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1 m(:) SUMMARY AND CONCLUSIONS 

The a u t h o r  w a s  r e t a i n e d  by S i d  C. Johnson o f  Clowhmn Min- 

ing and E x p l o r a t i o n  L i m i t e d  t o  l o g  t h e  1987 program d r i l l  core 

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

r e p o r t  is based  on  e x a m i n a t i o n  o f  t h e  d r i l l  core, p e t r o g r a p h i c  

and SEM a n a l y s e s ; ,  p r e v i o u s  r e p o r t s ,  and  a l l  o t h e r  i n f o r m a t i o n  

a v a i l a b l e  OR t h e  p r o p e r t y ,  No v i s i t  t o  t h e  p r o p e r t y  w a s  made by 

t h e  author. 

T h e  Fhantom C l a i m s .  Group i5 l o c a t e d  a p p r o x i m a t e l y  30 

k i l o m e t e r s  n o r t h w e s t  o f  Squamish;, i n  t h e  Vancouver Mining D i s -  

t r i c t .  A c c e s s  is a f f o r d e d  by h e l i c o p t e r  or f l o a t - e q u i p p e d  p l a n e .  

E x p l o r a t i o n  a n  t h e  p r o p e r y ,  i n  t h e  form o f  p r o s p e c t i n g  

and  t w o  p r e v i a u s  s m a l l  d r i l l  p rog rams5  h a s  been c o n c e n t r p t e d  

a l o n g  the i n f e r r e d  f a u l t  z o n e s  f o l l o w e d  by t h e  C l o w h o m  R i v e r  and 

the unnamed c r e e k .  These  zones w e r e  a150 t h e  t a r g e t  o f  t h e  IllcS 

f o o t  1987 diamond d r i l l  program, 

The p t -aper ty  is u n d e r l a i n  by q u a r t z  d i o r i t e  o f  t h e  C o a s t  

Mountain i n t r u s i v e  complex and  by m e t a s e d i m a n t a r y  and  metavol -  

canic  rocks. F e t r o g r a p h i c  a n a l y s i s  o f  4 s a m p l e s  s u b m i t t e d  f r o i n  

t h e  1987 d r i l l  core i d e n t i f i e d  t h e  rocks a5 s p o t t e d  a n d a l u s i t e -  

b i o t i t e  h o r n f e l s , ,  p y r r h o t i t e - b i o t i t e  h o r n f e l 5  ( p r o b a b l y  of  v o l -  

c a n i c  o r i g i n )  and hor-nfelsed a m y g d a l o i d a l  a n d e s i t e .  I n d i c a t i o n s  

o f  p l a t i n u m  gt-cxtp m i n e r a l s ,  u l t r a m a f i c  r o c k s  or c h r o m i t e  are not  

abv-iQL!s;, if p r e s e n t ,  i n  t h e s e  rocks;, O b 5 e r v a t i o n s  w i t h i n  t h i s  

sltu.d-y d o  n o t  5 h o w  s i g n i f i c a n t  h y d r o t h e r m a l  a c t i v i t y .  Very s m a l l  

a m a ~ m t s  o f  r a r e - e a r t h  b e a r i n g  p h o s p h a t e  w a s  d i s c o v e r e d  by SEM 

d~3.3ly515 uf t h e  s a m p l e  t a k e n  a t  4 4 0 f t  i n  I)DH #2, 



No s i g n i f i c a n t  v a l u e s  of q o l d ,  p lat inum or pal ladium were 

recovered i n  care sample-5 f r o m  t h e  1987 or 1986 d r i l l  program 

which w e r e  submit ted  to c e r t i f i e d  l a b o r a t o r i e s .  Gold anomal ies  

were i n t e r s e c t e d  i n  the 1982 d r i l l i n g  program with v a l u e s  uf 

0.018 o z / t o n  and 0.011 o z / t o n  over f i v e  f o o t  s e c t i o n s .  
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The F'hantam M i n e r a l  C l a i m 3  Group is l o c a t e d  a p p r o x i m a t e l y  

30 k i l o m e t e r s  from Squamish,  B . C .  I i n  t h e  Vancouver Mining D i s -  

t r i c t .  T h e  c l a i m s  are owned by Clowhom Mining and E x p i o r a t i a n  

L i m i t e d .  No v i s i t  w a s  made t o  t h e  p r o p e r t y  by t h e  a u t h o r .  This 

repcr r t  is based  un e x a m i n a t i o n  o f  t h e  1987 d r i l l  core, 

p e t r a g r a p h i c  - SEM analyse5;, r e p o r t s  a n  t h e  t w o  p r e v i o u s  d r i l l  

pi-ogrpams, and r e l e v a n t  d a t a  a v a i l a b l e  on t h e  p r o p e r t y  area- 

The 1987 diamond d r i l l i n g  program c o n s i s t e d  of  a to ta l  of 

1110 feet uf MJ core from t w a  h a l e s  l o c a t e d  on F'hantum #2. The 

core w a s  logged  and sampled .  T h r e e  s a m p l e s  w e r e  a n a l y z e d  f o r  

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

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

c33minant rack: t y p e s  i n t e r s e c t e d  are h o r n f e l s e d  s e d i m e n t a r y  rocli.5, 

one of  which a p p e a r s  to be v o l c a n i c  i n  o r i g i n .  

-. A,CJ  LCICATIIOP4 AMP g?CCESS 

The Phantom M i n e r a l  C l a i m s  Group is l o c a t e d  n e a r  Phantom 

Lake and G l ~ w h o m  R i v e r ,  i n  t h e  Vancouver Mining D i s t r i c t .  The 

n e a r e s t  m a j o r  town is Sqctamish, P . C . ,  which is l o c a t e d  30.4 

k i 1 D m e t e i - s  t o  t h e  s o u t h e a s t  of  t h e  c l a i m s .  ficcess t o  t h e  

p r o p e r t y  is by h e l i c o p t e r  or f l o a t  p l a n e  ( F i g s .  3-11. 

The p r o p e r t y  is on s t e e p  moun ta inous  t e r r a i n  t y p i c a l  o f  

the coastal moun ta ins .  
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LOCATION M A P  FIG-3-1 to 

From: J3iERGY. MINES AND RESOURCES 92 SE 

Clowhom Mining and Exploration Limited. March 20. 1988 



4. (1) CLA I M I NFORMAT I ON 

The Phantom Minera l  C l a i m s  Group covers n i n e  u n i t s .  T h e  

c l a i m s  are c u r r e n t l y  owned and o p e r a t e d  by t h e  Clowhom Plining and 

E s p l u r a t i a n  L i m i t e d .  F i g u r e  4-1. 

C L A I M  INFORMATION 

NAME FiECORD NUMBER EXFIRY DATE 

Fhantum 1 

Phantom 2 

1228 

1221 

J u l y  2 ,  1989 

J u l y  2, 1989 



CL. 

MINISTRY CLAIMS I N D M  MAP 92G/14W 

6 



5.0 HISTORY AND PREVIOUS WORK 

F r i a r  t o  1982 no h i s t o r y  o r  work record i5 ava i l ab le  f o r  

the F'hantowm Mineral  Claims area. Previous work on the property, 

w i t h  the Fhantom Group as operator, consisted o f  p re l im inary  

prospecting o f  the two c la im claims as we l l  a5 the eastern shore 

o f  Phantom Lak.e and t h e  drainages o f  the t w o  creeks crossing the 

proper ty  f r c m  the northwest and northeast.  The prospecting was 

fa l lor jed by 45.4 meterr o f  AX diamond d r i l l i n g  i n  two holes. 

The5e hales wee d r i l l e d .  logged and sampled i n  October 19EIZ. As- 

say valuer; ~f 0.011 and 0.018 oz/ ton A u  were obtained from two 5 

facit sample sections. D r i l l  s i t e s  a re  located on F igure 7-1. 

A second d r i l l  program was completed on the Phantom 

Ninera l  Claims Groi_tp i n  October of 1986, by the Phantom GrVup, 

Tkwo NGl diamond d r i l l  holes., w i t h  a t o t a l  o f  869 feet ,  were com- 

pleted. The t o r e  wa5 logged and sampled. Trace values of AU 

were o b t a i n e d  whi le  Csg ranged inva lue  from 0.CG o r l t o n  t a  0.09 

oz/ tan 5 

b b  geolog ica l  mapping, geochemical o r  geophysical surveys 

have been ca r r i ed  ou t  an the Phantom Mineral  Claims Group. 



The Phantom M i n e r a l  C l a i m s  Group lies i n  t h e  w e s t e r n  b e l t  

of t h e  C o a s t  Mountain Range, a p p r o x i m a t e l y  30 k i l o m e t e r s  

northwest of Squamish,  B r i t i s b  Columbia ( F i g u r e  6-1!. The area 

is u n d e r l a i n  by t h e  C a a s t  P l u t o n i c  Complex which c u n s i s t s  ma in ly  

o f  q u a r t  d i o r i t e  and g r a n o d i a t - i t e .  P Q t a s s i u m  - a r g o n  d a t i n g ,  of 

t h e  p l u t o n i c  r-arks i n  t h e  w e s t e r n  b e l t ,  r e s u l t  i n  ages of  L a t e  

Jurassic  - E a r - l y  C r e t a c e o u s  f o r  minimum f i n a l  c o o l i n g  IRoddick e t  

a l . ,  197?!. The p e r i o d  uf f e l s i c  p l u t o n  emplacement  cau5ed  

r e g i a n a l  metamarphism, r e g i o n a l  u p l i f t  and ~ i i i b s e q u e n t  e r o s i o n .  

T h e  oldest n a n - q r a n i t u i d  racks are c o n s i d e r e d  t o  be 

F ' a l e o z s i c  i n  age and c o n s i s t  of  a m p h i b o l i t e  s c h i s t  and q u a r t z i t e .  

T h e s e  rocks f o r m  s c r e e n s  t h a t  are c i r i e n t e d  n o r t h w e s t  and  algast 

v e r t i c a l  

Upper T r i a s s i c  - L o w e r  C r e t a c e o u s  p e n d e n t s  are g e n e r a l l y  

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

and  v a l c a n i c  i n  o r - ig in  and  have been s i r b j ~ t c t e d  t o  modera t e  t o  i n -  

ter;se d e f o r m a t i o n  r e s u l  k i n g  i n  metamorphism r a n g i n g  f r o m  sub- 

gr-eensehiE.t facies to a m p h i b o l i t e  g r a d e  c t f  t h e  s i l l i m a n i t e  

faciE?s, 
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The area of  t h e  F'hantom M i n e r a l  C l a i m s  Group h a s  n o t  been 

g e a l o q i c a l l y  mapped. The r e g i o n a l  map shows t h e  c l a i m  area un- 

d e r l a i n  by q u a r t z  d i o r i t e  o f  t h e  C o a s t  F ' l u t o n i c  Complex (qd) and 

r o c k s  a f  t h e  L o w e r  C r e t a c e o u s  Gambier Group ( 1 E G )  w h i c h  c o n s i s t  

o f  t u f f  breccia and a r g i l l i t e  ( F i g u r e  6-1 j I 

PI to ta l  of 1llC) f t  (338 .3  m e t e r s ; )  o f  NQ core diamond 

d r i l l i n g  w a 5  c a m p l e t e d  i n  t w o  h a l e s  on Phantom #2 and con- 

c e n t r a t e d  an i n f e r r e d  f a u l t  i o n e s  f o l l o w e d  by Clowhom R i v e r  and  

t h e  unnamed c r e e k . .  The d r i l l  site5 w e r e  chosen  by S .  Johnson.  

The r e l a t i o n  of t h e  d r i l l  co l la r  l o c a t i o n s  to t h e  c l a i m  bound- 

aries, p r e v i a ~ i s  d r i l l  sites and  s u r f a c e  f e a t u r e s  are shown i n  

F i g u r e  7-1. I 

Diamond d r i l l  h o l e  #1 is l o c a t e d  on t h e  east bank a t  the 

c o n f l u e n c e  o f  Clowhom R i v e r  and  a n  unnamed c r e e k .  T h i s  w a s  also 

t h e  s i t e  o f  t h e  t w o  1966 d r i l l  h o l e s .  DIIH#1 h a 5  and i n c l i n a t i o n  

o f  -60' t o w a r d s  216' and  a l e n g t h  o f  535 f t  (163mi. D r i l  I i n g  

commenced a n  September  7, 1987 and w a 5  comple t ed  on September  28, 

1987. Care r e c o v e r y  w a 5  v e r y  good a v e r a g i n g  b e t t e r  t h a n  95%. 

The p e t r q r a p h i c  a n a l y s i s  o f  a s a m p l e  t a k e n  a t  407 feet  

of  T)DH#l d e s c r i b e d  t h e  spec imen 85 p y r r h o t i t e - b i o t i t e  hornf fs l s .  

T e x t u r e  i n i j l c a t e s  t h z t  t h i s  is s e d i m e n t a r y  r o c k  o f  v o l c a n i c  

d e r i v a t i o n  t h a t  h a s  unde rgone  c o n t a c t  metamorphism ta as h i g h  as 

a m p h i b o l i t e  grade, but h a s  s i n c e  r e t r o g r a d e d  t o  g r e e n s c h i s t  

f a c i e 5  ( C .  L e i t c h ,  Appendix C j .  This  spec imen w a 5  chosen  f a r  its 

r e l a t i v e l y  &i l l  m i n e r a l i z e d  appearance. S e c t i o n  a n a l y s e s  s h o w s  

that m a q r i e t i c  p y r t - h a t i t e  (5%) i5  f i n e l y  d i s 5 e m i n a t e d  t h r o u g h o u t  

w i t h  acca.;ii?nal t race  c h a l c o p y r i t r .  

I0 
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Vancouver Mining District 92G/14W Scale I : 10,000 

Clowhom Mining and Exploration Limited. March 20, 1988 



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

der t h e  hanu' l e n s  w i t h  some v a r i a t i o n s .  These  b e i n g  areas o f  

b i o t i t e  e n r i c h m e n t  and  t h e  p r e s e n c e  o f  s m a l l  g a r n e t 5  (max, 2 m m )  

near 5 h e  top  of t h e  b o l e ,  T h i s  would i n d i c a t e  t h e  h i g h e r  g r a d e  

o f  metamat-phism and  n o t  t h e  same r e t r o g r a d a t i o n .  F y r r h o t i t e  is 

n o t  v i s i b l e  tu t h e  e y e  i n  m o s t  o f  t h e  d r i l l  core. C h a l c o p y r i t e  

i 5  p r e s e n t  in v e r y  minor  amounts  on f r a c t u r e  s u r f a c e s  and  i n  t h i n  

q u a r t z  veinlet-= i n  t h e  lower p o r t i o n  o f  t h e  h o l e .  P y r i t e  is 

g e n e r a l l y  p r e s e n t  i n  minor  a m o u . n t 5  a5 d i s s e m i n a t i o n s  or blebs on 

f r a c t u r - e  5;ttrfaces and i n  t i n y  d i s c o n t i n u o u s  s t r i n g e r s .  

Eiiamond d r i l l  h o l e  #2 i5  l o c a t e d  on t h e  w e s t  bank of 

ClGwhern R i v e r ,  519 m e t e r s  ~ [ p s t r e a m  o f  t h e  c o n f l u e n c e  and DDH#i. 

EilDH#Z h a s  and i n c l i n a t i o n  o f  -60' t o w a r d s  48 ' .  H a l e  #2 ha? a 

length uf 57'5 feet (175.3 m ) .  D r i l l i n g  commenced o n  U c t u b e r  is, 

1387 and was comple t ed  on November 15, 1987. The r o c k .  is com- 

p e t e n k  and ccIre recovery w a s  v e r y  good3 a v e r a g i n g  better than 

95%. 

F e t r a g r a p h i c  a n a l y s i s  o f  t w o  samples ; ,  o n e  s a m p l e  from 154 

f e e t  and  t h e  o t h e r  t a k e n  a 440 f e e t ,  shows t h e  dominant  r a c k  t y p e  

i n  hole #Z is a s p o t t e d  a n d a l u s i t e - b i o t i t e  hornfe l5 ; .  7 his 

h o r n f e l s e d  s e d i m e n t a r y  rock is weakly  m a g n e t i c  d u e  t o  t h e  

presence a f  p y r r h o t i t e  i n  f i n e  g r a i n s .  

A n a l y 5 i 5  did n o t  i n d i c a t e  t h a t  t h e  r o c k  ha5  unde rgone  

s i j n i f i c a n t .  h y d r o t h e r m a l  a c t i v i t y ,  P l a t i n u m  g r o u p  m i n e r a l s s ,  o r  

i n d i c a t i o n s  o f  u l t r a m a f i c  r o c k s  o r  c h r o m i t e  are n a t  o b v i o u s ,  i f  

present, i n  t h e s e  rocks- Very s m a l l  amounts  o f  r a re -ea r - th  b e a r i n g  

phmsphate  w a s  d i s c o v w - e d  by SEM a n a l y s i s  crf t h e  spec imen t a k e n  at 

440 ft (Appendix c t .  



A t  5&l f e e t  the h o r n f e l s e d  s e d i m e n t a r y  r o c k  is i n  c o n t a c t  

w i t h  a hc t rn fe l sed  a m y g d a l o i d a l  a n d e s i t e .  The h o r n f e l s e d  s e d i m e n t  

i n  DDH#l ( s a m p l e  a t  407 f t )  c o u l d  be d e r i v e d  f r o m  a precursor 

such a5 t h i s  hc i rn fe l sed  a n d e s i t e  d u e  t o  t h e  form o f  t h e  amph ibo le  

and to  s i m i l a r i t y  o f  t h e  p l a g i o c l a s e  (C. L e i t c h ) .  

S 3 ~ l p h i d e s  m i n e r a l i z a t i o n  c c t n s i s t s  of p y r r h o t i t e ,  p y r i t e  

and c h a l c n p y r i t e .  They are p r e s e n t  i n  minor  t o  m o d e r a l t e  amcuntr,  

l a c a l l y  as f i n e  g r a i n e d  d i s s e m i n a t i o n s  and  on f r a c t u r e  s u r f a c e s .  

Quartz-carbonate v e i n l e k s  are  i n f  r eq i i en t  and s m a l l  [ less t h a n  1 

r m j  . 
The d r i l l  logs are i n c l u d e d  i n  t h i s  r e p a r t  a5 Appendix A 

and B, The l c rca t iun  of t h e  core 15 24745 - 102nd Avenue, Wpon- 

neck:., E.C. 



€3 0 COST Bi3EAlr::DEIWN 

N o r k .  c c m p l e t e d  on F'hantnm Group  C l a i m s  i n  1987 c a n s i l s t e d  o f  t w o  

diamond drill holes with NQ s i z e  rod o n  F'hantom C l a i m  #2. 

D r i l l  Hole #1 total  d e p t h  of  163 m e t e r s  

Drill H t l i e  #2 to ta l  d e p t h  of 175.2 m e t e r s  

The f a l l o w i n g  is a cost. breakdown o f  a l l  e x p e n d i t u r e s  on 

thE p r G p P r t y :  

A i r  T r a n s p o r t a t i o n  9 13,021.43 

C a r  and  t ruck  t r a n s p o r t a t i o n  704 I 4 5 7  

Drilling e x p e n s e s ;  b i t s ,  r o d s ,  fuel, e t c .  7 io5.18 

Drill r e p a i r s  9%. 39 

Camp s u p p l i e s  and e q u i p m e n t  391 I 04 

Food 824.54 

D r i l l  r e n t a l  - 1,110 f t  E! 96.00/ft  6 bbb . oi:, I 

C o r e  logging, assays, p e t r o g r a p h i c  w o r k ,  etc .  1 , 5(3t:l . 0<:1 

TOTAL 9 31.119.27 

LABOUR CONTRACTS 

J a c k .  B i c k l e  $ 340 I00 

Joe O ' N e i l l  420 -00 

N o r m  Ander son  k.18 - 00 

G i l  J o h n s o n  702 s 00 

Jae A n d r e w 5  772 I 50  

Ed H e r m a n  2,272.50 

Wayne tlla.ris. 3 3 880 I O(rt 

S i d  Jahnson 8 5 475 I CK) 

TOTAL % 17 , 500. OC) 

TOTAL COST FOR THE 1987 DRILL FROGHAM 

S u p p l i e r ,  t r a n s p o r t a t i o n  a n d  r e p a i r s  

L a b o u r  C o r ? t r a c t s  

TOTAL 6 48,6??.27 



9.0 CERTIFICATE 

1.  

2, 

7 .:* I 

4. 

I, D.M.  O'Neill h e r e b y  cert i fy:  

I r e s i d e  i n  t h e  c i t y  o f  Vancouver ,  B r i t i s h  Columbia .  

I r e c e i v e d  a B a c h e l o r  of S c i e n c e  d e g r e e ,  major i n  g ~ c l l a g y  

, f r o m  t h e  U n i v e r s i t y  of B r i t i s h  C o l u m b i a  i n  1983. 

f h a v e  been p r a c t i s i n g  my p r o f e s s i m  s i n c e  1980. 

I h a v e  n o  i n t e r e s t ,  d i r e c t l y  or i n d i r e c t l y ,  i n  Clowhom 

Miriing and E x p l o r a t i o n  L i m i t e d ,  n o r  d o  I e x p e c t ,  to 

receive any. 

S i g n e d  t h i s  3 r d  day of J u n e ,  1988 



L e i t r h ,  C., F.Eng; Petrogaphic-SEM R e p o r t  o n  the Phantam 
P r o j e c t ,  J a n u a r y  1988 

D'Neill, I?; As5es;sment R e p o r t  of Fhantam C l a i m s  Group 
1987 

Molfe. R = ?  P.Eng;  A s s e s s m e n t  Hep@rt  of  Phantom Claims 
Group 1982 

MAPS 

Map 1386A c o m p i l e d  by Rodderick . .  J . A . ;  Muller, J - E . ;  
O k u l i t c h , A . V , ;  

Geology of  t h e  F r a s e r  River area, S h e e t  92, 1979 
1 : 1 000 3 OO(5 I 
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F'urpi i c - h  bi-.own, f i n e  qrair-lEiJr pvr-rhoti tic b i c j t . i t e  hctrl-ife:Ls.. 
minerals r e c s q n i z a b l e  i n  th3 .n  s e c t i o n  are: 
O t l a r t z  .J .A 1. 
F'1 ac?ii::tcl asp < A n d e s i n e ? j  .:. L! ./- 

C h l  u r i  te A !-I x 
B i c : t t i t : e  J /. 

S e r i c i t c  5% 
F ' v t - r h o t i  t e  J 1. 
C h a l c o p v r i t e  t t- 
Apat i te, i 1 men i t e  tr 

-C" 

-.. . , 
,-, .- 
c-' 

c. - 

rack is  composed  o f  a f i n e  g r a i r t e d  i n t e r l a c k i n g  m C 3 s a l C  of 
q u a r t z  a n d  p l a g i o c l a s e  g r a i n s  af a b o u t  0 . L 3  t o  0.5 mm d i a m e t e r ,  
w i t h  s l i q h t l v  smaller m a f i c  r e m n a n t s  i n t e r s t i t i a l  t o  t h e  q u a r t z  
a n d  f e l d s p a r .  Smaller g r a i n s  o f  all t h e s e  m a , i o r -  m i n e r a l s  a l s o  
o c c u r  i n  b e t w e e n  t h e  l a r g e r  q r a i n s ,  b u t  t h e r e  is n o  5 u g q e 5 t i o n  
oC a p o r p h y r - i t i c  ! v u l c a n i c )  t e x t u r e .  R a t h e r  t h e  t e x t u r e  is  
s u g g e x t i v e  of  ii s e d i m e n t a r y  rock:. p e r h a p s  a f i n e  g r i t  or 
v o l c a n i c  w a c k e .  T h e  rock; h a s  b e e n  c o n t a c t  m e t a m o r p h o s e d ,  
p o s s i b l y  t o  a5  h i g h  a s  a m p h i b a l i t e  g r a d e ,  b u t  h a 5  s i n c e  
r e t r u q r a d e d  t o  g r e e n s c h i s t  f a c i e s .  

m i n o r  a l t e r a t i o n  ( f l e c k s  n f  s e r i c i t e  a n d  b i o t i t e ;  t h e s e  c o u l d  
m e r e l y  b e  i n t c r g r o w n  r a t . h e r  t h a n  a n  a1 te ra t i  o n  p r o d u c t ) .  T h e r e  
is n o  e v i d e n c e  of  d y n a m i c  m e t a m o r p h i s m :  t h e  q u a r t z  g r a i n s  show 
n o  u n d u l o s e  e x t i n c t i n n  or f l a t t e n i n g .  l h e v  a r e  somewha t  
a t t a c k e d  a r o u n d  t h e i r  m a r q i n s  by t h e  f i ne t -  g r a i n s  o f  q u a r t z  
surt-clLinding t h e m .  T h e s e  f i n e r  g r a i n s ?  a v e r a g e  a b o u t  0 . 0 3  mm j n 
d i a m e t e r - .  

F ' l a g i o c l a s e  g r a i n s  at-e s i jubhedra l  t o  a n h e d r a l  a n d  c l ~ ~ t d y  w i t h  
i n c i p i e n t  c l a y - s e t - i c i t e  a l t e r a t i o n ;  a f e w  are m o d e r a t e l y  a l t e r e d  
t o  s e r - i c i t e  a s  f i n e  1 t n  2 m i c r a r i  s i z e  flakes- tilost g r a i n s  do 
n o t  s h o w  t w i n n i n g ,  a n d  t h e  f e w  t . h a t  do are n o t  large eno t igh  t o  
g i v e  i n t e r f e r e n c e  f i g u r e s .  However ,  t h e  maximum e x t i n c t i o n  
angle Y."'.O1ci is a b o u t  15 t u  2t I )  deqi-ees, a n d  both  r e f r a c t i v e  
i n d i c e s  ('.{ and Z )  at-e a b o v e  q u a r t z ,  530 i t  s e e m 5  p r o b a b l e  t . h a t  
t h e  p l a q i u c l a s e  is a n d e s i n e ,  An 35 or SO. 

p r i o r  t o  t - e t t - o g r a d e  a 1 t : e r a t i u n :  t h e  shapes are s u g g e s t i v e ,  a n d  
t r aces  of  r e m n a n t  h o r n b l e n d e l ? )  a n d  a c t i n a l i t e  a r e  l e f t  
a m o n g s t  t h e  c h l o r i t e ,  b i o t i t e ?  a n d  s e r i c i t e  now r e p l a c i n q  t h e s e  
o r i q i n a l  m a f i c  s i t es .  T h e  m a f i c  s i t e s  a r e  a b o u t  C I I . 5  mm acr0c.s 
o n  average, a n d  u s i r a l l  ;i c u n s i  st of s e v e r a l  i ntei ' -grown g ra i  n s  of 
v a r y  i n q  or' i e n  t a t  i o n  5 s u q g e s t  i VET. o f  f or m e r  1 y i nt. er clr own 
arnphi b o l  e, now s h o w i  n g  a l l  s t a c i e s  of br-eakdot-an, p r i  n c i  p a l  1 y t o  
c h l o r i t e  b u t  w i t h  i n t e r l e a v e d  h i o t i t e  a n d  se r ic i te .  T h e  
o r - i g i n a l  m i n e r a l .  l o o k e d  t o  h a v e  been f i b r o u s  ! ? h o r n b l e n d e ) ,  w i t h  
parts a l . t e r e d  tct e l o n g a t e d  a c i c i u l a r  7 a c t i n o l i t e .  T h i s  t e x t u r e  
has b e e n  m i m i c e d  b y  t h e  b i o t i t e ,  w h i c h  i t . s e l f  a p p e a r s  t.o b e  
a l t e r e d  t o  c h l o r i t e  a n d  se r ic i te .  

s c a t t e r e d  t h r o u g h  t h e  rock, hut  c h l o r i t e  seems t o  be r e s t r i c t e d  
t.o t h e  mafic 5 i t . e ~ .  1-races. o f  a p a t i t e  a s  m i n u t e  qt-airis, CB.CIL3 mm 
l n n q ,  are alEict r a r e l y  p r e s w ~ t .  a s  are  s i m i l a r l y  s i r e d  l a t h s  of 
T i  m i d e s ,  p r o b a b l y  i 1 m e n i t : e  ( w h i c h  r a n g e  crp t o  0.2  mm l u n q ! .  

1;;1aqnetic p .y r rho t . i  t e  is e v e n l v  d i s s e m i n a t e d '  i n  f i n e  q r a i n s  
t'l e s ~ .  -than 0.  5 mmi t h r o u q h o u t  t h i  s t y p i c a l  hot-nf el 5 ,  

o c c a s i c g n a l v  w i t h  t r a c e s  o f  c h a l . c o p y r i  1:e to 0- 1 mm across .  
C ; h a l c a p v r i t e  alclcj i s  fcxrnd i n  a c c : a s i o n a l  t h i n  q u a r t z  v e i n l e t . s  a5 

Q u a r t z  g r a i n s  are  a n h e d r a l  a n d  r e l a t i v e l y  c l ea r ,  w i t h  o n l y  

I 

'The m a f i c  m i n e r a l  i n  t h i s  r u c l ;  1no)::s t o  h a v e  been a m p h i b o l e  

B i o t i t e  a n d  5ericit.e flakes. as s m a l l  as iJ.Cj1 mm also o c c u r  

- -. 



ark: t 3 t - e y  t o  blacl-:: s p o t t e d  h o r n f : e l c i  w i t h  a b u n d a n t  2 t o  3 mm 
53 z e d  c 3 1 ' - e y  a n d a l l l s i t e  p n r p h ~ / r a b l . a s t . s  i n  a b l a c k  b i c i t l t i c  matrix.  
L3ne :i arne Gi-aginent- of s e v e r a l  cm C r ; i  arrret.et- i CI f i ner at-ai n e d  a n d  

:t I... rred. I . a c k I . n c 3  t h e  ancjal.t.tE3.1:~ q i - a i n s .  St.iIf i d e s  . f G r m  
1 of  t h e  rock:, as f i n e  h l e b s  of  p y r r h u t i  t e  d i c s e m i n a t e d  

SL.I I 4: i trl e G. a I" e a l 5 G r a r E 1 y 

ral ahunc ianc :es i .  2.5 5een i n  t h i n  s e c t i o n  are: 

thi-m-i.qt-: the t-ock, b u t  a r e  mare abundant and mixed  w i t h  p y r i t e  crf 
c i'. (TI i 1 a I:- 5:. i ;I e i n t. kit? C t-' a q men t r  I 
tjist:.!.-i.bcli:ed a l o n g  v e i n l . e t . s ,  w h i c h  a,re a l c , ~  more p r e v a l e n t  i n  t h e  

Cirldal. usi t e  lpcv-phyrobl a c t s  and m a t t - - i . x  1 5 <I! ;:. 
Ec:i o t  i te L L J I .  

m I a r t z 13% 
(jpaques ( f i n e  d u s . t - l i k e  F e - T i  o x i d e s ,  1 iI% 

,7c-/ 

',.I S c . t l S i d e s  ( p y r r h o t i t e  and p y r i t e : h  L 1.. 

4 5;: 
B i o t i t e  45:4 
Upaques f i ne Fe-Ti 0): ides:! J i. 

Sul f i d e s  

C.' 

c- ./ L J  i. 

There does n o t  a p p e a r  t o  b e  an\,' p l a a i o c l . a s e  i n  t h i s  rock, 
w h i c h  i s  a m a r k e d  p c j i n t  of d i f f e r e n c e  w i t h  t h e  p r e v i o u s  s a m p l e  
+ r c l m  i3DI-i #1.  I n s t e a d ,  t h e  host rock  c o n s i s t s  m a i n l \ r  o f  
anda1uE.i  t e  p o r p h y r o b l a s t s ,  o f t e n  aggt-egate grains, w h i c h  a re  
$1-111 o f  m i r i i . . i t e  i n c l u s i o n s  oC opaque !u r i ide r t t . i f  i a b l e  i n  t h i n  
s e c t t o n ,  b u t  p r o b a b l y  Fe-Ti o x i d e s ,  a l t h o c i q h  s o m e  m a y  be 
amorphcxts  c a r b o n  .) cornntonl\; f o u n d  i n anda l .  u s i  te) . The  
c a r b n n a c e o u s  m a t t e r -  i 5 n o t  h o w e v e r  a r r a n g e d  i n  t h e  c r u c i f o r m  
mannet"' to clive ?:he m i  n e r a l  t h e  name "chi as to l  i te" I O t h e r  
m i n e r a l  c, i n c l u d e d  i ri t h e  a n d a l  usi t.e ai-e q u a r t z  arid m i n o r  
b i . o i : . i t e ,  c .hawinq  tha t  the a r 1 d a l u s i t . e  q r e w  i n  place, q r a d u a l l y  
i n c l u d i n q  i tc  sr..irrsai-rndinq m i n e r a l s .  a s  i t  grew. 

"ltie matt-i:.: of  t he  rock cons i s t s  of a f i n e l y  i n t e r q r o w n  
m j . : x t - w - e  of blot it.^, q u a r t z ,  set-icite,  a n d  a n d a l u s i t e ,  a g a i n  w i t h  
aI:iunclarlt m i  n t i t e  b l  ack 1 n c l  u s i  o n c  o f  carbonaceaus m a t t e r  a n d  
1er;cer s u l - f i d e .  I n  t . h i s  mat r ix ,  t h e  a v e r a g e  g r a i n  s i r e  i s  about 
Ci-C!S ITICFI f m r  q u a r t z .  b l c k i t e  and andalusite, bu t  m u c h  f i n e r  
! m i  ct-on ci ze : l  +or  t h e  upayues a n d  c a r b o n a c e o u s  mattet-. 

bi~:~'k3.te o f  tihe inatr-I . : . :  iz. a deep red-br -  ..wn colour ,  a n d  a l 5 G  

conta i r - i s i  a b u n d a n t  f i n e  i n c l u s i o n s  o f  opaqi-ie material  !'?carbon? 
a:> 1.n t h e  andalusite. Tho brown b i o t i t e  is s t r o n q l \ /  p L e o c h r o i c ,  
b r ~ t  a f e w  q t - a i n s  nf q r e e r i i  c,h b i o t i  t e  ! "hydu ,ob i  o t i  tie". w i t h  inore 
Fe:! a r e  r i o t  p l e o c h t - o i c .  Se r i c i t e  i s  1.ar-qel\: r e s t r i c t e d  t o  a 
C ( ? W ~  1 arqrr- ! O .  QF.5 m t n j  f l  akes uc.ual 1 y 1 ocateci near- t h e  m a r q i  ns. of 
t.he anc!aI. t . tsj .  t e  porphyrabl a5-t.s. 

about ~=qi.ial p r c t p o r t j  o n s  of  q u a r t z  arid b i o t i t e ,  ~ ~ i t I - 1  l e s s e r  
amoi..~nt~i o f  b:L acl.:: apaques (carrbonareocr=. matter and s u l  4: i d e j  . 
i-i!-icl(=.(li. ..isite 1s n o t  i i . Ic~i - i t i f iab1 .e  i n  t h i z .  p o r t ,  ctn o f  t h e  r o c k ,  
a l t t i s a ~ ~ q t ~  i t  m i g h t  b e  pi -esent .  i n  t h i s  ve ry  f i n e - q r a i n e d  
i r I t er-  9 r i : ~ . t  h i aver- age  g r a i n s i z e (1) . 025 m m  ! . 
t h e  h i  otite c t f  ?:he hast rock !of t e n  " w r a p p i n q  ar-nund" t h e  
artdal. uci t:e poi-~phyi-ohl  ast.5) ? b u t  n c n e  i 5 apparent. i n  t h e  
f r t i q i r i c ~ r i t .  w h e r e  t h e  b i c 3 t i t . e  i s  r-andctiiil.*; i s r - i e n t . e d .  

I 

-rt- IL-? .. .F t- agment.  - is I Z G I - I ~ ~ O S ~ ~  o f  3.1-1 ~ V E I - 1 ,  . f i n e  g r a i n e d  m a t  of 

'T l ie r~ .  i s  a reacanably w e l l - d e f i n e d  G c r l i a t i n n  d e v e l u p t x l  i n  

" I h 3  r i  qr..rar-tz vesnlets ,  u r a c i o n a l  1 . v  w i t h  a s s s a c i a t e d  s t _ t l i ' i d e s ,  
I..c - ._ .t 1.. .. , .- L . I E ~ '  5.1 id,, r e p 1 . a c i n q  the a n d a l u s i t e  and  there+ot-e I . a t . ~ r  

t h a r . ;  t . h e  nietamor-pl-;i sm. 0 1 - i  t h e  w h a l e ,  tl-ie p' i3cj . : :  i E. n o t  we1 .L 
t c I i . e r e d  tit- mj,ner-al i::ed; the fracjirtertt: ~ .I-:!sc:~i..tqi.-:, i . 5 ~  int..ich betiret- 
iii i. r-; e r a I i z P cl , w i t. !-I ti (TJ t h p v r r- t~ c) t i t. E r., 3 d ~3 .\-; y- j t, p '%j 1 E i I e i ti r:, rj d 





The p1. a q i o c l .  a5.e +crrrrrc, p h c n a c r y s t s ,  m i c r o p h e n o c r y c t s ,  a n d  
m a t . r i ; :  microlites. ( e l o n g a t e d  l a t h s )  down t.o (3.2 mfi-t l o n q .  l h e  
compocition a p p e a r c  to be a n d e s i n e  o r -  C I ~  iqocl  a s e - a n d e s i n e ,  about. 
AnZif.)--47 ( e : - : t i n c t . i  on a n g l e s  ' i . ' ' ' . C j l +  are a t l (x~t  15-25 d e g r e e s ,  Z.' '.!X)l 
I a r q e r  t h a n  t h i c ,  up ta ..Y.-) d e g r e e s ,  a n d  b o t h  i n d i c e . ;  a.re above 
t h a t  G f  q L l a r t z  i . : E  qrai  ns a r e  e u h e d r a l  a n d  we1 1 - t w i n n e d  , 
o f t e n  m i l d l y  f 1 e c l ; e d  b y  m i n u t e  g r a i n s  cjf a m p h i b o l e ,  ser ic i te ,  
a n d  (1 a r b  an a t  e . 

__ .. 

timpliibo1.e i n  t h i s  s a m p l e  is p l e o c h r o i c  f r o m  q r e e n  t o  p a l e  
q r e e n i s  Grown,  a n d  f o r m s  s m a l l  s t u b b y  p r i s m a t i c  g r a i n s  u f  
5c.tbhedr-al h a b i t  up t o  0.2 mm l o n u ,  b u t  a v e r a g i n g  lec5 t h a n  0 . C t 5  
Ilirn. I t  is  p r o b a b l y  a h o r n b l e n d e  ( e x t i n c t i o n  a n g l e  a b o u t  25' 
d e g r e c s j ,  a n d  i ts  f a r m  of  g r o w t h  ( a p p e a r i n g  t o  r e p l a c e  a l l  o t h e r  
m i n e r a l c ,  w i t t i  a random n r i e n t a t i o n )  c i i g q e s t s  t h a t .  i t  is 
horn+el 5 . i ~ .  I t  waul  d b e  exact1 f' t h e  s o r t  o f  p r e c u r c , o r  e s p e c t e d  
of t.he ch1or .L t e - b i  o t  i te p c u e d o m o r p h s  seen i n  t h e  s p e c 1  men f r o m  
D:GH 1 3 407' ,  arid t h e  p l a g i o c l a s e  i n  t h e  t w o  s p e c i m e n s  is a l . 5 ~  
E . i m i l a r ,  5 i . . tgges%ing t h a t  t he  s a m p l e  f r o m  UDH 1 is i n  f a c t  a 
~a3.  cani. c wac:ke, d e r i  .v~-d f r o m  a v o l c a n i c  s o u r c e  s u c h  a 5  t h e  
c c . t r r e n t  s p e c i m e n .  

O u a r t z  a m y g d u l e s  a r e  made  up of cmarse, c lear  q r a i n s  u p  t o  1 
m m  i n  d i a m e t e r ,  s h o w i n g  n o  s i g n s  n f  s t r a i n  ( u n d u l o s e  e x t i n c t i o n  
at- b o u n d a r y  s c t t u r i n q )  a n d  n o  a l t e r a t i o n .  T h e  a m y g d u l e s  a r e  
often c o m p o s e d  of q u a r t z  a n d  b l a d e d ,  r a d i a t i n g  a g g r e g a t e s  of t h e  
h o r n b l e n d e  f o u n d  i n  t h e  mat.rix a n d  t h e  v e i n ,  

T'he opaque g r a i n s ,  a v e r a g i n g  a b o u t  !:).03 mm i n  d i a m e t e r .  a r e  
euhedr -a1  arid p r a b a b l y  a n  o x i d e  of Fe a n d  ' T i  , such a5 i l m e n i t e .  
'They d o  riot s i - tqges t  c h r a m i t e ,  a l t h o u g h  p a l i s h e d  secticm a n a l V 5 i s  
w o u l d  be r e q u i r e d  t o  c o n f i r m  t h i 9 .  

C r a i g  H.B. L e i t \ c h ,  M.Fhi1.  P. Eng.  

J a n u a t - v  15, 1988. 
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