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LDCATION 

on t 

The property is located in south-central Bri t ish 

le north side of the Highland Valley at Lat . 50° 

Columbia 

9.5' N, 

hng. 120" 59' W, N.T.S. Sheet 92 I 7W. 

32 lun %Oo E of Ashcroft and 48 km S 6 7 O  W of Kamloops. 

It lies approximtely 

Eleva- 

t ions vary f r o m  1400 m. t o  1525 m. 

HISTORY 

In i t i a l  surface showings w e r e  discovered pr ior  t o  1896 and . . 
the o r i g b a l  mineral claims w e r e  staked in the  area in 1899. 

Sporadic interest was  mintained in the prospect f i rs t  by the 

B.C. Departmnt of Miner; which d r i l l ed  8 holes in 1919 and then 

by several private companies which conducted various programs of 

surface and underground exploration. 

In 1954, about 100 claims w e r e  staked by a syndicate which 

later transferred these claims t o  the newly formed Bethlehem 

Copper Corporation Ltd. in ear ly 1955. Surface t renching and 

bulk sampling followed until an option agreement w a s  completed 

w i t h  ASARCO. After 2% years of work ASARCO w a s  forced t o  drop 

its option but results proved suff ic ient  f o r  Bethlehemto begin 

an underground program t o  check the  d r i l l i ng  results. An agree- 

mnt was negotiated with Sumitom Metal Mining Co. of Japan in 

1960 t o  pmvilde financing f o r  a mill instal la t ion of 3000.TPD and 
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t o  purchase full production for a period of ten years. 

construction comenced in the fall of 1961 w i t h  the project going 

P lan t  

~n-stream D~c. 1962. 

PROWCTION 

O r e  tonnages mined to Decerriber 1974 (including stockpiled 

material)  are as  follows: 

East Jersey 1962-1965 E 1974 3.384 million tomes 

Jersey 1964-1972, 1973-1974 28.656 million tomes 

Huestis 19 70-1974 

TOTAL 1962-1974 

17.163 million tomes 

49.203 million tomes 
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ABSTRACT 

The Bethlehem porphyry copper deposi ts  a re  near the center  o f  the 200 

m y old Guichon Creek Batholith,  which i s  a concentr ical ly  zoned calc- 

a1 kal i ne pl uton t h a t  i ntrudes eugeosyncl i nal assemblages of the Permi an 

Cache Creek and Upper Tr iass ic  Nicola Groups. Four ore zones comprise 

the Bethlehem deposits considered i n  t h i s  a r t i c l e  and a r e  named the East 

Jersey, Jersey., Huestis deposits which have been or a re  being mined and 

the Iona which has n o t .  

a r e  considered i n  separate  a r t i c l e s  i n  t h i s  volume. Intrusive breccias;  

dac i t e  and rhyodacite porphyry dykes; small masses of gran i t e ,  granodior i te ,  

The J.A. and  Lake segment of the  Valley deposits 

and p o r p h y r i t i c  quar tz  l a t i t e ;  f a u l t s  and f r a c t u r e s ;  and hydrothermal 

mineralization and a l t e r a t i o n  have been local ized along the i r r egu la r  

in t rus ive  contact t h a t  separates the older  Guichon Granodiorite and younger 

Bethlehem Granodiorite phases o f  the ba thol i th .  

of mineralizers in the dac i te  porphyry me l t ( s )  were probably the source 

of hypogene metal l izat ion,  which post-dates a l l  in t rus ive  rocks and breccias 

a t  Bethlehem. Important f a u l t s  o f  post-breccia age s t r i k e  n o r t h ,  nor theast ,  

Late-stage concentration 

and northwest, and dip s teeply.  Detectable o f f s e t s  a r e  unusual. 

Mineral i za t i  o n  i n the  Beth1 ehem deposi ts  i ncl udes var iable  amounts of  

chalcopyrite,  borni te ,  py r i t e ,  specu la r i t e ,  and molybdenite; and white mica,. 

chl or i  t e ,  epidote cal ci t e  , quartz ,  zeol i t e s  , secondary bi o t i  t e  , and tourmal i ne. 

These minerals occur in veins,  ve in l e t s ,  f r ac tu re  coat ings,  i r r egu la r  blebs,  

and disseminations. 
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The Bethlehem orebodies (espec ia l ly  the Jersey)  exhib i t  metal 1 i c  and 

nonmetallic mineral zones. Feripheral zones of specular i te  and  epidote,  

and intermediate zones of pyr i te  and white mica surround a central  copper- 

r ich core defined by r e l a t ive ly  large amounts o f  b o r n i t e  and secondary b i o t i t e .  

The mineralogy and arrangement of these zones suggest t h a t  the hydrothermal 

f lu ids  responsible for  mineralization and a l t e r a t i o n  moved upward a n d  outward 

from the central  core. 

developed a t  Bethlehem although the  Iona orebody has mineable quan t i t i e s  

of oxide ore (malachite).  

Zones of  secondary sulphide enrichment a re  n o t  

The Bethlehem deposits (espec ia l ly  the Jersey orebody) generally possess 

geological , mineralogic, and geochemical fea tures  consis tent  w i t h  those 

described fo r  other porphyry deposits of  western North America. 

in d e t a i l ,  they d i f f e r  in  the degree t o  which many of these fea tures  a r e  

developed. The more unique cha rac t e r i s t i c s  include: ( 1 )  an in t raba thol i th  

liowever, 

locat ion;  ( 2 )  a probable old age f o r  mineralization (200 m y ) ;  (3)  dominance 

o f  f r ac tu re  controlled copper mineralization; 

the  meta.llic const i tuents ;  

( 6 )  well-defined zonation o f  iron-bearing metal l ic  minerals; ( 7 )  low to t a l  

sulphide content (average <2 percent) and a paucity o f  pyr i te  (average 4 

( 4 )  mineralogic s implici ty  of 

( 5 )  absence of lead,  z inc,  and s i l v e r  occurrences; 

percent in the h a l o  zone); (8) large bornite:chalcopyrite ra t ios  ( 4)  in 

the central  copper-rich core; ( 9 )  molybdenite peripheral t o  the central  parts 

of the ore zones; (10)  associat ion of chalcopyrite and bornite with epidote;  

(11 )  r e s t r i c t i o n  o f  signific:ant hydrothermal a l t e r a t i o n  t o  the ore zones; 

( 1 2 )  scarc i ty  of potassium feldspar  a l t e r a t i o n ;  and (13) widespread post-  

metal 1 i za t ion  hydrothernial zeal i t e s ,  especial ly  launionti t e .  
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LOCATION 

T h e  property i s  located in  south-central Br i t i sh  Columbia on the  

n o r t h  s ide  of the H i g h l a n d  Valley a t  La t .  50' 29.5' N ,  Long.  120' 59'W, 

N.T.S. 921/7W. 

48 km southwest of Kamloops. 

11; l i e s  approximately 32 km southeast  of Ashcroft and 

Elevat ions vary from 1400 m t o  1525m. 

HISTORY 

I n i t i a l  surface showings were discovered p r io r  t o  1896 and the 

original mineral claims were staked i n  t he  area i n  1899. 

was maintained i n  the prospect f i r s t  by the B . C .  Department o f  Mines which 

d r i l l e d  8 holes in 1919 and then by several pr iva te  companies which conducted 

various programs of surface and underground exploration. 

Sporadic i n t e r e s t  

I n  1954, about 100 claims were staked by a syndicate which l a t e r  

t ransferred these claims t o  the  newly formed Bethlehem Copper Corporation 

t t d .  i n  ea r ly  195!5. Surface trenching and b u l k  sampling followed u n t i l  an 

option agreement was complet.ed w i t h  ASARCO. After 2% years  of work ASARCO 

was forced t o  drop i t s  o p t i o n  b u t  results proved s u f f i c i e n t  f o r  Bethlehem 

t o  b e g i n  an underground program t o  check the d r i l l i n g  r e s u l t s .  

was negotiated w i t h  Sumitomo Metal M i n i n g  Co. of Japan i n  1960 t o  provide 

financing for  a mill i n s t a l l a t ion  o f  2700 tonnes per day and t o  purchase 

f u l l  production for a period of ten years .  

the f a l l  of 1961 with the project  g o i n g  on-stream i n  December, 1962. 

An agreement 

Plant construction commenced in  

Five 

increases i n  p l a n t  s i z e  ensued and current ly  the mill has a rated capacity 

of 15,400 tonnes !per day. 
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P r o d u c t i o n  

Ore tonnages  mined t o  December, 1974 ( i n c l u d i n g  s t o c k p i  1 ed m a t e r i a l  ) 

a r e  a s  f o l l o w s :  

Ea s t 3 e r s ey 1962-1965 and 1974 

Jersey 1964-1 972, 1973-1 974 

Huesti s 1970-1 974 

3.384 m i l l i o n  t o n n e s  

28.656 m i l l i o n  tonnes  

17.163 m i l l i o n  tonnes  

TOTAL 1962-1 974 49.203 m i  11 i o n  t o n n e s  

Reserves 

The reserves a v a i l a b l e  t o  the p r e s e n t  mill a s  o f  December 31 ,  1974 

were p u b l i s h e d  as  being approximate ly  58,G00,000 t o n n e s  o f  0.46 p e r c e n t  

copper .  
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GEOLOGY 

~ 

The Bethlehem porphyry copper deposi ts  are  near the centre  of the 200 

m y old Guichon Creek Batholith (see locat ion map, t h i s  volume), which f o r  

the pas t  decade has been the subject of considerable study (see Northcote, 

1969; McMillan, 1971, 1972,  this volume; Hylands, 1972; Ager and  o thers ,  

1972; Field and o thers ,  1974; and  Jones, 1974) .  The bathol i th  i s  a 

concentri cal ly  zoned cal c-a1 kal ine pl u t o n ,  whi ch i s  interpreted t o  be shaped 

l i k e  a f la t tened  funnel,  the  s p o u t  of which underlies Highland Valley and 

plunges 80 degrees t o  the northeast  (Ager and  o thers ,  1 9 7 2 ) .  The average 

thickness of the bathol i th  .is 6 k m ,  increasing t o  more t h a n  1 2  km over the 

central  roo t  zone (Ager and o thers ,  1 9 7 2 ) .  

progressively younger and change in  composition inward from a border of 

gabbro, t h r o u g h  q u a r t z  d i o r i t e s  and granodior i tes ,  t o  a core of granodiorite 

o r  q u a r t z  monzonite. The bathol i th  intrudes eugeosynclinal assemblages of 

the  Permian Cache Creek and Upper Tr iass ic  Nicola Groups. 

of Middle and Upper Jurassilc age, and volcanic and  sedimentary rocks of Lower 

Cretaceous and Tert iary age, unconformably over l ie  the ba thol i th .  

Major i n t rus ive  phases become 
~ 

Sedimentary rocks 

The  f i r s t  comprehensive geologic inves t iga t ions  of the Bethlehem 

property were by White and others  (1957) and  Carr (1960, 1966) .  

began in 1962, these s tudies  were suppleinented with observations by mine 

personnel i ncl udi ng Coveney (1 962)  , Coveney and  others  (1 965) , and Ewanchuk 

(1969). 

o f  the property. 

described by McMi 1 lan (1 972)  and  Hyl ands (1 9 7 2 ) .  

After mining 

In 1 9 6 6 4 7  Wood (1968) conducted a geologic and  mineralogic study 

Most recently the  deposi ts  have been re-examined and br ie f ly  

T h e  present report  i ncorporates 



6 

information obtained from a program of de ta i led  and reconnaissance m pping 

and sampling carr ied o u t  by J.A. Briskey during the summers o f  1970-73 

as  p a r t  of a detai led geological,  mineralogical,  and  chemical study o f  the 

1 

Bethlehem area and par t icula . r ly  the Jersey orebody; f i e l d  observations a n d  

de ta i led  mapping by H.G. Ewa.nchuk in  the East  Jersey orebody; and  detai led 

s tudies  o f  outcrops and d r i l l  core in  the Iona mineralized zone by 3.R.Eellamy. 

because the present invest igat ion i s  n o t  ye t  completed t h i s  paper should  be 

regarded as  a progress repor t .  

LITHOLOGY 

The Bethlehem deposits formed along an i r r egu la r  in t rus ive  contact 

separating two major phases o f  the  Guichon Creek bathol i th  (see Figure 1 ) .  

Rocks of the younger Bethlehem phase form a d ig i ta ted  nor thward  elongated 

apophysis t h a t  i s  in t rus ive  in to  rocks o f  the older Guichon phase. This 

apophysis apparently followed the n o r t h  trending zone of s t ruc tu ra l  weakness 

t h a t  subsequently localized the in t raba thol i th  porphyry dyke swarm, which 

t ransec ts  the  property (McMillan, t h i s  volume). Intrusive breccias;  dac i te  

and  rhyodaci t e  porphyry dykes ; small masses of g ran i t e ,  granodiori t e ,  and 

porphyrit ic quartz l a t i  t e ;  f a u l t s  and f r ac tu res ;  and hydrothermal mineralization 

’ J.A. Briskey’s par t ic ipa t ion  in t h i s  portion o f  the Bethlehem study occurred 
during h is  tenure as a graduate student in the Department of Geology a t  
Oregon S t a t e  University, and  pr ior  t o  his  eiiiployment by the U.S. Geological 
Survey. 
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and a l t e r a t ion  have been localized along d ig i t a t ions  in the contact of the 

apophysis. Mining operations removed th in  cappings of Guichon granodior i tes  

from parts of the Huestis, Jersey,  and East Jersey orebodies. These cappings 

ind ica te  t h a t  the current level of exposure i s  near the  roof of the apophysis. 

T h o u g h  n o t  shown in Figure 1, between 50 and  60 percent of the property i s  

mantled by glacial  deposits.. 

Guichon a n d  Bethlehem Granodiorites 

The Guichon Granodiorite may gradat ional ly  approach q u a r t z  d i o r i t e  

in  composition (see Tables 2 and 3 ) .  I t  i s  typ ica l ly  a medium c rys t a l l i ne  

hypidiomorphic granular rock composed o f  plagioclase feldspar  (46-60%) , 

q u a r t z  (1 5-25%) , orthocl ase (8-1 6%) , hornbl ende (5-1 0%)  , b i o t i t e  (1 - 10%) , 

and minor augi te .  Orthoclase and  q u a r t z  are  i n t e r s t i t i a l  and commonly show 

1 

pronounced reaction boundaries with plagioclase fe ldspar .  

of uniform s i ze  and d i s t r ibu t ion .  

Mafic minerals are  

The Bethlehem Granodiorite normally i s  a medium c r y s t a l l i n e  hypidiomorphic 

granular rock t h a t  may grade in to  quar tz  d i o r i t i c  and porphyri t ic  v a r i e t i e s .  

Representative sampl es (see Tab1 es 2 and 3 )  contain p l  agiocl ase fe ldspar  (53-65%) , 

q u a r t z  (1 6-25%) orthoclase (5-1 6%) , hornbl ende (2-22%) , and b i o t i t e  (0.56%). 

Phenocrysts o f  plagioclase feldspar ,  p o i k o i l i t i c  hornblende, and q u a r t z  (eyes) 

a re  common in the porphyrit ic v a r i t i e s .  Orthoclase and usually q u a r t z  a re  i n t e r -  

’ Vol utile percent unless otherwi se  i ndi cated.  GIhere unaccoiiipani ed by percentage 
estitiiates, minerals will  be l i s t e d  approximately in order o f  decreasing abundance. 
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s t i t i a l  , and may (display reaction boundaries with plagioclase feldspar .  

Uneven s i z e  and  d i s t r ibu t ion  of mafic minerals in  Bethlehem Granodiorite 

dis t inguishes  i t  from Guichcm. ilhite and  others (1957)  and Wood (1968) 

mapped a leucocrat ic  subphase of the Bethlehem Granodiorite (see Figure 1 ) .  

I t  i s  characterized by a l t e r a t ion  of mafic minerals t o  a c t i n o l i t e  and  

absence- of orthoclase,  and occurrs excl usi vely within the normal Bethl ehem. 

Guichon and Bethlehem Granodiorites are  separated by a s teeply dipping 

sha rp  b u t  i r regular  in t rus ive  contact along which Bethlehem Granodiorite 

may display weak ch i l l  t ex tures .  

have been reported from the East Jersey p i t  (Wood, 1968) and  Iona mineralized 

zone (Cllhite and others ,  1957) .  Other contact fea tures  include q u a r t z  

ve in l e t s ,  wh-ichare present in b o t h  rock types, and  the development of 

Scarace xenoliths of Guichon in  Bethlehem 

inc ip ien t  f o l i a t i o n  in  Bethlehem Granodiorite. '  

A small no r th  trending intrusion in the bottom o f  the  Jersey p i t  i s  

t en ta t ive ly  cal led Bethlehem porphyry (see Figure 1 and 2 ) .  Although 

superfi  cia1 ly  simi 1 a r  in appearance t o  Bethl ehem Granodiorite,  i t  possesses 

a de f in i t e  porphyry tex ture .  

fe ldspar  (50-60%) 

orthoclase @-lo%).  

include plagioclase fe ldspar ,  q u a r t z ,  hornblende, and b i o t i t e .  The groundmass, 

which comprises 25 t o  35 percent of the rock, consis ts  of a mosaic of q u a r t z  

and plagioclase f c l  d s p a r ,  with variabl e small e r  amounts of or thoclase,  

The rock i s  a dac i t e ,  which contains plagioclase 

q u a r t z  (2'5-35%) , hornblende and b i o t i t e  (5-1 0%) , and  

Phenocrysts, u p  t o  7 mm in the l a rges t  dimension, 

hornblende, and b i o t i t e .  

u n k n o w n ,  i t  has been mapped as a subphase of Bethlehem Granodiorite. 

Although the age o f  the Bethlehem porphyry i s  

Contacts 
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of the porphyry a re  sharp and s teeply d i p p i n g  where i t  intrudes Guichon. I t  

loca l ly  exhibi ts  a weak fol-iation and ( o r )  a s l i g h t  decrease in c r y s t a l l i n i t y  

adjacent t o  this contact.  As suggested in a l a t e r  sec t ion ,  the Bethlehem 

porphyry may be genet ical ly  re la ted t o  the source of the hydrothermal 

f lu ids  t h a t  formed the Jersey orebody. 

Porphyritic Quartz Lati t e  

I r regular ly  shaped intrusions of porphyrit ic quartz l a t i  t e  occur i n  

the  southeast a n d  west-central par t s  of the Jersey p i t  (Figure 2 ) ,  and 

i n  a slump block on the eas t  wall of the Huestis p i t  (see Figure 1 ) .  This 

rock i s  a f ine  t o  medium c rys t a l l i ne  hypidiomorphic porphyrit ic one t h a t  

contains plagioclase feldspar  (40-50%) , quartz. ( 2 5 4 0 % )  , orthoclase (25-30%) , 

and hornblende and b i o t i t e  ( 2 4 % ) .  Phenocrysts, up t o  4 mm in  the l a rges t  

dimension, comprise plagioclase fe ldspar ,  quartz ,  b i o t i t e ,  and hornblende. 

The groundmass, which const-i t u t e s  approximately 5 0 4 0  percent of the  rock, 

i s  composed primari l y  of f i riely c rys ta l  1 i ne, saccharoi dal quartz and 

i n t e r s t i  t i  a1 orthoclase.  Contacts between porphyrit ic quartz 1 a t i  t e  and 

Guichon or Bethlehem Granodiorites a re  generally sharp however a contact 

w i t h  Bethlehem in d r i l l  core was gradational over several centimetres. 

Porphyritic quartz 1 a t i  t e  may ra re ly  contain small xenol i ths of Beth1 ehem, 

and loca l ly  exhibi ts  a weak fo l i a t ion  within 6 mm of sharp contacts.  

a re  ver t ical  or  d i p  steeply t o  the  west. 

Contacts 
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Igneous Breccias 

Occurrences of breccia a re  widespread a t  Bethlehem, and a re  a l so  found 

a t  the nearby Trojan  and  Highmont  propert ies .  They occur loca l ly  within 

the nor th  trending zone characterized by swarms o f  porphyry dykes in  the 

central  p a r t  of the Guichon Creek b a t h o  

Bethlehem, breccias are  associated with 

(Figure 1 ) .  The southern extent  of the 

determined, however i t s  northern extens 

breccia,  extend northward in to  the East 

i t h  (McMillan, this  volume). A t  

a l l  b u t  the Huestis orebody 

main Iona breccia has not y e t  been 

o n ,  and a smaller para l le l  roofed 

Jersey p i t .  Exploratory d r i l l  ing 

has intercepted several small breccia bodies a t  depth in the southeast  

. p a r t  o f  the  Iona zone. All of  the Bethlehem breccias a r e  near the contact 

between Guichon and Bethlehem Granodiorites b u t  only loca l ly  a r e  these two 

rock types separated by breccia. The breccias a re  p re fe ren t i a l ly  local ized 

within Bethlehem Granodiorite, and none have been f o u n d  e n t i r e l y  within the 

Guichon. Bodies of breccia tend t o  be anastomosing, s teeply dipping masses 

with a nor th  el  ongation. Ili t h  increasing depth they commonly decrease i n 

s i z e  and some pinc:h o u t .  

breccia t o  depths of  over 300 m. 

Mining operations and d r i l l i n g  t o  date have exposed 

Breccia fragments i ncl ude Gui chon and  Beth1 ehem Granodiorites,  daci t e  

porphyry, porphyrit ic q u a r t z  l a t i t e ,  and s i l i c i c  a p l i t e .  Guichon fragments 

ordinari  l y  predomi nate. 

i n  Bethlehem Granodiorite 

Fragments of dac i te  porphyry a re  widely d i s t r ibu ted  i n  the breccias ,  h u t  

Breccias in the Iona ore zone a r e  v i r tua l  l y  encl osed 

b u t  c l a s t s  a r e  predominantly of Guichon Granodiorite. 

a r e  a b u n d a n t  only in  the breccia mass on the northeast  wall of  the Jersey 

p i t .  

breccias.  

Pink stained dac i te  porphyry has n o t  been found as a coinponent of the 

Clasts o f  porphyrit ic q u a r t z  l a t i t e  a re  a b u n d a n t  in  and  near 
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gradational contacts between intrusions of t h i s  rock type and breccia ,  b u t  

occur sporadically elsewhere. Diameters of many c l a s t s  a re  between 1 and  
I 

20 cm. 

subangular t o  subrounded predomi nate.  

ihe i r  shapes range f'rom a n g u l a r  t o  rounded, b u t  those which are  

Rounding  appears t o  have resul ted 

from corrasion during t ransport  , a n d  r a re ly  from corrosion by hydrothermal 

f l u i d s  o r  dac i te  porphyry magma. Blocks of included dac i te  porphyry may be 

markedly tabular ,  and suggestive o r  prebrecciation sheet f rac tures  o r  

j o i n t s .  

Comminution o f  entrained fragments has resul ted in a c a t a c l a s t i c  matrix 

re f lec t ing  the mineralogic composition of the host rocks. Broken and crushed 

. c rys t a l s  of plagioclase feldspar  and  q u a r t z ,  w i t h  o r  w i t h o u t  smaller amounts 

of or thoclase,  hornblende, a n d  b i o t i t e ,  compose most of the matrix. \!/here 
\ comminution was more intense,  c rys ta l  fragments a re  mixed w i t h ,  o r  grade 

in to  f ine  grained rock " f lour" .  

v u g s  u p  t o  30 cm *in  length a re  not  uncommon. 

ch lo r i t e  a re  widely d is t r ibu ted  t h r o u g h o u t  the breccia matrix, and  

loca l ly  predominate over a l l  other m a t r i x  components. Bio t i te  i s  pa r t i cu la r ly  

abundant i n  the  upper par t s  o f  the  Iona breccias.  

b u t  minor const i tuent  of the breccia matrix. 

Iona breccias ,  porous granular quartz t h a t  i s  commonly intergrown with 

f ine ly  t o  coarsely crystal  l i n e  aggregates of tourmaline, encloses the breccia 

fragments. This q u a r t z  does n o t  normally replace the fragments so t h a t  i t  

probably f i l l e d  open spaces in  a loosely consolidated breccia.  Induration 

of  the breccia ,  e-ither a s  the r e s u l t  of  or following deposit ion of t h i s  

q u a r t z ,  $receded the forniation of  l a t e r  su lphide- f i l l ed  f rac tures  t h a t  

crosscut b o t h  matrix and fragments a l i k e .  

The matrix i s  usually compact, b u t  i r r egu la r  

Finely c r y s t a l l i n e  b i o t i t e  and 

Tourmaline i s  a widespread 

I n  some upper par ts  of  the 

! 

Breccia fragments in a m a t r i x  
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t h a t  c losely rsembles some of the dac i te  porphyri t ies  has been observed in  

two small ,  i so la ted  areas.  Reaction between t h i s  matrix and many of the 

fragments i s  indicated by contacts t h a t  a r e  corroded and g r a d a t i o n a l  over 

as much as 8 cm. Where unaffected by corrosion, contacts between fragments 

and ca t ac l a s t i c  matrix a re  generally sharp. Lineations caused by the 

subparallel  a1 ignment o f  matrix components a re  conformable t o  fragment faces ,  

and a r e  a t t r i bu ted  t o  e i t h e r  flowage or compaction, o r  b o t h .  

Contacts between breccia masses and host rock a re  usually s teep .  They 

may be sharp  o r  gradational over as much as several metres. Many of the 

well defined contacts show f ingers  or embayments of breccia extending in to  

. t h e  surrounding country rock. Breccia contacts i n  the Iona zone may coincide 

w i t h  shear zones, which are  common along the t o p s  o f  pro t rus ions  of  Bethlehem 

Granodiorite t h a t  extend u p  in to  the breccia from below. A1 t h o u g h  r e s t r i c t e d  

zones of  horizontal f rac ture  sheeting a re  present in the upper p a r t s  of some 

Bethlehem breccias,  t h e i r  ver t ica l  counterparts have n o t  been observed in 

e i the r  the  breccias o r  t h e i r  adjacent host rocks. I n  general ,  t h e i r  i s  

l i t t l e  evidence o f  severe f rac tur ing  in  host rocks adjacent t o  the  breccia 

masses. 

The nor th  elongation of the breccia bodies probably r e f l e c t s  control 

by the same s t ruc tura l  weaknesses t h a t  localized the para l le l  Bethlehem 

Granodiorite apophysis, major f a u l t s ,  and emplacement of porphyry dykes. 

The major f a u l t s  as presently exposed do  not  appear t o  have exerted e i t h e r  

spa t ia l  o r  s t ruc tura l  control over the emplacement of the  breccia masses. 

Noreover, a l l  of these f a u l t s  exhib i t  movement younger t h a n  breccia consol- 

idat ion.  Alternat ively,  i t  i s  possible t h a t  breccia in t rus ion  along pre- 

exi s t ing  f a u l t  zones largely ob1 i t e ra ted  these zones and  t h a t  1 a t e r  shearing 
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along presently exposed major f a u l t s  may have resul ted from renewed displace- 

ment along these older  s t ruc tu res .  The loca l iza t ion  o f  breccia dykelets in 

small gouge zones on the southeast wall o f  the Jersey p i t  suggests some 

local f a u l t  control of  breccia emplacement. The coincidence o f  a few 

breccia contacts with shear zones in  the Iona orebody may a lso  be interpreted 

as  a s t ruc tura l  control ,  o r  a s  the  r e s u l t  of  breccia compaction. 

Granodiorite and  Granite 

An oblong mass of granodiorite i s  exposed west o f  the Iona zone 

(Fi gure 1 ) . 
granular b u t  gradational increases in  the  s i z e  of plagioclase feldspar  or 

b i o t i t e  c rys t a l s  loca l ly  render the texture porphyri t ic .  

The rock i s  predomi nantly medi um crystal  1 i ne hypi di omorphi c 

T h e  principal 

minerals are  plagioclase feldspar  (45-55%) , quartz (30-35%) , orthoclase 

(15-20%), b i o t i t e  ( 3 % ) ,  and  ra re  hornblende. T h i s  granodiorite i s  

dist inguished from the Bethlehem Granodiorite by the near absence of 

hornblende, la rger  and more a b u n d a n t  c r y s t a l s  of quartz ,  and the presence 

of b i o t i t e  phenocrysts. The granodior i te  appearnly intrudes Bethlehem b u t  

contacts with the older rocks a re  n o t  exposed. Hood (1968) reported the 

presence of orthoclase s t r inge r s  in the granodior i te  and suggested t h a t  

they were derived from a nearby a p l i t i c  gran i te  intrusion t h a t  i s  a l so  

exposed west o f  the Iona zone (Figure 1 ) .  

Dykelets compositionally and tex tura l  l y  s imi la r  t o  the gran i te  

intrusion a re  widespread elsewhere in the Guichon and  Bethlehem Granodiorites 

as well a s  in the breccias although these dykelets may o r  may n o t  be re lated 

t o  the la rger  mass of gran i te .  

a re  f ine ly  t o  inedi um crystal  1 i ne a1 1 otriotnorphi c granul a r  (apl i t i  c )  o r  

porphyrit ic.  

Textures in the gran i te  body and dykelets 

Graphic intergrowths of q u a r t z  and  or thoclase o r  plagioclase 
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feldspar a re  common and 1 oca1 ly  crytocrystal  1 i ne spherul i t e s  may be present.  

Typical const i tuents  are  orthoclase (50-60%) , q u a r t z  (30-50%) , sodic 

pl agi ocl ase fe ldspar  (5-20%) and bi o t i  t e  (0-3%).  Phenocrysts where 

present,  a re  plagioclase feldspar .  

t o  orthoclase increases in the northern p a r t  o f  the main grani te  mass and 

loca l ly  the composition approximates a q u a r t z  monzonite. 

of t h i s  pluton as described by previous invest igators  are  contradictory and 

the c r i t i c a l  outcrops a re  now obscured by mining operations.  

The p r o p o r t i o n  of  plagioclase feldspar  

Contact re la t ionships  

White and 

others (1957) described marginal chi 11 i ng  in Beth1 ehem granodiorite adjacent 

t o  gran i te ,  whereas Wood (1 968) described grani te  chi 11 ed agai nst granodiorite 

and Iona breccia. Although the interpretation by Wood (1968) is favored, 

the apparent conf l i c t  would  be resolved had  the grani te  mass formed by 

tempora.1 ly  di s t i  nct i ntrusioris as i s consi s t e n t  with observed compositional 

and textural  var ia t ions .  

emplacement i s  the presence of smal 1 apl i t i  c gran i te  dykelets chi 1 led against  

Further evidence indicat ing mu1 t i p l e  ages o f  grani te  

Guichon and  Bethlehem Granodiorites and  breccia,  and  t h e i r  present a s  fragments 

o r  within fragments in breccia.  

Daci t e  Porphyry 

Dykes of daci te  porphyry exposed on the Bethlehem property (Figure 1 and 

2 )  a re  par t  of the n o r t h  trending swarm. The swarm i s  34 km long and the 

Bethlehem deposits occur midway along i t s  length.  Dykes a re  spaced i r r egu la r ly  

across the 5 t o  10 kni width o f  the swarm, and average one dyke every 100 t o  

300 in (Carr, 1960). A t  Bethlehem the dykes a r e  c l ea r ly  of several ages. They 
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predate and  a re  probably coeval with ore deposit ion.  They a l so  predate 

and pos tda te  brecciation although the individual re la t ionships  have n o t  

been s a t i s f a c t o r i l y  distinguished more t h a n  one age o f  post-brecciation 

dyke emplacement has been recognized. Most dykes a re  l e s s  t h a n  15 m wide 

b u t  some are  as much a s  60 rn. The prevailing trend i s  northerly b u t  a 

s ign i f i can t  number s t r i k e  northeaster ly .  Dipes a re  normally within 20 

degrees o f  v e r t i c a l .  The large dyke a t  the  east  margin o f  the area 

(Figure 1 )  i s  t ex tu ra l ly  d i s t i n c t  and probably n o t  c losely re la ted  t o  the 

others on the property. 

2aci t e  porphyry i s characterized by phenocrysts of plagi ocl ase f e l  dspar  

(50-70%) hornbl ende ( 2 4 % )  , and quartz (0-3%) s e t  i n a f i  nely c rys ta l  1 i ne 

.groundmass composed o f  a mosaic o f  anhedral t o  subhedral q u a r t z ,  plagioclase 

feldspar , mi nor hornblende, a n d  vari ab1 e small amounts o f  orthocl ase .  Idhere 

the orthoclase content i s  r e l a t ive ly  high, these rocks may approximate 

rhyodaci t e  in  composition. Phenocrysts of plagioclase feldspar  occur a s  

roughly equant subhedra and  euhedra 3 t o  5 mm in the la rges t  dimension. 

Guartz phenocrysts normally form rounded ''eyes" up t o  3 mm in diameter 

b u t  square cross sect ions are not  uncommon and bipyramidal c r y s t a l s  may be 

present.  Subhedral and euhedral phenocrysts o f  poi koi 1 i t i c  hornblende, 

ord inar i ly  replaced by aggregates of epidote ,  reach a maximum length of 

about  10 mm. Samples of typical porphyry contain 50 t o  70 percent pheno- 

c r y s t s ,  except a t  f ine ly  c r y s t a l l i n e  margins. I n  the v i c in i ty  o f  the  

Jersey and East Jersey p i t s ,  the plagioclase feldspar  o f  a l a t e  dac i te  

porphyry dyke has been stained pink presumably by the presence of f ine ly  

c rys t a l l i ne  hematite. A l t h o u g h  s imi la r  in  tex ture  and mineralogy t o  other  

daci te  porphyry, t h i s  pa r t i cu la r  dyke (Figure 1 and  2 )  even where i t  i s  n o t  

stained can usually be recnognized by the higher content (5-10%) and  la rger  
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s i ze  ( u p  t o  5 m m )  of i t s  q u a r t z  phenocrysts. 

occurs sporadically in the  groundmass. 

Finely c rys ta - l ine  orthoclase 

Dykes of dac i te  porphyry intrude older l i t ho log ie s ,  including breccias 

Contacts a re  s h a r p ,  highly i r r egu la r ,  s teeply and  other daci t e  porphyries. 

dipping, a n d  have f ine ly  c r y s t a l l i n e  margins t h a t  range from several t o  more 

than 100 cm in  thickness.  

breccia.  

The margins o f  some dykes contain inclusions o f  

These contact features  imply t h a t  the breccias were l i t h i f i e d  pr ior  

t o  emplacement of a t  l e a s t  some of the dac i t e  porphyry dykes. 

gradational con tac t  occurs between breccia and  a mass of leucocrat ic  dac i te  

porphyry immediately south o f  the  East Jersey p i t  (see Figure 1 and Wood, 

1968). Fragments of s imilar  porphyry a l so  occur in breccia on the sou th  

wall o f  the Jersey p i t .  

present in the Bethlehem breccias,  t h i s  j s  the  only exposed mass with a 

demonstrable prebreccia age of formation. 

Loreover a 

A l t h o u g h  other  dac i t e  porphyry fragments a re  a l so  

Genesis of  Breccias and  Porphyries 

The associat ion of breccias and  porphyries with copper mineralization 

a t  Bethlehem was s t ressed  by Carr (1960, 1966) and  Wood (1968). Wood (1968) 

proposed t h a t  the breccias formed primarily a s  intrusion breccias caused 

by magnia stoping along the leading edges o f  the Bethlehem Granodiorite 

intrusion.  Lowever several cha rac t e r i s t i c s  of the  breccias would preclude 

such an o r ig in .  

Granodiorite and  those o f  younger porphyri t ic  qua r t z  l a t i  t e  and daci t e  

These features  include ( 1 )  numberous fragments of Bethlehem 

porphyry; ( 2 )  the occurrence o f  breccia elsewhere t h a n  a t  the contact between 

Guichon var ie ty  a n d  Bethlehem phase; ( 3 )  absence of Bethlehem Granodiorite 

as niatrix material ; and  ( 4 )  the paucity ' o f  xenoliths in Bethlehem Granodiorite. 
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Carr ' (1  966) postulated t h a t  imperrneabl e chi 11 ed r i  nds  formed around 

porphyry magmas t h a t  were intruded in to  cold,  well-fractured country rocks 

so t h a t  the vo la t i l e s  released during l a t e r  stages of c rys t a l l i za t ion  were 

impounded. "Explosive" release of these vola t i l  es a n d  consequent brecciation 

occurred when increasing internal  pressures exceeded confining pressures 

imposed by the hos t  rocks. 

A mechani sm i nvol vi ng the rapi d re lease  of conf i ned vol a t i  1 es from 

crys ta l  1 i zi ng daci l:e porphyry magma i s bel i eved t o  best expl a i  n the formati on 

of the Bethlehem breccias.  Lowever the sca rc i ty  of prebrecciation porphyry 

masses and the comparatively small number of porphyry fragments in  the 

breccias indicate  t h a t  the major episode of porphyry magma intrusion followed, 

rather t h a n  preceded, breccia formation. 

The Bethlehem breccias a re  interpreted t o  have originated in the upper 

parts of the magma chamber(s) t h a t  produced the daci te  porphyry dykes. 

S imi la r i t i es  in texture  and mi neral ogy between the porphyri es a n d  Beth1 ehem 

Granodiorite suggest a re la ted source. After i n i t i a l  intrusion of minor 

prebrecciation porphyries, a r e l a t ive ly  large hydrous vapor  bubble(s) may have 

formed in  the upper p a r t  of the porphyry magma charnber(s). 

Cathles (1973) postulated t h a t  such a bubble may form when coalescing upward- 

migrating water exsolved from a magma i s  trapped and  contained by the cooled 

rind o f  the pluton. Several fea tures  of the Bethlehem breccias suggest t h a t  

subsequently, in contrast  t o  the simple collapse mechanism of breccia formation 

proposed by Norton and  Cathles (1973), f ractur ing o f  the  cooled rind and  

adjacent wall rocks permitted the rapid escape o f  t h i s  bubble, with consequent 

brecciation in a f luidized system as  proposed by Reynolds (1954) .  Features 

which imply forceful ( i n t rus ive )  breccia emplacetiient ra ther  t h a n  co l lapse ,  

Norton and 

,. . , I /  ,' . - . . ~..- . _ j  . . :. . . - . .  - 
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include: ( 1 )  the t ransgressive nature of breccia contacts (Figure 1 )  

par t icu lar ly  in the Jersey p i t  (Figure 2 ) ;  

Bethlehem Granodiorite roof rocks, of breccia containing predominately 

Guichon fragments;, ( 3 )  the heterogeneous d i s t r ibu t ion  o f  fragement types; 

( 4 )  the presence o f  abundan t  c a t a c l a s t i c  matrix,  including i n t e r s t i t i a l  

rock " f lour" ;  and  ( 5 )  the rounded shapes of many fragments. 

escape of contained vo la t i l e s  would have abruptly enhanced c rys t a l l i za t ion  

o f  the adjacent dac i te  porph.yry melt; thus Pausing the formation of second 

( 2 )  the occurrence, below 

Rapid 

c h i l l  r ind,  which may have t rapped  much of t h i s  metl. 

o f  magma probably escaped a t  t h i s  time t o  form those few areas where the 

breccia contains porphyry m a t r i x .  After compaction and consolidation o f  

the  breccias,  additional pulses of magma in j ec t ion ,  \;:ithdrawal , and ( o r )  

However small quan t i t i e s  

~ 

I c rys t a l l i za t ion  t h a t  wzs accompanied by f rac tur ing  and  f au l t i ng  may have 

broken the second c h i l l  r ind and permitted the in jec t ion  of porphyry magma. 

Repeated tapping of t h i s  magma would explain the multiple ages of dac i te  

porphyry emplacement. A s igni f icant  portion of the r e l a t ive ly  small quantity 

of porphyry fragments in the breccia were probably derived from the i n i t i a l  

chi l led r ind.  

The various breccia masses may be the by-products of several vapor  

bubbles, o r  of a s ingle  vapor  bubble t h a t  escaped along several channelways. 

Pressures necessar*y t o  cause an "explosive" re1 ease of trapped volat i  l e s  

may have resul ted simply from t h e i r  accumulation in a r e s t r i c t ed  water-rich 

magma, o r  from subsequent in jec t ion  of magma or ig ina t ing  a t  depth in the 

crystal  1 i z i  ng bathol i th. FkMi 11 an (personal conirnuni ca t i  o n ,  1972)  bel i eves 

t h a t  magma surges did occur during emplacement o f  a t  l e a s t  the l a t e r  phases 
~ 

I 

I o f  the Guichon Creek bathol i th .  
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Regardless of mechanisms, brecciat ion and most porphyry intrusions 

were accompanied and (or) followed by widespread and  intense f rac tur ing  

and associated hypogene m i n e r a l i z a t i o n  and a l t e r a t i o n  which presumably 

was accomplished by f lu ids  and mineralizers derived from la te -s tage  

concentration i n  the dac i te  porphyry magma chamber(s). 

Faults 

Numberous faid t s  and zones o f  closely spaced f r ac tu res  a t  Bethlehem 

have exerted varying degrees o f  control on the emplacement of porphyry 

dykes, in t rus ive  breccias,  and hydrothermal a l terat ion-mineral izat ion 

(Figure 1 and  2 ) .  

types on t h e  basis o f  gouge zone thicknesses of  g rea te r  o r  l ess  t h a n  1 m ,  

respectively.  

east-central  p a r t  of the Huestis p i t ,  the west-central p a r t  o f  the Jersey 

p i t  (Jersey f a u l t ) ,  east-central  p a r t  o f  the East Jersey p i t  (East  Jersey 

f a u l t ) ,  and central  p a r t  of the Iona zone. 

t o  the west, although t h a t  of the Iona f a u l t  i s  unknown b u t  inferred t o  

be s teep.  

Faults are  a r b i t r a r i l y  divided in to  major and minor 

Most o f  the  major f a u l t s  trend n o r t h .  They occur in the 

Dips a re  ver t ica l  o r  s teep 

Horsetail pat terns  a r e  displayed by the East  Jersey f a u l t  a t  the  

nor th  and  south ends o f  the Jersey p i t  and  by the Jersey f a u l t  on the n o r t h  

wall of the Jersey p i t .  

1975) has weak evidence t h a t  the Jersey f a u l t  extends 1 . 7  km southward 

t o  the J.A. orebody, i t  i s  n o t  k n o w n  t o  extend n o r t h  of the Jersey p i t .  

Plajor f a u l t s  of other  or ien ta t ions  a re  l e s s  common b u t  several s t r i k e  

Although McMillan (19.71 ; personal communication, 

northeastward and dip s teeply t o  the  southeast .  A few of the major  f a u l t s  

have northwest t rends,  pa r t i cu la r ly  in the Iona ore zone, b u t  t h e i r  extent  

i s  not  k n o w n .  

a re  nunierous hence most s t r i k e  northward a1 t h o u g h  others  s t r i k e  northeast 

and  northwestward and  a few s t r i k e  eastward. 

islinor f a u l t s  subparallel  a n d  adjacent t o  the major f a u l t s  

. ,. , . I , - - 4  ' f  
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Many of the f a u l t s  cut the Bethlehem breccias .  Although they may have 

been par t ly  synchronous with daci te  porphyry dyke in j ec t ion ,  most have 

evidence of l a t e r  movement. 

th ree  f a u l t s .  Recent d r i l l i n g  between the East Jersey and  Iona ore zones 

has confirmed 60 -to 90 m of apparent l e f t - l a t e r a l  displacement o f  breccias 

and copper mineralization along a northeast  trending f a u l t  (Figure 1 ) .  

A daci te  porphyry dyke in the East Jersey p i t  has undergone 1 2  m o f  apparent 

l e f t - l a t e r a l  o f f s e t  along a northeast  trending splay o f  the  East Jersey 

f a u l t .  

porphyry dyke have 38 m of apparent r i gh t - l a t e ra l  o f f s e t  along an  e a s t  

trending f a u l t .  

i'owever o f f s e t s  have been detected a t  only 

Immediately south  of the Jersey P i t ,  Wood (1968) mapped a dac i te  

Mineral Deposits 

Common epigenetic mineral s on the Beth1 ehem property include white 

mi ca, c h l o r i t e ,  epi dote,  cal  c i t e ,  q u a r t z ,  zeol i t e s ,  chal copyri t e  , borni te ,  

py r i t e ,  specul a r i  t e ,  geothi t e ,  malachite, secondary b i o t i t e ,  tourmal i ne, 

and  molybdenite. 

i r r egu la r  bljebs, and dissenrinations. 

d i  ssemi nat i  ons predomi nate . 

These minerals occur in veins,  ve in l e t s ,  f r ac tu re  coat ings,  

Veinlets ,  f r ac tu re  coat ings,  and 

Veins , iihi ch a r e  def i ned t o  be grea te r  than 

2.5 cm in width, contain var iable  proportions o f  specu la r i t e ,  q u a r t z ,  c a l c i t e ,  

epi dote,  chal copyri t e ,  born i t e ,  pyri t e ,  and tourmal i ne. They occur i n a zone 

peripheral t o  the central  parts of the Jersey and Huestis orebodies, h u t  

in  con t r a s t , . t hey  a re  more cent ra l ly  located in the East Jersey and Iona 

ore zones. 
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The four  Bethlehem orebodies a re  outlined in  Figure 1 .  A deta i led  plan 

view and cross section of  the Jersey orebody was constructed from blas t  

hole assays and  i s  shown in  Figure 3. Mineralization in  the Jersey orebody 

i s  concentrically zoned,the central  core of high grade copper metal l izat ion 

is  surrounded by a peripheral zone of progressively diminishing copper grade. 

A t  depth the high grade core s p l i t s  in to  downward extending roots .  

rock types exposed within the ore zone predate mineralization. 

i s  commonly higher in grade and more uniformly d is t r ibu ted  in the breccias 

which p robab ly  r e f l e c t s  t h e i r  higher i n i t i a l  porosity and t h e i r  g rea te r  

f r a n g i b i l i t y  r e l a t ive  t o  surrounding g ran i t i c  host rocks. 

only a minor  and p robab ly  secondary influence on o v e r a l l  ore d i s p o s i t i o n .  

Although these s t ruc tures  loca l ly  provided channel ways fo r  ore deposition 

All 

Mineralization 

Major f a u l t s  have 

a n d  seepage o f  ixirwalizirig f l u i d s  in to  the peripheral vein system, they do 

n o t  appear t o  have been a primary control o f  copper metal l izat ion i n  the 

central  p a r t  of the orebody (Figure 3 ) .  Pods of sheared copper sulphides 

in f a u l t s  indicate  post-ore movement b u t  nowhere has displacement been 

su f f i c i en t  t o  o f f s e t  the out l ine  of the ore zone. 

orebodies are  roughly oval in plan. 

deposits a r e  elongate nor thward  r e f l ec t ing  control by breccias and  major 

shear"zones. 

i ncl u d i  ng Coveney (1 962) Coveney and others ( 1  964) , and Ewanchuk (1 969) .  

The orebody i s  composed of mult iple ,  narrow, northerly trending ore shoo t s  

t h a t  dip steeply westward. Host of these bodies occur within breccia and  

commonly coincide with shear zones. 

zone i s  chief ly  confined t o  the breccias b u t  these a re  unevenly iriineralized. 

Zones of weak riiineralization a re  interpreted t o  be areas where the breccias 

The Jersey and Huestis 

I n  con t r a s t ,  the Eas t  Jersey and  Iona 

The East  Jerse-y orebody has been described by several authors 

Copper mineralization in the Iona ore  

. I: . .. r . ,, - .,... 
. .  . .  
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were t i g h t l y  consolidated and res i s ted  fr 'acturing. Moreover, fragments 

and  wall rock of Bethlehem phase in the breccia a re  usually only weakly 

mineralized, whereas the  reverse i s  t rue  f o r  the more mafic Guichon var ie ty .  

Consequently rock composition has influence t h e  d i s t r ibu t ion  of copper 

metal l izat ion which i s  a l so  observed i n  the  Jersey orebody. 

The intimate spa t ia l  associat ion of copper mineralization with the 

emplacement of la te-s tage plutonic phases of the  Guichon Creek bathol i t h  

suggests a c lose temporal re la t ionship  a s  we1 1 .  Copper-bearing f r ac tu res  

are numerous t h r o u g h o u t  the breccias,  and crosscut b o t h  fragments and matrix 

a l i k e .  

consolidation. However, several occurrences o f  brecciated sulphides suggest 

t h a t  minor amounts o f  mineral izat ion may have preceded breccia formation, 

and  ( o r )  t h a t  t h e w  was mne !oca, l a te -s tage  rebrecciat ion of previously 

mineralized breccia. 

proportionately lower grades of ore in  some of the dac i te  porphyry dykes 

t h a t  postdate brecciation ma,y indicate  t h a t  e i t h e r  mineralization o r  

T h u s  the  main episode o f  metal l izat ion must have postdated breccia 

The presence of more widely spaced f r ac tu res  and 

f r ac tu r ing ,  or b o t h ,  largely preceded t h i s  l a t e  period of dyke emplacement. 

Bornite and chalcopyrite in j o i n t s  in pink-stained dac i te  porphyry indicate  

tha t  copper sulphide deposition continued beyond, o r  began a f t e r  the cooling 

o f  t h i s  youngest un i t .  + 
A potassium-argon age of 199-8 rn y was reported by 

Dirom (1965) ,  \Ihit:e and others (1967) ,  and Northcote (1969) on a mixture 

o f  magmatic and hydrothermal b i o t i t e  from the Iona ore  zone (Dirom, 1965) .  

This age i s  in agreement with the 19826 m y age fo r  the Guichon Creek bathol i th  

(see Northcote, 1!369), and  202 t4  and 198+4 m y ages f o r  hydrothermal 

s e r i c i t e  from the Valley Copper deposit  (Jones and o thers ,  1973) 6 km west 

of Bethlehem. 

(-8 ni y )  the Iona sample niay n o t  be a r e l i a b l e  indicator  of the age of 

however, because o f  the r e l a t i v e l y  t large ana ly t ica l  uncertainty 
t 

mineralization. 

f ".I 1 ~~ ~ ~~ 
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Hypogene Metal 1 i c Mineral s 
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The corniiion hypogene metal 1 i c minerals on the Beth1 ehem property a re  

chalcopyrite,  bornite,  pyr i te ,  specular i te ,  a n d  molybdenite. Minor amounts 

o f  magnetite and chalcocite a re  a l so  present ,  and microscopic t races  o f  

t e t r ahedr i t e ,  galena, and  possibly 1 innaei te  have been reported (uood,1968; 

White and o thers ,  -1957). Trace analyses f o r  copper, molybdenum, z inc ,  lead,  

and s i l v e r  a re  included w i t h  the whole rock chemical analyses shown in Table 3. 

The consis tent ly  low values for s i l v e r ,  lead,  and z inc,  pa r t i cu la r ly  between 

"unaltered" and  equivalent a l te red  and  mineralized l i t ho log ie s ,  fu r the r  

emphasize the sirnplici t y  of the metal1 i c  mineral assemblage. Specularite 

i s  present in minor amounts as disseminations b u t  u sua l ly  occurs i n  v e i n s  

and  vei n l e t s  associated with q u a r t z  , c a l c i t e  , epidote , chal copyri t e  , borni te  , 

and rarely tourmal i ne. Chalcopyrite, born i te ,  and pyr i te  a re  present i n 

veins; however, ve in le t s  and f r ac tu re  coatings of these sulphides and of 

molybdenite predominate i n  the ore zone. 

sulphides t h a t  replace priniary and secondary mafic minerals adjacent t o  

mienral ized f rac tures  a re  common b u t  quant i ta t ive ly  subordinate t o  f r ac tu re  

Disseminated f ine ly  c r y s t a l l i n e  

controlled mineralization. The following are  customary mineral associat ions:  

chalcopyrite w i t h  chl o r i  t e  , Lorni t e  , pyri t e  , q u a r t z ,  secondary biot i  t e  , epidote , 

and c a l c i t e ;  bornite with chalcopyri te ,  c h l o r i t e ,  secondary b i o t i t e ,  q u a r t z ,  

and  c a l c i t e  ( i n  ve ins) ;  and  pyr i te  w i t h  c h l o r i t e ,  chalcopyrite,  epidote ,  

cal c i t e  , and quartz.  The combi ned abundances o f  borni t e  and  chal copyri t e  

within the  ore zones rarely exceed 2 percent by volume. 

of py r i t e  in the halo zones a re  norinally l e s s  t h a n  1 percent although 

local ly  they reach 5 percent. 

coiiimonly peripheral t o  the central  par ts  of the ore zones. 

be nionoiiii neral i c or associated with chal copyri t c  , q u a r t z  , and  borni t e  i n 

Concentrations 

Molybdenite i s  sporadi cal ly di s t r i  buted and  

Occurrences may 
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vein le t s  o r  l e s s  c:ommonly i n q u a r t z  stockworks. 

Di s t r i  buti ons o f  specul a r i  t e ,  p y r i t e ,  chal copyri t e ,  and  borni t e  in the 

Jersey p i t  (Figure 4 )  were determined using quant i ta t ive  visual estimates 

obtained from ( 1 )  microscopic examination of 560 h a n d  samples, ( 2 )  de ta i led  

logging of core from f ive  diamond d r i l l  holes ,  and ( 3 )  f i e l d  inves t iga t ions .  

Speculari t e  occurrences a re  peripheral t o  those of py r i t e  and  the d i s t r ibu t ions  

of b o t h  these minerals form crudely concentric zones a b o u t  a borni te-r ich 

core. 

approximately coincides with the pyr i te  halo and  the h i g h  grade core i s  

l a rge ly  contained within the bornite-rich central  zone. Chalcopyrite i s  

present t h r o u g h o u t  the deposit  and  i s  most abundant within the outer  l imi t s  

of the pyr i te  zone. Reconnaissance work suggests s imi la r  zonal pat terns  

in the Huestis orebody and  t h a t  peripheral specular i te  a l so  occurs a round  

the Zona ore zone. 

orebody. 

mineral zones i n  ithe Jersey p i t  a r e  shown i n  Table 1 .  

i n t e r e s t  are:  (1 :) h i g h  bornite:chalcopyrite r a t i o s  in the borni te-r ich 

The outer  zone of  l o w  grade copper mineralization (Figure 3) 

Comparative d a t a  a r e  n o t  avai lable  fo r  the  East Jersey 

Mineralogic and chemi cal vari a t i  ons between the hypogene metal 1 i c 

Features of  pa r t i cu la r  

core,  ( 2 )  low to t a l  sulphide content,  and ( 3 )  a well defined zone of 

specul a r i  t e  beyond the py r i t e  ha1 0 .  

Several fea tures  of the Bethlehem porphyry (Figure 2 )  may imply a 

c lose genetic re la t ionship  t o  the  source of the hydrothermal f l u i d s  t h a t  

formed the Jersey orebody. These a re :  ( 1 )  increase in the amounts of 

secondary b i o t i t e ,  copper sulphides (esp.  borni te)  , and q u a r t z  (ve in l e t s )  

i n  Guichon Granodiorite host. rocks near contacts with Bethlehem porphyry, 

( 2 )  central  posit ion o f  the porphyry with respect t o  zoning of  metal l ic  

and a l t e r a t ion  minerals ( c f .  Figure 2 ,  3 ,  4 ,  and 5 ) ,  ( 3 )  paucity of f rac tures  

i n  the porphyry r e l a t i v e  t o  surrounding rocks; and  ( 4 )  presence of disseminated 

copper sulphides in the porphyry t h a t  apparently a re  s p a t i a l l y  unrelated t o  

f rac tures .  
4 
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Hypogene Nonmetal 1 i c A 1  t e r a t i  on and  Vei n Mi neral s 

Common hypogene nonmetallic minerals include white mica, c h l o r i t e ,  

epidote ,  c a l c i t e ,  q u a r t z ,  z e o l i t e s ,  secondary b i o t i t e ,  a n d  tourmaline. Smaller 

amounts of kaol in i te ,  a l b i t e ,  a c t i n o l i t e ,  montmorillonite, secondary potassium 

fe ldspar ,  ruti 1 e ,  and prehni t e  a r e  a1 so  present.  

a lun i t e  were reported by White a n d  others (1957) .  

type occurrences of hypogene minerals previously described f o r  the Bethlehem 

property, a l t e r a t ion  selvages in host  rocks adjacent t o  f a u l t s ,  j o i n t s ,  

Scheel i t e  and  possi b l  e 

In addition t o  the vein- 

and  f rac tures  commonly contain quan t i t i e s  o f  white mica, c h l o r i t e ,  c a l c i t e ,  

and  some epidote.  The selvages a re  ord inar i ly  1 m or l e s s  in width, b u t  a re  

as much as  30 m wide adjacent t o  major f a u l t s .  

Epidote i s  most abundant a t  the outer  margins of the Jersey and Huestis 

orebodies. The approximate d i s t r ibu t ions  of epidote and secondary b i o t i t e  

in the Jersey p i t  a re  shown in Figure 5.  The d i s t r ibu t ions  form a roughly 

concentric zonal  pat tern with epidote peripheral t o  a central  b io t i  t e - r i ch  

core. llost vein occurrences of hypogene minerals a re  contained within the 

epidote zone, and the majority of these a re  confined t o  the specular i te - r ich  

portion (Figure 4 ) .  Epidote i s  ra re  in  the Iona breccias b u t  i s  common in 

adjacent host rocks. I t  i s  a l so  common t h r o u g h o u t  the  East Jersey ore 

zone. Epidote’is usually found in  veins,  ve in l e t s ,  and coating f rac tures  

and  as disseniinat-ions replacing ca l c i c  plagioclase feldspar  and  primary mafic 

minerals. llhere idsseminated, i t  may compose up t o  20 percent o f  the h o s t  

rock however ariiounts between 1 and 10 percent are typ ica l .  Epidote i s  

normally associated with c h l o r i t e ,  white mica, c a l c i t e ,  quar tz ,  specular i te ,  

. chalcopyri te ,  and pyr i te .  

bornite i s  unusual in  porphyry coppcr deposits and  may represent a la te-s tage 

T’he associat ion w i t h  chalcopyrite a n d ,  l e s s  conimonly 

1 .  *+- &- .w .r , .*.r > *  
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o r  retrograde minera-lization event. 

The term ' h h i t e  mica" as used in the  t e x t  of  th is  report  includes a l l  

op t ica l ly  unident i f iable ,  f ine ly  c r y s t a l l i n e  a l t e r a t i o n  products of fe ldspars .  

Preliminary X-ray d i f f rac t ion  s tudies  indicate  the presence o f  s e r i c i t e  and 

small amounts o f  kaol in i te  and montmorillonite i n  t h i s  mater ia l .  White mica 

i s  widespread in a l l  b u t  the most unaltered rocks of the Jersey and Huestis 

orebodies. 

areas  of  greater  t h a n  0.1 weight percent copper even t h o u g h  zonal d i s t r ibu t ions  

a r e  n o t  obvious (Figure 3 ) .  

r e s t r i c t ed  t o  breccias and  pervades host rocks only near areas  of q u a r t z  

flooding. 

white mica a l t e r a t ion  accompanies s ign i f i can t  copper meta l l iza t ion .  

Lignificant quan t i t i e s  of  white mica roughly coincide w i t h  

I n  the Zona zone white mica i s  predominantly 

Reconnaissance stirdies o f  the  East Jersey orebody indica te  t h a t  

Lihite 

mica preferen t ia l ly  replaces or thoclase,  which i s  usually completely destroyed, 

whereas pl agi ocl ase f e l  dspar  i s  t yp i  cal l y  more than 20 percent una1 te red .  

l h i t e  mica i s  generally associated with small b u t  var iable  amounts o f  

c a l c i t e  and epidote. 

Secondary b i o t i t e  i n  the  Jersey orebody i s  la rge ly  r e s t r i c t e d  t o  the 

lower par ts  o f  the borni te-r ich core zone. 

surface l o c a l i t i e s  o f  the Iona breccias ,  b u t  i s  only  a minor const i tuent  

i n  the  Huestis and  East Jersey ore zones. 

and hornblende, secondary chl ori t e  and ac t i  no1 i t e ,  and breccia m a t r i x .  

Breccias may contain as much as 50 percent secondary b i o t i t e  whereas other  

rock types seldom have more t h a n  1 5  percent.  Quan t i t i e s  between 3 and 8 

percent are  representat ive o f  most b io t i t e - r i ch  a reas .  

i s  usual ly associated wi t h  chl or i  t e ,  born i te ,  and  chal copyri t e  

I t  i s  widespread in  near 

Although some secondary b i o t i t e  

Secondary b i o t i t e  

' / ' . L  I , .. - , *., . I .  . , ,.. . .  . .  . .  
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Chlorite i s  the f i r s t  a l t e r a t ion  mineral encountered a t  the outermost 

margins of the mineralized zones. Epidote and white mica become conunon 

closer  t o  the orebodies. Chlorite occurs as replacements of primary 

b i o t i t e  and  hornblende, breccia matrix,  and secondary a c t i n o l i t e ,  b i o t i t e ,  

nd epidote,  and  a l s o  as ve in le t s .  The local abundance of  c h l o r i t e  i s  

predominantly control led by rock type a1 t h o u g h  the mineral i s present 

t h r o u g h o u t  the  deposi ts .  

breccia,  ch lo r i t e  typ ica l ly  composes 5 t o  15  percent of a sample. 

having a c h l o r i t i c  matrix, may contain as much as 25 percent ch lo r i t e .  

W i t h i n  mineralized zones and i n  rocks other  t h a n  

Breccias 

Chl ori t e  i s  normal ly  associated wi t h  epi dote,  chal copyri t e ,  borni t e ,  py r i t e ,  

. secondary b i  o t i  t e ,  and ca l  c i  t e .  

Calci te  i s  common in  the  peripheral vein assemblages. I t  i s  a l so  

abundant i n  ve in le t s ,  some 0.f which are  post-ore age, where i t  may be 

associated w i t h  z eo l i t e s .  hioreover c a l c i t e  i s  a nearly u b i q u i t o u s  a l t e r a t i o n  

product of plagioclase feldspar  and, l e s s  commonly, hornblende. Calc i te  i s  

o rd inar i ly  associated with white mica, epidote ,  c h l o r i t e ,  q u a r t z ,  chalcopyri te ,  

py r i t e ,  specul a r i  t e ,  and  born i  t e .  

Quartz i s  the predominant const i tuent  of ve in le t s  t h a t  a re  loca l ly  

abundant in the central  par ts  of  the  Huestis and Easy Jersey orebodies 

and the bornite-rich core of the Jersey orebody a n d  i s  a l so  a common 

component of  the peripheral vein assemblages. As previously mentioned, 

q u a r t z  i s  an  a b u n d a n t  const i tuent  of  the mat r ix  in breccias o f  the Iona 

zone. These occurrences o f  q u a r t z  a re  monomineralic o r  a r e  components of 

assemblages t h a t  a l so  include born i te ,  chalcopyri te ,  c a l c i t e ,  epidote ,  specu la r i t e ,  

pyr i te ,  and  tourma1 i ne. 
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Black s c h l o r l i t i c  tourmaline has widespread b u t  e r r a t i c  d i s t r i b u t i o n .  

I t  i s  present bo th  within,  and marginal t o ,  a l l  the ore  zones b u t  i s  a b u n d a n t  

only in breccias of the Iona zone t h a t  have a quartz-r ich matrix. Tourmaline 

occurs a s  c rys ta l  1 i ne aggregates intergrown with q u a r t z  as rep1 acements of  

small breccia fragments and breccia matrix in  v e i n l e t s ,  veins,  a n d  

f r ac tu re s ,  and  ra re ly  as rose t tes  i n  gouge zones. I t  i s  predominantly 

associated with q u a r t z ,  epidote,  chalcopyri te ,  c a l c i t e ,  a c t i  no1 i t e ,  and 

specul a r i  t e .  

The presence of the zeol i t e s  laumonti t e ,  s t i  1 b i t e ,  heul andi t e ,  and  

chabazite have been confirmed by X-ray d i f f r ac t ion  s tudies .  Numerous 

ve in le t s  of laumontite t h a t  generally contain smaller amounts of  c a l c i t e ,  

s t i  1 b i t e ,  and heulandite crosscut a1 1 rock types and hypogene mineral i zat ion.  

They are  u b i q u i t o u s  in a l l  f o u r  ore zones. Veinlets of  s t i l b i t e  a re  

abundant, and s t i l b i t e  and ra re ly  chabazite encrust  vugs  in the  south  

breccia o f  the  Jersey p i t .  Post-ore z e o l i t e s ,  espec ia l ly  laumontite, 

a re  i nterpreted to be 1 ow temperature products deposited during cool i n g  

and  col lapse of the Bethjehem hydrothermal system( s ) .  

Zonal development of hydrothermal a l t e r a t i o n  in the Jersey orebody 

(Figure 5 )  i s  s imilar  t o  t h a t  described for  most porphyry copper deposi ts .  

Dist r ibut ions of epidote a n d  secondary b i o t i t e  in  the Jersey orebody 

out l ine  propylitic: and  potassic a l t e r a t i o n  zones respect ively (samples 

4 and  8,  i n  Tables 2 and 3 ) .  

i s  probably equivalent t o  a mixed zone of phyl l ic  and  a r g i l l i c  a l t e r a t i o n  

(samples 3 and 7 ,  i n  Tables 2 and 3 ) .  The potassic  zone i s  atypical  because 

o f  the near absence of secondary potassium feldspar  (sample 8 i s  the only  

known occurrence). Signif icant  hydrothermal a1 t e r a t ion  i s  r e s t r i c t e d  t o  the  

The intervening area,  dominated by white mica, 

immediate area of the 0rebod.y and  only the epidote zone and  associated 
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ch lo r i t e  extend beyond the l imi t s  of conspicuous copper sulphide mineralization. 

Oxidation and  Supergene Enrichment 

tdinerals ident i f ied  from the zones of oxidation a t  Bethlehem include 

geothi t e ,  hematite, mal achi t:e, manganese oxides, chrysocol 1 a ,  azuri t e ,  

cupr i te ,  native copper, and ferrimolybdeni t e .  Possible occurrences of 

powel 1 i t e  and  e r y t h r i t e  were reported by White and  others (1 9 5 7 ) .  A1  t h o u g h  

the  e f f ec t s  of oxidation a r e  largely s u r f i c i a l  ( l e s s  than 20 m deep) ,  i t s  

d i s t r ibu t ion  and in tens i ty  i s  control led by s t ruc tu re .  

southern one-third of the Icma ore zone i s  s t rongly oxid 

oxidation of sulphides i s  common t o  depths exceeding 100 

may be stained by limonite f'or considerable distances be 

he shat tered 

zed and  t o t a l  

m .  Open f rac tures  

ow the zone of 

oxidation. Assayis fo r  copper a re  r e l a t i v e l y  unchanged between zones of 

sulphide and oxide ore in the Iona orebody and t h i s  consistency r e f l e c t s  

the scarc i ty  of p:yrite and  the r e l a t i v e  abundance of carbonate, b o t h  of 

which e f fec t ive ly  inhibi ted the migration of copper. Kinute quant i t ies  

o f  supergene chalcocite and  cove l l i t e  occur in s u r f i c i a l  exposures and  

d r i l l  core b u t  there i s  no 210ne of secondarily enriched ore .  

COMMENTS 

A t  Bethlehem hypogene mi neral i zation probably began during the 1 a t e r  

stages o f  post-brecci a t ion porphyry dyke emplacement and continued beyond 

the cessation of t h i s  period of in t rus ive  a c t i v i t y .  

mineralization proceeded upward and outward from the borni te-r ich core of 

the ore zones a s  the arrangement of a l t e r a t i o n  zones probably indicates  the 

deposition of metal l ic  minerals may have begun with the prec ip i ta t ion  of 

If  hydrothermal 

sulphide assemblages having low iron t o  copper r a t i o s  ( i  . e .  bornite:chalco- 
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pyr i te  5 1 )  from f lu ids  i n i t i a l l y  low in  b o t h  iron and  sulphur. However 

hydrothermal a1 t e r a t ion  of primary mafic minerals may have increased the 

a v a i l a b i l i t y  of iron with increasing dis tance from the  bornite-rich core.  

This would favor lower bornite t o  chalcopyrite r a t i o s  and eventually the 

formation of pyr i te .  

decreased the fugacity of sulphur r e l a t ive  t o  t h a t  o f  oxygen t o  the extent  

Subsequent depletion of sulphur could have s u f f i c i e n t l y  

t h a t  remaining iron was deposited primarily as specular i te  (Meyer and  

Hemley, 1 9 6 7 ) .  

t o  oxide dominated assemblages may have resul ted from the mixing of magmatically 

derived f lu ids  with oxygenated g round  water. 

in the peripheral vein sys tem would have provided favourable channel 

A1 t e rna t ive ly ,  the r e l a t ive ly  rapid t r ans i t i on  from sulphide 

Faul t s ,  j o i n t s ,  and  f rac tures  

ways fo r  the intermingling o f  magmatic f l u i d s  with g round  water, and might 

account f o r  the r e s t r i c t i o n  of most occurrences of specul a r i  t e  t o  these 

s t ruc tures .  

t h r o u g h  s tudies  01’ f l u i d  inclusions and  l i g h t  s t ab le  isotope d i s t r ibu t ions .  

The possible ro l e  of g round  water i s  current ly  being investigated 

T h e  Bethlehem orebodies generally possess geologic, mineralogic, and 

geochemical features  t h a t  are s imi la r  t o  those described fo r  other  porphyry- 

copper-molybdenum deposits of western North Ameri ca ( e .  g. Creasey, 1959, 

1966, 1972 ;  L u r n h a m ,  1962 ,  T i t ley  and Hicks, 1966; Meyer and Hemley, 1967; 

Sutherland Brown, 1969; Lowell a n d  Guilber t ,  1970; Rose, 1970; James, 1971 ; 

De Geoffroy and  W-ignall, 1972;  and  Field and  o thers ,  1974) .  

de ta i l  the Bethlehem deposi ts ,  especial ly  the Jersey orebody, d i f f e r  in  

However, in 

the degree t o  which many o f  these features  a re  developed. Dist inct ive 

cha rac t e r i s t i c s  of Bethlehem include: ( 1 )  an in t raba thol i th  locat ion,  

( 2 )  re1 a t i  vely 01 d mineral i zat i  on (200 111 y ) , ( 3 )  doiiii nance of f rac ture  

controlled copper mineralization, ( 4 )  niineralogical s implici ty  of the nietall ic 
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cons t i tuents ,  ( 5 )  absence o f  lead,  z inc ,  and s i l v e r  occurrences, ( 6 )  well 

defined zonation o f  iron-bearing meta l l ic  minerals,  ( 7 )  low t o t a l  sulphide 

content (averages < 2  percent) and sparse py r i t e  (averages 4 percent in 

the halo zone),  (8)  large bornite t o  chalcopyrite r a t i o s  (z l ) ,  ( 9 )  niolybdenite 

peripheral t o  the central  p a r t s  o f  the ore zones, (10)  associat ion o f  chalcopy- 

r i t e  and bornite with epidote ,  ( 1 1 )  r e s t r i c t i o n  of s ign i f i can t  hydrothermal 

f 

a l t e ra t ion  t o  the ore zones, ( 1 2 )  s ca rc i ty  of potassium feldspar  a l t e r a t i o n ,  

and (1 3 )  widespread presence of post-metal 1 i zation zeol i t e s ,  especial  l y  

laumontite. 

J 
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Z o n e  D o m i n a n t  T o t a l  - B n  E Y  .e S 
M et a 11 i c Su l f ides  C p  c p  c u  M e t a l  
M i n c r a l ( s )  

B o r n i t e  c o r e  (bn -cp )  

O u t e r  m a r g i n  of b o r n i t e  
c o r e  t o  i n n e r  m a r g i n  of 
p y r i t e  h a l o  ( cp -bn)  

.Pyri te  halo (py-cp) 

€3 n 

c: .p 

1 - 270 21 < < 1  < 0 . 4  < 0 . 4  

1 - 3% < 1  

<< 1 

< < 1  >0 .4  < 0 . 4  

d l  N 2 . 5  ~ c . 8  

<170 <<1 < < 1  > 2 . 5  <<0..4 SP S p e c u l a r i t e  z o n e  ( sp -cp )  

The r a t i o s  of F e : C u  and  S:metal a r e  c a l c u l a t e d  in  t e r m s  of weight  p e r c e n t  of the 
ind ica t ed  m e t a l l i c  m i n e r a l  a s s e m b l a g e s ;  o t h e r  v a l u e s  a r e  v o l u m e  p e r c e n t .  

1 



T a b l e  2: Modal  A n a l y s e s  

l 1  2 3 4 5 6 7 8 ~ 

Q u a r t z  1 4 . 9  1 7 . 2  2 6 . 0  20.  1 1 9 . 0  1 5 . 9  30. 1 2 2 . 8  

1 P r i m a r y  K-fe ld .  9 . 4  9 . 6  - - 6 . 7  9 . 7  - - 

P l a g i o c l a s  e f e l d s  p a r  
(An con ten t ,  x = s o d i c )  

60. 1 
(34) 

48. 7 
( 3 8 )  

2 6 . 8  
(4 

23. 0 
(4 : 

6 3 . 4  
(32) 

5 3 . 4  
(35)  

32 .8  
(28 1 

0 . 6  0 .  6 Aug i t e  - 

7 . 8  

1 . 3  

0 . 2  

0 . 4  

0 . 8  

0 . 6  

8 . 6  Ho r nb le  nd e 5 . 0  1 0 . 0  

1 . 4  

0 . 7  

1 . 5  

0. 6 

0 . 8  

- 

3.  6 

3 . 4  

0 . 9  

0 . 8  

2 0 . 8  

P r i m a r y  b io t i t e  5 . 0  7 . 9  

Opaques  

A c c e s s o r i e s  2 
1 . 0  1 . 7  4 . 0  1 . 0  0 . 8  

0 ,  6 

1 . 9  

3. 6 

0 . 6  

5 . 2  

2 .2  

0 . 8  

1 2 . 4  

14. 6 

0 . 4  

- 

- 

1 . 2  

1 . 3  

0 . 7  

1 . 2  

3 . 3  

0 . 8  

35.8 

1 . 7  

3 . 1  

14 .  5 

Epidote  grou'p 

C h lo  r i t e  0 . 3  

C.a r b  o nat  e 
3 

F. c.  a. p. 

0 . 3  

16 .  0 5 . 0  

1 . 5  

35. 8 

- 

7 . 1  

- 

4. 4 

1. 6 W h i t e  m i c a  1 . 7  

Secondary bioti te 

S e c o n d a r y  K-feld.  

P o i n t s  counted  5 0 0  8 0 0  5 0 0  8 0 0  500 8 0 0  500 800  

~ G r i d  spac ing  (mm.) ? 1 . 0  ? 1 . 0  ? 1 . 0  ? 1 . 0  

C o o r d s .  ( m . )  Elev. (m. )  

38 04N 1504  
1 8 4 4 E  
J e r s e y  - 

P i t  
3496N 1341 
1 9 3 9 E  

- - 1: Una l t e red  Guichon g r a n o d i o r i t e  (Wood, 1968)  
2: U n a l t e r e d  Guichon g r a n o d i o r i t e  

1 

3: A l t e r e d  and  mine ' r a l i zed  Guichon g r a n o d i o r i t e  

4: A l t e r e d  and m i n e r a l i z e d  Cuichon g r a n o d i o r i t e  
(Wood, 1968)  

5: Una l t e red  B e t h l e h e m  g r a n o d i o r i t e  (Wood, 1968)  
6: U n a l t e r e d  B e t h l e h e m  g r a n o d i o r i t e  

~' 

~ 

2164N 1387 
2 3 4 7 E  
J e r s e y  - 

P i t  
3548N 1341 
1 9 7 8 E  

7 : A l t e r e d  a n d  m i n e  r a l i  zed B etkilehem 

8: A l t e r e d  and  m i n e r a l i z e d  B e t h l e h e m  
g r a n o d i o r i t e  (Wood,  1968)  

g r a t iod io r i t e  

A c c e s s o r i e s  include:  a p a t i t e ,  sphene ,  r u t i l e ,  and z i r c o n .  

F i n e l y  c r y s t a l l i n e  a l t e r a t i o n  p r o d u c t s  inc lude :  
kao l in i t e ,  moti tmo r i l l on i t e ,  and  c a r b o n a t e .  

2 

3 wh i t e  m i c a  and s m a l l  a m o u n t s  of 
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T a b l e  3: Chemical a n d  T r a c e  :Element  A n a l y s e s  

1 2 3 4 5 6 7 8 

S i 0 2  6 1 . 4 4  

T i 0 2  0. 48 

1 7 . 4 3  
A1203 

1. 46 
Fe203 
F e 0  4. 19 

MnO 0. 09  

MgO 2. 48 

C a O  5. 27 

N a  0 3 . 9 9  2 
1 . 9 9  

H 2 0 t  0 . 8 1  
K2° 

H 2 0 -  0 . 2 0  

0 .  1 6  
p2°5 

9 9 . 9 9  

6 2 . 3 7  6 0 . 3 5  

0. 69  0. 78 

1 6 . 2 7  1 8 . 6 7  

2 . 3 9  1. 60 

2. 56  4 .  56 

0 .  08 0 .06  

3 E l e m e n t s  - p a r t s  pe r  m i l l i o n  

Ag 1 -- 1 2! 

c u  95  1. 50 9900 

Mo 3 4 5 4 

Pb  25  10 30 

Zn 30 IS 0 2 5, 

2 . 3 4  

4 .88  

3 . 9 3  

2,. 35 

1 . 1 3  

0 .  05 

0 . 1 1  

9 9 . 1 5  

2. 29 

2. 67  

2 . 9 9  

1 . 1 2  

4:. 6 3  

0 .  11 

0. 14 

9 9 . 9 7  

_.- 

62.  32 

0.  70 

1 6 . 1 5  

1. 76 

2 . 4 5  

0 . 0 8  

2. 6 4  

4 . 8 3  

3 . 8 4  

1 . 2 0  

2. 32  

0. 19  

0 . 1 1  

9 8 . 5 9  

-1 

4900 

-1 

10  

35  

6 2 . 9 1  

0 . 5 5  

1 6 . 4 2  

3 . 2 6  

3. 06  

0 . 0 6  

1 . 1 0  

6 . 0 9  

2 . 8 8  

1. 32  

1 . 6 4  

0 . 4 4  

0 . 0 9  

9 9 . 8 2  

1 

420 

3 

35 

20 

6 4 . 3 3  

0. 51  

16 .  79 

2 . 3 7  

1 . 5 4  

0. 08 

1 . 3 7  

4 . 7 3  

4. 60 

1. 66 

0 . 9 7  

0. 0 4  

0. 15  

9 9 . 1 4  

-1  

55 

-1 

10  

50 

67. 51  

0. 48 

15. 76 

1 . 0 6  

3. 0 4  

0. 0 4  

L . 9 5  

3 . 3 3  

4. 50 

0. 69 

1. 70 

0 . 5 9  

0 . 1 2  

9 9 . 7 7  

1 

3900 

4 

50 

25 

65 .75  

0 . 4 4  

1 7 . 3 2  

0 .  78 

1 . 2 7  

0 . 0 3  

0 . 9 0  

2.  72 

4 .99  

2 . 2 5  

2.  0 4  

0. 2 3  

0 . 0 8  

9 8 . 8 0  

-1 

1400 

10  

10 

15  

Standard wet chemical analyses ' iby D r .  Ken-ichiro Aoki, 1966  and 1974, Tohoku, Univ. 

Trace element ana lyses  by Rocky Mountain Geochemical Labora to r i e s ,  1973, S a l t  Lake 
City, Utah. Molybdenum determined c o l o r i m e t r i c a l l y ;  o t h e r s  determined by atomic 
absorp t ion .  S i l v e r  d iges ted  by aqua r e g i a  with an acetate b u f f e r ;  o thers  d iges t ed  
by h o t  p e r c h l o r i c  a c i d .  

2 

Minus s ign  ( - >  means "less than".  


