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iZSSTRACT 

f molybdenum-bearing grani t ic  stocks,  referred t o  as the 

Alice Am in t rus ions ,  a r e  emplaced i n  sesimentary rocks marginal t o  the e a s t  

contact of the Coast Plutonic Complex between Stewart and Terrace. Several 

deposi ts  a r e  known i n  the v i c in i ty  of Alice Arm, of which t h e  most important 

i s  Lime Creek. 

The Alice A m  int rusions occur as s n a l l  stocks of quartz-monzonite 

porphyry, most of which exhib i t  the features  of multiple iatrusio?.  A11 plutons 

a re  cut by lamprophyre dykes of post-mineral age. Sedimcntar rocks adjacent t o  

stock contacts a r e  thermally metaTorphosed to  b i o t i t e  hornfels.  

Several s tages  of molybdenite mineralization are contained i n  quartz 

ve in le t  stockworks best  developed near stock contacts. Late stage polynetal l ic  

veins a r e  known at  most deposits.  

Geochemical invest igat ions of the Lime Creek deposit show that  

d i s t r ibu t ion  pat terns  f o r  a l t e r a t ion  minerals and geochenical elements define 

the main geological events inasmuch as some elements cor re la te  w i t h  o r ig ina l  

unaltered rock while others  are  re la ted  t o  contact metasonatism o r  s tages  of  

hydrotheirnzl a l t e r c t i c n  2nd ninera l iza t icc .  
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K-Ar  ages i n d i c a t e  t h a t  t!ic age of i n t r u s i o n  aid m i n e r a l i z a t i o n  

arc n e a r l y  s y d x o n c t l s  at about  53 n y a  

A nunber of 2orphyry molySdcnun dcpos f t s  and prospects occur d o n 2  

the eastern nargin of the  Coast T lu ton ic  Complex between S t e v a r t  and Terrace 

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  the head of an i n l e t  of t h e  same 

name 160 Icn n o r t h  of  P r ince  Rupert .  To d a t e ,  the most s i z n i f i c a n t  of 

t h e s e  d e p o s i t s  is  t h e  forner  producing mine, 3 r i t i s h  ColurnSia Ilolybdenum, 

s i t u a t e d  on Line Creek 6.5 ?:n south of Alice A r m  (Figure I ) .  

This paper is div ided  i n t o  two par ts :  t h e  f i r s t  part d e s c r i b e s  t h e  

gene ra l  geo log ica l  s e t t i n g  of t h e  molybdenum d e p o s i t s  w h i l e  t h e  second part i s  

devoted t o  a more e x t e n s i v e  d e s c r i p t i o n  of  each d e p o s i t ,  and i n  p a r t i c u l a r  t h e  

Zeology and geochcc i s t ry  of  the L i x c  Creel: depos i t .  

Flolybtenite n i n e r a l i z a t i o n  i n  the Alice  A m  area was f i r s t  recognized 

dur ing  c a r l y  p rospcc t inz  f o r  s i l v e r - b c a r i n z  veins. P a r t  of  t h e  L i m  Creek 

d e p o s i t  was f i r s t  s t a k e d  i n  7311 by 1-J. ?.fcJ,ean but  t h e  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 narrow s i lve r - l eaZ-z inc  ve in  l a te r  determined t o  be p e r i p h e r a l  

t o  the molybdenitc depos i t .  

The f i r s t  no lybdeni te  product ion i n  t h e  area was from t h e  Tidewater 

d e p o s i t  i n  1916 (Fiz.,urs 1) wherz 345 tormcs m:crzgiEz 1.63 perccat colybdccfte T.*:S.S 

nincd from qua r t z  veins i n  sedimentary r o d s  j u s t  south  of a small g r a n i t i c  s tock .  



I n t e n s i v e  e x p l o r a t i o n  f o r  molybdcnite d e p o s i t s  took p l a c e  i n  t h e  la te  

1950’s when Kennco Explora t ions ,  (Vestern) 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 ’ a c q u i r e d  an op t ion  on claims 

at Lime Creek from Gunn Fiva of Alice Arm. Diamond d r i l l i n g  was c a r r i e d  ou 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 ,  

/ 

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

late 1964. ?fining 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 m i l l i o n  

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

C l i m a x  Xolybdenum Corporation of B r i t i s h  Columbia, Limited acqui red  

the prope r ty  i n  1973 and h a s  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 imilar  d e p o s i t s  dur ing  the 1960’s 

r e s u l t e d  i n  t h e  d iscovery  of s e v e r a l  good prospec ts  i nc lud ing  t h e  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 the TIPI, Hoan Creek, and t hose  south  of 

t h e  Nass River (Figure 1) . 

GEOLOGICAL SETTIHG 

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  as t h e  

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

successo r  b a s i n  and marginal t o  the  Coast Plu ton ic  Complex (Figure 1 ) .  The Alice 

A r m  i n t r u s i o n s  occur  i n  t h e  form of small s t o c k s ,  gene ra l ly  no t  exceeding 0.8 

km 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 equ ig ranu la r  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  t h e  Coast P lu ton ic  Complex. Vhilc  molybdenum-bearing s tocks  

gene ra l ly  i n t r u d e  Bowser assemblaze 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  Cmpfex. Examples of 

t h e s e  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  

is w e l l  documented. I n  the  Alice 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 i s tu rbance  of t h e  country rock 

is 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 A m ,  several molybdenum-bearing s t o c k s  are c l u s t e r e d  

near 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  EJass River area, small s t o c k s  occur  sou th  and w e s t  of t h e  Recent 

lava 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  Flolybdenun, Roundy Creek, Kay) i n  t h e  

Alice A r m  t o  EJass 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 a l s o  r ep resen t  some c o n t r o l  by f a u l t s  or 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  i s  ev iden t  i n  the 

c l u s t e r  south  of Alice A m  and south  of t h e  Xass River  (Figure I ) .  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 t h i s  i s  seen  a t  t h e  A j a x  molybdenum depos i t  n o r t h e a s t  

of Alice Arm (Figure 2 ) .  

COFPARATIVE GEQLQGY OF TI!C XOLYISDENLTI DEPOSITS 

Molybdenum d e p o s i t s  are a s soc ia t ed  wi th  the Alice Ann 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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t hose  a t  Roundy Creek and Tidcva tc r  n e a r  Alice Arm, are s h e e t  o r  s i l l - l i k e  

i n  form and are r e l a t e d  t o  small feeder p ipes .  I n t r u s i o n s  a t  Alder Creek, near 

Lava Lake (F igure  1) and Nolybdenum Creek, n o r t h  of Terrace, are n o r t h w e s t - s t r i k i n g  

dyke swarms i n t r u d i n g  sedimentary rocks  . ?iajor geo log ic  f e a t u r e s  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 F igure  2 .  

Quartz monzonite porphyry is  the  p reva len t  hos t  rock  a t  most d e p o s i t s .  

Phenocrys ts  range  i n  s i z e  from 2 mm to 1 c m  and i n c l u d e ,  in 

dec reas ing  o r d e r  of abundance, euhedraf  p l a g i o c l a s e ,  I<-feldspar  , and both 
euhedral. and anhedra l  q u a 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  

mesoc ra t i c  w i th  bo th  biotite and hornblende as primary nafic mine ra l s .  Leucoc ra t i c  

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

are prominent a t  n o s t  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  bu lk  of 

t h e  i n t r u s i v e  rocks .  Ehscovitc Fs t h e  mica minera l  of this phase. 

Some i n t r u s i o n s  are zoned, m s t  no tab iy  the  i n t r u s i o n  that i s  h o s t  t o  

t h e  Lirne Creek d e p o s i t .  Here, a c o r e  of q u a r t z  nonzoni te  porphyry is  bordered by  

- . more b a s i c  g r m o d i o r i t e  and q u a r t z  d i o r i t e ,  which nay be i n  p a r t  o l d e r  than  t h e  

q u a r t z  nonzoni te  phase. - _  

Most molybdenum-hearing s t o c k s  e x h i b i t  several s t a g e s  of i n t r u s i o n .  

The f i r s t  stage f sns  t h e  bulk of t h e  stock and i s  rep resen ted  by q u a r t z  nonzonitc 

and/or  qua r t z  f e l d s p a r  porphyry ancl lesser q u a r t z  d i o r i t e  such as Line Creek. 

This  n a i n  phase nay be  intrrided by f i ne - s ra ined  , equ ig ranu la 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 quartz , 1:;-felOspar, and mymeki te .  i l l a s k i t e s  , vhicli  are 

very  comon  a t  t h e  L i n e  Creek and Roundy Creek p r o p e r t i e s  (F igure  2 ) ,  occur  as 

dykcs and i r r e g u l a r  cictsses and arc h o s t  t o  b e t t e r  grades of d isseminated  and 

lcns-li?:c r ;olybdcni tc  m i n e r a l i z a t i o n .  

Other  i n t e r - m i n e r a l  i n t r u s i o n s  i n c l u d e  dykes and i r r e 2 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  <eveloped along t h e  northern s tock  con tac t  at thc Lirnc 
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Creek deposit (Figure 2 ) .  Angular fragments 1 t o  2 cm in s i z e ,  of both 

i n t r u s i v e  m d  country rock ,  are contained i n  a granula te& 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  in t h e  

i n t r u s i v e - m i n e r a l i z a t i o n  seqzcrence. These also are qua r t z  rnonzonite i n  composition. 

Examples i nc lude  an unexposed plug at Lime Creek, t h e  southwest p o r t i o n  of t h e  

B e l l  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  (F igure  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  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  B e l l  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 A r m  i n t r u s i o n s  have been 

thermal ly  metamorphosed t o  b i o t i t e  h o m f e l s  i n  an aureole  which may extend 

outward from the s t o c k  con tac t  f o r  100 to  153 m. B i o t i t e  h o r n f e l s  is a 

brown, indura t ed ,  fine gra ined  rock with  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  

and a n d a l u s i t e  are developed i n  the  h o r n f e 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 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  i s  p a r t i a l l y  co inc ident  wi th  molybdenite mine ra l i za t ion .  

At Lime Creek the 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 

nor the rn  p a r t  of t h e  s t o c k  (Figure 2 ) .  “no& 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  wi th  ba r ren  qua r t z  v e i n l e t s  rimxed by secondary K-feldspar ,  such t h a t  t h e  
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original quar tz  monzonite porphyry has been converted t o  a rock cons i s t ing  

mainly of quar tz  and R-feldspar. In  the  ou te r  p a r t  of t h i s  a l t e r a t i o n  zone i s  

an annular zone of molybdenite minera l iza t ion  where secondary €<-feldspar i s  

r e s t r i c t e d  t o  t h e  margins of quartz-rnolybdenite ve in l e t s .  Other depos i t s  a l s o  

f e a t u r e  secondary K-feldspar but no t  t o  the  same degree as a t  Lime Creek. 

Secondary b f 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 imi t ed  degree i n  seve ra l  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  quar tz  d i o r i t e ,  may be i n  p a r t  deu te r i c .  

At Roundy Creek, t he  po ta s s i c  a l t e r a t i o n  zone contains quartz-muscovite ve ins .  

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

(quartz-sericite-pyrite) zone. Where coincident with the  margins of t he  plutons 

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

represented a t  many depos i t s  by a bleaching of t he  b i o t i t e  ho rn fe l s  t o  a creaii 

o r  l i g h t  green colour  marginal t o  f r a c t u r e s  and quar tz  v e i n l e t s  and i s  due t o  the 

development of very fine-grained qua r t z ,  sericite,  and some epidote .  This type of 

a l t e r a t i o n  m y  be weakly developed, as at many of the  depos i t s ,  o r  so i n t ense  t h a t  

t he  o r i g i n a l  b i o t i t e  hornfels has  been l a r g e l y  transforned t o  a buff o r  l i g h t  

green-colouwed rock wi th in  a zone s e v e r a l  t ens  of metres outward from the  s tock  

con tac t ,  as a t  the  Lime Creek and A j a x  depos i t s .  P y r i t e  i s  a common cons t i t uen t  

i n  t h i s  a l t e r a t i o n  zone, occurring both i n  quartz v e i n l e t s  and as disseminations.  

The i n t e n s i t y  of p y r i t f z a t i o n  nay be r e l a t e d  i n  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 ho rn fe l s .  

- 

Better grades of molybdenite minera l iza t ion  i n  the  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  cont ro ls .  Frac tur ing  and a t t endan t  

quartz-molybdenite veining are bes t  d e w l o p e 2  near  stock contac ts .  Later a laski te  

i n t r u s i v e  phases may contain disseminated to near ly  massive molybdenite. The 

ore zone a t  L i m e  Creek i s  annular o r  ring-shaped i n  p l a n ,  occurring in t:iS 
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n o r t h e r n  h a l f  of t h e  s t o c k  (F igure  2) wi th  molybdenite occur r ing  a5 selvages i n  

a network of e a s t - n o r t h e a s t  and west-northwest q u a r t z  v e i n l e t s .  A similar st)rfe 

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

at t h e  Lime Creek depos i t .  At Roundy Creek, t he  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 nolybdeni te  and much of t h i s  is i n  t h e  form 

of f e a t h e r - l i k e  in te rgrowths  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  qua r t z - f e ldspa 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  po lymeta 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 ,  d o o r  molybdenite,  and 

at Lime Creek, fou r  s i lver - lead-b ismuth  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 for 150 01 

t o  300 m. TJhere exposed, t h e  p y r i t e  zone i s  weathered t o  a prominent gossan,  

p a r t i c u l a r l y  at 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 t o  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  Eo l ly  Fkck prospec t  nea r  Anyox and 

t h e  Penny Creek showing south  of Alice Arm (Figure 

coarse-gra ined  nolybdeni tc  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 Peucoc ra t i c  q u a r t z  monzonite 

porphyry which i s  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 )  At t h e  Molly Mack p rope r ty ,  

qua r t z  monzonite, a l a te  phase of t h e  Coast P lu ton ic  Complex. 

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

C c ~ s t  ??lute&c Cc)mn1- --r - --- ---- - n A  ic t he  s a t e l l i t e  a+_e,tks rnlptnc! te t h e  cornyle?c, 
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Erief d e s c r i p t i o n s  of f o u r  porphyry molybdenun d e p o s i t s  i n  t h e  inmediate  

Alice A m  area are contained i n  t h i s  s e c t i o n .  The Lime Creek depos i t  i s  d iscussed  

in more d e t a i l ,  wi 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  is s i t u a t e d  1.6 km nor th  and 6 . 4  km w e s t  of t h e  

head of Alice A r m  I n l e t  (Figure 1)  (La t .  55’ 25’ Long. 129’ 32’,XTS 103P/5E,El. 450 m). 
) 

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 s m a l l  (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% 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 

la t te r  work i n d i c a t e d  sporad ic  nolyb2eni te  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  in 1 c m  wide q u a r t z  v e i n l e t s  t h a t  occur  i n  both ho rn fe l sed  sedimentary 

rocks  and q u a r t z  nonzoni te  porphyry, 

B e l l  Pfolybdenulll 

The Bell Ifolybdenum prope r ty  i s  s i t u a t e d  10 km sou theas t  of Alice A r m  

(Figure 1 )  ( L a t .  55’ 77; Long. 129O 20’ TITS 103P/6IJIEl. 670 m ) .  Discovered i n  

1965 by Mastodon Highland Bell Mines Limited, t h e  proper 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 t 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  is  as soc ia t ed  wi th  an e l l i p t i c a l  s t o c k  of 

quartz monzonite porphyry, e longa te  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  and measuring 

673 by 335 m. The s t o c k  i n t r u d e s  a sequence o f  dark  grey t o  b lack  s i l t s t o n e s  

and grcywackes whlch are thermally metamorphosed t o  b i o t i t e  h o r n f e l s  a d i s t a n c e  

of 365 t o  [+GO m outward from t h e  s tock  con tac t ,  



Quartz monzonite porphyr ies  of t h e  s tock  include t h r e e  major types.  The 

main type ,  l e u c o c r a t i c  qua r t z  monzonite porphyry, occupies t h e  c e n t r a l  p a r t  of 

t h e  s tock .  Two t o  4 mm phenocrysts  of q u a r t z ,  o l i g o c l a s e ,  and p e r t h i t i c  o r t h o c l a s e  

make up 30 percent  of t h e  rock ,  and are set i n  a f i n e  grained matrix of qua r t z  

and f e ldspa r .  O r i g i n a l  b i o t i t e  is  bleached t o  a mixture  of c h l o r i t e  and sericite.  

Near t h e  s tock  con tac t s  and in dykes pe r iphe ra l  t o  t h e  s t o c k ,  t h e  

l e u c o c r a t i c  q u a r t z  monzonite porphyry is g r a d a t i o n a l  t o  a q u a r t z  monzonite or 

g r a n o d i o r i t e  porphyry. Th i s  rock con ta ins  a more calcic p l a g i o c l a s e ,  a lesser 

amount of o r t h o c l a s e ,  and f r e s h  b i o t i t e  and hornblende. 

The southwestern p a r t  of t h e  s tock  is composed of a crowded ‘quartz-eye’ 

porphyry of  d i s t i n c t i v e  appearance. Phenocrysts which make up 50 percent  of  t h e  

rock  by volume inc lude  4 mm qua r t z  anhedra,  2 t o  4 mm euhedral  c r y s t a l s  of 

p l a g i o c l a s e ,  and randomly d i s t r i b u t e d  1 t o  2 cn euhcdra l  c r y s t a l s  of p e r t h i t i c  

o r thoc la se .  The d i s t i n g u i s h i n g  f e a t u r e  of t h i s  p h a s e  is i ts  r e l a t i v e  l a c k  of 

a l t e r a t i o n .  A similar porphyry w a s  encountered 3t depth i n  a d r i l l  h o l e  nea r  the 

c e n t r a l  p a r t  of t h e  s tock  where i t  appeared t o  have a g rada t iona l  con tac t  with 

t h e  l e u c o c r a t i c  q u a r t z  monzonite porphyry. The r e l a t i v e  lack  of q u a r t z  v e i n l e t s  

and f r a c t u r e s  and a t t e n d a n t  mine ra l i za t ion  sugges ts  t h a t  t h e  ‘ q u a r t r e y e ’  qua r t z  

monzonite porphyry repr--!2ts a la te ,  poss ib ly  post-mineral ,  i n t r u s i v e  phase.  

Narrow g r a n i t i c  dykes cu t  t h e  l e u c o c r a t i c  qua r t z  monzonites i n  t h e  

c e n t r a l  p a r t  of t h e  s tock .  One d r i l l  ho le  i n t e r s e c t e d  dykes of  f i n e  gra ined  

a l a s k i t e  about 1/3 of a metre wide t h a t  c o n s i s t  of i n t e r l o c k i n g  grains of q u a r t z ,  

p e r t h i t i c  o r t h o c l a s e ,  ser ic i te ,  and some granophyre. Near t h e  s t o c k  c o n t a c t s  

short s e c t i o n s  were noted of f i n e  grained grey-green qua r t z  monzonite porphyry 

b r e c c i a .  These cu t  t h e  qua r t z  nonzoni tes  and are d i s t ingu i shed  by t h e  presence 

of 1 cm angular  h o r n f e l s  fragments i n  a granula ted  matrix.  Narrow dykes of 

f i n e  gra ined  l i g h t  green qua r t z  f e l d s p a r  porphyry were noted i n  several 

d r i l l  holes. 
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Two v a r i e t i e s  of b a s i c  dykes cut t he  g r a n i t i c  rocks of t h e  stock. 

These include a f i n e  t o  medium grained po rphyr i t i c  lamprophyre cons i s t ing  of 

p lag ioc lase  , hornblende, and clinopyroxene , and f i n e  grained b a s a l t  and andes i t e  

dykes t h a t  are l o c a l l y  ves i cu la r  and which may be r e l a t e d  t o  young l a v a  flows 

nearby. Both v a r i e t i e s  genera l ly  have a no r theas t e r ly  s t r i k e  and are about h a l f  

a metre wide. 

Ni th in  t h e  s tock ,  t he  c e n t r a l  l eucoc ra t i c  quartz monzonite porphyry 

e x h i b i t s  t h e  g r e a t e s t  degree of a l t e r a t i o n .  Yost prevalent i s  se r i c i t e - ca rbona te  

a l t e r a t i o n  of p lag ioc lase .  I n  add i t ion ,  p l ag ioc la se  l o c a l l y  is  a l t e r e d  t o  

K-feldspar, p a r t i c u l a r l y  along the  margins of quar tz  v e i n f e t s ,  Secondary reddish 

brown b i o t i t e  w a s  noted i n  both t h e  ‘quartz-eye’ quar tz  monzonite porphyry and 

t h e  quar tz  monzonite t o  granodior i te  porphyry in the marginal areas of t he  s tock .  

I n  both rock types ,  t h e  o r i g i n a l  b i o t i t e  has been a l t e r e d  t o  a mixture of c h l o r i t e  

and sericite,  In tense  a r g i l l i c  and s e r i c i t e  a l t e r a t i o n  is common i n  f a u l t  zones, 

as are chlor i te -coa ted  s l i p  sur faces .  B i o t i t e  hornfels e x h i b i t s  minor p a l e  green 

c h l o r i t e - s e r i c i t e  bleaching marginal t o  f r a c t u r e s  and quartz v e i n l e t s .  

The major s t r u c t u r a l  t rends  i n  the  area of t h e  porphyry s tock  a r e  e a s t -  

no r theas t  and north-northwest, as r e f l e c t e d  by the  elongation of t h e  s tock  

i t s e l f ,  t he  s t r i k e  of f r a c t u r e s ,  j o i n t s ,  f a u l t s ,  and bas i c  dykes, and by t h e  

t rend  of creeks and a i rphoto  lineaments. The s tock  contac t ,  which d i p s  s t e e p l y  

outward, i s  not w e l l  defined as i t  cons i s t s  of a t r a n s i t i o n a l  zone of 

ho rn fe l s  cu t  by numerous porphyry dykes. A l a rge  horse  of homfe l sed  sedimentary 

rocks wi th in  the  s tock ,  measuring 300 by 60 m ,  parallels t h e  long d i r e c t i o n  of 

t he  s tock  (Figure 2)  and i s  cu t  by numerous porphyry dykes. D r i l l i n g  information 

suggests that t h i s  block of country rock decreases i n  s i z e  with depth. 

Major f a u l t i n g  preceded t h e  period of i n t r u s i o n  and i n t e r s e c t i o n s  of 

eas t -no r theas t  and north-northwest f a u l t s  and f r a c t u r e s  were undoubtedly important 
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i n  t h e  l o c a l i z a t i o n  of t h e  s tock .  Later novezcnt alonz tIicse f a u l t s  pnr t icu lar1- j  

the nor th-nor thwes t  se t ,  is  documented by t?ie apparent  o f f s e t t i n t ,  of t h e  s t o c k  

c o n t a c t s  alonz two major f a u l t s  (F izu re  2) and by the  p s e n c c - o f  numerous pos t -  

mineral s h e a r s  noted in d r i l l  co re .  

liolybrlentrn n f n e r a l i z a t  ion occurs  i n  both  t h e  q a a r t z  nozzoni te  porpiiyry 

and b i o t i t e  Eiomfels  ad jacen t  to the c e n t r a l  an2 eastern s t o c k  c o n t a c t s  (Figure 2 ) .  

Nolybdeni te  occurs  r a i n l y  as se lvages  t o  s t e e p l y  d ipp ing  q u a r t z  v e i n l e t s  

0.5 t o  1 cm t h i c k ,  t h a t  follow major f r a c t u r e  d i r e c t i o n s .  Four s t a g e s  of q u a r t z  

v e i n i n g  and n i n c r a l i z a t f o n  have been noted. A first  stage of b a r r e n  q u a r t z  v e i n l e t s  

is fol lowed by t h e  second,  n o s t  i n p o r t a n t  stase, c o n s i s t i n g  of quartz-molybdeni te-  

p y r i t e  v e i n l e t s  t h a t  are s t e e p l y  inclined. These are o f f s e t  l o c a l l y  by f l a t  

quartz-rnolybdenite v e i n s  an2 h a i r l i n e  f r a c t u r e s .  The f i n a l  s t a g e  c o n s i s t s  of 

2 cm and l a r g e r  v e i n s  of q u a r t z  and carbonate t h a t  contz ig  v a r i a b l e  amounts of  

p y r i t e ,  p y r r h o t i t e ,  ga lena ,  and s p h a l e r i t e .  A 25 cm 1.7ide qua r t z -ca rbona te  v e i n  

conta in in ;  p y r i t e ,  p y r r h o t i t e ,  g s l e m ,  and s p h a l e r i t e  was note8 i n  a shear zone 

i n  a r g i l l a c e o u s  sedirnents 460 n east of the stock. 

Roundy Creel: 

This  p r o p e r t y  is s i t u a t e d  sou th  of Alice Arn Inlet  on Roundy Creek, 

(3 2.4 kin from t i d e v a t c r  (F igure  1 )  (kit. 55 25’ Long. 129’ 39’ TI‘S 103P/bW,Cl. 305 n) > 1 

The p rope r ty  t7as o r i s i n a l l y  ? i scovered  in t h e  e a r l y  19C)O’s . Explo ra t ion  

and dcvclopnent  work between 1365 and 1971, iml r i a r i l y  b y  S i l e u r i m  C h i e f t a i n  Xining 

Company I , ini ted,  c o n s i s t e d  of  3,390 TI of diamond d r i l l i n 2  and 730 m of  undergromd 

developnent  . The p rope r ty  was purchased by G l i r n z c  Xolybdcnun Corpora t ion  of 

Z r i t i s I i  Columbia, Linitec? in 1975 . 
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?Iolybc!cnux z i n c r a l i z a t i o n  i s  associzte1.l w i t ? 1  XI elonsate, s n d l  co:ni)ositc 

i n t r u s i o n  of q u a r t z  nonzoni te  Forp!iyrj . The i n t r u s i o n  i s  ? a r t l y  stocl:-li?:e and 

p a r t l y  si l l- l i?;e.  It has been segncnter? by northwest  f a u l t s  along and a d j a c e n t  to  

Rowdy c reek  (F izu re  2) . 
The i n t r u s i o n  c o n s i s t s  of a nuriber of  similar b u t  clis‘tinguisha‘ule phases. 

The n o s t  widespread of  t h e s e  is a l e u c o c r a t i c  ‘quartz-eye’  q u a r t z  monzonite 

porphyry t h a t  f o m s  t h e  co re  of t h e  i n t r u s i o n .  Th i s  phase is  composed of 2 t o  4 m 

phenocrys ts  of  subhedra l  q u a r t z ,  p e r t h i t i c  K-feldspar  , and euhedra l  o l i g o c l a s e  

set  i n  a very  f i n e  g ra ined  matrix of q u a r t z  and feldspar. The rock c o n t a i n s  only  

minor b i o t i t e  and ser ic i te  i s  t h e  c h i e f  n icaceous  m i m r a l .  :?here h t e n s c l y  sheared  

and f r a c t u r e d ,  t h e  ‘quartz-eye’  q u a r t z  monzozite porphyry grades  i n t o  b r e e c i a t e d  

q u a r t z  nonzoni tc  i n  which f e l d s p a r  phenocrys ts  are p a r t i a l l y  s h a t t e r e d  and the 

many randonly o r i e n t e d  f r a c t u r e s  are coated with c h l o r i t e ,  s e r i c i t e ,  ca rbona te ,  

and molybdenite.  

The  ‘quartz-eye’  q u a r t z  nonzoni te  porphyry i s  a p 2 a r e n t l y  S r a d a t i o n a l  

t o  b i o t i t e  q u a r t z  nonzoni te ,  which i s  most abundant i n  t h e  c e n t r a l  an2 bo rde r  

areas of t h e  i n t r u s i o n .  Th i s  rock type  has a se r ia te  tcxtxrc and cansis ts  essentially 

of  2 t o  4 rn g r a i n s  of q u a r t z ,  fresh cuhedra l  o l i g o c l a s e ,  and p e r t h i t i c  orthoclase, 

p l u s  s c a t t e r e d  f l a k e s  crf 5 i o t i t e  t h a t  are p a r t i a l l y  a l t e r e d  t o  c h l o r i t e  and 

ser ic i te  . 
Dykes and i r r e g u l a r  lil;lsscs of  f i n e  gra ined  whf.te a l a s k i t e  c u t  a l l  of  

the aforexent ioned  rod: types  . M a s k i t e s  c o n s i s t  of a fine gra ined  n o s a i c  o f  

q u a r t z ,  s o d i c  p l a g i o c l a s e ,  granophyre,  and sonc ser ic i te .  In  some areas t h e  

a l a s l c i t e  i s  g r a d a t i o n a l  t o  a q u a r t z  f e l d s p a r  porphyry. 

A l a te  i n t r u s i v e  phase seen  i n  one of the underground levcls and a 

few d r i l l  h o l e s  f o r m  narrow dykes of f i n e  g ra ined ,  l i g h t  grey b i o t i t e  q u a r t z  

monzonite. This las t  phase con ta ins  on ly  trace amounts of  nolybdcnfte. 



Narrow hornblende and b i o t i t e  lamprophyre dykes t h a t  s t r i k e  northeastward 

and d i p  s t e e p l y  cu t  a l l  g r a n i t i c  rocks and mineral ized v e i n l e t s  and f r a c t u r e s .  

Many te rmina te  a t ,  or are o f f s e t  by, northlzresterly t rending f a u l t s  (F igure  2 ) .  

Sedimentary rocks  have been metamorphosed t o  b i o t i t e  h o r n f e l s  i n  a 

zone roughly 60 m wide surrounding t h e  i n t r u s i o n .  S t r u c t u r a l  r e l a t i o n s h i p s  of 

t h e  i n t r u s i o n  are complex. D r i l l  evidence i n d i c a t e s  inward dipying lower i n t r u s i v e  

c o n t a c t s  t h a t  sugges t  p a r t s  of t h e  i n t r u s i v e  nay be s h e e t - l i k e  i n  form surrounding 

a central f e e d e r  p ipe .  The e a s t e r n  segment i s  appa ren t ly  t a b u l a r  i n  sec t fon .  

A l t e r a t i o n  of t h e  i n t r u s i v e  rocks inc ludes  a p o t a s s i c  zone, which is 

b e s t  developed wi th in  and marginal  t o  b e t t e r  grades of nolybdenun mine ra l i za t ion .  

P o t a s s i c  a l t e r a t i o n ,  p a r t i c u l a r l y  i n  t h e  l e u c o c r a t i c  quar tz  monzonite porphyry, 

occurs  as f r ac tu re -coa ted  p lanes  wi th  abundant sericite and lesser b i o t i t e .  

Secondary b i o t i t e ,  p r i n c i p a l l y  on f r a c t u r e s ,  is b e s t  developed i n  t h e  b i o t i t e  

qua r t z  monzonite p e r i p h e r a l  t o  t h e  main zones of mine ra l i za t ion .  

Two zones of molybdenum mine ra l i za t ion  are known wi th in  t h e  i n t r u s i o n  

(Figure 2 ) .  The e a s t e r n  segnent  i s  h o s t  to uniform grades of molybdenite occur r ing  

as se lvages  i n  numerous randomly o r i e n t e d  qua r t z  v e i n l e t s  and as f r a c t u r e  f i l l i n g s .  

D r i l l i n g  h a s  i n d i c a t e d  t h e  presence of 7 m i l l i o n  tonnes of 0.11 percen t  molybdenite 

in t h i s  zone. Iiigh-grar'- -nolybdenum mine ra l i za t ion  occurs i n  t h e  c e n t r a l  and 

southern  p a r t  of t h e  i n t r u s i v e  where d r i l l i n g  and underground work has i n d i c a t e d  

1.35 m i l l i o n  tonnes of 0.347 percent  molybdenite i n  t h e  southern  zone and some 

35,000 tonnes grading 9.668 percent  i n  a small zone t o  t h e  nor th .  

I n  both zones,  h i zhe r  grades of molybdenum mine ra l i za t ion  are contained 

i n  a l a s k i t e s .  I n  t h e  upper underground heading,  c l o s e l y  spaced 1 t o  2 c m  bands of 

molybdenite are o r i e n t e d  c rude ly  p a r a l l e l  t o  t h e  t rcnd  of an enc los ing  a l a s k i t e  

body and appear t o  be an i n t e g r a l  p a r t  of t he  magmatic c r y s t a l l i z a t i o n .  One c m  

r o s e t t e s  of molybdenite a l s o  are uniformly d i s t r i b u t e d  wi th in  the a l a s k i t e  . 



Molybdenite a l s o  occurs in numerous randomly o r i en ted  h a i r l i n e  f r a c t u r e s  with 

c h l o r i t e  i n  breccfated quartz monzonite and i n  c lose ly  spaced 0.5 t o  I cm wide 

quar tz  v e i n l e t s  i n  a l a s k i t e s  and l eucoc ra t i c  ‘quartz-eye’ quar tz  nonzonite 

porphyries. 

Dr i l l fng  and underground explora t ion  i n d i c a t e  t h a t  t he  zones of molybdenum 

nzineralizatfon are l e n s - l i k e  in form and estremely erratic i n  la teral  and v e r t i c a l  

ex ten t .  The d i s t r i b u t i o n  of t h e  h igher  grade zones suggests they are s p a t i a l l y  

r e l a t e d  t o  the  i n t r u s i v e  cen t r e  o r  feeder  pipe. 

The A j a x  property is  on the  east s lope  of Mount McGuire, 13 Icm nor theas t  

of Alice Arm (Figure 1) (Lat. 55’ 35’ Long. 129’ 24’ 103P/11WjE1. 900 m). > ) 

Lead-zinc-silver minera l iza t ion ,  pe r iphe ra l  t o  t h e  molybdenite zone, 

was explored by prospectors i n  the e a r l y  part of the  century. A re ference  t o  

molybdenite minera l iza t ion ,  contained i n  the  1927 M n i s t e r  of Mines Annual Report , 

prompted S. J. Barclay t o  l o c a t e  the  property f o r  Nemont ?finins Corporation in 

1965. Some 8,100 m of diamond d r i l l i n g  w a s  ca r r i ed  out on the  property between - 

1965 and 1967. 

A sequence of sedimentary rocks with minor interbedded volcanic  rocks 

which form p a r t  of t h e  eastern l imb of the  northwestward trending a n t i c l f n a l  

s t r u c t u r e  are intruded by four small c lose ly  spaced stocks of quar tz  monzonite 

porphyry (Figure 2 ) .  These four s tocks  are grouped together i n  an e l l i p t i c a l  area 

or i en ted  northwesterly and measuring 900 by 750 m. The stocks, of varying s i z e s  

(Figure 2), are roughly r e c t i l i n e a r  i n  plan and continue downward t o  the  l i m i t s  

of d r i l l i n g  without merging i n t o  one i n t r w i v e  body. However, the a rea  bctwcen 

t h e  s tocks  is  laced with a network of dykes of similar composition. 
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The l a r g e s t  s t o c k  and t h e  one immediately northwest of i t  axe conposcd 

of l e u c o c r a t i c  whi te  t o  pink quar t z  f e l d s p a r  porphyry. Twenty-five t o  30 percent  

of t h e  rock c o n s i s t s  of  3 t o  6 m phenocrysts  of anhedra l  q u a r t z ,  subhedra l  

s e r i c i t i z e d  p l a g i o c l a s e ,  and ragged p e r t h i t i c  o r thoc la se  set i n  a f i n e  gra ined  

matrix of  q u a r t z ,  f e l d s p a r ,  and sericite w h k h  is p a r t l y  an a l t e r a t i o n  of b i o t i t e .  

The o t h e r  two i n t r u s i v e  bod ies ,  which are e s s e n t i a l l y  a network of 

closely spaced e a s t - n o r t h e a s t  and north-northwest  dykes,  are of similar composition 

but d i f f e r  from t h e  qua r t z  f e l d s p a r  porphyries  by being medium grey i n  co lour  

and by having a b i o t i t e  conten t  of between 7 and 10 pe rcen t  and some c h l o r i t e  

and hornblende. Two t o  4 IIL'I~ phenocrysts  of qua r t z  and normally zoned o l i g o c l a s e -  

andesine m a k e  up 25 percen t  of t h e  rock. In  c o n t r a s t  t o  the q u a r t z  f e l d s p a r  

po rphyr i e s ,  p l a g i o c l a s e  i s  e s s e n t i a l l y  f r e s h  and K-feldspar i s  l a r g e l y  r e s t r i c t e d  

t o  t h e  mat r ix .  Some of t h e  narrow dykes have a ser ia te  t e x t u r e .  

Z?ortheastcr ly  s t r i k i n g  dykes of f i n e l g r a i n e d  hornblenze and b i o t i t e  

lamprophyre about 2 III wide occur south  and east of t h e  q u a r t z  monzonite porphyry 

s tocks .  These dykes weather a brown colour ,  have chilled c o n t a c t s  and are of p o s t -  

minera l  age. 

Contact metamorphism as soc ia t ed  wi th  t h e  i n t r u s i o n  of t h e  2orphyry 

s t o c k s  has  converted a; Ai iaccous  sedimentary rocks t o  brown and purp le  coloured 

b i o t i t e  h o r n f e l s  i n  an srea 300 m outward from t h e  s tock.  t l i t h i n  an i nne r  zone, 

150 to 300 m from t h e  s t o c k s ,  secondary bleaching has converted b i o t i t e  ho rn fe l s  

t o  a l i g h t  green rock c o n s i s t i n z  e s s e n t i a l l y  of ser ic i te  and quar tz .  E a s t  of the 

s t o c k s  an3 nea r  t h e  o u t e r  l i m i t s  of t h e  bleached zone, a narrow band of l imestone 

has  been s k a r n i f  i e d .  

A l t e r a t i o n  of  t h e  i n t r u s i v e  rocks ,  which i s  most widespread 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  porphyr ies ,  i nc ludes  s e r i c i t f z a t i o n  of p l a g i o c l a s e  

phenocrys ts ,  a l t e r a t i o n  of b i o t i t e  t o  muscovite,  Land development of ragged 



porphyrohlas t s  of S-feldspar. Flakes of biotite i n  t h e  qua r t z  monzonite 

porphyries  may be of secondary o r i g i n .  D r i l l i n g  i n f o m a t i o n  i n d i c a t e s  l i g h t  Grey 

pervas ive  s i l i c i f i c a t i o n  ad jacen t  t o  qua r t z  v e i n l e t s  i n  deeper  p a r t s  of  t h e  

i n t r u s i v e  bodies .  

Sedimentary and vo lcan ic  rocks underlying ?fount ?IcGulre are p a r t  of 

the s t e e p  east l imb of a r e g i o n a l  a n t i c l i n e .  East a3d west of t h e  porphyry s t o c k s ,  

s t r i k e s  are uniformly north-northwest ,  while  a t t i t u d e s  no r th  and sou th  of  t h e  

s t o c k s  are contor ted .  A t t i t u d e s  ad jacent  t o  t h e  s tocks  i n d i c a t e  t h e  presence  o f  

a l a r g e  d rag fo ld  modified by doming a s soc ia t ed  wi th  the h t r u s i o n  of t h e  s tocks .  

?lost  c reeks  on ?fount McGuire fo l low f a u l t s  which s t r i k e  north-northwest  

and eas t -nor theas tward .  The inpor tance  of major f a u l t s  and f r a c t u r e  p a t t e r n s  in 

governing o r i e n t a t i o n  of con tac t s  and dyke t r ends  is  r e f l e c t e d  by t h e  r e c t i l i n e a r  

n a t u r e  of t h e  s t o c k  con tac t s .  

Sulphide mine ra l i za t ion  e x h i b i t s  a zoning p a t t e r n  which near  t h e  o u t e r  

l i m i t s  of t h e  b i o t i t e  h o r n f e l s  zone c o n s i s t s  of s p a r s e  p y r r h o t i t e  as d isseminat ions  

and i n  widely spaced f r a c t u r e s  . Proceeding inwards toward t h e  i n t r u s i v e  complex, . 

h a i r l i n e  f r a c t u r e s  con ta in  c h l o r i t e  and p y r r h o t i t e .  :Tearer t h e  i n t r u s i v e  complex, 

t h e s e  f r a c t u r e s  becone wider and are f i l l e d  with quar t z  which carries p y r r h o t i t e  

as w e l l  as coa t ings  and minute bands of  molybdenite. 

Sulphide minera ls  c o n s t i t u t e  less than 2 percent  by volume of t h e  rock 

wi th  p y r r h o t i t e  i n  t h e  major amount. Yolybdenite is always a s soc ia t ed  wi th  qua r t z  

and occurs  i n  t h e  pyr r t io t i te -bear ing  v e i n l e t s  and i n  t h e  h a i r l i n e  f r a c t u r e s  as 

s t r i n g y  l e n s e s  o r  smears along shea r s .  Nolybdenite is u s u a l l y  concentrated along 

se lvages  of t h e  v e i n l e t s .  The q u a r t z  ve ins  or q u a r t z  stockwork are p resen t  i n  both  

i n t r u s i v e  rocks and i n  the  contac t  zone of the hornfels .  Very minor amounts of 

s c h e e l i t c  have been noted wi th in  t h e  qua r t z  v e i n l z t  zone o r  a s soc ia t ed  with ga rne t  

ska rn  wi th in  areas of hornfels. 
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The d c p o s i t  113s s p v c r a l  s i z n i f i c m t  fe;ktnrcs wf?!cnt OA p l a n s  and c r o s s  

sections,  In t h e  upper  p a r t  of t h e  mine ra l i zed  area t h e  strata clip about  60’ 

n o r t 5 e a s t  corqxrwl t o  (li;>s j;ri?atcr t h m  73O at  l o v e r  Imrts of the stoc!:s. The 

s t ra ta  n e a r  t h e  s u r f a c e  arc c u t  by numerous p a r a l l e l  o r  s u b p a r a l l e l  faclts. The 

no lybdcn i t e  m i n e r a l i z a t i o n  is  c o n t r o l l e d  by t h e s e  pre-exdstin;  s t r u c t u r e s  and t h e  

grade contours  form bands t h a t  a rc  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 level a sonewhat a r c u a t e  form f o r  t h e  co lybden i t e  zone 

is  e v i d e n t  i n  which t h e r e  i s  ;? r e l a t i v e l y  lover grade core area t h a t  p a r a l l e l s  

the rnany 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  d ipping  f a u l t s .  The o u t e r  d i a n e t e r  

of the  no lybden i t e  zone a t  t h i s  level i s  about 435 by 520 m. 

A t  a much l o v e r  l eve l ,  t h e  molybdenite zone h a s  ex7anded t o  350 by 

610 m ,  o r l e n t e d  in a n o r t h v e s t e r l y  d i r e c t i o n .  “lie ore area has a d e f i n i t e  p a r t i a l  

r i n g  or a r c u a t e  shape wi th  s t e e p l y  d ipp ing  i n t e r n a l  s t r u c t u r e s  as i n d i c a t e d  by t h e  

grade contours  and wi th  a d e f i n i t e  b a r r e n  core  measuring 493 by 390 n and also 

o r i e n t e d  north. ;Jester ly .  I!owever a zone of molybdenite n i n e r a l i z a t i o n  about  

130 rn wide t r e n d s  n o r t h e a s t e r l y  through t h e  middle of the  b a r r e n  co re .  T h i s  

r e p r e s e n t s  m i n e r a l i z a t i o n  c o n t r o l l e 6  by f a u l t s  and shea r  zones. At h i g h e 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 v i th  the  n o r t h e s t  s i d e  of  

t h e  nain a r c u a t e  zone leavin;  t h e  b a r r e n  c o r e  wi th  an apparent  n o r t h e a s t  t r exd .  

Pos t -o re  f a u l t i n z  has displaccr!  thc ni r ,e ra l iza t ic=l  i n  p l a c e s  . 
Four s t a g e s  of sul?Iiicle m i n e r a l i z a t i o n  are cviclcnt, i n c l u d i n g  i n i t i a l  

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

quartz-nolybdenitc-pyrrhotitc and a final staze rep resen ted  by coa r se  g ra ined  

q u a r t z  veins several c e n t i n c t r e s  v i d e ,  con ta in ing  s p l i a l e r i t e  and lesser amounts of 

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

L ime  Creek 
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Although one of t h e  earliest  discovcred mineral  d e p o s i t s  i n  t h e  Alice Arm 

camp, t h e  major per iod  of exp lo ra t ion  took p l ace  between 1959 and 1963 t ~ h e n  13,150 m 

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

open p i t  mining ope ra t ions  between 1967 and 1992 and undertook 3,750 n 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  p rope r ty  by 

Climax Xolybdenun Corporat ion of B r i t i s h  Columbia, Limited i n  1973, 3 f u r t h e r  

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

Molybdenite mine ra l i za t ion  a t  Lime Creek i s  assoc ia t ed  wi th  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  q u a r t z  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 L a t e  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 i n  d i a q e t e r  and composed l a r g e l y  of p o r p h y r i t i c  rocks.  

An e a s t e r n  appendage t o  t h i s  body t h a t  i s  about 500 m long i s  composed of qua r t z  

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

(e.g., p y r r h o t i t e  d i s t r i b u t i o n ,  Figure 4 )  suggest  t h a t  t h i s  nore  b a s i c  eastern 

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

The main s tock  is conposed of g r a n i t o i d  rocks of several types  and 

ages with  a c e n t r a l  zone of qua r t z  nonzoni te  porphyry, Several 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  c e n t r a l  p a r t  of t h e  s t o c k  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 c u c o c r a t i c  with euhedra l  t o  subhedral  ’ phenocrysts  of normally 

zoned p l a g i o c l a s e  (Anz5 -30 ) and p o i k i l i t i c  I ( - fe ldspar  r a k i n z  up t h e  najor p a r t  

of t h e  rock ,  Hornblende and b i o t i t e  are t h e  ch ief  mafic  minera ls ,  

Quartz d i o r i t e ,  which f o m s  nuch of t he  western and sou theas t e rn  p a r t s  

of the  main s t o c k ,  i s  a mediusl grained whi te  t o  grey massive rock wi th  spa r se  

phenocrysts  of p l ag ioc la se .  Fine grained 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. I n  p l aces  l a r p  K-feldspar  c r y s t a l s  

have formed, many over  1 cm across .  These mesacrysts  con ta in  r e l i c t s  of 
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p l a g i o c l a s e  and mafic  minera ls .  S i n i l a r  p o i k i l f t i c  mcgacrysts also occur  i n  

t h e  q u a r t z  nonzoni tes .  

Dykes and lenses of whit2 t o  p i n k  equigranular  a l a s l c i t e  i n t r u d e  t!ie 

qua r t z  monzonite porphyries  and t h e  q u a r t z  d i o r i t e ,  p a r t i c u l a r l y  i n  t h e  contac t  

areas of t h e  main s tock .  This rock c o n s i s t s  e s s e n t i a l l y  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  r o s e t t e s  of nolybclcnite 

and occas iona l ly  c r y s t a l s  of  f l uo r spa r .  The molybdcnite 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 t h e  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  no r the rn  

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

q u a r t z  monzonite and g r a n o d i o r i t e  porphyry, and i n t r u s i v e  b recc ia s .  These are of 

i n t e r m i n e r a l  age and cornonly con ta in  angular  fragments of b i o t i t e  h o r n f e l s ,  qua r t z  

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

matr ix .  

The la tes t  g r a n i t i c  phase is a 2ost-molybdenite q u a r t z  f e l d s p a r  porphyry 

t h a t  t r u n c a t e s  t h e  n o r t h e a s t  p a r t  of t h e  s t o c k  a t  depth.  Th i s  rock type ,  observed 

only i n  d r i l l  co re ,  apparent ly  t e m i n a t e s  t h e  o r e  grade .minera l iza t ion  of t h e  

n o r t h e a s t e r n  p a r t  of t h e  o r e  zone. 

Lmprophyre 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 e s p e c i a l l y  abundant near  t h e  e a s t e r n  con tac t .  These 

dykes,  which occur  i n  n o r t h e a s t e r l y  t r end inz  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 c s  and greywackes i n  t h e  gene ra l  reg ion  con ta in  c h l o r i t e ,  

sericite , minor ep ido te  and a l b i t e  p l a g i o c l a s e ,  hence are wi th in  t h e  g reensch i s t  

metamorphic f a c i e s .  %placement of the s tock  was accompanied by con tac t  metasoaa t i sn  

of t h e  grcywackes t o  b i o t i t e  h o r n f e l s .  The h o r n f e l s  conta ins  up t o  30 percent  



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

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

subsequent hydrothermal a l t e r a t i o n  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 q u a r 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 Entens'e a l t e r a t i o n  

cent red  i n  t h e  no r the rn  h a l f  of t h e  Lime Creek s tock .  IJIthin t h e  c e n t r a l  p a r t  of 

the zone, t h e  hydrothermal a l t e r a t i o n  t rends  toward a complete replacement 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 pervas ive  a l t e r a t i o n .  Any plagioclase remnants within t h i s  zone are completely 

s e r i c i t i z c d .  The secondary o r thoc la se  r i m s  minera l 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 a g i o c l a s e  i n  t h e  rock matr ix .  

The c e n t r a l  i n t e n s e  zone chanzes q u i t e  abrupt ly  t o  an o u t e r  zone of 

less i n t e n s e  a l t e r a t i o n  inc lud ing  s e r i c i t i z a t i o n  of p lag loc 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 iase  v e i n l e t s  

forms a c i r c u l a r  boundary w i t h  8imeter of a p p r o x i m t e l y  1,000 m (Figure 5).  

Within the s tock  t h e  s e r i c i t i z a t i o n  is l a rze ly  confined t o  the p l a g i o c l a s e ;  w i th in  

t h e  b i o t i t e  hornfels i t  is  malnly along small q u a r t z  v e i n l e t s  and small f r a c t u r e s .  

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

southern  p a r t  of t h e  stock only n i n o r  sexici te  and c l a y  a l t e r a t i c n  are apparent .  

i l r g i l l i c  and s e r i c i t e  a l t e r a t i o n  of  plagfoclare 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  and ad jacen t  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 shea r s  w i th in  all 

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

Within 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  n a t r i x  is  r e c r y s t a l l i z e d  t o  a c o a r s e r  grain s i z e  m d  t h e  pheno- 

c r y s t s  arc reduced i n  s i z e  by replacernent. Thus there appears t o  be a t rend  

toward an equigranular  rock. T h i s  end p o i n t  i s  never  readied and t h e  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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The zone of Iilolybdcnite mineralization is a ring s t r u c t u r e ,  sli&tIj’ 

e l l i p t i c a l  i n  o u t l i n e  cind elongated east-west (Figure 3). This r i n g  occurs  in 

t h e  wi th in  and outward f roa t h e  i n t e n s e  quar tz -or thoc lase  a l t e r a t i o n  zone. 

The annular  minera l ized  zone conforms roughly t o  t h e  nor th ,  east , and w e s t  

con tac t s  of t h e  s t o c k ,  whereas t h e  southern  part of t h e  zone c u t s  ac ross  t h e  

s t o c k  a t  i ts  midpoint. The r i n g  of mine ra l i za t ion  has  i t s  b e s t  grades ad jacent  

t o  the hornfcls con tac t .  Yolybdenite conten t  decreases  toward t h e  c e n t r e  of t h e  

zone so t h a t  a bar ren  core con ta ins  only traces of molybdenum. 

Molybdenite mine ra l i za t ion  occurs  a long t h e  boundaries of 0.3 t o  0.6 

cm q u a r t z  v e i n l e t s  , 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  randonly 

o r i e n t e d  i n  a stockwork p a t t e r n ,  bu t  as a generz l  r u l e  the n a j a r i t y  of t h e  ve ins  are 

vertical  and s t r i k e  no r th -nor theas t .  Recent mapping of the  p i t  by g e o l o g i s t s  of 

Keririezott C ~ p p e r  Corporat ioc (Giiles and L i v i q s t o 9 e ,  1975) m d  Clinax Ifolybdenun 

Corporat ion of B r i t i s h  Coluxbia,  Limited i n d i c a t e s  four  s e p a r a t e  but  superimposed 

subs tages  of molybdenite n i n e r a l i z a t i o n  fallowed by a polymeta l l ic  v e i n  s t a g e .  

The f i r s t  subs tage  i s  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 dissemination: 

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  subs tages  

. 

are rep resen ted  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  p a r t s  of t h e  s tock  and t h e  ad jacen t  b i o t i t e  

hornfels. Subsequent ly ,  qua r t z  rnonzonite b recc ia s  were in t ruded  and t h e s e  are 

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

Higher grades of rnolybdenite i n ine 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 no r theas t  contac t  area of t h e  s tock .  

However the i n t e n s i t y  of f r a c t u r i n g  has  also provided channelways for t h e  l a te r  

lamprophyre dyke swarm t hus  reducing overal l  ;=rack i n  t h i s  area. 
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The f i n a l  stage of n i n e r a l i z n t i o n  i s  rep resen ted  by po lymeta l l i c  

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

c u t  t h e  z.olybdcnitc zone. A nor th -nor theas t  set  i s  genera l ly  predoxinant .  Ifomvcr, 

i n  places, t h e  northwest  set  is  predominant and i n  places both sets are present. 

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 c ,  m l y b d e n i t e ,  t e t r a l i 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 lead bismuth 

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

a f t e r  Charles  Key (Drummond, e t  a l . ,  1969). 

0 Pyrite occurs  as d isseminat 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  forns a 

annulus or halo pa . r t ly  overlapping t h e  molybdenite ring (Figure 3). 

Deep drill holes wi th in  t h e  s t o c k  have encountered anhydr i t e .  Deeper holes 

also i nd ica t ed  a decrease  i n  hydro therna l  a l t e r a t i o n  a t  depth (Giles 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  

s t u d i e s  were c o l l e c t e d  from s u r f a c e  exposures and from d r i l l  core .  Oxidat ion w a s  

no t  an i n p o r t a n t  f a c t o r  as most  of the p y r i t e  w 3 s  s t i l l  i n t a c t .  S i m p l e  spac ing ,  

which vas 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  ou tcrop  

and of d r i l l  core .  Sample s i tes  a r e  shown on Figures  4 through 9. 

' 

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 XRF techniques.  Y ine ra log ica l  q u a n t i t i e s  were obta ined  

from semi -quan t i t a t ive  X-ray d i f f r a c t i o n  es t inates  (aided by XYF analyses)  and 

a d j u s t e d  by t h i n - s e c t i o n  studies . 
Stud ies  of the Lime Creek molybdcnite d e p o s i t  have shown t h a t  spec i f ic  

main s t a g e s  p l u s  some substages can be recognized i n  t h e  geological sequence of 
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even t s  . The d i s t r i b u t i o n  p a t t e r n s  f o r  t h e  a l t e r a t i o n  minerals and t h e  Zeoclieniccll 

elements support  t h i s  gene ra l  t h e s i s .  ??any 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 elements.  Some p a t t e r n s  can be c o r r e l a t e d  wi th  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 t e red  rock;  some can be r e l a t e d  t o  the changes 

of contac t  netasomatism a t t e n a a n t  on i n t r u s i o n ;  some can 5e c o r r e l a t e d  with tile 

main s t a g e  of hydrothermal a l t e r a t i o n  and mine ra l i za t ion ;  and sane can be c o r r e l a t e d  

wi th  late po lymeta l l i c  qua r t z  ve ins .  

The h o r n f e l s  a t  t h e  n o r t h  contac t  of t h e  s tock  impar t s  a d i s c o n t i n u i t y  

t o  xany of t h e  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  hornfels  than i n  igneous rock.  

Contact He tasomat i c  Stage 

The formation of  the b i o t i t e  ho rn fe l s  ad jacent  t o  t h e  i n t r u s i o n s  of 

t h e  d i s t r i c t  Grid t h e  conversion of some of t h e  b i o t i t e  t o  ser 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  is 

i l l u s t r a t e d  on Figure  4 3  ?lost of  t h e  p y r r h o t i t e  (Figure 4 )  formed wi th  t h e  homfels .  

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

The a n o r t h i t e  conten t  of t h e  p l a g i o c l a s e  shows an i n c r e a s e  (over a width of 303 

m) toward t h e  con tac t  o f  t h e  s tock  where i t  is comparable t o  t h e  a n o r t h i t e  

' content  of t h e  rocks wi th in  the  s tock .  The n i c k e l  conten t  of t h e  s t o c k  and i n  t h e  

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  f o r  a narrow 

band a t  t h e  i n t r u s i v e  c o n t a c t ,  is sha rp ly  lower than the  po ros i ty  of t h e  sed incn ta ry  

rocks o u t s i d e  t h e  b i o t i t e  l i n e .  

Hydrothermal A l t e r a t i o n  

Abundant qua 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 p ropor t ions ,  f o r n  

*Amphibole and pyroxene noted in t h r e e  snmpIes are included with the b i o t i t e  estimates. 
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much of t!ic c e n t r a l  zone of i n t c n s c  a l t c r a t i o n . f i  

a l t e r a t i o n  zone, t h e  abundance of qua r t z  + o r t h o c l a s e  drops off r a p i d l y ;  however 

qua r t z -o r thoc la se  v z i n l e t s  c m  5c fount1 outward t o  t h e  i i nF t s  of hydrotIierma1 

Oats ide of tfiis c e n t r a l  intense 

a l t e r a t i o n  ( F i p r e  S). Any p lag ioc fase  r c m a n t s  w i th in  t h e  c e n t r a l  core  of intense 

a l t e r a t i o n  are completely scr ic i t fzcc!  (F ieure  5). 

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

rock-forming c l c n c n t s  . The po tas s iun  p a t t e r n  (Figure 5) r e f l e c t s  t h e  conpos i t ion  

of t h e  o r i g i n a l  rock p l u s  t h e  o r t h o c l a s e  added dur ing  the  h y d r o t h e m a l  a l t e r a t i o n .  

Barium, which has  also been added, shows a p a t t e r n  more restricted t o  the 

a l t e r a t i o n  zone. I r o n ,  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 (Figure 6 )  a l s o  shows 

a nega t ive  anomaly over  t h e  zones of  a l t e r a t i o n  and molybdenum n i n e r a l i z a t i o n .  

There has been an o v e r a l l  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  ncasurements show a small but  d e f i n i t e  neza t ive  anomaly with a na,uinun 

decrease  of d e n s i t y  moun t ing  t o  abo.Jt 6 percent  (FiLgure 6 ) .  

Xain Stage of X i n e r a l i z a t i o n  

Sulph ide  minera l i za t ion  c l o s e l y  a s soc ia t ed  wi th  the a l t e r a t i o n  stage 

in t roduced  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  

over lapping  concen t r i c  --yes around the zone of i n t e n s e  a l t e r a t i o n  (Figure 7) . 
The copper has been deple ted  i n  t h e  cen t r e  of the a l t e r a t i o n  zone, bu t  added t o  

t h e  o u t e r  p a r t  of t h e  a l t e r a t i o n  zone as a halo eler-lent (Figure 3 ) .  The su lphur  

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

p y r r h o t i t e  (F i su re  4 )  . The p y r i t e  ha lo  p a r t i a l l y  over laps  t h e  nega t ive  i r o n  anornaly. 

Pos t -ore  I n t r u s i o n  arid Tunzsten : i fne ra l i ?a t 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 the molpbdenite d e p o s i t .  

a l though n e a r l y  devoid of molybdenum, does have t r a c e s  of tunzstcn.  T h i s  s tock  

*Orthoclase,  q u a r t z ,  o r  2r ic i te  when p l o t t e d  s e p a r a t e l y  g ive  very erratic ? a t t r m s .  
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Tungsten mine ra l i za t ion ,  i n  t!ie forxi of s c h e c l i t c ,  xas accor!?anied by some 

p y r r h o t i t c .  This r e l a t i v e l y  la te  in t roduc t ion  of ?yrrIiotb.te accounts  f o r  some 

of t h e  errat ic  p y r r h o t i t c  va lues  appearing wi th in  t h e  sttbck (F igure  4 ) .  

Tungsten does not  f o r n  a good lialo t o  t h e  molykdenite mine ra l i za t ion .  

It occurs  throughout t h e  Line Creel: s tock  and tlie a d j a c m t  horn ' fc ls  i n  a f a i r l y  

erratic p a t t e r n  (F igure  2). 

Polymcta l l i c  Veins 

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

molybdenum b u t  they are not  concen t r i c  t o  t h e  main s t a g e  of hydro thema1  

a l t e r a t i o n  and n i n e r a l i z a t i o n .  The p a t t e r n  f o r  l ead  (Figure 8) r e f l e c t s  t h e  e r r a t i c  

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  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 v e r ,  bismuth, gall iurn,  a n t h o n y  

z i n c ,  and cadnium are very similar t o  t h e  lead p a t t e r n .  

K-tZr AGE DZTCEIE~ATIOXS 

Potassium-argon ages obtained from samples  co l l ec t ed  i n  t h e  Mice A m -  

Sass Xver area are shown on Figures  1 and 2. Ana ly t i ca l  d a t a  f o r  t h e s e  and o t h e r  

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

Nost s a p l c s  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  units 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  samples 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 3  t h e  b a s a l t  o u t l i e r s  south  of Alice Arm. With t h e  

except ion  of whole rock smples  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 lyses  were 

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

Samples f o r  d a t i n g  were co l l ec t ed  from molybdenum-bearins qua r t z  

nonzonfte porphyries  and r e l a t e d  i n t r u s i v e  phases a t  six of  tlie depos i t s .  



46-27  

Potass iun-argon r e s u l t s  f r o n  t h e  nain mineral i zcd  phase at 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 52.0+3 m y t o  53 .3+_3  n y (Fizurcs 1 and 2 ) .  Q u a r t z  d i o r i t e  

b o r d e r  phases  a t  B r i t i s h  Columbia Molybdenum and B e l l  Xolybdenum are 51 .4 f l . 5  m y 

and 51.722.2 m 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  e r r o r  for t h e  

main q u a r t z  nonzoni te  phzse. 

L a t e  i n t r u s i v e  phases ,  which e s h i 5 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 irst  phase ,  were sampled at  3 r i t i s h  Columbia ?lolybdenum. A dyke of 

i n t r u s i v e  b r e c c i a  n e a r  t h e  n o r t h e r n  c o n t a c t  of t h e  s t o c k  has an age of 53.6+_1.7 m y, 

almost  i d e n t i c a l  t o  t h e  age obta ined  from t h e  g e o l o g i c a l l y  o l d e r  q u a r t z  monzonite 

porphyry phase (53.223 m y ) .  An age of 43.321.6 m y was obta ined  f o r  a saqple  

of a later,  n e a r l y  post-molybdeni te  phase of q u a r t z  monzonite o c c u r r i n g  a t  a depth  

o f  300 m 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 n x i n a t i o n  

co r robora t e s  t h e  g e o l o g i c a l  ev idence  that t h i s  i s  a younger porphyry ? h a w  which 

pos t -da t e s  t h e  main per iod  of molybdenite m i n e r a l i z a t i o n  and p rov ides  an upper  l i m i t  

f o r  t h e  aSe of no lybden i t e  m i n e r a l i z a t i o n .  *4 s i n i l a r  pos t -minera l  porphyry dyke t h a t  

c u t s  the q u a r t z  nonzoni te  porphyry host rock a t  one of  the  XLSS R i v e r - d e p o s i t s  

(Figure 2) y i e l d s  a potassium-argon age of 49.9_t,2 m y. 

A whole rock sample of b i o t i t e  Iiornfels from o u t s i d e  tlie mine ra l i zed  

zone a t  Bell Yolybdenuv ~ - 2 s  dated  a t  43.721.5 m y. Although such a sample 

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

by p a r t i a l  a rzon  l o s s  i n h e r e n t  i n  a whole roc!: sanple. 

Two nolybdenun d e p o s i t s  r e tu rned  soaewhat anomalous ages . The 43 .321 .9  

m y age de te rn ined  f o r  t h e  :!oily !lack occiirrence sou th  of Anyox (F igure  1 )  n i g h t  b e  

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

adjacent Coast F l u t o n i c  Complex g r a n i t i c  rocks .  The 36.1tl.G n y age f o r  t h e  

Penny Creek occurrcncc  southwest of Alice A2rn (Figure  1 )  p o s s i b l y  could be Juc t o  

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



none was seen duriz: f i e l d  examination. IIoiccvcr, i t  sI!oulC: be noted t h 3 t  sirnilar 

Oligocene ages f o r  g r a n i t i c  rocks have bcen reported.  in t h e  Pr ince  I.Jilliar? Sound 

area of southern  Alaska by Lmpticre (1365) and on Vancouver Isl.ancl by Carson ( ! 9 ; 9 )  

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

i n  t h e  Alice A m  area are i n  good agreement with those  r epor t ed  he re .  

' I J o o ~ c o c ~ ,  c t  al. (1966) repor ted  a potassium-argon age of 5 3 , 3  m y for 

a sample c o l l e c t e d  near t h e  south  con tac t  of t h e  B r i t i s h  Colunbia Elolybdenum 

s tock .  L a t e r  work on t h e  same d e p o s i t  i n  1971 by D. Lo C i l e s ,  formerly of t h e  

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

(Giles and Livings 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 t h e  alaskite phase. 

Giles and Livingstone (1975) a l s o  repor ted  an age of 6 3 . 2  m y f o r  a 

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

the open p i t .  This  age i s  i n t e r p r e t e d  t o  represent 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 at 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  described h e r e ,  where b i o t i t e  l io rnfe ls  samples which 

could be expectec! 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 ,  r e tu rned  azes i n  t h e  

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

accumulation of excess  -?:on. 

Potassiun-argcn ages f o r  four  samples c o i l 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 Al ice  Arn and Lava La?te (F igure  1)  range f r o n  

48.Sf1.5 t o  50.7k2.1 n y. These are i n  azreement wi th  ages obta ined  by the 

Geological Survey of Canada i n  the  sane area and arc sonewhat younger than  the  

mean age of 53 n y determined f o r  t h e  molybdenum-bearing porphyry s t o c k s .  

Although wi th in  t h e  l i n f t s  of a n a l y t i c a l  e r ror ,  thcsc c o n s i s t e n t l y  younger ages 

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

l a r g e  geographic area (Figure 1)  sugses t  t h a t  t he  moiybdenum-bearing stocks were 
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i n t ruded  a measurable amount of t h e  p r i o r  t o  t h e  cn~ laccmen t  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 

Arm were regarded as being of Ear ly  t o  !liddle T e r t i a r y  age. A s a m p l e  c o l l e c t e d  

from n o r t h  of t h e  Bell Flolybdenurn s t o c k  has  an age of 9.62tO.G & 7% which is  an 

average of t h r e e  de te rmina t ions  . A similar saTplc f roxa b a s a l t  remnant eas t  of 

Lime Creek has an age of 1.6+0.3 P y. This  apparent  d i s p a r i t y  in age can be 

a t t r i b u t e d  t o  a lower level of accuracy i n  the  convent ional  potassium-arzon 

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

l iolybdeni te  d e p o s i t s  i n  t h e  Al ice  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 qua 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  nea r  t h e  east flank of t h e  Coast P l u t o n i c  Complex, a l though potassiurn- 

argon ages sugges t  t h a t  t h e  stoc!:s mrc em?l=iced a few n i l l i o n  yea r s  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 h-m i n t r u s i o n s  were probzbly loca l i zed  by deep-seated f a u l t s  and 

f r a c t u r e  systems (Seraphi-! and ! Io l l i s tex ,  t h i s  volume) . Supporting t h i s  concept are 

i n i t i a l  s t r o n t i u n  i so tope  r z t i o s  (C i l e s  and Livingstone,  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 der ived 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 w a t e r n a r y  and Recent b a s a l t s  south  of Al ice  A r m  

and Nass River sugzes t s  t h a t  they may have been l o c a l i z e d  by t h e  sane reGenerated 

f a u l t  m d  f r a c t u r e  sys tens .  The incidence of young volcanic  a c t i v i t y  nearby 

molybdenite d e p o s i t s  is not  uncornmon i n  the Canadtan Cord i l l e r a .  



The age of r?olyhdenitr? a i n e r a l i ~ a t l o n  i s  v i r t i r a l l y  conzruent wi th  the  

age of i n t r u s i o n  3s detern-ined by r n d i o n e t r i c  (K-Ar) m t h o d s  . TIic m i n e r a l i z i n s  

i n t r u s i v e  phase are t h e  a 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  a t  t h e  Line 

Creek and Xoundy Creek depos i t s .  In t ense  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  stocl-s has  r e s u l t e d  i n  most of t h e  ccononic and sub-economic no lybdeu i t c  

mine ra l i za t ion  occur r inz  i n  t h e  contac t  areas of t h e  s tocks .  
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