t h i nne r l a y e r i n g is 

m o r e i n d i c a t i v e o f the y o u n g e r r ock s e q u e n c e s . 
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T h i s un i t is we l l l a y e r e d a n d g r a y to g r e e n to b l a c k w i t h abundan t c h l o r i t e - e p i d o t e a l t e r a 

t i o n . It o u t c r o p s on the s o u t h e r n s i d e o f the d i o r i t e n e a r t h e c e n t r a l p o r t i o n o f t h e c l a i m s . 

T h e r o c k s a r e w e l l s i l i c i f i e d o n a b r o a d s c a l e a n d h a v e been r e f e r r e d to in t h e f i e l d as t h e 

" F l i n t s t o n e U n i t 1 1 . L o c a l l y t h e r o c k is c u t by q u a r t z v e i n s w h i c h a r e up to one m e t e r in 

w i d t h . A m a r k e r b e d , t r a c e a b l e o v e r one k i l o m e t e r , w a s f o u n d in t h e s e d i m e n t s n e a r t h e 

d i o r i t e c o n t a c t . Th i s m a r k e r bed c o n s i s t s of s u b r o u n d e d to subangu la r c l a s t s of g r a y , 

b l a c k and w h i t e c h e r t in a f i n e g r a i n e d s e r i c i t e m a t r i x . 

In d r i l l c o r e , t hese r o c k s a r e r e p r e s e n t e d by a s e r i e s o f s h a l e s , s i l t s t o n e s , s a n d s t o n e s and 

o c c a s i o n a l l y c o n g l o m e r a t e s , w h i c h h a v e been c o n t a c t m e t a m o r p h o s e d to h o r n f e l s . S u b 

s e q u e n t l y t he ho rn fe l s has been s u b j e c t e d to i n t e n s e h y d r o t h e r m a l a l t e r a t i o n and l o c a l l y 

a l t e r e d to c l a y . T h e c l a y a l t e r e d h o r n f e l s tends to b e b l e a c h e d , c r u m b l y , a n d l o c a l l y 

l i m o n i t i c . M o n t m o r i l l o n i t e and s e r i c i t e w e r e s e e n i n t h e i n t e n s e l y a l t e r e d a r e a s , w h i l e 

p y r o p h y l l i t e and poss ib le t a l c o c c u r r e d as f r a c t u r e c o a t i n g s a n d v e i n l e t s . S o m e g o u g e 

zones nea r t he top o f the ho les c o n t a i n e d m o r e c o m p e t e n t r o c k f r a g m e n t s . 

D i s s e m i n a t e d p y r i t e (0.5 to 2%) was c o m m o n in the h o r n f e l s w i t h l o c a l a reas o f f i n e , g r a y 

su lph ides (1%). T r a c e a m o u n t s o f c h a l c o p y r i t e , p y r r h o t i t e , a r s e n o p y r i t e and s t i b n i t e w e r e 

a l so f o u n d . S o m e e x t r e m e l y h igh v a l u e s o f a n t i m o n y w e r e o b t a i n e d f r o m d r i l l c o r e 

a n a l y s i s . 

S tuh in i G r o u p 

T h i s g roup is i d e n t i f i e d as T r i a s s i c by S o u t h e r (1571) a n d c o n s i s t s o f a sequence o f 

v o l c a n i c f l o w s , f l o w b r e c c i a s and s u b o r d i n a t e v o l c a n i c l a s t i c r o c k s . D a r k g r e e n a n d 

m a r o o n f e l d s p a r p o r p h y r y and a u g i t e - f e l d s p a r p o r p h y r y d o m i n a t e t he e x p o s u r e s . T h e v o l 

c a n i c b r e c c i a is p o l y m i c t i c and c o n t a i n s rounded l i m e s t o n e c l a s t s . T h e r o c k s a r e 

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



T a k w a h o n i F o r m a t i o n 

S o u t h e r (1971) p l a c e s th i s f o r m a t i o n in the L o w e r t o M i d - J u r a s s i c . O n t he O U T L A W 

C l a i m s i t is r e p r e s e n t e d by a s e r i e s o f s h a l e s , m u d s t o n e s and s i l t s t o n e s . T h i s f o r m a t i o n is 

g e n e r a l l y r e c e s s i v e and unde r l i es the e a s t e r n ' p o r t i o n o f the p r o p e r t y . T h e h o r n f e l s jus t 

sou th o f t he d i o r i t e is i n t e r p r e t e d as p a r t o f the T a k w a h o n i , a l t h o u g h S o u t h e r (1971) i d e n 

t i f i e s i t as the P r e - U p p e r T r i a s s i c s e q u e n c e . 

B i o t i t e - H o r n b l e n d e D i o r i t e 

T h i s s t o c k has been i d e n t i f i e d as J u r a s s i c by S o u t h e r (1971) . G e n e r a l l y , i t is c o a r s e 

g r a i n e d , e q u i g r a n u l a r a n d u n a l t e r e d d i o r i t e on the s u r f a c e w i t h m a f i c c o n t e n t v a r y i n g 

f r o m h o r n b l e n d e r i c h in t he c e n t e r to b i o t i t e r i c h nea r t h e m a r g i n s . In the d r i l l h o l e s , a 

h i g h l y a l t e r e d v e r s i o n o f the d i o r i t e was i n t e r s e c t e d m a k i n g i t d i f f i c u l t to d i f f e r e n t i a t e 

b e t w e e n the h o r n f e l s e d s e d i m e n t s and the d i o r i t e . T h e c o n t a c t z o n e was e x t r e m e l y 

p y r i t i c (up t o 10% c o a r s e y e l l o w py r i t e ) w i t h h igh v a l u e s o f a r s e n i c a n d a n t i m o n y . In ou t 

c r o p , h o w e v e r , t h e r e is no obv i ous i n c r e a s e in the p y r i t e m i n e r a l i z a t i o n o f the d i o r i t e near 

t he c o n t a c t . 

In c o r e , m i n o r ve i ns o f c a l c i t e and h e m a t i t e w e r e o b s e r v e d in the d i o r i t e . W h e r e t h e 

d i o r i t e is r e c o g n i z a b l e , i t is usua l l y m e d i u m to c o a r s e g r a i n e d a n d l o c a l l y p o r p h y r i t i c . 

S l o k o G r o u p 

T h e younges t :*ock t y p e on th is c l a i m b l o c k , and to the n o r t h , is t he C r e t a c e o u s to 

T e r t i a r y S l o k o G r o u p . It is r e p r e s e n t e d by r o c k s r ang ing f r o m s u b v o l c a n i c (h igh l e v e l 

in t rus ions) to e x t r u s i v e f l o w s and t u f f s . T h e c o m p o s i t i o n o f the v o l c a n i c s e q u e n c e is 

a c i d i c w i t h r o c k t y p e s v a r y i n g f r o m r h y o d a c i t e to r h y o l i t e . T h e c e n t e r o f the v o l c a n i c 

c o m p l e x is f i v e to s i x k i l o m e t e r s n o r t h o f the c l a i m s . 
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In the v i c i n i t y o f the d r i l l i n g , t he S l o k o is r e p r e s e n t e d b y a n u m b e r o f f e l dspa r p o r p h y r y 

d y k e s . T h e i r s t r i k e is p a r a l l e l t o t h e f r a c t u r e s y s t e m t h a t appea rs to c o n t r o l the a l t e r a 

t i o n and m i n e r a l i z a t i o n o n t h e c l a i m s . T h e s e d y k e s h a v e up to 2 % c o a r s e , euhed ra l y e l l o w 

p y r i t e . In t he r h y o l i t e d y k e s , q u a r t z e y e s a r e v i s i b l e . 

M i n e r a l i z a t i o n 

T h e m i n e r a l i z a t i o n on the O U T L A W C l a i m s is r e l a t e d t o an a r e a o f i n tense c l a y a l t e r a t i o n 

and a s e r i e s o f e a s t - w e s t f r a c t u r e s t h a t a r e v i s i b l e o n t h e a i r p h o t o g r a p h s and L a n d s a t 

i m a g e r y . 

J u s t w e s t o f t h e a r e a d r i l l e d in 1987, a q u a r t z v e i n s y s t e m was t r e n c h e d in 1983. T h e s e 

t r e n c h e s p r o d u c e d no a n o m a l o u s g o l d v a l u e s a l t h o u g h t w o s a m p l e s assayed 15 and 

16 g r a m s / t o n n e s i l v e r . S u r r o u n d i n g the v e i n s y s t e m is a n a r r o w c l a y a l t e r a t i o n z o n e . Th i s 

v e i n s y s t e m s t r i k e s eas t a n d a p p e a r s t o be the s a m e s y s t e m tha t was e n c o u n t e r e d i n the 

a r e a d r i l l e d . T h e on l y m a j o r d i f f e r e n c e b e t w e e n t he t w o a r e a s is in t he i n t e n s i t y and 

e x t e n t o f t he a l t e r a t i o n a r o u n d t he v e i n s y s t e m . T h e h i g h e s t v a l u e s o f a r s e n i c and a n t i 

m o n y a r e in so i l s a m p l e s f o u n d in t he d r i l l a r e a . 

F l u i d s c o u l d m o v e a long th i s e a s t - w e s t s t r i k i n g f r a c t u r e s y s t e m . T h e f l o w o f f l u i d s w o u l d 

have been g r e a t e r in a reas o f h i g h e r p o r o s i t y and p e r m e a b i l i t y , as w e l l as a reas n e a r the 

c e n t e r of t he h y d r o t h e r m a l s y s t e m . A s the f l u i d s r o s e to the s u r f a c e , they w o u l d h a v e 

been ab le to p e r c o l a t e i n t o the f r a c t u r e d s e d i m e n t s , a l t e r i n g t h e m to c l a y . S o m e s i l i c a 

w o u l d h a v e l e a k e d a l ong t h e f r a c t u r e s y s t e m and f o r m e d a v e i n s y s t e m . T h e f l u i d s c a r r i e d 

a r s e n i c , a n t i m o n y , b a r i u m , g o l d and s i l v e r . 

T h e a l t e r a t i o n a n d m i n e r a l i z a t i o n o f t h e O U T L A W C l a i m s ( F i g . 9) a r e c h a r a c t e r i s t i c o f a 

c l a s s i c e p i t h e r m a l s t y l e g o l d d e p o s i t : e x t e n s i v e a c i d c l a y a l t e r a t i o n and g o l d - s i l v e r va lues 



in ve ins w i t h a r s e n i c , a n t i m o n y and b a r i u m g e o c h e m i s t r y . T h e s y s t e m is a l m o s t c e r t a i n l y 

C r e t a c e o u s to T e r t i a r y age ( r e l a t e d t o S loko ) b e c a u s e (I) i t a p p e a r s to o c c u p y a f r a c t u r e 

s y s t e m a l s o o c c u p i e d by the S l o k o d y k e s , and (2) i t has a l t e r e d t h e J u r a s s i c d i o r i t e a f t e r 

t he h o r n f e l s w a s f o r m e d . 

A s e c o n d less f a v o u r e d i n t e r p r e t a t i o n is t ha t the a l t e r a t i o n in t h e d i o r i t e and t h e h o r n f e l s 

is a s s o c i a t e d w i t h the d i o r i t e . T h e a l t e r a t i o n in t h e d i o r i t e is t e r m e d an e n d o s k a r n w h i l e 

t he a l t e r a t i o n in the h o r n f e l s is t e r m e d an e x o s k a r n . If t he a l t e r a t i o n and m i n e r a l i z a t i o n 

is r e l a t e d to t he J u r a s s i c d i o r i t e s , t hen t h e r e is s i g n i f i c a n t p o t e n t i a l for a bu lk d e p o s i t in 

t he a r e a . T h e g e o c h e m i s t r y of the so i l s i n d i c a t e s a l a r g e g o l d , a r s e n i c and a n t i m o n y 

a n o m a l y w h i c h c o r r e l a t e s w e l l w i t h the ho rn fe l s s e d i m e n t s . T h e l a rge a e r i a l e x t e n t o f the 

a n o m a l y w o u l d t end to suppor t the hypo thes i s tha t t he m i n e r a l i z a t i o n is r e l a t e d to the 

J u r a s s i c s t o c k . 

R A M - T U T - T O T 

T h e g e o l o g i c a l m a p f o r th i s c l a i m b l o c k ( F i g . 10) d i s p l a y s the f o l l o w i n g un i ts : 

P r e - U p p e r T r i a s s i c U n i t 

D i o r i t e 

S l o k o G r o u p 

P r e - U p p e r T r i a s s i c 

T h e R A M - T U T - T O T C l a i m s h a v e the bes t exposu re o f P r e - U p p e r T r i a s s i c r o c k s in the 

a r e a . F r o m the top o f the h i l l to t he f i r s t b e n c h , the T u f f U n i t o c c u r s in o u t c r o p , f o l 

l o w e d by an e x c e p t i o n a l l y l a rge s e c t i o n o f s e d i m e n t s ( the S i l t s t o n e U n i t ) and t hen t h e 

L i m e s t o n e U n i t . 
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