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AESTRACT 

A number of 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  as t h e  

Al ice  A m  i n t r u s i o n s ,  are enplaced in sedimentary rocks  marginal t o  t h e  c a s t  

con tac t  o f  t h e  Coast P l u t o n i c  Conplex between Stewart  and Ter race .  Seve ra l  

d e p o s i t s  a r c  known i n  t h e  v i c i n i t y  of Al i ce  Arm, of which t h e  most important  

is Lime Creek. 

The Al i ce  Arm i n t r u s i o n s  occur  a s  s~all s t o c k s  of quar tz .nonzoni te  

porphyry, most of which e x h i b i t  t h e  f e a t u r e s  of n u l t i p l e  i n t r u s i o n .  All p lu tons  

a r e  c u t  by l m p r o p h y r e  dy!ccs of p o s t - n i n c r a l  age. Sedimentary rocks ad jacen t  to 

I s t o c k  c o n t a c t s  are thermal ly  netanorphosed t o  b i o t i t e  h o r n f e l s .  

Seve ra l  s t a g e s  of molybdenite m i n e r a l i z a t i o n  are containcd i n  qua r t z  

v e i n l e t  stockworks b e s t  developed nea r  s t o c k  con tac t s .  La te  s t a z e  p o l y n e t a l l i c  

veins are known a t  most d e p o s i t s .  

Geochenical i n v e s t i g a t i o n s  of t h e  Lime Creek d e p o s i t  show t h a t  

d i s t r i b u t i o n  p a t t e r n s  f o r  a l t e r a t i o n  minera ls  and geochcnfcal  elements dcFine 

t h e  main geo log ica l  even t s  inasmuch a s  some elements  c o r r e l a t e  w i t h  o r i g i n a l  

u n a l t e r e d  rock whi le  o t h e r s  are r e l a t e d  t o  con tac t  metasomatism or  s t a g e s  of 

h;rdrotherml a l t e r s t  i on  2nd n i n e r a l k z t i c z .  
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K-Ar ages i n d i c a t e  t h a t  t h e  age of i n t r u s i o n  aid minera l i za t ion  

. . .  

. . . .  

. . . . . .  . .  

arc nearly synchronous at  about 53 m y. 

. .  
1 

ETRODUCTIO!*! '. 

A number of porphyry molybdenum d e p o s i t s  and prospec t s  occur ?lonS 

the castern margin of . the Coast P l u t o n i c  Complex bctwcen S t e ~ r a x t  and Terrace 

1. t 

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

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 an i n l e t  of t h e  same 

nme  160 I m  n o r t h  of P r ince  Rupert. To d a t e ,  t h e  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  former producing mine, B r i t i s h  Colurbia llolybdenum, 

s i t u a t e d  on Line Creek G.5 Icm sou th  of Alice Arn (Figure 1). 

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

gene ra l  g e o l o g i c a l  s e t t i n g  of t h e  qolybdenun d e p o s i t s  w h i l e  t h e  second p a r t  i s  

. devoted 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  the 
... . . . .  . . .  . . .  . . . . . . . . . . . .  . . . . .  . . .  . .  .... .. . . . . . .  . . .  . . .  . . .  . . . .  . . :- . . . . . . . . .  . .  . .  

. .  . .  . .  ' .  
. .  . .  

8 e .  . .  - : - .  -. ., . .  .'. . .  . .. --.geolo$L 'and geochemistry''.o'f..' t h e  Line Creek depos i t  . 
-- .- . 

, 

i.IISTOXY 

' 

t .  

EIolybdenite mine ra l i za t ion  i n  t h e  Alice .Arm area was first recognized 

. *  dur ing  c a r l y  prospcc t ing  f o r  s i l v e r - b e a r i n g  veins. P a r t  of t h e  Lime Creel: 

d e p o s i t  vas f i r s t  s t aked  i n  j 9 1 1  by I L  XcLcan bu t  t h e  main f e a t u r e  of i n t e r e s t  

a t  that t i m e  was a narroiq s i l v e r - l e a d - z i n c  v e i n  la ter  determined t o  be p e r i p h e r a l  

. '  . .  

-, 

. .  
' t o  t h e  moiybdenite depos i t .  

The.  first molybdenite .production i n  t h e  area was from t h e  Tidewater . . . .  . .  

d e p o s i t  in 1316 (Figurn, I )  vlicre 345 t o m e s  avcrsging 7 .G9 pexccnt oo lybdcc i t c  vas 

mined from qua r t z  ve ins  i n  sedimentary rocks J u s t  south  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 d e p o s i t s  took p l a c e  i n  t h e  la te  

. 1950’s when Kcnnco 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  Ltme Creek from Gunn Fiva  of Alice Arm. Diamond d r i l l i n g  w a s  c a r r i e d  o u t  from 

1959 t o  1963 when B r i t i s h  Columbia Nolybdenum Limited , a wholly owned s u b s i d i a r y ,  

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

la te  1964. Pfining 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  w e a k  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  in the o r d e r  of 36 m i l l i o n  

tonnes of s l i g h t l y  less t han  0.20 pe rcen t  molybdenite. 

C l i m a x  Nolybdenum Corporation of Bri t ish Columbia, Limited acqui red  

. t h e  p rope r ty  i n  1973 and has  been conducting geo log ica l  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  t h e  area f o r  s i m i l a r  d e p o s i t s  dur ing  t h e  1960’s 

r e s u l t e d  i n  t h e  d iscovery  o f  several good prospec ts  i nc lud ing  t h e  A j a x ,  Bell  

.Ffolybdenum,.’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  p rospec t s  such as t h e  THN, Hoan Creek, and those  south  of 

the Nass River (Figure 1 ) .  

. . . .  
. .  . . .* 

, 
GEOLOGICAL SETTING 

Molybdenum-bearing g r a n i t i c  s tocks  , r e f e r r e d  t o  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  (Carter, 1974),  occur  nea r  t h e  western edge of t h e  Dowser 

successo r  b a s i n  and marginal  t o  t h e  Coast P l u t o n i c  Complex (Figure 1) .  The Alice * 

A r m  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  n o t  exceeding 0.8 

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

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

gene ra l ly  i n t r u d e  

t h e  Coast P lu ton ic  Complc:~. While molybdenum-baaring s tocks  

Dowser a s s e m b l a g e ' s i l t s t o n e s ,  greywackes, and s h a l e s  of L a t e  

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

t h e s e  are Molly Nack and Penny Creek prospec ts .  

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

i s  well documented. I n  t h r ' A l i c e  A r m  area, sedimentary rocks have been arched 

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

i s  seen  and t h e  e longa te  n a t u r e  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  

n e a 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 .  I n  t h e  Nass River area, small s t o c k s  occur  south  and w e s t  of t h e  Recent , 

. .  
l a v a  flow. 

Many of t h e  s t o c k s  apparent ly  have been l o c a l i z e d  a t  o r  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 t h e  s tocks  ( B e l l  Molybdenum, Roundy.Creek, Kay) i n  t h e  

Alice 'Arm t o  Nass 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 e p r e s e n t  some 'cont ro l  by f a u l t s  o r  by t h e  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 h e  s t o c k s  is ev iden t  i n  t h e  

. - .  . .  . .  
* 

c l u s t e r  sou th  of  Alice A m  and sou th  of t h e  ?lass River (Figure 1) .  Some s t o c k  

c o n t a c 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 csample of this is seen  a t  t h e  A j a x  molybdenum d e p o s i t  n o r t h e a s t  

of Alice Arm (Figure 2) .  ' 

CONPARATIVE GEOLOGY OF TIE NOLYIJDENUT-1 DEPOSITS 

Molybdenum d e p o s i t s  arc as soc ia t ed  wi th  t h e  Alice Arm i n t r u s i o n s ,  which 

u s u a l l y  occur as small ova l  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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t hose  a t  Roundy Creek and Tidcvatcr  near Alice A m ,  arc s h e e t  o r  s. i l l- l i l :e 

. in '  form and are r e l a t e d  t o  small f eede r  p i p s .  I n t r u s i o n s  at Alder Creek, nea r  

Lava .Lakc?. (Figure 1) and IIolybdcnum Creek, no r th  of Terrace, arc n o r t h c s t - s t r i k i n g  

dyke swarms i n t r u d i n g  sedimentary rocks . Najor geologic  Ecatures  of f o u r  d e p o s i t s  

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

Quartz monzonite porphyry is t h e  .prevalent hos*t rock a t  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 inc lude ,  i n  

decreas ing  o r d e r  of abundance, euhedra l  p l ag ioc la se ,  K-feldspar,  and both 

euhedra l  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  b i o t i t e  and hornblende as primary nafic minerals .  Leucocra t ic  

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

are prominent a t  most of t h e  d e p o s i t s  and a t  sone they c o n s t i t u t e  t h e  bulk  of 

. 
I .  

. .  
t h e  i n t r u s i v e  rocks.  ?luscovite i s  t h e  mica mineral of t h i s  phase. 

Some i n t r u s i o n s  are zoned, a o s t  notably  t h e  i n t r u s i o n  that: is  host t o  

. f  . t h e  Lirne Creek depos i t .  Here, a core  of q u a r t z  monzonite porphyry is. bordered by 
. .  . .  . .  . - . . . . . .  

. . .  .',-.A . . . . . .  . . . . . . . . . . . . . .  - -  ;, . ~~mor . e~ .bas i c - :g rpno~ i .o r i t e ,  . . . . . . . . .  . . . . .  and. q u a r t z .  d i o r i t e  . . . . . . .  j :which may .be'jin p a r t  o l d e r  than t h e  . . . . . .  . . . . .  . . . . .  . .  . .  . .  . .  * .. . .  a .  . . . ,  
e .  

* : . 
quartz monzonite pliase. 

Most molybdenum-bearing stocks exh ib i t  several s t a g e s  of i n t r u s i o n .  

T h c . f i r s t  stagc foms t h e  b u l k - o f  the s t o c k  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 qua r t z  d i o r i t e  such as Lime Creek. 
. .  . e .  e . .  

. .  
. This  main phose may be  i n t r u d e d '  by f ine-;rained, 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 c n t i a l l y  o f  .quar tz  IC-feldspar , and mymekite .  A lask i t e s  , which are 
. .  '.- ? *  

*. very  cornon. at'..tlie Line .Creek .and Roundy 'Creel; p r o p e r t i e s  (Figure 2) , occur. as 

dykcs and f r r c g u l a r  ciasses and arc h o s t  t o  b e t t e r  grades of disscrninatcd and 

lens-'1il:e no lybdcni tc  'mizera l iza t ion  . . 
. . . .  . . .  . . . . .  . .  . .  

*. . - .  * .  . :. . .  

Other in t e r -mine ra 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  b r e c c i a ,  b e s t  developed along the nor t l icm s t o c k  contac t  at t h c  Lime 
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Creek d e p o s i t  (Figure 2).  Angular fragments 1 to  2 cm i n  s i z e ,  of both 

* i n t r u s i v e  a d  count ry  rock ,  are contained i n  a granula ted  matrix of q u a r t z ,  

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

Seve ra 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  t h e  

'.. intrusive-mineralization,sequence. These a l s o  are q u a r t z  monzonite i n  composition. 

.Examples i n c l u d e  an unexposed plug a t  Lime Greek,  t h e  southwest  p o r t i o n  of t h e  

B e l l  Nolybdenum s t o c k  (Figure 2 ) ,  and pos t -minera l  dykes at some of t h e  Nass River 

d e p o s i t s  (F igure  1) . 
Post -minera l  lamprophyric and b a s a l t  dykes c u t  v i r t u a l l y  a l l  of t h e  

molybdenun-bearing s t o c k s  . 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 . r o c k s  and s t r u c t u r e s ,  inc luding  minera l ized  f r a c t u r e s .  

. Northwester ly  s t r i k i n g  f a u l t s  t h a t  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 jacen t  t o  t h e  Alice Arm i n t r u s i o n s  have been 

. .  
I .  

. -  . .  
. . -... * ' i I  *.therm&y 'metamorphosed', t o  : b i o t i t e - h o r n f e l s  . i n  an' aureo le  which may extend . . .  . .  . . .  

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

brown, indurated, f i n e  grained rock with a granoblastic texture that consists 

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  

and a n d a l u s i t e  are developed i n  t h e  h o r n f e l s  ad jacen t  t o  i n t r u s i v e  c o n t a c t s .  
. e - .  a .  . . *  

A l t e r a t i o n  p a t t e r n s  w i t h i n  and m a r g i n a l . t o  t h e  nolybdenum-bearins 

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

" '  . 
* zone of p o t a s s i c  ' a l t e r a t i o n  is p a r t i a l l y  co inc iden t  wi th  molybdenite mine ra l i za 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 in a c i r c u l a r  zone i n  t h e  

n o r t h e r n  p a r t  of  t h e  s t o c k  (Figure 2). Rock w i t h i n  t h i s  core  of i n t e n s e  a l t e r a t i o n  
. .  . .  

is l aced  wi th  ba r ren  q u a r t z  v e i n l e t s  rimned by secondary K-feldspar ,  such t h a t  t h e  
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o r i g i n a l  . .  q u a r t z  monzonite porphyry has  been converted t o  a rock  c o n s i s t i n g  

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

an annu la r  zone of molybdenite m i n e r a l i z a t i o n  where secondary 1:-feldspar i s  

r e s t r i c t e d  t o  t h e  margins of quartz-molybdenite veinlets. Other  d e p o s i t s  a l s o  

f e a t u r e  secondary K-fcldspar. .but n o t  t o  t h e  same degree as a t  Lime Creek. 

Secondary b i o t i t e ,  an a l t e r a t i o n  of primary hornblende,  i s  p resen t  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  t h e  q u a 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 .  

A t  Roundy Creek, t h e  p o t a s s i c  a l t e r a t i o n  zone con ta ins  quartz-muscovi te  v e i n s .  

The p o t a s s i c  zone a t  most d e p o s i t s  i s  g r a d a t i o n a l  outward t o  a p h y l l i c  
. .  

(quartz-sericitc-pyrite) zone. Where co inc ident  w i th  t h e  margins of t h e  p lu tons  

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

. r ep resen ted  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  g reen  co lour  margina l  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 i s  due to t h e  

. . . . .  ' .development . . . . . .  of very f ine -g ra ined  q u a r t z ,  sericite,  and some ep ido te .  This  type  of . . . . . .  . .  . . . . . . . . . . .  . . .  . . _. . . . .  . . . .  . . . .  . ' .  * . . . .  . . . . . . . . . . . . .  . . . . . . . .  . . . . . . .  . . . .  . . . . .  . . . . . . . . . . . . . . . .  * .  _ . .  
. .  e .  . . . . . . . . . .  

* . I '  .. . .  I '  ! . .  . '. r . . .  - .  ., . .  . ' - 5 . '  . 
. . *- . a l ' t e r a t i o n  may be.. weakly .developed;% at  kany of  t h e  " d e p o s i t s ,  o r  ' s o  ' 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  h a s  been 1 a r g e l y . t r a n s f o r n e d  t o  a bu f f  or l i g h t  

a 

-. . .  

- 

. . .  . . .  . . . . .  . .  

green-coloured rock  w i t h i n  a zone s e v e r a l  t e n s  of metres outward from t h e  s t o c k  

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

in . t j i i s  a l t e r a t i o n ; z o n e ,  occu r r ing  both  . i n  q u a r t z  v e i n l e t s  and as d isseminat ions .  

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

'which invo lves  f o r n a t i o n  of p y r i t e  and p y r r h o t i t e  in t h e  h o r n f e l s .  
. . . .  . . .  . .  

Eettcr grades of molybdenite m i n e r a l i z a t i o n  i n  t h e  Alice Arm i n t r u s i o n s  

arc..dependcnt on .structural.and.lithologic c o n t r o l s .  F rac tu r ing  and a t t e n d a n t  . 

quartz-molybdeni te  ve in ing  are b e s t  developed neor  s t o c k  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 may con ta in  disseminated t o  n e a r l y  massive molybdenite. The 

ore zone at Lime Creek is  annu la r  o r  ring=siiaped i n  p l an ,  occurring in :he 



c, c 
46-3  

n o r t h e r n  h a l f  of t h e  s t o c k  (Figure 2) wi th  molybdenite occur r ing  as se lvages  i n  

a network of e a s t - n o r t h e a s t  and westrnorthwcst  q u a r t z  v e i n l e t s .  A similar . s t y l e  

of m i n e r a l i z a t i o n  occurs  a t  most of t h e  o t h e r  d e p o s i t s .  

Disseminated molybdenite i s  contained in 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 d e p o s i t  .. A t  Roundy. Creek, t h e  a l a s k i t e  c o n t a i n s  n e a r l y  massive 

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

of  f e a t h e r - l i k e  in t e rg rowths  wi th  t h e  f e ldspa r .  Disseminated r o s e t t e s  of 

molybdenite occur  i n  l e u c o c r a t i c  q u a r t z - f e l d s p a r  porphyry phases  a t  t h e  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-molybdeni te ,  

p y r i t e ,  and q u a r t z - p y r i t e  ve in ing .  V i r t u a l l y  a l l  of t h e  Alice A m  molybdenite 

d e p o s i t s  f e a t u r e  l a t e - s t a g e  p o l y m e t a l l i c  quar tz -carbonate  v e i n s  which con ta in  

p y r i t e ,  ga lena ,  s p h a l e r i t e ,  t e t r a h e d r i t e ,  c h a l c o p y r i t e ,  minor molybdenite, and 

a t  Lime Creek, f o u r  s i l ve r - l ead -b i smuth  s u l p h o s a l t s .  . 
P y r i t e  h a l o s  may extend outward from t h e  molybdenite zone f o r  150 ~il 

.. . . .  
t o  300 m. Where exposed,' t h e  p y r i t e  zone is &thered t o ' a .  prominent i o s s a n ,  

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

' * ' ' .  
- --- 

Two molybdenite d e p o s i t s  are known to occur  w i t h i n  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 t h e  E o l l y  Mack p rospec t  near Anyox and 

t h e  Penny Creek showing sou th  o f  Alice Arm (F igure  

coarse-gra ined  molybdenite is abundant ly  disseminated i n  a small zone of b i o t i t e  

g r a n i t e  Contained w i t h i n  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 molybdeni te  i n  a b i o t i t e  

1) At t h e  Molly llack p rope r ty ,  

. .  

q u a r t z  monzonite, a l a t e  phase of t h e  Coast P l u t o n i c  Complex. 1 

Numerous showings of molybdenite occur  nea r  t h e  e a s t e r n  margin of t h e  
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Er i e f  d e s c r i p t i o n s  of f o u r  porphyry molybdenum d e p o s i t s  i n  t h e  fnmediate 

Alice A m  area a r c ' c o n t a i n e d  i n a t h i s  s ec t ion .  The Lime Creek depos i t  i s  d iscussed  

i n  more d e t a i l ,  w i th  p a r t i c u l a r  r e fe rence  t o  rock geochemistry, 

. . .  
* .  

Tidewater 
* .  

The Tidewater depos i t  i s  s i t u a t e d  1.6 km nor th  and 6.4 la w e s t  of t h e  

head of  Mice A r m  I n l e t  (Figure 1)  (La t .  55' 28j Long. 129' 3 Z i 1  NTS 103P/5E1 E l .  450 m) I 

Limited underground mining between 1916 and 1931 r e s u l t e d  i n  t h e  recovery of 5,920 kg 

of molybdenite from n o r t h e a s t e r l y  s t r i k i n g  qua r t z  v e i n s  i n  sedimentary rocks  some 

274 m sou th  of a small (610 by 460 m) s t o c k  of qua r t z  monzonite porphyry. 

) 

* .  

. Explora t ion  work i n  t h e  1960's included 550 m of underground diamond 
. .  

d r i l l i n g  and 290 m of d r i l l i n g  i n  t h e  qua r t z  monzonite porphyry s tock .  The 

l a t te r  work i n d i c a t e d  sporad ic  nolybclenite mine ra l i za t ion  nea r  t h e  south  con tac t  

of t h e  s t o c k  i n  1 c m  wide qua r t z  v e i n l e t s t h a t  occur  i n  both hornfe lsed  sedimentary 
. .  . . . . .  

. . . . .  :.. '. 'L . rocks. ..and: quar tz .  .monzon%te:':porphyry . . . . . . . . . .  ... : . . . . . .  
. . . . . . . . . . . . . . .  

. .  . .  . .  

. . . .  

. . '  . . -  
. .  ' .  . .  . .  

. .  . .  . .  

Bell liolybdenum 

' The Bell  Nolybdenum prope r ty  i s  s i t u a t e d  10 kn sou theas t  of Alice Arm 
, 

(Figure 1) (Lat. 55' 27; Long. 1290 20) NTS 103P/6WIE1. 670 m ) ,  Discovered in 
J 

. .  . .  
1965 by Mastodon ZIighland Bell Mines Limited,  t h e  .p roper ty  was t e s t e d  by 5,465 m 

of diamond d r i l l i n g  i n  1966 and 1967, which i n d i c a t e d  32.2 m i l l i o n  tonnes having 
' 

. . .  'an average grade of 0.11 percent  molybdenite. 

Molybdenite mine ra l i za t ion  i s  as soc ia t ed  wi th  an e l l i p t i c a l  s t o c k  o f  
0 .  

q u a r t z  monzonite porphyry, e longa te  in an e a s t - n o r t h e a s t  d i r e c t i o n  and measuring 

670 by 335 m, The s t o c k  i n t r u d e s  a sequence of dark  grey t o  b lack  s i l t s t o n e s  

and greywackes which .are thermally metamorphosed to b i o t i t e  ho rn fe l s  a d i s t a n c e  

of 365 t o  [+GO in outward from t h e  s t o c k  contac t .  
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Tungsten mine ra l i za t ion ,  in tlic f o r a  of s c h e e l i t e ,  'vtas acconpanicd by sornc 

p y r r h o t i t c .  This r e l a t i v e l y  l a t e  in t roduc t ion  of pyr r l io t t te  accounts  for S O ~ C  

of t h e  errat ic  p y r r h o t i t e  va lues  appearinz wi th in  tlic s tock (Figure 4 )  . 
Tungsten docs no t  form a good h a l o  t o  t h e  molybdenite mine ra l i za t ion .  

It occurs  throughout the  .Lime Creek s t o c k  and the  adjacent  ho rn fe l s  i n  a f a i r l y  . 

er ra t ic  pat tern (Figure 3) .  

. .  

. .  

Polymcta l l i c  Veins 

The late po lymcta 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 

molybdenm b u t  they are n o t  concen t r i c  to t h e  main stage of hydrothermal 

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  l ead  (Figure S )  reflects t h e  e r ra t ic  

n a t u r e  of i t s  d i s t r i b u t i o n .  Closer  sample spacing would probably make t h e  e r ra t ic  

n a t u r e  o f  t h e  p a t t e r n  even more ev ident .  P a t t e r n s  for s i l v e r ,  bismuth, g a l l i u n ,  antimony 

z i n c ,  and cadmium are very  similar to t h e  l e a d  pa t t e rn .  

* " . .  . K-M. AGE 'DCTEP2*II2J.!lTIOXS . . . . . . .* 

Potassium-argon ages obtained f r o n  samples co l l cc t cd  i n  t h e  Alice Arn- 

Nass Xver area are shown on Figures  1 and 2. Analytical d a t a  f o r  these and other 

samples are con ta ined .  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  the 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  geologic  units and t o  assess t h e i r  

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

-Coast P l u t o n i c  Complex and f r o n  the b a s a l t  o u t l i e r s  south of Alice Arm. IJi th tlie 

except ion  of whole rock  samples of b i o t i t e  h o r n f e l s  and b a s a l t ,  a l l  ana lyscs  were 

c a r r i e d  o u t  on b i o t i t e  s epa ra t e s .  
1 

Samples €or  d a t i n g  were co l l ec t ed  from molybdcnuq-bearing qua r t z  

nonzoni te  porphyr ies  and r e l a t e d  i n t r u s i v e  phases a t  six of t h e  depos i t s .  



Potnssiun-argon r e s u l t s  from t h e  main minernl izcd phase a t  t h e s e  d e p o s i t s  fall 

w i t h i n  t h e  range of 52.0&3 m y t o  53.323 m y (Figures .  1 and '2 ) .  Quar t z  d i o r i t e  

bo rde r  phases a t  B r i t i s h  Columbia Molybdenum and Bell Nolybdcnum are 51.4k1.5 m y 

and 51.722.2 m y r e s p e c t i v e l y ,  both wi th in  t h e  l i m i t s ,  of a n a l y t i c a l  e r r o r  for t h e  . 

. .  
main qua r t z  monzonite plizse. 

La te  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  first phase,  were sampled a t  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  near t h e  nor thern  con tac t  of  t h e  stock has  an age of 53.6fI.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  qua r t z  monzonite 

porphyry phase (53.223 m y) .  An age of 43.3_+1.6 m y vas obtained f o r  a sample 

of a later,  n e a r l y  post-molybdenite phase of qua r t z  monzonite occurr ing  a t  a depth 

of 300 ~3 below t h e  exposed n o r t h e a s t  p a r t  of t h e  s tock .  This age d e t e r n i n a t i o n  

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 phase which 

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

f o r  the aSc of molybdenite mine ra l i za t ion .  A s in i l a r  post-mineral  porphyry dyke t h a t  

. . c u t s  tlie q u a r t z  monzonite porphyry:host rock  'at: one. o f .  . .  the.-;'rqss 1 River- deposi ts :  : . , . . .  . . .  

. (Figure 2)  y i e l d s  a potassium-argon age of 49.0&2 m y. 
-- 

A whole rock sample of b i o t i t e  hornfels from outside the m h c r a l i z e d  

zone a t  Bel l  >!olybdenuy y s  dated a t  43.7k1.5 m y. Although such a sample  

should reflect  t h e  czzc 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 l o s s  inhe ren t  i n  a wliolc rock sample. 
. .  

Two molybdenum d e p o s i t s  re turned  sonewhat anomalous ages. The 43.321.9 

m y age d c t c m i n c d  . f o r  the'  i Iol ly  lhck occurrence south  of Anyox ' (Figure '  7 )  might b e  

explained 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  ozc by t h e  emplacement of t h e  

ad jacen t  Coast P l u t o n i c  Cornplcu g r a n i t i c  rocks.  The 36.1C1.6 m y age f o r  t h e  

Penny Creek occurrcncc southwcst of Alice Arm. (Figure 1) poss ib ly  could be  due to 

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

. 

. . *  - .  . .  .' . . .  
. *  . *  
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none was sccn  du r ing  f i e l d  examination. IIowevcr, i t  sIiouX be noted t h a t  sicilar 

Oligocene azes f o r  g r a n i t i c  rocks have bccn r e p o r t e d d n  t h e  P r ince  l J i l l i am Sound 

area of sou the rn  Alaska by Lanphcrc (1366) and on Vancouvcr I s l a n d  by Carson ('!963). 

, 

Potassium-argon r e s u l t s  ob ta ined  from previous  axid contemporary s t u d i e s  

i n  t h e  A l i c e  Arm area are i n  g o d  agrecncnt  wit!i t hose  r e p o r t e d  here .  

Voodcoc?;, e t  a l .  (1966) r e p 0 r t c d . a  p.otassium-arGon age of 53 .3  m y f o r  

a sample c o l l e c t e d  n e a r  t h e  sou th  c o n t a c t  of t h e  B r i t i s h  Colunbia Elolybdcnum 

s tock .  Later work on t h e  same d e p o s i t  i n  1971 by.D. L. C i l e s ,  fo rmer ly  of t h e  

Geologica l  Research and Laboratory Div is ion  of Kennecott Copper Corporat ion 

(Giles and Liv ings tone ,  1975) , i n d i c a t e d  an age of '53.7 m y f o r  secondary b i o t i t e  

from t h e  alaskite phase. 

Giles and Liv ings tone  (1975) a l s o  r epor t ed  an age of 63 .2  m y f o r  a 

b i o t i t e  f r o n  f r e s h  i n t r u s i v e  rock i n  a d r i l l  h o l e  a t  a depth  of 730 m below 

t h e  open p i t .  This  age i s  i n t e r p r e t e d  t o  r e p r e s e n t  t h e  age of i n t r u s i o n  of t h e  

main g r a n o d i o r i t e  t o  q u a r t z  monzonite phase. This r e s u l t  is a t  variance wi th  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 .  li 'ornfels ..samples which: ... I ,  .:. .. 

could be expected t o ' r e f l e c t  . t he  age of i n i t i a l  i n t r u s i o n ,  r e tu rned  ages i n  t h e  

. .  . .  

50 m y range. Giles' sample could have returned an anomalous age due to 

accumulat ion of excess.. Przon. 

Potass iun-argcn  ages f o r  fou r  s a n p l e s  co i i ec t c i l  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 Al i ce  A r m  and Lava Lake (Figure 1) range from 

48.851.5 t o  50.722.1 m y. These are i n  agreement wi th  ages obta ined  by t h e  

Geologica l  Survey .of Canada i n  t h e  s m c  area and arc sonewhst younger than  t h e  

mean age of 53 m y determined f o r  the molybdcnum-bearing porphyry s t o c k s .  

Although 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  e r r o r ,  t hese  c o n s i s t e n t l y  younger ages 

. .  

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

l a r g e  geographic  area (F igure  1)  sugges t  t h a t  the moiybdcnum-bearing s t o c k s  were 



. 
i n t ruded  a measurable amount of t ine  p r i o r  t o  t h e  cnplaccment of t h e  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  o f  Alicc 

A r m  were regarded as being  of  Ear ly  t o  Ifidills T e r t i a r y  q c .  A sample ' co l l cc t ed  

- from n o r t h  of  t h e  Dell llolybdenun s t o c k  h3s an age of 0.G220.6 m y which is an % * .  
. .  

average o f  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 h a s  an age of 1.6fl.3 P 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 . 

SXJTHE s IS 

Nolybdenite d e p o s i t s  i n  t h e  Alice Arm 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  q u a r t z  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 A m  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  cast ' f l ank  of t h e  Coast P l u t o n i c  Conplex, a l though potass iun-  

argon ages sugges t  - t h a t  t h e  stocl-:s..t.rerc: emplaced a few .niil.ion yea r s  p r i o r  t o .  the : , .: . . .  . .  . -  . .  . .  . . . . .  . .  
- . -_ 

i n t r u s i o n  of the Coast P l u t o n i c  Complex, 

The Alice A r m  intrusions were probably localized by deep-seated faults and 

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

i n i t i a l  s t ron t ium i s o t o p e  r i l t i o s  (Giles and Livingstone,  1975) which i n d i c a t e  t h a t  # 

the igneous rocks and mine ra l i za t ion  were &rived  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 ' o f  Quaternary and Recent. b a s a l t s  ' south of 'N ice  Arm' 

and Nass'Rivcr sugges ts  t h a t  they may have been l o c a l i z e d  by t h e  sane reZencrated 

f a u l t  and f r a c t u r e  sys t ens .  

molybdenite d e p o s i t s  i s  n o t  

* _ .  . .. . . . *  

The inc idencc  of young volcanic  a c t i v i t y  nearby 

uncommon i n  t h e  Canadian Cord i l l e r a .  
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* .  
Thc age of 'holybdenitc n i n c r a l i z a t i o n  i s  v i r t u a l l y  conzrucnt wi th  the 

age of  i n t r u s i o n  as determined by r a d i o n e t r i c  (K-Ar) m t h o d s  . Thc mine ra l i z ing  

i n t r u s i v e  phase are t h e  n l a s k i t e s ,  a f e a t u r e  p a r t i c u l a r l y  ev iden t  3t t h e  Line 

Creel: and Roundy Creek d e p o s i t s .  I n t e n s e  f r a c t u r i n g  a t t endan t  wi th  i n t r u s i o n  

. of t h e  s t o c l s  has  r e s u l t c d r i n  most of t h e  econonic  and sub-cconomic molybdenite 

m i n e r a l i z a t i o n  occur r ing  in t h e  con tac t  areas of t h e  s tocks  . 
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.. . 
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