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~ ABSTRACT 

The L A .  depos i t  i s  s i t u a t e d  370 km nor theas t  o f  Vancouver. It 

under l i es  Highland Va l l ey  i n  a graben b lock  bounded by h igh  angle f a u l t s .  

M i n e r a l i z a t i o n  forms an e l l i p t i c a l  body which i s  elongated northwestward 

p a r a l l e l  t o  the  v a l l e y .  

260 m i l l i o n  tonnes con ta in ing  0.43 percent  copper and 0.017 percent  molybdenum. 

The depos i t  s t radd les  t h e  n o r t h  s t r i k i n g  con tac t  between g ranod io r i t es  

t *  

Reserves are  est imated f rom diamond d r i l l i n g  t o  be 

o f  t h e  Guichon v a r i e t y  and t h e  younger Bethlehem phase o f  t he  Guichon 

Creek b a t h o l i t h .  

t h a t  o f  t he  o re  l i e s  a long i t s  sout,hern contac t .  The s tock cu ts  t h e  

Guichonfiethlehem contac t .  

which grades inward t o  p o r p h y r i t i c  b i o t i t e  quar tz  monzonite. 

i s  minera l i zed  and weakly disseminated su lph ides occur throughout t h e  stock.  

A small e l l i p t i c a l  s tock  w i t h  long a x i s  subpara l l e l  t o  

I 

I '  

9 It has a carapace o f  quar tz  p lag ioc lase  a p l i t e  

Th is  carapace 

I 

Regional geology and bedrock geometry suggest t h a t  a se r ies  o f  s teep ly  
I 

d ipp ing  northward and northwestward s t r i k i n g  f a u l t s  comprise t h e  framework 

o f  t h e  depos i t .  I n fo rma t ion  f rom o the r  Hlghland Va l l ey  depos i ts  i n d i c a t e s  

t h a t  t he  f a u l t s  were i n i t i a t e d  p r i o r  t o  o re  format ion.  

good evidence t o  i n d i c a t e  t h a t  post -ore movement a l s o  took place. Along t h e  

Highland Va l ley ,  apparent o f f s e  

movement along t h e  Highland Va l l ey  f a u l t .  

accompanied by sedimentat ion and volcanism du r ing  t h e  T e r t i a r y  i s  w e l l  

documented. 

There i s  however 
, 

f contac ts  suggests some l e f t  l a t e r a l  

Block f a u l t i n g  i n  Highland Va l l ey  

M i n e r a l i z a t i o n  occurs p r i m a r i l y  i n  f r a c t u r e s ,  ve ins  and t h e i r  

a1 t e r a ' t i o n  envelopes. 

w i t h  l e s s e r  bo rn i te .  . Sulphide zoning i s  apparent as fo l l ows :  

zone i n  which b o r n i t e  equals o r  exceeds c h a l c o p y r i t e  grades outward 

The predominant economic minera l  i s  c h a l c o p y r i t e  

- a core 
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through a zone w i t h  cha lcopy r i t e  i n  excess o f  bo rn i te ,  t o  a zone w i t h  

c h a l c o p y r i t e  i n  excess o f  p y r i t e ,  and f i n a l l y  t o  a zone w i t h  p y r i t e  i n  

excess o f  cha lcopy r i t e .  

by volume. 

c o p y r i t e  + p y r i t e  zones; t h e  p y r i t e  and much o f  t he  b o r n i t e  zone have 

subeconomic grades. 

ep ido te  ve ins and q u a r t z - s e r i c i t e  zones markedly i n f l u e n c e  grades l o c a l l y ,  

the  d e n s i t y  o f  su lph ide-bear ing m ine ra l i zed  f r a c t u r e s  i s  t he  most 

impor tant  o v e r a l l  grade c o n t r o l .  ,Most ve ins and f r a c t u r e s  i n  the  

depos i t  hgve moderately steep t o  steep d ips .  

P y r i t e  i n  the  ' 'halo" averages l e s s  than 2 percent  

The orebody i s  predominant ly w i t h i n  t h e  c h a l c o p y r i t e  and cha l -  

Al though su lph ide-bear ing quar t z  and quar tz -  

- Molybdeni te is common i n  small amounts throughout the  b o r n i t e ,  

chal  copyr i  t e ,  and cha lcopyr i  t e - p y r i  t e  zones. 

molybdenum values appear t o  coinci ,de w i t h  the  best  copper grades. 

I n  General, t he  bes t  

The main s'tage o f  m i n e r a l i z a t i o n  apparent ly  occurred i n  two major 

he e a r l i e r  one, su1,phides lare associated w i t h  quar tz  o r  

, 

. 

I 

episodes. 

quar tz  and f l a k y  s e r i c i t e ;  i n  t h e  l a t e r  one they are  associated w i t h  

ep ido te  and quar tz .  

.o re  sta'ye. Minor amounts o f  magne,tite, specu la r i t e ,  c a l c i t e ,  z e o l i t e  

( l aumon t i t e ) ,  and anhydr i t e  (now gypsum) are  a l so  associated w i t h  the  

I n  

Hydrothermal p h l o r i t e  was formed throughout the  main 
1 

su l  ph i  des. 

K- fe ldspar  and secondary b i o t i t e  a re  w ide ly  d i s t r i b u t e d  i n  and adjacent  

t o  the  orebody. B i o t i t e  i s  n o t  concentrated t o  form a coherent zone i n  

t h e ' d e p o s i t .  ~K- fe ldspar  a l t e r a t i o n  i s  however.concentrated both i n  and 

adjacent t o  the  carapace o f  t he  porphyry stock.  Al thouph t h i s  a l t e r a t i o n  zone 

i s  l a r g e l y  c o n t r o l l e d  by geology, i t  cou ld  be argued t h a t  t h e  a l t e r e d  nor thern  

border o f  t h e  stock forms a subeconomic po tass ic  core zone i n  the  depos i t .  
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The orebody i s  cent red i n  a zone o f  weak t o  moderate pervas ive a l t e r a t i o n  

o f  f e ldspar .  S e r i c i t e  predominates,but i n  the  t y p i c a l  a1 t e r a t i o n  

assemblage,is accompanied by k a o l i n i t e  and mon tmor i l l on i te  w i t h  o r  w i thou t  

carbonate. 

o f  development change markedly on a small sca le.  

a re  associated w i t h  f rac tu res ,  f a u l t s ,  and veins.  

deposi ' t  may be f resh,  c h l o r i t i z e d ,  s e r i c i t i z e d ,  o r  ep ido t ized .  

e a r l y  formed hydrothermal b i o t i t e  rep laces hornblende, t o  be p a r t i a l l y  

Va r ia t i ons  i n  p ropor t i ons  o f  each minera l  and t h e i r  i n t e n s i t y  

T y p i c a l l y ,  these v a r i a t i o n s  

Maf ic  minera ls  i n  t h e  

L o c a l l y ,  

t u r n  by c h l o r i t e .  

The ep ido te  zone l a r g e l y  over laps the  ore  zone but  seems t o  be more 

c l o s e l y  a l l i e d  t o  geolog ic  s e t t i n g  than o re  grade. It i s  most commonly 

developed i n  the  more c a l c i c  and m a f i c - r i c h  Guichon Granod ior i te .  

Deposi t ion '  of zeol  i t e  and, 1 a t e r  gypsum and c a l c i t e  a re  1 a rqe ly  

post -ore fea tures .  

ou ts ide  t h e  o re  zone. 

These minera ls  are w ide ly  d i s t r i b u t e d  bo th  i n  and 

They mark the  waning o f  hydrothermal a c t i v i t y .  , 
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LOCATION AND SETTING 

The J.A. depos i t  i s  s i t u a t e d  i n  t h e  Highland Va l l ey  area about 

370 km'nor theast  o f  Vancouver, B r i t i s h  Columbia (La t .  50°28.5' , Long. 

120°58.5', N.T .S .  921/7W, e lev .  1,220 m). The depos i t  under l i es  t h e  

road along Highland Va l ley ,  about 3 krn east-southeast o f  Q u i l t a n t o n  

Lake (see McMil lan,  t h i s  volume). 

The Highland Va l l ey  i s  a r e l a t i v e l y  deep b u t  broad, almost f l a t -  

bottomed, nor thwest - t rend i  ng depression w i t h  average e l e v a t i o n  1,200 m 

i n c i s e d  i y t o  an upland p la teau  o f  mpderate r e l i e f .  

average elevation 1,500 rn but  r ises  l'ocally to  1,800 rn or more. 

The p la teau  has 
I 

East o f  Q u i l t a n t o n  Lake g r a n i t i c  bedrock i n  Highland Va l l ey  i s  

covered by a wedge o f  T e r t i a r y  vo lcan ic  and sedimentary rocks (McMiJlan, 

t h i s  volume) t h a t  t h i n s  eastward and fea the rs  ou t  2.5 km west o f  the  

J.A. deposi t .  

bedrock has l i t t l e  o r  no p r e g l a c i a l  cover b u t  g l a c i a l  sediments i n f i l l ,  

the  v a l l e y  t o  depths o f  170 m on average and more than 300 m l o c a l l y .  

I n  Highland Va l l ey  i n  t h e ' v i c i n i t y  o f  'the 3.A. depos i t  

Pl'eistocene s t r a t i g r a p h y  i n  Highland V a l l e y  i s  complex because 

the  area was s i g n i f i c a n t l y  i n f l uenced  by t h r e e  o r  poss ib l y  f o u r  major 

g l a c i a t i o n s .  

a t h i n  d iscont inuous basal sand, g rave l ,  and t i l l succession which i s  

o v e r l a i n  by a t h i c k  sequence o f  thin-bedded l a c u s t r i n e  s i l t s ,  s i l t y  

sands, a,nd c layey s i l t s .  

w e l l  t o  p o o r l y  bedded s i l t ,  sand, and gravel  succession i n  which depressions 

I n  a general way, 'however, the  v a l l e y  i s  i n f i l l e d  by 

This  i n  t u r n  i s  o v e r l a i n  by a moderately t h i c k ,  
, .  1 

' and eros iona l  channels a re  f i l l e d  by d e l t a i c  outwash sediments. The v a l l e y  

w a l l s  are veneered by a b l a t i o n  morraines, bedded s i l t ,  sand, and grave l .  

I '  
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K e t t l e  lakes  occur a long t h e  v a l l e y  w h i l e  eskers and numerous kame te r races  

l i n e  i t s  w a l l s .  

o f  a stagnant body of i c e  which f i l l e d  the  v a l l e y .  

The kame te r races  apparent ly  formed along the  margins 
I 

Successive l e v e l s  

o f  te r races  were formed as t h e  i c e  wasted downward. 

H I  STORY 

The J .A. depos i t  , named i n  honour o f  . J.A. McClelland, Chairman 

o f  Bethlehem Copper Corporat ion,  was discovered i n  the  summer o f  1971. 

Ea r l y  d r i  11 i n g  was hampered by deep ovekburden bu t  t h e  prob'l em was 

overcome by us ing  r o t a r y  d r i l l s  t o  reach bedrock, then diamond d r i l l s  t o  

penet ra te  i t .  More than 100 d r i l l  ho les 'have de l ineated  the  depos i t  and 
4 

o u t l i n e d  reserves o f  260 m i l l i o n  tonnes con ta in ing  0.43 percent  copper 

and 0.017 percent  molybdenum. 
, 

A H l i m i n a r y  p i t  descr ibed i n  the  co any's.  1972 Annual Report was 

designed t o  recover  115 t o  135 m i l l i o n  tonnes o f  ma te r ia l  f rom the  depos i t  

w i t h  grade 0.60 t o  0.65 percent  copper equ iva len t .  

t h i s  p i t  would be 2.5: l .  

and a l l  grade and tonnage f i g u r e s  are based on d r i l l  i n fo rmat ion .  

S t r i p p i n g  r a t i o  ' f o r  

A t  t h i s  t ime, t h e  p roper t y  i s  n o t  i n  p roduc t ion  

GEOLOGIC SETTING 

The J.A. depos i t  i s  e longated i n  a northwest d i r e c t i o n  and has 

average dimensions 1,300 m by 300 m (F igure  1 ) .  

n o r t h - s t r i k i n g  contac t  between rocks o f  t he  Guichon v a r i e t y  o f  t h e  

Highland V a l l e y  phase and those o f  t h e  Bethlehem phase ( f o r  d e t a i l s  

about the  geology o f  the  b a t h o l i t h ,  see McMilPan, t h i s  volume). 

60 percent  o f  t he  m i n e r a l i z a t i o n  i s  i n  Bethlehem Granod ior i te .  

I t  s t radd les  t h e  

Roughly 

Along 



t he  south margin of t he  depos i t ,  t h e r e  i s  a zone ,of quar tz  p lag ioc lase  

porphyry.  

e longated subpara l l e l  t o  t h e  o re  zone. 

The porphyry cu ts  the  Guichon-Bethlehem contac t  and i s  

M i n e r a l i z a t i o n  extends o n l y  a 

s h o r t  d is tance i n t o  the  porphyry be fore  grades become very low. The 

porphyry i s  v a r i o u s l y  i n t e r p r e t e d  ' to be a s tock which i s  an o f f s h o o t  

o f  t h e  Bethsaida phase (McMillan, 1973), o r  a metasomatic a l t e r a t i o n  

zone ( G u i l b e r t  and Lowel l  , 1974). 

o s c i l l a t o r y  zoning which are  s t rong evidence f o r  a magmatic o r i g i n  

are found i n  r e l a t i v e l y  f r e s h  zones i n  the  porphyry.  Furthermore, 

dykes e x i s t  which have c h i l l e d  margins and i n t e r i o r  zoves s i m i l a r  t o  

t h e '  porphyry s tock.  

Embayed quar tz  c r y s t a l s  and complex 
I 

I 

Rocks o f  t he  Bethlehem phase were apparent ly  mod i f ied  adja'cent t o  

t h e  stock and m i n e r a l i z a t i o n  i n  these rock; l i e s  w i t h i n  the  mod i f ied  halo.  

The mod i f ied  Bethlehem Granod io r i t e  conta ins  medium t o  coarse qra ined 

subhedral quar tz  phenocrysts i n  otherwise normal Bethlehem Granodior j  t e .  

Away from t h e  s tock quar tz  phenocrysts a re  absent. 

Near the  s tock,  rocks o f  t h e  Guichon v a r i e t y  a re  g ranod io r i t es  

t o  quar tz  d i o r i t e s  w i t h  t y p i c a l  t ex tu res .  

t h e  p roper t y  the re  are  i n t e r c a l a t e d  f i n e l y  c r y s t a l l i n e  zones and l o c a l  

areas o f  Chataway Granod ior i te .  

have gradat iona l  con tac ts  w i t h  normal Guicl%n Granod ior i te .  

I n  the  southeast p a r t  o f  

Both the  f i n e  gra ined and Chataway rocks 

S i m i l a r  

t e x t u r a l  v a r i a t i o n s  are seen elsewhere i n  the  Guichorl v a r i e t y  and they ' 

a re  n o t  thought t o  be r e l a t e d  e i t h e r  t o  t h e  s tock o r  t h e  ore  forming 
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TECTONIC SETTING 

The J.A. deposit  i s  located i n  a down-dropped f au l t  block, the Highland 

Valley graben. 

of the h i g h  angle west-northwest striking fau l t s  along Highland Valley 

took place a f t e r  emplacement of the batholith b u t  prior to  mineralization 

a t  Valley Copper (Allen and Richardson, 1970; ivlcMillan, 1971). 

north s t r i k i n g  faul ts  a t  Val.ley Copper and a t  Bethlehem Copper ('Covenay, 

1962) predate mineralization. 

d r i l l  hole information, west-northwest and north s t r ik ing  fau l t s  are 

interpreted to  ex is t  i n  the J.A. z0n.e (McMillan, 1973). 

they are assumed t o  have existed prior t o  mineralizatiion and t o ,  have played 

a role  i n  in i t ia t ing  the many fractures which were subsequently mineralized 

t o  form the deposit. F a u l t i n g  probably occurred twice subsequently. Some 

movement probably occurred d u r i n g  Mesozoic block fault ing w h i c h  controlled 

deposition of Jurassic sediments a few miles t o  the west (Carr, 1962) and 

i n  the Tertiary, block fault ing created embryonic Highland Valley. ' /*These 

movements formed en echelon grabens which were partly inf i l l ed  by lava 

As indicated elsewhere (Mchillan, 'this volume), in i t ia t ion  

Similarly, 

On the basis o f  bedrock contours and 
, 

Cy inference, ' 

PETROLOGY OF ROCKS ASSOCIATED WITH THE DEPOSIT 

G u i  chon Variety 

Rocks of the Guichon variety are granodiorites t o  quartz dior i tes  

w i t h  minor variations i n  grain s ize ,  mafic abundance, and relat ive proportions 

o f  bio t i te  t o  hornblende. Itowever, the u n i t  a s  a whole has similar textural 

characterist ics t h a t  make i t  dis t inct ive and mappable. 
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Where crystals are suf f ic ie  ly fresh,  p l  agi ocl ase composi tions have 

been determined t o  range between An43 and An3o i n  core zones t o  Anzo i n  

rims. Zoning i s  generally simple and normal. Crxstal h a b i t  varies from 

subhedral and interlocking t o  eroded, where plagioclase i s  i n  contact 

w i t h  primary K-feldspar. 

sphene crystall ized early. 

variably altered t o  s e r i c i t e ,  clay minerals, carbonate, ch lor i te ,  and 

Plagioclase, magnetite, apat i te ,  and locally 

I n  the, area of the deposit, plagioclase i s  

epidote. 

(,<’.. 

Charakteristic mafic minerals are b io t i te  which i s  red brown i n  “ 

t h i n  sections and hornblende which i s  green. 

almost simultaneously and there i s  1 i t t l e  reaction between them; al’bei t 

b io t i te  may be s l ight ly  younger. Mafic mi 

These minerals crystall ized 
, 

a l s  tend t o  occur in 

unevenly distributed clumps of subhedral c r j s t a l s .  

deposit al teration t o  chlor i te  w i t h  o r  w i t h o u t  epidote i s  common; 

b io t i te  i s  generally more pervasively altered than  hornblende. 

In the area’ of the 

Locally, 

mafic mineral s are a1 tered t o  green hydrot~ermal b io t i t e ,  1 ess commonly 

t o  actinol i t e  and uncommonly to  prehni t e .  

minerals are often speckled w i t h  sulphide mineralization. 

b , 

In mineralized samples, mafic 

Quar tz  and microperthitic K-feldspar crystal l ize  l a t e  as anhedral 

i n t e r s t i t i a l  grains. 

crystal l izat ion.  

They have mutual contacts which suggest simultaneous 

Where K-feldspar i s  i n  contact w i t h  plagioclase, 

the l a t t e r  i s  

areas between 

Quartz common 

under crossed 

p a r t i  a1 l y  rep1 aced. 

plagioclase crystals t8 form a closed i n t e r s t i t i a l  texture. 

y displays ruptures and’  undula tory  s t ress  extinction 

Quar t z  general 1-y occupies smal 1 angul  a r  

polarizers. K-feldspar may be intergrown w i t h  quartz, 

occupy similar closed i n t e r s t i t i a l  areas, or form larger po ik i l i t i c  

grains. The abundance of K-feldspar varies widely from specimen t o  specimen 



I 

hence the composition ranges from q u a r t z  d ior i te  t o  granodiorite. 

Alteration i n  K-feldspar i s  similar t o  t h a t  i n  co-existing plagioclase 

b u t  i s  usually less  intense. 

Bethlehem Phase 
b 

Almost a l l  rocks of the Bethlehem phase i n  the area of the deposit 

are s l i g h t l y  porphyritic granodiorites. They are unusual i n  t h a t  they 

carry n o t  only mafic phenocrysts b u t  also several percent rounded t o  I '  

subhedral early crystall ized qua r t z  crystals ;  typical Bethlehem grano- 

d ior i tes  have omeboid, i n t e r s t i t i a l  q u a r t z .  

c As i n  the Guichon variety, plagioclase i n  these rocks crystall ized 

early and i s  subhedral. Unlike Guichon rocks, i t  typically has complex 

oscil latory z o n i n g .  Again core zones are more calcic (An37 t o  An3& t h a n  

rims (An.23 t o  An. ,&.  

variety. 

Feldspar .al teration i s  l ike t h a t  in the Guichon 

Mafic minerals are less  abundant  i n  these rocks than  i n  the Guichon 

variety, b u t  al teration i s  similar. Only b io t i te  and hornblende have 

been seen. 

poi k i  1 i t i  c hornb'l ende and several percent d i  ssemi nated f ine t o  medi um 

Mafic minerals comprise a few percent euhedral coarse grained 

grained subhedral c r y s t a l s .  The ppik i l i t i c  crystals car ry  inchisions 

of plagioclase, magnetite, apat i te  and sometimes sphene. 
. 

Quar tz  occurs bothY as rounded par t ia l ly  resorbed crystals and as I 

i n t e r s t i t i a l  grains t h a t  are larger and s l ight ly  more abundan t  t h a n  in 

Guichon variety rocks. In t e r s t i t i a l  quartz commonly encloses plagioclase 



a 

crystals and the resulting texture i s  described as open i n t e r s t i t i a l .  

invariably q u a r t z  i s  crackled or shows s t ress  extinction. 
Almost 

K-feldspar i s  microperthitic, and roughly equal i n  average abundance 

t o  t h a t  i n  most Guichon variety rocks. 

a1 tered t h a n  co-exi s t i  ng  p l  agi ocl ase and has open i nters t i  t i  a1 texture. 

I n  general, K-feldspar i s  less  

Dykes i n  the J.A. Deposit 

Several var ie t ies  of dykes occur i n  and adjacent t o  the J.A. orebody. 
I 

The two -most common types , apl i te  and mafic q u a r t z  plagioclase porphyry, 

predate a t  l eas t  some o f  the mineralization. Less common, t h i n , ,  dark 

coloured dykes are post-ore. 

Aplites typically form t h i n  and discontinous dykes and stringers.  

They may be porphyritic; rarely with b io t i te  and commonly w i t h  plagioclase. 

The matr ix  consists normal l y  o f  plagioclase, K-fe.1 dspar, and  qua r t z .  

Aplites cut a l l  the major rock types in the deposit b u t  are not  common 

i n  the porphyry stock. 

Pre-ore porphyries are generally thicker and  more continuous than  

the apl i tes  and maximum true w i , d t h  of pre-ore porphyry dykes may be as much 

as ten metres. 

(Figure 2 )  and similar dykes which crop o u t  t o  the northeast and south 

Some can apparently be projected between d r i l l  holes 

have been traced as much as two kilometres along s t r ike .  Like the ap l i t e s ,  

pre-ore porphyry dykes cut a l l  major  rock types b u t  are uncommon in the 

porphyry stock. A t  one local i ty  pre-ore porphyry cuts b io t i te  q u a r t z  

plagioclase ap l i te .  However, crosscutting relationships show a t  l eas t  two 

generations of pre-ore porphyry so the true aplite-porphyry relationsh>ip 

i s  n o t  certain.  

5 
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i s  similar t o  t h a t  Pervasive al terat ion i n  the pre-ore porphyries 

in the country rock. Plagioclase i s  typically altered in varying degrees 

t o  s e r i c i t e  and clay minerals and locally to' carbonate and epidote. 

minerals are chloritized and epidotized. 

Mafic 

Phenocrysts of mafic mineral s , q u a r t z ,  and plagioclase (andesi ne) 

comprise on average 40 percent o f  the pre-ore porphyries. 

oscil latory zon ing  characterizes plagioclase phenocrysts, b u t  crystal 

borders are always more sodic t h a n  cores. 

feldspathic and vary i n  texture from aphanitic t o  f inely ap l i t i c .  

matrices are speckled w i t h  f inely crystal l ine mafic minerals, normally 

b i o t i t e .  

r i t e .  

Complex 

Porphyry matrices are quar tzo-  
, 

Most 

Accessory m i  neral s are magnetite,  a p a t i  t e ,  ahd 1 ocal l$ (  chal  copy- 

K-feldspar i s  generally absent i n  these rocks. 

Post-ore dykes are dark coloured, f ine grained, and i n  general 

amygdaloidal. 

plagioclase (Ans5)  and pyroxene phenocrysts. 

and some hornblende microlites i n  a groundmass of  devi t r i f ied glass.\. 

Amygdules consist pr imar i ly  of  calci te .  These dykes closely resemble 

Most are s l igh t ly  porphyritic w i t h  f ine t o  medium grained 

The matr ix  has plagioclase 

nearby lavas of the Tertiary Kamloops group and therefore are probably 

~ o f  Eocene age. However, i t  i s  possible b u t  unlikely t h a t  they were 

intruded d u r i n g  Lower Cretaceous time when lamprophyre dykes were intruded 

i n t o  the Valley Copper deposit (Jones e t  al,, 1972, p. 557).  

Porphjry Stock 

Rocks of  the porphyry stock vary i n  texture and g r a i n  s ize .  Toward 

the outer edges o f  the stock porphyr i t i c  ap l i tes  predominate; within i t ,  

porphyritic quartz monzonites predominate. Phenocrysts are q u a r t z  ahd 

p l  agiocl ase w i  t h  smal 1 amounts of maf i c mineral 1 ocal ly  and occasi onal 
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K-feldspar. Biotite i s  the typical mafic m'ineral. The ma t r ix  i s  largely 

quar tz  and K-feldspar b u t  some specimens al?o have finely crystal l ine 

subhedral plagioclase. 

f iner  grained t h a n  those of the q u a r t z  monzonites. 

The phenocrysts and matrix of the' ap l i tes  are 

Quar tz  phenocrysts have been p a r t i  a1 ly  resorbed so they are generally 

somewhat rounded w i t h  contacts which i n  detail  are finely scalloped. 

In some coarser grained areas they have a' squarish aspect. Most have 

s t ress  extinction o r  are crackled and some have deformation lamellae. 
I 

Plagioclase phenocrysts are predominantly subhedral b u t  have also 

been par t ia l ly  resorbed so outer contacts are uneven intdetai l  and 

corners are of ten  rounded o f f .  

oscil latory zoning i s  preserved locally.  In general, the central seven- 

eights of the crystals  have weak normal zon ing  (An3z t o  Anz8) that  

I n  r e l a t i v e l y  fresh samples, complex 

I 

passes outward across narrow fringe zones o f  gradually more sodic 

plagioclase t o  an outer rind o f  sodic oligoclase ( A n l 4 ) .  

calcic core zones are more altered t h a n  the rims. 

( ? ) ,  and lesser ca lc i te  are the dominant a l terat ion assemblage b u t  

epidote occurs locally.  

I n  general , 
* 

Ser ic i te ,  clay minerals 

K-feldspar i s  microperthitic i n  bo th  phenocrysts a n d  the matrix. 

Phenocrysts are not  common and where present are subhedral t o  anhedral 

w i t h  the i r  borders intergrown w i t h  mat r ix  K-feldspar. 

from anhedral t o  rounded where i t  i s  intergrown w i t h  ameboid clumps of  

qua r t z  crystals i n  a p l i t i c  rocks. Alteration of K-feldspar consists . 

generally of a l i g h t  o r  dense clouding of the crystals  by c l ay (? )  a l terat ion;  

The l a t t e r  va\ries 

locally they are altered t o  carbonate. 
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Biotite i s  the predominant mafic mineral in these rocks and generally 

occurs as phenocrysts. 

i t  has associated epidote, s e r i c i t e ,  or carbonate a l terat ion.  

Commonly i t  i s  pervasivelx chlorit ized, locally 

Rocks of  the s tock bear a s t rong  textural and compositional 

resemblance t o  various members o f  

and locally t o  porphyritic areas w i t h i n  the Bethsaida phase. .Field 

mapping strongly suggests t h a t  the Gnawed M o u n t a i n  dyke i s  an offshoot 

o f  the Bethsaida phase (McMil lan,  th i s  volume). 

porphyry stock i s  a l so '  inferred t o  be an offshoot of the Bethsaida 

phase. I 

By analogy the L A .  
1 

I 

DISTRIBUTION OF ALTERATION AND ORE MINERALS IN THE DEPOSIT 

Much o f  the fol lowing data i s  based on two sections (89E and 105E)a 

across the deposit which were logged in greater detail t h a n  the core 

of other d r i l l  holes. 

sections, then compared t o  assay values i n  Bethlehem Copper Corporation's 

d r i l l  logs, Grade information and data on vein mineralogy and alteration 

i n  sections which were not  logged i n  detail  by the author  are from 

Beth1 ehem' s 1 ogs.  

Grades were estimated v i s u a l l y  i n  the detailed 
to 

Because the work was done t o  f a c i l i t a t e  comparisons w i t h  other 

deposits in Highland Valley, d a t a  were collectkd on rock types, on 

pervasive feldspar and mafic a l te ra t ion ,  and on al terat ion and mineralization 

related t o  fractures and veins. 
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\ 

A t  bedrock sur face t h e  3.A. m ine ra l i zed  zone i s  rough ly  e l l i p t i c a l  

. i n  p l a n  view. I t  encroaches on and appears t o  p a v t i a l l y ' w r a p  around t h e  

c e n t r a l  porphyry s tock (F igure  1) .  The o re  contac t  i s  r e l a t i v e l y  uneven. 

P a r t  o f  t h i s  unevenness probably  r e f l e c t s  f a u l t  c o n t r o l  o f  m i n e r a l i z a t i o n  

and p a r s  post -ore f a u l t  o f f s e t s  

On t h e  762 m l e v e l  (F igure 2a) , ore  i s  narrow and occurs i n  two bodies. 

The western body i s  elongated eastward b u t  has a sou the r l y  p r o j e c t i n g  

apophysis. Cpward, these two bodies coalesce and t h e  ore  zone widens 

and expands southeastward. 

body w i t h  a pronounced southeastward e longat ion .  

I 

Ey t h e  914 m l e v e l ,  t h e  o re  zone i s  a s i n g l e  

I 
1 

' 
I n  sec t ion ,  t h e  border o f  t h e  m ine ra l i za t i *on  i s  n o t  sharp ly  de f ined 

The o re  contac t  shown on and b e t t e r  and l e s s e r  grade zones i n t e r f i n g e r .  

t he  sec t ions  (F igure  3 )  represents  a s t a t i s t i c a l  0.3 percent  copper i s o p l e t h .  

I n  con t ras t ,  t h e  base o f  t he  depos i t  i s  somewhat more sharp ly  def ined.  

It normal ly  occurs between 750 and 900 m i n  e leva t i on .  

ev iden t  t h a t  t h e  base o f  t h e  core d ips  g e n t l y  southward. Several d r i l l  holes 

south o f  the  porphyry f a i l e d  t o  i n t e r s e c t  m i n e r a l i z a t i o n  o f  p o t e n t i a l  economic 

I n  sec t i on  lit ji i s  

i nte res t .  

The area o f  h ighes t  grade m i n e r a l i z a t i o n  encountered du r ing  t e s t  d r i l l i n g  8 
occurs immediately n o r t h  o f  t h e  porphyry s tock and s t radd les  t h e  Beth l  ehernf/ 

Guichon contac t .  

f rac tu res  noted i n  t h e  depos i t  and more than average numbers o f  quar tz  ve ins 

and zones o f  qua r t z  p l u s  f l a k y  s e r i c i t e .  

rock  i s  a t t r i b u t e d  t o  t h e  combined e f f e c t s  o f  tectonism, i n t r u s i o n  o f  t h e  

Th is  zone conta ins t h e  h ighes t  average d e n s i t y  o f  m ine ra l i zed  

The c l o s e l y  broken na ture  o f  the  

Beth l  ehem Granod ior i te ,  and l a t e r  i n t r u s i o n  o f  t h e  porphyry stock.  
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Geology 

In section 105E, the country and host rock i s  granodiorite t o  qua r t z  

d ior i te  of  the Guichon variety. 

the grani t ic  rocks (Figure 3a). 

are low. 

and are oriented northward. I t  i s ’ l i k e l y  therefore t h a t  the dykes inter-  

sected i n  d r i l l  core are similarly steeply inclined b u t  have low apparent 

dips because they s t r ike  subparallel- t o  ttie section. 

Local thick t o  t h i n  porphyry dykes cut 

In the section, apparent dips o f  the dykes 

However, most dykes studied i n  nearby outcrops are steeply inclined 

I n  section 89E, the country and host rocks include rocks o f  the 

Guichon, variety, Bethlehem phase, and the porphyry stock. 

i s  primarily i n  Guichon and Bethlehem rocks and extend? only a short distance 

southward i n t o  the stock. A t  bedrock surface, the stock i s  i n  contact w i t h  

Bethlehem Granodiorite. 

moderately inclined southward, i t  i s  projected t o  intersect  the border o f  

the stock a t  depth. 

The orebody 

I 

However, because the Bethlehem-Guichon contact i s  

> 
i 

1.8 

Pervasive Feldspar Alteration 

. Pervasive feldspar a l terat ion occurs t h r o u g h o u t  and for  more t h a n  
c 

200 m outside the J.A. deposit. Overall, i t  forms an e l l i p t i ca l  zone i n  

which a1 teration intensity gradually decreases outwards (Figure 4 ) .  I n  

detai l  , al terat ion intensity i s  h i g h l y  variable. 

Alteration was logged according t o  intensity of development and co lor .  

Overall, weak t o  locally moderate white a l terat ion predominates. 

zones w i t h i n  various d r i l l  holes have pervasive weak t o  s t rong  p i n k ,  green, 

However, 

o r  cream al terat ion.  

local development o f  other a l terat ion types. 

In most zones, areas o f  pervasive a1 teration have 

For example, local p i n k  a l t e r -  

a t i o n  occurs i n  zones o f  pervasive white a l terat ion.  In some areas, various 

a l terat ion types are mixed. 



A 1  teration i n  the porphyry stock 

t o  intense a1 teration which gradual ly  

country rock. The southernmost d r i l l  

porphyry. 

altered t h a n  i t s  outer layer. 

green, and p i n k  var ie t ies  predominate. 

This suggests t h a t  deeper levels i n  the porphyry are less  

Al te ra t ion  types vary i n  the stock b u t  cream, 

, 

Judging from the distribution of pervasive feldspar a l terat ion i n  the 

ns and on the 762 m and 914 m level??h 
ac - ' 

i n  the deposit are sl  The extent of the zone of weak and stronger 

a l terat ion i s  very similar on the two levels a l t h o u g h  t h a t  on 914 m level 

i s  sl ight ly  larger. 
I l 

In both, . the al terat ion zone is  generally diffuse b u t  

can be relatively sharp .  

more intense al terat ion are common. 

be related t o  f a u l t s ,  fractures,  or veins. Both sections have a more o r  

l ess  centrally located zone i n  which al terat ion intensi t ies  range from \ 

weak t o  s t rong  b u t  are  moderate on average. 

somewhat more pronounced i n  the northwest p a r t  of the deposit. 

W i t h i n  the gross zones, local areas of less  o r  

Most local intensely altered zones can 

In general, a l terat ion 

On 762 level,  feldspar a l terat ion i s  most intense i n  the stock and 

congrueEt t o  i t  on.the n o r t h .  V i r tua l ly  a l l  o f  the more intensely altered 

zone i s  e i ther  w i t h i n  the stock or i n  Bethlehem Granodiorite country rocks. 

On 914 m level ,  the relationship t o  rock type i s  less  obvious b u t  s imilar.  

The zone of -intense al terat ion i s  along the northern border of the stock 

and north of i t .  

rock, again i t  i s  more prominent i n  Bethlehem Granodiorite west of the 

Guichon contact. 

A l t h o u g h  i t  extends i n t 6  Guichon Qu,artz Diorite country 

IS- 16 

d i f fe rs .  I t  has a carapace of moderate 

weakens northward outward i n t o  the 

hole i n  the stock ended i n  weakly altered 



e- 
l < - 1 7  

The overall zone of pervasive feldspar alteration,envelops the ore 

deposit. 

b u t  the zone i s  narrower on the east  and broader on the west side of the 

ore. 

zone of most intense a1 teration. 

change associated w i t h  better grades i s  only from weak t o  moderate. 

Ore i s  roughly central ly  located w i t h  respect t o  the al terat ion 

The zone of best mineralization roughly coincides w i t h  the generalized 

However, the average intensity 

Using X-ray diffraction techniques, an attempt was made to define the 

mineral assemb'l ages i n  the a1 tered fel dspars. Despite v a r i a t i o n s  i n  col o r  

seen i n s d r i l l  core, the typical assemblage i s  se r i c i t e  plus kaolinite p l u s  

montmoril lonite.  Chlorite occurs loca l ly .  However, i n  rocks ccmtaining 

feldspar logged as h a v i n g  weak t o  moderately intense white a l te ra t ion ,  

kaolinite and montmorillonite are re la t ively impor tan t .  In  those w i t h  

intense chalky white a l terat ion kaolinite predominates. P i n k  a l terat ion 

may be caused by pervasive zeol i te  a1 terat ion,  K-feldspar a l terat ion,  

hematitic staining of plagioclase, o r  a1 teration t o  sodic plagioclase. 

a l terat ion assemblage i n  hematitic stained feldspabs varies b u t  normally 

se r i c i t e  i s  more prominant t h a n  kaolinite or montmorillonite. 

! 

The 

Clay-size minerals may o r  may not  be present where the al terat ion i s  

zeo l i t i c  or feldspathic. Green al terat ion -is generally dominated by s e r i c i t e  
I 

w h i c h  i s  easily identifiable microscopically. Clay-size se r i c i t e  may also 

be present and most samples carry weakly developed kaolinite and montmorilloni t e .  

In samples w i t h  feldspars t h a t  are var ious shades o f  olive green, t h i n  sections 

show t h a t  s e r i c i t e  i s  joi'ned by carbonate a l terat ion and fracture f i l l i ngs ;  

kaolinite and montmorillonite are weakly developed. 
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Mafic Mineral Alteration 

Primary mafic minerals i n  the host rocks of  the deposit are b io t i te  

and hornblende. 

less  common epidote, secondary b io t i t e ,  and copper o r  iron sulphides. 

Typical a l terat ion products are chlor i te  and s e r i c i t e  w i t h  

Just  as feldspar a l terat ion zones vary i n  intensity,  corresponding 

changes occur i n  type and intensity of mafic a l terat ion.  However, mafic 

alteration i s  also p a r t l y  related t o  rock type. 

Guichon Quartz Diorite predominates, mafic minerals are normally 

In section 105E where 
, 

p a r t l y  chloritized and locally are pervasively chloritized. Other 

a l t e r a t i o n  types are  present b u t  unco,mmon and no s i g n i f i c a n t  d 

i n  mafic a l terat ion occurs in the ore zone. 

s e r i c i t e  or epidote a l terat ion accompany chlorit ization i n  section 89E. 

In the zone of best copper grades, which occurs i n  Bethlehem host rocks, 

mafic minerals are pervasively altered t o  chlorite and  s e r i c i t e .  I n  the 

remainder of the orebody i n  ‘e i ther  qua r t z  eye Bethlehem or Guichon host 

rocks there i s  complete o r  p a r t i a l  c h l o r i t i z a t i o n .  

i n  Guichon Granodiorite, p a r t i a l  chlorit ization i s  typical a l t h o u g h  a l terat ion 

t o  s e r i c i t e  o r  epidote occurs locally.  In  the porphyry stock, p a r t i a l  

t o  complete chlorit ization of b io t i te  and hornblende a1 so predominates 

In  contrast ,  zones o f  

Outside the ore zone 

b u t  

the 

epidotization i s  common and ser ic i t izat ion occurs. 

presence of epidote i s  controlled by l i t h o l o g y  o r  by a l terat ion zoning.  

I t  i s  uncertain whether 
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Veins and Fractures 

Most o f  the mineralization a t  J.A. i s  e i ther  i d  veins'or i n  fractures.  

To assess their  re1 a t i  ve importance across the depbsi t da'ta on mineral ogi es ,  

densities and orientation of fractures and veins were assembled. 

1 

Quar tz  veins, which may be ei ther  miheralized or  barren, are n o t  

prominent i n  the J . A .  deposit. 

average in and south o f  the ore b u t  are uncommon nor th  o f  i t .  

In section 105E, they are 3 m a p a r t  on 
I 

In  section 

89E 

ore 

they are geneally 3 t o  7 m a p a r t  b u t  are only 1 t o  2 m a p a r t  i n  the 

zone adjacent t o  the porphyry stock contact. I 

Q u a r t e i  c i t e  Vei ns-and Zones 

Quartz plus flaky se r i c i t e  as zones and  a s  vein envelopes i s  important  
c w \ - - - \  

c 

because i t  t y p i c a l l y  -carries significant copper mineralization. In section . h d Q !  
LS j arseC ~ c $ r r l b u t e B  artb Qdjaceat tu h e  ace $ m e  b o t  15 a b s e n t  tn Qrtqrng,, ,tr gecrtoik uartppt+cpS ~ t w k e  scrcct r+ 

105E, qua r t z  plf??faIy s e r i c i t e  zone% o r  vein envelopes are on averpge 

less  than 0.3 m a p a r t  i n  the northern p a r t  o f  the ore zone. 

uncommon elsewhere. 

A 
They are 

Fracture and Vein Orientation 

All d r i l l  holes i n  the J.A. deposit are ver t ical .  Therefore i t  i s  

- 

possible t o  estimate dips o f  mineralized fractures and veins by measuring 

their  angles of intercept w i t h  the d r i l l  core. Dips of almost a l l  the 
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mineralized fractures and veins a t  J . A .  exceed 40 degrees. 

105E fracture orientation densit ies are bimodal and vein orientation 

densit ies unimodal (Figure 5 ) .  

dips exceeding 80 degrees. 

near 60 degrees. 

In section 

The most prominent, s e t  o f  fractures has 

Veins i n  this section most commonly have dips 

Because the only data available i s  from d r i l l  holes 

which are generally greater than 100 m apart i t  has not  been possible 

t o  estimate s t r ike  directions. However, the relat ive paucity o f  crosscutting 

features suggests t h a t  the s t r ikes  of many of the veins and fractures are 

subparall el . 
When d r i l l  holes are compared on section 105E, i t  i s  evident t h a t  

fracture and vein orientations change sl i 

i n  d r i l l  holes north of the ore zone are unimodal with average d i p  60 

degrees. 

maxima of fractures and those of veins d i f fe r  locally.  

ore zone fracture orientations are again unirnodal and have average dips 

of 50 t o  60 degrees. 

t l y  from nor th  t o  south. Those 
I 

kitA ma*im& u'rth o m r y j e  dips o$' 60 deqreea andgo +OW (;AelrceS. W I C ; ) ~ ~ ~  +he dePQs#r, 
Those i n  o r  closely flanking the deposit are bimodal 

A 
S o u t h  of the 

c 
j., 

Density of Mineral i zed Fractures 
/ 

4- - 
The density of  mineralized fractures (Figure 6 )  varies from nor th  

Holes nor th  of the orebody have mineralized to  south.in section 105E. 

fractures more than 1 in a p a r t  on average. 

I n  and close t o  the ore they are 0.1 t o  0.15 rn a p a r t .  

however, density patterns are more variable. 

Those t o  the south average 0.3 m .  

I n  section 89E, 

W i t h i n  the porphyry stock 

mineral ized fractures are general ly  more t h a n  1 m a p a r t  a1 though 1 oca1 areas 
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have spacing o f  0.1 t o  0.2 m. W i th in  the  o re  zone areas w i t h  average 

spacing 0.05 t o  0.1 m co inc ide  w i t h  areas o f  h ighes t  copper grade; 

elsewhere i n  the  o re  zone, minera l i zed  f r a c t u r e s  cont inue t o  be common. 

They have average spacing 0.2 m a l though spacings range t o  0.7 m l o c a l l y .  

From these data,  i t  i s  ev iden t  t h a t  m ine ra l i zed  f r a c t u r e s  are the  most 

impor tant  o re -con t ro l1  i n g  s t r u c t u r e s  i n  t h e  depos i t .  

ve ins a re  sparse and m ine ra l i zed  quar tz  p l u s  f l a k y  s e r i c i t e  zones o n l y  l o c a l l y  

i n f l uence  grades. I 

'. 

M ine ra l i zed  quar tz  

3 -  I 

SUL P H ID E MINERALIZATIQN I 

The most,prominant su lph ide  minera ls  i n  the  J.A. depos i t  a re  cha lcoDyr i te ,  

b o r n i t e ,  molybdeni te,  and p y r i t e .  

su lph ides and the  d i s t r i b u t i o n  o f  molybdenum and i r o n  su lph ides i n  sec t ions  

The r e l a t i v e  abundances o f  t h e  copper 

105E and 89E were est imated du r ing  study o f  the  d r i l l  core.  

I 

Molybdeni te D i s t r i b u t i o n  

Molybdeni te i s  common i n  small amounts throughout the  orebody (F igure  7 ) .  

However, copper and molybdenum d i s t r i b u t i o n s  are n o t  i d e n t i c a l .  

i n  sec t i on  105E i s  very  uncommon i n  the  northernmost two d r i l l - h o l e s  bu t  

i s  f a i r l y  common i n  small amounts as f a r  south as d r i l l i n g  extended. 

zone o f  most cont inuous molybdeni te occurrences co inc ides w i t h  t h e  0.3 

percent  copper contour i n  t h e  n o r t h  b u t  exterids about 200 m beyond i t  i n  

the  south. 

values occur i n  the  zone w i t h  h ighes t  copper values. 

bu t  sparse i n  a l l  t h e  d r i l l  ho les and i n  a l l  t h e  rock types. It i s  

Molybdeni te 

The 

I n  sec t i on  89E, v i s u a l  est imates i n d i c a t e  t h a t  t he  best  molybdenum 

Molybdeni te i s  present  



most common i n  the ore zone and i n  the most intensely altered zone within 

the porphyry stock. 

Chalcopyri te-Borni t e  D i  s t r i  b u t i o n  

Bethlehem geologists estimate t h a t  the chalcopyrite t o  bornite r a t i o  

i n  the J.A. orebody i s  about  5 : l .  In the sections logged i n  detail  i t  was 

found  t h a t  chalcopyrite exceeds bornite t h r o u g h o u t  the upper p a r t  of the 

ore zone. Only in the keel o f  the deposit where the ore zone i s  narrow 

does bornite abundance equal or exceed that  o f  chalcopyrite (Figure 8 ) .  

The bornite zone i s  f a i r l y  extensive i n  b o t h  sections b u t  the grade w i t h i n  

i t  i s  p r e d o m i n a n t l y  less  t h a n  0 . 3  p e r c e n t  c o p p e r .  In  S e c t i o n  105E t h e  

bornite zone forms a broad dome w i t h  a nearly hor izonta l  upper surface. 

Restricted areas w i t h i n  the dome have chalcopyrite i n  excess o f  bornite. 

I n  section 89E the bornite zone i s  aga in  dome-shaped, b u t  i s  narrower . 

and straddles the contact between the porphyry stock and the country rock. 

I n  89E the porphyry contact evidently controlled the distribution ofbsthe 

bornite zone; i n  105E the control i s  obscure. 

I 

I 

In almost a l l  the sections, areas enriched i n  bornite re la t ive t o  

chalcopyrite form dome-shaped areas 1 i ke those described f o r  the detailed 

sections. The domes apparently have diffuse and d i g i t a t i n g  contacts b u t  

the i r  smoothed, generalized contacts are relatively symmetrical i n  ckdss 

section. In p l a n ,  the major area o f  bornite enrichment i s  ameboid i n  

outline and i s  poorly correlated w i t h  ore grades (Figure 9 ) .  
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Born i te  r i c h  zones occur i n  a l l  t h e  major rock types o f  t he  depos i t  

th.e porphyry s tock o r  i n  bu t  a c lose  s p a t i a l  r e l a t i o n s h i p  e x i s t s  w i t h  

one case ( s e c t i o n  97E) - a  dome-1 i ke s i 1  1 ( ? )  o f  quar tz  p lag ioc lase  porphyry.  

I t  i s  obvious on t h e  762 m l e v e l  p lan  t h a t  grades i n  much-of  t he  b o r n i t e  

zone a re  l ess  than 0.3 percent  copper equ iva len t .  

d i s t r i b u t e d  i n  severa l  small areas on 914.m l e v e l .  

i n  the  s tock and northward i n  a d j o i n i n g  Guichon Granod io r i t e  east  o f  the  

Bethlehem contac t .  

B o r n i t e  zones are  

The l a r g e s t  occurs 

P y r i t e  D i s t r i b u t i o n  

Unl i ke some Hi ghl  and Va l  1 ey porphyry copper deposi t s  

I 
I 

p y r i t e  i s 

r e l a t i v e l y  common w i t h i n  t h e  o re  zone and fdrms a dispersed, incomplete 

ha lo  around the  depos i t .  

b o r n i t e  and t h e  p y r i t e  zones i s  ev ident  (F igures 8 and 9 ) .  I n  bo th  

sec t ions  s tud ied  i n  d e t a i l  t h e  base o f  t he  p y r i t e  zone i s  subpara l l  

t h e  upper contac t  o f  t he  b o r n i t e  zone. 

l e s s  obvious because the  c o n f i g u r a t i o n  o f  t he  b o r n i t e  zone n o r t h  o f  t he  

orebody i s  unknown. I n  each sec t i on  the  p y r i t e  zone extends t o  bedrock 

sur face and cont inues w e l l  beyond the  n o r t h  end o f  the  orebody. I n  t h e  

p y r i t e  zone Bethlehem geo log is t s  est imate t h a t  p y r i t e  averages l e s s  than 

2 percent  by volume. 

The common a n t i p a t h e t i c  r e l a t i o n s h i p  between t h e  

I n  sec t i on  89E t h e  r e l a t i o n s h i p  i s  

I n  most o f  the  sec t ions  i t  appears th 'a t  p y r i t e  i s  d i s t r i b u t e d  i n  b a s i n - l i k e  

areas. 

I n  general  

a t  a low angle so t h a t  they  have g e n t l y  i n c l i n e d  south and s teep ly  i n c l i n e d  

n o r t h  edges. 

The bo rde rs ,o f  t h e  "basins" a re  d i f f u s e  and apparent ly  d i g i t a t e d .  

t he  p y r i t i c  areas seen i n  var ious  sec t ions  seem t o  d i p  northward 

T y p i c a l l y  t h e  p y r i t i c  zone cons iderab ly  over laps t h e  o re  

zone (F igure  9 ) .  L o c a l l y  t h e  p y r i t e  zone ?binges the  o re  t o  t h e  nor th ,  
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' less  commonly there i s  a pyri t ic  area south of the ore and i n  one section 

weakly developed pyrite envelops the orebody. 

On the 762 m level ,  pyrite i s  s p o t t i l y  distributed b o t h  n o r t h  and 

south o f  the ore zone. On the 914 m level i t  i s  much more abundant. 

I t  ad jo ins  much of the ore zone t o  the nor th  and an apophjsis even 

extends t h r o u g h  the ore zone and t o  the south .  Pyrite i s  uncommon i n  the 

porphyry stock b u t  occurs i n  i t  i n  two places on the 762 m level and 

locally near i t s  west end on the 962 m level.  Pyrite occurs only i n  

Bethlehem Granodiorite on 762 m h v e l  b u t  i s  i n  a l l  rock types on 914 '7' 

m level. I t  i s ,  however, most a b u n d a n t  i n  the Bethlehem f o r  a 'd is tance 

o f  a b o u t  45 m west from the Guichon Quartz Diorite contact. 
I 

- 1  

Sulphide Zonation 

In the sections i t  i s  evident t h a t  bornite and pyrite are generally 

antipathetic.  

and outward from the areas which are re la t ively bornite-rich t o  those 

dominated by chalcopyrite. To the north and probably to . the  west the 

chalcopyrite zone grades outward t o  a chalcopyri te-pyrite and then locajly 

t o  a pyrite-chalcopyrite zone. Most of the ore i s  i n  the chalcopyrite and 

chalcopy&rite-pyrite zone. 

no pyrite occurs south o f  the orebody. 

T h a t  i s ,  there is  an asymmetric sulphide zonat ion upward 

i- 

Except a t  the western edge o f  the deposit, 

All the zones are vari 'ably developed. 

Epidote Di s t r ibu t ion  

I n  general, epidote distribution seei% t o  be more closely a l l ied  t o  

rock type and geological sett ing t h a n  t o  the grade o f  mineralization. 

Epidote a l terat ion i s  weakly developed 

developed locally and i s  most abundan t  

o n  a large scale,  moderately t o  intensely 

i n  the more mafic and calcic Guichon 



a (I) 

country  rock .  I t  occurs i n  veins,  as f r a c t u r e  coat ings,  as d isseminat ions 

i n  a1 t e r a t i  on ha1 oes around i e i  ns o r  f r a c t u r e s  , rep1 aces maf ic  mi nera l  s 

o r  p lag ioc lase  and occurs as massive areas. 

n o t  v i s i b l e  t o  the  eye i s  n o t  considered i n  t h e  d iscuss ion  t o  f o l l o w .  

I t  i s  common f o r  ad jacent  d r i l l  ho les t o  have h i g h l y  d iscordant  epidote 

contents  which suggests t h a t  l a t e r a l  changes i n  ep ido te  conten t  occur 

Microscopic  ‘ep ido te  a1 t e r a t i o n  

r a p i d l y .  

zone i s  a l s o  d i g i t a t e d  i n  p l a n  view (F igure  10). 

e longated northwestward and widens w i t h  depth. 

I n  sect ion,  contacts  a re  i n f e r r e d  t o  be d i g i t a t e d .  The ep ido te  
I 

Overa l l ,  t h e  zone i s  
* 

The ep ido te  zone over laps t h e  nor thwest  edge o f  the  s tock  and extends 

around i t s  nor theas t  edge on 762 m le ,ve l .  

Guichon rocks and i s  uncommon i n  the  Bethlehem except near t h e  Guichon 

contac t  n o r t h  o f  t he  s tock.  Areas o f  moderate abundance occur near t h e  

junc- t ion  o f  s tock,  Guichon and Bethlehem phases and more o r  l e s s  around t h e  

edge o f  t he  eas t  o re  zone. 

s i m i l a r  b u t  t he  zone i s  l e s s  ex tens ive  toward the  southeast. 

i s  more abundant i n  Guichon count ry  rock .  

Epidote i s  h o s t  promiment i n  
I 

On 914 m l e v e l  t he  d i s t r i b u t i o n  o f  ep ido te  i s  

Again’ iepidote 

On 762 m l e v e l ,  ep ido te  i s  weakly developed throughout  t h e  eas t  o re  

zone b u t  i s  v i r t u a l l y  absent i n  the  west zone. 

i s  weakly developed throughout t h e  eas tern  two- th i rds  o f  t he  orebody and 

i s  sparse o r  absent i n  the  western t h i r d .  

ep ido te  extend n o r t h  o f  t h e  o re  and ep ido te  i s  moderately developed i n  

l o c a l  

By t h e  914 m l e v e l ,  ep ido te  . 

Lobes o f  weakly developed 

I areas o f  Guichon country  rock  ad jacent  t o  the  Bethlehem contac t .  
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Zeol i t e  Distri b u t i o k  

Zeolite occurs i n  veins and less  commonly i n ,  al teration’zones adjacent 

t o  fractures.  I t  i s  widespread throughout the deposit. Insufficient d a t a  

i s  available t o  document the overall distribution of lzeol i te  so only t h a t  

i n  sections 105E and 89E will be discussed. 

zeolite present and the only other zeol i te  identified i n  the deposit i s  

s t i l b i t e .  

w i t h  ca lc i te ,  i n  the other w i t h  laumontite. 

locally i s  intergrown w i t h  ca lc i te ,  epidote, o r  sulphides. 

Laumontite i s  the predominant 

S t i l b i t e  was found in only two specimens; i n  one it i s  intergrown 

Zeolite i s  generally alonc, b u t  

In’lOSE, the distribution o f  zeolites i s  not  obviously related t o  ore 
I 

distribution and zeol i te  zones apparently transect the ore. 

every d r i l l  hole carr ies  some zeol i te  b u t  i t s  abundance i s  h i g h l y  variable 

(Figure 1 1 ) .  

true shape i s  not  known. 

epidote o r  sulphides, i t  largely post-dates ore formation. 

Virtually 

Apparently the zeol i te  zones d i p  gently northward b u t  the i r  

Al though zeol i te  i s  locally intergrown w i t h  

I 

In 89E, zeolite i s  spot t i ly  d i s t r i b  ed across the. section b o t h ’ h  

and outside the ore zone. In this section zones appear t o  be subhorizontal. 

Differences between the two sections imply r a p i d  la teral  changes i n  zeol i te  

abundance and possibly overall control by a steeply inclined northerly fracture 

system. 

Gypsum Distribution 

Much of  the gypsum occurs i n  l a t e  stage fractures and veinlets.  

Many of these fractures are reactivated pre-existing structures because 

gypsum i s  often found  i n  subparallel arrangement w i t h  older fracture f i l l i n g s  

and veins. 

b u t  information about  i t s  distribution i n  other d r i l l  holes i s  sketchy. 

I t s  distribution i s  well known for  sections logged i n  detail  

11 . ..^ -.... , .  



Consequently, the  fo l l ow ing  i n t e r p r e t a t i o n s  must be regarded as t e n t a t i v e .  
I 

A t  t h e  762 m l e v e l  gypsum i s  d i s t r i b u t e d  i n  a narrow, anastomosing zone 

which rough ly  co inc ides w i t h  the  west or'ebody and t h e  western h a l f  o f  

t h e  east  orebody (F igure  12).  Gypsum i s  present  bu t  weakly developed i n  

t h e  porphyry stock and b e t t e r  developed ou ts ide  i t  i n  Bethlehem 

Granod ior i te .  Upward, gypsum i s  much more r e s t r i c t e d  than t h e  ore  zone. 

By t h e  914 m l e v e l ,  i t  forms an e l l i p t i c a l  zone over lapp ing  t h e  central: 

p a r t  o f  the  orebody and extending n o r t h  o f  i t  i n  Bethlehem Granod io r i t e  
I 

bu t  extends o n l y  a s h o r t  d is tance eastward i n t o  Guichon Quar tz  D i o r i t e .  

The gypsum zone has a general steep sbuth 
I I 

tward plunge. 

I 

Cal c i  t e  D i  s t r i  b u t i  on 

C a l c i t e  occurs i n  ve ins and f r a c t u r e s  and as an a l t e r a t i o n  minera l  

- 

i n  fe ldspars .  

here. 

occurs alone o r  in te rgrown w i t h  qua r t z  o r  z e o l i t e .  

vugs i n  su lph ide-bear ing v e i n l e t s .  

Only s t r u c t u r a l l y  c o n t r o l l e d  occurrences are considered 
I 

C a l c i t e  i n  most f r a c t u r e s  and ve ins i s  post -ore.  It t y p i c a l  

Less commonly i t  f i l l s  

I n  105E c a l c i t e  i s  weakly bu t  w ide l y  d i s t r i b u t e d .  It i s  uncommon 

i n  the  ore  zone and i s  most common i n  areas where z e o l i t e s  arexncommon. 

That i s ,  allthough c a l c i t e  and z e o l i t e  a re  in te rgrown i n  ve ins,  they  occur 

l a r g e l y  i n  independent zones. 

z e o l i t e .  

Normally, c a l c i t e  appears t o  be younger than 

\ 

I n ' 89E  c a l c i t e  i s  sparse i n  t h e  o re  zone b u t  f a i r l y  common though 

n o t  abundant i n  the  stock and the  Guichon count ry  rock.  

beyond 100 m n o r t h  o f  t he  o re  zone. 

It i s  most abundant 
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Other Alteration and Vein MineLals - + 

Other a1 teration and vein minerals which aresporadi-cal l y  developed 

i n  the deposit are ,  i n  estimated order of abundance, K-feldspar, b io t i te ,  

ocherous hematite, magnetite, specularite, ac t ino l i te ,  and tourmaline. 

Biotite and K-feldspar which 'are indicative o f  potassic a1 teration 

Biotite i s  widely b u t  sparsely distributed seldom form discrete zones. 

and t h i n  section studies suggest t h a t  b io t i te  a l terat ion of  mafic minerals 

occurred early i n  the a1 te'ration sequence. 

subsequently altered t o  chlor i te ,  epidote, o r  s e r i c i t e .  

I 

Secondary b io t i te  was often 

Primary b io t i te  

i s  red brown i n  t h i n  section whereas second&-y biot i te ,  i s  greenish brown. 
I 

' K-feldspar was n o t  recognized i n  the ore zone and i s  sparse and 

sporadically developed outside i t  i n  section 105E. In  section'89E 

K-feldspar i s  re la t ively common bo th  i n  the outer shell of the stock and 
I 

i n  adjacent'country rocks (Figure 73). 

b u t  widely distributed. 

t h a n  i t  now appears t o  be. 

more strongly by geologic set t ing t h a n  proximity t o  the orebody. 

Away from the stock i t  i s  sparse 

Bioti te a l terat ion could have been more important 

K-feldspar a l terat ion i s  apparently influenced 
/.' 

PARAGENESIS OF THE DEPOSIT 

' Mineralogy and Age Relationships 
o f  Vein and Fracture-Fil; l i n g  Minerals i 

As can be seen from Figure 1 4 ,  sulphide and s i l i c a t e  components of 

L A .  system overlap extensively i n  time of emplacement. Crosscutting 

relationships seen in b o t h  hand specimens and t h i n  sedtions o f  d r i l l  core 

were used t o  construct the figure. 

i n  two parts; f i r s t  an episode of mineralization characterized by formation 

The main stage of mine-ralization occurred 



* 
of sulphides with quartz and flaky sericite either as beins or as vein 

selvages; than an episode dominated by su" hides associiated with quartz-' 

epidote veining and alteration. 

of associated sulphide mineralization. 

stage and episode represent more than one period and p'robably many periods 

o f  injection of hydrothermal. fluids. 

, 

Successive stages havle only minor amounts 

I t  should be stressed that each 

It should also de stressed that successive 

waves of mineralization generally used the same systems of fractures. 

For want of better information, the time sequence interpretation 

rests Targely on the assumption that formation o-f flakly sericite occurred 

during only one episode of mineralization; the early main stage,: 

assumption seems reasonable on the b a s i s  of data now available for this 

and other Highland Valley deposits. 

1 

I 

This 
I 

I 

As can be inferred from overlapping times of formation. in Figure 14, 

vein and fracture mineralogy i s  highly variable. 

mineralization any of the common minerals in them can'be found withi,any 

of the other common minerals or virtually any combination of- them. 

However, judging from section 105E, certain miperal combinations were more 

common than others at different times. Prior to main stage mineralization 

i nformation is ambiguous but quartz and chlorite apparently were deposited. 

During the main stage mineralization the following fracture and vein types 

Duripg the main stage of 

are most common: 

+ chlorite + chalcopyrite - pyrite 
chlorite + bornite - chalcopyrite 
chlorite + chalcopyrite - bornite 

+ 
+ 

. .  



t + + quar tz  - cha lcopy r i t e  - b o r n i t e  - molybdeni te 

'quartz + c h l o r i t e  + cha lcopy r i t e  - b o r n i t e  " t 

t c h l o r i t e  t ep ido te  - cha lcopy r i t e  

quar tz  t ep ido te  - c h a l c o p y r i t e  - b o r n i t e  

quar tz  + ep-idote 

, ep ido te  + c h l o r i t e  

+ t 

. I  

! 

Z e o l i t e ,  gypsum, and c a l c i t e  ve ins and f r a c t u r e  f i l l i n g s  which may 

c a r r y  minor c h a l c o p y r i t e  o r  p y r i t e  as w e l l  as z e o l i t e  ve ins w i t h  minor 

amountstof ep ido te  were deposi ted du r ing  the  waning stages o f  m i n e r a l i z a t i o n .  

Al though c a l c i t e  and gypsum c o e x i s t  w i t h  z e o l i t e  i n  ve ins,  bo th  ,genera l l y  

appear t o  post -date z e o l i t e .  

C a l c i t e  which formed du r ing  main stage m i n e r a l i z a t i o n  i s  qenera l l y  

disseminated i n  s e r i c i t i z e d  p lag ioc lase  where i t  i s  a by-product o f  f e ldspar  

a l t e r a t i o n .  Loca l l y ,  however, i t  occurs i n  t h e  cores o f  ve ins where i t  

e v i d e n t l y  f i l l e d  vugs. 

tend t o  be i n  ve in  cores. 

su lph ide i s  genera l l y  we1 1 c r y s t a l  1 i z e d  and formed i n  vugs. 

i n  these ve ins,  as i n  the  m a j o r i t y  o f  z e o l i t e  ve ins analysed, i s  laumont i te .  

Crosscut t ing  r e l a t i o n s h i p s  f o r  z e o l i  te -bear ing  su lph ide  ve ins a re  ambiguous 

bu t  they were t e n t a t i v e l y  p laced i n  the  main stage o f  m i n e r a l i z a t i o n .  

occurs as f i b r o u s  mats f i l l i n g  vugs i n  main stacre ve ins whereas i t  forms 

small p r i s m a t i c  c r y s t a l s  i n  l a t e  stage veins.  

i n f e r r e d  t o  have been anhydr i t e  i n i t i a l l y .  

pr imary magnet i te  i n  quar tz  p lus  f l a k y  s e r i c i t e  zones and i s  a component i n  

some c a l c i t e  ve ins.  

specu la r i t e ,  tourmal ine,  and a c t i n o l i t e  i n  F igure  14 i s  based on minera l  

I n  ve ins i t  o f t e n  accompanies su lph ides which a l s o  

S i m i l a r l y ,  z e o l i t e  in te rgrown w i t h  abundant 

The z e o l i t e  

Gypsum 

That i n  main staqe vein's i s  

Ocherous hemat i te  rep laces 

Placement o f  uncommon ve in  components such as magnet i te  



associations rather t h a n  crosscutting relationships. 

< '  

Vein Alteration Selvages 

Alteration selvages on veins are  predominantly of four kinds: 
+ '+ + + Quar t z  - f laky  se r i c i t e  - chalcopyrite - bornite - pyrite 

Epidote + q u a r t z  - se r i c i t e  - sulphides 

Pervasive p i n k ,  cream, o r  dark green al terat ion 

Bleaching 

+ t 

Quartz plus flaky se r i c i t e  selvages occur mainly around qua r t z  + 
I + + chalcopyrite - chlor i te  - pyrite;  q u d r t z  + chlor i te  + bornite; 'quartz + 

epidote + chalcopyrite; qua r t z  + chalcopyrite + bornite; and q u a r t z  + 

chalcopyrite + molybdenite veins. 

a l terat ion also occur which apparently have no central veins. These 

suggest t h a t  a t  l eas t  locally there could be a significant time lapse 

between these al terat ion zones and veins which occur w i t h i n  them. 

they are analogous t o  composite veins bui l t  up  from several generations 

of smaller veins formed during successive episodes of  re-opening of one 

Zones of qua r t z  plus f l aky  se r i c i t e  

I 

f racture.  

Quartz-epidote selvages occur primarily around epidote, quartz-epidote, . 

and qua r t z  veins and fractures.  

may also form al terat ion zones w i t h  no associated veins. 

of  t h i s  type may contain chalcopyrite, bornite, or molybdenite. 

As w i t h  quartz-serici t e ,  quartz-epjdote 

Veins, and selvages 
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Pervasive fine grained p i n k ,  cream, or green a1 teration selvages have 

the same mineralogy as similar zones discussed previously under pervasive 

feldspar a l terat ion.  P i n k  altera+tion selvahes mantle: qua r t z  + sulphides; 
chlor i te  + - copper sulphide; q u a r t z . +  epidote + - chlor i te  + sulphides; and 

zeoli te veins and fractures.  

epidote mantles: 

q u a r t z  + epidote + chlorite - chalcopyrite Qeins and fractures.  

Cream a1 teration with associated chlor i te  and a 

quar t z  - chlor i te  + - Chalcopyrite; q u a r t z ;  chlor i te ;  and 
+ Waxy green 

s e r i c i t i c  alteration i s  most common around q h a r t z  + sulphide veins and d a r k  

green ser ic i  t e  + carbonate a1 teration typic8lly has associated carbonate and  

chl ori t e  vei ns and fractures.  I 
1 

Bleached zones were noted ar'ound: q u a r t z  + ep ido te  + - c h l o r i t e  t - chalcopy- 
+ r i t e  - bornite; q u a r t z  -t chlor i te ;  and quar tz  + chalcopyrite veins and 

fractures.  

I n  some specimens vein selvacles are mixed. For example, a f ine grained 

green selvage will grade outward t o  pervasive p i n k  a l terat ion or a q y a r t z  

p l u s  flaky se r i c i t e  selvage grade outward t o  pervaqive cream al terat ion.  

Throughou t  the deposit 

a1 teration are probably 
) 

al terat ion i n  areas logged as hav ing  pervasive 

related t o  fractures and veins i n  de ta i l .  



SUMMARY AND CONCLUSIONS 

'. / 

The J.A. deposit i s  s i tuated in a graben block which underlies Highland 

Valley. The deposit i s  s t ructural ly  controlled and most o f  the fractures 

and veins i n  i t  are moderately steep t o  steeply inclined. I t  i s  inferred. 

from the structural set t ing and bedrock topogra'phy t h a t  the deposit occurs 

w i t h i n  a framework o f  northerly and northwesterly fau l t s .  I t  seems l ikely 

from regional information t h a t  the fau l t s  are largely pre-ore b u t  sever,al 

episodes of post-ore movement probably occurred on them. 

A t '  bedrock surface the deposit i s  el 1 ip t ical  with long axis oriented 
I northwestward. 

similarly elongated. 

phase and Guichori var i t ies  of the Guichon Creek b a t h o l i t h .  

extends a short distance southward i n t o  b u t  i s  essentially bounded by a 

quartz plagioclase porphyry stock which appears t o  be an offstioot o f  the 

Bethsaida phase o f .  the b a t h o l i t h .  

At depth it splits i n t o  two root zones,' each o f  hhich i s  

Much of the ore i s  i n  granodiorites of the Bethlehem 

The ore zone 

I 

The deposit i s  extended along andl'beyond 

i s  the most impor tan t  ore control. 

f i l l i ngs  and veins and i n  the i r  a l terat ion selvages. 

rep1 ace maf i c mineral s 1 i n  these selvages . 

Copper mineralization occurs in fracture 

Sulphides often p a r t i a l l y  

the nor th  edge o f  the e l l i p t i ca l  stock and seems to wrap around. i t  s l ight ly .  

The best copper grades occur adjacent t o  the Guichon Bethlehem contact 

'which was probably already f a i r l y  closely fractured by tectonic and intrusive 

forces then enhanced as a porous t r a p  by further fracturinp d u r i n g  emplacement 

or the porphyry stock. 
. 

Mineralized qua r t z  veins and  mineralized quartz-sericite zones are 

important  local ore grade controls b u t  the density o f  mineralized fractures 



The stock and i t s  underlying parent ma 

source 'of hydrothermal fluids and associated miner,al i z a  

and chlor i te  veining marked the i n i t i a t i o n  of  th-e hydrothermal system. 

n .  Minor qua r t z  

The main ore stage occurred i n  two major episodes. 

characterized by the association of sulphidks w i t h  q u a r t z  and f l aky  s e r i c i t e  

o r  w i t h  q u a r t z  alone. 

associated w i t h  q u a r t z  and epidote. 

The ea r l i e r  episode was 

Dur ing  the second episode sulphides were generally 

Hydrot~ermal chlor i te  was deposited 

t h r o u g h o u t  the main ore phase. 

q u a r t z ,  and epidote deposition diminished and t h a t  of zeol i te ,  typically 

AS the hydrothermal system waned, sulptr'ide, 

? 

laumontite, predominated. Zeolite was joined t o  a minor degree b.y ca lc i te  
l 

and was succeeded by l a t e  stage ca lc i te  and g.ypsum deposition. Apparently 

minor amounts o f  ca lc i te ,  zeol i te ,  and anhydrite, now hydrated t o  gypsum, 

were deposited w i t h  sulphides d u r i n g  the main stage of mineralization. 

Main stage mineralization was accompanied by overall weak t o  moderate 

pervasive feldspar and mafic a l terat ion.  

a l terat ion mineral b u t  i t  i s  joined by varying amounts of kaolinite,  

montmorillonite, and calci te .  

Ser ic i te  i s  the predominant 
t.' 

Much o f  th i s  a i terat ion i s  associated w i t h  

fractures,  fau l t s ,  and veins and i t  i s  generally weakly developed away from 

such striictures. Mafic minerals are variable from fresh t o  chloritized t o  

ser ic i t ized.  

epidotization o f  i t  and b io t i te  i s  common. 

Locally hornblende i s  altered t o  secondary b io t i te  and p a r t i a l  

Considering the number o f  fractures and veins examined, few clear 

crosscutting relationships were observed. 

were broken by f a u l t i n g  before the next wave 6f hydrothermal fluids recemented 

them b u t  features o f  t h i s  nature are also relatively uncommon. I t  i s  also 

Locally i t  i s  evident that  veins 



I '  e 
r: -35 

t he  tenure of  t he  hydrothermal system. 

propagat ion o f  new f r a c t u r e s  i s  ascr ibed t o  p r  SureS gefierated' du r ing  

i n f l - u x  o f  hydrothermal f l u i d s .  Whether b o i l i n g  'o f  t he  f l u i d s  occurred 

Re-opening o f  healed f r a c t u r e s  and 

i s  open t o  speculat ion.  

r e l a t i v e l y  shal low and i s  i n  an area where the re  a re  numerous dykes. 

Consequently, b o i l i n g  and ven t ing  o f  hydrothermal f l u i d s  t o  the  sur face 

are  c e r t a i n l y  p o s s i b i l i t i e s .  

However, t he  depos i t  i s  thought t o  have been 

I 

The hydrothermal system co l lapsed f o l l o w i n g  z e o l i t e  and p o s s i b l y  

du r ing  gypsum and c a l c i t e  depos i t ion .  

dropped du r ing  b lock  f a u l t i n g  t h a t  produced Highland Vq l l ey  and l a t e r  

i n t ruded  by dykes which apparent ly  f ed  T e r t i a r y  f lows.  

o f  ox ide  minera ls  suggests t h a t  e ros ion  exposed bedrock e i t h e r  du r ing  o r  

be fore  T e r t i a r y  t ime.  

t o  an average depth o f  170'm by g l a c i a l  deposi ts .  

Subsequently t h e  deoos i t  was down- 

I 

Minor development 

Dur ing Ple is tocene t ime the  depos i t  was covered 

I,, . 
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