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ABSTRACT 

Potassium-argon apparent ages obtained on biotite and - 

amphibole from various phases of' the Guichon Creek batholith 

present on the Bethlehem Copper property are reported and thelr 

geological significances are discussed in this thesis. Although 

the individual phases were found to be essentially indistinguish- 

able in terms of their potassium-argon apparent ages, the results 

obtained indicated with considerable certainty that these phases 

were emplaced during an interval not greater than 10 m.y. centered 

around 200 m.y. ago and that no major metamorphic event has 

occurred in this area since this time, It is also believed that 

this average apparent age of 200 m.y. may represent a better 

approximation to the maximum age of the Triassic-Jurassic boundary 

than that previously reported in the literature, 

The potassium and argon analytical techniques employed 

are described briefly, and the analytical precision and accuracy 

obtained are discussed . Descriptions of the samples collected 

and samples analyzed are given as an appendix. 
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INTRODUCTION 

The potassium-argon r e s u l t s  given i n  t h i s  thes i s  a r e  * 

among the f i r s t  obtained i n  the potassium-argon l abora to ry  a t  

the University of B r i t i s h  Columbia. This l abo ra to ry  was set  

up i n  order t o  f u r t h e r  i nves t iga t e  the  geologica l  h i s t o r y  of 

B r i t i s h  Columbia a s  wel l  a s  t he  t h e o r e t i c a l  aspects of the 

potassium-argon techniques Construction of t he  l abora to ry  

began i n  ea r ly  1963 under the  supervis ion of Drs.. G.P. Erickson 

and W0H, White. Dr, Erickson was responsible  f o r  the  design 

and appl icat ion of the a n a l y t i c a l  equipment i n  the l abora to ry ,  

The wri ter  joined the  labora tory  i n  September 1963 and a s s i s t e d  

with the assemblage, development, and t e s t i n g  of the equipment. 

Fu l l  d e t a i l s  regarding the design and cons t ruc t ion  of the apparatus  

will be given elsewhere and w i l l  not  be descr ibed he re ,  

application of these  f a c i l i t i e s  t o  the  problem of da t ing  

minerals low i n  potassium i s  one of t he  purposes of the present 

The 

study , 

Most of the  use fu l  potassium-argon age determinat ions 

have, u n t i l  recent ly ,  been obtained on micas. With the ava i l ab le  

potassium-argon techniques, however, i t  i s  poss ib le  t o  determine 

the ages of minerals i n  which potassium occurs  as a minor element, 

This  a b i l i t y  has  made it poss ib le  t o  apply potassium-argon age 

determination techniques t o  a much wider range of geologica l  

problems, It i s  now poss ib l e  t o  d a t e  ac id ,  intermediate ,  and 

even basic igneous rocks us ing  potassium-argon methods on micas 
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and amphiboles, and, t o  a l i m i t e d  ex ten t ,  on f e ldspa r s ,  pyroxenes, 

and other minerals (Hart, 1960; 1961; Aldrich e t  al, 1960; 

Brickson and Kubp, 1961) Potassium-argon apparent ages have 

also been obtained from whole rock samples. 

Laboratory d i f fus ion  s tud ie s  of the retentivity of argon 

by various minerals and the inves t iga t ions  of apparent mineral  

ages across contact  metamorphic zones have shown t h a t  some minerals  

low i n  potassium, such a s  pyroxenes and amphiboles, a r e  o f t en  

mre  r e s i s t an t  t o  argon loss than micas (Aldr ich  e t  a l ,  1960; 

Jar t ,  1960; 1961) . Darnon and Kulp (1.958)~ however, had previously 

suggested t h a t  amphiboles might conta in  excess  radiogenic argon 

%;hat had been occluded by the  mineral  a t  the t i m e  of i t s  formation. 

This hypothesis has  been considered by Hart (1960; 1961) , who 

xmpared the apparent ages  of assoc ia ted  b i o t i t e  , hornblende, 

act inol i te ,  fe ldspar ,  and z i rcon  us ing  K-Ar, Sr-Rb, and U-Th 

techniques and found no evidence of excess  argon i n  amphiboles. 

S tudies  made , by Evernden and Richards (1962) e s s e n t i a l l y  confirmed 

Z i a r t ' s  conclusions, A l l  evidence t o  date ,  therefore ,  i nd ica t e  

%at r e l i ab le  potassium-argon ages may be obtained on amphiboles. 

The d i f f e ren t  behaviour of b i o t i t e  and amphibole under 

:hemal influences may be used t o  eva lua te  the  r e l a t i v e  merits 

of t h e  apparent ages obtained fro-m these  minerals  when they 

c o e x i s t ,  Greater confidence may be a t tached  t o  concordant 

apparent ages obtained on coex i s t ing  b i o t i t e  and amphibole than 

% an apparent age obtained on e i the r  of these minerals  a lone.  

3 e n  t h e  b i o t i t e  apparent age i s  l e s s  than the  hornblende 
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apparent age, and this is believed to be due to reheating, the 

latter age would be closer to, although not necessarily equal 

to, the true age, 

In order to further investigate the value of potassium- 

argon age determinations on minerals other than micas, it was 

decided that a study should be made on amphiboles and micas 

from a geologically complex area where sufficient geological 

information was available, The Bethlehem Copper property in 

the Highland Valley area of south-central British Columbia 

met these requirements and was selected f o r  the study. This 

property has been mapped in considerable detail (White e t  al, 

1957; Cam, 1959; 1960) and contains a number of the intrusive 

phases which comprise the Gufchon Creek batholith, The purpose 

of t h i s  thesis is to discuss the geological significance of the 

potassium-argon age results obtained by the writer on biotite 

and amphibole present in these phases with the aim of resolving 

t he  geological history of the batholith more definitely than 

nay be done by potassium-argon age determinations on biotite 

alone.  A description of the potassium and argon analytical tech- 

niques employed is also presented @ 

Chapter I of this thesis reviews briefly the general 

geology of the Bethlehem Copper property, Chapter 11 describes 

the criteria used in selecting the samples and the procedures 

zsed i n  selecting hllnerab. concentrates suitable for analysis. 

Chapter I11 gives a review of the potassium and argon analytical 
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techniques used and d iscusses  the p rec i s ion  and accuracy of 

the potassium and argon results. Analyt ical  r e s u l t s  and 

ca lcu la ted  ages f o r  the var ious samples s tudied a r e  given i n  

Chapter IV and a re  discussed in Chapter vo Petrographic 

desc r ip t ions  of t he  samples collected for t h i s  s tudy a re  

@en a s  an appendix, 

-. . 
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CHAPTER I 

GENERAL GEOLOGY OF THE BETHLEHEM COPPER PROPERTY 

L O  Introduction I 

The Bethlehem Copper property i n  the Highland Val ley 

8Yea of south-central  B r i t i s h  Columbia i s  loca ted  approximately 

30 miles southeast  of t he  town of Ashcroft ,  (See Figure lolo), 

?he regional geology of t he  Highland Val ley a rea  has been 

-wpped on a sca le  of 4 miles  t o  the  inch and descr ibed i n  two 

Xemoirs of the Geological  Survey of Canada, one by Cockfield 

(1948)~ and the  other by Duffel1 and McTaggart (1952) 

gaology and mineral depos i t s  of the Highland Valley were 

ckscribed by White, Thompson, and McTaggart (1957) , and a 

>aper discussing the  porphyries  , brecc-ias, and copper mfneral- 

Ization i n  Highland Valley was published by Carr  (1960) . 
5octorate d i s s e r t a t i o n  on the geology and b i o t i t e  K-Ar ages of 

The 

A 

$he various phases of the Guichon Creek ba tho l i th ,  which 

-;Pkderlies the Highland Valley,  i s  c u r r e n t l y  being prepared a t  

$he University of B r i t i s h  Columbia by M.E. Northcote,  Much 

3: the geological mater ia l  used In t h i s  present  study has  

h e n  obtained from the works of these  au thors  and from un- 

Tablished repor t s  by company geo log i s t s  o 

2 . 1  Guichon @reek Bathol i th  

The in t rus ive  rocks underlying the Hfghland Val ley a r e  

~ 2 - t  of the Guichon Creek ba tho l i th ,  a no r the r ly  t rending mass 
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some 40 miles  long and 16 miles wide, Rock types comprising 

the  Guichon Creek ba tho l i sh  a r e  descr ibed i n  the e a r l y  l i t e r a t u r e  

simply a s  quar tz  d i o r i t e ,  and g ranod io r i t e  wi th  l o c a l  gabbroic 

phases (Cockfield, 1948). It i s  now evident t h a t  t he  ba tho l i th  

i s  a complex body cons i s t ing  of a number of i nd iv idua l  phases 

ranging from g r a n i t i c  t o  gabbroic i n  composition t h a t  may be 

d is t inguished  pe t rographica l ly  and separated i n  the f i e l d  on 

the  basis of t e x t u r a l ,  mineralogical ,  and s t r u c t u r a l  r e l a t ion -  

sh ips  (White e t  a l ,  1957; Northcote, personal  communication) 

The emplacement age of the b a t h o l i t h  i s  known wi th in  

c l o s e  l i m i t s  because of i t s  contac t  r e l a t i o n s h i p s  wi th  o the r  

rocks.  It in t rudes  Upper T r i a s s i c  volcanic  rocks of t he  Nicola 

group and l o c a l l y  i s  unconformably ove r l a in  by Middle and Upper 

Ju ras s i c  f o s s i l i f e r o u s  marine sediments of the Ashcrof t Jurassic 

group (Duf'fell and McTaggart, 1952) . 

Several  K-Ar  age determinat ions have been made on specimens 

from the  Guichon Creek b a t h o l i t h  by the Geological Survey of 

Canada (Leech e t  a l ,  1963; Wanless e t  al, 1965), 'The apparent 

b i o t i t e  K-Ar  ages t h a t  they reported range from 224 t o  265 mey, 

An average M-Ar apparent age of 181 m . y . ,  based on the  r e s u l t s  

obtained on th ree  samples of b i o t i t e  from the Guichon Creek 

ba thol i th ,  was reported by Folinsbee e t  a1 (1960)~ T h i s  da t e  

was used a s  a con t ro l  po in t  by Kulp (1961) t o  e s t a b l i s h  the base 

of the  Ju ras s i c  on h i s  geologica l  t imescale .  
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1.2 Phase Rela t ions  on' t he  Bethlehem Comer Property 

On the  Bethlehem Copper property,  t he  dominant 

country rock, genera l ly  r e fe r r ed  t o  a s  Gufchon quar tz  d i o r i t e ,  

i s  intruded by an i r r e g u l a r  s a l i e n t  composed of g ran i t e  (Beth- 

lehem g ran i t e ) ,  a younger quar tz  d i o r i t e  (Bethlehem quar tz  

d i o r i t e ) ,  and seve ra l  v a r i e t i e s  of porphyry. Porphyry dykes 

a l s o  occur outs ide  of t he  s a l i e n t .  The por?phyry i n t r u s i o n s  

on the  Bethlehem Copper property a r e  of p a r t i c u l a r  i n t e r e s t  

since it  i s  bel ieved t h a t  they a r e  respons ib le  f o r  the explosion 

breccia zbnes which are favourable  h o s t s  f o r  copper minera l iza t ion  

(White e t  al, 1957; Carr, 1960; Coveney, 1 9 6 ~ ) ~  The d i s t r i b u t i o n  

of rock phases descr ibed i s  shown i n  Figure 1 2 .  Figure l02 i s  

a generalized geologica l  map of the Bethlehem Copper property 

which was t raced,  w i th  some modification, from a prel lminary 

geological map prepared by Carr (1959) 

1.2.1 Guichon Quartz D io r i t e  

The Guichon quar tz  d i o r i t e  i s  the o ldes t  igneous phase 

present on the  Bethlehem property (White e t  a l ,  1957; Carr, 1959). 

It i s  a massive, coarse- textured,  mesocratic rock composed of 

b i o t i t e ,  hornblende, grey plagioc lase ,  quartz ,  and pink f e ldspa r  

and is charac te r ized  by evenly d i s t r i b u t e d  mafic minerals, 

p o i k i l i t i c  b i o t i t e ,  and i n t e r s t i t i a l  quar tz  exh ib i t i ng  a wedge- 

shaped hab i t .  

1 . 2 2  Bethlehem Granite 

There i s  some disagreement regarding the r e l a t i v e  age of 
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the Bethlehem g r a n i t e .  White e t  a 1  (1957) consider  the  Bethle- 

hem g ran i t e  t o  be younger than t h e  Guichon quartz  d i o r i t e  but 

older than the  Bethlehem quartz  d i o r i t e ,  Carr (1959) ,  however, 

bel ieves  t h a t  t he  Bethlehem g r a n i t e  i s  "probably grada t iona l  t o  

Bethlehem quartz  d i o r i t e  but a l s o  segrega t iona l  arid l o c a l l y  

intrusive i n t o  l a t t e r  rockOF' The Bethlehem g r a n i t e  i s  a f i n e -  

t o  medium-grained, reddish rock composed of pinkish-red or thoclase,  

quartz, white p lag ioc lase ,  and minor b i o t i t e ,  With increas ing  

plagioclase,  the  rock grades i n t o  a quar tz  monzonite. 

1 2 . 3  Bethlehem Quartz D i o r i t e  

Carr (1.960) and Northcote (personal  communication) be l ieve  

t h a t  the Bethlehem quartz  d i o r i t e  may be p a r t  of' a l a r g e r  body 

of quartz d i o r i t e ,  r e f e r r ed  t o  by Northcote a s  t h e  Skeena-Beth- 

lehem phase, which crops out on t h e  south s ide  of the  Highland 

Valley. (See Figure lolo) On t he  b a s i s  of s t r u c t u r a l  r e l a t i o n -  

ships ,  White e t  a l  (1957) and C a m  (1959; 1960) have concluded 

t h a t  the  Skeena-Bethlehem phase is younger than the  Guichon 

quartz d i o r i t e  and o lde r  than the  porphyry dykes which in t rude  

the Bethlehem quartz  d i o r i t e  on the  Bethlehem Copper property,  

The Bethlehem q-aartz d i o r i t e  i s  a l i g h t  grey, g r a n i t i c  t o  por- 

P n y r i t i c  rock composed of hornblende , b i o t i t e ,  quartz ,  p lag ioc lase  , 
and potassium f e l d s p a r .  The po rphyr i t i c  v a r i e t i e s  a re  charac- 

te r ized  by large,  well-shaped, p o i k i l i t i c  hornblende phenocrysts ,  

The g r a n i t i c  v a r i e t i e s  a r e  d is t inguished  from Guichon quarbz 

d i o r i t e  by t h e i r  l ower  mafic content and uneven distribution of 

mafic minerals . 
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The var ious porphyry i n t r u s i o n s  on the  Bethlehem Coppe-r 

property a r e  p a r t  of a much l a r g e r  porphyry dyke swarm t h a t  

eapraces a l l  the  p r i n c i p l e  copper depos i t s  of Highland Valley 

(Carr, lg60), Although the porphyry i n t r u s i o n s  a r e  of d i f f e r e n t  

ages, they a r e  a l l  younger than the Bethlehem quartz  d i o r i t e ,  

White e t  a 1  (1957) recognized two types  of porphyry on the Beth- 

lehem Copper p rope r ty ,  

porphyry, c o n s i s t s  of phenocrysts of plagioclase,  p o i k i l i t i c  

hornblende, and quartz s e t  i n  an abundant f ine-grained,  o f t en  

greenish matr ix ,  The o ther ,  referred t o  a s  a quartz  d i o r i t e  

porphyry i s  s imi l a r  i n  composition but  d i f fe rs  i n  t h a t  it 

contains  phenocrysts of considerably larger s i z e  which make up 

The f i r s t  type, r e fe r r ed  t o  a s  a d a c i t e  

more than 80 per  cent  of t he  rock,  Other c h a r a c t e r i s t i c  f e a t u r e s  

of t h i s  l a t t e r  rock a r e  well developed, rounded quar tz  phenocrysts 

and the  replacement of hornblende by r a d i a l  aggregates  of epido%e, 

Cam (1959) has  subdivided the d a c i t e  porphyry i n t o  two 

main ca tegor ies  based on the  presence o r  absence of quartz  pheno- 

c r y s t s ,  Those with few o r  no quartz  phenocrysts a r e  c a l l e d  the  

quartz-poor porphyry, which may be f u r t h e r  subdivide,d i n t o  the  

P-,l and P-2 porphyries  on the  b a s i s  of t e x t u r a l  d i f fe rences ,  

while those wi th  abundant kidney o r  round shaped quartz  phenocrysts 

a r e ' c a l l e d  e i t h e r  t h e  E-3 porphyry or a p l i t i c  quartz  porphyry,, 

Apl t t ic  quartz  porphyry fs  a phane r i t i c  v a r i e t y  of the P-3 porphyry 

and i s  e a s i l y  confused wi th  porphyr i t ic  Bethlehem quartz  d i o r i t e .  
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1 2  

A po rphyr i t i c  dyke-like body, r e fe r r ed  t o  a s  the Spud 

Lake porphyry, crops out a sho r t  d i s t ance  e a s t  of the Bethlehem 

saltLent. n f t e  e t  a 1  (1957) suggest t h a t  the  Spud Lake porphyry 

i s  an offshoot  of the Bethsaida granodior i te ,  the main body of 

which in t rudes  the  Skeena-Bethlehem phase on the  south s ide  of 

Highland Valley.  The Bethsaida g ranod io r i t e  i s  a coarse-grained 

rock composed of euhedral books of b i o t i t e ,  sub-rounded quar tz  

grains,  grey p lag ioc lase ,  and r a r e  hornblende, The Spud Lake 

porphyry d i f f e r s  somewhat f rom the  main Bethsaida 'body i n  t h a t  

it contains  large, w e l l  a l t e r e d ,  phenocrysts of hornblende a s  

well a s  phenocrysts of the other  c o n s t i t u e n t s  s e t  i n  a somewhat 

aphani t ic  groundmass . 

1 0 2 , f j  Breccia 

Breccia bodies on t h e  Bethlehem Copper proper ty  form 

incl ined t abu la r  bodies  c lose ly  a s soc ia t ed  with the porphyry 

in t rus ions  (Carr, 1 9 6 0 ) ~  The b r e c c i a , i s  a dense rock without 

v o i d s ,  

rep.resentPng the  fol lowing types:  

It con ta ins  a var ied assemblage of' rock-fragments 
1 

Guichon quar tz  d i o r i t e  , 
Bethleh,em quar tz  d i o r i t e ,  P-1 porphyry, P-2 porphyry, and f ine -  

grained o r  aphan i t i c  v a r i e t i e s  of the P-3 porphyry and, t he re fo r  

must be younger than a l l  of these  (Carr, 1959; 1 9 6 0 ) ~  To date ,  

no fragments of the  quar tz  d i o r i t e  porphyry have been recognized 

i n  the  brecc ia  ind ica t ing  t h a t  t h i s  porphyry i s  probably pos t -  

breccia i n  age,  

of f e ldspa r  and quartz ,  and small rock fragments. T h i s  ca ta -  

c l a s t i c  matrix i s  p a r t l y  replaced by new minerals  including 

The matrix of the brecc ia  con ta ins  broken g ra ins  

_ ,  
--  .. 



I 

biotite and tourmaline as the result of recrystallization and 

accompanying metasomatism (White et al, 1957). Carr (1959) 

suggests that brecciation took  place immediately f'bllowing the 

partial chilling of the P-3 porphyry as the result of the explosive 

release of volatiles contained in the porphyry. White et a1 

(1957) suggest that the origin of the breccia involves explosion 
in the lower part of a volcanic structure as the result of the' 

volatile pressure i n  a cupola exceeding the confining pressure, 

1.3 Rock Alteration on the Bethlehem Conp er ProDerts 

Alteration is widespread on the Bethlehem Copper property. 

White et a1 (1957) suggest that there are two types of alteration 

that are probably related in time and origin, The first, not 

obviously related t o  mineralization, produced widespread but 

weak propylitic alteration and is probably deuteric in nature, 

The second, related t o  mineralization, produced locally intense 

alteration effects including tourmalization, silicification, 

chloritization, feldspathization, and development of biotite, 

c a l c i t e ,  and clay minerals. 
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CHAPTER I1 

SAMBU COLLECTION AND PREPARATION 

2,O Sample Col lec t ion  

The degree of a l t e r a t i o n  i n  the  v i c i n i t y  of the  Bethlehem 

Copper property made it exceedingly d i f f i c u l t  t o  ob ta in  speci-  

mens s u i t a b l e  fol;: this study,  An e f f o r t ,  however, was made t o  

c o l l e c t  samples r ep resen ta t ive  of each phase pre'sent on the  pro- 

pe r ty  which showed the  l e a s t  evidence of a l t e r a t i o n  and surface 

weathering. 

TwoJ 60 pound samples of each phase were co l l ec t ed  from 

outcrops a t  d i f f e r e n t  s i t e s  on the  proper ty ,  These s i t e s  were 

chosen on the  b a s i s  of contac t  r e l a t ionsh ips ,  a l t e r a t i o n ,  and 

a c c e s s i b i l i t y ,  The l o c a t i o n s  of the  samples c o l l e c t e d  by t h e  

wr i t e r  and those co l l ec t ed  by K,E,  Northcote a r e  shown on 

Figures 1,l a n d ' l . 2 ,  

The samples se l ec t ed  f o r  a c t u a l  K-Ar a n a l y s i s  were chosen 

on the  b a s i s  of t h insec t ion  s t u d i e s  of specimens typzcal  of each 

co l lec ted  sample. Several  of the  samples co l l ec t ed  were found 

t o  contaln no useable hornblende o r  b i o t i t e  and, therefore ,  could 

not  be used i n  t h i s  s tudy,  Descr ipt ions of samples co l l ec t ed  

and samples analyzed a r e  given a s  an appendix, 

2 . 1  Mineral Separat ions 

After t he  removal of' a l l  weathered surfaces ,  an amount of' 



each sample necessary t o  give approximately 50 grams of pure 

b i o t i t e  o r  amphibole concent ra te  was crushed t o  pea s i z e  using, 

i n  turn,  a jaw crusher ,  a gyratory crusher ,  and a cone crusher .  

The samples were then passed through a d i s c  gr inder  and sieved 

i n t o  four  s i z e  f r a c t i o n s  ranging from -28 t o  +lo0 mesh. 

s i z e  f r a c t i o n  was washed i n  water and dr ied by hea t ing  t o  l ess  

than lOO*C t o  f a c i l i t a t e  mineral  separa t ion .  

Each 

Rough b i o t i t e  and amphibole concent ra tes  were obtained by 

the  fol lowing means. Each washed s i z e  f r a c t i o n  of a sample, i f  it 

contained both b i o t i t e  and amphibole, was f i rs t  passed through 

an e l e c t r o s t a t i c  separa tor  (Dings Magnetic Separator  eo. ,  model 

ZLAB) set  up t o  concent ra te  b i o t i t e .  The e l e c t r o s t a t i c  r e j e c t  

was then passed through a Frantz  isodynamic magnetic separator ,  

se t  up i n  the  v e r t i c a l  pos i t ion ,  t o  remove amphibole and o ther  

remaining mafic minerals .  

The b i o t i t e  concentrate ,  approximately 90 percent  pure, f rom 

the e l e c t r o s t a t i c  separa tor ,  was f u r t h e r  purifiect  by means of 

the heavy l i q u i d s  tetrabromoethane and diiodomethane. S t rongly  

magnetic g ra ins  were removed from t h e  concent ra te  wi th  a hand 

magnet. The pu r i f i ed  b i o t i t e  concent ra te  was washed severa l  

times i n  acetone t o  remove the  heavy l i q u i d s  before  ana lys i s ,  

Impur i t ies  i n  the  b i o t i t e  concent ra tes  were genera l ly  l e s s  than 

2 per  cent  by volume. The s f ze  f r a c t i o n  most commonly employed 

in the b i o t i t e  K-Ar ana lys i s  was -48 t o  +lo0 mesh. 
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Amphibole was separated from the  rough mafic concentrate  

by means of heavy l iqu ids ,  t he  inc l ined  isodynamic magnetic - 

separator ,  f u r t h e r  crushing and screening, and a charged p l a s t i c  

shee t ,  

than 95 per cent  pure,  The common impurity was ep idote  which 

proved t o  be very d i f f i c u l t  t o  separa te  from amphibole due t o  

i t s  s imi l a r  physical  p rope r t i e s ,  The presence of a small amount 

The f i n a l  amphibole concent ra tes  were gene ra l ly  b e t t e r  

of ep idote  i n  the amphibole concentrates ,  howev-er, was shown not 

t o  a f f e c t  t he  ana lyses ,  The amphibole concent ra tes  contained 

both hornblende and a c t i n o l i t e  a s  i t  was not  p r a c t i c a l  t o  make 

a c l ean  separa t ion  of t hese  two minerals  when they occurred 

toge the r ,  The amphibole concent ra tes  were washed seve ra l  t imes 

i n  acetone before  ana lys i s .  

employed i n  the  amphibole K-Ar a n a l y s i s  was -80 t o  -6.100 mesh. 

The s i z e  Gract ion most commonly 
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CHAPTER 111 

ANALYTICAL TECHNIQUES 

Potassium-argon da t ing  of minerals  r equ i r e s  both high 

precision and absolute  accuracy f o r  t he  potassium and argon 

determinations, Pinson (1961) has  a p t l y  pointed 

i s  genera l ly  possible t o  analyze f o r  argon, which occurs i n  

t r a c e  amounts i n  a mineral sample, t o  a much gre'ater accuracy 

and wit? more confidence than i t  i s  poss ib le  t o  analyze f'oriOne 

of i t s  maJor cons t i t uen t s ,  potassium. 

The aSrn of' t h i s  por t ion  of the  present  w r i t e r ' s  research 

programme was t o  develop a s u i t a b l e  procedure, with the eqbipment 

ava i l ab le  i n  t h i s  laboratory,  f o r  determining the potassium 

and argon contents  of amphibole with s u f f i c i e n t  aqcuracy t h a t  

the  r e s u l t s  may be used in potassium-argon age investigations. 

All potassium-argon apparent mineral ages i n  t h i s  study 

-I . were obtained by determining the radiogenic argon content of a 

mineral by i so tope  dilution techniques using a gas source, stati- 

cally operated mass-spectrometer and i t s  potassium content by 

f game plio t ome t r i c 

sidered i n  turn, 

techniques.  The 
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3,1 Potassium Analysis 

r 

3 e 1 , 1 Equipment 

The potassium content of the amphibole and biotite concen- 

trates were determined on a Baird Atomic9+ model KY-1, clinical 

flame photometer using propane as fuel and lithium a s  an internal 

standard, Results were recorded on a two second response, 10 
, L  

millivolt, ze ro  center Weston recorder connected in series with 

the photometer meter. The installation of high quality pressure 

regulating valves in the air and fuel lines, along w3th the 

installation of an external voltage regulator on the photometer 

line, effectively reduced instrument i n s t a b i l f t i e s  Except 

for the above modifications, the instrument was set up and 

operated according to the manufacturerIs instructions, 

3 .1 .2  Contamination 

Special care was taken to insure against contamination 

of sample and standard solutions., All glassware used was washed 

in hot HNO rinsed in pure water, and siliclad at frequent 

i n t e r v a l s ,  Sample digestions were made in teflon dishes which 

were soaked in h o t  HNO between useage, The water used for 

r in s ing  glassware and for diluting standard and mineral solutions 

was first distilled and then pur i f l ed  in an ion exchange column. 

Both sample and standard solutions were stored i n  tightly 

39 

3 

stoppered polyethylene bottles, The analyt5cal r e s u l t s  of t o t a l  

procedure blanks indicated that the level of potassium contarni- 

nation was negligible for the analyses  of t h i s  work. 



3 , 1 0 3  Chemical Procedures r- 

{a) Preparation and Analysis of Biotite Solutions + 

Biotite solutions were prepared and analyzed by the 

following procedures. 

decomposed a t  a temperature generally less than 200°C in a total 

Samples of between O J j  and 1.0 gram were 

concentrated H2SO4. The residual solutions were brought up to 

exactly 1000 ml. with pure water and 100 ml. stock solution 

containing 2000 ppm lithium and 5000 ppm sodium prepared from 

reagent grade and Na2S04. The potassium contents of the 

biotite sample solutions were determined by comparing the unknown 

soLutions with standard solutions containing 200 ppm lithiurn, 500 

ppm sodium, and an appropriate amount of‘- potassium, These stan- 

dard solutions were prepared by dissolving weighed quantities of 

desiccated, reagent grade K2so4 in pure water and 100 ml. of‘ the 

same lithium and sodium stock solution used to prepare the biotite 

sample solutions and diluting with pure water to acfinal volume 

of 1000 ml. 

‘CO 

( b )  Preparation and Analysis of Amphibole Solutions 

Amphibole solutions were prepared by decomposing 1.5 

2.5  gram samples in the  same reagents used for preparing the 

biotite solutions although in some cases perchloric acid was 

u.sed instead of n i t r i c  acid, The decomposed samples were diluted 

to 250 ml. with pure water and 25 ml. of the same lithium and 

sodium s tock  solution used f o r  the biotite Solutions, The 
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amphibole solutions were compared with standards that contained 

the same quantity of sulphuric acid as  the solutions themselves 
i 

for the reasons explained in the next section,, These standards 

were about Oo4N H z S O 4  and contained 200 pprn lithium, 500 ppm 

sodLum, and an appropriate amount of' potassium. 

3 ~ 4  Investigation of Interference Effects 

Mineral samples used in potassium-argon age, de$erminations 

contain some or a l l  of the fo l lowing  cations as  major constitu- 

ents :  Si, Al, Fe, Ca, Mg, Na, and K ,  During sulphuric and 

hydrofluoric acid dfigestion of a sample, Si is volatilized as 

fZuori.de, and the remaining elements are  left as su lpha tes  in a 

residual sulphuric acid solution, Numerous references, (eg. 

Burriel-Marti and Rami%ez-Munoz, 1957; Dean, 1960; Abbey and Maxwell, 

1960; Cooper, 1963) many of them contradictory, may be found con- 

cerning the interference effects in flame photometry caused by 

variations in acidity or mutual repression or enhaancement between 

cations and anions, 

the sample solutions directly against pure alkali standards, others 

I 

While some ignore these effects and analyze 

at tempt  to overcome them by using correction curves, by buffering 

with t h e  troublesome ions, o r  by the  removal of all or some of 

the interfering ions .  Since it was evident that some of these 

effects may relate to t he  flame characteristics and the o p t i c a l  

resolution of the particular flame photometer use, it was con- 

sidered des i rab le  to evaluate them independently for the instrument 

used in this work. 
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Experiments were, therefore ,  c a r r i e d  ou t  t o  determine the  

e f f e c t s  of t he  var ious c a t i o n s  ( A l ,  Fe, Ca, and Mg) present  i n  

the  sample so lu t ions  and the  e f f e c t  of the  sulphuric  ac id  which . 

was introduced during the d iges t ion  procedure, The c a t i o n  i n t e r -  

ference may be of g rea t e r  s ign i f icance  f o r  amphibole potassium 

analyses  than f o r  mica s ince  the  cation/potassium r a t i o  of 

amphibole i s  considerably l a r g e r  than t h a t  of mica, The possil j le 

e f f e c t  of sodium was el iminated by buf fer ing  bothz.s tandard and 

sample so lu t ions  wi th  an overwhelming quan t i ty  of t h a t  i on ,  

The problem of determining the  mutual i n t e r f e rence  between 

one element and another i s  d i f f i c u l t  because the  apparent 

potassium content  of a so lu t ion  may be  depressed by one element 

arid enhanced by another ,  

involved the  a n a l y s i s  of d i f f e r e n t  a l i q u o t s  of an amphibole 

The pFocedure used i n  t h i s  study 

so lu t ion  'd i lu ted  t o  d i f f e r e n t  volumes with a standard of known 

potassium content .  The e f f e c t  of t h i s  procedure i s  t o  reduce 

the cation/potassium r a t i o  so t h a t  i f  i n t e r f e rence  i s  tak ing  

p lace  i t  should be evident  i n  the r e s u l t s ,  The r e s u l t s  obtained 

ind ica ted  t h a t  the  in t e r f e rence  e-f 'fects due t o  the  presence of 

other  c a t i o n s  i n  t h e  amphibole so2,utions were neg l ig ib l e  

The only s i g n i f i c a n t  i n t e r f e rence  e f f e c t  was found t o  be 

due t o  sulphuric  a c i d ,  It was observed t h a t  the .apparen.f; amount 

of potassium i n  so lu t ion  was non-l inear ly  r e l a t e d  t o  the concentra- 

t i o n  of sulphuric a c i d ,  An attempt t o  ob ta in  co r rec t ion  curves 

proved unsuccessful s ince  it was impossible t o  obtain cons i s t en t  

r e s u l t s  due t o  the  v a r i a b i l i t y  of t he  in t e r f e rence  e f f e c t s  w i t h  



certain non-reproducible 

22 

instrument ad jus tments ,  The- observa- 

tions were cons i s t en t  with the  i n t e r p r e t a t i o n  t h a t  t he  sulphuric 

acid was somehow reducing the  l i t h ium e m i s s i o n  and, therefore ,  

affecting the apparent potassium concentrat ion s ince  this i s  

always measured r e l a t i v e  t o  that of t h e  l i t h ium i n t e r n a l  s tandard,  

A modified form of the  bu f fe r  technique was, therefore ,  u t i l i z e d  

and was found t o  y i e l d  s a t i s f a c t o r y  r e s u l t s ,  T h i s  involved the  

addition of the  same amount of sulphuric  ac id  t o  the  standard 

so lu t ion  a s  was present  In the unknown sample so lu t ions .  These 

ac id i c  standards were only used f o r  amphibole a n a l y s i s  because 

tests had shown t h a t  t h e  in t e r f e rence  e f f e c t  of sulphuric  ac id  

i n  the l e s s  a c i d i c  b i o t i t e  so lu t ions  was n e g l i g i b l e .  

The potassium content  of epidote  was inves t iga t ed  because 

it was a common contaminant. of the  amphibole concent ra tes ,  

Analysis of an epidote  so lu t ion ,  t r e a t e d  i n  a manner s imi l a r  t o  

she procedure used i n  t h e  amphibole analyses,  ind ica ted  t h a t  t h e  

epidote contained less than 0.03s potassium. Since most of the  

amphibole concentrates  contained l e s s  than 5 per  cent  epidote,  

She contribution of potassium from t h i s  source could be neglected,  

3.1.5 Precision and Accuracy 

The r e s u l t s  of the  potassium analyses  are glven i n  Chapter 

IV. Twelve r e p l i c a t e  r e s u l t s  obtained on separately weighed 

portions of the  i n t e r l a b o r a t o r y  b i o t i t e  standard, GE 2060, 

lndicate a prec is ion  of 1 per  cent  f o r  t h e  b i o t i t e  flame photo- 

x t e r  potassium analyses ,  The accuracy of the  mica potassium 
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a n a l y s i s  i s  a l s o  believed t o  be approximately 

the  r e s u l t s  obtained a t  t h i s  labora tory  OLGE 

muscovite standard, I?-207, agree withln 1 per 

1 per  cent  s ince 

2060 and the U , S , G , S ,  

cen t  wi th  those 
i 

quoted by o the r  l a b o r a t o r i e s ,  (See Table 4.2,) The r e s u l t s  of 

t r i p l i c a t e  amphibole potassium analyses  i n d i c a t e  a p rec i s ion  of 

approximately 1 per  c e n t ,  No i n t e r l a b o r a t o r y  standard was 

ava i l ab le  wi th  which t o  determine the accuracy of the amphibole 

ana lys i s ,  however, i t  i s  believed, on the  bas i s 'o f  the r e s u l t s  

of s eve ra l  experiments wi th  standard so lu t ionsuand  a c a r e f u l  

accounting of i n t e r f e rence  and contamination e f f e c t s ,  t h a t  the 

absolute  e r r o r  of the  amphibole potassium a n a l y s i s  i s  less than 

-. 

2 per  c e n t ,  

3 2  Argon Analysis 

3 , 2 , l In t roduct ion  

The argon content of t h e  amphibole and b i o t i t e  concentrates  

were determined on an a n a l y t i c a l  system designed by D r ,  G,P, 

Erickson, (See Figure 3,10) F u l l  d e t a i l s  of t he , sys t em and 

a n a l y t i c a l  procedures used w i l l  be given elsewhere and, therefore ,  

w i l l  not  be described i n  d e t a i l  here ,  

i so tope  d i l u t i o n  was used employing a known quan t i ty  of 

Basical ly ,  the  method of 

a s  

t r a c e r  or spike and co r rec t ion  for atmospheric argon contambnatioon 

based on the Ar36 concentrat ion i n  the  gas sample,, 

3 . 2 . 2  Fusion 

The sample t o  be analyzed, approximately 0.7 t o  1 , O  gram 
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Figure 3 J :  Block Diagram of the Argon Analytical System. 
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b i o t i t e  and 9 t o  11 grams amphibole was placed i n  an alundum 

enclosed molybdenum c ruc lb l e  and mounted on a molybdenum wire 

stand i n  a water-jacketed pyrex fusion J a r ,  

was connected t o  the argon l i n e  by means of a copper-gasketed 

f lange  coupling, 

before each ana lys i s  by opening each sec t ton  i n  t u r n  t o  t he  mass- 

spectrometer and observing the  build-up of t he  mass-40 and mass-28 

T h i s  fusion j a r  

A l eak  t e s t  of t h e  argon line was c a r r i e d  out 

s ignals .  It was found that t he  fus ion  sec t ion  and sample 

normally d id  not  requi re  Butgassing, by 

for per iods  i n  excess  of 1 2  hours ,  

The molybdenum c ruc ib l e  was heated t o  the fus ion  temperature 

of the sample by means of a 6 Kbd, r ad io  frequency generator  and 

induction c o i l  which was constructed t o  fit around the  fus ion  

J a r ,  The temperature of the sample was gradual ly  r a i sed  so a s  t o  

prevent dec rep i t a t ion  of the sample, When the temperature of t he  

sample reached approximately 1O0O0C, the spike was metered 

i n t o  the  fus ion  sec t ion  by means of the metal  v a l v e s  V 

A final temperature of about l5OO"C, maintained f o > r  a t  l e a s t  10 

minutes, was found t o  be s u f f i c i e n t  t o  completely fuse  the sample 

and release a l l  t he  argon, The pressure of t he  fusion sec t ion  

was monitored by means of' a p i r an i  gauge and was controlled by 

e l t h e r  varying the  temperature of a h o t  5itanium metal sponge I 

i n  the  fus ion  sec t ion  o r  p lac ing  l i q u i d  n i t rogen  on a charcoal  

t r ap .  A cold f i n g e r  t r a p  was kept a t  t h e  temperature of d r y  i c e  

throughout t he  fus ion  3.n order  t o  remove HZO, 

and vl0. 9 
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3 , 2 , 3 Purlf  i c a t  i on  

The re leased  gases, s t i l l  i s o l a t e d  i n  the fusion se 

of the  system, were p u r i f i e d  by allowing them t o  r e a c t  wi th  

the  hot  t i t an ium sponge a s  it cooled t o  room temperature from 

700°C, Argon and most o the r  remaining gases  were then adsorbed 

I in a charcoa l  t r a p  kept a t  the temperature of l i q u i d  n i t rogen ,  

Once equi l ibr ium had been reached, t he  metal  valve, V connecting 

the fus ion  sec t ion  t o  t he  pumps was opened and the ' remain ing  gas, 

ch i e f ly  hydrogen, was pumped ou t ,  T h i s  v a l v e  was then closed and 

19 

the  gas  was t r ans fe r r ed  through the connecting metal  valve, V2, 

t o  the second p u r i f i c a t i o n  sec t ion  by adsorbing it on another  

charcoal t r ap ,  Fur ther  cleanup of the gas could be achieved i n  

t h i s  po r t ion  of the  system by allowing the gas t o  r e a c t  with a 

second t i t an ium sponge which could be i s o l a t e d  by a metal valve,  

When necessary, any number of p u r i f i c a t i o n  cyc le s  could be c a r r i e d  

out by simply a l t e r n a t i n g  the gas  back and f o r t h  between these  

p u r i f i c a t i o n  sec t ions .  Between each cycle,  the t i t an ium sponge 

would, of course, be outgassed by hea t ing  t o  a temperature 

greater than 94;0°C, The gas re leased  during @he fus ion  of' 

amphibole samples generally required a t  l e a s t  2 such s t eps  

be fo re  it was s u i t a b l e  for i so top ic  a n a l y s i s  while  the  gas 

? 

released d'lXring the fus ion  of b i o t i t e  samples normally only 

required 1 cleanup. After the f i n a l  r eac t ion  on the t i t an ium 

sponge, t he  gas was always adsorbed on charcoal  at liquid 

nit rogen temperature and any remaining gas pumped away, 



3.2.4 Measurement of I s o t o p i c  Rat ios  

After pur i f i ca t ion ,  s u f f i c i e n t  gas was allowed t o  pass 

through the  leak  valve, VG9 i n t o  the mass-spectrometer sec t ion  

of the  system to give convenient ly  measurable i so top ic  s igna ls ,  

the  mass-40 s igna l  being genera l ly  between 5 and YO v o l t s ,  The 

i so top ic  composition of the  gas was measured s t a t i c a l l y  ( ~ 6  and 

V7 closed)  using a 180" de f l ec t ion ,  2 inch rad ius ,  mass-spectro- 

meter (Associated E l e c t r i c a l  Indus t r i e s ,  type MS10) and a v ib ra t ing  

reed electrometer  ampl i f ie r  (Applied Physics, model 31) us ing  a 

lo1' ohm input  res i -s tor ,  

a 

< 

Resul t s  were displayed on a 1/4 second 

response, 10 m i l l i v o l t  full sca le ,  potentiometer-type recorder,  

havtng an eleven inch wide s t r i p  cha r t  (Brown Instrument Division, 

Minneapolis-Honeywell Regulator C o . ) .  

The average of 10 scans f o r  bo th  the 40/36 and 40/38 r a t i o s  

was taken t o  represent  the argon i so top ic  r a t i o s  s ince  the  s tandard 

devia t ion  of t he  average was always less than l/Q per cen t ,  The 

40/36 r a t i o  was used t o  determine the  co r rec t ion  t o  apply t o  the 

40/38 ratio due t o  t he  presence of atmospherie argon i n  the gas 

sample. Systematic changes i n  observed r a t i o s  during analyses  

were neg l ig ib ly  small so  t h a t  i t  was n o t  necessary t o  extrapolate 

the  r a t i o s  t o  the  time of admission t o  the mass-spectrometer. 

For each analysis, a check was made t o  determine the  f r a c t i o n  of 

t h e  t o t a l  quant i ty  of gas a c t u a l l y  admitted t o  the  mass-spectro- 

meter s o  t i ra t  f r a c t i o n a t i o n  e f f e c t s  a t  t he  leak valve could be 

eva2ua-l;ed. 

cent  of t he  volume of the  second p u r i f i c a t i o n  system, was used 

The small  volume, VcJ which, i s  approximately 3.0 p e r  
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for this purpose, The measured 40/36 and 40/38 ratios were 

corrected for fractionation at the valve and discrimination in 

the mass-spectrometer before being used in the age calculations. 

3 2 . 5  Precision and Accuracy 

The r e su l t s  of the argon analyses are given in Chapter IV. 

The results of quadruplicate argon analyses of standard GE 2060 

indicate a precision of approximately 1 per cent f o r  the argon 

analyses, Absolute methods, involving accurately measured 
d- 

quantLties of atmospheric argon, were used to calibrate the 

argon-38 sp ikes  with which the argon concentrations of the 

various samples were determined . However, analyses of standards 

based upon such calibrations were found to be systematically 

low, by a few p e r  cent, from those reported by other laboratories, 

(See Table 4.2) For this reason, the argon analyses performed in 

t h i s  laboratory are considered to be accurate to within.approxi- 

mately 3 per cent f o r  those analyses having &ess than 50 per  cent  

atmospheric argon contamination. For those analyses having more 

than 50 per cent atmospheric argon contamination, the formula 

given by Lipson (1958) is used to determine the eqror  in the 

argon-40 radiogenic concentration. 
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CHAPTER IV 

RESULTS 

The a n a l y t i c a l  da ta  determined during the  course of t h i s  

study on specimens from the  Bethlehem Copper property a re  pre- 

sented i n  Table k l .  Sample numbers correspond t o  those g iven '  

i n  Figures  1.1 and 2 . 2 ,  Table 4.2 compares the  results obtained 

on t h e  in t e r l abora to ry  b i o t i t e  standards,  GE 2060 and B-3203, and 

muscovite standard, P-207, w i th  those obtained elsewhere. Table 

4 . 3  compares the  potassium-argon apparent ages of t he  var ious 

phases of the  Guichon Creek b a t h o l i t h  w i t h  the5r  r e l a t i v e  ages 

deduced on the  b a s i s  of' s t r u c t u r a l  evidence, 

The flame photometric potassium analyses  were c a r r i e d  out 

a t  l e a s t  i n  dup l i ca t e  f o r  each sample, The average potassium 

content was ca l cu la t ed  f o r  each sample and was used i n  t h e  

apparent age c a l c u l a t i o n s ,  The potassium values  used i n  the  

b i o t i t e  and amphibole apparent age c a l c u l a t i o n s  a r e  believed t o  

be accurate  within l and 2 per  cent ,  r e spec t ive ly  and have a 

prec is ion  of' approximately 1 per cen t  a s  discussed i n  sec t ion  

Normally, only a s ing le  argon a n a l y s i s  was made on each 

sample. The argon values  used i n  the  apparent age ca l cu la t ions  

a r e  believed t o  be accurate  within a few percent and have a 

prec.isS,on of approximately 1 p e r  cent a s  discussed i n  sec t ion  

3 . 2 0 5 0  

- _  . _ -  
r 

. .  
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K-Ar  Analytical Results 
Bethlehem Copper Property 

Sample Number Isfinera1 Potassium Ar4O" Ar 4'? Ap 40% Apparent 
Rock Name k T o t a l  A r 4 *  (in 1.0-5 3 0  Age (my), 

cc  STP/g) Estimated 
Analytical 

___L__uQ Error  

QD- 2 
P-3 

o 09845 
0 0 09879 

Arnphlbole 170% 1 2  
1719-10 

GD-4 Amphibole 
Guichon 
Quartz Dior i t e  

GD-5 Biotite 

0 1708 
o I 1684 
0 1691 

Av ,O 169 

5 0 586 

o 01285 
3 

208+-8 0 61474 W '  
0 

2- 

40717 203t8 
50529 

Av05,56 Porphyry 

0 2899 
0 2941 

Av00,292 

Amphibole 

G D - I l a  Amphibole 
Betlilehem 
Quartz Diorite? 

GD-10 
P-3 

19928 
6 

0 2432 0 01 230 0 3 3  

0,44 0 1305 
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Sample Number 
Rock Name Apparent 

E s t ima t ed 
Analytical 
E r r o r  

P o t  a s s ium Ar 40% Ar 40" 40% 
T o t a l  (in l r5  540 &e (my), 

cc STP/g) 

Mineral 

GD-12 
Gui c hon 
Quartz Diorite 

0.83 4.663 0.01239 2014 8 

I 

0460 o 3629 0 . 01264 205*8 

B i o t i t e  

Hornblende 

Bio t i t e w  

0 . 4204 
0.4282 

Av em 
K63-115 
Skeena- 
Bethlehem 

5.98 
5.84 

0.90 4 4 307 0.01196 195% 8 

5.91 
fs,87 

Av.5.90 cc, 
I-J 

K63- 222 
Bethlehem 
Granite 

Ho m b  1 ende 0.39 003121 o .01192 0 e 3805 
o . 39.36 

Av e 0 ,, 387 

Biotite 0.87 5.903 0.01218 1982 8 
0 

4 e 643 0.01225 19958 ~63-240 
Breccia 

5*60 0.84 
5.61 
5.59 

Av .5 e 60 

tl 

8 Radiogenic 
8% Concentrate 

Concentrate 
prepared and analyzed by K4E. Northcote 
prepared and analyzed by Dr. W o H o  White 

*Amphiboler indicates those samples containing both actinolite and hornblende 



~ TABLE 4.2 

Interlaboratory Results 

Standard Laboratory Potassium Ar4OS ~~4-0:  
1 ! Q J b b e r  Analyst $ T o t a l  Ar4*  (In 10-5 Mineral 

CQ- 6.92 I 0 e97 5 3 7 8  
Erickson, G.P. 6.92 1 0,go 5.62 Bi o t 1. t e 

PIcDowel.1, F. 6.89 P 

YaZe 6.81 P 
Armstrong, D, 6,82, P 

----.-- 

I 

U.B.C. 
Northcote, KOEb 6.85+$06 5 484 

Dirom, G.E. 0.83 .423 
Harakal, J.E. P ~ Z  0.63 5 438 

0.48 5 394 
b 

P- 207 Summary of 8,58 12 Z.840*.063 . 
Muscovite Result  8 

(Lanphere and Dalrymple, 1965) 

U.B,C. 8.65 0.77 2.742 
Northcote,  K.E. 8.63 0.90 2 b 666 
DLrom, &E, 8.56 0.66 2.7222 
Harakal, JOE, 8.59 

B-3203 Summary of 38 . 77k. 14 Biotite R e  sul t s 
(Hurley et al, 1962) 

U.B.C. 
I 

Harakal, J.E. 0.72 38 0 37 
F Flame photometric analyses , 

I I so tope  dilution analyses 
;R * Radiogenic 
EZ Average and standard deviation of 12 potassium analyses 

- - -* .- . 
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TABLE 4,3 
I 

\ I I  

Relative Ages of the VarSous Phases 
I /  ' on the 
1 ,  

Bethlehem Copper Property 
I '  

1 :  - -... ---- . ----- -- -11""11 -----------_-. ~ 

Phase Name Sample Relative Age on Mineral K-Ar App, 1 I 

Number S t r u c t u r a l  Evidence 
- -.- 

Guichon Quartz 
Diorite 

Skeena-Bethlehem 
Quartz  Diorite 

Bethlehem Granite 

Quartz-poor 
Porphyry 

GD-4 1 Amphibole 
GD-12 Hornblende 
GD-12 BioGite 

GD-fla 
~63-115 
K63-115 

2 or 3 Amphib o 1 e 
Hornblende 
Blot i t e% 

K63-222 2 or 3 Biotite 

P-3 Porphyry 

Bi-eccia 

GD-5 4 Biotite 

K63- 240 

Quartz DiorLte rn' 7 MD 
Porphyry 

Spud Lake Porphyry ND Pos t  Skeena-Bethlehem ND 

XEI Concentrate prepared and analyzed by K.E, Northcote 
%&%Concentrate prepared and analyzed by Dr, W.H, White 

'Amphibole' indicated 
and hornblende 

those samples containing both actinallte 
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The apparent age of each sample analyzed was ca lcu la ted  

on the  b a s i s  of the da ta  presented i n  Table 4 , l .  The calculated.  

apparent age also shows t he  estimated error l i m i t s .  These 

l i m i t s ,  ranging from 4 t o  6 per  cent  of t he  associated apparent 

age, were estimated b o t h  on the  basis of the  results obtalned on 

the  in t e r l abora to ry  s tandards and a mathematfcal evaluation, 

s imi l a r  t o  t h a t  ou t l ined  by Wanless e t  a1 (1.969, of the i nd i -  

vidual sources of error, The apparent ages of those samples 

having l e s s  than 50 cent  atmospheric argon contamination, 

however, a r e  believed t o  be i n t e r n a l l y  accurate  t o  within 2 per  

cen t .  T h i s  r e l a t i v e  accuracy may be used t o  determine whether 

there are  any r e a l  age d i f f e r e n c e s  between t h e  v a r i o u s  i n t r u s i v e  
1 

phases s tudied , 

. .  
i 

P 
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CHAPTER V 

DISCUSSION 

The b i o t i t e  and amphibole potassium-argon apparent 

obtained during the  course of t h i s  study on the var ious  

of the Guichon Creek b a t h o l i t h  present  on the  Bethlehem 

ages 

phases 

Copper 

property a r e  of value a s  c lues  t o  the  geologica l  h i s t o r y  of t h i s  

ba tho l i th  and t o  the age of the Tr i a s s i c - Ju ras s i c  boundary, 

Although the ind iv idua l  phases a r e  e s sen t i aL ly  5ndis t inguishable  

by means of t h e i r  potassium-argon apparent ages  (see Figure 4 ,3) ,  

the  r e s u l t s  obtained ind ica t e  with considerable  c e r t a i n t y  t h a t  

these  phases were emplaced during an i n t e r v a l  of no t  more than 

10 m . y .  centered around 200 m.y. ago, 

The s t r a t i g r a p h i c  age of the Guichon Creek b a t h o l i t h  i s  

considered t o  be known wi th in  c lose  l i m i t s  s ince  it is bel ieved 

t o  in t rude  e a r l y  Upper T r i a s s i c  volcanic rocks of the Nicola 

group and t o  be unconforrnably ove r l a in  by f o s s i l i f e r o u s  e a r l y  

Middle Ju ras s i c  marine sediments (DMfel1 and McTaggart, 1952) e 

The unconformity between the  Guichon Creek b a t h o l i t h  and the 

Middle Ju ras s i c  marine sediments favours  p lac ing  the  emplacement 

age of t h e  ba tho l i th  near  t he  top  of the T r i a s s i c ,  The age of 

t h i s  ba tho l i th  may, therefore ,  i nd ica t e  the age of' the  Tr i a s s i c -  

Ju ras s i c  boundary, The average of a l l  the potassium-argon 

h 

apparent ages  obtained i n  t h i s  study on both b i o t i t e  and amphibole 

excep't GD-2 i s  200 m.y. with  a s tandard dev ia t ion  of the mean of 
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l e s s  than 2 per cen t .  T h i s  average apparent age of 200 m 0 y 4  is, 

therefore ,  believed t o  represent  a b e t t e r  approximation t o  the  

maximum age of the  Tr i a s s i c - Ju ras s i c  boundary than the  181 m , y .  

age suggested by Folinsbee e t  a 1  I1.960)~ which was based on the  

potassium-argon r e s u l t s  obtained on b i o t i t e  from samples col-  

- 

l ec t ed  elsewhere i n  t h i s  b a t h o l i t h ,  

Leech e t  a 1  (1963) and Wanless e t  a 1  (1965) of the  Geo- 

l o g i c a l  Survey of Canada, reported b i o t i t e  potassium-argon 

apparent ages ranging from 224 m . y .  t o  265 m o y o  on rocks repre- 

sen t ing  var ious phases of t he  Guichon Creek batholith including 

Guichon quartz  d i o r i t e ,  Bethlehem quartz  d i o r i t e ,  and Bethsaida 

granodior i te .  These Middle Permian r e s u l t s  have l e d  Manless e t  

a 1  (1965) t o  suggest t h a t  t he  Nicola group s t r a t a  are i n  f a u l t  

contac t  with, o r  r e s t  unconf ormably the Guichon Creek ba tho l i th ,  

o r  t h a t  t he  contact  rocks a r e  no t  p a r t  of t he  Micola group but 

a r e  o l d e r ,  

The r e s u l t s  obtained i n  the  present  study a r e  incompatible 

wi th  those reported by Leech e t  a 1  (1963) and Manless e t  a 1  

(1965) un les s  a l l  t h e  samples used i n  t h i s  study suffered meta- 

morphism approximately 200 m4y.O ago, T h i s  hypothesis seems 

improbable f o r  severa l  reasons,  F i r s t ,  t he  concordant apparent 

ages obtained on the  coexis t ing  hornblende and b i o t i t e  i n  samples 

K63-115 and GD-12 i nd ica t e  t h a t  no major metamorphic event has 

occured s ince  the  i n i t i a l  c r y s t a l l i z a t i o n  of these  rocks un le s s  

both the  b i o t i t e  and hornblende ' c locks!  i n  these samples were 

completely r e s e t  a s  the r e s u l t  of such metamorphism. Second, 

-. - .. -_... . 

. .  
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these  two samples were co l l ec t ed  s i x  miles a p a r t  geographical ly  

ind ica t ing  tha t ,  i f  t he  %locks f  i n  these  samples were completely 

r e se t ,  the  metamorphic event required would probably have been 

s u f f i c i e n t l y  wkdespread t o  have a f f ec t ed  the  b a t h o l i t h  a s  a whole., 

Third,  no petrographic evidence was found i n  the  th fnsec t ions  
~ 

s tudied  t o  ind ica t e  the  occurrence of a metamorphic event suf- 

f i c i e n t l y  in t ense  t o  completely resek the  amphibole % l o c k s ? ,  

Fourth, t he  e s s e n t i a l l y  i d e n t i c a l  apparent ages  obtained on 

two d i f f e r e n t  samples of the Guichon quar tz  d i o r i t e ,  GB-4 and 

GD-12, which show d i f f e ren t  degrees  of a l t e r a t i o n  of hornblende 

t o  a c t i n o l i t e ,  i nd ica t e  t h a t  t h i s  a l t e r a t i o n  was deu te r f c  i n  

nature ,  t h a t  is, it took place during the f i n a l  s t ages  of t he  

c r y s t a l l i z a t i o n  process  r a t h e r  than a s  the  r e s u l t  of a l a t e r  

metamorphic event , And f i n a l l y ,  i f  , as  gene ra l ly  accepted, the 

Guichon Creek b a t h o l i t h  in t rudes  e a r l y  Upper T r i a s s i c  Nicola 

rocks, t he  da t e  of t he  Middle-Upper T r i a s s i c  boundary suggested 

by Kulp (1961) t o  be 200n10 m , y .  can be used t o  p lace  a rough 

upper l i m i t  on the  age of t h i s  b a t h o l i t h ,  Kulp (1961) based t h i s  

da t e  on the b i o t i t e  potassium-argon apparent age of 195%4; may. 

obtained by Eqickson and Kulp (1961) on the  Pa l i sade  Diabase of 

the Newark s e r i e s  which i s  bel ieved t o  be Upper Tr i a s s i c . ,  

The concordant b i o t i t e  and amphibole apparent ages obtained 

i n  t h i s  study a l s o  serve t o  ind ica t e  t h a t  these amphiboles do 
/ 

not  conta in  appreciable  excess radiogenic argon., T h i s  i s  

e s s e n t i a l l y  i n  agreement wi th  the conclusion, suggested by 

Aldrich e t  a 1  (1960) and Hart (1960; 1961) , t h a t  amphiboles do 
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no t  normally conta in  excess  radiogenic argon a s  had e a r l i e r  

been considered poss ib l e  by Damon and Kulp (1958) . 
The one poss ib ly  anomalous apparent age obtained, t h a t  on 

GD-2, i s  d i f f i c u l t  t o  resolve i n  l i g h t  of t h e  o the r  r e s u l t s  

obtained during t h i s  study. The a n a l y t i c a l  da t a  was independently 

checked and a r e  considered r e l i a b l e  and accura te  wi th in  the  l i m i t s  

ass igned,  S t ruc tu ra l ly ,  t h i s  sample should be o lde r  than the  

brecc ia  and younger than the  quartz-poor porphyry, The obtained 

apparent age of 170 m,y, is, therefore ,  approximately 30 m.y. 

younger than one would expect on s t r u c t u r a l  evidence alone.  It 

i s  poss ib le  t h a t  t h i s  sample i s  not  r ep resen ta t ive  of t he  P-3 

porphyry but r a t h e r  a l a t e r  phase, although there i s . n o  present  

petrographic evidence t o  support t h i s  suggestion. Sample GD-2 

does conta in  a g rea t e r  percentage of a c t i n o l i t e  than any o ther  

sample analyzed, however, the  r e s u l t s  obtained by Hart (1961) 

on a c t i n o l i t e  i nd ica t e  t h a t  t h i s  mineral  shauld r e t a i n  argon 

equal ly  a s  well a s  hornblende. The apparent ages obtained i n  

1 

t h i s  present  study on two d i f f e r e n t  samples of the Gufchon 

quartz  d i o r i t e ,  GD-4 and GD-12, which show d i f f e r e n t  degrees of 

a l t e r a t i o n  of hornblende t o  a c t i n o l i t e ,  a l s o  confirm 
1 

l i t e  r e t a i n s  argon w e l l ,  

t h a t  ac t ino-  

Another p o s s i b i l i t y  i s  t h a t  sample GD-2 was a f f ec t ed  by 

d i s loca t ion  o r ,  less l i k e l y ,  contac t  o r  reg iona l  metamorphism. 

T h i s  p o s s i b i l i t y  seems improbable s ince  it  i s  un l ike ly  t h a t  

sample K63-222, a b i o t i t e ,  co l l ec t ed  wi th in  200 f ee t  of GD-2 

would then s t i l l  give an apparent age i n  good agreement w i t h  i t s  
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s t r u c t u r a l  pos i t i on .  Aldrich e t  a 1  (1960) have considered the  

va r i a t ion  of potassium-argon apparent ages of minera ls ias  a 

func t ion  of d i s tance  from an i n t r u s i v e  contac t .  -They found t h a t ,  

while hornblende re ta ined  e s s e n t i a l l y  a l l  its argon wi th in  100 

f e e t  of such a contact ,  biotite l o s t  essentially a l l  i t s  argon 

within 300 f e e t  of the  contact  and a s  much a s  50 per  cent  of i t s  

argon within 5000 f e e t .  Such values  would be expected t o  be 

s t rongly  dependent on the  s i z e  of t he  hea t  source, t he  depth of 

bu r i a l ,  and o ther  f a c t o r s .  However, they do serve t o  i n d i c a t e  

the improbabi l i ty  t h a t  b i o t i t e  w i l l  r e t a i n  argon wi th in  a few 

hundred f e e t  of amphibole which has  apparent ly  l o s t  15 per  cent  

of i t s  radiogenic argon unle s s t he  thermal event 
I :  

was 

local. na tu re .  

of a very 
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CONCLUSIONS 

It i s  evident  from the amphibole and b i o t i t e  apparent 

ages obtained during the course of t h i s  study, t h a t  t he  var ious 

phases of the  Guichon Creek b a t h o l i t h  present  on the Bethlehem 

Copper property were emplaced during a probably sho r t  i n t e r v a l ,  

not longer than 10 m . y . ,  centered around 200 m.y. ago and t h a t '  

no major metamorphic event has  taken place i n  t h i s  a r ea  s ince  

t h i s  da t e .  It i s  a l s o  evident ,  t h a t  one cannot d i f f e r e n t i a t e  

between the  var ious phases of t he  Guichon Creek b a t h o l i t h  on the  

b a s i s  of t h e i r  potassium-argon apparent ,ages s ince  the  va r i a t ions  

i n  the apparent ages  obtained were within the  a n a l y t i c a l  l i m i t s  

of unce r t a in ty  of t he  technique used. 

age which i s  s i g n i f i c a n t l y  younger than the  o the r s  obtained i n  

The one amphibole apparent 

t h i s  work may ind ica t e  an event i n  the formation of t h i s  b a t h o l i t h  

which followed the  major i n t r u s i v e  event by approximately 30 m.y, 

The average apparent age of 200 m . y .  obtained on both 

b io t9 t e  and amphibole from the  var ious  phases of the Guichon 

Creek b a t h o l i t h  present  on the  Bethlehem Copper proper ty  may 

represent  a b e t t e r  approximation t o  the maximum age of the 

Triassic-Jurassic boundary than t h a t  previously reported i n  the  

l i t e r a t u r e ,  however, t h i s  conclusion Should be confirmed by 

f u r t h e r  study of the s t r a t i g r a p h i c  age of t h i s  b a t h o l i t h  and by 

fu r the r  i so top ic  s tud ie s ,  p re fe rab ly  us lng  methods o the r  t han '  

PO t a s sium- a rgon . 

The r e s u l t s  obtained on the  two samples conta in ing  coex i s t ing  

-. , . . .  -_ - 
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amphibole and b i o t i t e  i nd ica t e  t h a t  amphiboles give potassium- 

argon ages of qua l i t y  a t  least comparable t o  those on b i o t i t e  

and t h a t  these  samples do not conta in  s i g n i f i c a n t  excess radio- 

genic argon. The one perhaps anomalous amphibole r e s u l t  obtained, 

F l though of unambiguous i n t e rp re t a t ion ,  does not  d e t r a c t  from 

the  ove ra l l  value of potassium-argon da t ing  of amphiboles o r  

f rom the value of t he  o ther  amphibole apparent ages obtained.  

b 
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APPENDIX 
i 

DESCRIPTIONS AND LQCALITIES OF SAMPLES COLLECTED 

I 

Quartz Dior i t e  Porphyry Mine Coordinates: 9350N-7430E 

T h i s  sample, co l l ec t ed  from the center portion of a 

200' wide dyke where it intrudes P-3 porphyry, i s  an 

altered, leucocratic quartz  d i o r i t e  porphyry composed 

of coarse, euhedral phenocrysts of a l t e r e d  hornblende 

up t o  1 cm. i n  length and grey-white p lag ioc lase ,  with 

glassy  eyes of quar tz  set  i n  an aphani t ic ,  grey-green, 

c h l o r i t i c  groundmass, Aggregates of ep idote  appear t o  
,- 

replace both hornblende and p lag ioc la se ,  Phenocrysts 

comprise approximately 60% of the rock by volume. 

In  thin-sectfon,  this sample i s  seen to be made up 

l a rge ly  of strongly saussu r l t i zed  andesine phenocrysts 

s e t  i n  a very fine-grained, % E l o t r i o m o r p h i c - g r a r l ~ ~  

matrix composed of p lag ioc lase ,  quartz, and orthoclase, 

Quartz phenocrysts occur as large c lear  eyes which are 

sometimes Larger than the  plagioclase grains. H o r n -  

blende phenocrysts have been % h o s t  completely al tered 

t o  actinolite, ch lo r i t e ,  o r  epidote and, for t h i s  

reason, were not analyzed, Accessory rn.inerals include 

apat i te ,  sphene, and magnetite.  The es t imated mode i a  

70s plagioclase, 33% quartz, 4% al tered hornblende, 2$ 

orthoclase,  4% magnetite and o ther  accessory minerals. 



GD- 2 Mine Coordinates: 9310N - 68803 P-3 Porphyry 

T h i s  sample, collected from t he  center por t ion  of a _  

30' wide dyke where i t  in t rudes  Bethlehem quartz 

d i o r i t e ,  i s  a leucocrat ic  quartz d i o r i t e  porphyry 

composed of large, well-formed but  a l t e r e d  phenocrysts 

of hornblende up t o  1 cm, i n  length, subhedral pheno- 

crysts of fleshy-white p lag ioc lase ,  and subrounded t o  

kidney-shaped phenocrysts of quar tz  s e t  i n  a Light 

coloured groundmass which i s  reso lvable  under the 

handlens 

In  th in-see t ion ,  t h i s  sample i s  seen t o  be made up 

l a rge ly  of zoned, mi ld ly  saussur i t ized ,  subhedral 

andesine phenocrysts set  i n  a medium-grained ground- 

mass, composed of quartz ,  plagioclase , and orthoclase, 

t h a t  shows a crude graphic texture, Quartz phenocrysts 

a r e  rounded o r  kidney-shaped and are p a r t i a l l y  embayed 

by the matr lx ,  Hornblende OCCUPS as  la rge ,  p o i k i l i t i c  

phenocrysts t ha t  have been p a r t i a l l y  a l t e r e d  to epidote, 

c h l o r i t e ,  and pale green a c t f n o l i t e ,  Accessory 
I 

minerals include apatite, sphene, and magnetite. The 

estimated mode i s  65% p l a g i o c ~ a s e ,  258 quartz ,  5% 

a l t e r e d  hornblende, 3% or thoc lase ,  and Z$ magnetite 

and o t h e r  accessory minera2a. 

Approximately 40 grams of -48 to + W O  mesh amphibole 

concentrate  was obtained from this sample, A grain 
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K63-222 

count indicated t h e  following composition: 10% dark, 

green-black hornblende, 85% light, olive-green 

actinolite, and 5s impurities. Epidote was the chief' 

impurity although some chlorite, apatite, and sphene 

was noted 

Bethlehem Granite Mine Coordinates: gZ2QN - 68203 

Both samples co l l ec t ed  f r o =  same outcrop, 

brown3 medium- to fine-grained, granitic rock consists 

of pinkish-red orthoclase,  quartz,  white plagisclase, 

and a small amount of dark biotite which occurs as 

This reddish 

f l a k e s  generally less than 2 mm. in diameter. 

In thin-sectfon, t h i s  granitic rock is found to be 

made up of perthitic or thoc lase  (5Q$) , quartz( 30s) 

o l igoc la se  p lag ioc lase  (Is$), and biotite ( 3 s )  , with 
accessory apatitee, magnetite, sphene, and zircon (2%). 

The subhedral flakes of b k o t i t e  exhibit a wavey 

extinction and are very slightly chloritized, The 

perthitic orthoclase and. oligoclase show slight 

sericitic and argillic abtera$ion, 

Approximately 40 grama of -4.8 to +IO0 mesh biotite 

concentrate  was obtained. from sample ~ 6 3 - 2 2 2 ,  A 

grain count indicated the  follawlng composition: 

reddfsh-brown biotfte and 1% impurities, The impurities 

< 

996 

includel apatite, spheneJ 

and quartz .  The biotite 

magnetite, 

grains are 

and minor f e ldspa r  

very slightly 

c h l o r i t i c  
r .  

- _  -. - . _  _.._ - 

. .  
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GD-4 Guichon Quartz Dfor i te  Mine Coordinates: 9600~ - 
97503 

T h i s  sample, co l lec ted  approximately 6001 south of the  

Snowstorm a d i t ,  i s  a medium- t o  coarse-grained, I 

mesocra th ,  moderately a l te red  quartz d i o r i t e  composed 

of fe ldspar ,  quwtz ,  a l te red  b i o t i t e ,  and a l t e r e d  

laths of hornblende generally less than 5 mm. i n  

length ,  

throughout t he  rock,  

The mafic rninemls a re  d i s t r i b u t e d  uniformly 

I n  th in-sec t ion ,  this hypidiomorphi@-granular rock is 

seen t o  be made up of aaussur i t ized  andesine pfagio- 

c l a se  (58s) , altered, s l i g h t l y  p e r t h i t i c ,  i n t e r s t i t i a l  

orthoclase (109) i n t e r s t i t i a l ,  quartz (l5$), and 

a l t e r e d  hornblende and b i o t i t e  (l5$)> with accessory. 

a p a t i t e ,  sphene, z i rcon,  and magnetite (8) .  B i o t i t e  

has been almost  completely altered t o  c h l o r i t e  while 

homblencie has been largely altered t o  epidote  and 

light green a c t i n o l i t e ,  

Approximately 40 grams of -48 to + I O 0  mesh amphibole 

concentrate was obtained from t h i s  sample. A grain 

count indicated the  fsilswifig composition: 34% dark 

green-black hornblende, 64s ollve-green ac t ino l i t e ,  

and 2% impur i t ies ,  Epidote was t he  chief impurity 

noted ., 
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GD-5 Quartz-poor Porphyry Mine Coordinates: 9 3 8 0 ~  - 88403 

T h i s  grey, po rphyr i t i c  mCk, col lec ted  from the  center -  

of a 20'  wide dyke where i f  i n t rudes  Guichon quar tz  

d i o r i t e ,  contains phenocrysts of' b i o t i t e ,  hornblende, 

and p lag ioc lase  s e t  i n  a l i g h t  coloured, aphani t ic  

groundmass. A few small phenocrysts of quar tz  a r e  

also v i s i b l e  suggesting t h a t  t h i s  specimen may be 

equivalent  t o  the P-1 porphyry a s  descr ibed by Carr 

(1959). 
t he  rock by volume. 

Phenocrysts comprise approximately 40s of 

In  th in-sec t ion ,  t h i s  rock i s  seen t o  be made up 

l a rge ly  of weakly saussu r i t i aed  phenocrysts of zoned, 

subhedral andesine piagioclase s e t  i n  a f ine-grained 

groundmass, composed of plagioclase,  quartz,  and 

or thoclase,  t h a t  e x h i b i t s  a crude graphic t ex tu re ,  

Small rounded phenocrysts of quartz and p a r t i a l l y  

ch lo r i t i zed ,  subhedral t o  euknedral f l a k e s  of b i o t i t e  

ranging up t o  4 mm. i n  diametela are also d i s t r i b u t e d  

throughout the section, One l a rge ,  p o i k i l i t i c  pheno- 

c r y s t  of a@tiMslite-harnb~e~de was recognized i n  the 

sec t ion .  The accessary minerals include a p a t i t e ,  

magnetite, and sphene, The estimated mode of this 

sec t ion  is 68% andesiae plagioeIase,  25% quartz,  

3% orthoclase,  Z$ b i o t i t e ,  and 2% magnetite and 

, o the r  accessory minerals.  
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Approximately 40 grams of -35 t o  + l Q O  mesh biotite 

concentrate was obtained from this sample, A grain 

count indicated the following composition: 

slightly chloritized biotite, and 2$ impurities, 

Impurities include hornblende, quartz, apatite, and 

98s 

feldspar , 

Quartz-poor Porphyry Mine Coordinates: 1.0860~-8300~ 

This grey-green, porphyritic rock, collected from the 

center of a 50° wide dyke where it intrudes Guichon 

quartz  diorite, consists of small, altered phenocrysts 

of white fe ldspar  and dark hornblende set in a totally 

aphanitic groundmass, Phenocrysts comprise approxi- 

mately 40% of' the rock by volume. This specimen is 

possibly equivalent to the P-2  porphyry described by 

In thin-section, this rock is seen to be l a rge ly  

made up of strongly saussuritized phenocrysts of' 

zoned andesine plagioclase set in a fine-grained 

intergrowth of quar tz  and feldspar. Rare, rounded 

phenocrysts of quartz and small, altered laths of 

hornblende occur distributed throughout the section. 

Alteration minerals present include sericite, albite, 

calcite, actinolite, epidote, and possibly kaolinite . 
Accessory minerals include apatite, sphene, and 

magnetite. The mode of t h i s  rock is similar to t ha t  
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given for GD-5 with the exception that hornblende 

occurs in place of biotite, This sample does not 

contain sufficient unaltered hornblende for K-Ar 

analysis , 
r 

Bethlehem Quartz Diorite Mine Coordinates: 7 8 0 0 ~  - 
97903 

This sample, collected from a trench in the White 

zone area, is a leucocratic, medium-grained, granitic 

rock composed of' feldspar, quartz, and altered hom- 

blende and biotite. Hornblende occurs as large poiki- 

litic grains which have been almost completely altered 

to chlorite and actinolite, 

In thin-section, this hypidiomorphic-granular rock 

is seen to be made up of slightly zoned, moderately 

saussuritized, ande sine plagioclase (6g$$, interstitial 

quartz (15$), interstitial orthoclase (IO$), and 

c 

altered hornblende and biotite (5$), wi'zh accessory 

magnetite, apatite, and sphene (1s) , Chlorite occurs 

as pseudomorphs after biotite, and less commonly, 

hornblende, Most of the hornblende has been replaced 

by actinolite and epidote, This sample does not contain 

sufficient unaltered biotite or horrzblende f o r  K-Ar 
\ 

analysis 

- i 
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GD-8 Spud Lake Porphyry Mine Coordinates: 6 2 0 0 ~  - 11450E 
~ 6 3 -  240a 

T h i s  medium-grey, po rphyr i t i c  rock con ta ins  l a rge  

euhedral t o  subhedral phenocrysts of f leshy-white 

plagioclase,  subrounded eyes of quartz ,  and sca t t e red  

phenocrysts of a l t e r e d  b i o t i t e  and hornblende set i n  

Ii 

a dense, muddy brown, aphan i t i c  groundmass e Pheno- 

c r y s t s  comprise 50% of the  rock by volume, 

I n  th in-sec t ion ,  this rock i s  seen t o  be composed of a 

f e w  large c l e a r  eyes of una l t e red  quartz ,  completely 

c h l o r i t i z e d  phenocrysts of b i o t i t e  and hornblende, and 

r e l i c  c r y s t a l s  of s aussu r i t i zed  plagiocllase set i n  a 

moderately a l t e r e d  groundmass composed of quar tz  and’ 

f e ldspa r  Accessory minerals  include a p a t i t e ,  sphene, 

and magnetite. 

because they do no t  conta in  s u f f i c i e n t  una l t e red  

b i o t i t e  o r  hornblende. 

These samples were not analyzed 

Quartz D io r i t e  Porphyry Mine Coordinates: LOllON - 
7 2 0 0 ~  

Thls mesocratic, po rphyr i t i c  rock con ta ins  euhedral 

t o  subhedral, f leshy-white phenocry8ts of p lag ioc lase ,  

subrounded eyes of quartz ,  and a l t e r e d  phenocrysts of 

hornblende set  in a scant  matrix. 

of ep idote  appear t o  have replaced o r i g i n a l  hornblende, 

Phenocrysts comprise approximately 80% of the rock by 

volume 

Radial  aggregates 

-_ - - _ _  
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CD - 1,O 

In thin-section, this rock is seen to b 

strongly saussuritized, subhedral phenoc 

plagioclase, clear rounded grains  of qu 

altered phenocrysts of' hornblende set  i I 

matrix composed of quartz and fe ldspar.  

minerals include sericite, a lb i te ,  epid 

chlorite, and possibly kaolinite. Awes 

include apatite, sphene, and magnetite. 

5 

1 

this rock is similar to that given 

sample does not contain sufficient 

f o r  K-Ar analysis. 

P-3 Porphyry Mine Coordinate s : 

f his 

una1 tered hornblende 

9920 E 

Petrographically, this sample is the 

with the exception that it contains a 

biotite, along with the hornblende, 

spar, s e t  in a slightly coarser matr ix  

appear to have undergone the  same degre 

Approximately 30 grams of -80 to +I4 
concentrate was obtained from this s 

count indicated the following compos 

actinolitized. hornblende, 5% biotite 

G D - l l a  Porphyritic 

ordinates: 

This sample 

. .  - _ _  
. .  

Bethlehem Quartz Diorite? Mine Co- 

101.80~ - 57303 I 

I 

was collected within 10' of GD-1lb i n  an 

- c  
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area  mapped by Carr (1959) as  Bethlehem quar tz  d i o r i t e ,  

GD-llb was c l a s s i f i e d  a s  Bethlehem quartz  d i o r i t e  

s ince  i t  i s  s imi l a r  t o  GD-7 but  GD-lla d i f f e r s  from 

these  samples i n  t h a t  i t  has  a porphyr i t ic  r a t h e r  
i, 

than a (  g r a n i t i c  t ex tu re ,  N o  contact ,  however, was 

evident  between GD-1la and GD-Llb. GD-lla i s  a 

l eucocra t ic ,  porphyr i t ic  rock composed of euhedral, 

milky-white phenocrysts of p lag ioc lase ,  anhedral 
\ 

phenocrysts of quartz,  and well-formed but  s l i g h t l y  

altered phenocrysts of hornblende s e t  in’an aphani t ic ,  

light green groundmass , Phenocrysts comprise approxi- 

mately 35s of the  rock by volume, 

I n  th in-sec t ion ,  t h i s  rock i s  seen t o  be made up of 

scatter!e&.phenocrysts of moderately saussur i t ized  

andesine p lag ioc lase  (25$), quar tz  &%), and a l t e r e d  

hornblende (6%) set  i n  a very f ine-grained groundmass 

(65%) composed of quartz and f e ldspa r .  The horn- 

blende phenocrysts, genera l ly  less than 5 mm. i n  
I 

length,  have been largely a l t e r e d  t o  a c t i n o l i t e ,  - 

c h l o r i t e ,  and ep idote ,  Accessory minerals  include 

a p a t i t e  and magnetite , 

Approximately 40 grams of -48 t o  +lo0 mesh amphibole 

concentrate  was obtained from t h i s  sample. A gra in  

count ind ica ted  the following composition; 21% dark 

green-black hornblende, 75% a c t i n o l i t e ,  and 4$ 

impur i t ies .  Epidote was the  chief  impurity noted, 
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Bethlehem Quartz Dio r i t e  MIne Coordinates: 

T h i s  sample is e s s e n t i a l l y  the  same as  GD-7 with the 

exception that iB i s  f i n e r  grained and darker i n  

colour ,  T h i s  sample, however, does not con ta in  

s u f f i c i e n t  una l te red  hornblende o r  b i o t i t e  f o r  K-Ar 

analysis . 
Guichon Quartz Dior i t e  

54OOE 

Mine Coordinates: l Z 5 l O N  - 

T h i s  sample is a t y p i c a l  example of' the  Guichon quartz 

d i o r i t e .  It i s  a medium-grained, mesomatic ,  g r a n i t i c  

rock composed of p o i k i l i t i c  hornblende and b i o t i t e ,  

pink or thoclase,  quartz ,  and white P lag ioc lase .  

B i o t i t e  and hornblende crystals, generally less than 
cl 

5 m. i n  length,  occur i n  equal amounts and a r e  

evenly d i s t r i b u t e d  throughout the rock. 

I n  thin-sect ion,  t h i s  rock I s  seen t o  be made up of 

s l i g h t l y  saussu r f t i zed  andesine p l ag ioc la se  (58$), 

s l i g h t l y  p e r t h i t i c  or thoc lase  (15%) , i n t e r s t i t i a l  

quar tz  (lo$), green p o i k i l i t i c  hornblende (IO$), and 

s l i g h t l y  c h l o r i t i z e d  b i o t i t e  (5$), with accessory 

magnetite, sphene, z i rcon,  and a p a t i t e  (2%) e Some 

aug i t e  was noted i n  the hornblende g ra ins  suggest ing 

t h a t  some of t he  hornblende formed a t  the(expense  of 

t he  pyroxene. 
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Approximately 100 grams of -65 t o  +lo0 mesh b f o t i t e  

concentrate  was obtafned from t h i s  sample. A g ra in  

count indfcatdd the  fol lowing composition: 98s b i o t l t e  
and 2% impur i t i e s ,  The impur i t f e s  include hornblende, 

apa t i t e ,  and minor amounts OS quar tz  and f e ldspa r .  

Appaoxlmately 50 grams of -35 t o  +65 mesh hornblende 

concentrate  was obtained from t h i s  sample. A g ra in  

count i nd ica t ed  the followfng composition: 98% dark 

green-black hornblende and 2% impur i t i e s ,  The 

impur i t i e s  included a c t l n o l i t e ,  epidote ,  and less 

than 22% b i o t i t e .  

K63-115 Skeena-Bethlehem Quartz  Dio r i t e  

Long, 121°06?30~8w 
r 

T h i s  sample, co l l ec t ed  by K,E, Northcote, i s  considered 

t o  be equivalent  t o  the  Bethlehem quar tz  d i o r i t e ,  It 
I s  a medium grained, l eucoc ra t i c  t o  mesocratic, 

g r a n i t i c  rock composed of white p lag ioc lase ,  clear 

i n t e r s t i t i a l  g ra ins  of quartz, p inkish  coloured 

orthoclase, p o i k i l i t i c  hornblende laths ranging up t o  

5 mm. en length, and hexagonal plates of b i o t i t e  which 

seldom exceed 2 mm. i n  diameter. The mafic minerals  

are evenly d i s t r i b u t e d  throughout the  rock ,  

I n  thin-sect ion,  this'hypidiomorphic-granular rock 

i s  seen t o  be made up of zoned, weakly a l t e r e d  andesine 

p lag ioc lase  (61$), slightly p e r t h i t i c  or thoc lase  (l5$), 
i 

- c  



i n t e r s t i t i a l  quar tz  (15$), p o i k i l i t i c  hornblende 

containing cores  of' aug i t e  (4%), and b i o t i t e  (3$), 

with accessory a p a t i t e ,  magnetite, sphene, and 

z i rcon  

Approximately 10 grams of -35 t o  +lo0 mesh b i o t i t e  

concentrate  was obtained by K.E. Northcote from this 

sample,, The est imated composition of' the concentrate  

is as follows: 95s black, mottaed by golden brown 

b i o t i t e  and 5% impur i t i e s .  

blende but  some a c t i n o l i t e ,  epidote ,  f e ldspa r ,  and 

Impur i t i e s  mainly horn- 

quar tz  noted. The b i o t i t e  appeared t o  be from 10 t o  

15% c h f o r i t i z e d ,  

Approximately 30 grams of -48 t o  +lo0 mesh hornblende 

concentrate  was obtained from t h i s  sample, A gra in  

count i nd ica t ed  the following composition: 98s 

partially a c t i n o l i t i z e d  hornblende and 2$ impur i t i e s ,  

Impur i t ies  include quartz ,  sphene, a p a t i t e ,  epidote,  

and less than 0.3% b i o t i t e ,  

~ 6 3 - 2 2 2  See GD-3 

K63-24U Breccia Mine Coordinates: 8 8 5 0 ~  - 8 0 5 0 ~  

ColZected. by K.E. Northcote and analyzed by D r .  W,H. 

White. The b i o t i t e  concentrate  separated from this 

sample i s  reported by White (personal  commumication) 

- -. . . . - . . . ._ - -. 

. .  



J 

57 

t o  conta in  a mixture of primary and secondary b i o t i t e .  

The apparent age obtained on t h i s  mixture, however, 

should represent  the  formation age of the  breccia  

s ince it i s  probable t h a t  t h e  primary b i o t i t e  i n  

t h i s  sample l o s t  i t s  original radiogenic argon a t  the 

same t i m e  the secondary b i o t t t e  formed as the r e s u l t  

of hydrothermal processes taking place during 

brecc ia t ion .  See also desc r ip t ion  of breccia i n  

t e x t  a 


