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INTRODUCTION: 

T h i s r e p o r t i s the r e s u l t of an i n v e s t i g a t i o n of a 

m i n e r a l i z e d a l t e r a t i o n zone which was i n t e r s e c t e d durinsr 

d i a m o n d - d r i l l sampling of a g r a n i t i c stock, The stock i s 

l o c a t e d south of Tc h e n t l o l a k e , c e n t r a l B.C. (see map, 

f i g . 1 . ) . 

The area, i s being eyplored f o r copper-sulphide ore-

bodies by N.B.C. Syndicate and samples were obtained from 

the s i t e by the w r i t e r , when i n the employ of t h i s s y n d i 

c a t e , i n August, 1 9 7 0 . 

AIM: 

The o b j e c t of t h i s i n v e s t ! prat ion was to acquaint the 

w r i t e r with the X-ray d i f f T a c t o m e t e r i n d e n t i f i c a t i o n of 

mine^als; s p e c i f i c a l l y , the cl a y m i n e r a l s formed as a 

r e s u l t of hydrothermal s i t e r a t i o n . 11 was f u r t h e r intended 

t h a t a r i g o r o u s assignment of an hydrothermal a l t e r a t i o n 

" f a c i e s " could then be made. 



Scale { one incA ~ one At/ndt~ec/ /we*fy five 

MOW 



GPIOLOGYt 

G e n e r a l : 

The s t o c k i s about 1 0 m i l e s l o n g and 2 m i l e s wide. 

The o u t c r o p exposure i s poor ( l e s s th en If ) but a 

number o f g r a n i t i c phases a r e i n d i c a t e d which range i n 

c o m p o s i t i o n from d i o r i t i c t o g r a n i t i c ( t r u e g r a n i t e ) . 

The s t o c k i n t r u d e s r o c k s o f the T a k l a Group which 

are l o c a l l y exposed as a n d e s i t e s and b a s a l t s w i t h l e s s e r 

amounts o f more a c i d i c v o l c a n i c s and some sedimentary 

r o c k s o 

H o l e J-2: 

T h i s diamond d r i l l h o i e i s l o c a t e d as i n d i c a t e d i n 

f l g o 2 D The h o l e was c o l l a r e d i n o u t c r o p o f massive 

d i o r i t e and extended to 2 0 ^ - r e e t , i n c l i n e d a t ^ 5 ° to th e 

v e r t i c a l • An a l t e r a t i o n zone b e a r i n g c h a l c o p y r i t e was 

i n t e r s e c t e d a t 8 ? f e e t from s u r f a c e . The zone extended 

f o r 12- f e e t and the c o n t a c t s w i t h f r e s h r o c k a t the 

margins are v e r y sharp ( l e s s than 1 i n c h ) 0 

The samples s t u d i e d are from the f r e s h - r o c k margin 

and from wi t h i n th e a l t e r a t i o n zone. They are d e s i g n a t e d 

a s ; J - 2 / 8 0 , 6 M ( f r e s h r o c k ) , J - 2 / 9 8 ' ( u n r a i n e r a l i z e d , 

a l t e r e d r o c k ) , and J-2/89 1 ( m i n e r a l i z e d , a l t e r e d rock)„ 



PETROGRAPHY: 

J-2/80 f6": (handspecimen) 

The r o c k i s c a l l e d "grey d i o r i t e " . I t c o n t a i n s 

l e s s than 10$ q u a r t z by handlens e s t i m a t e and i s 

dominated by the c l e a r t o w h i t e p l a g i o c l a s e which 

c o n s t i t u t e s about 60% of the r o c k . The p l a g i o c l a s e i s 

zoned and e u h e d r a l t o s u b - h e d r a l . P i n k K - f e l d s p a r i s 

sometimes e v i d e n t but o c c u r s i n s m a l l q u a n t i t i e s . 
T • --v 

B i o t i t e and horn b l e n d e make up 30% of the r o c k w i t h 

the b i o t i t e : h o r n b l e n d e r a t i o b e i n g about 1 : 3 * 3|>hene 

and m a g n e t i t e each make up about \% o f t h e r o c k a t most. 

( t h i n s e c t i o n ) 

Mode: D e s c r i p t i o n : 

plag.{ An^Q) 60f The p l a g i o c l a s e i s g e n e r a l l y 

h o r n . 20/ e u h e d r a l and e x h i b i t s c o n c e n t r i c 

b i o t . 10? z o n i n g ( n o r m a l ) . The range of 

q r t z . 5% p l a g . c o m p o s i t i o n appears to be 

magt. If from Angg to An^^. The g r a i n s i z e 

sphn. If- f o r a l l phases except m a g n e t i t e & 

K-spo < 5% sphene ranges from about 1mm t o 

4mm w i t h an average about Jrzm. 

M a g n e t i t e and shene e x h i b i t a s m a l l 

range about an average o f 1mm. 



J-2/89 1:(handspecimen) 

T h i s r o c k i s c a l l e d " g r e e n i s h - g r e y d i o r i t e " The 

p l a g i o c l a s e i s g r e e n i s h t o m i l k y w h i t e and the r o c k has 

l o s t the p a n i d i o m o r p h i c t e x t u r e of the p r e v i o u s l y 

d e s c r i b e d u n a l t e r e d sample. H e m a t i t e has r e p l a c e d magnetite 

and c a l c i t e i s i n t i m a t e l y a s s o c i a t e d w i t h c h l o r i t e . The 

c h l o r i t e ( l i g h t , "washed-out" green) i s a f t e r b i o t i t e and 

h o r n b l e n d e , p a r t i c u l a r l y t h e l a t t e r . 

The c h a l c o p y r i t e and p y r i t e b l e b s a r e i r r e g u l a r i n 

shape and a r e i n t i m a t e l y a s s o c i a t e d w i t h the m a f i c s i t e s . 

The r a t i o o f c h a l c o p y r i t e t o p y r i t e f o r t h i s r e p r e s e n t a t i v e 

sample i s 1:3 and the s u l p h i d e s c o n s t i t u t e about 5% o f 

the rocko 

( r e f l e c t i v e m i c r o s c o p y ) 

P y r i t e and c h a l c o p y r i t e g r a i n s range i n s i z e from 

e x s o l u t i o n b l e b s o f c h a l c o p y r i t e i n p y r i t e o f l e s s than 

0.01mm,to p y r i t e masses o f g r e a t e r than Jmm. The g r a i n 

shapes a r e v e r y i r r e g u l a r b u t show c o n s t a n t a s s o c i a t i o n 

w i t h the m a f i c m i n e r a l a l t e r a t i o n p r o d u c t s , and a r e i n 

f a c t r e p l a c i n g them i n many i n s t a n c e s . The sphene i n Jre, /#* 

t h i s s e c t i o n has been a-ltered t o l e u c o x e n e . 

Some t w i n n i n g i n c h a l c o p y r i t e i s observed but i s 

not common. 



J - 2 / 9 8 1 : (handspecimen) 

T h i s r o c k i s c a l l e d "green a l t e r e d d i o r i t e " i n which 

the p l a g i o c l a s w has been s e r i c i t i z e d and i s now green i n 

c o l o u r w i t h , i n some c a s e s , a w h i t e rim„ T h i s specimen 

shows no magnetic r e s p o n s e to a suspended magnet. B l o t i t e 

i s p r e s e n t but i s d i f f e r e n t i n c h a r a c t e r from t h a t i n the 

f r e s h r o c k . W h i l e the f r e s h r o c k c o n t a i n s black-p-reen 

b i o t i t e , the b i o t i t e i n t h i s specimen i s green i s h - b r o w n . 

( t h i n s e c t i o n ) 

The most s t r i k i n g f e a t u r e o f t h i s s e c t i o n i s the 

h e a v i l y s e r i c i t i z e d p l a g i o c l a s e w i t h some e p i d o t e . G a l c i t e 

v e i n l e t s a r e seen i n some s e c t i o n s . The b i o t i t e appears 

t o be more " s t r i n g y 1 1 i n appearance and i s o p p i c a l l y l e s s 

u n i f o r m i n some s e c t i o n s than i n o t h e r s (secondary b i o t i t e ) , 



CLAY MINERAL IDENTIFICATION BY USE OF THE 

X-RAY DIFFRACTOMETEE. 

PROCEDURE: 

1. C r u s h i n g : 

A p p r o x i m a t e l y 5g« °f r o c k sample was crushed w i t h 

a mortar and p e s t l e . In o r d e r t o p r e v e n t o v e r g r i n d i n g the 

cru s h i n gs were f r e q u e n t l y s i eved through a -110 mesh s c r e e n . 

The u n s i e v e d segment was r e t u r n e d t o the morta r and r e -

crus h e d . 

2. S u s p e n s i o n : 

The crushed sample was p l a c e d i n a 100ml. beaker 

and s t i r r e d i n a 5cm column o f d i s t i l l e d w ater. A f t e r 30 

seconds the s u p e r n a t a n t l i q u i d was c a r e f u l l y e x t r a c t e d by 

p i p e t a n d p l a c e d i n a c l e a n c e n t r i f u g e t u b e . T h i s s u s p e n s i o n 

c o n t a i n e d the s i l t and c l a y s i z e f r a c t i o n s . 

3. C e n t r i f u g e : 

The s i l t p l u s c l a y s u s p e n s i o n was c e n t r i f u g e d a t 

1250 rpm f o r 3 m i n u t e s . T h i s l e f t the c l a y s i z e f r a c t i o n , 

( l e s s than 2 m i c r o n s ) i n s u s p e n s i o n . The s u p e r n a t a n t l i q u i d 

was t h e n poured i n t o a second c l e a n c e n t r i f u g e tube and 

c e n t r i f u g e d f o r a f u r t h e r 3 minutes a t 206.5 rpm. 

4 0 3 1 i d e Mount: 

Two s l i d e mounts were made from t h e f r a c t i o n brought 

out o f s u s p e n s i o n as a r e s u l t of the second c e n t i f u g i n g 

d e s c r i b e d above.. \ A s l u r r y was made and o r i e n t e d samples 

( o o l b a s a l s e c t i o n s ) were o b t a i n e d by p l a c i n g drops of 

s u s p e n s i o n on the s l i d e and a l l o w i n g them t o d r y . T h i s 

p r o c e s s was r e p e a t e d u n t i l the s l i d e was opaque. 



5 . G l y o o l a t i o n : 

One of t h e two s l i d e s (above) was p l a c e d i n a 

c l o s e d c o n t a i n e r of e t h y l e n e g l y c o l f o r 12 hours and k e p t 

i n t h i s c o n t a i n e r u n t i l i m m e d i a t e l y p r i o r t o mounting i n 

the x - r a y goniometer s h a f t . 

6 . Heat Treatment: 

A f t e r r u n n i n g the u n t r e a t e d s l i d e i n t h e d i f f T a c t 

ometer t h e s l i d e was removed and p l a c e d i n a m u f f l e f u r n a c e 

f o r 6 hours a t 5 0 0°C. 

?. A c i d Treatment: 

The r e m a i n i n g s u s p e n s i o n (1 e f t a f t e r the p r e p a r a t i o n 

of the s l i d e s i n s4» (above) ) was made up to a 6N s o l u t i o n of 

HG1 and was b o i l e d f o r 1 hour* A s l i d e was made from the 

c o o l e d suspensions f o l l o w i n g the p r o c e d u r e i n 4 0 ( a b o v e ) . 

A l l the pre p a r e d s l i d e s were run i n the d i f f T a c t o m e t e r 

a t 2° 29 per minute. 



RESULTS: 

I n a l l u n t r e a t e d samples the presence o f q u a r t z , 

p l a g i o c l a s e f e l d s p a r , and i l l i t e group ( " b i o t i t e , s e r i c i t e ) 

was n o t e d . I n the u n t r e a t e d s l i d e f o r J-2/80'6" the d i s t i n c t 

i v e peaks f o r amphibole were noted whereas t h e s e were absent 

i n a l l o t h e r s l i d e s . I n the u n t r e a t e d samples from a l t e r e d 

r o c k t h e presence of a l b i te was i n d i c a t e d and peaks f o r 

c a l c i t e were q u i t e s t r o n g . 

I n d i f f r a c t o g r a m s from g l y c o l a t e d samples the presence 

of m o n t m o r i l l o n i t e i s i n d i c a t e d i n J-2/89 1 and J-2/98 1 but 

no t from the f r e s h r o c k sample J-2/80'6". 

Heat t r e a t e d and a c i d t r e a t e d s l i d e s produce d i f f r a c t o -

grams t h a t i n d i c a t e the absence of k a o l i n ! t e . 

No z e o l i t e m i n e r a l s were d e t e r m l r e J to be p r e s e n t i n 

any of th e samples. 

DI3CUS5I0K 0? RESULTS: 

Sine *; 3 h l o r i t e was observed t o be stab!e i n the a l t e r e d 

scecime" 1" the r o c k s were assumed to i n e i t h e r the 

p r o p y l i t i c c" A n t e r m e d i a t e - a r g l l l i c " **aci es" , or botho 

I t was c o n s i d e r e d s u f f i c i e n t , t h e r e f o r e , t o i d e n t i f y the 

becomes ar;"oarent when c o n s i d e r i n g " the f o l l o w i n g dia"""",anc; 

Meyer and Kemley ( 1 9 ^ 7 ) • * • 



A/a /f No.K 

Propy1itic assemblages 

c/oys 

C . 

I n t e r m e d i a t e A r g i l l i c assemblages 

As Meyer and Kemley p o i n t out, the use of th e s e 

ACF AKF i s merely p i c t o r i a l ; chemical e q u i l i b r i u m amount 

the phases r e p r e s e n t e d i s n o t n e c e s s a r i l y i m p l i e d . 

I t i s n o t e d t h a t workers a t UBC i n t e r e s t e d i n 

h y d r o t h e r m a l a l t e r a t i o n assemblages, and t h e i r e x p r e s s i o n 

i n x - r a y d i f f r a c t o g r a m s , g e n e r a l l y f o l l o w p r o c e d u r e s 

o u t l i n e d by c l a y m i n e r a l s p e c i a l i s t s whose prime a l l e g i a n c e 

i s t o s o i l s c i e n c e and s e d i m e n t o l o g y . 'The s t e p s i n c l u d e d 

by such s p e c i a l i s t s t h a t r e q u i r e hom . o i o n i 2 a.tion were 1 

omfoitted i n t h i s study s i n c e t h e c l a y m i n e r a l s o n l y came 

i n t o c o n t a c t w i t h d e - i o n i z e d w a t e r . F l o c u l a t i o n p r o c e d u r e s 

were a l s o omfyitted s i n c e t h i s s tep d i d not produce samples 

t h a t gave s e n s i b l y d i f f e r e n t d i f f r a c t o g r a m s from those 

samples from which c l a y s were c e n t r i f u g e d from s u s p e s i o n . 

When d e a l i n g w i t h l.arre numbers o f samples f l o c u l a t i o n i s 

p r o b a b l y more c o n v e n i e n t than c e n t r i f u s i n g . . 

Kaolinite—4-s—44e»tif4-e4-^by--the f a o t t h a t the a o i d 

fe^ate4---&f^pl^--gl^wg---a-r-€iTin an t^§ak^-jja- the ? A—chl-or-11 e—• 

k a o l i n i - % e - - s - i t c on tho figure which f o l l o w s . 

http://hom.oioni2a.tion


A a m p h i b o l e 
K k a o l i n i t e 
I i l l i t e - s e r i c i t e 
M m o n t m o r i l l o n i t e 
F f e l d s p a r 
Q q u a r t z 

C , K A I C M 

13 3.5 4.3 4.7 5 7 10 14 17 A 
— i i 1 1 1 1 — — i • > 



K a o l i n i t e i s i d e n t i f i e d by the f a c t t h a t the a c i d 

t r e a t e d sample shows a remnant peak at the ? A s i t e 

i n d i c a t e d i n the " s e l e c t e d d i f f r a c t o g r a m s " f i g u r e , ftote 

t h a t the s u b s t a n t i a l peak which appeared a t t h i s s i t e i n 

the u n t r e a t e d samples ( a t t r i b u t e d mainly to the presence 

of c h l o r i t e ) has disappeared. The c h l o r i t e s t r u c t u r e has 

been destroyed by the b o i l i n g a c i d o 

The presence of m o n t m o r i l l o n i t e i s i n d i c a t e d by the 

f a c t t h a t the d i f f r a c t o g r a m s f o r g l y c o l a t e d samples i n d i c a t e 
0 

a new, broad peak about the 1? A s i t e . T h i s i n d i c a t e s t h a t 

the 14 A l a y e r ha.s been expanded, and hence e x p l a i n s t h e ^ 

lower i n t e n s i t y of the 14 A peak i n g l y c o l a t e d samples which 

c o n t a i n m o n t m o r i l l o n i t e . 

In heated samples the presence of k a o l i n i t e cannot 

be confirmed s i n c e h e a t i n g d e s t r o y s the c r y s t a l s t r u c t u r e . 

The b a s a l spacing i n the smectite group, which i n c l u d e s 
u 

m o n t m o r i l l o n i t e , c o l l apses to approximately 9 . 5 A but t h i s 

peak was not p o s i t l v e l y a t t r i b u t e d to m o n t m o r i l l o n i t e s i n c e 

i t was masked by i l l i t e group peaks. The c h l o r i t e peak at 

14 A d i d show some inc r e a s e s but because of i t s broad 

nature no c o n f i r m a t i o n of an expected s h i f t to 13.8 A was 

made. 

In u n t r e a t e d samples of a l t e r e d rock the presence of 

a l b i t e was s u b s t a n t i a t e d by the appearance of a medium 

i n t e n s i t y peak at 1 3 . 8° 20 



CONCLUSIONS: 

The m i n e r a l assemblage; c h l o r i t e , e p i d o t e , c a l c i t e 

b i o t i t e , s e r i c i t e , h e m a t i t e and m o n t m o r i l l o n i t e , t o g e t h e r 

w i t h the absence o f d e t e c t a b l e amounts o f k a o l i n i t e , 

s u g g e s t s a c o n f i d e n t assignment o f the a l t e r a t i o n zone to 
v 

t h e p r o p ^ l i t i c " f a d e s " of Meyer and Hemley can be made. 

I t i s not c l e a r whether the f o r m a t i o n of t h e p y r i t e 

and c h a l c o p y r i t e assemblage took p l a c e a t the same time 

as the above assemblage was f o r m i n g o r a t some l a t e r s t a g e . 

The r o c k i n the zone i s n o t w e l l f r a c t u r e d and i t i s 

suggested t h a t the zone r e p r e s e n t s a l a t e s t a g e ( d e u t e r i c ? ) 

a l t e r a t i o n p i p e . 
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