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A proposal  f o r  t h e  s tudy  of a l t e r a t i o n ,  mine ra l i za t ion  and f r a c t u r e  

p a t t e r n s  on the proper ty  of Similkameen Mininq Company a t  Pr ince ton ,  B.C. 

Submitted by: C, J, Hodgson, Professor  of Geological Sciences,  Queen's 

Universi ty ,  Kingston, Ontario. 

The Problem 

Orebodies of t h e  type  which occur a t  Inge rbe l l e  and Copper Mountain 

are found throughout t h e  area of Upper T r a i s s i c  t o  Lower J u r a s s i c  rocks  

i n  B.C., and r e p r e s e n t  an important  exp lo ra t ion  t a r g e t .  

g i c a l  s t u d i e s ,  and gene ra l  "street information" sugges t  t h a t  most examples 

of t h e  ore type have t h e  fol lowing f e a t u r e s  i n  common: 

Publ ished geolo- 

1) They are a s s o c i a t e d . w i t h  undersa tura ted  o r  quar tz - f ree ,  

i c a l l y  similar volcanic  rocks of approximately t h e  same age,  

The geometry or shape-of  t h e  mineral ized zones is  g e n e r a l l y  

complex: ' i nd iv idua l  zones tend  t o  be small and i r r e g u l a r ,  

through s e v e r a l  may occur i n  t h e  same gene ra l  a r ea ,  and be 

~ potassium-rich i n t r u s i v e  rocks and perhaps a l s o  wi th  chem- 

I 

2 )  

I economically v i a b l e  a s  a group. 

3 )  There are no obvious, simple zon ing .pa t t e rns  shown by t h e  

mine ra l i za t ion  o r  a l t e r a t i o n  i n  most a r e a s ;  neve r the l e s s ,  

a l t e r a t i o n  associated with mine ra l i za t ion  is  commonly wide- 

spread. 

The a l t e r a t i o n  mineral  'assemblages a r e  c h a r a c t e r i s t i c a l l y  

a l k a l i  (Na,K) and calcium-rich: a l k a l i  f e ldspa r ,  b i o t i t e ,  

sericite, carbonate ,  s c a p o l i t e ,  diopside-hedenbergite,  etc, 

4 )  

. '  

Recent ly  a s tudy  of  John Gunton of Queen's Univers i ty  has  shown 

l a r g e  s c a l e  chemical p a t t e r n s  i n  t h e  Copper Mountain-Ingerbelle Area 

which appear t o  be due t o  a l t e r a t i o n  associated wi th  ore. 

e r y ' o f  t h e s e  chemical patterns sugges t  t h a t  perhaps t h e r e  are,  i n  fact, 

zonal  p a t t e r n s  i n  t h e  a l t e r a t i o n  and subeconomic mine ra l i za t ion  which 

occurs nea r  t h e  ore. 

The discov- 

But some ambiguity remains i n  t h e  i n t e r p r e t a t i o n 1  
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for example, it is n o t  c l e a r  which of t h e  chemical p a t t e r n s  a r e  due t o  

mine ra l i za t ion  and a l t e r a t i o n ,  and which of t h e s e  are r e l a t e d  d i r e c t l y  

wi th  ore-forming, i n  c o n t r a s t  t o  non-oreforming events  (pre- or post-ore 

t h e  chemical changes r e s u l t i n g  from a l t e r a t i o n ,  it is d i f f i c u l t  t o  be 

sure t h a t  t h e  p a t t e r n s  found by Gunton do n o t ,  a t  l e a s t  i n  p a r t ,  reflect  

some type  of d i s t i n c t i v e  l i t h o l o g y  which pre-dates  t h e  ore ,  i.e., perhaps 

a . p i l e  o f  a l k a l i - r i c h  volcanic  rocks  which were chemical ly  l i k e  t h e  . 

a l k a l i - r i c h ,  s i l i ca -poor  i n t r u s i o n s  (Lost Horse) from which the.  ore was 

metasomatism along f a u l t s , ' e t c , ) .  i Without being s u r e  <if t h e  na tu re  of 

, _ _ _ _  - - - - - . - -  

.I 

apparent ly  der ived ,  ' I  
$ .  I 

! 

It is suggested t h a t  a s p e c i f i c  s tudy  of t h e  chemistry and geometry 

of t h e  mine ra l i za t ion - -a l t e r a t ion  would go a long way towards answering 
some of t h e s e  ques t ions ,  and might provide va luable  exp lo ra t ion  c r i t e r i a  b 

for  ore i n  t h e  a rea ,  and t h e  same ore type  i n  s i m i l a r  a r e a s  throughout 

f . BDC, 
. I  * 8 '  

Research Approach 

Background: Epigenet ic  o r e  d e p o s i t s  l i k e  those  a t  Pr ince ton  are . .  

. .. 

t h e  r e s u l t  of t h e  r e a c t i o n  of magmatically-derived s o l u t i o n s  w i t h  wa l l  

rocks, 
. .. 

. . The ore-deposi t ing process can be def ined  i n  terms of a gene ra l  

. .  
chemical r e a c t i o n  a s  follows: 

! 

. .  I 

hydrothermal s o l u t i o n  + unal te red  rocks --&altered and 

minera l ized  rocks  

I' , :. + changed hydrothermal s o l u t i o n ,  
;$ 
.I * I  

i 
The c h a r a c t e r  of t h e  a l t e r a t i o n  and mine ra l i za t ion  a t  any one p o i n t  

i n  t h e  zone of depos i t ion ,  a t  any one t i m e ,  is  c o n t r o l l e d  by t w o  types  

of processes: 

of o r i g i n  of  t h e  s o l u t i o n  and (b) 

rocks i n  t h e  channelway below t h e  p o i n t  i n g e s t i o n .  

p o i n t s  and a l l  times, t h e  "so lu t ion"  on t h e  l e f t  hand side' of t h e  equat ion 

(a) e q u i l i b r i a  between t h e  s o l u t i o n  and magma a t  t h e  p o i n t  

any r e a c t i o n  between s o l u t i o n s  and 

i. 
i 

For v i r t u a l l y  a l l  
I ,  

. will be "changed" hydrothermal s o l u t i o n ,  due t o  i ts  previous  r e a c t i o n  wi th  

, . .. , . . . 
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type  ( i n  p a r t  due t o  a l t e r a t i o n  of  t h e  rock by previous  increments of 

s o l u t i o n  which have passed t h e  r e fe rence  p o i n t ) ,  a s  w e l l  a s  temperature 

and pressure , .  it is no wonder t h a t  t h e  p a t t e r n s  of "altered and miner- 

a l i z e d  rock" i n  an a r e a  of o re  depos i t ion  may be complicated,  

t h e  s i t u a t i o n  i s  normally saved by. t h e  f a c t  t h a t  changes tend t o  be 

gradual  and sys temat ic ,  bo th  a t  source (due t o  magma-solution e q u i l i b r i a  

during t h e  progress ive  s o l i d i f i c a t i o n  of t h e  magma) and i n  ' the  zone of .. 

depos i t ion  (due t o  t h e  prcgress ion  a l t e r a t i o n  of t h e  s o l u t i o n s ,  by r e a c t i o n  

wi th  wa l l  rocks ) ,  

However, 

The essence of the 'problem,  i n  t r y i n g  t o  understand and ana lyse  a 

complex s i t u a t i o n  l i k e  Inge rbe l l e ,  i s  t o  sepa ra t e  t h e  effects of solu-  

t i o n s  which pass  through a given r e fe rence  p o i n t ,  i,e., a given p a r t  

of t he  ore zone, a t  d i f f e r e n t  times. 

d e f i n e  t h e  course  of s o l u t i o n  (and r o c k )  a l t e r a t i o n  due t o  the  progress ive  

r e a c t i o n  of t h e  s o l u t i o n  with wa l l  rocsk  a t  e s s e n t i a l l y  one t i m e ,  and t h e n  

compare t h i s  with.sequences produced a t  o t h e r  t i m e s .  

solut ion-rock r e a c t i o n  a t  one t i m e  ( i ,e . ,  one type  of s o l u t i o n  being fed  

i n t o  t h e  system'from t h e  magma) can be determined both from l a r g e  sca le  

minera logica l  zoning p a t t e r n s ,  and from the  changes i n  t h e  mineralogy 

and chemistry of t h e  rocks  o u t  from f r a c t u r e s ;  t h e r e  may be some differ-  

ences  i n  t h e  p a t t e r n s  developed on these  two s c a l e s ,  b u t  i n v a r i a b l y  

I n  o the r  words, it is necessary t o  

. . . 

The effect of 

t h e  d e t a i l e d  and c a r e f u l  s tudy  of smal l  s c a l e  p a t t e r n s  provides  inva l -  

uable  c l u e s  t o  t h e  i n t e r p r e t a t i o n  of  l a r g e  s c a l e  p a t t e r n s ,  

- General Approach: The bas i c  approach i n  a l t e r a t i o n  s t u d i e s ,  as first 

c l e a r l y  set  o u t  and practiced by S a l e s  and Meyer i n  t h e i r  s tudy  of  

B u t t e ,  Montana, is as follows. 

.1) Define,  on t h e  b a s i s  of gene ra l  appearance and mineralogy, 

. t a k i n g  care t o  determine l o c a l  age r e l a t i o n s  (c ross -cu t t ing  

r e l a t i o n s h i p s )  of t h e  types ,  any a s s o c i a t i o n  of minera l iza t ion-  

a l t e r a t i o n  types  wi th  p a r t i c u l a r  h o s t  rocks  types ,  any p a t t e r n s  

of preferred orientation, etc ,  

Determine i n  t h e  l abora to ry  t h e  chemical and minera logica l  

c h a r a c t e r  of t h e  a l t e r a t i o n  types ,  with p a r t i c u l a r  emphasis 

I and map t h e  d i s t r i b u t i o n  of  t h e  var ious  a l t e r a t i o n  types ,  

I .  

2 )  
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on any changes i n  chemistry and mineralogy o u t  from a l t e r -  

a t i o n  c e n t e r s  ( e i t h e r  on t h e  s c a l e  of an ind iv idua l  ve in ,  

and/or on t h e  s c a l e  of t h e  map), 

3) From t h e  s p a t i a l  and temporal minera logica l  p a t t e r n s ,  deduce a 

model f o r  t h e  change i n  s o l u t i o n s  (a )  at source due t o  magma- 

. s o l u t i o n  e q u i l i b r i a  and (b) i n  t h e  zone of depos i t i on  due t o  

so lu t ion-wal l  rock e q u i l i b r i a .  

4 )  U s e  t h i s  pre l iminary  model t o  d i r e c t  t h e  search  f o r  more subtle 

minera logica l  and chemical p a t t e r n s  i n  t h e  rocks ,  

I .  

- 
', Proqress:  I n  Ju ly ,  1973, a map was made on a sca le 'o f '1" :10Og of p a r t  

o f  t h e  p i t ,  and s e v e r a l  key d r i l l  ho le s  logged and s a m p l d  

100-samples  w e r e ' c o l l e c t e d  and a r e  p r e s e n t l y  being prepared f o r  pe t ro-  

chemical s tudy ,  The work done so' f a r  has  n o t  added i n  any s i g n i f i c a n t  

way t o  t h e  understanding of t h e  geology of t h e  depos i t ,  though it is 

f e l t  t h a t  p i t  mapping has  helped s u b s t a n t i a l l y .  i n  def in ing  t h e  broader 

f e a t u r e s , o f  t h e  a l t e r a t i o n .  This  is  s i g n i f i c a n t  i n  a s  much a s  one 

Approximately 

of t h e  major problems i n  t h e  a r e a  is  t o  see t h e  genera l  over -a l l  p i c t u r e  

through t h e  i n c r e d i b l e  complexity of d e t a i l .  

. 

. win te r ;  nex t  summer, more p i t  mapping w i l l  be done, b u t  t h e  primary 

P l a n  f o r  1974: The s tudy  of t h e  samples w i l l  be completed during t h e  ' 

.*focus of t h e  f i e l d  work w i l l  probably be on logging t h e  d r i l l  core .  
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