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Samples: 

4 d r i l l core samples, numbered 88-9 168.2m., 88-11 134.5m., 
88-14 209.35m. and 88-16 48.65m., f o r t h i n s e c t i o n i n g and 
p e t r o g r a p h i c examination. 

Summary: 

The samples from 88-9, 11 and 16 are a l l more or l e s s strongly-
a l t e r e d , p l a g i o c l a s e - r i c h i n t r u s i v e s . 88-9 i s a quartz d i o r i t e and 
88-11 and 16 are d i o r i t e s . 

88-9 and 88-16 show v a r i a b l e pervasive s e r i c i t i z a t i o n and 
c a r b o n a t i z a t i o n of p l a g i o c l a s e , and complete a l t e r a t i o n of mafics to 
carbonate and c h l o r i t e . They are a l s o a f f e c t e d by a v e i n i n g and 
i n t e r g r a n u l a r permeation s t y l e of carbonate a l t e r a t i o n . 

88-11 i s more i n t e n s e l y a l t e r e d , with complete pe r v a s i v e replacement 
of p l a g i o c l a s e as w e l l as m a f i c s . As with the other rocks, a 
superimposed v e i n l e t phase of carbonate and minor quartz a l t e r a t i o n 
i s p resent. The carbonate i s weakly r e a c t i v e to d i l u t e a c i d and i s 
probably a mixture of c a l c i t e and dolomite. 

The rocks appear l a r g e l y undeformed. No evidence of a l b i t i z a t i o n was 
seen. 

The sample from 88-14 i s of d i f f e r e n t type and unknown o r i g i n . I t 
i s a g r a n u l a r aggregate of d i o p s i d e , veined and permeated by 
t r e m o l i t e and minor c h l o r i t e . 

I n d i v i d u a l petrographic d e s c r i p t i o n s are attached. 

(phone: 929-5867) 
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Sample 88-9 168.2m. ALTERED QUARTZ DIORITE 

E s t i m a t e d mode 

P l a g i o c l a s e 
Quartz 

S e r i c i t e 
Carbonate 
C h l o r i t e 
R u t i l e ) 

Leucoxene) 
P y r i t e 

A r s e n o p y r i t e ( ? ) 

50 
22 
3 

20 
2 

t r a c e 
t r a c e 

3 

T h i s r o c k i s a medium-grained q u a r t z d i o r i t e showing l o c a l i z e d 
s t r o n g a l t e r a t i o n . 

I t c o n s i s t s e s s e n t i a l l y of a r a t h e r e q u i g r a n u l a r , b l o c k y , a n h e d r a l 
i n t e r g r o w t h , of g r a i n s i z e 0.5 - 2.0mm, made up o f p l a g i o c l a s e 
w i t h abundant a c c e s s o r y q u a r t z . The l a t t e r o c c u r s as e v e n l y 
i n t e r g r o w n , i n d i v i d u a l g r a i n s as w e l l as some c o a r s e , p o ckety 
s e g r e g a t i o n s . 

The p l a g i o c l a s e t y p i c a l l y shows weak p e r v a s i v e a l t e r a t i o n i n the 
form of l i g h t d u s t i n g s of s e r i c i t e and an o v e r a l l brownish 
( a r g i l l i c ? ) t u r b i d i t y . 

O r i g i n a l m a f i c s , o c c u r r i n g as s m a l l g r a i n s and networks i n t e r s t i t i a l 
t o t he q u a r t z / p l a g i o c l a s e a g g r e g a t e , are now t o t a l l y a l t e r e d t o 
i n t e r g r o w t h s of f i n e - g r a i n e d , brown c a r b o n a t e , c h l o r i t e , s e r i c i t e 
and sub-opaque r u t i l e / l e u c o x e n e (rims and s k e l e t a l clumps) i n 
v a r i o u s p r o p o r t i o n s . T h e i r o r i g i n a l c h a r a c t e r i s t o t a l l y o b s c u r e d , 
but they were p r o b a b l y m a i n l y b i o t i t e . 

The r o c k i s a f f e c t e d by a l a t e - s t a g e a l t e r a t i o n c o n s i s t i n g of 
i r r e g u l a r , c r o s s - c u t t i n g zones of v e i n i n g and replacement by 
c a r b o n a t e , w i t h minor a s s o c i a t e d q u a r t z . Some of these appear t o be 
i n t he n a t u r e of l o c a l i z e d zones of g r a n u l a t i o n . The car b o n a t e 
a l t e r a t i o n a l s o p e n e t r a t e s e x t e n s i v e l y a l o n g g r a i n b o u n d a r i e s and 
i n c i p i e n t m i c r o b r e c c i a networks throughout the q u a r t z / p l a g i o c l a s e 
a g g r e g a t e . 

The r o c k c o n t a i n s s c a t t e r e d i n d i v i d u a l g r a i n s of p y r i t e (and 
a r s e n o p y r i t e ? ) , 0.1 - 0.3mm i n s i z e . These show no apparent 
r e l a t i o n s h i p t o the zones of carb o n a t e p e r m e a t i o n . 



Sample 88-11 134.5m. ALTERED DIORITE 

E s t i m a t e d mode 

Carbonate 
C h l o r i t e 
A p a t i t e 
R u t i l e ) 

Opaques) 

Quartz 
S e r i c i t e 

10 
15 
57 
18 
t r a c e 
t r a c e 

T h i s i s an i n t e n s e l y a l t e r e d r o c k whose o r i g i n can o n l y be i n f e r r e d 
from r e l i c t t e x t u r a l f e a t u r e s and comparison w i t h o t h e r samples of 
the s u i t e . 

I t i s i n t e r p r e t e d as an a l t e r e d d i o r i t e . 

A r e l i c t , b l o c k y , s u b - p r i s m a t i c f a b r i c , on the s c a l e 0.5 - 2.0mm, i s 
r e c o g n i z a b l e . T h i s a p p a r e n t l y c o n s i s t e d p r i n c i p a l l y of an 
i n t e r g r o w t h of p l a g i o c l a s e and one or more m a f i c s i l i c a t e s ( p r o b a b l y 
h o r n b l e n d e ) . The p l a g i o c l a s e i s t o t a l l y a l t e r e d t o m i n u t e l y 
f i n e - g r a i n e d , compact s e r i c i t e and c a r b o n a t e , and t h e m a f i c s t o a 
f e a t h e r y / l a m e l l a r i n t e r g r o w t h of brown c a r b o n a t e and c h l o r i t e . 

Q u artz i s seen as s c a t t e r e d p o c k e t s i n the a l t e r e d m a t r i x . I t shows 
a n g u l a r / i r r e g u l a r , s u b - g r a p h i c o u t l i n e s c l e a r l y i n d i c a t i v e of i t s 
o r i g i n as an i n t e r g r o w n a c c e s s o r y i n a f e l d s p a t h i c igneous 
a g g r e g a t e . 

Rare t i n y a p a t i t e euhedra a l s o s u r v i v e as remnant p r i m a r y 
c o n s t i t u e n t s . 

The i n t e n s e a l t e r a t i o n of t h i s r o c k appears t o be l a r g e l y of a 
p e r v a s i v e , n o n - s t r u c t u r a l c h a r a c t e r . However, t h e s l i d e a l s o 
i n c l u d e s some s u b - p a r a l l e l v e i n l e t s (0.05 - 1.0mm t h i c k ) of 
ca r b o n a t e and q u a r t z which l o c a l l y merge w i t h t h e areas of s t r o n g 
p e r v a s i v e c a r b o n a t i o n . 



Sample 88-14 209.35m. 

E s t i m a t e d mode 

C l i n o p y r o x e n e 
T r e m o l i t e ( ? ) 

C h l o r i t e 
Sub-opaque a l t e r a t i o n 

65 
25 
5 
5 

T h i s sample i s composed e s s e n t i a l l y of an a n h e d r a l aggregate of 
c l i n o p y r o x e n e , of g r a i n s i z e 0.5 - 2.0mm. T h i s i s s t r o n g l y pervaded 
by a b r o w n i s h , t urbid/sub-opaque a l t e r a t i o n ( l e u c o x e n e ? ) which tends 
t o obscure any t e x t u r a l d e t a i l s . J u d g i n g from i t s c o l o u r i n hand 
specimen, t h e pyroxene i s p r o b a b l y d i o p s i d e . 

The d i o p s i d e aggregate i s t r a v e r s e d by i r r e g u l a r v e i n l e t s and 
replacement zones of a c o l o u r l e s s , f i b r o u s t o f e l t e d m i n e r a l of 
s i m i l a r b i r e f r i n g e n c e t o the pyroxene. T h i s g e n e r a l l y shows a 
somewhat i n c l i n e d e x t i n c t i o n , and i s t e n t a t i v e l y i d e n t i f i e d as 
t r e m o l i t e . T h i s m i n e r a l i s a l s o seen as s p o r a d i c areas of g r a n u l a r 
i n t e r g r o w t h i n the pyroxene. 

The o n l y o t h e r component i s c h l o r i t e , as s c a t t e r e d , i n t e r g r o w n 
f l a k e s , and as d i f f u s e s t r e a k s and pockets showing f i n e - g r a i n e d , f e l t 
a ggregate t e x t u r e . 

The o r i g i n of t h i s r o c k i s i n d e t e r m i n a t e from the p e t r o g r a p h i c 
e v i d e n c e . I t i s of t o t a l l y d i f f e r e n t type t o the o t h e r t h r e e r o c k s 
of t he s u i t e . I t c o u l d be an a l t e r e d u l t r a m a f i c ( p y r o x e n i t e ) or a 
c o n t a c t metamorphic zone of s k a r n i c a f f i n i t i e s . The t o t a l l a c k o f 
opaques o r carbonate i s a n o t a b l e f e a t u r e . 



Sample 88-16 48.65m. ALTERED DIORITE 

E s t i m a t e d mode 

P l a g i o c l a s e 
Quartz 

55 
8 
5 

26 
6 

S e r i c i t e 
Carbonate 
C h l o r i t e 

T h i s sample i s c l e a r l y r e c o g n i z a b l e , i n t h i n s e c t i o n , as a s t r o n g l y 
a l t e r e d i n t r u s i v e r o c k of d i o r i t i c c h a r a c t e r . 

The i n t e n s i t y of a l t e r a t i o n i s patch y , and t h e r e a r e s u b s t a n t i a l 
a r e a s c o n s i s t i n g of r e l a t i v e l y u n a l t e r e d ( m i l d l y t u r b i d ) 
p l a g i o c l a s e , as a c o a r s e , b l o c k y , a n h e d r a l aggregate of g r a i n s i z e 
0.5 - 4.0mm. The p l a g i o c l a s e has the c o m p o s i t i o n o f an d e s i n e . 

Q u a r t z , as a n h e d r a l aggregates of g r a i n s i z e 0.2 - 2.0mm, o c c u r s as 
an i n t e r g r o w n a c c e s s o r y . I t s d i s t r i b u t i o n i s n o t a b l y s p o r a d i c , as 
s c a t t e r e d , p ockety s e g r e g a t i o n s . 

Much o f the p l a g i o c l a s e shows s t r o n g ( l o c a l l y almost complete) 
p e r v a s i v e a l t e r a t i o n t o f i n e - g r a i n e d c a r b o n a t e , sometimes w i t h more 
or l e s s i n t i m a t e l y i n t e r g r o w n s e r i c i t e . Carbonate a l s o o c c u r s 
f i l l i n g a system of c l o s e - s p a c e d , s u b - p a r a l l e l h a i r l i n e v e i n l e t s . 

The p r i m a r y m a f i c c o n s t i t u e n t appears t o have been hornblende. T h i s 
i s now t o t a l l y r e p l a c e d - o c c a s i o n a l l y w i t h pseudomorphic 
p r e s e r v a t i o n of the c h a r a c t e r i s t i c c l e a v a g e - by compact, brown 
c a r b o n a t e and i n t e r g r o w n c h l o r i t e . A few s t r e a k y areas i n which 
c h l o r i t e i s the dominant c o n s t i t u e n t p r o b a b l y r e p r e s e n t o r i g i n a l 
a c c e s s o r y b i o t i t e . 

The t y p i c a l t r a c e a c c e s s o r i e s o f d i o r i t e s , such as sphene, a p a t i t e 
and opaques, are n o t a b l y absent. 

A p a r t from the t r a c e r y of m i c r o f r a c t u r e s , the s t r o n g a l t e r a t i o n of 
t h i s r o c k appears t o have t a k e n p l a c e w i t h o u t a s s o c i a t e d b r e c c i a t i o n 
or d e f o r m a t i o n . 
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Samp l e : NN-1 88-18 30.50 m 

Summary: 

The r o c k i s a c r y p t o c r y s t a l l i n e c h e r t w h i c h was c u t by s e v e r a l 
s e t s o f v e i n s , i n p a r t w i t h c o n f l i c t i n g age r e l a t i o n s . These i n c l u d e 
t h e f o l l o w i n g i n o r d e r o f i n c r e a s i n g age ( o l d e s t t o y o u n g e s t ) : 

1) q u a r t z 
2) q u a r t z - c h l o r i t e - ( c h a l c o p y r i t e ) 
3) K - f e l d s p a r - ( c h l o r i t e - T i - o x i d e ) (may be e a r l i e r t h a n 2) 
4) q u a r t z - c h l o r i t e - T i - o x i d e 
5) q u a r t z - a l b i t e - ( c h l o r i t e ) 
6) c a l c i t e 

J o h n G. Payne 
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NN-1 88-18 30,50 m Chert cut by Veinlets ot several ages 
containing one or more of Quartz, C h l o r i t e , A l b i t e , Ti-oxide, 
K-feldspar and C a l c i t e , and a trace of Chalcopyrite and Pyrite 

The rock i s a c r y p t o c r y s t a l 1 i n e to extremely f i n e grained c h e r t 
c o n t a i n i n g minor c h l o r i t e . It i s cut by e a r l y v e i n s of q u a r t z , 
q u a r t z - ( c h l o r i t e ) , and K - f e l d s p a r , by l a t e r i r r e g u l a r seams of 
q u a r t z - c h l o r i t e - T i - o x i d e , and l a t e v e i n s of q u a r t z - a l b i t e - ( c h l o r i t e ) 
and of c a l c i t e . 

c h e r t 35-40% 
c h l o r i t e 0.3 
apatite(?)-opaque t r a c e 
ve i n s 
e a r l y q u a r t z - ( c h l o r i t e ) 8-10 
q u a r t z - c h l o r i t e 25-30 
K - f e l d s p a r - ( c h l o r i t e - T i - o x i d e ) 1 
q u a r t z - c h l o r i t e - T i - o x i d e 15-17 
q u a r t z - a l b i t e - ( c h l o r i t e ) 4- 5 
c a l c i t e 1- 2 

(brown veins) 

The host rock c o n s i s t s of c r y p t o c r y s t a l 1 i n e c h e r t ( g r a i n s i z e 
0.002-0.003 mm, with minor disseminated c h l o r i t e . An e a r l y 
i n c l u s i o n ( ? ) 0.8 mm long may be an a p a t i t e g r a i n c o n t a i n i n g very 
abundant dusty opaque. I t was s t r o n g l y segmented by e a r l y quartz 
v e i n l e t s . 

The rock was cut by a network of e a r l y quartz v e i n l e t s , ranging 
from wispy seams l e s s than 0.01 mm wide to v e i n l e t s averaging 0.03-0.1 
mm i n width. In these, quartz commonly i s o r i e n t e d p e r p e n d i c u l a r to 
v e i n w a l l s . Some of these v e i n l e t s c o n t a i n minor to moderately 
abundant c h l o r i t e . 

These grade t e x t u r a l l y i n t o somewhat l a t e r v e i n s and patches up 
to a few mm wide. These are dominated by very f i n e to f i n e grained 
quartz with minor to abundant i r r e g u l a r patches of very f i n e to f i n e 
g r ained c h l o r i t e . L o c a l l y quartz i s medium g r a i n e d . Textures 
commonly i n d i c a t e that these v e i n s were r e c r y s t a l 1 i z e d under s t r a i n . 
A few c o n t a i n s u b p a r a l l e l , elongate quartz g r a i n s up to 1.5 mm long, 
with s t r o n g l y s t r a i n e d e x t i n c t i o n and very i r r e g u l a r g r a i n borders 
(produced by r e c r y s t a l 1 i z a t i o n i n response to s h e a r i n g ) . A s s o c i a t e d 
with these, and p o s s i b l y of the same age or l a t e r are l e n s e s and 
v e i n l e t s of very f i n e grained c h l o r i t e . These are from 0.05-0.3 mm i n 
width. 

The host rock i s cut by v e i n l e t s up to 0.1 mm wide of very f i n e 
g r ained K - f e l d s p a r with minor c h l o r i t e and dusty semiopaque to opaque; 
these are l a t e r than the e a r l y quartz v e i n l e t s . 

Late v e i n s (brown i n hand sample) up to 3 mm wide (average 0.5-1 
mm) c o n s i s t of extremely f i n e g rained quartz (0.01-0.03 mm) with 
moderately abundant disseminated c h l o r i t e (0.005-0.01 mm) and T i - o x i d e 
(0.005-0.015 mm). T i - o x i d e a l s o forms a few lenses up to 0.05 mm wide 
and 0.3 mm long w i t h i n these v e i n s , commonly near and p a r a l l e l to 
t h e i r b o r d e r s . These v e i n s have moderately i r r e g u l a r , wavy o u t l i n e s , 
and commonly are somewhat b r a i d e d . They may be cut by v e i n l e t s of 
q u a r t z - a l b i t e - ( c h l o r i t e ) . 

Q u a r t z - a l b i t e - c h l o r i t e forms very f i n e to f i n e g rained v e i n s up 
to 0.2 mm wide. These grade t e x t u r a l l y i n t o the e a r l i e r 
q u a r t z - ( c h l o r i t e ) v e i n s ; however, deformation i s much l e s s i n t e n s e and 
v e i n o u t l i n e s sharper than those of the e a r l i e r v e i n s . 

(continued) 



NN-1 88-18 30.50 m (page 2) 

Late v e i n l e t s up to 0.2 mm wide c o n s i s t of f i n e to medium grained 
c a l c i t e , l o c a l l y p o s s i b l y with patches of quartz and c h l o r i t e . These 
are f r a c t u r e f i l l i n g v e i n l e t s , which are w e l l developed i n c h e r t , but 
commonly are weak or di s c o n t i n u o u s where they c r o s s c u t e a r l i e r quartz 
v e i n s . 

C h a l c o p y r i t e and l e s s e r p y r i t e form s c a t t e r e d anhedral g r a i n s 
averaging 0.0-2-0.05 mm i n s i z e . These occur mainly i n the 
q u a r t z - ( c h l o r i t e ) v e i n s , but a few g r a i n s a l s o are present i n the host 
rock and i n the q u a r t z - c h l o r i t e 0 - T o - o x i d e v e i n s . 


