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K-Ar ages indicate t h a t  t he  age of i n t r u s i o n  and m i n e r a l i z a t i o n  

arc n e a r l y  s y x l x o n o u s  at about  53 n y. 

IXT RODUCT IO?? 

A nuinber of porphyry moly52cnum d e p o s i t s  and prospec t s  

the eastern nargin of the Coast P l u t o n i c  C o m ~ k i  betmen. S t c w . r t  

occur d o n s  

and Terrace 

i n  northwestern BrJtisli Columbia (Figure 1 )  . The g r e a t e s t  c l u s t e r i n g  of t h e s e  

d e p o s i t s  is i n  t h e  v i c i n i t y  of Alice Arm,  a t  t h e  head of zm i n l e t  of t h e  same 

name 160 Icrn n o r t h  of P r ince  Rupert. To date, the  most s i g n i f i c a n t  of 

t h e s e  d e p o s i t s  i s  t h e  f o r n e r  producing mine, B r i t i s h  Colunbia ?lolybdenum, 

si tuated on Line Creek G.5 ?cn sou th  of Alice hrn (Figure I ) .  

This  paper  is d iv ided  i n t o  two p a r t s :  t h e  f i r s t  p a r t  desc r ibes  t h e  

gene ra l  

devoted 

ZeologY 

geo log ica l  s e t t i n z  of t h e  nolybdenun d e p o s i t s  whi le  t h e  second p a r t  i s  

t o  a more ex tens ive  d e s c r i p t i o n  of each depos i t ,  and i n  p a r t i c u l a r  t h e  

and geochemistry of t h e  L i n e  Creek depos i t  . 

XISTOXY 

Molybdenite mine ra l i za t ion  i n  t h e  Alice Am area was first recognized 

dur ing  c a r l y  p rospec t inz  f o r  s i l v e r - b e a r i n 2  ve ins .  Part of  t h e  Lime Creek 

d e p o s i t  vas f i r s t  s t aked  i n  1311 by 1.J. XcLean bu t  the  main f e a t u r e  of i n t e r e s t  

a t  t h a t  t i m e  w a s  a na r rov  s i l v e r - l e a d - z i n c  v e i n  l a te r  determined 

t o  the molybdenite depos i t  . 
t o  be peripheral 

Thc f i r s t  molybdenite product ion i n  t h e  area was from t h e  Tidewater 

depos i t  i n  1316 (Fizurn,  1) where 345 t o m e s  averaging 1.69 perccnt  zo lybdcc i t e  vas 

mined from qua r t z  ve ins  i n  sedimentary rocks j u s t  sou th  of a small g r a n i t i c  s tock .  
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I n t e n s i v e  exp lo ra t ion  f o r  molybdenite depos i t s  took p lace  i n  t h e  l a te  

1950's when Kennco Explora t ions ,  (Western) Limited d i d  l i m i t e d  work on t h e  

Roundy Creek and Tidewater p r o p e r t i e s  and, i n  1959/;acquired an op t ion  on claims 

a t  Lime Creek from Gunn Fiva of Alice Axm. Diamond d r i l l i n g  w a s  c a r r i e d  out from 

1959 t o  1363 when B r i t i s h  Columbia Molybdenum Limited, a wholly owned s u b s i d i a r y ,  

was incorpora ted .  A dec i s ion  t o  put  t h e  proper ty  i n t o  product ion -was made i n  

la te  1964 .  ?.lining and m i l l i n g  ope ra t ions  began i n  1967 and were suspended i n  

August 1972 due t o  weak molybdenum markets. Product ion t o t a l l e d  10,400 tonnes 

of molybdenum. Remaining reserves are es t imated  t o  be i n  the o r d e r  of 36 million 

tonnes of s l i g h t l y  less than  0.20 percent  molybdenite. 

Climax Kolybdenum Corporation of B r i t i s h  Columbia, Limited acquired 

the property i n  1973 and has been conducting geological and f e a s i b i l i t y  s t u d i e s  

s i n c e  t h a t  t i m e .  

Explora t ion  i n  the  area f o r  similar d e p o s i t s  during the  1960's 

r e s u l t e d  in t he  d iscovery  of several good prospec ts  i nc lud ing  the A j a x ,  B e l l  

Molybdenum, and Roundy Creek p r o p e r t i e s  i n  t h e  immediate A l i c e  Arm area and 

a number of o t h e r  prospec ts  such as t h e  THE[, Hoan Creek, and those  south  of 

t h e  Nass River (Figure 1 )  . 

GEOLOGICAL SETTING 

Molybdenum-bearing g r a n i t i c  s t o c k s ,  r e f e r r e d  t o  c o l l e c t i v e l y  a s  t h e  

Alice Arm i n t r u s i o n s  (Carter, 1 9 7 4 ) ,  occur  near  t h e  western edge of t h e  Gowser 

successor  bas in  and marginal t o  the  Coast P lu ton ic  Complex (Figure 1 ) .  The Alice 

Arm i n t r u s i o n s  occur  i n  the  form of small s t o c k s ,  gene ra l ly  not  exceeding 0.8 

Icm i n  diameter .  P o r p h y r i t i c  qua r t z  monzonite is t he  dominant rock type ,  and 

t h i s  d i s t i n g u i s h e s  the molybdenum-bearing s tocks  from equigranular  s a t e l l i t i c  
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s t o c k s  related t o  t he  Coast Plu ton ic  Complex. While molybdenum-bearing 

gene ra l ly  i n t r u d e  Bowser assemblage s i l t s t o n e s ,  greywackes , and s h a l e s  
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s tocks  

of L a t e  

J u r a s s i c  age, some do occur wi th in  the  Coast P lu ton ic  Complex. Examples of 

these  are Molly Mack and Penny Creek prospec ts .  

Evidence f o r  both f o r c e f u l  and passive emplacement of t h e  i n t r u s i o n s  

i s  well documented. In  the  Al ice  Arm area, sedimentary rocks have been arched 

and domed around t h e  stoclcs. Elsewhere, l i t t l e  d is turbance  of t h e  country rock 

is seen and t h e  e longa te  na tu re  of some of t h e  i n t r u s i o n s  i n d i c a t e s  t h a t  they 

probably were emplaced along major f a u l t  zones. 

South of Alice Arm, s e v e r a l  molybdenum-bearing s t o c k s  are c l u s t e r e d  

nea r  remnants of  f l a t - l y i n g  Quaternary b a s a l t  which probably o v e r l i e  t h e i r  

f eede r s .  In  t h e  Nass River area, small s tocks  occur south and west of t he  Recent 

lava flow. 

Many of t h e  s tocks  apparent ly  have been l o c a l i z e d  a t  or n e a r  i n t e r -  

s e c t i o n s  of e a s t - n o r t h e a s t  and north-northwest  f a u l t s  (Seraphim, et a l . ,  t h i s  

volume). Seve ra l  of the stoclcs ( B e l l  Molybdenum, Roundy Creek, Kay) i n  t h e  

Alice Arm t o  lkss River area are elongated i n  an e a s t - n o r t h e a s t  d i r e c t i o n  which 

may also r ep resen t  some c o n t r o l  by f a u l t s  o r  by the a t t i t u d e  of t h e  sedimentary 

rocks.  Also, a crude e a s t - n o r t h e a s t  d i s t r i b u t i o n  of t he  s t o c k s  is ev iden t  i n  t h e  

c l u s t e r  south  of Al ice  Arm and south  of t h e  Nass River (Figure 1 ) .  Some s t o c k  

con tac t s  are r e c t i l i n e a r  i n  p l an ,  aga in  r e f l e c t i n g  t h e  dominant f a u l t  and f r a c t u r e  

p a t t e r n s .  A good esample  of t h i s  i s  seen a t  the  A j a x  molybdenum depos i t  n o r t h e a s t  

of Al ice  A m  (Figure 2 ) .  

COMPARATIVE GEOLOGY OF TIE  PlOLYI3DENUl-f DEPOSITS 

Molybdenum d e p o s i t s  are a s soc ia t ed  with the Alice Arm i n t r u s i o n s ,  which 

u s u a l l y  occur as small oval o r  e longate  s tocks .  Some i n t r u s i o n s ,  most no tab ly  
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those a t  Roundy Greek and Tidcwatcr near Alice A m ,  are s h e e t  o r  sill-lil:e 

i n  form and are r e f a t e d  t o  small f e e d e r  pipes. I n t r u s i o n s  a t  Alder Creek, near 

Lava Lake (Figure 1 )  and Pfolybclcnum Creek, nor th  of Terrace, are nor thwes t - s t r ik ing  

dyke swarms i n t r u d i n g  sedimentary rocks . Najor geologic  €ea tu res  of f o u r  deposits 

are i l l u s t r a t e d  on Figure  2 .  

Quar t z  monzonite porphyry is  the preva len t  hos t  rock at most d e p o s i t s .  

Phenocrysts  range i n  s i z e  from 2 mm t o  1 c m  and i nc lude ,  i n  

decreas ing  order  of abundance, euhedra l  p l a g i o c l a s e ,  K-feldspar, and both 

euhedral, and anhedra l  qua r t z  eyes.  Quartz monzonite porphyry i s  c h a r a c t e r i s t i c a l l y  

mesocra t ic  wi th  both  biotite and hornblende as primary mafic  minera ls .  Leucocra t ic  

q u a r t z  f e l d s p a r  porphyry phases of qua r t z  monzonite t o  g r a n i t e  composition also 

are prominent at most of the, d e p o s i t s  and at some they c o n s t i t u t e  t h e  bulk  of 

the intrusive rocks . Piuscovitc is the mica mineral of this phase . 
Some i n t r u s i o n s  are zoned, x o s t  no tab ly  t h e  i n t r u s i o n  that is host to 

the  Lirne Creek depos i t .  Here, a co re  of q u a r t z  monzonite 2orphyry is  bordered by 

more b a s i c  g r a n o d i o r i t e  and quartz d i o r i t e ,  which may be in part older than  t h e  . - e ,  

quar t z  monzonite phase. -- 

Nos t molyb denun- bearing s t o c k s  cxhib i t several s t azes of i n  t r u s  ion  . 
The first  stage forns the  bulk of the stock and i s  represented by qua r t z  monzonite 

and/or  qua r t z  f e l d s p a r  porphyry and lesser quartz d i o r i t e  such as Lime Creek. 

T h i s  main phase may be intr i ided by f ine-zra ined ,  e q u i ~ r a n u l a r  a l a s k i t e  t h a t  

c o n s i s t s  e s s e n t i a l l y  of  q u a r t z ,  I<-feldspar ,  and myrmeltite . Alaskites , which are 

very  comon a t  t h e  Line Creek and Roundy Creek p r o p e r t i e s  (Figure 2) ,  occur  as 

dykes and irregular cmsscs  and arc host t o  b e t t e r  grades of disscminatcd and 

l e n s - l i k e  nolybdcni te  m i x r a l i z a t i c n .  

Other i n t e r - m i n e r a l  i n t r u s i o n s  inc lude  dykes and i r r e g u l a r  lenses of 

i n t r u s i v e  breccia, b e s t  developed aloric tlic nor thern  s t o c k  con tac t  at the  L i m e  
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Creek depos i t  (Figure 2 ) .  Angular fragments 1 t o  2 c m  in s i z e ,  of both 

i n t r u s l v e  a d  country rock,  are contained i n  a granula te& mat r ix  of qua r t z ,  

p l a g i o c l a s e ,  and K-feldspar.  

Severa l  d e p o s i t s  f e a t u r e  i n t r u s i v e  phases t h a t  are very la te  i n  the  

in t rus ive -mine ra l i za t ion  sequence. These also are quartz monzonite i n  composition. 

Examples inc lude  an unexposed plug a t  Lime Creek, t h e  southwest p o r t i o n  of the 

Bell Molybdenum s t o c k  (Figure 2 ) ,  and post-mineral  dykes a t  some of t h e  Nass River 

d e p o s i t s  (Figure 1) . 
Post-mineral  lamprophyric and b a s a l t  dykes cu t  v i r t u a l l y  a l l  of t h e  

molybdenum-bearing s tocks .  These u s u a l l y  s t r i k e  n o r t h e a s t e r l y ,  d i p  v e r t i c a l l y ,  

and t r u n c a t e  a l l  p r e - e x i s t i n g  rocks and s t r u c t u r e s ,  inc luding  mineral ized fractures. 

Northwesterly s t r i k i n g  fau l t s  that are younger than t h e  p lu tons  and 

lamprophyric dykes are found a t  Bell Molybdenum, Roundy Creek, and Xass River  

d e p o s i t s  . 
Sedimentary rocks ad jacent  t o  t h e  Al ice  Arm i n t r u s i o n s  have been 

thermally metamorphosed t o  b i o t i t e  h o r n f e l s  i n  m aureole  which may extend 

outward from t h e  s t o c k  contac t  for 100 t o  150 m. B i o t i t e  h o r n f e l s  i s  a 

brown, indura t ed ,  f i n e  grained rock wi th  a g r a n o b l a s t i c  t e x t u r e  t h a t  c o n s i s t s  

of q u a r t z ,  minor f e l d s p a r ,  and abundant f e l t e d ,  brown b i o t i t e .  Some c o r d i e r i t e  

.. * I  

and a n d a l u s i t e  are developed i n  the  ho rn fe l s  ad jacent  t o  i n t r u s i v e  con tac t s .  

A l t e r a t i o n  p a t t e r n s  wi th in  and marginal t o  t h e  molybdenum-bearing 

s t o c k s  are similar t o  o t h e r  porphyry depos i t s .  A t  many of t h e  d e p o s i t s ,  a central 

zone of potassic a l t e r a t i o n  i s  2 a r t i a l l y  co inc ident  with molybdenite minera l iza t ion .  

A t  Lime Creek t h e  most i n t e n s e  p o t a s s i c  a l t e r a t i o n  occurs i n  a c i r c u l a r  zone i n  the  

northern p a r t  of the stock (Figure 2 ) .  Rock wi th in  t h i s  core of i n t e n s e  a l t e r a t i o n  

i s  laced with  bar ren  qua r t z  v e i n l e t s  rimnied by secondary K-feldspar ,  such t h a t  t he  
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o r i g i n a l  qua r t z  monzonite parphyry has  been converted t o  a rock c o n s i s t i n g  

mainly of quar t z  and K-feldspar .  I n  t h e  o u t e r  p a r t  of t h t s  a l t e r a t i o n  zone i s  

an annular  zone of molybdenite mine ra l i za t ion  where secondary R-feldspar  is 

r e s t r i c t e d  t o  t h e  margins of quartz-molybdenite v e i n l e t s ,  Other d e p o s i t s  also 

f e a t u r e  secondary K-feldspar  bu t  no t  t o  the same degree as a t  L i m e  Creek. 

Secondary b i o t i t e ,  an a l t e r a t i o n  of primary hornblende, is present  t o  a 

l i m i t e d  degree i n  several of t h e  depos i t s .  A t  Lime Creek, t h i s  a l t e r a t i o n  

of hornblende, p a r t i c u l a r l y  i n  the  qua r t z  d i o r i t e ,  may be  i n  p a r t  d e u t e r i c .  

At Roundy Creek, t h e  p o t a s s i c  a l t e r a t i o n  zone conta ins  quartz-muscovite ve ins .  

The p o t a s s i c  zone a t  most d e p o s i t s  is grada t iona l  outward t o  a p h y l l i c  

(quartz-sericite-pyrite) zone. Where co inc ident  wi th  the  margins of t h e  p lu tons  

i t  is superimposed on the e f f e c t s  of thermal metamorphism. This  zone is 

represented  a t  many d e p o s i t s  by a bleaching of t h e  b i o t i t e  h o r n f e l s  t o  a cream 

o r  l i g h t  green colour  marginal  t o  f r a c t u r e s  and qua r t z  v e i n l e t s  and is due t o  t h e  

development of very f ine-gra ined  q u a r t z ,  sericite,  and some ep ido te .  This  type  of 

a l t e r a t i o n  m y  be weakly developed, a s  a t  many of t h e  d e p o s i t s ,  o r  so i n t e n s e  t h a t  

t h e  o r i g i n a l  b i o t i t e  h o r n f e l s  has been l a r g e l y  t ransforned  t o  a buff  o r  l i g h t  - 

green-coloured rock wi th in  a zone several. t e n s  of metres outward from t h e  s t o c k  

c o n t a c t ,  as a t  the Lime Creek and A j a x  d e p o s i t s .  P y r i t e  i s  a common c o n s t i t u e n t  

. i n  t h i s  a l t e r a t i o n  zone, occur r ing  both i n  qua r t z  v e i n l e t s  and as disseminat ions .  

The i n t e n s i t y  of p y r i t i z a t i o n  may be r e l a t e d  in p a r t  t o  thermal metamorphism, 

which involves  formation of p y r i t e  and p y r r h o t i t e  i n  the  h o r n f e l s .  

Eetter grades of molybdenite mine ra l i za t ion  i n  t h e  Alice A r m  i n t r u s i o n s  

are dependent on s t r u c t u r a l  and l i t h o l o g i c  con t ro l s .  F rac tu r ing  and a t t e n d a n t  

quartz-molybdenite veining are b e s t  developed nea r  s tock  c o n t a c t s .  Later a l a s k i t e  

i n t r u s i v e  phases nay con ta in  disseminated t o  n e a r l y  massive molybdenite. The 

ore zone at L i m e  Creek i s  annular  o r  r ing-shaped i n  p l a n ,  occurring i n  t:iC 
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nor the rn  h a l f  o f  t he  s tock  (Figure 2) with molybdcnite occurr ing  as se lvages  i n  

a network of eas t -no r theas t  and west-northwest qua r t z  v e i n l e t s .  A similar s t y l e  

of mine ra l i za t ion  occurs  a t  most of t h e  o t h e r  depos i t s .  

Disseminated molybdenite i s  contained i n  t h e  a l a s k i t e  i n t r u s i v e  phase 

a t  t h e  Lime Creek depos i t .  A t  Roundy Creek, t he  a l a s k i t e  c o n t a i n s  nea r ly  massive 

lenses, pods, and p a r a l l e l  bands of molybdenite and much of  t h i s  i s  i n  t h e  form 

of f e a t h e r - l i k e  in te rgrowths  with t h e  fe ldspar .  Disseminated rosettes of 

molybdenite occur i n  l e u c o c r a t i c  qua r t z - f e ldspa r  porphyry phases a t  the  Tidewater 

and Kay p r o p e r t i e s .  

Most of t h e  d e p o s i t s  e x h i b i t  several s t a g e s  of quartz-molybdenite,  

p y r i t e ,  and q u a r t z - p y r i t e  veining.  V i r t u a l l y  a l l  of t h e  Alice Arm molybdenite 

d e p o s i t s  feature late-stage po lymeta l l i c  quar tz -carbonate  v e i n s  which conta in  

p y r i t e ,  galena,  spha le r i t e ,  t e t r a h e d r i t e ,  cha lcopyr i t e ,  minor molybdenite, and 

at  Lime Creek, four  s i lver- lead-bismuth s u l p h o s a l t s .  

P y r i t e  ha los  may extend outward from t h e  molybdenite zone f o r  150 m 

t o  300 rn. Where exposed, t h e  p y r i t e  zone is  weathered to  a prominent gossan, 

p a r t i c u l a r l y  at  the  A j a x  and Snafu p r o p e r t i e s .  

Two molybdenite depos i t s  are known t o  occur wi th in  g r a n i t e  rocks of 

t h e  Coast P l u t o n i c  Comp ex. These are the  Molly Mack prospect  near Anyox and 

t h e  Penny Creek showing south of Alice Arm (Figure 1). A t  t h e  Molly Hack proper ty ,  

I ' coarse-grained nolybdeni te  is abundantly disseminated i n  a small zone of b i o t i t e  

g r a n i t e  contained wi th in  a s t o c k - l i k e  body of l e u c o c r a t i c  q u a r t z  monzonite 

porphyry which is similar i n  appearance t o  some phases of t h e  Alice A r m  i n t r u s i o n s .  

The Penny Creek occurrence c o n s i s t s  of r o s e t t e s  of  molybdenite i n  a b i o t i t e  

/ 
I, 

quar tz  monzonite, a late phase of the Coast P lu ton ic  Complex. 

Numerous showings of molybdenite occur near  t h e  eastern margin of t h e  

Cozst ? l z t ~ l i i ~  Co-:lex 32.' in t h e  s a t e l l i t e  a t ~ l c k s  re le tsd tc  t h e  complex. 
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The d e p o s i t  113s several s i p i f i c a n t  f c n t u r c s  cvldcnt on p l a n s  and c r o s s  

sections,  In the  upper part of t h e  mineralized area t he  strata clip about GOo 

n o r t h c a s t  conpared t o  ( l i p s  g r e a t e r  than 79 0 a t  1 o w r  parrs of t h e  stoc!:s. The 

st rata  near t h e  s u r f a c e  are cut  by numerous p a r a l l e l  o r  s u b p a r a l l e l  f a u l t s .  The 

molybdenite minera l i za t ion  is c o n t r o l l e d  by these  pre-exis  t i n g  s t r u c t u r e s  and the  

grade contours  form bands t h a t  are s u b p a r a l l e l ,  bu t  d e f i n i t e l y  c r o s s c u t t i n g  t h e  

s t r a t i f i c a t i o n .  A t  a lower l e v e l  a sonewhat a rcua te  form f o r  the Kolybdenite zone 

is ev iden t  i n  which t h e r e  i s  a r e l a t i v e l y  lower grade core area t h a t  p a r a l l e l s  

the  many n o r t h e a s t e r l y  s t r i k i n g ,  s t e e p l y  dipping f a u l t s  . The o u t e r  diameter  

of the molybdenite zone a t  this level  is about 425 by 520 m. 

A t  a nuch l o v e r  l eve l ,  t h e  molybdenite zone h a s  expanded t o  350 by 

610 m, oriented in a nor thwes ter ly  d i r e c t i o n .  The o r e  area has a d e f i n i t e  p a r t i a l  

r i n g  o r  arct lote  shape with steeply dipping i n t e r n a l  structures as i n d i c a t e d  by the 

grade contours  and with  a d e f i n i t e  ba r ren  core measuring 493 by 300 n and also 

o r i e n t e d  nor thwes ter ly  . I!owever a zone of  molybdenite mine ra l i za t ion  about 

130 rn w i d e  t r e n d s  n o r t h e a s t e r l y  through the  middle of the ba r ren  core .  This  

r e p r e s e n t s  m i n e r a l i z a t i o n  con t ro l l ed  by f a u l t s  and shear zones . .At h ighe r  

levels  t h i s  f a u l t  c o n t r o l l e d  l i n e a r  zone merges wi th  the  no r thves t  s i d e  of 

t h e  main a r c u a t e  zone leaving  t h e  ba r ren  co re  wi th  an apparent n o r t h e a s t  trer,d. 

Pos t -o re  faulting ! A ~ S  disp laced  the n i n c r a l i z a t i o n  in p laces  . 
Four s t a g e s  of su lph ide  mine ra l i za t ion  are ev ident ,  i nc lud ing  i n i t i a l  

q u a r t z - p y r r h o t i t e  m i n e r a l i z a t i o n ,  followed by at least  two stages c o n s i s t i n g  of 

quartz-nolybdenite-pyrrhotite and a f i n a l  s t a g e  represented  by coarse  Grained 

q u a r t z  v e i n s  s e v e r a l  c e n t i n e t r e s  wide, con ta in in2  sp l i a l e r f t e  and lesser amounts of  

p y r i t e ,  galena, and cha lcopyr i t e .  

Lime Creek 

(Figure 1 )  (Lat. 55 0 25’  Long. 123 0 25‘ W S  103P/G\7 El. G l O  m). 
> 1 ) 



Although one of t h e  earliest  discovcrcd mineral d e p o s i t s  in t h e  Alice A m  

camp, t h e  major period of exp lo ra t ion  took p l ace  bet;veen 1959 and 1963 tdren 13,150 m 

of diamond d r i l l i n g  was completed. B r i t i s h  Colunbia Molybdenum Limited c a r r i e d  ou t  

open p i t  mining operations between 1367 and 1992 and undertook 3,750 rn of 

exp lo ra to ry  d r i l l i n g  du r ing  t h i s  per iod .  Since a c q u i s i t i o n  of t h e  proper ty  by 

Climax Molybdenum Corporat ion of B r i t i s h  Columbia, Limited i n  1973, a f u r t h e r  

3,450 metres of d r i l l i n g  has been done. 

Molybdenite m i n e r a l i z a t i o n  at Lime Creek is a s s o c i a t e d  with a small 

e l l i p t i c a l  s t o c k  of qua r t z  monzonite t o  quartz d i o r i t e  composition which i n t r u d e s  

s i l t s t o n e s  and greywackes of La te  J u r a s s i c  t o  Ear ly  Cretaceous age (Figure 3). 

The main s t o c k  is 1,000 m in diameter  and composed l a r g e l y  of p o r p h y r i t i c  rocks.  

An eastern appendage to  th i s  body that is about 500 m long is composed of quartz 

d i o r i t e  w i th  normally zoned p l a g i o c l a s e  (An ) . Several of the  geochemical p a t t e r n s  42-45 

(e.g. , p y r r h o t i t e  d i s t r i b u t i o n ,  F igure  4 )  sugges t  t h a t  t h i s  more b a s i c  eastern 

appendage is  an o l d  phase of t h e  i n t r u s i v e  system. 

The main s t o c k  i s  composed of g r a n i t o i d  rocks of several types and 

ages wi th  a central zone of qua r t z  monzonite porphyry. Seve ra l  phases of q u a r t z  

monzonite porphyry can be d i s t i n g u i s h e d  i n  t h e  central  p a r t  of t h e  s tock  on t h e  

b a s i s  of t e x t u r e  and c rpcqcu t t ing  r e l a t i o n s h i p s .  The rock  is e s s e n t i a l l y  medium 

gra ined  and l e u c o c r a t i c  wi th  euliedral  t o  subhedra l 'phenocrys ts  of nonnal ly  

zoned p l a g i o c l a s e  

of t h e  rock.  Hornblende and b i o t i t e  are t h e  ch ief  mafic  mine ra l sb  

) and p o i k i l i t i c  K-feldspar  raking up t h e  na-jor p a r t  

Quartz d i o r i t e ,  which forms rnuch of the  western and sou theas t e rn  p a r t s  

of the main s t o c k ,  i s  a medium grained whi te  t o  grey massive rock wi th  s p a r s e  

phenocrysts  of p l ag ioc la se .  Fine gra ined  secondary b i o t i t e  has  rep laced  t h e  

hornblende c r y s t a l s  i n  much of t h e  rock. In  p l aces  larze K-feldspar  c r y s t a l s  

have formed, many over 1 cm across .  These mczacrysts  con ta in  re l ic ts  of 
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p lag ioc la se  and mafic minerals .  Sirnilar p o i k i l i t i c  mcgacrysts also occur  i n  

t he  qua r t z  monzonites. 

Dykes and lenses of w h i t e  t o  p i n k  equigranular  alaslcite i n t r u d e  t!ie 

quar t z  monzonite p o r p h y r i e s  and the quar t z  d i o r i t e ,  particularly i n  the contac t  

areas of the  main stock. This  rock c o n s i s t s  essentially of anhedra l  qua r t z  and 

K-feldspar  and cornonly conta ins  disseminated c r y s t a l s  o r  rosettes of nolybdeni te  

and occas iona l ly  c r y s t a l s  of f luo r spa r .  The molybdenite mine ra l i za t ion  of t h i s  

type s i g n i f i c a n t l y  enhances t h e  grade of the  stockwork depos i t .  

I n t r u s i v e  i n t o  a l l  rock types and apparent ly  confined t o  t h e  nor thern  

half of t h e  main s t o c k  are i r r e g u l a r  l enses  and dykcs of r e l a t i v e l y  f ine  gra ined  

qua r t z  monzonite and g ranod io r i t e  porphyry, and i n t r u s i v e  b recc ia s .  These are of 

intermineral  age and commonly contain angular  fragments of b i o t i t e  h o r n f e l s ,  quartz 

monzonite porphyry, qua r t z  d i o r i t e ,  and a l a s k i t e  i n  a fine gra ined  granula ted  

matrix. 

The la tes t  g r a n i t i c  phase is  a post-molybdenite qua r t z  f e l d s p a r  porphyry 

t h a t  t runca te s  t h e  no r theas t  p a r t  of t h e  s t o c k  a t  depth. This  rock type,  observed 

only i n  d r i l l  core ,  apparent ly  te rmina tes  t h e  o r e  grade mine ra l i za t ion  of the  

no r theas t e rn  p a r t  of t h e  o r e  zone. 

Lamprophyre dykes,  vary ing  i n  width from 1 t o  10 m,  cu t  a l l  rocks 

' i n  t h e  main s t o c k ,  bu t  are especially abundant near  t he  e a s t e r n  contac t .  These 

dykes,  which occur  i n  n o r t h e a s t e r l y  t rending  swarms, inc lude  both b i o t i t e  and 

pyroxene v a r i e t i e s  and have sharp c h i l l e d  con tac t s .  

The s i l t s t o n e s  and greywackes i n  t h e  gene ra l  region conta in  c h l o r i t e ,  

ser ic i te ,  minor ep ido te  and a l b i t e  p l ag ioc la se ,  hence are wi th in  the  g reensch i s t  

metamorphic facies. Emplacement of the s tock  was accompanied by con tac t  metasonatism 

of t h e  grcywackes to b i o t i t e  ho rn fe l s .  The ho rn fe l s  conta ins  up t o  30 percent  



. 
b i o t i t e  nea r  t h e  Line Creek s tock.  Outward t h e  b i o t i t e  m t e n t  drops t o  zero a t  the 

' b i o t i t e  l i n e ' ,  500 t o  1,000 m away from the  s tock .  Adjacent t o  the  s t o c k ,  

subsequent hydrothermal a l t e r a t ion  has converted some of t h e  b i o t i t e  t o  sericite,  

Hydrothermal a l t e r a t i o n  is  represented  l a r g e l y  by quar t z ,  o r t h o c l a s e ,  and 

sericite.  These minera ls  form an almost c i r c u l a r  zone of In t ense  a l t e r a t i o n  

centred fn t h e  no r the rn  ha l f  of the Lime Creek stock. WMrin t h e  c e n t r a l  p a r t  of 

the zone, t h e  hydrothemal  a l t e r a t i o n  t rends  toward a complete repl.acement of t h e  

p r e - e x i s t i n g  rock by qua r t z  and o r thoc la se  i n  vary ing  proport ions both as v e i n l e t s  

and as pervasive a l t e r a t i o n .  Any p lag ioc la se  remnants within t h i s  zone are colopletely 

s e r i c i t i z c d .  The secondary o r thoc la se  r i m s  mineral ized quartz  v e i n l e t s  and occurs  

as g r a i n s  (up t o  5 mm) r ep lac ing  p l ag ioc la se  in t he  rock matrix. 

. The central in tense  zone chanzes q u i t e  abruptly to an outer zone of 

less i n t e n s e  a l t e r a t i o n  inc luding  s e r i c i t i z a t i o n  of  p lag ioc lase  p lus  abundant 

qua r t z -o r thoc la se  v e i n l e t s .  The o u t e r  l i m i t  of t h e  quar tz -or thoc lase  v e i n l e t s  

forms a c i r c u l a r  boundary with  diameter  of approximately 1,000 m (F i su re  5) .  

- . (  .Within t h e  s t o c k  t h e  s e r i c i t i z a t i o n  i s  l a r z e l y  confined to  t h e  p l ag ioc la se ;  w i th in  

the b i o t i t e  hornfels i t  is mainly along s m a l l  qua r t z  veinlets and small f r a c t u r e s .  

The abundance of se r ic i te  a l t e r a t i o n  decreases  outward i n  t he  s t o c k ,  and i n  the  

southern  p a r t  of t h e  s tock  only minor sericite and c l a y  a l t e r a t i o n  are apparent .  

A r g i l l i c  and ser ic i te  a l t e r a t i o n  of  p l ag ioc la se  f e ldspa r  i s  r e l a t i v e l y  

i n t e n s e  i n  3nd ad jacent  t o  n o r t h e a s t e r l y  s t r i k i n g  f a u l t s  and shears with in  a l l  

p a r t s  of the a l t e r a t i o n  .zone. 

V i th in  the a l t e r a t i o n  zone t h e r e  is a change i n  t e x t u r e  of t h e  

porphyr ies ,  The matrix is r e c r y s t a l l i z e d  t o  a coarser grain s i z e  and the pheno- 

c r y s t s  arc reduced i n  s i z e  by rep lacenent .  Thus t h e r e  appears t o  b e  a t rend  

toward an cquigranular  rock. This end po in t  i s  never readied and the r e s u l t i n g  

rock has an almost ser ia te  t e x t u r e  of very i r r e g u l a r  c r y s t a l s .  
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Tlic zone of uiolybdcnitc mineralization is  a ring s t r u c t u r e ,  s1 ig .ht ly  

e l l i p t i c a l  i n  o u t l i n e  and elongated eastlwest (Figure 3 ) a  T h i s  r i n g  occurs  i n  

t h c  wi th in  and outward from the in t ense  quar tz -or thoc lasc  a l t e r a t i o n  zone . 
The annular  mineral ized zone conforms roughly t o  the  nor th ,  east, and west 

con tac t s  of the stock, whereas the  southcrn  p a r t  of the zone cuts  across the 

s t o c k  a t  i t s  n idpoin t .  The ring of mineralization has its b e s t  grades ad jacent  

t o  t h e  hornfels con tac t  . Pfolybdenite conten t  decreases  toward t h e  c e n t r e  of t he  

zone SO that a bar ren  core conta ins  only traces of molybdenum. 

Molybdenite mine ra l i za t ion  occurs  along the boundaries of 0 . 3 t o  O m  6 

cm quartz veinlets ,  and i n  h a i r l i n e  f r a c t u r e s .  Disseminated molybdenite i s  found 

only in t h e  a l a s k i t e s .  Quartz v e i n l e t s  are c l o s e l y  spaced and appear randomly 

o r i e n t e d  i n  a stockwork pat te rn ,  but as a generz l  rule the m a j o r i t y  of the veins are 

vert ical  and s t r i k e  no r th -nor theas t .  Recent mapping of the  p i t  by geo log i s t s  of 

b m e z o t t  Co??er: Corporation (Ciles and Livingstone,  1975) and Climax Plolybdenun 

Corporation of B r i t i s h  Colunbia, L i n i t e d  i n d i c a t e s  four  separate but  superimposed 

subs tages  of molybdenite miner-al izat ion followed by a polymeta l l ic  ve in  s t age .  

The f i r s t  subs tage  is r e l a t e d  t o  t h e  a l a s k i t e  dykes and is  represented  by d i s sen ina t io r  

and r o s e t t e s  and by f r a c t u r e  f i l l i n g s  of molybdenite. The second and t h i r d  substages 

are represented  by quartz-orthoclase-pyrite-molybdenite v e i n l e t s  i n  a c l o s e l y  spaced 

stockwork p a t t e r n  i n  t h e  no r the rn  par t s  of  t h e  s tock  and t h e  ad jacent  b i o t i t e  

hornfels. Subsequently,  qua r t z  monzonite b recc ia s  were in t ruded  and these are 

i n  t u r n  cu t  by banded quartz-molybdenite ve ins  up t o  0.3 m th i ck .  

- . 

Iligher grades of molybdenite mine ra l i za t ion  occur i n  areas of i n t e n s e  

f r a c t u r i n g  and f a u l t i n g ,  p a r t i c u l a r l y  i n  the northeast contac t  area of the stock. 

However t h e  i n t e n s i t y  of f r a c t u r i n g  has also provided channelways f o r  t h e  later 

lamprophyrc dyke swarms thus  reducing o v e r a l l  Grade i n  t h i s  area. 
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The final s t q c  of mine ra l i za t ion  is rcprcscntcd by p o l j m c t a l l i c  

qua r t z  v e i n s  up t o  1 m wide. These occur  i n  two conjuzate  f r a c t u r e  sets t h a t  

c u t  t h e  co lybdcn i t c  zone. A nor th-nor thcas t  set i s  gcncra l ly  yrcdoninant  . IlorJcvcr, 

i n  p l a c e s ,  t h e  northwest  se t  is  predominant and i n  places both sets are p resen t .  

The q u a r t z  veins conta in  p y r i t e ,  ga lena ,  s p h a l e r i t e ,  nolybdeni te  , t e t r a h e d r i t e ,  

c h a l c o p y r i t e ,  f l u o r i t e ,  a n k e r i t e ,  dolomite ,  and a v a r i e t y  of l ead  bismuth 

s u l p h o s a l t s  i nc lud ing  t h e  rare minera l  n e y f t c ,  f i r s t  recognized h e r e  and named 

af ter  Charles  Ney (Drummond, e t  a l .  , 1969)  . 
. P y r i t e  occurs  as disseminat ions  along and wi th in  t h e  s tock .  P y r i t e  of 

t h e  f r a c t u r e s  has  been introduced wi th  many subs tages .  It can occur  i n  q u a r t z  

veins,  i n  quartz-molybdenite v e i n s ,  and by i t s e l f .  T o t a l  p y r i t e  conten t  f o r m  a 

annulus o r  h a l o  p a r t l y  overlapping the molybdenite ring (Figure 3 ) .  

Deep d r i l l  holes w i t h i n  t h e  s t o c k  have encountered anhydr i te .  Deeper ho le s  

also i n d i c a t e d  a decrease  i n  hydro therna l  a l t e r a t i o n  at depth ( G i l e s  and 

Liv ings tone ,  1975) . 

A l t e r a t i o n  and Geochemistry a t  Lime Creek - 

The rock samples and specimens used f o r  geochemical and pe t rog raph ic  

studies were c o l l e c t e d  from s u r f a c e  esposures  and from d r i l l  core .  Oxidat ion was 

no t  an i n p o r t a n t  f a c t o r  as most of  t h e  p y r i t e  w 3 s  s t i l l  in t ac t .  Sample spac ing ,  

which w a s  c l o s e s t  i n  t h e  minera l ized  area, depended on a v a i l a b i l i t y  of outcrop  

and of d r i l l  core .  Sample si tes are shown on Figures  4 throuzh 8. 

' 

Analyses were by a v a r i e t y  of methods inc lud ing  c o l o r i m e t r i c ,  

spec t rog raph ic ,  and AXRF techniques.  W.neraloZica1 q u a n t i t i e s  were obta ined  

from semi -quan t i t a t ive  XY-ray d i f f r a c t i o n  estimates (aided by X?S ana lyses)  and 

ad jus t ed  by t h i n - s e c t i o n  studies . 
Stud ies  of t h e  Lime Creek molybdenite depos i t  have shown t h a t  s p e c i f i c  

main s t a g e s  p l u s  some subs tages  can be recognized i n  the  g e o l o g i c a l  sequence of  
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events  . Thc d i s t r i b u t i o n  p a t t e r n s  f o r  the a l t e r a t i o n  minerals and thc ~cochcn icc t l  

elements support  t h i s  gene ra l  thesis. lhny of t h e  d i s t r i b u t i o n  p a t t e r n s  are 

dup l i ca t ed  by one o r  more clemcnts.  Some p a t t e r n s  can be c o r r e l a t e d  w i t h  t h e  

d i s t r i b u t i o n  of t h e  o r i g i n a l  una l te red  rock;  some can be r e l a t e d  t o  the changes 

of contac t  metasomatism a t t endan t  on i n t r u s i o n ;  some can be c o r r e l a t e d  with tile 

main stage of hydrothermal a l t e r a t i o n  and minera l i za t ion ;  and sone can be c o r r e l a t e d  

with late polymetallic quar t z  veins. 

The h o r n f e l s  a t  the  n o r t h  contac t  of t h e  stock i m p a r t s  a d i s c o n t i n u i t y  

t o  many of the d i s t r i b u t i o n  p a t t e r n s .  The i n t e n s i t y  of mine ra l i za t ion  f o r  some 

elements is  lower i n  h o r n f e l s  than in igneous rock. 

Con t a c t  Me tas omat ic S t age 

The formation of t h e  b i o t i t e  hornfels adjacent  t o  t h e  i n t r u s i o n s  of 

the district and t h e  conversion of some of t h e  b i o t i t e  t o  se r ic i te  by subsequent 

hydrothermal a l t e r a t i o n  has  been mentioned. The d i s t r i b u t i o n  of t h e  b i o t i t e  i s  

i l l u s t r a t e d  on Figure 4.* Xost of t h e  p y r r h o t i t e  (Figure 4 )  formed with the  hornfels. 

Other changes are a l s o  apparent  i n  the  mineralogy of t h e  hornfels. 

The a n o r t h i t e  conten t  of t h e  p l ag ioc la se  shows an i n c r e a s e  (over a width of 300 

m) toward t h e  contac t  of t h e  s tock  where it i s  comparable t o  t h e  a n o r t h i t e  

content  of the rocks wi th in  the  stock. The n i c k e l  content  of t h e  stock 3nd i n  the  

surrounding h o r n f e l s  ( f o r  widths up to 300 m) is lower than t h a t  found i n  t h e  

remainder of t h e  h o r n f e l s  zone. The p o r o s i t y  of t he  h o r n f e l s ,  except  for a narrow 

band a t  the i n t r u s i v e  con tac t ,  is sha rp ly  lower than the  po ros i ty  of t he  sedimentary 

rocks ou t s ide  the  b i o t i t e  line . 

Hydrothermal A l t e r a t i o n  

Abundant q u a r t z  + o r t h o c l a s e ,  i n  e r r a t i c a l l y  varying propor t ions  , form 

*Amphibole and pyroxene noted i n  t h r e e  samples are included with the  b i o t i t e  estimates. 



much of tlic c e n t r a l  zone of i n t c n s c  a l t c r a t f o ~ ~ . ; ’ :  

a l te ra t ion  zone, t h e  abundance of quartz + o r t h o c l a s e  drops off rap id ly ;  however 

qua r t z -o r thoc la se  v e i n l e t s  can bc found outwarc? t o  the  1 I n i t s  of I iydrotl icmal 

a l t e r a t i o n  (F izurc  5 ) .  Any p lag ioc la se  r c m a n t s  w i th in  the c e n t r a l  core  of i n t e n s e  

a l t e r a t i o n  are completely s e r i c i t i z e d  (Figure 5 ) .  

O u t s i d e  of t h € s  c e n t r a l  f n t c n s c  

The a l t e r a t i o n  is r e f l e c t e d  by the  d i s t r i b u t i o n  p a t t e r n s  of many of t h e  

rock- forming c fcncn t s .  The potass iun  p a t t e r n  (Figure 3 )  r e f l e c t s  t he  conyosi t ion 

of the  o r i g i n a l  rock p l u s  t h e  o r thoc la se  added dur ing  the  hydrothermal a l t e r a t i o n .  

Barium, which has  a l s o  been added, shows a p a t t e r n  more r e s t r i c t e d  t o  t h e  

a l t e r a t i o n  zone. I ron ,  coba l t  (Figure 6 ) ,  and sodium have been deple ted  and form 

nega t ive  anomalies i n  t h e  zone of i n t e n s e  a l t e r a t i o n .  Arsenic ( F i w r e  6 )  a l s o  shows 

a nega t ive  anomaly over t he  zones of a l t e r a t i o n  and molybdenum mine ra l i za t ion .  

. 

There has been an overall dep le t ion  of elements i n  t h e  a l t e r a t i o n  zone. 

Bulk d e n s i t y  neasurements show a small but  d e f i n i t e  nega t ive  anomaly with a maxinun 

decrease  of dens i ty  amounting t o  about 6 percent  (FiLgure 6 ) .  

>kin  Stage of :! ineralization 

Sulphide mine ra l i za t ion  c l o s e l y  a s soc ia t ed  with the  a l t e r a t i o n  s t a g e  

introduced molybdenum, su lphur  ( p y r i t e )  , and f l u o r i d e  which are d i s t r i b u t e d  i n  

overlapping concen t r i c  --es around t h e  zone of i n t e n s e  a l t e r a t i o n  (Figure 7). 

The copper h3s been deple ted  i n  the  cen t r e  of t h e  a l t e r a t i o n  zone, but  added t o  

t h e  o u t e r  part of t h e  a l t e r a t i o n  zone as a h a l o  elerrlent (Figure 3 ) .  The su lphur  

p a t t e r n  (Figure 7 )  r e f l e c t s  the con t r ibu t ion  by the  p y r i t e  (Figure 8) and by t h e  

p y r r h o t i t e  (Fizure 4 ) .  The p y r i t e  ha lo  p a r t i a l l y  over laps  t h e  negative iron anomaly. 

Pos t -ore  I n t r u s i o n  arid Tungsten Zfineral izat ion 

A pos t -ore  s tock  i n t r u d e s  t h e  no r theas t  p a r t  of t he  molybdenite depos i t .  

This  s t o c k ,  although n e a r l y  devoid of molybdenum, does have t r a c e s  of tungsten.  

*Orthoclase,  q u a r t z ,  o r  e r i c i t c  when p l o t t e d  s e p a r a t e l y  g ive  very e r r a t i c  ?a t t e rnso  



. 



t 

L 

9 

Tungsten mine ra l i za t ion ,  i n  the  €on:i of s c h c c l i t c ,  vas mxor!!pnicd by sone 

p y r r h o t i t e ,  This  relatively late i n t roduc t ion  of pyrrhotbte  accounts  for sone 

of  t h e  e r ra t ic  p y r r h o t i t e  va lues  appearing wi th in  the  stack (Figure 4 ) .  

Tungsten does no t  form a good halo t o  t h e  molybdenite mine ra l i za t ion .  

It occurs  t!iroughout the Lime Creek s t o c k  and the  adjilccat h o r n f e l s  i n  a f a i r l y  

errat ic  pattern (Figure 2). 

Polymcta l l i c  Veins 

The l a t e  po lymeta l l i c  q u a r t z  v e i n s  occur  wi th i a  t h e  area of anomalous 

molybdenum bu t  they are n o t  concen t r i c  t o  t h e  main s t a g e  of hydrotherna l  

a l t e r a t i o n  and mine ra l i za t ion .  The p a t t e r n  f o r  lead (Figure 8 )  r e f l e c t s  t h e  e r ra t ic  

nature of i t s  d i s t r i b u t i o n .  C lose r  sample spacing would probably make the errat ic  

n a t u r e  of t h e  p a t t e r n  even more ev iden t .  P a t t e r n s  f o r  s i l ve r ,  bismuth, g a l l i u n ,  a n t h o n y  

z i n c ,  and cadmium are very  similar t o  t h e  l e a d  p a t t e r n .  

K - k  AGE DCTCJXIC?.ITIONS 

Potassium-argon ages obta ined  from s a m p l e s  co l l ec t cd  i n  t h e  Alice Arm- 

Nass Ziiver area are shown on Figures  1 and 2 .  Analy t i ca l  d a t a  f o r  t hese  and other 

samples are contained i n  a preceding paper  (Chris topher  and Carter) i n  t h i s  volume. 

Most samples were c o l l e c t e d  t o  d a t e  t h e  age of i n t r u s i o n  and mine ra l i za t ion .  

Seve ra l ,  however, were c o l l e c t e d  t o  d a t e  o t h e r  geo loz ic  u n i t s  and t o  assess t h e i r  

r e l a t i o n s h i p  t o  t h e  molybdenum d e p o s i t s .  These inc lude  svnples c o l l e c t e d  from t h e  

-Coast P l u t o n i c  Complex and from t h e  b a s a l t  o u t l i e r s  south of Alice Arm,  With tlie 

except ion  of whole rock simples of b i o t i t e  hornfels and b a s a l t ,  a l l  analyses  were 

c a r r i e d  o u t  on b i o t i t e  s e p a r a t e s .  

Samplcs f o r  d a t i n g  were c o l l e c t e d  from molybdenuq-bearins qua r t z  

monzonite porphyr ies  and r e l a t e d  i n t r u s i v e  phases a t  sfx of tlie d e p o s i t s .  
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Potassiun-argon r e s u l t s  f r o n  t h e  main mineral ized phase a t  t h e s e  d e p o s i t s  f a l l  

w i t h i n  the range of 52.053 rn y t o  5 3 . 3 2 3  m y (Figures  1 and 2). Quartz d i o r i t e  

border  phases at  B r i t i s h  Columbia Molybdenum and Bell Nolybdenum are 51.4+_1.5 m y 

and 51.7t2.2 rn y r e s p e c t i v e l y ,  both w i t h i n  t h e  l i m i t s  of a n a l y t i c a l  error for the 

main q u a r t s  monzonite phsse .  

L a t e  i n t r u s i v e  phases ,  which e x h i b i t  d e f i n i t 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  

wi th  t h e  f i r s t  phase,  were sampled at  B r i t i s h  Columbia Nolybdenum. A dyke of 

i n t r u s i v e  b r e c c i a  nea r  t h e  nor thern  con tac t  of t h e  s tock  has  an age of 53.6k1.7 m y, 

almost i d e n t i c a l  t o  t h e  age obta ined  from t h e  geo log ica l ly  o l d e r  q u a r t z  monzonite 

porphyry phase (53.223 m y ) .  An age of 4 3 . 3 5 6  m y was obta ined  f o r  a sample 

of a la ter ,  n e a r l y  post-molybdenite phase of qua r t z  monzonite occur r ing  a t  a depth 

of 300 m be low the  exposed northeast p a r t  of t h e  stock. This age de termina t ion  

co r robora t e s  t h e  geo log ica l  evidence t h a t  t h i s  is  a younger porphyry 2hase which 

pos t -da t e s  t h e  main per iod  of molybdenite mine ra l i za t ion  and provides  an upper l i m i t  

f o r  the azc of no lybdeni te  mine ra l i za t ion .  A similar post-mineral  porphyry dyke t h a t  

c u t s  the quar t z  monzonite porphyry host rock at one of  thc . :hss  R i v e r d c p o s i t s .  
, 

(Figure 2) y i e l d s  a potassium-argon age of 49.o-t-2 m y. 

A whole rock s a m p l e  of b i o t i t e  hornfels f ron  o u t s i d e  the minera l ized  

zone a t  B e l l  Xolybdenu? TTS dated at  43.7+_1.5 m y. Although such a sample  

should r e f l e c t  t he  aZc of i n t r u s i o n ,  t h e  somewhat younger age could be  expla ined  

by p a r t i a l  argon loss i nhe ren t  i n  a whole rock sample. 

Two molybdcnurn d e p o s i t s  re turned  sonewhat anomalous ages. The 4 3 . 3 i 1 . 9  

m y age determined f o r  t h e  Xolly ?Tack occurrence south  of Anyox (Figure 1)  n i g h t  b e  

expla ined  by p a r t i a l  r e s e t t i n g  of a s l i g h t l y  o l d e r  azc by the  emplacement of t h e  

ad jacen t  Coast P l u t o n i c  Complex g r a n i t i c  rocl:s. The 36.1-Ll . G  m y 3 g e  f o r  t h e  

Penny Creel; occurrcncc southwcst of Alice Arm (Figure 1) poss ib ly  could b e  clue t o  

a complete r e s e t t i n g  of t h e  o r i z i n a l  age by a younger lamprophyre dyke al though 



. 
none was seen ilurinz f i c l d  c x m i n a t i o n .  Ilowcvcr, i t  slioulc! be noted t h a t  sicilar 

Oligocene ages for g r m i t i c  rocks have bcen repor ted  i n  t h e  Pr ince  William Sound 

area of southern  Alaska by Lanphere  (1366) and on Vancouvcr I s l and  by Carson ( 3 9 6 9 )  

Potassiun-argon r e s u l t s  obtained from previous a i d  contemporary s t u d i e s  

i n  t h e  Al i ce  Arm area are in good agreenent with those  r epor t ed  here .  

IJoodcock, e t  al. (1966) repor ted  a potassium-argon age of 53.3 m y f o r  

a sample c o l l e c t e d  nea r  t he  south  con tac t  of t h e  B r i t i s h  Columbia Eiolybdenurn 

s tock .  L a t e r  work on t h e  same depos i t  i n  1971 by D. L. G i l e s ,  formerly of t h e  

Geological  Research and Laboratory Div is ion  of Kennecott Copper Corporat ion 

( G i l e s  and Liv ings tone ,  1975), i nd ica t ed  an age of 53.7 m y f o r  secondary b i o t i t e  

from the a l a s k i t e  phase. 

Giles and Livingstone (1975) also repor ted  an age  of 63.2 m y for a 

b i o t i t e  from f resh  in t rus ive  rock i n  a d r i l l  ho le  a t  a depth  of 730 m below 

! the open p i t .  T h i s  age is i n t e r p r e t e d  t o  r ep resen t  the age of i n t r u s i o n  of the 

main g ranod io r i t e  t o  qua r t z  monzonite phase. This r e s u l t  is a t  var iance  with the  

i n t e r p r e t a t i o n  of r e s u l t s  descr ibed  h e r e ,  where b i o t i t e  h o r n f e l s  samples which 

could be expected t o  r e f l e c t  t h e  age of i n i t i a l  i n t r u s i o n ,  re turned  ages i n  the  

50 m y range. Giles' sample could have r e tu rned  an anomalous age due t o  

accumulation of excess  -v:on. 

I 

Potassiun-argcn ages f o r  four  samples c o i i e c t c d  from g r a n i t i c  rocks of 

t h e  Coast P l u t o n i c  Complex between Alice A r m  and Lava Lake (Figure 1) range from 

48.Sfl.5 t o  50.722.1 m y. These are i n  agreement with ages obtained by the  

Geological  Survey of Canada i n  the  sane area and are somewhat younger than the  

m e a n  age of  53 m y determined f o r  t he  molybdenum-bearing porphyry s tocks .  

Although wi th in  the limits of a n a l y t i c a l  e r r o r ,  thcse c o n s i s t e n t l y  younger ages 

found along the e a s t c r n  margin of  t h e  Coast P lu ton ic  Complex over a r e l a t i v e l y  

l a r g e  geographic area (Figure 1)  sugzes t  t h a t  the  moiybdenum-bearing s tocks  were 
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i n t ruded  a measurable amount of t i n e  p r i o r  t o  tlic emplacement of the Coast g r a n i t i c  

p lu tons  . 
P r i o r  t o  potasssiun-argon work, t h e  f l a t - l y i n g  b a s a l t s  south  of Alice 

A r m  were regarded as being of Ear ly  t o  ?fiddle T e r t i a r y  aze. A sample  c o l l e c t e d  

from n o r t h  o f  t h e  Bell Nolybdenum s t o c k  has an age of O.G?_+O.G m y 6  which i s  an 

averase  of t h r e e  de te rmina t ions .  A similar, sample from a b a s a l t  remnant east of 

Lime Creek has  an age of 1 . 6 9 . 3  n y. This  apparent  d i s p a r i t y  i n  age can be 

a t t r i b u t e d  t o  a lower level of accuracy i n  t h e  conventional potassium-argon 

method i n  t h i s  geo log ica l ly  young age range. 

SXJTHESIS 

I folybdeni te  d e p o s i t s  i n  the  Alice A r m  area are g e n e t i c a l l y  r e l a t e d  t o  

small i n t r u s i o n s  of quartz monzonite composition. 

These i n t r u s i o n s ,  known c o l l e c t i v e l y  as t h e  Alice Arm i n t r u s i o n s ,  are 

c l u s t e r e d  n e a r  t h e  east f l a n k  of t h e  Coast P l u t o n i c  Complex, a l though potass iun-  

argon ages sugges t  t h a t  t h e  stoclcs.t.rere emplaced a few n i l l i o n  years p r i o r  t o  the 

i n t r u s i o n  of t h e  Coast P l u t o n i c  Complex. 
- 

The Alice Arm i n t r u s i o n s  were probably loca l i zed  by deep-seated f a u l t s  and 

f r a c t u r e  s y s t e m  (Seraphf-. and I I o l l i s t e r ,  t h i s  volume) . Supporting this concept are 

i n i t i a l  s t ron t ium i s o t o p e  ratios (Giles and Liv ings tone ,  1975) which i n d i c a t e  t h a t  

t h e  igneous rocks and mine ra l i za t ion  were derived from mantle material wi th  only 

minor c r u s t a l  contamination. 

The d i s t r i b u t i o n  of Quaternary and Recent basalts south  of Alice A r m  

and ??ass River sugges ts  t h a t  they may have been l o c a l i z e d  by t h e  sane rezenera tcd  
' 

f a u l t  and f r a c t u r e  systems. The inc idence  of young volcanic  a c t i v i t y  nearby 

molybdenite d e p o s i t s  i s  no t  unconmon i n  the  Canadian Cord i l l e r a .  
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The age of riolylxlcnitc! mincra l izo t  ion  is v i r t m l l y  congruent w l t h  tlie 

age of i n t r u s i o n  as determined by r ad ioRe t r i c  (It-hr) nethods . The minera l iz ing  

intrusive phase are the tzlaskites, a f e a t u r e  p a r t i c u l a r l y  ev iden t  a t  thc  Line 

Cree?: and Roundy Creek depos i t s .  In t ense  f r a c t u r i n g  a t t endan t  with i n t r u s i o n  

of the stoc?rs h a s  r e s u l t e d  i n  most of the  econonic and sub-economic molybdenite 

mine ra l i za t ion  occurr ing  i n  the  contac t  areas of the  s tocks .  

Pludi of t h e  i n f o m a t i o n  contained i n  t h i s  paper was obtained while 

one of us (I?. C. Carter) was ca r ry ing  out f ie ldwork i n  t h e  reg ion  f o r  t he  

3ritish Coluzhia 3 c p r t m e n t  of ?lines and Petroleum Resources frorn 1964 t o  1970. 

Pe t rog raph ic  and gcoclienical s t u d i e s  of the L i n e  Creel: molybdenite d e p o s i t  

were made in 19G2 and 1963 by J. R. !Joodcock f o r  t he  Geological Research Div is ion  

of Iknnecot t  Copper Corporation. T h i s  writer wishes t o  acknowledge h i s  apprec i a t ion  

of Kennecott Copper Corporation and of Climax Piolybdenun Corporation of Z r i t i s h  

Columbia, Limited,  who subsequent ly  purchased t h e  ? ropc r ty ,  for t h e i r  permission 

t o  pu51ish the d a t a .  

Both writers  are indebted t o  companies and i nd iv idua l s  who worked on 

a nuiiber of the d e p o s i t s ,  inc luding  R. F. Sheldon and T. Ta lce ta  of ;?ewmont ?lining 

Corporation of B r i t i s h  Columbia, L i n i t e d ,  t he  l a te  J. A. Gower and C. S .  :ley of 

Kennco Explora t ions ,  (Vcstern) Limited,  A. P. Fawlcy, formerly consu l t an t  f o r  

S i l e u r i a n  Ch ie f t a in  ?lining Company Limited,  and W. R. 3acon and E. R. IJozniak, 

formerly of Bell Holybdenum ?Xnes Limited. 

Research and Laboratory Division, Gennccott Copper  Corporation, provided 

assistance t o  X. C. Carter in 1970. 

D. L. Giles, formerly of t h e  G e o l o g i c d  
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