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I n t r o d u c t i o n 

Th i s a d v i s o r y on p o s s i b l e heap l each a p p l i c a t i o n t o g o l d 

d e p o s i t s i n the Dawson Range, Yukon T e r r i t o r y , i s based on f i e l d 

and summary r e p o r t s p r o v i d e d by C o l i n Dyson o f Chevron . Emphasis 

i s p l a c e d on the Nucleus p r o j e c t , bu t the M t . Nansen g o l d o c c u r ­

rence i s a l s o c o n s i d e r e d . I t i s assumed the r eade r has access to 

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

cyan ide e x t r a c t i o n o f g o l d . 

Exper i ence w i t h pas t heap l each o p e r a t i o n s has e s t a b l i s h e d 

minimum parameters t h a t s h o u l d be observed i n d e t e r m i n i n g the 

s u i t a b i l i t y o f any d e p o s i t t o heap l each t e c h n o l o g y . Any d e p o s i t 

under c o n s i d e r a t i o n s h o u l d have a minimum o f 5 ,000 ,000 tons g r a d ­

i n g a t l e a s t .032 op t (ounces g o l d per t o n ) w i t h g o l d a t $300 

per ounce . I f the d e p o s i t i s s m a l l e r than t h i s , then the a m o r t i ­

z a t i o n charge c l i m b s t o the p o i n t where the d e p o s i t i s no t econom­

i c a l l y a t t r a c t i v e . The d e p o s i t s h o u l d be i n o x i d i z e d o r wea thered 

rock so t h a t r eagen t consumpt ion i s m i n i m i z e d . Base m e t a l s , par ­

t i c u l a r l y copper , s h o u l d no t be i m p o r t a n t l y p r e s e n t . A copper 

c o n t e n t above .04% (400 ppm) can r e s u l t i n s u f f i c i e n t l y h i g h 

cyan ide consumpt ion so t h a t e x t r a c t i o n by weak cyan ide s o l u t i o n s 

i s no t p r a c t i c a l . The presence o f some i r o n s u l f i d e m i n e r a l s , 

such as p y r r h o t i t e , m a r c a s i t e , or very f i n e g r a i n e d p y r i t e can 

d e s t r o y pH c o n t r o l and r e s u l t i n f o r m a t i o n o f complexes w i t h 

c y a n i d e . T h e i r presence can r a i s e r eagen t cos ts above the b reak­

even p o i n t i n an o p e r a t i o n . Coa r se ly c r y s t a l l i n e a r s e n o p y r i t e or 

p y r i t e , on the o t h e r hand , seems to have no e f f e c t . 

I n d e t a i l , t h e • m i n e r a l o g i c and p h y s i c a l s t a t e o f an ore 

has a b e a r i n g on the a p p l i c a t i o n o f heap l each t e c h n o l o g y to a 

s p e c i f i c d e p o s i t . However, c r u s h i n g or chemica l p r e - t r e a t m e n t 

can commonly be employed to improve a m e n a b i l i t y o f ores p r o v i d i n g 

the t o n n a g e , g r a d e , and some m i n e r a l o g i c parameters are met . 

Because the a r t o f accommodating an ore t o heap l each e x p l o i t a ­

t i o n depends on the c h a r a c t e r i s t i c s o f t h a t s p e c i f i c o r e , o n l y 

the Nucleus and M t . Nansen are f u r t h e r d i s c u s s e d i n d e t a i l e d 

a p p l i c a t i o n . Should e i t h e r o f these be the s u b j e c t o f a heap 
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l each o p e r a t i o n , i t c o u l d be the f i r s t i n Canada. 

Appendix "A" g ives the g e o l o g i c s e t t i n g o f the Nucleus 

d e p o s i t , and Appendix "B" g ives the s e t t i n g o f M t . Nansen. 

Appendix "C" g ive s the bas i s f o r e s t i m a t i n g c o s t s . 

C1i mate 

Heap l each e x p l o i t a t i o n o f g o l d ores r e q u i r e s f r e e move­

ment o f the c y a n i d e - b e a r i n g l each l i q u o r i n the l each dump. 

Excess ive c o l d or a l ong w i n t e r can reduce the l each season. 

However, the c l i m a t e i n the Dawson Range i s p r o b a b l y comparable 

t o t h a t a t S u m m i t v i l l e , C o l o r a d o . S u m m i t v i l l e i s l o c a t e d a t 

above 12,000 f e e t i n the s o u t h e r n Rocky Mounta ins and i s m o s t l y 

above t i m b e r l i n e . S u m m i t v i l l e has an average annual t e m p e r a t u r e 

o f 3 1 , 4 ° F, and the mean mon th ly t e m p e r a t u r e ranges f r o m 1 5 . 1 ° F 

i n January to 4 1 . 0 ° F i n A u g u s t . Mean month ly t empera tu re s are 

above 32°F f r o m May th rough O c t o b e r . B u r i a l o f p ipes a t Summit­

v i l l e extends the l each season f r o m May 1 t h rough December 1 

a n n u a l l y . The s n o w f a l l a t S u m m i t v i l l e averages 389.3 inches 

a n n u a l l y , bu t because o f e v a p o r a t i o n and m e l t i n g , the average 

s p r i n g snow depth i s 66 i n c h e s . S u m m i t v i l l e w i l l be mined a t 

an average annual r a t e o f 3 ,000 ,000 t o n s , and the 1984 t e s t heap 

program f o u n d t h a t the seven-month l each was adequate f o r an 

economic o p e r a t i o n . I t i s u n l i k e l y t h a t c l i m a t i c c o n d i t i o n s 

w i l l be e c o n o m i c a l l y d i s t i n c t f o r the Dawson Range, and f o r t h a t 

reason a seven-month leach season s h o u l d be c o n s i d e r e d f o r the 

Nucleus and M t . Nansen a r eas . I t i s n o t e w o r t h y t h a t the Pegasus 

o p e r a t i o n i n Zor tman , Montana, has a c l i m a t e a lmos t as r i g o r o u s 

as t h a t a t S u m m i t v i l l e , and t h e i r l each season i s f r o m March 1 

t h r o u g h December 1 . W i n t e r i z i n g o f the o p e r a t i o n p e r m i t s such 

an ex tended l each season. 

Cos t s 

Every heap leach o p e r a t i o n w i l l have unique c h a r a c t e r i s t i c s 

and t h e r e f o r e i t s own v a r i a t i o n o f the p l a n t and o p e r a t i n g c o s t s . 

However, a l l p l a n t s i n c l u d e b a s i c p i p i n g f o r c a r r y i n g leach 
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l i q u o r , a g o l d r e c o v e r y f a c i l i t y , and s t o r a g e ponds. A c r u s h ­

i n g p l a n t i s sometimes a l s o needed, as i s a l s o an a g g l o m e r a t i o n 

u n i t . 

Capi t a1 Cos t s : Because each d e p o s i t has unique c h a r a c t e r ­

i s t i c s , each o p e r a t i o n has i t s own p l a n t r e q u i r e m e n t s and c a p i t a l 

c o s t s . However, Lacana a t R e l i e f Canyon, Nevada, has a t y p i c a l 

p l a n t f o r a d e p o s i t t h a t c o n t a i n s 9 ,000 ,000 tons o f .032 o p t . 

The s t r i p p i n g r a t i o i s about 1 : 1 . Lacana has announced t h a t i t s 

c a p i t a l c o s t to b r i n g R e l i e f Canyon i n t o p r o d u c t i o n w i l l be 

U.S. $ 7 , 0 0 0 , 0 0 0 , o r less than a d o l l a r per t o n . Had a c r u s h e r 

a l so been r e q u i r e d , then an a d d i t i o n a l U.S . $6 ,200 ,000 would 

have been t a c k e d on t o the b a s i c p l a n t . On the bas i s o f the 

d e s c r i p t i o n s o f Nucleus and M t . Nansen o r e s , i t i s assumed t h a t 

n e i t h e r c r u s h i n g nor a g g l o m e r a t i n g w i l l be r e q u i r e d . However, 

o n l y t e s t i n g can u l t i m a t e l y dec ide both q u e s t i o n s . 

O p e r a t i ng Cos t s : The s t a n d a r d f o r u n i t o p e r a t i n g cos t s 

f o r the i n d u s t r y was e s t a b l i s h e d by Pegasus a t Zo r tman , Montana. 

On a per t o n b a s i s , t h e i r c o s t s , i n c l u d i n g m i n i n g , p l a n t a m o r t i ­

z a t i o n , r e a g e n t s , pad c o n s t r u c t i o n , ove rhead , t a x e s , b r o k e r a g e , 

m a r k e t i n g , and the v a r i o u s mino r cos ts a t t e n d a n t w i t h any opera ­

t i o n , comes t o U.S. $ 6 . 5 0 . Th i s i s f o r a mine w i t h a 1:1 s t r i p ­

p i n g r a t i o , bu t no c r u s h i n g or a g g l o m e r a t i n g . C rush ing would 

add about one d o l l a r per t o n , and a g g l o m e r a t i n g wou ld add about 

U.S. $1 .25 per t o n . With t o t a l cos t s o f U.S. $6.50 per t o n , i t 

can e a s i l y be c a l c u l a t e d t h a t t h e i r breakeven w i t h g o l d a t 

U.S. $300 per oz . and a 70% r e c o v e r y i n l e a c h i n g comes to a head 

o f .03 o p t . Below .03 o p t they lo se money. Should t h e i r r e c o v e r y 

r i s e to 80%, then t h e i r breakeven head drops to .027 o p t . By 

c o n s t a n t t e s t i n g , Pegasus can de t e rmine what the breakeven grade 

i s and to a d j u s t i t s m i n i n g a c c o r d i n g l y . Other w e l l managed 

heap leach o p e r a t i o n s have a s i m i l a r regime o f o re c o n t r o l . 

Tes t i ng 

M e t a l l u r g i c a l t e s t i n g i s v i t a l a t a l l s tages i n the 

development o f a heap l each o p e r a t i o n . D u r i n g e x p l o r a t i o n , t e s t i n g 



can d e t e r m i n e i f the t e c h n o l o g y i s a p p l i c a b l e . I f i t i s , con­

t i n u e d t e s t i n g can show what reagen ts are l i k e l y to be needed 

and how the heaps can be c o n s t r u c t e d and t r e a t e d . I f c r u s h i n g 

o r a g g l o m e r a t i o n are needed, then t e s t s w i l l d i s c l o s e t h e i r needs 

a t an e a r l y d a t e . T e s t s , i n c l u d i n g column leach t e s t s , conduc ted 

by e x p e r i e n c e d m e t a l 1 u r g i s t s , can f a i r l y a c c u r a t e l y f o r e c a s t 

r e c o v e r y r a t e s , r eagen t consumpt ion and o p e r a t i n g c o s t s . 

Heap Leach Technology A p p l i e d to the Nucleus P r o j e c t 

The Nucleus p r o p e r t y ( i n c l u d i n g the a d j a c e n t N i t r o c l a i m s ) 

i s l o c a t e d i n NTS 115 1/6 a t a p p r o x i m a t e l y 6 2 ° 2 0 ' N L a t . and 

137°20 'W L a t . The geology o f the area i s d e s c r i b e d i n Appendix 

" A " , and o n l y those f a c t o r s p e r t i n e n t t o a heap leach o p e r a t i o n 

are c o n s i d e r e d h e r e . 

The Nucleus m i n e r a l i z a t i o n c o u l d be c o n s i d e r e d to have 

a f f i n i t i e s t o a p o r p h y r y copper sys t em. The g o l d occurs i n 

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

i r o n s u l f i d e spec ies and base meta l s u l f i d e s . F o r t u n a t e l y , 

o x i d a t i o n i s p e r v a s i v e a t and near the s u r f a c e , and the e x p l o i t ­

ab le g o l d occurs w i t h i n a l eached cap. 

The h o s t rocks are a l t e r e d m i c r o g r a n i t e or b r e c c i a o f 

m i c r o g r a n i t e and s c h i s t . A l t e r e d q u a r t z - f e l d s p a r p o r p h y r y d ikes 

are a l s o p r e s e n t . A l t e r a t i o n c o n s i s t s o f a hypogene s e r i c i t i c 

and a r g i l l i c core w i t h a p e r i p h e r a l zone o f weaker a r g i 1 1 i z a t i o n . 

I t i s assumed t h a t the g o l d m i n e r a l i z a t i o n c o i n c i d e s w i t h areas 

o f core s e r i c i t e - c l a y a l t e r a t i o n , and t h a t the s i l i c a t e m i n e r a l s 

deve loped i n the g o l d zone are f e l d s p a r , s e r i c i t e , i l l i t e , and 

k a o l i n . I f t h i s i s c o r r e c t , then the h o s t rocks s h o u l d remain 

c h e m i c a l l y i n e r t to the passage o f a l k a l i n e cyan ide s o l u t i o n s . 

P h y s i c a l l y , i t remains t o be de t e rmined i f the a l t e r a t i o n p r o ­

ducts w i l l s u p p o r t openings i n a l each dump. 

M i n e r a l i z a t i o n i s d e s c r i b e d as i n c l u d i n g " q u a r t z " and 

" c h a l c e d o n i c q u a r t z " ve ins w i t h s u l f i d e . I t wou ld be wise a t 

t h i s t i m e to v e r i f y the presence o f cha lcedony p e t r o g r a p h i c a l l y . 

I n many d e p o s i t s where g o l d e n c a p s u l a t i o n i s a p r o b l e m , i t i s 
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cha lcedony and not q u a r t z t h a t p r o t e c t s the g o l d f r o m a t t a c k by 

c y a n i d e . Q u a r t z , because i t i s c r y s t a l l i n e , r a r e l y p r e v e n t s 

e n t r y o f cyan ide t h r o u g h c a p i l l a r y a c t i o n . The demons t r ab le 

absence o f cha lcedony wou ld l e s sen the e v e n t u a l t h r e a t o f incom­

p l e t e g o l d l e a c h i n g because o f s i l i c a e n c a p s u l a t i o n . 

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

a r s e n o p y r i t e , g a l e n a , and c h a l c o p y r i t e . T h e i r o x i d a t i o n p r o d u c t s 

i n c l u d e l i m o n i t e and t r a c e s o f m a l a c h i t e , a z u r i t e , and p r o b a b l y 

copper o x i d e not v i s u a l l y d e t e c t a b l e i n the l i m o n i t e . These 

copper m i n e r a l s are r e a d i l y s o l u b l e i n d i l u t e cyan ide s o l u t i o n s , 

bu t assay data a v a i l a b l e sugges t t h a t the g o l d - r i c h o x i d e zones 

c a r r y l e s s than .04% Cu. Cyanide loss due to copper complex ing 

s h o u l d t h e r e f o r e remain a t t o l e r a b l e l e v e l s . The copper c o n t e n t 

i n a l l f u t u r e d r i l l i n g s h o u l d be c a r e f u l l y m o n i t o r e d . Both z i n c 

and l e a d c o n t e n t s seem t o average less than 100 ppm and n e i t h e r 

t h e r e f o r e poses a p r o b l e m . The p y r r h o t i t e may be f o r g o t t e n 

because we are c o n s i d e r i n g o n l y o x i d e o r e . The o r i g i n a l p y r i t e 

c o n t e n t i s assumed to have averaged 3-5% o f the rock vo lume. I f 

t h i s i s t r u e , then the l i m o n i t e s deve loped p r o b a b l y c a r r y o n l y 

minor j a r o s i t e o r o t h e r b a s i c s u l f a t e s . I t i s t h e r e f o r e p r e ­

d i c t a b l e t h a t pH c o n t r o l f o r t e s t s and an e v e n t u a l o p e r a t i o n 

w i l l no t be a p r o b l e m . The normal "po i sons" accumula ted by 

cyan ide and f o u n d i n t h i s t ype o f d e p o s i t do no t appear to be 

e x c e s s i v e . The m e r c u r y , b i smuth and an t imony l e v e l s are low and 

the a r s e n i c i s no t a t h r e a t . I n summary, the m i n e r a l o g y o f the 

g o l d - b e a r i n g capp ing sugges ts no chemica l problems f o r a heap 

l each o p e r a t i o n . 

I f economic data f r o m Pegasus are a p p l i e d to the Nucleus 

d e p o s i t , assuming U.S. $6.50 per t o n t o t a l c o s t s , U .S . $300 g o l d , 

and a 70% r e c o v e r y , the 5.62 m i l l i o n tons a v e r a g i n g .027 op t 

i n d i c a t e d i n the anomaly 1 and anomaly 2 b l o c k s are no t economic . 

At a breakeven grade o f .030 o p t , o n l y 4.56 m i l l i o n tons are 

i n d i c a t e d , wh ich i s s h o r t o f the 5.0 m i l l i o n t o n minimum. A 

grade o f .036 op t o n l y provi ides 3.13 m i l l i o n t o n s . A l t h o u g h 

t h a t grade may be a t t r a c t i v e , the tonnage has d e c l i n e d t o the 
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p o i n t where no o p e r a t i o n c o u l d be c o n s i d e r e d . I t i s c l e a r t h a t 

a t the c u r r e n t g o l d p r i c e , the tonnage o f + .030 o p t m a t e r i a l i s 

no t adequate t o p r o v i d e f o r an economic o p e r a t i o n . 

The a d j a c e n t Shakwak p r o p e r t y appears to have both the 

g e o l o g i c a l and geochemical i n d i c a t i o n s o f hav ing m i n e r a l i z a t i o n 

i d e n t i c a l t o t h a t i n the Nucleus anomaly 1 and anomaly 2 b l o c k s . 

T h e r e f o r e i t i s c l e a r t h a t no d e c i s i o n s h o u l d be made on the 

Nucleus ground u n t i l the Shakwak t a r g e t s can be t e s t e d t o 

Chevron ' s s a t i s f a c t i o n . 

F u r t h e r t r e n c h i n g on the Nucleus ground may a l s o expand 

i t s tonnage p o t e n t i a l . I n view o f the near economic t a r g e t s 

deve loped to d a t e , i t i s p e r t i n e n t f o r Chevron to comple te the 

e x p l o r a t i o n o f a l l suspec t t e r r a n e s on t h e i r h o l d i n g s and on 

a d j a c e n t g r o u n d . P o s s i b l y what remains to be f o u n d can be 

d e c i s i v e i n the e v a l u a t i o n o f the p r o j e c t . 

Tes t work on Nucleus b u l k samples taken f r o m t r enches can 

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

need f o r c r u s h i n g and a g g l o m e r a t i o n . Leach t e s t s on core can 

a l so p r o v i d e answers , bu t b u l k samples f r o m t r e n c h e s , because 

o f the c o a r s e r s i z e f r a c t i o n p o s s i b l e , s h o u l d be used. Leach 

t e s t s w i l l a l s o g i v e an i n d i c a t i o n o f r e agen t c o n s u m p t i o n . The 

t e s t s s h o u l d be c a r r i e d ou t by m e t a l l u r g i s t s e x p e r i e n c e d i n heap 

l each t e c h n o l o g y so t h a t the r e s u l t s can be p r o j e c t e d to a 

p o s s i b l e o p e r a t i o n . 

Heap Leach Technology A p p l i e d to M t . Nansen 

The M t . Nansen g o l d d e p o s i t i s d e s c r i b e d i n Appendix " B " . 

Only those f a c t o r s p e r t i n e n t t o an open p i t , heap l each opera­

t i o n are d i s c u s s e d i n t h i s s e c t i o n . The g o l d d e p o s i t i s l o c a t e d 

30 m i l e s west o f Carmacks. M t . Nansen c o u l d be c o n s i d e r e d a 

zoned d i s t r i c t w i t h p o r p h y r y copper m i n e r a l i z a t i o n i n i t s c o r e . 

P e r i p h e r a l t o the p o r p h y r y are g o l d - b e a r i n g z i n c - l e a d zones 

and g o l d d e p o s i t s . Thus f a r o n l y the Brown-McDade zone has been 

i n v e s t i g a t e d , bu t o t h e r zones are known. I n view o f the r e s u l t s 

o f s ampl ing o f the Brown-McDade zone , a l l o f the p o t e n t i a l g o l d -

b e a r i n g ground a t M t . Nansen s h o u l d be c o n s i d e r e d s e r i o u s l y . 
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The Brown-McDade zone has been t r e n c h e d , and i t i s the 

most i n t e n s e l y s t u d i e d area a t M t . Nansen. I n t h a t a r e a , g o l d 

appears to occur i n o x i d i z e d sheared r o c k , s t r o n g l y m i n e r a l i z e d 

rock and i n a l t e r e d w a l l r o c k . The sheared rock i s compr i sed 

o f hemat ized gouge t h a t cu ts s e r i c i t i z e d m y l o n i t t c r o c k s . The 

s t r o n g l y m i n e r a l i z e d r o c k , c a l l e d the ore zone, i s compr i sed 

o f vuggy s i 1 i c a - s e r i c.i t e - b a r i t e rep lacements and v e i n s . The 

a l t e r e d r o c k i s m o s t l y a r g i l l i z e d b r e c c i a t e d f e l d s p a r p o r p h y r y , 

and i t c o n t a i n s f e l d s p a r , h e m a t i t e and q u a r t z . I n t h i s s e t t i n g 

i t can be assumed t h a t the c l a y a l t e r a t i o n i s i 1 1 i t e and k a o l i n 

dominan t . The hos t rocks i n c l u d e g r a n o d i o r i t e as w e l l as f e l d ­

spar p o r p h y r y . Only mino r s c h i s t i s exposed i n the t r e n c h e s . I t 

wou ld appear t h a t the h o s t rocks exposed o f f e r no chemica l p r o b ­

lems f o r a heap leach o p e r a t i o n . P h y s i c a l l y , o n l y t e s t i n g can 

de t e rmine i f as-mined muck w i l l make a s a t i s f a c t o r y l each dump 

media . However, the s i ' l i c i . f i c a t i o . n - suggests t h a t dump p o r o s i t y 

may no t be a problem and t h e r e f o r e c r u s h i n g and a g g l o m e r a t i o n 

are no t needed. 

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

However, o x i d a t i o n p e r s i s t s t o a t l e a s t a 100 f o o t d e p t h . The 

g o l d t h e r e f o r e occurs w i t h l i m o n i t e and h e m a t i t e i n a s i l i c a 

and b a r i t e - b e a r i n g gossan . No assay data are a v a i l a b l e on z i n c 

o r copper w i t h i n the gossan. However, the hypogene s u l f i d e 

c o n t e n t was d e s c r i b e d as b e i n g as much as 10% by vo lume, and 

be ing m o s t l y p y r i t e . O x i d a t i o n o f t h a t amount o f p y r i t e would 

genera te s u f f i c i e n t a c i d to keep bo th z i n c and copper mob i l e 

d u r i n g w e a t h e r i n g . I t c o u l d be assumed t h a t the copper c o n t e n t 

o f the gossan i s l ess than 400 ppm Cu and t h a t the z i n c i s not 

more than 100 ppm Zn. S y s t e m a t i c assays f o r Cu and Zn are needed 

f o r a l l samples taken i n the g o l d zone. S i l v e r r g o l d r a t i o s i n 

o x i d e appear to be i n the 5 to 10 r ange , bu t u n q u e s t i o n a b l y 

s i l v e r has a l s o been m o b i l e d u r i n g w e a t h e r i n g . The Ag:Au r a t i o 

may i n c r e a s e w i t h depth i n the o x i d e zone . I n summary, t h e r e 

appears t o be no problem ( p e n d i n g comple te Cu and Zn assays) 
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f o r a heap l each o p e r a t i o n o f the o x i d i z e d p o r t i o n o f the Brown-

McDade zone a t M t . Nansen. 

Sampl ing has i n d i c a t e d on the o r d e r o f 1,000,000 tons to 

be p r e s e n t i n the Brown-McDade zone t h a t c a r r i e s about .1 o z . Au 

w i t h a d d i t i o n a l s i l v e r . Th i s i s assumed to be e n t i r e l y o x i d e . 

Leach t e s t s s h o u l d be conduc ted on t h i s m a t e r i a l to d e t e r m i n e 

the economics o f a heap leach o p e r a t i o n ( r e a g e n t c o n s u m p t i o n , 

r e c o v e r y , r e c o v e r y r a t e , o p e r a t i n g p a r a m e t e r s ) . I t i s p o s s i b l e 

t h a t the Brown-McDade zone i s economic on i t s own. 

The tonnage and grade p o t e n t i a l i n d i c a t e d thus f a r a t 

M t . Nansen i s s u f f i c i e n t so t h a t f 1 e x a b i 1 i t y i n o p e r a t i n g 

systems i s a v a i l a b l e to Chevron . I t i s p o s s i b l e t h a t the g r e a t ­

e s t p r o f i t a b i l i t y can be r e a l i z e d by a t ype o f e x p l o i t a t i o n 

o t h e r than heap l e a c h . Leach t e s t p e r f o r m e d a t t h i s t ime can be 

a p p l i e d to any cyan ide t r e a t m e n t o f M t . Nansen ores and the 

t e s t s are t h e r e f o r e recommended. However, t he encouragement 

f o u n d i n s a m p l i n g o f the Brown-McDade zone s h o u l d a l s o be 

f o l l o w e d up w i t h a g g r e s s i v e e x p l o r a t i o n o f a l l o f the g o l d zone 

a t M t . Nansen. 

V . F . H o l l i s t e r 
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S e t t i n g o f the Nucleus P r o j e c t 

Gold m i n e r a l i z a t i o n i n the Nucleus p r o j e c t area appears 

to be p a r t o f the p o r p h y r y copper complex t h a t occurs i n the 

M t . Freego1d-Yukon Revenue r e g i o n . I n t h i s case the p o r p h y r y 

m i n e r a l i z a t i o n i s d e f i n e d by a l t e r a t i o n and p e t r o g r a p h i c a f f i n ­

i t i e s r a t h e r than meta11ogen ic . The m i n e r a l i z a t i o n i s cha rac ­

t e r i z e d by copper , g o l d , and t u n g s t e n , a l l o f which can occu r 

s i n g l e y or i n c o m b i n a t i o n w i t h one a n o t h e r . 

The p o r p h y r y i s r e l a t e d to a Cretaceous igneous complex 

t h a t i n c l u d e s the f o l 1 o w i n g : 

( a ) Casino G r a n o d i o r i t e ( e q u i g r a n u l a r i n t r u s i v e t h a t 

c o m p o s i t i o n a l l y i n c l u d e s monzoni te and q u a r t z - m o n z o n i t e ) . 

(b ) C o f f e e Creek G r a n i t e ( e q u i g r a n u l a r - b i o t i t e l e u c o -

g r a n i t e ) . 

( c ) M t . Nansen V o l c a n i c s (Cre taceous (? ) a n d e s i t i c 

f l o w s and f r a g m e n t a l s ) . 

(d ) M i c r o g r a n i t e ( s m a l l bosses o f f i n e - g r a i n e d f e l s i c 

r o c k ) . 

( e ) Q u a r t z - f e l d s p a r p o r p h y r y ( d i k e s and s m a l l p lugs o f 

q u a r t z p o r p h y r y to f e l d s p a r - b i o t i t e - h o r n b l e n d e p o r p h y r y i n 

c o m p o s i t i o n . M i n e r a l i z a t i o n may be c o i n c i d e n t w i t h t h i s u n i t . ) 

The Cretaceous igneous complex i n t r u d e s rocks o f the Yukon 

Metamorphic Complex. These i n c l u d e g r a n u l i t e , s c h i s t , amphi-

b o l i t e , and q u a r t z i t e . Selwyn Gneiss i s a l s o p r e s e n t as i s a 

l a y e r e d g a b b r o - d i o r i t e p l u t o n . 

W i t h i n the g o l d anomaly , numerous b r e c c i a zones have 

been exposed by t r e n c h e s . The b r e c c i a s c u t m i c r o g r a n i t e , 

q u a r t z - f e l d s p a r p o r p h y r y d i k e s , and m i x t u r e s o f m i c r o g r a n i t e , 

s c h i s t and q u a r t z - f e l d s p a r p o r p h y r y d i k e s . The b r e c c i a s show 

m i n i m a l m i x i n g o f f r a g m e n t s , a l t h o u g h the feagments are common­

l y r o t a t e d . C l a s t s and m a t r i x are s i l i c i f i e d , e s p e c i a l l y where 

m i c r o g r a n i t e i s dominan t . M a t r i x n o r m a l l y c o n s i s t s o f q u a r t z , 

c l a y , and l i m o n i t e . B r e c c i a zones o f t e n grade a long s t r i k e 
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i n t o b r e c c i a t e d q u a r t z - f e l d s p a r p o r p h y r y d i k e s . 

The main g o l d geochemical anomal ies occur i n an a l t e r ­

a t i o n zone t h a t i s 1,100 m long and 300 m w i d e . The a l t e r a ­

t i o n zone i n c l u d e s the b r e c c i a and an e x t e n s i v e zone o f f i n e 

q u a r t z s tockworks deve loped i n the m i c r o g r a n i t e . Pe rvas ive 

s e r i c i t e and a r g i l l i c a l t e r a t i o n c h a r a c t e r i z e the a l t e r a t i o n 

zone , and i t i s su r rounded by a p e r i p h e r a l zone o f weaker 

a r g i 1 1 i z a t i o n . The m i n e r a l o g y o f the c l a y a l t e r a t i o n i s not 

s p e c i f i e d , b u t i 1 1 i t e - k a o l i n i s the suspec ted t y p e . 

Gold m i n e r a l i z a t i o n accompanies 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 , c h a l c o p y r i t e and t u n g s t e n m i n e r a l i z a t i o n . Near 

the s u r f a c e o x i d a t i o n seems t o have d e s t r o y e d a l l s u l f i d e and 

c o n v e r t e d the i r o n m i n e r a l s t o l i m o n i t e . S u l f i d e appeared t o 

have amounted t o 3% o f the o r i g i n a l rock vo lume. 

The o x i d e zone c o n t a i n s l i m o n i t e and h e m a t i t e as secon­

dary i r o n m i n e r a l s and m a l a c h i t e and a z u r i t e as secondary 

copper m i n e r a l s . The bas i c s u l f a t e s o f i r o n and copper were 

no t i d e n t i f i e d i n the cap. 

Gold exposed i n the t r enches has been a l s o f o u n d i n t h r e e 

d r i l l ho les t h a t t e s t e d the t r e n c h exposu re s . The t r e n c h i n g 

and d r i l l i n g i n d i c a t e a p o t e n t i a l o f 5.62 m . t . o f .027 oz . Au 

to be p r e s e n t i n the ox ide zone. P o s s i b l y .04% Cu accompanies 

the g o l d . 
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G e o l o g i c S e t t i n g o f the M t . Nansen Gold D e p o s i t 

M t . Nansen i s an u n g l a c i a t e d zoned d i s t r i c t w i t h a p o r p h y r y 

copper c o r e and a p e r i p h e r a l Au-Ag-Zn-Pb zone. The hos t rocks 

are Yukon Group g n e i s s e s , s c h i s t s , and a m p h i b o l i t e s u n c o n f o r m a b l y 

o v e r l a i n by Cretaceous or T e r t i a r y M t . Nansen a n d e s i t i c f l o w s , 

b r e c c i a s , and agg lomera t e s . Three g e n e r a t i o n s o f Cretaceous o r 

T e r t i a r y i n t r u s i v e s c u t t l i e o l d e r r o c k s . The o l d e s t are d i o r i t e 

d ike s and p l u g s , and these are f e e d e r s f o r the v o l c a n i c r o c k s . 

The nex t are smal l c o a r s e - g r a i n e d g r a n o d i o r i t e s t o c k s , and the 

y o u n g e s t are f e l d s p a r p o r p h y r y d i k e s . M i n e r a l i z a t i o n seems to 

have c o i n c i d e d w i t h the f e l d s p a r p o r p h y r y s t a g e , because i t and 

a l l o l d e r rocks can be hos ts f o r o r e . 

M i n e r a l i z a t i o n occurs i n complex f a u l t zones t h a t c u t a l l 

rock types and ex tend f o r many thousands o f f e e t a long s t r i k e . 

These can be as much as 150 f e e t w i d e , i n c l u d i n g f r a c t u r e d and 

a l t e r e d r o c k i n the w a l l s o f the main shea r . A l l zones t r e n d 

n o r t h w e s t t o n o r t h - n o r t h w e s t and d i p s t e e p l y w e s t . 

I n the g o ! d - b e a r i n g zones , the w a l l r o c k s have an a r g i l l i c 

a l t e r a t i o n , b u t t h i s can be assumed to be i l l i t e and k a o l i n 

dominan t . S e r i c i t e , c l a y and s i 1 i c i f i c a t i o n accompany s t r o n g e r 

s u l f i d e - q u a r t z - b a r i t e v e i n i n g w i t h i n the shear zones . S u l f i d e 

can compr i se as much as 10% o f the rock by vo lume. 

Hypogene m i n e r a l s f o u n d i n the g o l d zone i n c l u d e p y r 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 , c h a l c o p y r i t e , s t i b n i t e , f r e i b e r g i t e , 

and ruby s i l v e r . A t and near the s u r f a c e , o x i d a t i o n i s c o m p l e t e , 

and i t i s assumed t h a t most o f the Cu, Zn , and Ag have been 

leached f r o m the wea thered r o c k . 

Three areas o f g o l d m i n e r a l i z a t i o n are known: the Webber, 

H u e s t i s , and Brown-McDade zones . Only the Brown-McDade has been 

i n v e s t i g a t e d t o d a t e . Sampl ing i n t h a t zone suggests a minimum 

p o t e n t i a l o f a t l e a s t one m i l l i o n tons c a r r y i n g i n excess o f 

0 .1 o p t . C l e a r l y the M t . Nansen area needs f u r t h e r w o r k . 


