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INTRODUCTION 

The Blue c l a i m  o f  20 u n i t s  w a s  s t a k e d  i n  J u n e  1 9 8 3  b e c a u s e  

o f  t h e  known o c c u r r e n c e  o f  s i g n i f i c a n t  c o p p e r - g o l d - s i l v e r  v a l u e s  

i n  f a v o r a b l e  a l t e r e d  h o s t  r o c k s .  

Accord ing  t o  p r e v i o u s  a s s e s s m e n t  r e p o r t s  and  d e s c r i p t i o n s  i n  t h e  

BCDM Annual E e p o r t s ,  work h a s  b e e n  c a r r i e d  on i n  t h e  B l u e  c l a i m  a r e a  

more o r  l ess  c o n t i n u o u s l y  s i n c e  1 9 6 7 ,  p r i n c i p a l l y  b y  KAZA Copper  

Mines L t d .  , Dynas ty  E x p l o r a t i o n s  L t d .  and  Oome Mines L t d .  E a r l i e r  

work h a s  i n c l u d e d  t h e  d r i l l i n g  o f  a t  l e a s t  1 2  s h o r t  d r i l l h o l e s  i n  

t h e  Main Shoiving b u t  no  o r e  r e s e r v e s  h a v e  b e e n  e s t a b l i s h e d  a n d  t h e r e  

is  no p u b l i s h e d  i n f o r m a t i o n  on  t h e  d r i l l i n g  r e s u l t s .  

T h i s  p r e s e n t  r e p o r t  i n v i e s t i g a t e s  t h e  d i f f e r e n t  r o c k s  e x p o s e d  

i n  t h e  Main Showing and  r e l a t e s  ICP g e o c h e m i c a l  a s s a y  v a l u e s  t o  t h e  

d i f f e r e n t  rock  t y p e s .  F u r t h e r  e x p l o r a t i o n  by g e o p h y s i c a l  means is 

recommended. 

LOCATION - ACCESS - TOPOGRAPHY 

The Blue  c l a i m  i s  l o c a t e d  a b o u t  30 k i l o m e t e r s  n o r t h  o f  B u l k l e y  

House a t  t h e  n o r t h  e n d  o f  T a k l a  Lake a t  an e l e v a t i o n  o f  a p p r o x i m a t e l y  

1000  m e t e r s .  

Access  is most  c o n v e n i e n t l y  g a i n e d  by h e l i c o p t e r  f r o m  Germanson 

Landing  96  k i l o m e t e r s  t o  t h e  east  o r  T a k l a  Land ing  40 k i l o m e t e r s  t o  

t h e  s o u t h .  

Much of  t h e  area i s  open  r o l l i n g  r o c k y  t e r r a n e  w i t h  r o c k  k n o l l s  

abou t  25 m e t e r s  t o  50 meters h i g h .  The a r e a  was b u r n e d  o v e r  s e v e r a l  

y e a r s  ago .  Rock e x p o s u r e  is  g e n e r a l l y  good .  





REGIONAL GEOLOGY 

A n d e s i t i c  v o l c a n i c  r o c k s ,  f l o w s  and  p y r o c l a s t i c s  o f  t h e  T a k l a  

Fo rma t ion  o f  T r i a s s i c - J u r a s s i c  a g e  a r e  t h e  p r e d o m i n e n t  r o c k s  i n  

t h e  a r e a .  U l t r amaf  i c  i n t r u s i o n s  c u t t i n g  t h e  T a k l a  r o c k s  r e p r e s e n t  

a  l a t e  p e r i o d  o f  i n t r u s i v e  a c t i v i t y  i n  t h e  v o l c a n i c  c y c l e .  

I r r e g u l a r  m a s s e s ,  d i k e s  a n d  s i l l s  o f  f e l s i c  c o m p o s i t i o n  a r e  

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

Major  s t r i k e - s l i p  f a u l t s  p a r a l l e l  t o  t h e  P i n c h i  Lake f a u l t  

s y s t e m  p r o b a b l y  u n d e r l i e  t h e  v a l l e y  o f  g r i f t w o o d  R i v e r ,  Omineca 

R i v e r  and  o t h e r  @ajar p a r a l l e l  r i v e r  d r a i n a g e s  i n  t h e  a r e a .  

LOCAL GEOLOGY 

( 1 ) STRUCTURAL GEOLOGY 

A s  e v i d e n t  on  a i r p h o t o s  a n d  on t h e  claims a t  t h e  Main Showing,  

t h e  many s m a l l  knobs  o f  o u t c r o p  making up t h e  showing a r e  d i v i d e d  

by a ne twork  o f  NW and  NE- t r end ing  f r a c t u r e s  and s h e a r  z o n e s  which 

make c o r r e l a t i o n  be tween  d i f f e r e n t  o u t c r o p s  d i f f i c u l t .  The NW 

t r e n d i n g  g u l l i e s  p r o b a b l y  r e p r e s e n t  s t e e p  s t r i k e  s l i p  and  s h a l l o w  

n o r t h e a s t - d i p p i n g  s h a l l o w  t h r u s t  f a u l t s .  

A .  S u t h e r l a n d  Brown (BCMM 1 9 6 7 )  n o t e d  t h e  p r e s e n c e  h e r e  of  a  

~ 4 0 ~ ~  s h e a r  zone .  Bedding  i n  t h e  v o l c a n i c  r o c k s  a l s o  t r e n d s  n o r t h -  

0 
w e s t  and  h a s  a s h a l l o w  ( + 3 0  - ) d i p  t o  t h e  n o r t h e a s t .  

The s t e p - l i k e  n a t u r e  o f  t h e  o u t c r o p s  w i t h i n  t h i s  showing  seems 

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

w i t h  a  s i m i l a r  a t t i t u d e ,  I f  t h i s  i d e a  is c o r r e c t  t h e n  m i n e r a l i z e d  

zones a l o n g  f a u l t s  and  o r  f a v o r a b l e  b e d s  may a l s o  d i p  f l a t l y  n o r t h e a s t  

and  c o u l d  l i e  s t r a t i g r a p h i c a l l y  above  s e v e r a l  o f  t h e  d r i l l h o l e s  on 

t h e  w e s t  s i d e  o f  t h e  showing .  
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( 2 )  ROCK TYPES - PETROGRAPHY 

F i g u r e  Three  is  a g e o l o g i c a l  . s k e t c h  map showing t h e  d i s t r i b u t i o n  

of  t h e  3 t y p e s  of  r o c k  n o t e d  i n  t h e  Main Showing. The map a l s o  n o t e s  

t h e  l o c a t i o n  of  samples  which were a n a l y z e d  by ICP a n a l y s i s  and 

p e t r o g r a p h i c  s t u d y .  

P e t r o g r a p h i c  specimen 1 2  r e p r e s e n t s  t h e  l e a s t - a l t e r e d  p o r p h y r i t i c  

a n d e s i t e  of  t h e  T a k l a  v o l c a n i c  s u i t e .  P r o g r e s s i v e l y  more s t r o n g l y  

a l t e r e d  a n d e s i t e  w i t h  abundant  c a l c i t e - q u a r t z - s u l f i d e  a l t e r a t i o n  is 

r e p r e s e n t e d  by specimens  H l ,  1 3  and l a .  

The h i g h e s t  s t a g e  of  a l t e r a t i o n  is r e p r e s e n t e d  by samples  DDH 

l c ,  3 ,  11 and 2 .  I n  t h e  l a t t e r  r o c k s  K - f e l d s p a r ,  e p i d o t e  and t r e m -  

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

and t h e  b e s t  g o l d ,  s i l v e r  and copper  v a l u e s  a r e  p r e s e n t  i n  t h e s e  

r o c k s .  Sample 76830 w i t h  2300 ppb Au, 1 6 . 3  ppm Ag and 20,387 ppm Cu 

and sample 76831 w i t h  545 ppb Au, 9 . 7  ppm Ag and 4630 ppm Cu a r e  

r e p r e s e n t a t i v e  of t h e  most a l t e r e d  r o c k s .  These r o c k s  a l s o  have  

h i g h e r  background Hg v a l u e s  and reduced  S a  v a l u e s  compared t o  t h e  

l e s s  a l t e r e d - m i n e r a l i z e d  r o c k s .  

Sample l c  is i d e n t i f i e d  i n  t h i n  s e c t i o n  a s  a l t e r e d  m a f i c  d i k e  

c o n s i s t i n g  o f  l a r g e  n o r n b l e n d e  p h e n o c r y s t s  i n  a  f i n e - g r a i n e d  ground- 

mass of  s e r i c i t i z e d  p l o g i o d o s e .  

Samples 5 c  and 1 0  a r e  r e p r e s e n t a t i v e  o f  l a t e  f e l s i c  i n t r u s i v e s .  

They a r e  q u i t e  f r e s h  and p o s t d a t e  a l t e r a t i o n  and m i n e r a l i z a t i o n ,  

c u t t i n g  a l l  o t h e r  r o c k s .  compos i t ion  r a n g e s  from a n d e s i t e  t o  

d a c i t e .  

The f o l l o w i n g  t a b l e  i n d i c a t e s  which samples  i n  t h e  p e t r o g r a p h i c  

r e p o r t  - i n c l u d e d  a s  Appendix 9, were a n a l y z e d  by ICP a n a l y s i s .  



ROCK TYPE ICP ANALYSIS NO. PETROGRAPHIC SAMPLE NO. 

A l t e r e d  A n d e s i t e  76828 1 H  

A l t e r e d  A n d e s i t e  Bx 763829 None 

A l t e r e d  Andes i t e ,  - s t r g  cpy  763830 2 

A l t e r e d  A n d e s i t e  - s t r g  m a g n e t i t e  76831  None 

Weakly A l t e r e d  A n d e s i t e  76832 13 

S t r o n g l y  A l t e r e d  A n d e s i t e  76833 l a  

A l t e r e d  A n d e s i t e  76834 None 

R e s u l t s  o f  I . C . P .  g e o c h e m i c a l  a n a l y s e s  a r e  i n c l u d e d  a s  Appendix 

( 3 )  ALTERATION AND MINERALIZATION 

Fo l lowing  d e p o s i t i o n  o f  t h e  T a k l a  ser ies  v o l c a n i c  r o c k s ,  t h e s e  

r o c k s  were s u b j e c t e d  t o  f o l d i n g  and  f a u l t i n g  i n  c o n j u n c t i o n  w i t h  

movements a l o n g  h i g h  a n g l e  NW-trending s t r i k e  s l i p  f a u l t s .  

Q u a r t z - c a r b o n a t e  h y d r o t h e r m a l  a l t e r a t i o n  a l o n g  s t e e p  d i p p i n g  

and f l a t  n o r t h e a s t  d i p p i n g  f a u l t s  f o l l o w e d  t h e  t i m e  o f  f a u l t i n g .  

N o r t h e r l y - t r e n d i n g  a m p b i b o l i t e  d i k e s  i n t r u d e d  t h e  v o l c a n i c  r o c k s  

fo rming  s k a r n - t y p e  a l t e r e d  m i n e r a l i z e d  z o n e s  n e a r  a m p h i b o l i t e  d i k e  

c o n t a c t s  and o u t  a l o n g  l i m y - a l t e r e d  h o r i z o n s .  

The p r e s e n t  s h a p e  a n d  s i z e  o f  a l t e r e d - m i n e r a l i z e d  z o n e s  w i l l  

depend on t h e  s h a p e ,  s i z e  and  a t t i t u d e  of  t h e  f a v o r a b l e  l imy  h o r i z o n s  

a t  t h e i r  i n t e r s e c t i o n s  w i t h  t h e  b a s i c  d i k e s .  The p r e s e n t  e x t e n t  

of  m i n e r a l i z a t i o n  a p p e a r s  t o  b e  s m a l l ,  i n  t h e  o r d e r  o f  10-20 meters 

wide and 200 - 300 meters l o n g ,  b u t  b l i n d  e x t e n s i o n s  d i p p i n g  a t  

s h a l l o w  a n g l e s  t o  t h e  n o r t h e a s t  may b e  p o s s i b l e .  



CONCLUSIONS - RECOMMENDATIONS 

The r e s u l t s  o f  t h e  d r i l l i n g  done s e v e r a l  y e a r s  ago by K A Z A  

Copper Mines s h o u l d  b e  o b t a i n e d  if p o s s i b l e .  

An I . P .  s u r v e y  a l o n g  t h e  e a s t  s i d e  o f  t h e  Main Zone of  miner-  

a l i z a t i o n  would d i s c l o s e  t h e  p r e s e n c e  of any f l a t - d i p p i n g  b l i n d  

zones  of ska rn  m i n e r a l i z a t i o n  i n  t h e  down-dip e a s t e r n  d i r e c t i o n .  

R,. E .  Gale 

J u l y  4 ,  1984 
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April 30, 1984 

Samples: la, lc, DDH-lc, 11I, 2, 5a, 3, 10, DDH 11, 12, 13. 

Summary : 

These sarnples are porphyritic intrusive or subvolcanic rocks of dacite 
to andesite in composition. Phenocrysts are plagioclase and quartz. Amphibole 
phenocrysts were also present in lesser amounts but these have been 
completely altered to chlorite,sericite,calcite. The groundmass is 
plagioclase. Pervasive sericite-calcite alteration has occured throughout the 
groundmass and the plagioclase phenocrysts. Chlorite occurs within the 
groundnass in small patches and is sometimes intergrown with calcite or 
sericite. 

ALTERED ANDESITE: HI, 13, la. 

These samples are flows of andesitic composition which have been quite 
highly altered by chlorite,calcite and quartz. Quartz was not recognised in 
sample #13 but it is possible that it is present. The plagioclase in these 
rocks is untwinned Tor the most part and has a relief very similar to quartz. 
It appears to have recrystallised during the alteration and where quartz 
occurs it is intergrown with the plagioclase,rather than replacing it. Small 
amounts of sulphides (chalcopyrite,pyrite) are associated with the quartz. 
The original fabric and mineralogy of the rocks has been obscured by the 
alteration. The plagioclase is cloudy with chlorite which occurs along the 
cleavages. The chlorite and calcite are concentrated in a partly 
interconnected patchwork which has replaced the plagioclase. Chlorite 
pseudomorphs after amphibole(?) occur in sample 13. Plinor sericite is 
associated with the calcite. 

'- (continued) 

SAMPLE P R E P A R A T I O N  FOR M , C R O S T U D I E S  P E T R O G R A P H I C  R E P O R T S  S P E C I A L  G E O L O G Y  F I E L D  S T U D I E S  



ALTERED (K-SPAR) ANDESITE: DDN l c  and 3. 

These sau~ples a r e  s i m i l a r  t o  the  o t h e r  a n d e s i t e s  but  have been more 
a l t e r e d  and a l t e r e d  by a d i f f e r e n t  assemblage. Pervasive K-spar with some 
epidote has replaced the  p lagioclase .  The mafic mineral  Is t r e m o l i t e  i n  
sample 3 .  Quartz-calci te-pyri te  v e i n l e t s  and vein- l ike  patches a r e  l a t e r  than 
the  K-spar-cpidote a l t e r a t i o n .  This  a l t e r a t i o n  has  formed c h l o r i t e  from the  
t r emol i t e  o r  l ~ a s  replaced the  t renio l i te  wi th  c a l c i t e .  

ALTERED PIAFIC VOLCANICS: DDW 11 and 2. 

These samples a r e  h ighly  a l t e r e d  volcanic  rocks i n  c~h ich  the  o r i g i n a l  
minerals  and texture  have been almost completely obscured. They con ta in  a  
high proport ion of c h l o r i t e  and trernoli te  with only sinall amounts of remnant 
p lagioclase .  Quartz-sulphide (cha lcopyr i t e ,pyr i t e )  ve in- l ike  patches a r e  
associa ted  with the  chlor i te - t renio l i te  a l t e r a t i o n .  La te r  c a l c l t e  a l t e r a t i o n  
replaces  some of the  t r emol i t e  and occurs i n  a  system of v e i n l e t s  and patches 
throughout the  rocks. 

- ALTEXEL) flAPIC DYKE: l c .  

This sample i s  a  massive i n t r u s i v e  rock o r i g i n a l l y  cons i s t ing  of l a r g e  
hornblende phcnocrysts s e t  i n  a  p lagioclase  ( ? )  matrix.  There were a l s o  a few 
plagioclase  phenocrysts. The p lagioclase  has been e n t i r e l y  a l t e r e d  t o  
s e r i c i t e  and the  hornblende has been a l t e r e d  ( i n   art) t o  t r emol i t e .  
Tremolite a l s o  occurs a s  small  g r a i n s  wi th in  the  mass of s e r i c i t e  and around 
the  hornblendes. Small amounts of c a l c i t e  occur i n  the  s e r i c i t e .  This  sample 
may be a  n a f i c  phase of t h e  porphyries o r  perhaps a  dyke r e l a t e d  t o  the  mafic 
volcanics.  

A .  L. L i t t l e j o h n ,  M.Sc. 



la: Altered (chlorite,calciteyquartz) andcsite 

'.*t 
This sample is a massive,dark green,tnore or less equigranular volcanic rock. 

It was probably a flow of andesitic composition. Alteration has resulted in the 
formation of chlorite from the original mafic minerals,most of which are 
unrecognisable but there are a few bladed chlorite aggregates which suggest that 
the main mafic mineral was amphibole. Calcite occurs in a system of vein-like 
patches throughout the rock. In places it has weathered out giving the hand 
specimen a vuggy appearance. Quartz is usually associated with the development of 
chlorite. Minerals are: 

plagioclase 48% 
chlorite 26 
calcite 15 
quartz 9 
sericite 1 
Fe-Ti oxide 1 
apatite trace 
opaque (pyrite?) trace 

Plagioclase forns irregularly shaped to subhedral interlocking grains 0.2 to 
l.Omm in size,averaging about 0.5mm. The smaller ones tend to be partly included 
within the larger ones. The grains are very cloudy with incipient chlorite 
mineralization which occurs along the cleavages. Some grains are speckled with 
fine calcite. 

L Chlorite forms flakes about 0.2mm in size which occur in shapeless patches 
up to lmm in size. These are partly connected with one another by thin masses of 
chlorite occuring between the plagioclase grains. In places there are bladed 
grains and aggregates,sometimes in splays,which are intergrown with the 
plagioclase and quartz.These are possibly pseudomorphs after amphibole. 

Quartz forms subrounded grains 0.4 to 1.2mm in size which occur in 
aggregates of a few grains around the chloritic patches and are intergrown with 
the plagioclase. Fine chlorite occurs within the outer zone of these,where in 
contact with the plagioclase. 

Calcite forms ragged,shapeless grains of variable size up to l.Omm which are 
intergrown with the plagioclase.Fine grains occur within the plagioclase which is 
adjacent to the calcite grains. There are also several vein-like patches of 
relatively coarse calcite. Fine calcite occurs in small patches within the masses 
of chlorite. Calcite is associated with fine sericite which occurs in small 
patches along with some of the finer calcite. Scattered flakes occur between the 
plagioclase and the chlorite. Calcite may enclose small chlorite aggregates. 

Fe-Ti oxides form ragged,rounded to prismatic grains less than 0.05mm in 
size which occur in small aggregates within the chlorite and in the plagioclase 
around the chlorite. Streaky clusters are common in some of the chlorite masses.A 
few small grains of rutile are associated with the Fe-Ti oxide mixture. 

Trace minerals are apatite and an opaque (probably pyrite which can be - recognised in the hand specimen). The apatite forms prismatic grains up to O.lmm 
in size which occur in clusters of a few grains within the plagioclase. The 
pyrite forms subcubic grains about O.lmm in size which are scattered about the 

' rock. 



**r 
13: Altered (~hlorite~calcite) andesite 

This sample is a medium grained,more or less equigranular fairly massive 
dark green volcanic rock. It was probably a flow of andesitic composition. 
Alteration has been pervasive and has resulted in the formation of chlorite from 
the origianl mafic minerals (which are unrecognisable). Thin veinlets and 
vein-like patches of calcite occur throughout the rock. Pyrite occurs in one of 
the vein-like patches in the hand specimen. Minerals are: 

plagioclase 53% 
chlorite 35 
calcite 12 
Fe-Ti oxide trace 
apatite trace 

Plagioclase forms irregularly shaped to subhedral interlocking grains 0.2 to 
l.Omm in size,averaging about 0.5mm. The smaller grains are partly included 
within the larger ones. In one place near a calcite patch there has been some 
movement and the plagioclase has been granulated to a mass of very fine grains 
along a discontinuous shear zone. Most of the section shows no signs of 
deformation. 

t Chlorite forms ragged flakes up to 0.5mm in size which occur in a partly 
interconnected patchwork,intergrown with the plagioclase. Individual patches are 
ragged and up to 1.5m in size. The edges of the mass of chlorite flakes 
penetrate into the surrounding plagioclase grains. Fine flakes are disseminated 
in and between the plagioclase grains throughout. 

Calcite forms irregularly shaped grains 0.1 to l.Omm in size which are 
intergrown with the plagioclase throughout the rock. Very fine grains occur in 
small clusters around the larger ones and occur within the plagioclase. Vein-like 
patches of calcite a few millimeters in size consist of a mass of subrounded 
grains about 0.5mm in size. There are also widely spaced, discontinuous veinlets 
of calcite less than 0.07mm in width which cut through the plagioclase and the 
chlorite. 

Fe-Ti oxides form ragged grains less than 0.05m in size which are scattered 
about the rock,usually at the edges of the chlorite patches. 

Apatite forms fine prismatic grains about 0.05mm in size which occur within 
the plagioclase 



Lr 1 Altered (chl~rite,calcite,~uartz) andesite 

This sample is a massive,medium grained,more or less equigranular volcanic 
rock which has been quite highly altered with chlorite,calcite and quartz. 
Sulphides (chalcopyrite,pyrite) are associated with the quartz which tends to 
occur in thin layer-like patches along with calcite and chlorite. The calcite in 
the rock has weathered out giving it a vuggy appearance in places. Minerals are: 

plagioclase 44% 
quartz 10 
calcite 2 2 
chlorite 17 
Fe-Ti oxide 2 
opaque 3 (mainly chalcopyrite,some pyrite) 
sericite 1 (includes some clay?) 
apatite minor 
zircon trace 

Plagioclase forms shapeless to subhedral interlocking grains 0.2 to 0.8mm in 
size, averaging about 0.5mm. The smaller grains tend to be partly included within 
the larger ones. Fine chlorite and specks of calcite occur crowded along the 
cleavages. - 

Calcite and chlorite occur in an interconnected patchwork within the mass of 
plagioclase grains. The chlorite forms flakes about 0.2mm in size and the patches 
are several millimeters in size. Small plagioclase grains are often included 
within the patches.Fine chlorite occurs between the plagioclase grains in places 
Fine ragged grains of Fe-Ti oxide are scattered within the chlorite and are often 
concentrated in thin streaky aggregates. These also occur within the calcite and 
the plagioclase. Some rutile grains occur along with the Fe-Ti oxide mixture. The 
calcite and chlorite are not usually intergrown; rather the calcite tends to 
occur in separate patches or partly surrounding the chlorite. Some calcite 
patches contain small aggregates of chlorite flakes. Fine sericite occurs in 
small ragged aggregates at the edges of the calcite patches. A fine clay(?) is 
intimately intergrown with the sericite in places. 

Quartz forms subrounded to subidiomorphic grains 0.5 to l.Omm in size which 
are intergrown with the plagioclase in places. It often contains small aggregates 
of chlorite and the chlorite within the cleavages of the plagioclase sometimes 
continues across the grain boundaries. Much of the quartz is concentrated in 
vein-like patches which may be several millimeters in length. In these it is 
intergrown with chalcopyrite and some pyrite (recognisable in the hand specimen). 
Chlorite and calcite occur at the edges of the vein-like patches within the mass 
of plagicolase. Subcubic sulphide grains up to 0.4mm in size are scattered about 
the rock,usually in clusters of a few grains. 

A few rounded zircon grains about 0.05mm in size are scattered about the 
rock. Apatite forms prismatic grains up to O.lmm in size which occur within the 

L plagioclase. Some more rounded grains occur within the calcite and chlorite 
patches. 



5c Quartz andesite porphyry 

This sample is a fine to coarse grained porphyritic intrusive/subvolcanic 
**r rock consisting of plagioclase and some quartz phenocrysts set in a fine grained 

plagioclase groundmass. Moderate pervasiive sericite-calcite, minor chlorite 
alteration has occured in the groundmass and the plagioclase phenocrysts. There 
are also a few small amphibole phenocrysts which have been completely altered to 
chlorite,sericite and calcite. Rare tremolite has also formed from these. 
Minerals are: 

plagioclase phenocrysts 
quartz phenocrysts 
amphibole phenocrysts 

plagioclase groundmass 
sericite 
calcite 
chlorite 
quartz 
Fe-Ti oxide 
apatite 

25% (30% altered to sericite,some calcite) 
5 
3 (100% altered to calcite,chlorite, 

minor seri~ite~tremolite) 
40 
14 
8 
3 
1 
1 
minor 

Plagioclase phenocrysts are euhedral and vary in size from 0.8 to 1.5mm. 
There are also a few smaller ones less than 0.5mm in size which grade into the 
groundmass. Sericite is the dominant alteration of the phenocrysts,forming small 
patches of fine flakes within the grains. Small patches of fine chlorite flakes 
sometimes occur at the edges of the phenocrysts. Patches of calcite are sometimes 
intergrown with the sericite,but most contain little calcite. 

Quartz phenocrysts are rounded and range in size from 1 to 3mm. There are 
also rounded grains of quartz 0.05 to 0.2mm in size which are intergrown with the 
plagioclase in the groundmass. 

There are scattered altered amphibole phenocrysts within the groundmass. 
These form bladed,subidiomorphic "grains" about O.Gmm in size. They have been 
completely replaced by calcite,chlorite and some sericite. Calcite is dominant 
and the chlorite tends to occur within the core of the "grain" where it may be 
intergrown with sericite. A few of the smaller altered amphiboles consist of a 
mass of fine tremolite grains. 

The groundmass consists of a mass of subrounded plagioclase grains about 
0.05mm in size. Very fine sericite and some calcite occurs disseminated between 
the plagioclase grains. Most of the calcite occurs in ragged patches less than 
l.Omm in size. These sometimes consist of a large single grain surrounded by a 
narrow zone of very fine calcite. Small chlorite patches sometimes occur within 
the calcite. Chlorite occurs also in small patches less than 0.5mm in size which 
are scattered about the groundmass. Some patches consist of an intergrowth of 
chlorite and calcite. Fine ragged grains of Fe-Ti oxide occur within and around 
the chlorite and the calcite patches. These usually occur in clusters. Some 
rutile grains were recognised within the Fe-Ti oxide mixture. 

Apatite forms rounded grains about O.lmm in size which are scattered within 
the groundmass. 



'c*r 12 Andesite porphyry 

This sample is a fine to coarse grained porphyritic intrusive/subvolcanic 
rock consisting of large' plagioclase phenocrysts set within a fine grained 
plagioclase groundmass. Small amphibole phenocrysts also occur and these have 
been completely altered to sericite and chlorite. Moderate pervasive 
calcite-sericite alteration has occured in the groundmass and the plagioclase 
phenocrysts. Minerals are: 

plagioclase phenocrysts 
quartz phenocrysts 
amphibole phenocrysts 
plagioclase groundmass 
calcite 
sericite 
chlorite 
quartz 
Fe-Ti oxide 
apatite 
opaque (sulphide?) 

25% (15% altered to calcite,sericite) 
2 
8 (100% altered to chl~rite~sericite) 
45 
8 
4 
5 
1 
1 
1 
trace 

Plagioclase phenocrysts are euhedral and vary in size fronm 1 to 5mm, 
L averaging about 2mm. They are moderately altered with fine sericite and calcite 

with calcite dominating. Fine clay is intimately mixed with the sericite in 
places. Minor quartz occurs in small patches in some of them. A few quartz 
phenocrysts are preent and these are rounded and from 0.4 to 1.5mm in size. The 
edges of these are being replaced by calcite. 

Small amphibole phenocrysts were present in the unaltered rock but these 
have all been replaced by very fine chlorite and sericite. Some quartz is also 
present in a few of the larger "grains". Chlorite is dominant and occurs in the 
core of the altered phenocryst. These "grains" form thin,ragged,bladed aggregates 
with an amphibole outline ranging in size from 0.3 to l.Omm, averaging about 
0.5mm. There is a crude alignment to these. The chlorite within the core is often 
crowded with fine Fe-Ti oxide grains. Some of the finer,thinner "grains" may have 
been biotite rather than amphibole,but I am not sure about this. 

The groundmass of the rock consists of a mass of rounded plagioclase grains 
about 0.05mm in size. Extremely fine sericite and calcite is disseminated between 
the plagioclase grains. Calcite sometimes occurs in small ragged patches. Fine 
clay (kaolinite) is intimately mixed with the sericite and there are a few thin 
streaky patches of sericite cutting through the groundmass. Small patches of 
chlorite also occur within the groundmass and these are often full of fine Fe-Ti 
oxide grains. These are also scattered about the plagioclase. The chloritic 
patches are somtines intergrown with sericite, calcite and quartz. Calcite also 
occurs in veinlets up to 0.3mm thick. There is a quartz veinlet O.lmm thick. 

Apatite forms prismatic to rounded grains 0.1 to 0.5mm in size which are 
scattered about the groundmass. A few subcubic opaque grains (probably sulphide) 
are scattered about the groundmass,usually in or near chloritic patches. 



- 
10 Dacite porphyry 

This sample is a coarse to fine grained porphyritic lntrusive/subvolcanic 
rock consisting of large quartz and plagioclase phenocrysts set within a fine 
grained plagioclase matrix. Pervasive sericite-calcite-chlorite alteration has 
occured within the groundmass and the phenocrysts. There are a few amphibole 
phenocrysts which have been completely replaced by chlorite,calcite and quartz. 
Minerals are: 

plagioclase phenocrysts 
quartz phenocrysts 
amphibole phenocrysts 
plagioclase groundmass 
sericite 
calcite 
chlorite 
quartz 
Fe-Ti oxide 
apatite 

30% (15% altered to sericite,calcite) 
18 
2 (100% altered to chlorite,calcite) 
17 
13 
10 
6 
3 
1 
trace 

Plagioclase phenocrysts are euhedral and vary in size from 1.0 to 3.0mm, 
averaging about 2.0m. Fine sericite and calcite are disseminated within them. 

U 

Sericite is dominant and in places it is intimately intergrown with a fine clay 
(kaolinite?). Quartz phenocrysts are rounded to squat idiornorphic and vary in 
size from 0.5 to 3.5mm, averaging about 2 . 0 ~ .  There are also a few idiomorphic 
phenocrysts of an amphibole,from 0.4 to l.Omm in size,which have been completely 
replaced by chlorite,calcite and some quartz. 

The groundmass consists of a mass of shapeless plagioclase grains about 
0.05mm in size. Fine sericite and calcite are disseminated within the mass of 
plagioclase grains. Calcite tends to occur in ragged patches up to l.Omm in size 
and in places in concentrated in a thin zone at the edges of the phenocrysts. 
There are also a few veinlets of calcite about 0.2mm wide. 

Chlorite forms flakes about 0.2mm in size which occur in small aggregates 
which are scattered about the rock. Sometimes these are intergrown with quartz 
and/or calcite. Some of the chlorite-quartz-calcite aggregates are replacements 
of amphibole but many have grown within the plagioclase grounmdmass. There is one 
large patch which includes plagioclase grains and these appear to have been 
recrystallised to coarser grains about 0.3mm in size. Fine ragged grains of Fe-Ti 
oxide are scattered within and around the chlorite. These usually occur in 
aggregates of several grains. 

Apatite forms rounded grains about O.lmm in size which are scattered about 
the groundmass within the plagioclase. 



3: Altered (K-spar,calcite,quartz,tremolite) andes i t e  

This saruple i s  a medium ~ra ined ,mass ive ,da rk  green volcanic  rock ,o r ig ina l ly  
of andes i t i c  cor~lposition,which has  been highly a l t e r e d .  The dominant a l t e r a t i o n  
i s  the  pervasive replacement of the  p lagioclase  by f i n e  grained K-spar. The 
o r i g i n a l  mafic minerals have a l t e r e d  t o  t remol i te .  C a l c i t e  r ep laces  the  t rernol i te  
and a l s o  occurs i n  patches wi th in  the  mass of f e ldspar s .  C a l c l t e  i s  assoc ia ted  
with quartz which occurs i n  a system of v e i n l e t s  and vein- l ike  patches. The 
o r i g i n a l  rock was porphyr i t i c  but  most of the  phenocrysts (p lag ioc lase )  have been 
replaced. Minerals are :  

plagioclase 2 5% 
K-spar 20 
t remol i te  2 0 
c a l c i t e  2 0 
quartz 7 
Fe-Ti oxide 3 
epidote 2 
o?aque 3 (mainly p y r r h o t i t e )  
c h l o r i t e  minor 

Plagioclase forms i r r e g u l a r l y  shaped in te r lock ing  g r a i n s  0.05 t o  0.2inm i n  
s i ze .  Size d i s t r i b u t i o n  i s  r a t h e r  patchy. Iluch of t h e  o r i g i n a l  p lagioclase  has 
been pevasively replaced by f i n e  K-spar with minor amounts of very f i n e  s e r i c i t e .  
Al tera t ion  has occured i n  l a r g e  d i f f u s e  patches. There a r e  small  amol~nts of 
plagioclase phenocrysts,forming subhedral  g ra ins  about l . O m m  i n  s i z e .  They have 
been p a r t l y  replaced by s e r i c i t e  and patches of K-spar;calci te  a l s o  occurs wi th in  
them. I suspect  t h a t  some ( o r  all .?) of the  p lagioclase  has been r e c r y s t a l l i s e d  
during the  a l t e r a t i o n  f o r  i t  i s  untwinned and the  patchy d i s t r i b u t i o n  of the  
gra in  s i z e  suggests  some remobi l i sa t ion .  

Treno l i t e  forms ragged bladed g r a i n s  0.2 t o  0.6mm i n  s i z e  which occur i n  
aggregates and c l u s t e r s  wi th in  the  mass of f e ldspar s .  It i s  inliomogeneous - some 
i s  green and some i s  brown. Some of the  t r emol i t e  has  been replaced by c a l c i t e  
which forms pseudomorphs o r  occurs i n  a zone wi th in  the  ou te r  p a r t  of the  
t r e n o l i t e .  In  some cases  where c a l c i t e  has p a r t l y  replaced the  t r emol i t e ,  
c h l o r i t e  has formed wi th in  the  core.  A few small  patches of f i n e  c h l o r i t e  occur 
within tlie mass of f e ldspar  g ra ins .  C a l c i t e  a l s o  occurs wi th in  the  mass of 
fe ldspar  and forms ragged patches up t o  0.8mm i n  s i z e .  

Quartz forms i r r e g u l a r l y  shaped t o  subhedral g r a i n s  of v a r i a b l e  s i z e  up t o  
0.4mm. It occurs i n  vein-l ike patches where i t  i s  intergrown with 
( r e c r y s t a l l i s e d ? )  p lagioclase .  There a r e  a l s o  v e i n l e t s  of quar tz  c u t t i n g  through 
the  rock and these a l s o  con ta in  c a l c i t e  intergrown wi tn  the  quar tz .  Ve in le t s  a r e  
about 0.2mm wide and they sometimes grade i n t o  the  patches. Plinor c h l o r i t e  i s  
a l s o  intergrown with the  quar tz  i n  the  v e i n l e t s .  

L 

Fe-Ti oxides form rounded g r a i n s  l e s s  than 0.05mm i n  s i z e  which occur 
crowded together  i n  l a r g e  patches around and wi th in  the  t r e ~ n o l i t e  aggregates.  It 

1 i s  associated with f i n e  g r a i n s  of epidote.  Some patches of t h i s  mixture occur 
within c a l c i t e .  



Opaques appear  t o  mainly p y r r h o t i t e  (from hand specimen) and form c u b i c  
g r a i n s  up t o  lnm i n  s i z e  occur ing  i n  agg rega t e s  of a few g r a i n s  which a r e  
s c a t t e r e d  about  t h e  rock;  C l u s t e r s  o f  t r e n o l i t e  commonly occur  sur rounding  t h e  
opaques. These may be rep laced  by c a l c i t e .  Much f i n e r , r a g g e d  opaque g r a i n s  
(Fe-oxide? c h a l c o p y r i t e ? ? )  occur  i n  s m a l l  agg rega t e s  around t h e  l a r g e r  g r a i n s .  
The opaques u s u a l l y  occur  w i t h i n  o r  n e a r  a pa t ch  o r  v e i n  o f  q u a r t z .  



DDII lc: Altered (K-spar,calcite,epidote,quartz,chlorite) andesite 

This sample is a massive heterogeneous sample which origianlly was a 
volcanic rock of andesitic composition. Alteration has been quite intense and 
consists of pervasive replacememt of the plagicolase by K-spar,development of 
patches of chlorite and/or epidote within the mass of feldspars,quartz-calcite 
veining and replace~ent of the other minerals. Pyrite (minor chalcopyrite) is 
associated with the quartz veining. Minerals are: 

plagioclase 
K-spar 
quartz 
calcite 
epidote 
chlorite 
pyrite 
Fe-Ti oxides 
chalcopyrite 

16% 
3 0 
17 
9 
13 
5 
9 
minor 
minor 

Plagioclase forns irregualrly shaped to subrounded interlocking grains 0.05 
to 0.2mm in size. There is a patchy distribution to the grain size and I suspect 
that it has been recrystallised during the alteration. Pervasive K-spar 
alteration occurs throughout the mass of plagioclase and in small patches there 
are grains of K-spar up to 0.4n1m in size. Epidote is associated with the K-spar 
and forms rounded grains less than 0.05mm in size occuring in large patches 
within the mass of feldspars. Ilinor amounts of fine Fe-Ti oxides (including some 
hematite) are intergrown with the epidote. 

Chlorite also occurs intergrown with the feldspar,forinin~ flakes less than 
0.5nm in size. These occur in small patches scattered about the rock. A few large 
patches of massive chlorite are also present and these are crowded with fine 
epidote. Some of the chlorite may have formed after tremolite during alteration 
by calcite (see sample #3) .  

Calcite occurs as very fine grains which are disseminted throughout the mass 
of feldspars. Some occurs in ragged patches less than 0.5mm in size which are 
scattered about the rock.Some patches contain small chlorite aggregates.E.lost of 
the calcite occurs associated with quartz in veinlets and vein-like patches which 
form a network cutting through the other minerals. The quartz forms shapeless to 
subidiomorphic grains of variable size up to 0.4mm. Veins are up to 0.5mm 
wide,grading into larger patches. The calcite occurs in the core of the veins. In 
the patches it is intergrown with the quartz. Some of the more quartzitic patches 
are intergrown with the feldspars. There are a few very thin veinlets of calcite 
alone. 

Pyrite occurs intergrown with quartz in the veinlets and vein-like patches. 
It forms cubic grains of variable size from 0.1 to l.Omm which occur in small 

- aggregates and clusters. Some grains are disseminated within the rock.They have a 
cheesy texture due to the presence of small silicate inclusions. A few small 
pyrrhotite inclusioas are present in the larger grains. The smaller pyrites tend 
to cluster around the larger ones. Chalcopyrite is associated with the pyrite and 
forms angualar grains less than O.lmm in size which occur within the rock 



!c: Altered mafic dyke(?) 

This sample is a fine to coarse grained dark green massive rock which is 
probably a dyke. It consisted of large hornblende grains (phenocrysts?) crowded 
within a plagioclase(?) groundmass. The plagioclase(?) has been completely 
altered to sericite. The hornblede has been partly altered to 
trenolite-actinolite and fine grains of this have formed within the sericite. 
Minerals are: 

hornblende 57% (40% altered to tremolite) 
tremoli te 10 
sericite 30 (includes minor clay) 
calcite 2 
Fe-Ti oxide 1 
opaque trace 

Hornblende forms rounded to subidiomorphic grains 0.5 to 2.5mm,averaging 
about 1.5mm. It is inhomogeneous in composition and it varies in colour from 
bright green to colourless in diffuse patches within each grain. Fine colourless 
tremolite grains have been formed within some of the large hornblendes. Feathery 
to bladed tremolite grains up to 0.5mm in size occur in small clusters within the 
sericite around the hornblende. 

The amphibole grains are set within a groundmass which consists of a mass of 
fine sericite flakes less than 0.02mm in size. It is stained light brown in 
places. In places slightly coarser sericite occurs in rounded aggregates up to 
0.5mm in size. These may be altered plagioclase. There are also a few rounded 
aggregates of extremely fine sericite intimately mixed with clay. These are up to 
2.0mm in size and are most like altered plagioclase phenocrysts. Very fine ragged 
grains of Fe-Ti oxide are disseminated within the mass of sericite. 

Calcite has been introduced later than the main alteration and forms very 
fine grains occuring in small diffuse patches within the sericite and the altered 
hornblende. 

There are a few opaque grains (pyrite?) forming cubes about O.lmm in size 
which occur in small vein-like patches within the sericite. Clusters of finer, 
ragged grains also occur. 



DDH 11: Altered (chlorite,tremolite,calcite) mafic volcanic with sulphides 

This sample is a heterogenous dark green rock consisting of a mass of 
chlorite and tremolite with patches of greyish-green material which contains 
partly replaced plagicolase. A sytem of calcite veins and patches cuts through 
the rock. Sulphides (mainly pyrite) occur intimately intergrown with altered 
plagioclase, tremolite and chlorite and also in vein-like patches. Carbonate 
alteration cuts through the sulphides. Minerals are: 

trenolite 29% 
chlorite 20 
calcite 3 0 
plagioclase 5 
sulphides 7 (mainly pyrite) 
quartz 2 
clay 2 (montmorillonite?) 
Fe-Ti oxide minor 

Chlorite and tremolite form an intergrowth of flakes and bladed grains about 
O.lmm in size. Chlorite tends to occur between the tremolite. These occur in 
large dark green patches. Lighter coloured patches originally consisted of an 
intergrowth of tremolite and plagicolase. The plagioclase forms shapeless grains 
about 0.2mm in size which occur between ragged bladed grains of tremolite about 
0.3mm in size. These tremolites have been completely replaced by fine calcite. 
Fine calcite also occurs in small patches within the mass of chlorite and 
tremolite. This fine calcite in intimately mixed with a pale brown clay mineral 
(probably montmorillonite) in places. Very fine ragged grains of Fe-Ti oxide are 
disseminated within the masses of chlorite and tremolite. 

Calcite also occurs in a system of criss-crossing veins up to 2mm wide. In 
these the calcite is much coarser,forming subrounded grains up to 0.5mm. In one 
of the veins there are remnant plagioclase grains occuring along the edges. Minor 
amounts of quartz are intergrown with the calcite. 

Pyrite forms angular to shapeless grains less than 0.3mm in size which are 
crowded within the patches of altered (calcite) tremolite and remnant 
plagioclase. They were intergrown with the tremolite before the addition of 
calcite. Smaller patches occur within the masses of tremolite and chlorite and 
these small patches are usually surrounded by fine calcite. The pyrite also 
occurs in vein-like patches up to lmm wide where it forms massive grains which 
appear to have been fractured and fine calcite and quartz occur within the 
network of closely spaced fractures. The coarser calcite veins cut through the 
patches of fine calcite and pyrite. 



2: Altered (chlorite,tremolite,quartz,ca2cite) mafic volcanic with sulphides. 

This is a highly altered mafic volcanic rock in which the original fabric 
and mineralogy have been obscured by the alteration. Distribution of the minerals 
is patchy and sulphides (chalcopyrite,pyrite) occur in a discontinuous vein-like 
patch associated with quartz. The main alteration is the formation of 
tremolite-actinolite from 11ornblende;chlorite is associated with this. Pervasive 
calcite alteration is later. Minerals are: 

tremolite 
chlorite 
calcite 
quartz 
chalcopyrite 
pyrite 
goethite 
plagioclase 

40% 
32 
17 
6 
4 
1 
1 
trace 

Trenolite forms subhedra1,pale green to colourless,subidiomorphic grains of 
variable size up to l.Omm which occur crowded together in patches. These are 
probably altered hornblende grains. There has been a small amount of moveroent 
within the rock for many of the larger grains appear granulated. There are also 
more feathery grains of tremolite 0.1 to 0.4mm in size which occur at the edges 
of the altered hornblendes and are disseminated (sometimes in clusters) within 
the mass of chlorite and are included within small patches of quartz. The 
chlorite forms masses of flakes about O.lmm in size which occur between the 
altered hornblende and in large patches which have replaced plagioclase. There 
are traces of remnant plagioclase within the mass of chlorite flakes. 

Quartz forms subrounded grains 0.2 to 0.5mm in size which occur in 
aggregates of several grains within the mass of chlorite. Vein-like patches of 
quartz up to 2mm wide are intergrown with chalcopyrite and pyrite. The 
chalcopyrite forms large shapeless grains which are full of quartz and amphibole 
inclusions. The pyrite forms smaller grains and patches which are included within 
the masses of chalcopyrite. Fine ragged grains of chalcopyrite are disseminated 
throughout the rock and commonly occur within the cleavages of the altered 
hornblendes. 

Calcite forms very fine grains occuring in diffuse ragged patches 0.4 to 
1.2mm in size which are scattered tllroughout the rock. It is replacing the large 
amphiboles and the edges of the quartz-chalcopyrite aggregates. In places the 
calcite patches contain fine tremolite and chalcopyrite. 

Goethite occurs in thin veinlets and stringers within the amphibole and 
chlorite. It also occurs rimming the sulphide aggregates and a few of the pyrites 
have been altered to goethite. 



APPENDIX C 

ICP GEOCHEMICAL ANALYSIS 



AUlE ANALYTICAL LABMiATORIES LTD. 852 E. HASTINGS, VANCOUVER B. C. PH: 253-3150 TELEX: 04-53124 

I C P  G E O C H E M X C A L  ANALYSIS 

A .SO0 6RAf l  SAflPLE I S  DIGESTED YITH 3 HL OF 3:1:3 i iCL TO HNCs TO H2D AT YO 1EG.C. FOR 1 HOUR. THE SAnPLE I S  !ILUTED 7 0  10 HLS Y ITH  WATER. 
THIS LEbCH I S  PkRTlAL FOR: C ~ , P , ~ ~ , R I , T I , L ~ , N ~ , K , W , B ~ ~ S I ~ S ~ , C ~  RHO 9. Au DETECTIO# 3 p p ~ .  
B u l l  t lNFiLYSIS FROfl 10 6RRH FAtAR. AGt RHALYSIS BY AA. H61 RNALYq!5 BY FLAHELESS RA FROH .5_00 6RA! SbflPLE. SAflPLE TYPE - ROCK CHIPS 

/' 

CAT€ RECEIVED AuG a 1903 DATE REPORTS MAILED-- f$_Whp AssRyER--+ DEAN TOYE, CERTIFIED B.C. assAYER 

ASfili'CQ EXPLOEAT IUP! F 1 L . E  # 83- 152Z Project # BLUE - FIRlr PAGE # 1 

SA6?LE # 10 Cu Pb I n  Ag NI Co f ln  Fe As U RL Th Sr Cd Sb BI V Ca P L a  Cr Rg Ba TI B R 1  N a  I Y bull H g t  Ag8 
PFa PPa PPW PPI PPW PPP P P ~  PPW 1 P P m  PPI PPB ?PI P P ~  ?PI P P ~  D O #  P P ~  1 1 P P ~  P P ~  1 P P ~  1 P F ~  1 1 1 F F ~  P P ~  P P ~  ?pa 

76633 1 104 11 103 .3 6 o 492 1.71 30 2 ND 2 54 1 2 2 12 4.41 .05 2 5 .23 504 .O1 5 .65 .01 .2P ? 10 5 .t 
7083 12 lE7 15 20 2.9 7 9 1607 6.73 2967 '2 ND ? 291 2 26 3 26 10.92 .01 2 9 2.91 130 .O1 0 .45 .Ol .OS 2 87 40 3.1 
S'i A-I #FA-&U 1 35 39 187 . 3  36 12 1015 2.84 10 ? N D  ? 56 ! 2 2 59 .58 .l0 7 76 .76 202 .07 8 2.04 .O1 -21 2 ': 50 .i 
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