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A b s t r a c t 

T h e Kitsault m o l y b d e n u m deposit is re lated to the 5- i -m.y. -o ld L i m e C r e e k Intrusive 
Comp l ex w h i c h is hosted by sedimentary rocks a long the eastern marg in o f the Coast 
P lu ton i c Comp l ex . T h e A l i c e A r m intrusive rocks, o f w h i c h the L i m e C r e e k C o m p l e x is a 
member , are probab ly re lated to the latest intrusive phase o f the Coast P l u t o n i c C o m p l e x . 

T h e L i m e C r e e k C o m p l e x is a series o f nested stocks that in t rude the Bowse r L a k e C r o u p 
graywackes and argi l l i tes o f Jurassic age. A broad zone o f b io t i t e hornfe ls d e ve l oped in the 
sedimentary rocks as a result o f the intrusive act iv i ty . T h e oldest m e m b e r o f the C o m p l e x 
is the East Lobe . It in turn is fo l lowed by the Borde r . Sou the rn , and C e n t r a l stocks, and 
the Intramineral d ikes and the re lated Northeast Po rphy ry . These int rus ions vary from 
dior i te o f the East L o b e to quartz monzoni te o f the Northeast P o r p h y r y , suggest ing a 
di f ferentiat ion t rend . Pos tminera l lamprophx re and basalt d ikes are c o m m o n . 

M ine ra l i z a t i on is re lated to the Cen t r a l stock and Northeast P o r p h y r y . T h e mo lybden i t e 
shel l general ly occupies the contract zone o f the Cen t r a l stock. Qua r t z -py r i t e , w i th or 

1 w i thout , scheel i te veins occurs on the hanging wal l o f the mo l ybden i t e zone , wh i l e barren 

quar tz veins occupy the footwal l . A series o f pos tmo lybden i t e po l yme ta l l i c sulf ide quartz 
veins have a. northeast t r end and a greater lateral extent than any o ther ve in type. F o u r 

1 ages o f minera l i za t ion have been ident i f ied. T h e first three are mo l ybden i t e bear ing , 
whereas the last consists o f po lymeta l l i c sulfides. 

H y d r o t h e r m a l a l terat ion is d i rec t l y related to the minera l i za t i on . A cent ra l s i l i c i f i ed zone 
occurs on the footwal l side o f the molybden i te zone. The r e is a c lose co r r e l a t i on be tween 
mo lybden i t e and potassium sil icate a l terat ion. Pe r iphera l to the mo l ybden i t e zone and 
associated w i th the quar t z -pyr i t e veins, phy l l i c a l terat ion is c o m m o n . A l l a l terat ion is ve in* 
re lated as enve lopes w i th the in terven ing areas be ing a l tered to p r opy l i t i c to arg i l l i c 
assemblages. 

The r e appear to be several significant s imi lar i t ies and di f ferences be tween the Ki tsaul t -
type deposits and those o f the C l imax type (Whi te et a l . , 1981) . T h e s imi lar i t i es appear to 
be in the style and nature o f the intrusiv e act iv i ty and associated h y d r o t h e r m a l events. Bo th 
types o f deposits are charac te r i zed by mul t ip l e igneous and h y d r o t h e r m a l events. A n o t h e r 
c ommon feature is the presence o f intraminera l dikes and re la ted stocks. T h e signif icant 
dif ferences appear to be the smal ler size and lower grade o f the K i t sau l t deposi t , w h i c h 
may have had a smal ler and less concentrated hydro the rma l system. T h e other signif icant 
dif ference is in the compos i t i on o f the source intrusions. T h e K i tsau l t deposits are charac
ter i zed by s i l iceous quar tz monzoni tes and granodior i tes whereas the C l imax - t ype deposits 
are charac te r i zed by rhyo l i t cs and granites. A l t e ra t i on and trace e l ement assemblages are 
simi lar (n both types o f deposits except that a l terat ion is not as pervas ive and trace e lements 
are not as abundant in the Kitsault deposits. 

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

T H E K i t s a u l t m o l y b d e n u m d e p o s i t is a p p r o x i m a t e l y 

135 k m no r theas t o f P r i n c e R u p e r t , B r i t i s h C o l u m b i a , 

a n d , 6 k m s o u t h e a s t o f t h e K i t s a u l t t o w n s i t e ( F i g . 1). 

T h e m i n e s i t e is a p p r o x i m a t e l y 6 0 0 m a b o v e sea 

l e v e l , i n a n a r e a o f e x t r e m e t o p o g r a p h i c r e l i e f that 

is m o d i f i e d b y n u m e r o u s s w a m p - c o v e r e d b e n c h e s . 

D u r i n g 1 9 5 6 t h e K i t s a u l t m o l y b d e n i t e s h o w i n g s 
w e r e b r o u g h t to t h e a t t e n t i o n o f K e n n c o E x p l o r a t i o n 

( W e s t e r n ) , a s u b s i d i a r y o f K e n n e c o t t C o p p e r C o r 

p o r a t i o n . K e n n c o a c q u i r e d t h e p r o p e r t y i n 1 9 5 7 , 

and f o r m e d B r i t i s h C o l u m b i a M o l y b d e n u m , L t d . , i n 

1^63 to b e g i n d e v e l o p m e n t o f t h e o r e d e p o s i t . 

M i n i n g o p e r a t i o n s b e g a n i n 1 9 6 7 b u t w e r e sus

p e n d e d i n A u g u s t 1 9 7 2 d u e t o a w e a k m o l y b d e n u m 

m a r k e t . T o t a l p r o d u c t i o n fo r t h e five y e a r s o f o p e r 

a t i o n was a p p r o x i m a t e l y 1 0 , 4 0 0 tons o f m o l y b d e n u m . 

In 1 9 7 3 , C l i m a x M o l y b d e n u m C o r p o r a t i o n o f B r i t i s h 

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

C o p p e r C o r p o r a t i o n a n d r e n a m e d it t h e K i t s a u l t 

P r o j e c t . A d d i t i o n a l e x p l o r a t i o n a n d f e a s i b i l i t y s t u d i e s 

w e r e u n d e r t a k e n b y C l i m a x , l e a d i n g to a d e c i s i o n 

to r e t u r n t h e p r o p e r t y to p r o d u c t i o n . 

R e g i o n a l C e o l o g y 

T h e K i t s a u l t d e p o s i t is w i t h i n t h e I n t e r m o u n t a i n 

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

o f t h e B o w s e r b a s i n , a p p r o x i m a t e l y 2 k m east o f t h e 
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F l O . 1. C e o l o g y o f tl ie A l i v e A n n area a n d l o c a t i o n o f (lit* Ki t sau l t depos i t . 

C o a s t P l u t o n i c C o m p l e x . T h e r e g i o n is o n e o f i n t ense 

i g n e o u s a c t i v i t y m u c h o f w h i c h is r e l a t e d to t h e 

C o a s t P l u t o n i c C o m p l e x a n d n u m e r o u s y o u n g e r 

e v e n t s u p to a n d i n c l u d i n g R e c e n t p l a t e a u - t y p e l a v a 

f l ows . 

T h e o l d e s t e x p o s e d r o c k s i n t h e r e g i o n a r e m e m 

b e r s o f t h e L o w e r to M i d d l e J u r a s s i c H a z e l t o n 

F o r m a t i o n w h i c h c r o p s o u t n o r t h o f A l i c e A r m a n d 

t h e I H i a n c e R i v e r ( F i g . 1). H e r e t h e H a z e l t o n F o r 

m a t i o n c o n s i s t s o f v o l c a n i c b r e c c i a , tuff, c o n g l o m 

e r a t e , a n d a n d e s i t i c f l ows , a l l o f w h i c h a r e r e g i o n a l l y 

m e t a m o r p h o s e d to g r e e n s c h i s t fac i es . 
1 T h e H a z e l t o n F o r m a t i o n is u n c o n f o r n i a b l y o v e r -

Ia in b y t h e U p p e r J u r a s s i c to L o w e r C r e t a c e o u s 

B o w s e r L a k e C r o u p ( R i c h a r d s , 1 9 8 3 ) , w h i c h cons i s t s 

o f i n t e r b e d d e d g r a y w a c k e a n d a r g i l l i t e ( l o c a l l y r e 

f e r r e d t o as m i c r o g r a y w a e k e ) . a n d m i n o r c o n g l o m 

e ra t e a n d l i m e s t o n e . I n d i v i d u a l b e d s va ry in t h i c k n e s s 

f r o m a f ew c e n t i m e t e r s to 15 m , w i t h g r a y w a c k e 

c o m p r i s i n g a p p r o x i m a t e l y 8 0 p e r c e n t o f t h e f o r m a 

t i o n , a r g i l l i t e a p p r o x i m a t e l y 19 p e r c e n t , a n d c o n 

g l o m e r a t e a n d l i m e s t o n e a p p r o x i m a t e l y 1 p e r c e n t . 

T h e B o w s e r L a k e C r o u p l i t h o l o g i e s h a v e b e e n re 

g i o n a l l y m e t a m o r p h o s e d to g r e e n s c h i s t fac ies . A 

t y p i c a l g r a y w a c k e c ons i s t s o f abou t 3 5 p e r c e n t c r y s t a l 

a n d r o c k f r a g m e n t s i n a f i n e - g r a i n e d m a t r i x . F r a g 

m e n t s r a n g e f r o m 0.1 u p to 10 m m , w i t h an a v e r a g e 

o f a b o u t 0 . 6 m m , a n d o c c u r i n a m a t r i x that has a 

g r a i n s i z e o f a p p r o x i m a t e l y 0 . 0 2 m m . A r g i l l i t e has a 

c o m p o s i t i o n s i m i l a r to g r a y w a c k e e x c e p t that the 

g r a i n s i z e is m u c h finer. 

T h e C o a s t P l u t o n i c C o m p l e x is a n o r t h w e s t - t r e n d 

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

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

g r a n o d i o r i t e to q u a r t z m o n z o n i t e p l u t o n s . In the 

A l i c e A r m a r e a , q u a r t z d i o r i t e . g r a n o d i o r i t e , and 
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l esser a m o u n t s o f q u a r t z m o n z o n i t e are c o m m o n . 

W a n l e s s et a l . ( 1 9 6 6 ) r e p o r t e d a 4 7 ± 1 .2-m.y . da t e 

for a q u a r t z m o n z o n i t e a l o n g O b s e r v a t o r y In l e t , 

w h e r e a s d a t e s f r o m 7 9 to 4 0 m . y . f r o m i n t r u s i v e 

b o d i e s a l o n g t h e e a s t e r n m a r g i n o f t h e c o m p l e x have 

been , r e p o r t e d ( W h e e l e r a n d G a b r i e l s e , 1 9 7 2 ) . I n 

t r u s i o n s a l o n g t h e e a s t e r n m a r g i n o f t h e C o a s t P l u 

t o n i c C o m p l e x h a v e p r o d u c e d a h o r n f e l s a u r e o l e in 

t h e B o w s e r L a k e a n d H a z e l t o n F o r m a t i o n s as m u c h 

as 1.5 k m o u t w a r d f r o m t h e c o n t a c t . 

A d j a c e n t o n t h e east t o t h e C o a s t P l u t o n i c C o m 

p l e x a r e a g r o u p o f 5 0 t o 5 5 - m . y . - o l d i n t r u s i o n s , 

p r i n c i p a l l y s t o c k s ' w i t h a s s o c i a t e d m o l y b d e n i t e , that 

h a v e b e e n r e f e r r e d , t o as t h e A l i c e A r m I n t r u s i v e s 

( C a r t e r , 1 9 8 1 ) . A c o m m o n f ea tu re o f these i n t r u s i o n s 

is tha t t h e o l d e s t p h a s e is t h e m o s t ma f i c a n d t h e 

l a t e r p h a s e s a r e m o r e s i l i c e o u s , p r i n c i p a l l y q u a r t z 

m o n z o n i t e . M o l y b d e n i t e r e l a t e d t o the L i m e C r e e k 

I n t r u s i v e C o m p l e x is t h e bes t k n o w n a n d h i g h e s t 

g r a d e o f t h i s g r o u p . O t h e r s i g n i f i c a n t m i n e r a l i z e d 

s y s t e m s i n c l u d e R o u n d y C r e e k , B e l l M o l y , T i d e w a 

t e r , a n d A j a x ( D a k R i v e r ) . T h e o t h e r m e m b e r s o f 

t h e A l i c e A r m I n t r u s i v e c o n t a i n v i s i b l e m o l y b d e n i t e 

b u t i n a m o u n t s tha t c a n n o t b e c o n s i d e r e d m i n e r a l 

r e s o u r c e s at t h e p r e s e n t t i m e . 

W e s t - c e n t r a l B r i t i s h C o l u m b i a a n d sou theas t 

A l a s k a a r e c h a r a c t e r i z e d b y n u m e r o u s 3 5 - m . y . - o l d 

l a m p r o p h y r e d i k e s w a r m s . S m i t h ( 1 9 7 3 ) sugges ts 

that t h e s e d i k e s a r e c h e m i c a l l y s i m i l a r to v o g e s i t e 

a n d s p e s s a r t i t e b u t a r e p e t r o g r a p h i c a l l y c l a s s i f i ed as 

o d i n i t e o r s p e s s a r t i t e . M o s t o f t h e l a m p r o p h y r e s 

o c c u r i n n o r t h e a s t - t r e n d i n g d i k e s w a r m s a f ew k i l o 

m e t e r s w i d e a n d s e v e r a l k i l o m e t e r s l o n g . W i t h i n a 

s w a r m , t h e r e m a y b e t e n to h u n d r e d s o f d i k e s p e r 

k i l o m e t e r , b u t b e t w e e n s w a r m s , l a m p r o p h y r e s . a r e 

r a r e i f no t absen t . I n d i v i d u a l d i k e s v a r y i n t h i c k n e s s 

f r o m a f ew c e n t i m e t e r s to 3 0 m , w i t h t h e m a j o r i t y 

b e i n g 1 t o 3 m t h i c k . S t r i k e s o f N 3 5 ° E to N 8 0 ° 

E a n d d i p s w i t h i n 1 0 ° o f v e r t i c a l a r e c o m m o n . T h e s e 

s w a r m s s e e m to c e n t e r o n t h e e a r l i e r i n t r u s i v e 

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

A r m I n t r u s i v e s . 

N u m e r o u s R e c e n t p l a t e a u - t y p e o l i v i n e basa l t 

flows, c i n d e r c o n e s , a n d f e e d e r d i k e s o c c u r t h r o u g h 

ou t t h e a r e a . A g e d a t e s i n d i c a t e tha t th i s i g n e o u s 

a c t i v i t y is a p p r o x i m a t e l y o n e m i l l i o n y ea r s o l d . 

K i t s a u l t C e o l o g y 

T h e U p p e r J u r a s s i c to L o w e r C r e t a c e o u s B o w s e r 

L a k e C r o u p ( R i c h a r d s , 1 9 8 3 ) hosts the E a r l y T e r t i a r y 

L i m e C r e e k I n t r u s i v e C o m p l e x . T h e o l d e s t r e c o g 

n i z e d m e m b e r o f the C o m p l e x is t h e Eas t L o b e ( F i g . 

2) , w h i c h is s u c c e e d e d b y the B o r d e r s t o ck , S o u t h e r n 

s t o c k , C e n t r a l s t o c k , a n d N o r t h e a s t P o r p h y r y a n d 

I n t r a m i n e r a l d i k e s . M i n e r a l i z a t i o n is r e l a t e d t o t h e 

last t w o phases o f the L i m e C r e e k I n t r u s i v e C o m p l e x . 

P o s t m i n e r a l i z a t i o n l a m p r o p h y r e d i k e s a n d basa l t 

flows a r e c o m m o n i n a n d n e a r t h e d e p o s i t . 

A t K i t s a u l t the B o w s e r L a k e C r o u p c o n s i s t s o f 

i n t e r b e d d e d a r g i l l i t e a n d g r a y w a c k e w i t h m i n o r c o n 

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

t h i c k n e s s f r o m a f ew c e n t i m e t e r s t o s e v e r a l m e t e r s . 

R e g i o n a l l y , the B o w s e r L a k e C r o u p has a n o r t h w e s t 

s t r i k e a n d a s t e ep n o r t h e a s t d i p , a l t h o u g h t h i s t r e n d 

is i n t e r r u p t e d b y s m a l l - s c a l e f o lds . T y p i c a l g r a y w a c k e 

at K i t s a u l t c ons i s t s o f 4 0 p e r c e n t a n g u l a r c h e r t a n d 
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rock fragments in a fine-grained matrix. Arg i l l i te is 

dark gray to black and mineralogicaily similar to the 

graywacke. T h e only significant difference between 

these two rock types appears to be grain size and a 

lack o f visible chert in the argillite. T h e minera logy 

o f both lithologies is detailed in Tab le 1. 

Lime Creek Intrusive Complex 

East Lobe: T h e East Lobe intrusion forms an 

eastern extension of the L i m e Creek Intrusive C o m 

plex (Fig. 2). Not only is the L o b e the oldest 

recognized member of the L i m e C r eek C o m p l e x , it 

is the most mafic. Poor exposure and l imited dr i l l 

intersections make this member o f the complex the 

least understood. 

; T h e petrography and chemistry of the intrusion 

are summarized in Tables 2 and 3. T h e East L o b e 

is characterized by a higher amphibole (hornblende?) 

content than the other members o f the complex . 

Th i s phase is an equigranular quartz diorite c o m 

posed o f subhedral to anhedral mineral grains. 

Border stock: Rocks o f the Border stock are 

common along the west and southeast margins o f 

the complex (Figs. 2 and 3). A l ong the northern 

margin o f the complex and for several hundred feet 

below the surface, dril l ing has intersected an intru 

sive member that looks similar to the Border stock. 

Also, in the central part of the complex, in an area 

where the contact between the Central and Southern 

stocks is postulated, a septa of Border stock (?) has 

also been intersected by dri l l ing. If all o f these 

occurrences are indeed Border stock, it suggests 

that this member of the complex extended over 

much o f the area now occupied by younger intrusive 

rocks. 

' Carter (1981) reported a 51.4 ± 1.5-m.y. potas

sium argon age date from this unit. Th i s date is 

suspect since it is, taken from within the minera l ized 

TABLE 1. Typical Mineralogy of Bowser Lake Croup 
Craywacke and Argillite 

Cravwacke Argillite 
Mineralogy (%) (%) 

Plstgioclase (An s . n ) . 15 to 60 5 to 50 
Avg. 31.3 Avg. 30 

Quartz and chert 20 to 55 20 to 53 
Avg. 37.4 Avg. 36.8 

Seriate 1 to 15 2 to 20 
, Avg. 8.2 A V C . 12.4 

Chlorite 6 to 20 2 to 20 
Avg. 12.6 Avg. 112.5 

Both rock types contain trace amounts of opidote. sphene. 
carbon, pyrite. pyrrhotite. and magnetite 

area and probably reflects the age of mineral ization 

rather than the igneous event. 

T h e petrography and chemistry o f the Borde r 

stock are summarized in Tables 2 and 3. A l though 

this stock is more mafic than younger intrusions, it 

is not as mafic as the East Lobe . T h e Border stock 

contains only minor amounts o f hornblende, with 

biotite being the dominant ferromagnesium mineral . 

Mineralogicai ly, the stock is an equigranular grano

diorite to quartz diorite. 

Southern stock: T h e Southern stock occurs in the 

south-central portion of the complex. T h e recognition 

o f a separate igneous event in this area is a departure 

from past studies. A contract between this stock and 

the younger Centra l stock has not been observed 

but is postulated because o f the difference between 

the chemistry and mineralogy o f rocks from the 

respective areas. Also, the shape o f the molybdenite 

zone and its adherence to the contact o f the Cent ra l 

stock suggest a change in rock type in this general 

area. T h e presence o f a septa o f Border stock (?) is 

yet another line of evidence suggesting two separate 

intrusive units. 

Woodcock (1964) reports a potassium-argon age 

datex>f-53.5 m.y. for a sample col lected in the area 

o f the Southern stock. T h e sample location is only 

generally known, but no sample description has 

been found. 

T h e petrography and chemistry of the Southern 

stock is summarized in Tables 2 and 3. This stock is 

more siliceous than the East Lobe , but more i ron 

r ich than the Centra l stock. T h e Southern stock 

contains a higher plagioclase and mafic mineral 

content and a lower alkali feldspar and quartz content 

than the Centra l stock. Mafic minerals are pr imari ly 

biotite with minor hornblende. Mineralogicai ly, the 

intrusion is an equigranular to weakly porphyr i t ic 

granodiorite with phenocrysts of subhedral plagio

clase and biotite in a groundmass of anhedral quartz, 

hornblende, alkali feldspar, and minor apatite, z i rcon, 

and opaques. 

Central stock: T h e Centra l stock is the earliest of 

the molybdenum-related intrusive units and occupies 

the northern half o f the L i m e C reek Intrusive C o m 

plex (Figs. 2, 3, and 4). A l ong a portion of the 

western contact a septa o f hornfels separates the 

Centra l and Border stocks indicating that there is a 

time and space division between these two units. 

Carter (1981) reported one potassium-argon age 

date for the Centra l stock at 53.0 ± 3 m.y. T h e 

sample is from the orebody, and based on Carter ' s 

description, appears to be partly altered. W r a y 

(1972) reported a potassium-argon date of 63 .2 

± 2 . 1 m.y. for a sample of Centra l stock co l lected 

approximately 2,000 ft below the surface. Desc r i p 

tions of this rock suggest that it is only slightly 

altered. An explanation of the two ages might be 
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Intrusive Border Southern Central Intramineral Northeast 

minerals East Lobe stock stock stock dikes porphyry Lamporphrye 

i (%) 

Plagioclase 55 51 55 42 45 41 38 
An , Ana* . A n w AnM A n * A n * An.,, A n 5 9 

Alkali feldspar 2 11 12 23 21 22 
Quartz! 9 17 14 21 23 30 
Biotite 10 16 14 10 6 6 36 
Amphibole 19 , I 2 3 26 
Sphene . 1 1 1 1 1 tr 
Apatite 1 1 tr 1 tr tr 
Zircon . tr tr tr tr tr tr 

Monazite tr tr tr tr tr 

Opaques 3 2 2 2 1 I 

An average of at least five samples per rock type 

that the 53-m.y . date reflects the age o f mineral iza

tion, whereas the older dates represent the per iod 

of intrusive activity. 

Aplite: Numerous aplite dikes are c o m m o n 

throughout the L i m e Creek Intrusive Comp lex and 

in particular in the northern and western portions 

(Figs. '3 and 4). These dikes were previously cal led 

alaskites because o f their lack of mafics. However , 

because the aplitic texture is most common, aplite 

is a more suitable term, although a complete range 

o f textures from felsite to pegmatite can be found. 

Labe l ing these units " d i k e s " is also a misnomer, 

since their form varies from irregular pods to true 

through-going dikelike bodies. T h e aplite phase cuts 

T A B L E 3. Chemistry of the Lime Creek Intrusive Complex 

East Lobe 

Border 
stock 

Southern 
stock 

Central 
stock Aplite Intramineral 

Northeast 

porphyry Lamprophyre 

% 

SiO, 56.75, 67.60 64.6 68.45 74.9 66.4 68.45 65.8 

A l , 0 , 16.70 14.75 15.5 13.85 10.0 15.0 13.95 14.7 

3.45 1.40 0.76 1.13 0.2 1.7 1.80 2.7 

F c O 2.85 1.80 2.7 1.40 0.15 1.8 0.62 4.1 

MgO 2.75 1.35 1.3 1.15 0.15 1.6 0.71 3.3 

CaO 5.55 2.75 3.4 2.80 1.2 3.1 2.25 2.0 

Na ,0 3.85 • 3.30 4.2 3.35 1.2 6.9 3.65 1.8 

K , 0 2.85 4.85 4.8 5.00 . 7.1 4.1 4.65 4.3 

F 0.21. 0.15 0.074 0.11 0.048 0.15 0.1 1 0.10 

ppm 

Rb 195 210 170 230 300 200 240 230 

Ba 1.250 1.000 1.000 1.000 500 1.100 1.000 5.000 

Co 5 5 <5 <5 <5 <5 <5 15 

Cu 65 45 <10 <10 3 12 19 30 

L* 20 20 30 25 20 25 20 <0 
Mu 600 225 700 300 30 350 350 1.000 

Nb 20 10 20 <20 <20 <20 <20 20 
Sr 1 2.850 250 700 400 200 600 500 100 
T i 2.000 2.250 2.000 1.500 200 1.500 1.000 3.000 
V 1 100 40 50 25 <10 45 20 70 

z»> , 20 100 30 60 <20 50 65 50 

Rh/KiO 68 43 35 46 42 54 52 53 

1.20 2.69 2.65 2.98 4.42 3.55 3.69 3.05 
C O 

Chemical analyses by Skyline Labs. Inc., Denver. Colorado, using ICP and AA techniques; reportrd analyses are an average of 

*t least two determinations per rock type 
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t h e C e n t r a l a n d B o r d e r s t o c k s a n d is c u t b y the 

I n t r a m i n e r a l d i k e s , t h u s p l a c i n g i ts a p p a r e n t age 

b e t w e e n t h e C e n t r a l s t o c k a n d t h e N o r t h e a s t P o r 

p h y r y , a l t h o u g h i t m a y b e a l a t e d i f f e r e n t i a t e d phase 

o f t h e C e n t r a l s t o c k . 

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

T a b l e 3 . O n e o f its d i s t i n c t i v e c h a r a c t e r i s t i c s is 

d i s s e m i n a t e d m o l y b d e n i t e tha t a p p e a r s to b e a p r i - . 

m a r y r o c k - f o r m i n g m i n e r a l . A l s o p r e s e n t a r e i n c i p i 

e n t q u a r t z v e i n s tha t a p p e a r to h a v e c r y s t a l l i z e d as 

p a r t o f t h e m a g m a . T h e p r e s e n c e o f t h e s e t w o 

f e a t u r e s sugges t s that t h e a p l i t e is a t r a n s i t i o n phase 

b e t w e e n a t r u e i g n e o u s s tage a n d the first h y d r o -

t h e r m a l e v e n t . M i n e r a l o g i c a i l y , t h e a p l i t e has an 

e q u i g r a n u l a r t e x t u r e , c o m p o s e d o f p l a g i o c l a s e , 

q u a r t z , a l k a l i f e l d s p a r , a n d m i n o r b i o t i t e . 

Northeast Porphyry and Intramineral dikes: T h e 

N o r t h e a s t P o r p h y r y a n d r e l a t e d I n t r a m i n e r a l d i k e s 

a r e t h e y o u n g e s t r e c o g n i z e d m e m b e r s o f t h e L i m e 

C r e e k I n t r u s i v e C o m p l e x . T h e N o r t h e a s t P o r p h y r y 

f o r m s a s t o c k l i k e b o d y at d e p t h i n t h e n o r t h e a s t 

p o r t i o n o f t h e c o m p l e x a n d has b e e n i n t e r s e c t e d b y 

o n l y a f e w d r i l l h o l e s . I ts t r u e d i s t r i b u t i o n is i m p e r 

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

se r i e s o f d i k e s tha t a p p e a r t o b e r e l a t e d t o t h e 

N o r t h e a s t P o r p h y r y f o r t h e f o l l o w i n g r e a s o n s : (1) 

t h e i r m i n e r a l o g i c a l a n d c h e m i c a l s i m i l a r i t y ( T a b l e s 

2 a n d 3 ) , (2) s i m i l a r i t y o f r e l a t i v e age r e l a t i o n s h i p s 

w i t h r e s p e c t t o m o l y b d e n u m m i n e r a l i z a t i o n . (3) t h e 

a b u n d a n c e o f I n t r a m i n e r a l d i k e s n e a r the N o r t h e a s t 

P o r p h y r y a n d t h e i r d e c r e a s e i n a b u n d a n c e a w a y 

f r o m t h e s t o c k , a n d (4) t h e l a c k o f c r o s s c u t t i n g 

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

C a r t e r ( 1 9 8 1 ) r e p o r t s a d a t e o f 5 3 . 7 ± 1.7 m . y . 

for the I n t r a m i n e r a l d i k e s a n d 4 8 . 3 ± 1.6 m . y . f o r 

t h e N o r t h e a s t P o r p h y r y . S i n c e h i s d e s c r i p t i o n s u g 

gests that b o t h r o c k s a r e a l t e r e d , it is p o s s i b l e tha t 

b o t h da t es w e r e r e s e t b y h y d r o t h e r m a l e v e n t s . 

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

u n i t s are p r e s e n t e d i n T a b l e s 2 a n d 3 . T h e d i s t i n c t i v e 

c h a r a c t e r i s t i c o f t h e I n t r a m i n e r a l d i k e s a n d N o r t h e a s t 

P o r p h y r y is t h e i r t e x t u r e . T h e s e r o c k s a r e t h e o n l y 

6 i 0 ™ — ' " . 
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F l C 4. C e n e r a l i z r d geu lngy a long sec t ion 1 0 5 , 2 0 0 east. 
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wel l -developed porphyries known at the property. 

Many of the Intramineral dikes also contain wall -

rock fragments. 

Mineralogicaily, the Intramineral dikes are grano-

diorites composed o f subhedral phenocrysts o f p la 

gioclase, quartz, and alkali feldspar in a groundmass 

of subhedral to anhedral plagioclase, quartz, alkali 

feldspar, biotite, amphibole, and accessory minerals. 

Northeast Porphyry is a granodiorite to quartz mon 

zonite composed o f the same group o f phenocrysts 

and groundmass minerals as the Intramineral dikes. 

T h e exception is the lack o f amphibole in the Nor th 

east Porphyry. 

Breccia dikes: In the extreme western part o f the 

orebody, at least one intrusive brecc ia dike has been 

identified in dri l l core and float at the surface. Th i s 

dike is up to 15 cm wide and consists o f fragments 

of the hornfels and L ime C r eek Intrusive in a 

siliceous matrix. Molybdenite in the matrix and 

quartz molybdenite veins in the fragments suggest 

that it is intramineral in age and may be the distal 

end of an Intramineral dike. 

Petrochemical evolution of the Lime Creek Intru

sive Complex: Samples o f the freshest available rocks 

of the various members o f the intrusive complex 

were analyzed for major and minor elements (Table 

3). The re is a general increase in S i02 and K 2 0 with 

a younger age (Fig. 5), whereas A I 2 O 3 , C a O , and 

M g O decrease. N a 2 0 remains approximately constant 

throughout the development o f the intrusive c o m 

plex. As shown on these diagrams, there are some 

trend reversals that may represent analytical error 

rather than real differences. Several trace elements 

also show changes w i th time (Fig. 6). T i tan ium 

decreases, whereas rubid ium increases slightly. T h e 

other elements are too erratic to identify definite 

trends. 

T h e chemical data (Table 3) suggest that the ore-

producing intrusions, namely the Cent ra l stock and 

Northeast Porphyry, are slightly more siliceous and 

alkalic than the premolybdenite members of the 

complex, suggesting a slight differentiation o f the 

complex with geologic time. 

1 

L<improphyre dikes 

Lamprophyre dikes are common throughout the 

Kitsault area and intrude both the L i m e Creek 

Intrusive Complex and the Bowser Lake G roup . 

These dikes vary in width from a few centimeters 

to several meters and are traceable for several 

hundred meters along strike and downdip . T h e dikes 

generally strike northeast, d ip steeply northwest, 
u » d are commonly sinuous., Lamprophyres are post-

molybdenite mineralization but are cut by a few 

calcite veins. Carter (1981) reported a potassium-
a r f i on date o f 36.5 ± 1 . 2 m.y. for a dike from the 

kitsault deposit. 

70 r-
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Fl<;. 5. Major element trends within the Lime Creek Intrusive 

Complex. 

Modal analyses and chemical data for these dikes 

are shown in Tables 2 and 3. T h e distinctive char

acteristics o f the lamprophyre dikes are that they 

are hornblende-biotite porphyries with plagioclase 

in the groundmass. Hornb lende phenocrysts as much 

as 4 mm in length are common . 

Extrusive rocks 

Ol iv ine basalt flows and related feeder dikes are 

common throughout the Kitsault area. O n e basalt 

flow occurs just north o f the Kitsault deposit. These 

flows consist of a number o f separate units that 

display wel l -developed co lumnar jointing. Carter 

(1981) reports two potassium-argon age dates from 

the Al ice A r m flows of 1.1 ± 0.8 and 1.6 ± 0.8 m.y. 
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i 
Structure 

Geolog ic sections, as illustrated in Figure 4, sug

gest that the entire L i m e Creek Complex is tilted 

to the southwest. Since the youngest intrusions are 

in the northern part o f the complex, they have 

caused a doming and tilting that produced the 

present geometry. T h e Northeast Porphyry, which 

is the youngest known intrusion, also appears to be 

tilted, suggesting either a later intrusion or a regional 

deformation. 

Cenera l ly , all known faults consist of gouge and 

broken rock zones up to a few meters wide with 

minor normal displacement. Even though most of 

the faults are postmineral , little deformation of the 

orebody is known. Most faults strike northeast and 

dip northwest, a trend that was also followed by 

late veins and lamprophyre dikes. 

Hydrotherma l and T h e r m a l Alterat ion 

Associated with the intrusion of the early.members 

of the L ime Creek Complex is a contact metamorphic 

zone of hornfels in the argillite and graywacke. 

Hydrothermal alteration associated with the miner

alization can be subdivided into a central silicified 

zone that is surrounded by a zone of potassium 

silicate (potassic) alteration. Outward from the po-

tassic zone is a weakly developed phyl l ic zone. 

Argi l l ic and propylitic alterations exist peripheral to 

the phyl l ic zone but are weakly developed because 

they are superimposed upon the hornfels. Ceneral ly, 

the higher temperature assemblages (i.e., silicic, 

potassic, and phyllic) occur as vein envelopes. Except 

in areas where a stockwork of veins has deve loped 

and the alteration envelopes overlap, argillic and 

propylit ic alteration are common peripheral to the 

higher temperature alteration envelopes. 

Thermal metamorphism 

Thermal metamorphism is expressed as a hornfels 

aureole that extends up to 750 m away from the 

intrusive contact (Fig. 7). This aureole is deve loped 

in argillites and graywackes that are regionally meta

morphosed to a chlorite-sericite-epidote-albite 

greenschist facies assemblage (Woodcock, 1964). 

Superimposed upon the inner part of the hornfels 

aureole is a later hydrothermal overprint. T h e horn 

fels itself can be subdivided into an outer weak 

albite-epidote hornfels facies (with incipient serieite-

chlorite), a central pale-brown biotite zone, and an 

inner brown biotite zone (Kamilli , 1977). 

Several mineralogic changes can be documented 

proceeding from the outer limit of hornfels inward 

to the stock contact (Fig. 7). Biotite in the outer 

zone first appears as pale-brown, fine-grained mica 

replacing sericite. Toward the stock, biotite increases 

in abundance and size and darkens to brown or 

green brown before being bleached by the hydro -

thermal overprint. Sedimentary carbon and chert 

grain boundaries disappear toward the intrusive 

contact. Feldspar and quartz appear to be more 

resistant to contact metamorphic effects, remaining 

as sharply defined grains much closer to the igneous 

contact, but eventually they, too, lose their grain 

edge boundaries and become irregular shapes. F e l d 

spar becomes increasingly c louded by fine-grained 

allophane but eventually is completely destroyed 

leaving only cloudy relics. 

T h e hydrothermal overprint is character ized by 

several mineralogical changes. Sericite is coarser, 

segregated in patches with chlorite and calotte, and 

appears to be replacing metamorphic biotite. 

Bleached zones occur adjacent to veins and consist 

of pale-green chlorite, sericite, and calcite. Ep idote 

in veins and as matrix replacements is most abundant 

toward the inner part of the hornfels aureole. T h e 

assemblage chlorite, calcite. epidote, and sericite 
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p r o b a b l y r e p r e s e n t s the p r o p y l i t i c z o n e a s s o c i a t e d 

w i t h h y d r o t h e r m a l a l t e r a t i o n . S i n c e the h y d r o t h e r m a l 

f lu ids w e r e a t t a c k i n g a r e f r a c t o r y m e t a m o r p h i c r o c k , 

the d e v e l o p m e n t o f l o w - t e m p e r a t u r e h y d r o t h e r m a l 

a l t e r a t i o n was i n h i b i t e d , t h e r e f o r e p r o d u c i n g o n l y a 

p o o r l y d e v e l o p e d p r o p y l i t i c z o n e . 

Hydrothermal alteration 

Propylitic: P r o p y l i t i c a l t e r a t i o n is c o m m o n p e 

r i p h e r a l to h i g h e r t e m p e r a t u r e v e i n a l t e r a t i o n e n 

v e l o p e s w i t h i n the o r e b o d y a n d s u p e r i m p o s e d o n 

the h o r n f e l s a u r e o l e . P r o p y l i t i c a l t e r a t i o n o f h o r n f e l s 

is d e s c r i b e d i n the p r e c e d i n g s e c t i o n . W i t h i n the 

i n t r u s i v e r o c k s , the most a b u n d a n t p r o p y l i t i c a l t e r 

a t i on m i n e r a l s a r e s e r i c i t e a n d c a r b o n a t e a n d m i n o r 

c h l o r i t e a n d e p i d o t e . C e n e r a l l y , p l a g i o c l a s e is r e 

p l a c e d b y s e r i c i t e a n d c a r b o n a t e . T h e s e r i c i t e is 

a c t u a l l y a fine-grained w h i t e m i c a that m a y b e 

p a r a g o n i t e . B i o t i t e is c o m m o n l y r e p l a c e d b y a m i x 

tu r e u l c h l o r i t e , s e r i c i t e , o p a q u e s , a n d e p i d o t e . T h e 

" t h e r p r i m a r y i g n e o u s m i n e r a l s , q u a r t z a n d a l k a l i 

M d s p a j * . a p p e a r to b e u n a f f e c t e d b y th is t y p e o f 

a l t e r a t i o n . 

Arnillie: A r g i l l i c a l t e r a t i o n is c o m m o n t h r o u g h o u t 

the o r e b o d y , g e n e r a l l y as i s o l a t e d p a t c h e s b e t w e e n 

h i g h e r ' t e m p e r a t u r e a l t e r a t i o n t y p e s , a l t h o u g h t h e r e 
1 5 a s l i ght i n c r e a s e i n i n t e n s i t y of th i s t y p e o f 

" I t e ra t i on t o w a r d the o u t e r m a r g i n o f the o r e z o n e 
; i , ' d in o n e s t r o n g z o n e i n t h e wes t pa r t o f t h e 

" r e b o d y . T h i s l a t t e r a r e a a p p e a r s to b e fau l t r e l a t e d 
a | i d is c h a r a c t e r i z e d b y g r e e n c l a y w h i c h is a m i x t u r e 
w» " l o n t m o r i l l o n i t e a n d s e r i c i t e . F a u l t - r e l a t e d a r g i l -
l , z a t i o n is s u p e r i m p o s e d u p o n t h e e a r l i e r h y d r o t h e r -

a l t e r a t i o n a n d m a y r e p r e s e n t t h e a l t e r a t i o n 

d i a l e d to t h e w a n i n g h y d r o t h e r m a l f l u i d s . 

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

^ " d e m i m - b e a r i n g h y d r o t h e r m a l stages is c h a r a c t e r 

i z e d b y w h i t e c l a y , w h i c h is g e n e r a l l y a c o m b i n a t i o n 

o f s e r i c i t e a n d k a o l i n g r o u p m i n e r a l s . B o t h o f these 

l a y e r e d s i l i c a t e s r e p l a c e p l a g i o c l a s e a n d ma f i c s bu t 

h a v e l i t t l e o r no e f fect o n q u a r t z a n d a l k a l i f e l d s p a r . 

Phyllic: P h y l l i c a l t e r a t i o n o c c u r s as e n v e l o p e s 

a s s o c i a t e d w i t h q u a r t z - p y r i t e - s c h e e l i t e v e i n s i n a 

z o n e tha t is p e r i p h e r a l to , a n d p a r t l y s u p e r i m p o s e d 

u p o n , t h e h a n g i n g w a l l o f t h e o r e b o d y ( F i g s . 8 a n d 

9 ) . T h e s e e n v e l o p e s are d a r k s i l i c e o u s z o n e s that 

a r e s e l d o m m o r e t h a n a f ew m i l l i m e t e r s w i d e . P y r i t e 

a n d s c h e e l i t e a r e so e r r a t i c a l l y d i s t r i b u t e d i n t h e 

v e i n s that i n p l a c e s t h e y a p p e a r to b e b a r r e n q u a r t z 

v e i n s . 

W i t h i n t h e p h y l l i c e n v e l o p e s , the r o c k is c o m 

p l e t e l y r e p l a c e d b y a fine-grained m i x t u r e o f q u a r t z , 

s e r i c i t e , a n d / o r p y r i t e . T h i s a l t e r a t i o n af fects a l l 

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

( juar tz o v e r g r o w t h s h a v e b e e n o b s e r v e d . 

Potassic: P o t a s s i c a l t e r a t i o n ( K - f e l d s p a t h t z a t i o n ) , 

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

b i o t i t e , o c c u r s as e n v e l o p e s a l o n g the m a r g i n s o f 

b a r r e n q u a r t z v e i n s . W i t h i n c r e a s i n g a l t e r a t i o n i n 

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

l i gh t p i n k i s h t i n t , to w h i t e i n the p e r v a s i v e z o n e s . 

P l a g i o c l a s e is t h e first m i n e r a l r e p l a c e d , f o l l o w e d b y 

b i o t i t e . T h e last s t age o f th i s a l t e r a t i o n was t h e 

d e v e l o p m e n t o f s e c o n d a r y r i m s o n p r i m a r y a l k a l i 

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

first, mos t p a t c h e s o f po t a s s i c a l t e r a t i o n c o n t a i n at 

least a f ew r e m n a n t s o f u n a l t e r e d o r s e r i c i t i z e d 

p l a g i o c l a s e . S e c o n d a r y b i o t i t e o c c u r s as s m a l l u n a l 

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

i n t e n s e l y f e l d s p a t h i / . e d r o c k . W h e r e p r i m a r y a n d 

s e c o n d a r y b i o t i t e a r e in c l o s e p r o x i m i t y , t h e f o r m e r 

is p r o p y l i t i c a l l y a l t e r e d w h e r e a s the l a t e r is u n a l 

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

po t a s s i c a l t e r a t i o n . 

http://tda.il
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P o t a s s i c a l t e r a t i o n o c c u p i e s the s a m e g e n e r a l areas 

as t h e h i g h e r g r a d e m o l y b d e n i t e z o n e s . R a t h e r t h a n 

a z o n e o f c o m p l e t e r e p l a c e m e n t th i s is a n a r e a 

w h e r e p o t a s s i c a l t e r a t i o n m a y o c c u r . A l l v a r i a t i o n s 

ex i s t f r o m m i n o r t o t o t a l r e p l a c e m e n t o f t h e hos t 

r o c k . T h i s a l t e r a t i o n z o n e o c c u p i e s , a n d p a r t l y o v e r 

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

z o n e s . 

Silicification: S i l i c i f i c a t i o n is c h a r a c t e r i z e d b y 

q u a r t z v e i n s w i t h m i n o r a m o u n t s o f r e p l a c e m e n t o u t 

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

S i l i c i f i c a t i o n is m o s t i n t e n s e a l o n g a n d b e l o w t h e 

f o o t w a l l o f t h e m o l y b d e n i t e z o n e . 

A l l p r i m a r y m i n e r a l p h a s e s c a n be r e p l a c e d b y 

s e c o n d a r y q u a r t z . P r i m a r y q u a r t z g r a i n s c o m m o n l y 

h a v e o v e r g r o w t h s i n s i l i c i f i e d a reas . In p l a c e s w h e r e 

m o r e i n t e n s e s i l i c i f i c a t i o n is p r e s e n t , s m a l l 0 . 0 5 - to 

0 . 0 2 - m m r o u n d e d q u a r t z g r a i n s f o r m a m o z a i c 

t h r o u g h o u t t h e g r o u n d m a s s . 

N 

6 i 0 m -

305 m -

E X P L A N A T I O N 

>0.l V. M 0 S 2 

J Phyllic 

J FokJipothiiotion 

"1 Silicification 
ISO METERS 

—J Central Slock 
1 Conlacl 

1 F l o . y . G e n e r a l i z e d h y d r o t h e r m a l a l tera t ion d i s t r i b u t i o n 
alut ig sec t ion 1 0 5 . 2 0 0 east. 

Mineralization (Table 4) 

T h e K i t s a u l t d e p o s i t is a s t o c k w o r k o f q u a r t z v e i n s 

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

m i n o r s c h e e l i t e , g a l e n a , s p h a l e r i t e , c h a l c o p y r i t e , 

s u l p h o s a l t s , a n d c a r b o n a t e m i n e r a l s . T h e m i n e r a l i z a 

t i o n is d i r e c t l y r e l a t e d to t h e l a t e r p h a s e s o f t h e 

L i m e C r e e k I n t r u s i v e C o m p l e x . M o s t o f t h e p y r r h o -

t i t e was f o r m e d d u r i n g t h e h o r n f e l s d e v e l o p m e n t , 

w h e r e a s m i n o r a m o u n t s a r e p r e s e n t i n l a t e r h y d r o -

t h e r m a l v e i n s . 

D i s s e m i n a t e d m o l y b d e n i t e i n a p l i t e s is t h e ear l i es t 

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

o f t h e a p l i t e w a s s tage 1 m i n e r a l i z a t i o n , w h i c h c o n 

sists o f t h r e e t y p e s o f v e i n i n g , f o r m e d f r o m h y d r o -

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

o f t h e C e n t r a l s t o c k . Q u a r t z v e i n s tha t h a v e po tas 

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

r e c o g n i z e d v e i n s i n th is g r o u p . N e x t c a m e the for

m a t i o n o f q u a r t z - m o l y b d e n i t e v e i n s w h i c h w e r e f o l 

l o w e d b y q u a r t z - p y r i t e v e ins , w i t h o r w i t h o u t s c h e e 

l i t e . 

A f t e r s tage I, t h e i n t r u s i o n o f the N o r t h e a s t P o r 

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

was f o l l o w e d b y stage II m i n e r a l i z a t i o n w h i c h a g a i n 

c o n s i s t e d o f t h r e e t y p e s o f v e i n s s i m i l a r to those o f 

s tage I. N o a p p a r e n t d i f f e r e n c e has b e e n i d e n t i f i e d 

i n t h e o r d e r , s t y l e , o r c h a r a c t e r i s t i c s b e t w e e n t h e s e 

t w o stages o f m i n e r a l i z a t i o n e x c e p t for t h e c r o s s c u t -

t i n g r e l a t i o n s h i p s o f the I n t r a m i n e r a l d i k e s . 

N e x t c a m e t h e e m p l a c e m e n t o f t h e t h i r d v e i n set 

(stage III) s t a r t i n g w i t h q u a r t z v e i n s w i t h a s s o c i a t e d 

p o t a s s i c a l t e r a t i o n e n v e l o p e s f o l l o w e d b y q u a r t z -

m o l y b d e n i t e v e i n s tha t a r e c h a r a c t e r i s t i c a l l y w i d e 

w i t h r i b b o n s o f m o l y b d e n i t e . T h e s e v e i n s a r e cu t b y 

q u a r t z - p y r i t e v e i n s w i t h o r w i t h o u t s c h e e l i t e . 

F o l l o w i n g stage III m i n e r a l i z a t i o n a r e p o l y m e t a l l i c 

s u l f i d e v e i n s o f s tage I V w h i c h a r e c h a r a c t e r i z e d b y 

t h r o u g h - g o i n g q u a r t z v e ins that m a y c o n t a i n o n e o r 

m o r e o f the f o l l o w i n g m i n e r a l s : s p h a l e r i t e , g a l e n a , 

c h a l c o p y r i t e . l e a d - b i s m u t h s u l p h o s a l t s , t e t r a h e d r i t e , 
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T A B L E 4. Summary of the Relationship l>etweeu Phases of the Lime Creek Intrusive Complex and Mineralization 

Ccologic history of the Kitsault Deposit 

Claciation—removal of upper portions of the orebody 

Basalts (1.6 ± 0.8 m.y.) dikes and Rows 

Lamprophyres (36.5 ± 1.2 m.y.) 

Stage IV mineralization 

Stage III mineralization 

Stage II mineralization 

' Northeast Porphyry (48.3 ± 1.6 m.y.) 

j Stage I mineralization 

i 

Lime ! 
Creek ( j 
J l , t r u s ! v e I Central stuck—aplites (53.3 ± 1.4 m.v.) 
Complex 

J Southern stock 

| Border stock 

• East Lohe 

Jurassic to Cretaceous Bowser L ike Formation 

Carhonate 

' Quart z-polvmetallic 

f Quartz-pyrite-scheelite 
Quartz-handed molybdenite 

: Quartz 

Quartz-pyrite-scheelite 
' Quartz-molybdenite 

Quartz 

Intramineral dikes 

Quart z-py n't e-scheelite 
Quartz-molybdenite 
Quartz 

scheelite, molybdenite , pyrite, and carbonate. After 

the base metal stage, fluorite veins and then calcite 

veins formed. T h e last-recognized veins contain gyp

sum and anhydr ite which may be supergene. 

Several other general characteristics of the min 

eralization are not summarized in the above descrip

tion. Stage III banded molybdenite veins are more 

continuous and wider than any of the other molyb

denite veins seen at the property. These veins are 

commonly several centimeters wide and traceable 

for, tens o f meters and in places up to 100 m along 

strike. T h e only other vein type that is more consis

tent in its lateral extent is the polymetallic sulfide 

veins, wh ich may be traced up to a few hundred 

meters along strike and which extend for a consid

erable distance beyond the orebody. Molybdenite 

becomes less abundant in quartz veins toward both 

the footwall and the hanging wall of the orebody. 

T h e few pyr ite -bear ing molybdenite veins observed 

at Kitsault are typically younger than the quartz-

molybdenite veins but slightly older than the quartz-

pyrite veins in any one stage of mineralization. 

These veins probably represent a transition from 

the molybdeni te depositional period into the pyrite 

depositional per iod . Barren quartz veins are not 

common on the hanging-wall side of the orebody 

and quartz -pyr i te veins are not common on the 

footwall side. 

Molybdenite: T h e most significant mode of occur

rence for molvbdenite , probablv representing 80 to 

percent o f the total molybdenite present, is as 

individual grains less than 0.05 mm in diameter 

disseminated in quartz veinlets up to 5 m m wide. 

T h e second most abundant occurrence is as ribbons 

up to 2 mm wide within quartz veins up to 10 cm 

thick. Individual ribbons within veins probably con

tain 80 to 90 percent molybdenite. T h e next most 

abundant occurrence is as molybdenite paint on 

fracture surfaces. Other occurrences are as crystals 

up to 5 mm in diameter disseminated in aplite dikes 

and as rare clots o f molybdenite up to 2 cm wide in 

the polymetall ic veins. The rarest occurrence is 

molybdenite disseminated in the matrix of the breccia 

dikes found within the southwestern part of the 

deposit. 

In plan, molybdenite occurs in an annular zone 

(Fig. 10) around a central core of silicified rock. In 

section, the zones form a vertical cyl inder (Fig. 11). 

Whether these zones ever connected to form a 

domal configuration similar to Cl imax-type deposits 

is conjectural, since the upper parts of the deposits 

have been removed by glaciation. Mineral izat ion 

extends deeper in the southwestern part o f the 

deposit (Fig. 11), whereas it is shallowest in the 

northeast quadrant of the orebody. T h e northeast 

part o f the orebody may be partly destroyed by the 

intramineral Northeast Porphyry stock. 

Molybdenite zoning indicates that the 0.10 per

cent and 0.20 percent M o S 2 zones are generally 

continuous throughout the deposit (Figs. 12 and 

13). Higher grade zones, particularly the 0.30 per

cent and 0.-40 percent MoS. 2 /ones, are highly erratic. 
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f o r m i n g l o c a l i z e d p o d s that a r e no t c o n t i n u o u s o v e r 

g r e a t d i s t a n c e s . W i t h d e p t h e v e n t h e 0 . 2 0 p e r c e n t 

M o S 2 z o n e b e c o m e s less c o n t i n u o u s . A s s h o w n o n 

t h e c r o s s s e c t i o n ( F i g . 13 ) . t h e b o u n d a r i e s o f the 

0 . 1 0 p e r c e n t z o n e a r e g e n e r a l l y r e g u l a r , w h e r e a s 

t h e 0 . 2 0 p e r c e n t a n d 0 . 3 0 p e r c e n t z o n e s a r e e r r a t i c 

a n d s i n u o u s . M i n e a b l e r e s e r v e s a r e p l a c e d at 1 1 5 

m i l l i o n t ons o f 0 . 1 9 p e r c e n t M o S 2 ( A M A X , 1 9 8 2 ) . 

Pyrite: P y r i t e is c o m m o n l y f o u n d i n q u a r t z v e i n s , 

as f r a c t u r e c o a t i n g s , d i s s e m i n a t e d i n i n t r u s i v e r o c k s , 

a n d as e r r a t i c a l l y d i s t r i b u t e d c l o t s a n d a g g r e g a t e s in 

p o l y m e t a l l i c v e i n s . W i t h i n q u a r t z v e i n s a n d as f rac 

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

s i z e f r o m less t h a n 0 . 0 5 m m to as m u c h as 3 m m . 

A g g r e g a t e s o f p y r i t e u p to 2 c m w i d e a r e mos t 

c o m m o n i n t h e p o l y m e t a l l i c v e i n s . P y r i t e is m o s t 

a b u n d a n t o n t h e h a n g i n g - w a l l s i d e o f t h e m o l y b d e -

610m-

305 m -

E X P L A N A T I O N 

— >0.t % M 0 S 2 

' Quartt • pyritt viimng 

Quorti - molybdiniU 
ttockwork 

150 METERS 
_J 

• _] Quartz vtining 

Cantral Stock 
Contoct 

. F i c 
east. 

1 I . G e n e r a l i z e d m i n e r a l z o n i n g a long seet ion 105,2011 

n i t e z o n e ( F i g s . 12 a n d 13 ) . I n f o r m a t i o n is s k e t c h y 

a b o u t p y r i t e d i s t r i b u t i o n , b u t it p r o b a b l y o c c u r s i n 

a s h e l l that m i m i c s t h e s h a p e o f t h e m o l y b d e n i t e 

z o n e a n d m a y a v e r a g e a p p r o x i m a t e l y 1 p e r c e n t . 

Pyrrhotite: P y r r h o t i t e is m o s t a b u n d a n t l y d i s s e m 

i n a t e d t h r o u g h t h e h o r n f e l s a u r e o l e s u r r o u n d i n g t h e 

L i m e C r e e k I n t r u s i v e C o m p l e x a n d p r o b a b l y f o r m e d 

d u r i n g m e t a m o r p h i s m . R a r e q u a r t z - p y r r h o t i t e v e i n s 

a r e s c a t t e r e d t h r o u g h o u t t h e K i t s a u l t d e p o s i t , b o t h 

w i t h i n the m o l y b d e n i t e z o n e a n d w i t h i n t h e b a r r e n 

c e n t r a l z o n e . A l s o p r e s e n t i n t h e h o r n f e l s a u r e o l e 

a r e i s o l a t e d 1- t o 1 0 - c m - w i d e q u a r t z - p y r r h o t i t e a n d 

p y r r h o t i t e v e i n s tha t a p p e a r t o p r e d a t e the t h e r m a l 

m e t a m o r p h i s m a n d h a v e a m o r e r e g i o n a l e x t en t t h a n 

d o the o t h e r p y r r h o t i t e v e i n s . 

Scheelite: S c h e e l i t e c o m m o n l y o c c u r s i n q u a r t z -

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

d e n i t e z o n e ( F i g s . 10 a n d I I ) . I n d i v i d u a l s c h e e l i t e 

g r a i n s a r e g e n e r a l l y less t h a n 2 m m a c r o s s , h a v e a n 

a v e r a g e s i z e o f a p p r o x i m a t e l y 1 m m , a n d a r e e r r a t -

E X P L A N A T I O N 

j -}rr} 0 y. O W % M«S; on* p t o t t t 

F l C . 12. O r e - z o n e p l an for the 53-1-m e l eva t ion . 
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FIG. 13. O r e - z o n e sec t ion 1 0 7 . 4 0 0 no r th . 

ically disseminated through the veins. Quartz -schee-

lite ,veins that have no apparent pyrite are less 

common. M i n o r amounts o f scheelite have also been 

detected in the polymetal l ic sulfide veins. Scheelite 

is apparently free o f molybdenum, as indicated by 

a strong blue-white fluorescence. T h e approxi 

mate grade within the scheelite zone is 0.01 per

cent W 0 3 . 

Base metals: Base metals mineralization is found 

predominantly in polymetall ic sulfide veins. T h e one 

exception is the presence of some galena intimately 

associated with molybdenite. Ho l l and (1976) sum

marized the character and probable distribution of 

galena associated with the molybdenite. M ic rbprobe 

studies suggest that individual grains o f galena have 

a size o f approximately 10 microns. Possibly 20 

percent o f the galena occurs as inclusions encapsu

lated within the molybdenite lamella, while the 

other 80 percent occurs as attachments on the edges 

of molybdenite crystals. Silver appears to be directly 

, associated with lead, probably in solid solution in 

the galena. Average lead grade for the molybdenite 

zone is approximately 0.026 percent, whereas the 

silver grade is approximately 4.9 ppm or 0.15 oz 

per ton. 

Late-stage polymetal l ic sulfide veins occur 

throughout the deposit but are most common in the 

W e s t e r n and northwestern parts. These veins may 

contain any o f the following minerals: chalcopyrite, 

tetrahedrite, pyrite, sphalerite, galena, lead-bismuth 

sulfosalts, molybdenite , fluorite, and carbonate. 

Three lead-bismuth sulfosalt minerals, all members 

° f the bismuthinite-aikinite solid solution series, 

nave been identified: cosalite (2PbS • B i 2 S 3 ) . aikinite 

(2PbS • C u 2 S • BiaSi), and neyite (IPbS, • Bi 2S., • Cu 2 S ) . 

A l l sulfides within the polymetallic veins occur as 

clots or concentrations up to a few centimeters in 

length, although in places, these veins may contain 

no perceivable sulfides. 

Cangue minerals: White , green, and purple fluo

rite is found in polymetal l ic sulfide veins, quartz 

veins, and monomineral ic veins that are most abun

dant in the western part of the deposit. T h e latter 

two vein types appear to be younger than the 

polymetall ic veins. 

Calcite veins up to a few centimeters wide are 

common throughout the deposit and appear to be 

the latest truly hydrothermal event identified at 

Kitsault. A lthough no chemical analyses of the car

bonate have been performed, the mineral is probably 

calcite. Gypsum-anhydrite occurs as fracture coatings 

throughout the deposit and probably is of supergene 

origin. 

Genet ic Synthesis 

Upper Jurassic to Lower Cretaceous Bowser Lake 

Formation graywackes and argillites host the L ime 

Creek Intrusive Complex . T h e earliest member of 

the complex is the East Lobe , which was followed 

in turn by the Border and Southern stocks. These 

first three members of the complex were emplaced 

prior to molybdenum mineralization. Associated with 

these phases of the complex, and possibly the later 

phases, is a broad aureole of biotite hornfels that 

developed in the host sedimentary rocks surrounding 

the intrusive rocks. 

T h e first ore-related intrusive phase was the 53(?)-

m.y.-old Central stock and related aplites. Associated 

with this stock is stage I mineralization, consisting 

of a central zone o f quartz veins surrounded by a 
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q u a r t z - m o l y b d e n i t e z o n e that g e n e r a l l y s t r a d d l e s 

t h e s t o c k c o n t a c t . P e r i p h e r a l to t h e q u a r t z - m o l y b 

d e n i t e z o n e is a q u a r t z - p y r i t e - s c h e e l i t e z o n e . T h e s e 

z o n e s a r e t y p i c a l l y a n n u l a r i n p l a n a n d p r o b a b l y 

w e r e a r c u a t e i n s e c t i o n b e f o r e e r o s i o n . P o t a s s i c 

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

a n d m i n o r d i s s e m i n a t e d fine-grained b i o t i t e . i n e n 

v e l o p e s o n q u a r t z v e i n s , o c c u r s w i t h i n the q u a r t z -

m o l y b d e n i t e z o n e . I n t e r i o r to the p o t a s s i c a l t e r a t i o n 

is a s i l i c i f i e d z o n e c o n t a i n i n g a b u n d a n t q u a r t z v e i n s 

w i t h m i n o r w a l l - r o c k r e p l a c e m e n t s . T h e q u a r t z -

p y r i t e - s c h e e l i t e v e i n s c o m m o n l y c o n t a i n q u a r t z - s e r -

i c i t e - p y r i t e a l t e r a t i o n e n v e l o p e s . A l t h o u g h w e a k l y 

d e v e l o p e d , th is a r e a c o r r e s p o n d s to the p h y l l i c a l 

t e r a t i o n c o m m o n i n most p o r p h y r y d epos i t s . B e c a u s e 

the s u r r o u n d i n g r o c k is h o r n f e l s . p r o p y l i t i c a l t e r a t i o n 

is p o o r l y d e v e l o p e d . T h e a b o v e first t h r e e a l t e r a t i o n 

t y p e s a r e u s u a l l y v e i n e n v e l o p e s , b e t w e e n w h i c h 

the r o c k is e i t h e r c o m m o n l y p r o p y l i t i c a l l y to a r g i l l i -

c a l l y a l t e r e d o r u n a l t e r e d . 

T h e a b o v e - d e s c r i b e d v e i n s tage i n d i c a t e s a p p a r e n t 

v e i n age r e l a t i o n s h i p s w i t h t h e q u a r t z v e i n s a n d 

assoc i a t ed po tass i c a l t e r a t i o n b e i n g the o ldes t , q u a r t z -

m o l y b d e n i t e v e i n s nex t , f o l l o w e d b y the y o u n g e s t 

v e i n set c o n s i s t i n g o f q u a r t z - p y r i t e - s c h e e l i t e . F i g u r e 

14 is an a t t e m p t to e x p l a i n th i s a p p a r e n t age r e l a 

t i o n s h i p . D u r i n g c r y s t a l l i z a t i o n o f t h e C e n t r a l s t o c k , 

h y d r o t h e r m a l f l u ids c o l l e c t e d at s o m e l o c a t i o n ^ 

w i t h i n t h e s o l i d i f y i n g i n t r u s i v e mass . A t s o m e p o i n t , 

c o n d i t i o n s w e r e c o r r e c t for t h e m o v e m e n t o f these 

f lu ids u p w a r d a n d o u t w a r d i n t o t h e c r y s t a l l i z e d a n d 

f r a c t u r e d s h e l l o f t h e C e n t r a l s t o c k a n d s u r r o u n d i n g 

f r a c t u r e d h o r n f e l s . T h e i n i t i a l s i t es o f m i n e r a l d e 

p o s i t i o n a r e s h o w n i n t h e d i a g r a m a t i c s k e t c h ( F i g . 

14) l a b e l e d T i m e 1. Q u a r t z d e p o s i t i o n o c c u r r e d 

t h r o u g h o u t t h e s y s t e m b u t w a s b a r r e n o f su l f i d e s 

neares t t h e c e n t e r o f t h e i n t r u s i o n . O u t w a r d f r o m 

the q u a r t z z o n e , a z o n e o f m o l y b d e n i t e d e p o s i t i o n 

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

l i t e d e p o s i t i o n . B e c a u s e s c h e e l i t e is s u c h a m i n o r 

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

w i t h o u t a n y t u n g s t e n m i n e r a l s . A s the s y s t e m 

e v o l v e d , t h e s i t e o f d e p o s i t i o n r e t r e a t e d i n w a r d as 

s h o w n b y T i m e 2 . T h e e v o l u t i o n o f t h e s y s t e m 

p r o d u c e d a c o n t i n u a l m i g r a t i o n o f t h e s i tes o f d e 

p o s i t i o n t o w a r d t h e c e n t e r , so that t h e s i tes o f 

m i n e r a l f o r m a t i o n r e t r e a t e d a n d p r o d u c e d v e i n s tha t 

w e r e s u p e r i m p o s e d u p o n p r e v i o u s v e i n s as s h o w n 

b y T i m e 3 . T i m e 4 p r e s e n t s t h e e x h a u s t i o n o f t h e 

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

r e l a t i o n s h i p s , t h u s g i v i n g t h e a p p a r e n t r e l a t i o n s h i p 

o f e a r l y q u a r t z v e i n s f o l l o w e d b y q u a r t z - m o l y b d e n i t e 

f o l l o w e d b y q u a r t z - p y r i t e f o r a n y o n e l o c a t i o n . 

A f t e r t h e i n t r u s i o n o f t h e C e n t r a l s t ock a n d d e 

v e l o p m e n t o f s tage 1 m i n e r a l i z a t i o n , the N o r t h e a s t 

P o r p h y r y a n d r e l a t e d I n t r a m i n e r a l d i k e s w e r e e m -

p l a c e d a p p r o x i m a t e l y 48 (? ) m . y . ago . As the N o r t h 

east P o r p h y r y c r y s t a l l i z e d , h y d r o t h e r m a l f lu ids a g a i n 

w e r e c o n c e n t r a t e d w i t h i n t h e c r y s t a l l i z i n g m a g m a 

u n t i l a p o i n t w a s r e a c h e d i n w h i c h these f lu ids 

m i g r a t e d f r o m t h e i r c o l l e c t i o n area(s ) o u t w a r d i n t o 

t h e s u r r o u n d i n g f r a c t u r e d r o c k , i n th is case t h e 

N o r t h e a s t P o r p h y r y s h e l l , t h e C e n t r a l s t o c k , a n d t h e 

h o r n f e l s a u r e o l e . A g a i n , t h r e e v e i n t y p e s d e v e l o p e d 

w i t h a s s o c i a t e d a l t e r a t i o n a s s e m b l a g e s s i m i l a r t o 

those d e s c r i b e d for s tage I. S t a g e I a n d II m i n e r a l 

i z a t i o n s a r e i d e n t i c a l a n d c a n o n l y b e d i s t i n g u i s h e d 

i n areas w h e r e I n t r a m i n e r a l d i k e s ex i s t so that t h e 

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

A f t e r the c o m p l e t i o n o f s tage II, s tage III m i n e r 

a l i z a t i o n d e v e l o p e d . T h i s s tage o f m i n e r a l i z a t i o n is 

e s s e n t i a l l y i d e n t i c a l to s tage I a n d II e v e n t s e x c e p t 

that the q u a r t z - m o l y b d e n i t e v e i n s a r e w i d e r a n d 

c o n t a i n c o n t i n u o u s r i b b o n s o f m o l y b d e n i t e . 

T h e last m i n e r a l i z i n g e v e n t r e c o g n i z e d at K i t s a u l t 

c ons i s t s o f t h e p o l y m e t a l l i c v e i n s a n d l a t e r c a r b o n a t e 

v e i n s . T h i s bas e m e t a l e p i s o d e mos t l i k e l y r e p r e s e n t s 

the final stage o f the h y d r o t h e r m a l a c t i v i t y at K i t s a u l t . 

T h e next i n t r u s i v e e v e n t r e c o g n i z e d at K i t s a u l t is 

t h e e m p l a c e m e n t o f t h e 3 6 - m . y . - o l d l a m p r o p h y r e 

d i k e s w a r m . T h e final i g n e o u s e v e n t at K i t s a u l t w a s 

t h e I . f i - m . y . - o l d v o l c a n i c flows a n d t h e i r c o n n e c t i n g 

f e e d e r d i k e s . R e c e n t l y g l a c i a t i o n a n d e r o s i o n h a v e 


