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ENDAKO MINE 

INTRODUCTION 

Endako mine is the  l a r g e s t  molybdenum producer i n  Canada and 

second l a r g e s t  i n  t h e  world a f te r  Climax, Colorado. The depos i t  is an  elong- 

a t e  stockwork of quartz-molybdenite ve ins  developed wi th in  t h e  Endako qua r t z  

monzonite phase of Topley In t rus ions . In  comparison with o t h e r  Cordi l le ran  

porphyry-type copper and molybdenum depos i t s ,  Endako i s  notable  f o r  t h e  para- 

magmatic a f f i l i a t i o n s  of hydrothermal a l t e r a t i o n  and minera l iza t ion ,  t h e  

well-defined sequence of po tass ic ,  s e r i c i t i c  and a r g i l l i c  a l t e r a t i o n  s tages ,  

and the  lack  of o re -con t ro l l i ng  b recc ia s  and minor in t rus ions .  

W 

- 
Endako mine i s  located 100 miles w e s t  of Pr ince  George, B r i t i s h  

Columbia, wi th in  t h e  g l ac i a t ed  uplands of t h e  Nechako Plateau.  

HISTORY AND DEVELOPMENT 

The o r i g i n a l  S t e l l a  ve in  was discovered i n  1927, 3 u t  the  l a r g e -  

tonnage p o t e n t i a l  of the  depos i t  was not  recognized u n t i l  1962, when a small 

bu t  encouraging d r i l l i n g  program was i n i t i a t e d  by R and P Metals Corp*Ltd.@nadian 

Explorat ion Ltd. examined, optioned and commenced d r i l l i n g  t h e  property i n  

la te  1962. The dec i s ion  t o  develop t h e  depos i t  f o r  production was announced 

i n  March 1964, and t h e  mine was o f f i c i a l l y  opened on June 8, 1965. 

Product ion i s  c u r r e n t l y  being maintained a t  27,500 tons per  day 

a t  an  average o r e  grade of 0.16% MoS2. Reserves are  est imated a t  209 m i l l i o n  

tons  of ore  averaging 0.15% MoS2, ca lcu la ted  a t  a cut-off  grade of 0.08% MoS2 

(1971 f i g u r e s ) .  
REGIONAL GEOLOGY 

Geologic knowledge of Endako area i s  based pr imar i ly  upon mapping 

by Armstrong (1949), Tipper (1963), Carr (1966) and t h e  wr i te r  (Dawson, 1971). 

w 
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The Topley batholith, of Jurassic age, extends west-northwestward 

from Quesnel to Babine Lake, a distance of some 180 miles. The batholith 

flanks and intrudes the southwestern margin of a flexure in the Stuart 

Lake High, an elongate, fault-bounded belt of Cache Creek metamorphic 

rocks in central British Columbia. This belt of Carboniferous-Permian 

rocks was uplifted in Late Triassic time along steeply-dipping peripheral 

faults which subsequently provided conduits for rising Topley magma. 

South and west of Stuart Lake High, Topley batholith intrudes volcanic 

and sedimentary rocks of the Takla-Hazelton Assemblage that were laid 

down intermittently in Late Triassic to Middle Jurassic time. 

The oldest and most extensive Topley unit, the Middle Jurassic 

Simon Bay diorite complex, is a concordant mesozonal pluton whose prom- 

inent foliation parallels the northwest batholithic trend and probably 

reflects pre-existing structural controls upon its emplacement. In 

Endako area, Simon Bay rocks are intruded by Late Jurassic Topley phases 

(Endako, Nithi, Glenannan, Casey and Francois plutons) of discordant,. 

epizonal type and west-northwest elongation. The predominantly quartz 

monzonitic plutons are closely grouped in radiometric age (137-141 m.y.) 

and represent a relatively short period of differentiation of the parental 

Topley magma, with enrichment in silica and alkalies in youngest phases. 

Youngest Late Jurassic to Early Cretaceous Topley units in 

Endako area (Stellako and Fraser plutons) are more granodioritic in com- 

position and divergent from the regional northwest trend. 

Topley Intrusions are overlain by extensive, flat-lying andesitic 

and basaltic Endako Group flows of Eocene age. Related dykes intrude post- qw 
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o r e  f r a c t u r e s  i n  Endako area. 

M I N E  GEOLOGY 

Geology of t h e  Endako depos i t  i s  drawn, i n  p a r t ,  from t h e  more com- 

prehensive d e s c r i p t i o n  by Kimura and Drummond (1969) . Potassium-argon ages 

of Endako area rocks are  drawn from White, e t  a1 (1970). 

1. Rock Types 

Ages and d e s c r i p t i o n s  of rock u n i t s  i n  Endako a rea  are  summarized i n  

Table 1. Endako qua r t z  monzonite and t h r e e  types of a c i d i c  pre-ore dykes 

form t h e  host f o r  t h e  mineralized stockwork. Endako quar,tz monzonite is a 

subporphyr i t i c  t o  equigranular  rock wi th  average mode: mic rope r th i t i c  pink 

o r thoc la se  44.5%; quar t z  22.6%; gray zoned o l igoc la se  (An19) 26.3%; brown 

b i o t i t e  4.6%; hornblende 0.6%; accessory minerals  2.0%. Apl i te ,  po rphyr i t i c  

g r a n i t e  and quar tz - fe ldspar  porphyry dykes occur i n  two swarms i n  t h e  c e n t r a l  

p i t  area. Pos t -ore  b a s a l t  and andes i t e  dykes cross-cut  thc  quar tz  monzonite, 

pre-ore  dykes and mineral ized stockwork. 

2. St ruc tu re  

Endako orebody i s  an elongated e l l i p t i ca l ly - shaped  zone of stockwork 

t h a t  occurs wholly wi th in  Endako quar tz  monzonite. The orebody may be con- 

s idered  a s  a s e r i e s  of major east-west veins or ien ted  en echelon t o  form 

a zone elongated i n  a n q t h w e s t e r l y  d i r e c t i o n .  The orebody, including the  Denak 

aome, i s  11,000 f e e t  long by 2,200 feet  wide. The average d i p  of mineralized 

stockwork is a cons i s t en t  50° south over t h e  orebody length,  bu t  depth of econ- 

omic mineral izwAon v a r i e s  from a minimum of 100 f e e t  a t  the  east  end t o  over 

1,000 f ee t  a t  t h e  w e s t  end. 

The development of Endako orebody w a s  inf luenced by t h r e e  r e l a t e d  igneous 

events: emplacement and c r y s t a l l i z a t i o n  of Endako quar tz  monzonite; i n t r u s i o n  
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of r e s idua l  g r a n i t i c  magma as pre-ore  dykes; and a scen t  of hydrothermal f l u i d s  

through t h e  l o c a l i z e d  zone of i n t e n s e  f r a c t u r i n g .  

Ear ly  compressional stresses, a c t i v e  during emplacement and cooling 

of Endako pluton,  appa ren t ly  generated loca l i zed  doming and f r a c t u r i n g  i n  

t h e  v i c i n i t y  of t h e  mine, an  area occupying t h e  i n t e r s e c t i o n  of reg iona l  east-  

west, northwest and no r theas t  frac- systems. I n t r u s i o n  of pre-ore  dykes 

accompanied t h e  p r i n c i p a l  s t r u c t u r a l  adjustment of t h e  pluton: wrench f a u l t -  

ing along p r i n c i p a l  orebody f a u l t s  and secondary shears ;  doming of t h e  ore- 

body area; and a n t i t h e t i c  f a u l t i n g  along conjugate southward and northwest-  

ward-dipping f r a c t u r e s .  Many l a r g e  ve ins  and smaller stockwork v e i n l e t s  f o l -  

low t h e  predominant east-west and no r theas t  f r a c t u r e  d i r e c t i o n s .  

Loca l i za t ion  and development of Endako stockwork i s  summarized i n  F igure  1, 

and schematic p l an  and sec t ions  of the  orebody are given i n  F igure  2. 
L 

3. A l t e r a t i o n  and Vein Mineralogy 

A. A l t e r a t i o n  Mineralogy 

Three d i s t i n c t  a l t e r a t i o n  phases are recognized by Drummond and K i m -  

u r a  (1969) wi th in  t h e  Endako ore  zone: (1) envelopes wi th  K-feldspar;  (2) en- 

velopes wi th  se r ic i te ;  and (3) pervasive kao l in i za t ion .  

Envelopes 1/8-inch t o  2 feet  wide containing p r i n c i p a l l y  salmon- 

pink o r thoc la se  are developed around Stage 1 ( o l d e s t )  quar tz ,  quartz-molyb- 

d e n i t e  and quartz-magnet i te  ( a l l  +, p y r i t e )  veins .  K-feldspar envelopes may 

be of t h r e e  types: 100% or thoc lase ;  90% or thoc lase  and 10% b i o t i t e ;  and 60% 

or thoc lase ,  30% quar tz ,  5% b i o t i t e ,  5% a l t e r e d  p lag ioc lase .  Grey envelopes 

1/8-inch t o  2 inches  wide containing 55-60% quar tz ,  30-35% s e r i c i t e ,  and 1-5% 

f i n e l y  disseminated p y r i t e  a r e  developed around Stage 2 quartz-molybdenite yllr’ 
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and/or  magnetite,  and qua r t z -py r i t e  ve ins .  S e r i c i t i c  envelopes a r e  l e s s  

abundant than  K-feldspar-bear ing envelopes. Within the s e r i c i t i c  envelope 

o r i g i n a l  K-feldspar,  p l ag ioc la se  and b i o t i t e  have been replaced by s e r i c i t e  

and qua r t z ,  and i r o n  from the breakdown of b i o t i t e  has- been su lphid ized  t o  

form p y r i t e .  

Quartz monzonite may be contemporaneously kaol in ized  outward 

from p o t a s s i c  and se r i c i t i c - enve loped  ve ins ,  and is pervas ive ly  kao l in i zed  

w i t h i n  t h e  stockwork of Stage 3 quartz-molybdenite ve ins .  Degrees of per- 

vas ive  a l t e r a t i o n  a r e  a r b i t r a r i l y  defined by t h e  progress ive  minera logica l  

change of hard grey  p l ag ioc la se  in f r e s h  rock t o  a s o f t  g reenish  mixture  of 

k a o l i n i t e  and se r i c i t e ,  and the  k a o l i n i z a t i o n  of primary K - f e l d s p a r  under 

intense a r g i l l i z a t i o n .  Weak k a o l i n i z a t i o n  is t y p i f i e d  by p l ag ioc la se  g r a i n s  

showing a hard una l te red  r i m  and a s o f t  g reen i sh  core of k a o l i n i t e ,  lesser 

s e r i c i t e ,  and l o c a l l y  montmori l loni te .  Moderately kaol in ized  rock i s  char- 

a c t e r i z e d  by complete replacement of p l ag ioc la se  by a greenish  o r  white  

mixture  of k a o l i n i t e  and s e r i c i t e .  K-feldspar  i s  not a t tacked  i n  e i t h e r  

weak o r  moderate s t a g e s  of k a o l i n i z a t i o n  and b i o t i t e  may be e i t h e r  ch lo r -  

i t i z e d  (primary) o r  f r e s h  (secondary). I n t e n s e l y  kaol in ized  qua r t z  monzon- 

i t e  is t y p i f i e d  by p a r t i a l  o r  complete replacement of primary K-feldspar  

by k a o l i n i t e  p lus  a l i t t l e  s e r i c i t e ,  and complete breakdown of p l ag ioc la se  

t o  k a o l i n i t e  and s e r i c i z e .  

and whi te  mixtures  of c l a y  minerals,  bu t  only t h e  white  m a t e r i a l  conta ins  

ve ry  f ine -g ra ined  secondary b i o t i t e .  Fer rous  i r o n  t h a t  imparts a green 

co lou r  t o  k a o l i n i t e  i n  one case is f ixed  i n  b i o t i t e  i n  the o the r  case and 

consequent ly  t h e  coex i s t ing  k a o l i n i t e  i s  white.  

In t ense ly  kaol in ized  rock conta ins  both greenish  

V 
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B. Vein Mineralogy 

The most abundant primary metallic minerals are molybdenite, pyrite 

and magnetite, with minor amounts of chalcopyrite and traces of sphalerite, 

bornite, specularite and scheelite. A single occurrence of beryl and bis- 

muthinite was found. 

Molybdenite occurs in two types of veins: large, 6-inch to 4-feet 

wide quartz veins containing laminae and fine disseminations of molybdenite; 

and fine fracture-fillings and veinlets of quartz-molybdenite as stockworks 

adjacent to major veins. Brecciation of major veins with subsequent quartz- 

molybdenite healing is common. 

Magnetite, pyrite and minor amount of chalcopyrite commonly are 

associated with molybdenite, but may also form distinct veins. Magnetite in 

quartz veins has undergone supergene martitization (oxidation to hematite) 

that progressively decreaser in intensity with increasing depth. A pyrite 

zone that bounds the orebody on the south is a poorly-developed stockwork 

of veinlets containing quartz, pyrite, minor magnetite and rare molybdenite. 

Pyrite content of the zone is an estimated 1 percent. 

relatively rare quartz-specularite and chalcedony occur throughout the orebody, 

and may be either a terminal stage of deposition from ore-bearing fluids, or 

younger epithemal deposits related to Eocene volcanism. 

Secondary minerals include limonite, hematite, ferrimolydite, powel- 

lite, pyrolusite and malachite. Depth of oxidation varies’from 1 to 5 feet in 

general, and development of secondary minerals is not extensive. 

Qu 
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4.  Age Rela t ions  of Vein and A l t e r a t i o n  Minerals 

Age r e l a t i o n s  of ve in  and a l t e r a t i o n  minerals  p lus  corresponding 

s t r u c t u r a l  and igneous events  are given i n  Table 2.  

A sequence of r e l a t i v e  ages of ve in  and a l t e r a t i o n  assemblages has 

been determined f ram observat ions of c ros s -cu t t i ng  r e l a t ionsh ips .  There i s  

no s i g n i f i c a n t  c o r r e l a t i o n  between ve in  mineralogy and a s p e c i f i c  type of 

a l t e r a t i o n  enve-lope o r  i n t e n s i t y  of pervasive kao l in i za t ion .  However, wi th in  

the  orebody, K-feldspar envelopes a r e  more commonly developed around quar tz -  

molybdenite ve ins ,  s e r i c i t i c  envelopes commonly enclose quartz-magnet i te  

veins ,  and weak t o  moderate k a o l i n i z a t i o n  i s  the  commonest i n t e n s i t y  of per- 

vas ive  a l t e r a t i o n .  

F ive  s t a g e s  of a l t e r a t i o n  and mine ra l i za t ion  have been def ined.  Stage 1 

and 2 veins  and envelopes were descr ibed previously.  The g r e a t e s t  volume of 

molybdenite was deposi ted i n  Stage 3 veins, which may conta in  quartz-molybdenite, 

quartz-magnetite,and/or quarta-magnetite-molybdenite (all +, p y r i t e , c h a l c ~ p y r i t e ) .  

- 

Pervasive a r g i l l i c  a l t e r a t i o n  accompanies Stage 3 minera l iza t ion .  Stage 4 veins  

conta in  quar tz  and p y r i t e ,  and l ack  a s soc ia t ed  a l t e r a t i o n  o the r  than occasional  

bleaching around the  veins .  Stage 5 veins  conta in  qua r t z - specu la r i t e ,  c a l c i t e  

and chalcedony, and l ack  assoc ia ted  a l t e r a t i o n .  Post-ore  u n f i l l e d  f r a c t u r e s  

de f ine  Stage 60 

ORE CONTROLS 

Three i n t e r r e l a t e d  f a c t o r s ;  s t r u c t u r a l ,  chemical and thermal e f f e c t s ,  

combine t o  con t ro l  t he  na tu re  and d i s t r i b u t i o n  of ve in  and a l t e r a t i o n  minera ls  

a t  Endako mine. 
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1.. The s t r u c t u r e  of t h e  orebody has  been descr ibed previously.  Con-' 

rl(ll f i g u r a t i o n  of stockwork i s  the p r inc ipa l  o r e - l o c a l i z a t i o n  f a c t o r .  From east 

t o  west along t h e  l eng th  of t h e  orebody, r e l a t i v e l y  homogeneous stockwork 

generated by i n t e n s e  domal movement g ives  way t o  poorly-developed stockwork 

ad jacent  t o  l a r g e  shear  veins. Homogeneity of ore  values  v a r i e s  accordingly.  

Stockwork f r a c t u r i n g  and o r e  values  terminate  ab rup t ly  along t h e  no r th  s i d e  

of t h e  orebody, bu t  d iminish  gradual ly  southward towards t h e  p y r i t e  zone t h a t  

marks t h e  southern l i m i t s  of stockwork minera l iza t ion .  

2. Chemical con t ro l  of hydrothermal mine ra l i za t ion  and a l t e r a t i o n  i s  

evident  from the s p a t i a l  and temporal r e l a t i o n s h i p s  between a l t e r a t i o n  assembl- 

ages  of Stages 1, 2 and 3 .  K-feldspar envelopes are  i n t e r s e c t e d  by s e r i c i t i c  

envelopes, and the rock outward f r o m  these envelopes and Stage 3 veins  is 

pervasively kaolinized' .  The mechanism r e l a t i n g  potass ic ,  se r ic i t ic  and a r g i l -  

Lic a l t e r a t i o n  i s  a progress ive  i o n  leaching o r  migrat ion of @*,Ea+, MgHj 

Fe*and Fewtoward t h e  vein,  with simultaneous outward migrat ion of K+ and Hf. 

The K+/H+ ac t iv i ty  r a t i o  c o n t r o l s  outward d i f f u s i o n  of K+ and 

and v a r i e s  outward from t h e  v e i n  mainly i n  response t o  v a r i a t i o n s  i n  temper- 

a t u r e ,  K+ and H-k concent ra t ion  g rad ien t s ,  ra te  of removal of ,leached cons t i t uen t s ,  

and pressure.  Reaction curves f o r  t h e  system K20-A1203-S102-H20 developed by 
i 

Hemley (1959) show t h a t  temperature and K+/W a c t i v i t y  r a t i o  are t h e  most s ign-  

i f i c a n t  v a r i a b l e s  i n  determining s t a b i l i t y  of phases i n  t h e  system. Drummond 

(1969) notes  t h e  relative age sequence of K-feldspar-sericite-kaolinite i s  i n  

agreement with a chemical con t ro l  based on the a c t i v i t y  r a t i o  of K+/H+ i n  a 

nea r ly  isothermal environment. 

3. Thermal c o n t r o l s  are evident  i n  zonat ion of a l t e r a t i o n  assemblages 

from nor th  t o  south a c r o s s  the orebody. A r e l a t i v e  abundance of K-feldspar- 

700 bearfng,egyf&qp B U R R A  def ines  a "'K-feldspar zone" about 800 f e e t  wide p a r a l l e l  t o  
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t h e  orebody and , f lanking it  on t h e  nor th .  The t r a n s i t i o n  t o  t h e  orebody proper 

i s  marked by a sharp  inc rease  i n  t h e  abundance of molybdenite, s e r i c i t i c  envel-  

opes and i n t e n s i t y  of pervasive kao l in i za t ion .  The t r a n s i t i o n  t o  t h e  "pyr i t e  
w 

zone" is marked by a sharp decrease i n  abundance of K-feldspar a l t e r a t i o n ,  a 

gradual  diminishment i n  i n t e n s i t i e s  of molybdenite minera l iza t ion ,  kao l in i za -  

t i o n  and se r ic i t ic  a l t e r a t i o n ,  and an  inc rease  i n  relaiive abundance of p y r i t e .  

A l t e r a t i o n  zonation suggests  decreasing temperature from t h e  ore  

zone towards the south,  implying similar temperature v a r i a t i o n s  f o r  su lphide  

depos i t ion .  F l u i d  inc lus ion  s t u d i e s  support  t h i s  t rend.  Minimum f i l l i n g  temp- 

e r a t u r e s  f o r  f l u i d  inc lus ions  i n  quar tz  from K-feldspar-enveloped ve ins  a r e  

s l i g h t l y  h ighe r  than  50OoC; those f o r  i nc lus ions  i n  quar tz  from ser ic i te-  

enveloped ve ins  cente; around 48OOC; whereas those f o r  quar tz  ve ins  without 

envelopes but within pervas ive ly  a r g i l l i z e d  rock range from 38OoC t o  46OoC 

(Dawson, 1971). These temperatures are i n  agreement with Hemley's (1959) ex- 

perimental  d a t a  f o r  s t a b i l i t y  f i e l d s  of t h e  a l t e r a t i o n  phases. w 

Minor element content  of p y r i t e  shows a similar temperature-dependent 

t rend  ac ross  the orebody. I n  Q-Mode f a c t o r  a n a l y s i s  of 12-element spec t ro-  

chemical d a t a  from 67 orebody p y r i t e s ,  Mn, Ni and Sn de f ine  Fac to r  I which 

coincides  w i t h  t h e  ore  zone, whereas Fac to r  I1 (Co and Cu) coincides  wi th  

t h e  pyri ' te zone (Dawson,l971) Corre la t ion  of Fac to r s  I and I1 t o  o r e  and p y r i t e  

zone r e spec t ive ly  impl ies  t h a t  t h e  fa 'ctors are r e l a t e d  t o  minera l iz ing  pro- 

cesses t h a t  gave r ise  tz the  two minera logica l ly  d i s t i n c t  zones. 

Within a s i n g l e  ve in  o r  ve in  system, thermal g rad ien t s  may have been 

less s i g n i f i c a n t  than chemical con t ro l s  i n  a f f e c t i n g  t h e  s t a b i l i t y  of an 

a1 t e r a t i o n  o r  su lphide  phase, bu t  on a megascopic scale temperature g rad ien t s  

W 
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have con t ro l l ed  t h e  relative abundance of mineral  assemblages i n  t h e  orebody 

area . 
CONCLUSIONS 

The Enbako stockwork was loca  ized  wi th in  a n  e a r l y  quar tz  monzonitic 

phase of Topley b a t h o l i t h  by wrench f a u l t i n g  and doming generated by cooling 

of t h e  b a t h o l i t h  and i n t r u s i o n  of pre-ore  dykes. Hydrothermal f l u i d s  e f f e c t -  

i n g  a l t e r a t i o n  and mine ra l i za t ion  of t h e  stockwork were generated contemporan- 

eous ly  with t h e  cooling of t h e  Endako pluton. Abundant e a r l y  p o t a s s i c  a l ter-  

a t i o n  and r e l a t i v e l y  h igh  f l u i d  i n c l u s i o n  temperatures a t tes t  t o  t h e  para- 

magmatic a f f i l i a t i o n  of ve in  and a l t e r a t i o n  mineral assemblages. Cross- 

c u t t i n g  r e l a t i o n s  i n d i c a t e  a relative age sequence among t h e  a l t e r a t i o n  

s t a g e s  which is i n  agreement with a chemical con t ro l  based p r imar i ly  on t h e  

a c t i v i t y  r a t i o  of K+/W. Concurrent north-south zonat ion  of stockwork mineral-  

i z a t i o n ,  p r i n c i p a l  a l t e r a t i o n  types, f l u i d  i n c l u s i o n  temperatures, and minor 

WW 

element content of p y r i t e  i n d i c a t e s  thermal g r a d i e n t s  diminished southward 

across t h e  orebody from a "high" centered over t h e  K-feldspar zone. , 

January, 1971. 
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