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SPECIFIC PROSPECT - I C E  PROJECT; I Claims (335-28) 

1. LOCATION AND ACCESS 

The I c l a ims  of I C E  p r o j e c t  a r e  l oca t ed  i n  t h e  nor th  e a s t e r n  
c o r n e r  of Dorsey Range, C a s s i a r  Mountains, Yukon. The c e n t r e  
of t h e  c l a im  group is a t  about 6 0 ~ 1 5 ' ~  by 131°33'w on 
c l a im  s h e e t s  105-B-4 and 5 and 34 km n o r t h  west of Swif t  
River ,  Yukon. 

The on ly  a c c e s s  is by h e l i c o p t e r  from S w i f t  River.  Dorsey 
Lake, 10 km due sou th ,  may be used f o r  f l o a t  p lane  access  to 
t h e  g e n e r a l  a r e a .  

Swi f t  River ,  Yukon, is l o c a t e d  a t  1033 km on the  Alaska high- 
way, approximately  160 km west of Watson Lake and 340 km e a s t  
of Whitehorse. Fue l ,  motel  and r e s t a u r a n t  f a c i l i t i e s  a r e  
a v a i l a b l e  i n  t h e  hamlet of Swi f t  River.  

2. PHYSIOGRAPHY AND VEGETATION (Map KL.79-78) 

The I C E  P r o j e c t  a r e a  is d iv ided  by a NE t r end ing  major v a l l e y  
wi th  l a k e s  ( i n c l u d i n g  " I C E  R I N K n  Lake) i n  t he  v a l l e y  f l o o r  t o  
t h e  sou th  and sand choked bra ided  c reek  ( I c e  Rink Ck) t o  t h e  
nor th .  A s t e e p  s ided  NW t r end ing  v a l l e y  i n t e r s e c t s  t h e  NE 
t r e n d i n g  v a l l e y  i n  t h e  c e n t r a l  p o r t i o n  of t he  c la ims.  Small 
hanging v a l l e y  c i r q u e s  l i n e  t h e  sou th  s i d e  of the  NE t r end ing  
v a l l e y  and one l a r g e  hanging v a l l e y  occupies  t he  north- 
e a s t e r n  p o r t i o n  of t he  c la ims.  

A l l  v a l l e y  w a l l s  a r e  s t e e p  "angle  of repose" s l o p e s  u s u a l l y  
covered i n  t a l u s  mixed with  minor ground b i r c h ,  g r a s s  and 
wi ldf lowers .  The v a l l e y  f l o o r s  and lower p o r t i o n s  of south 
and west  f a c i n g  v a l l e y s  a r e  u s u a l l y  t a l u s ,  rock f a l l  and 
moraine f i l l e d  wi th  v e g e t a t i o n ,  p r i n c i p a l l y  balsam, b lack  
spruce  and minor lodge pole  pine .  

Drainage is p r i n c i p a l l y  t o  t he  nor th-eas t  by I C E  Rink Creek 
wi th  t h e  sou th -eas t  f lowing,  i n t e r m i t t e n t  I C E  Ck d r a i n i n g  
i n t o  t h e  NW t r e n d i n g  v a l l e y  and to t h e  nor th  a s  Molley Ck. 
The I C E  R I N K  Ck empties i n t o  Ram Creek to the  nor th-eas t .  

3. CLAIMS 

The I C E  p r o j e c t  c o n s i s t s  of 56 cont iguous  Yukon Q u a r t  Mining 
c l a ims  on s h e e t s  105-B-4 and 5 ,  Watson Lake Mining D i s t r i c t ,  
Yukon. The c la ims  a r e  a s  fol lows:  
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Claim Name Record No. E x p i r y  Date  

I 1-24 YA36971-YA36944 1980 06 19  
I 25-56 YA44353-YA44384 1980 06 22 

~ l l  c l a i m s  a r e  s u b j e c t  t o  a  j o i n t  v e n t u r e  ag reemen t  between 
Du P o n t  o f  Canada E x p l o r a t i o n  L i m i t e d  and Duval I n t e r n a t i o n a l  
C o r p o r a t i o n .  The c l a i m s  are c u r r e n t l y  r e c o r d e d  i n  t h e  name 
o f  Du P o n t  of  Canada E x p l o r a t i o n  L i m i t e d .  

4 .  HISTORY 

The I claims were l o c a t e d  t o  c o v e r  a g e o c h e m i c a l l y  anomalous 
area l o c a t e d  by t h e  G e o l o g i c a l  S u r v e y  of  Canada ' s  Uranium 
R e c o n n a i s s a n c e  Programme. The s t r e a m  sample r e s u l t s  were 
r e l e a s e d  on 1979 J u n e  1 5  i n  W h i t e h o r s e .  A c o n t r a c t  s t a k i n g  
c rew s t a n d i n g  by i n  S w i f t  R i v e r  cove red  t h e  anomalous a r e a  
i n i t i a l l y  w i t h  24 c l a i m s  which was l a te r  expanded to c o v e r  
t h e  r e m a i n d e r  of  t h e  zone.  

The anomalous samples  were c o l l e c t e d  from (1) ICE Creek and 
( 2 )  I C E  RINK Creek  downstream from I C E  Ck. 

The r e s u l t s  a r e  a s  below: 

M e t a l  (ppm) MO Cu Fe Ag Pb Z n  pH 

Sample 1 2 5 250 3.65 1 . 5  7 4 350 7.4 

Sample 2 1 2  58 1.85 0.6 30 110 7.4 

The 250 ppm c o p p e r  v a l u e  is t h e  h i g h e s t  v a l u e  on t h e  105-B 
map s h e e t  and one  o f  t h e  h i g h e s t  v a l u e s  f o r  a l l  f o u r  map 
s h e e t s  sampled.  

T h e r e  is no r e c o r d  o f  p a s t  s t a k i n g  w i t h i n  t h e  main a r e a  of 
t h e  c l a i m s  o t h e r  t h a n  t h e  DU claims l o c a t e d  and d ropped  on 
t h e  w e s t e r n  p o r t i o n  of  t h e  p r o p e r t y  ( D U  136-152) .  

One sample  c o l l e c t e d  i n  1978 b y  L o u i s e  E c c l e s  on t h e  sou th -  
west p o r t i o n  of  t h e  p r o p e r t y  had minor  v i s i b l e  s c h e e l i t e  on a  
j o i n t  f a c e .  None of  t h e  s o i l  or r o c k  samples  c o l l e c t e d  
d u r i n g  t h e  e v a l u a t i o n  p o r t i o n  of  t h e  K l i n k i t  J V  programme i n  
t h e  DU c l a i m s  were a n a l y z e d  f o r  c o p p e r  or molybdenum and none 
o f  t h e  r e g i o n a l  so i l  or s t r e a m  samples  were c o l l e c t e d  from 
t h e  area o f  t h e  I C E  P r o j e c t .  



5. PROPERTY EVALUATION 

5 .1  Geology (Map KL.79-74, P l a t e  1, KL.79-80,81,82) 

P r e l i m i n a r y  mapping a t  1:10 000 s c a l e  of t h e  gossanous 
zones i n  t h e  c la imed a r e a  ha s  d e f i n e d  two mine ra l i z ed  
zones. 

The n o r t h e r n  zone is t h e  best exposed of t h e  two wi th  
s e v e r a l  "phases"  o f  t h e  Ram Creek s t o c k  ou tc ropp ing  on 
t h e  south-west  f a c i n g  ( i . e . ,  NE s i d e )  of t he  I C E  Ck. 

The Devono-Mississippian age  volcano-sedimentary s u i t e  
of S y l v e s t e r  Group (Map u n i t  M3) have been i n t ruded  by 
t h e  undated q u a r t z  d i o r i t e  t o  q u a r t z  monzonite phases  of 
t h e  Ram Creek s t o c k .  T h i s  10 km long 0.8 t o  3.5 km wide 
i n t r u s i v e  has  been t e n t a t i v e l y  da ted  a s  Ju ra -Cre taceous  
by W.Poole (See  Appendix 11). 

The S y l v e s t e r  sequence w i t h i n  t h e  c l a im  group c o n s i s t s  
of t h e  v o l c a n i c  s u i t e  wi th  t h i n  s h e e t s  of u l t r a m a f i c  
rocks  w i t h i n  t u f f  aceous  c h e r t s  and a r g i l l i t e s  . N e i t h e r  
graded bedding nor f r agmen ta l  v o l c a n i c  rocks  were noted 
i n  t h e  v o l c a n i c  s u i t e .  Flows and d u s t  t u f f s  of a n d e s i t e  
composi t ion cap t h e  u l t r a m a f i c  s e r p e n t i n i t e s  wi th  t u f f a -  
ceous a r g i l l i t e s  a s  t h e  youngest  sequence on t h e  south-  
west r i d g e .  C h e r t s  and a r g i l l i t e s  r i c h  i n  c h l o r i t e  and 
i n t e r c a l a t e d  t u f f a c e o u s  beds a r e  t h e  o l d e s t  and t h i c k e s t  
u n i t s  and a r e  u s u a l l y  i n  c o n t a c t  wi th  t he  Ram Ck Stock.  
Thin  limy sands tones  t o  sandy l imes tones  a r e  r a r e  i n  t he  
o l d e r  c h e r t  u n i t s .  One ca rbona t e  hor izon  caps  t h e  
s e r p e n t i n i t e  u n i t  w i t h i n  t h e  v o l c a n i c  s u i t e .  Loca l l y  
t h e  limy u n i t s  a r e  a l t e r e d  t o  ska rn  c o n s i s t i n g  of brown 
and green  g a r n e t  and d i o p s i d e .  

The Ram Stock  has  been d iv ided  i n t o  t h r e e  b a s i c  "phases" 
t o  e x p l a i n  f i e l d  r e l a t i o n s .  The average  u n i t  is a 
" sheared"  o r  a l t e r e d  g r a n o d i o r i t e  t o  q u a r t z  monzonite 
w i t h  a p a l e  g r een  c a s t  t o  p o r p h y r i t i c  p l a g i o c l a s e  and 
d a r k e r  g reen  groundmass (see p e t r o g r a p h i c  d e s c r i p t i o n s  
f o r  S.6.22.5b1 5.6.22.6, S.7.12.6, S.7.16.12). The 
q u a r t z ,  p l a g i o c l a s e  and K-Feldspar a r e  a l l  medium to 
c o a r s e  g r a ined  wi th  p l a g i o c l a s e  up to 1 .5  cm i n  l e n g t h .  
Quar tz  is g rey  t o  whi te  i n  hand specimens and K-fe ldspar  
is ve ry  hard  t o  r e c o g n i s e  wi thou t  s t a i n i n g .  C h l o r i t e  
a f t e r  hornblende and b i o t i t e  forms most of t h e  ground- 
mass. Th is  phase c a l l e d  CR on t h e  map probab ly  forms 
t h e  bulk of t h e  Ram s t o c k  (See  Appendix 11) from Munson 
Lake t o  t h e  I C E  p r o j e c t  a r e a .  





Uni t  CR 1 (see P l a t e  2 )  is a h i g h l y  a l t e r e d  ( i n  p a r t  CR) 
g r a n i t i c  rock  of undetermined composi t ion.  I n  g e n e r a l ,  
t h e  c h l o r i t e  of CR has  been a l t e r e d  t o  f i n e  p y r i t e  and 
c l a y  m i n e r a l s ,  t h e  K-fe ldspar  and p l a g i o c l a s e  have a 
red-brown c o l o u r  and t h e  rock  has  a h igh  d e n s i t y  of f i n e  
f r a c t u r e s  f i l l e d  wi th  q u a r t z  and s u l p h i d e s  (see pe t ro -  
g r a p h i c  d e s c r i p t i o n s  f o r  S.7.12.7b&8, S.7.16.3,5&8). 

The c o n t a c t s  of t h i s  subphase and t h e  o t h e r  two i n t r u -  
s i v e  t y p e s  is u s u a l l y  r e l a t i v e l y  s h a r p  a g a i n s t  CR2 b u t  
d i f f u s e  o r  i n d i s t i n c t  a g a i n s t  CR. The gossan i n  P l a t e  1 
is t h e  p r i n c i p a l  o u t c r o p  of t h i s  u n i t  CR1  w i t h  CR and 
S y l v e s t e r  c h e r t s  and a r g i l l i t e s  t o  t h e  nor thwes t  and 
CR2 t o  t h e  s o u t h e a s t .  P l a t e  2 shows t h e  weakly a l -  
t e r e d  CR proximal  t o  su lph ide - r i ch  C R l .  

The f i n a l  phase ,  CR2, may r e p r e s e n t  a  c o l l e c t i o n  of 
sub-phases o r  i n t r u s i v e s  of v a r i o u s  ages  (see pe t ro -  
g r a p h i c  d e s c r i p t i o n s  f o r  S.7.16.9,10&13). Th i s  u n i t  has 
a weak gossan and is b e s t  exposed on t h e  c i r q u e  wa l l  
behind t h e  f a c e  i n  P l a t e  1. I n  g e n e r a l ,  t he  p l a g i o c l a s e  
f e l d s p a r s  a r e  0.5 c m  l ong ,  wh i t e  and cha lky  look ing .  
Quar tz  and K-fe ldspar  a r e  of t h e  same g r a i n  s i z e  a s  t h e  
p l a g i o c l a s e  and b i o t i t e  appears  t o  be primary. The rock 
u s u a l l y  is a crowded porphyry wi th  a p a l e  g reen  to grey- 
g r e e n  groundmass. Q u a r t z  v e i n i n g  and s i m i l a r  l a t e  
a l t e r a t i o n  is ve ry  r a r e  i n  a l l  ou t c rops .  P y r i t e  appears  
t o  be a p r imary  m i n e r a l  i n  t h e  groundmass i n  a few 
samples.  During t h e  b r i e f  f i e l d  mapping work u n i t  CR2 
appeared t o  c u t  CR and be r e l a t e d  t o  t h e  m i n e r a l i z a t i o n  
e v e n t  i n  CR1. 

5.2 Geochemical Surveys  
Q 

S o i l  and silt  samples were c o l l e c t e d  and adlyzed a s  
d e s c r i b e d  i n  Appendix 11. Copper, molybdenum and 
t u n g s t e n  were ana lyzed  by MIN-EN L a b o r a t o r i e s  Ltd. i n  
North Vancouver by 'AA '  f o r  copper and molybdenum and 
fu s ion -co lou rme t r i c  f o r  t ungs t en .  

- 
5.2.1 Copper Geochemistry (Dwg. KL.79-75) 

The o n l y  anomalous a r e a  is c o i n c i d e n t  wi th  
v i s i b l e  gossanous  CR1 and CR2 i n  t h e  nor th  zone. 

Background f o r  t h e  a r e a  is less than  75 ppm with  
t h r e s h o l d  a t  115 ppm Cu wi th  major p o r t i o n s  of-  
t h e  n o r t h  zone over  250 ppm Cu. A s  t he  pH of  t he  
s o i l s  i n  t h i s  a r e a  v a r i e s  from 7.0 t o  6.0, t h e r e  
is l i t t l e  movement of copper excep t  a s  d e t r i t a l  





g r a i n s  of su lph ide  o r  ox ides  (e.g.  m a l a c h i t e ) .  
The geochemist ry  of t h e  s o i l s  r e f l e c t s  the  copper 
c o n t e n t  of t h e  rock samples analyzed from t h i s  
a r e a .  

5.2.2 Molybdenum Geochemistry (Dwg. KL.79-76) 

Two anomalies a r e  de f ined  by the  molybdenum geo- 
chemical  va lues .  Background f o r  t h i s  a r e a  is 
about  12 ppm, t h r e s h o l d  of 24 pprn and anomalous 
ove r  50 ppm. 

The no r th  zone has a few high va lues ,  e s p e c i a l l y  
low i n  t h e  t a l u s  below t h e  a r e a  of t he  f l o a t  
molybdeni te  sample S.7.12.7b. 

The sou th  zone shows major anomalies not  sus -  
pec ted  i n  t h e  p r e l i m i n a r y  g e o l o g i c a l  mapping. 
T h i s  zone would appear to be r e l a t e d  t o  t he  apex 
of t h e  p y r i t i c  zone noted on the  geo log ica l  map. 

5 . 2 . 3  Tin Geochemistry (Dwg. KL.79-77) 

The r e g i o n a l  s o i l  sample and s t ream samples were 
analyzed f o r  t i n  by XRF methods. The ma jo r i t y  of 
samples r e l a t i v e l y  anomalous a r e  on the  lower 
p o r t i o n s  of t h e  c i r q u e  and v a l l e y  wa l l s .  These 
v a l u e s  probably r e f l e c t  t r a n s p o r t  of t i n - r i c h  
m a t e r i a l  by v a l l e y  g l a c i e r s  from the  west through 
I C E  r i n k  pas s  t o  Ram creek.  There is no indica-  
t i o n  of t i n  m i n e r a l i z a t i o n  of economic i n t e r e s t  
w i t h i n  t h e  c la im block.  

5 .2 .4  Tungsten Geochemistry (Dwg. KL.79-79) 

The most prominent anomaly f o r  tungs ten  is in  t he  
a r e a  of t h e  no r th  zone. Background f o r  tungs ten  
is less than  8 pprn wi th  t h re sho ld  about 18  pprn 
and anomalies i n  excess  of 50  ppm. 

The no r th  zone has a l a r g e  a r e a  with p lus  50  pprn 
tungs t en ,  p a r t i c u l a r l y  i n  a r e a s  mapped a s  CR1. 
I n  t h e  f i e l d ,  s c h e e l i t e  was noted i n  s e v e r a l  
samples where q u a r t z  v e i n s  r i c h  i n  p y r i t e  a r e  
common. 

5 . 3  M i n e r a l i z a t i o n  and A l t e r a t i o n  

I n  t h e  t o p  p o r t i o n  of t h e  sou th  zone, t h e  CR and CR1  
phases  a r e  i n  c o n t a c t  wi th  a l t e r e d  limy u n i t s  of 



S y l v e s t e r  g r o u p  s e d i m e n t s .  The a l t e r a t i o n  c o n s i s t s  of 
s k a r n  and r e p l a c e m e n t  o r  v e i n s  c a r r y i n g  s p h a l e r i t e  and 
g a l e n a  i n  s k a r n  and s e d i m e n t s .  A l l  s k a r n  zones  were 
examined u n d e r  u l t r a - v i o l e t  lamp b u t  no s c h e e l i t e  was 
o b s e r v e d .  

The s o u t h  zone m i n e r a l i z a t i o n  w i t h i n  t h e  v e r y  s m a l l  
e x p o s u r e  o f  CR1 p h a s e  c o n s i s t e d  p r i n c i p a l l y  of  p y r i t e  
w i t h  v e r y  minor  c h a l c o p y r i t e .  A l though  t h e r e  is a  weak 
molybdenum geochemica l  anomaly i n  t h i s  a r e a ,  no molyb- 
d e n i t e ,  or f e r r o - m o l y b d a t e  was n o t e d .  T h e r e  is c o n s i -  
d e r a b l e  ca lc i te  i n  t h e  s e d i m e n t s  i n  t h e  w a l l s  and roof  
o f  t h e  CR1 p h a s e  and a s  t h e  pH o f  t h e  s o i l s  i n  t h i s  
a r e a  is 7 . 4  or h i g h e r  m o l y b d e n i t e  w i l l  be d i f f i c u l t  to 
f i n d  i n  s u r f  a c e  o u t c r o p s .  

M i n e r a l i z a t i o n  w i t h i n  t h e  Nor th  zone is  i n t i m a t e l y  
r e l a t e d  to  zoned a l t e r a t i o n .  The a l t e r a t i o n  s t y l e s  
c o n s i s t  o f :  

a .  Dis ta l  b a r r e n  q u a r t z  v e i n s  i n  CR and M3. 

b. C l o s e r  e p i d o t e ,  a x i n i t e  and q u a r t z  i n  v e i n s  on j o i n t  
s e l v e d g e s  and i n  s h e a r s .  P y r i t e  is r a r e  i n  t h e s e  
v e i n s ,  etc. ,  b u t  s p h a l e r i t e  and g a l e n a  occur i n  f i n e  
d i s s e m i n a t i o n s  o c c a s i o n a l l y .  

c. P rox ima l  t o u r m a l i n e  or a x i n i t e  i n  q u a r t z  v e i n s .  
T h e r e  a r e  a  few rare o c c u r r e n c e s  of  d r y  f r a c t u r e s  
w i t h  r o s e t t e s  o f  t o u r m a l i n e  i n  a l t e r e d  M 3 .  The 
q u a r t z  v e i n s  c a n  c a r r y  c o n s i d e r a b l e  p y r i t e  w i t h  
c h a l c o p y r i t e  and s p h a l e r i t e .  

d .  A s h e l l  ( t h i n  i n  w a l l s  t h i c k e n i n g  i n  t h e  roo f  o v e r  
t h e  main m i n e r a l i z a t i o n )  o f  c h l o r i t e  a f  t e r  ma£ i c  
m i n e r a l s  w i t h  q u a r t z  ser ic i te  v e i n s  c a r r y i n g  p y r i t e  
and d i s s e m i n a t e d  e n v e l o p e  p y r i t e  and c h a l c o p y r i t e .  
The t r e n c h  c r o s s e s  mixed ( d )  + ( c )  z o n e s .  

e .  A c h a l c o p y r i t e - p y r i t e  r i c h  zone o v e r l a p p i n g  a  
" p o t a s s i c "  ( s e c o n d a r y  b i o t i t e )  zone i n  t h e  roof  and 
a round  t h e  m o l y b d e n i t e  zone. Q u a r t z  v e i n s  i n  t h i s  
p o r t i o n  c a r r y  p o w e l l i t e  and s c h e e l i t e  a t  v e i n  sel- 
v e d g e s .  

f .  A m o l y b d e n i t e  p y r i t e  c h a l c o p y r i t e  zone o r  molybden- 
i t e  p y r i t e  zone h a s  o n l y  been  l o c a t e d  i n  s c r e e  
s a m p l e s  and is t e n t a t i v e l y  p roposed  on t h e  b a s i s  of 
t h e  f l o a t  s amples  and t h e  "molybdenum p o r p h y r y  
model" .  S c h e e l i t e  and p o w e l l i t e  o c c u r  as f i n e  



d u s t i n g s  on q u a r t z  v e i n  s e lvedges .  Molybdenite 
o c c u r s  a s  f i n e  f l a k e s  on random j o i n t s ,  on t h e  
margins of q u a r t z  v e i n s  bu t  r a r e l y  i n  t h e  c o r e s  of 
q u a r t z  v e i n s  (see p e t r o g r a p h i c  d e s c r i p t i o n  of 
S.7.12.7b). 

The a r e a  of s u l p h i d e s  i n  t h e  no r th  zone is approx imate ly  
400 m nor th -sou th  and 200 t o  300 m eas t -west .  The o u t e r  
a l t e r a t i o n  zone is a t  l e a s t  1000 m eas t -west  wi th  t h e  
n o r t h  ex t ens ion  unmapped. 

Tab le  1 l ists  t h e  a n a l y s i s  o f  molybdenum, copper  and 
t u n g s t e n  f o r  i n t r u s i v e  samples c o l l e c t e d  w i t h i n  and 
p l o t t e d  on map KL.79-74. 

No samples  c o l l e c t e d  to  d a t e  g rade  s u f f i c i e n t l y  i n  
copper  o r  molybdenum to i n d i c a t e  t h e r e  is an ou tc rop-  
p ing  zone of economic s i g n i f i c a n c e .  The a l t e r a t i o n  may 
r e p r e s e n t  t h e  cusp  o r  t o p  o f  a  m ine ra l i z ed  zone of 
i n t e r e s t  b u t  o n l y  diamond d r i l l i n g  can de te rmine  t h e  
s i z e  and grade  of any bu r i ed  zone. A proposed induced 
p o l a r i z a t i o n  survey  should  d e f i n e  t h e  a r e a  of subcrop- 
p i n g  p y r i t i c  a l t e r a t i o n .  

6 .  CONCLUSIONS AND RECOMMENDATIONS 

The i n t e n s i t y  and s i z e  of t h e  a l t e r a t i o n  i n  t h e  no r th  zone 
j u s t i f i e s  a  diamond d r i l l  programme t o  de te rmine  i f  t h e  
molybdenum zone i nc r ea sed  i n  g r ade  wi th  depth .  The a l t e r a -  
t i o n  assemblage d i f f e r s  from t h e  "porphyry molybdenum" model 
i n  t h e  amount of tourmal ine  and t h e  l a c k  of heavy a r g i l l i c  
a l t e r a t i o n .  I n  o r d e r  to  d e f i n e  t h e  focus  of a l t e r a t i o n  f o r  
d r i l l  h o l e  e v a l u a t i o n  t h e  whole c l a im  group r e q u i r e s  d e t a i l  
mapping a t  1:5 000 and a l t e r a t i o n  and t h i n  s e c t i o n  s t u d i e s  of 
a l l  phases  of i n t r u s i o n s .  L ine -cu t t i ng  and an I P  su rvey  w i l l  
be r e q u i r e d  to  d e f i n e  t h e  p y r i t i c  zones w i t h i n  t h e  a l t e r a t i o n  
assemblage.  



APPENDIX I 

Geochemical and Assay Procedures 

1. Sampling 

2. Sample Preparation 

3. XRF Determination 

4. Min-En Geochemical and Assay Analysis 

Table A 

Ecko Mineral Analyzer 



GEOCHEMICAL AND ASSAY PROCEDURES 

1. Sampling 

1.1 Soil samples were collected below the root zone on 
vegetated slopes, or from sand size material on 
talus slopes, using a prospectors grub hoe for 
digging. An approximately 0.5 to 1.0 kg sample was 
put into a Kraft wet-strength bag that had an 
indestructible pre-numbered tag attached. Standard 
field data was logged on the tag and the arbitrary 
co-ordinates from the top0 map were recorded for 
later plotting. Elevation and traverse distance 
were controlled with metric altimeters and metric 
hip chains, respectively. Additional control of 
specific sites was possible with 1:10 000 photo 
mosaics or 1:5 000 contour maps. Some samples were 
collected on detail grids (e.g. DU PLATEAU and MC 
RIDGE) with chained picket stations. 

1.2 Geological sample locations were controlled by 
1:10 000 photo maps, 1:5 000 top0 maps, or picket 
grids. Notes were logged on International Geosystems' 
6B02 Geoform using the "geolog" coding system. 
Samples of granitic material and "type" specimens 
were of sufficient size for thin section and whole 
rock analysis, with a few large samples collected 
for possible age dating. 

1.3 Chip or panel samples were taken with hammer and moil, 
either on "fresh" rock faces or in vertical walls or 
horizontal floors of trenches. In general, we 
attempted to collect 2-3 kg of sample from a 1 m 
long sample train, with care taken in collecting fines. 
Only two one-meter-square "panel" samples were 
attempted; but proved too time-consuming to be cost- 
efficient. All samples were logged on the same type 
of data sheets as the soil samples, and bagged in 
plastic with a pre-numbered tag attached. 

1.4 Bulk samples were collected from the area of the fault 
on trench T9 (i.e., TgN), from the gossanous zone on 
trench T9 (i.e., T9S) and from the northern end of 
T10/11 by blasting and hand mucking material. The 
blasted rock was shovelled into large plastic bags, 
attempting to mix the size fractions as evenly as 
possible. Three 45 gallon barrels from each of T9N 
and T9 were filled and two barrels were collected 
from T10. The barrels were capped and shipped to 
Vancouver, from where one barrel from each of T9N, 
T9S and T10/11 were sent to the Warren Spring 
laboratory in Great Britain for recovery analysis. 
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QUALIFICATIONS 

I,  F. Marshall Smith, do hereby c e r t i f y  t h a t :  

1. I am a geologist  res id ing a t  6580 Mayflower Drive, 
Richmond, Br i t i sh  Columbia and a m  employed by Du Pont of 
Canada Exploration Limited. 

2 .  I am a graduate of t h e  University of Toronto with a B.Sc. 
(Honors) degree in  geology. 

3. I am a regis tered  Professional  Engineer in  the  province of 
Br i t i sh  Columbia. 

4. I have pract ised  my profession in  geology continuously in  
Canada fo r  the  pas t  1 2  years.  

5. I ca r r i ed  our the geological mapping and supervised the 
remainder of work on t h e  I C E  claims. 

F. Marshall Smith 
1980 May 30 



APPENDIX I 

STATEMENT OF EXPENDITURES 

January 1 - D e c e m b e r  31, 1979 

I C E  PROJECT (I Claims),  YT 

Casual Labour 

Travel  Expenses 

Camp Expenses 

Mapping, G r .  Surveys, Maps 

Ground Clea r ing  & Trenching 

F r e i g h t ,  Hauling, S torage  

Assaying 

S a l a r i e s  - Regular 

S a l a r i e s  - Temporary 

Space Charges 

Equipment Rental  

S t a t i o n e r y  & Suppl ies  

Telephone 

Auto Expenses 

Repairs  & Mtce (exc l .  Auto) 

Non C a p i t a l  Equip. Purchases 

Depreciat ion Expenses 

TOTAL $20 040.97 



TABLE A 

XRF - % T i n  

119 0.005 
120 0.010 
121 0.015 
122 0.020 
123 0.025 
124 0.030 
126 0.040 
128 0.050 
130 0.060 
132 0.070 
134 0.080 
136 0.090 
138 0.10 
140 0.11 
142 0.12 
144 0.13 
146 0.14 
148 0.15 
150 0.16 
152 0.17 
154 0.18 
156 0.19 
158 0.20 
160 0.21 
162 0.22 
164 0.23 
166 0.24 
168 0.25 
170 0.26 
172 0.27 
174 0.28 
176 0.29 
178 0.30 
180 0.31 
182 0.32 
184 0.33 
186 0.34 
188 0.35 
190 0.36 
192 0.37 
194 0.38 
196 0.39 
198 0.40 
200 0.41 
202 0.42 
204 0.43 

XRF - 
206 
208 
210 
212 
214 
216 
218 
220 
222 
224 
226 
228 
230 
232 
234 
236 
238 
240 
242 
244 
246 
248 
250 
252 
254 
256 
258 
260 
262 
264 
266 
268 
270 
272 
274 
276 
277 
279 
281 
283 
285 
287 
289 
291 
293 
295 

% T i n  

0.44 
0.45 
0.46 
0.47 
0.48 
0.49 
0.50 
0.51 
0.52 
0.53 
0.54 
0.55 
0.56 
0.57 
0.58 
0.59 
0.60 
0.61 
0.62 
0.63 
0.64 
0.65 
0.66 
0.67 
0.68 
0.69 
0.70 
0.71 
0.72 
0.73 
0.74 
0.75 
0.76 
0.77 
0.78 
0.79 
0.80 
0.81 
0.82 
0.83 
0.84 
0.85 
0.86 
0.87 . 
0.88 
0.89 

XRF - % T i n  

0.90 
0.91 
0.92 
0.93 
0.94 
0.95 
0.96 
0.97 
0.98 
0.99 
1.00 
1.01 
1.02 
1.03 
1.04 
1.05 



T a b l e  A (cont. ) 

XRE' - 
389 
3 9 1  
393 
395 
397 
417 
437 
457 
477 
497 
517 
537 
557 
577  
597 
616 
636 
656 
676 
696 
716 
816 
915  

1 1 1 5  
1314 
1514 
1 7 1 3  
1912  
2112 

% Tin 

1 . 3 6  
1 .37  
1 . 3 8  
1 .39  
1 . 4 0  
1 . 5  
1 . 6  
1 . 7  
1 . 8  
1 . 9  
2.0 
2 . 1  
2 .2  
2 . 3  
2 .4  
2 .5  
2.6 
2.7 
2.8 
2 .9  
3 .0  
3 .5  
4 .0  
5 .0  
6.0 
7.0 
8 .0  
9 .0  

10 .0  

XRE' - ppm tin 

91.4 0  
91.8 1 0  
92 .1  20 
92.5 30 
92.9 40 
9 3 . 3  50 
93.6 60 
94.0 7  0  
94.4 8  0  
94.8 9  0  
95 .1  1 0 0  
95.5 1 1 0  
95.9 120  
96.2 1 3 0  
96.6 140  
97.0 1 5 0  
98.9 200 

100 .8  250 
102 .6  300 
1 0 4 . 5  350 
1 0 6 . 4  400 
1 0 8 . 3  450 
1 1 0 . 1  500 
113 .9  600 
117 .6  700 
121 .4  800  
1 2 5 . 1  900 
128.9 1000  

Page  2  

XRF - ppm tin 

9 1  0  
92 1 5  
9 3  40 
94 7  0  
95 95 
96 120  
97 1 4 5  
98 1 7 5  
99 200 

1 0 0  225 
1 0 1  250 
1 0 2  275  
1 0 3  300 
104  325  
1 0 5  350 
1 0 6  400 
1 0 7  425 
108  450 
1 0 9  475 
1 1 0  500 
111 525 
1 1 2  550 
1 1 3  575 
114  600 
1 1 5  625 
1 1 6  650 
117  675 
118  700 



Mineral 
Analyser 
The Ekco Mmeral Analyser was developed b Ekminassociation w t h  
the~nnshlnsotuteof ~eologlcal~oencesandllhe~mtedhgdom 
AtomlcEnergy Authority. 

p~ 

QUICK, ACCURATE, EFFICIENT 

Analysis in  less than 30 seconds 
X-ray fluorescence and scaler 
techniques give greater accuracy 
P.H.A. improves efficiency 
Auto subtract device - difference 
reading is shown as a net count 
Simple press-button operation 
Easy-read digital presentation 
Portable, lightweight solid state 
design 
Power options - rechargeable 
batteries or A.C. mains 
Rugged go-anywhere construction 

W Folding 
Handle 

Applications 
Mining Industry On site assay of ores, off-stream sample MINERALANALYSER M8524 
analysis of ore pulp and tailings. Ore sorting for blendmg This provides seven specific functions : bi-directional 
and storage. counting ; timing, pulse-height analysis, H.V. supply ; 

amplifier ; ratemeter anddisplay. Circuitboardmounted the Ekco was primarily integrateddevicesareusedthroughout apaflfromthe 
designed for use in the Mining Industry it has H.V. unit which is contained in an easily iemovable 
applications in much wider fields. thermal insulated can. This form of construction simplifies 

Steel and Metals. Analysis of alloy in ingot, sheet, bar and servicing, maintains a high packaging density and gives 
tubes. Assay of slags. Scrap sorting. Alloy identification of exceptional reliability. The rechargeable batteries give 
extrusions and forgings. Coating thickness measurement. ten hours continuous use. The battery pack can be 
Analysis ofelectroplating bathsolutions. replaced by an identical sized power unit for mains 

operation ; this will also act as a battery charger. 
Chemicals. Analysis of elemental chemical compositions. 
Petroleum. Analysis of additives and impurities in petrol, Carrying Case 
lubricating oils, hydrocarbons and petroleum products. The complete equipment is carriedin a waterproof case. 

It is lined with expanded polythene and gives the 
General Description instrument the climatic and environmental protectionit 
PROBE M8563 requires in its 'go-anywhere' role. The shoulder straps 

are designed so that the instrument can be securedat The radioisotope is heldin a 'central-source' arrangement level, leaving the operator 8s hands free. 
which has an automatic, fail safe shutter. This obviates any 
possible error due to partial opening. 
The two filters are ma 'spectacle frame' anda toggle LABORATORY STAND M8568 

:on switch places the required filter before the A special stand is available for the simple conversion of 
. itillator window and switches scale count direction. the mineral analyser to a bench-mounted system. The 
By using spare heads with different sources and filters the probe is inverted and screwed to the underside of the 
analyser can be changed to cover a wide range of applica- stand andthe system is ready for operation. 
tions. Adjustable blocks are incorporated to position core 
The complete probe is constructed in aluminium alloy. It is samples over the face ofthe probe. Powderedsamples in 
light, easy to operate and has a fold away pistol-grip the special containers, which are available, may also be 
handle. placed on the probe face. 



Operation 
I The mineral analyser may be used as a hand-held instrument with the probe unit pressed 
I against the mineral sample (rock face, rock sample, metal sheet, etc.) or as a laboratory 
I system with the probe mounted on a stand. 1 The probe trigger is pulled. exposing the gamma (or X) ray source and irradiating the 

sample. * 

The 'counting time' is selected by pressing the appropriate push-buttons and the count is 
initiated by pressing the Reset and Start buttons. 
On completion of the 'up' count the filters are changed, by simply operating a toggle-lever 
on the probe unit, which also automatically changes the mode to 'subtract'. The Start button 
on the analyser is again pressed. 

I The resulting 'difference count' may be converted to a 'percentage concentration' by com- 
parison with a calibration graph of a standard sample. 

Table of approximate detectable limits. 10 seconds counting time 

Metal Source Filter Detectable Limit 

Titanium 5 mCi STe TilSc 0.1 % 

Iron 30 mCi mPu MnICr 0.2 ?4 

Nickel 30 mCi =Pu Co/Fe 0.06 % 

Copper 30 mCi =PU Ni/& 0.05 % 

Zinc 30 mCi zTu Cu/Ni 0.024.04 % 

Molybdenum 2 mCi lmCd Zr/Y 0~005-0~01% 
0.4 Ci "'PmIAl ZrN 0.05 ?4 - . - 
Brems 

Tin 1 Ci "'Pm/Al Agpd  0.024.03 % 
Brems 
10mC Am241 0.05 % 

Lead 

Metal Source Filter Detectabl. Limit 

Tungsten 0.3 mCi 5'Co(K) Yb/Ho - 
30 mCi '*Pu(L) Cu/Ni 0.5 % 

Arsenic 30 mCi ?'Pu GelGa 0.1 %(estimat$d) 

Cobalt 30 mCi ~ P u  Mn/Fe 0.1 % ,, 

Niobium 2 mCi 'mCd Y/Sr 0.01 % ,, 

Chromium 30 mCi ~'Pu V/Ti 0.3% ,, 

Manganese 33 mCi W"Pu V/Cr 0.3% ,, 

Silver 1 Ci T'rn/Al Ru/Rh 0.03% ,, 
Brems. 

0.3 mCi "Co(K) Ir/Re 0.03-006 % - 
30 mCi V u ( L )  Ge/Ga 0~054.1% Gold 0.3 mCi "Co(K) W/Ta 0 0 4 %  ,, 
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Name and Address 

CARLSON, Dayle M. 
R.R. 86  
Cobourg, Ontario K9A 459 

COLWELL, J e n n i f e r  H. 
Box 108 
A t l i n ,  BC VOW 1AO 

CONNOLLY, Linda 
Brentwood College 
M i l l  Bay P.O. 
M i l l  Bay, BC VOR 2P0 

DIONNE, C a m i l l e  H. 
515 Hendry Avenue 
North Vancouver, BC V7L 4C6 

Home Phone No. 

(416) 372-2782 

DITSON, Gwen M. 228-1618 
3943 W. Broadway, Vancouver, BC V6R 2C2 

FLORENCE, Diane 
Box 4 1  
Atl in,  BC VOW 1AO 

GOAD, Bruce E. - 
304-1000 Markham Road 
Winnipeg, Manitoba R3T 242 

JONES, Murray I. 
350 Belgo Road 
Kelowna, BC V1X 226 

MATO, Gonzalo D. - 
5566 Catania  C i r c l e  
Vancouver, BC V6T lN2 

MICHELL, Cathy F. 
Box 63 
Heff ley Creek, BC VOE 120 

MURPHY, Beverly M. 
Box 57 
A t l i n ,  BC VOW 1AO 



Name and Address 

WHITICAR, Doug M. 
662 Pembroke Avenue . 
Coquitlam, BC - V3K 2NP 

I 

Home Phone No. 





TABLE 1 

Whole Rock Analysis 

Tag NO. 

696419 

6965A 

6966A 

6967A 

6968A 

6995A 

6996A 

6997A 

6998A 

6999A 

6959A 

6960A 

6961A 

6962A 

6810A 

6811A 

6812A 

6800A 

6801A 

6802A 

6803A 

6804A 

6805A 

6806A 

680719 

6808A 

6809A 

Sample No. 

S.7.12.3 

S.7.12.4 

S.7.12.5 

S.7.12.6 

S.7.12.7 

S.7.12.7b 

S.7.12.8 

S.7.16.3 

S.7.16.4 

S.7.16.5 

S.6.22.5~ 

S.6.22.5b 

S.6.22.5a 

S.6.22.6 

S.7.15.11 

S.7.15.12 

S.7.15.13 

S.7.16.6 

S.7.16.7 

5.7.16.8 

S.7.16.9 

S.7.16.10 

S.7.16.11 

S.7.16.12 

S.7.16.13 

S.7.16.14 

S.7.16.15 



JAMES VINNELL. Manager 

JOHN G. PAYNE. Ph. D. Geoloairt 

Report for: Marshall Smith, 
Dupont Exploration, 
102 - 1550 Alberni, 
VANCOWER, B.C., V6G 1A5 

P.O. BOX 39 
8 8 8 7 N A S H S T R E E T  
FORT LANGLEY. B.C. 
VOX IJO 

PHONE I6041 533-1155 

Invoice 1950 

Samples: 12 samples of fresh and altered granodiorite, with copper 
and molybdenum mineralization (locally tungsten) 

The samples are grouped into rock types as follows: 

1) Quartz-rich Hornblende Granodiorite (with lesser biotite, sphene) 

a) coarse grained : S-7-16-12 PYI PO 
b) medium grained : S-7-12-6 POI CP 
C) porphyritic : 5-7-16-9 PYI CP (m) 
d) altered : 5-6-22-533 PYr POI CP 

2) Quartz-poor Hornblende Granodiorite (no biotite or sphene) 

a) hornblende altered to actinolite, calcite, tourmaline: S-6-22-6 

b) mafic minerals destroyed or rare (CP) 
S-7-16-10 (minor biotite, sphene); py,po,cp,(cv) 
S-7-16-13 (minor biotite, trace sphene); py,cp 

3) Strongly Altered Rocks of Unknown Parentage (Group 1 or Group 2) 

abundant secondary quartz, pyrite and chalcopyrite, molybdenite 
in some 

S-7-12-7B P Y I C P I ~ ~  
5-7-12-8 PYICP (minor scheelite in hand sample) 
5-7-16-3 C P I P Y I ~ ~  
S-7-16-5 PYIPOICP, (cv) 
5-7-16-8 cp (py in late veins) 

K-feldspar forms megacrysts in many of the samples. In some 
samples some of the K-feldspar appears to be formed by replacement of 
plagioclase, and it is possiblg that much of the K-feldspar is of 
secondary origin. 

In most samples where it formed an original mineral, biotite is 
completely altered to chlorite and minor Ti-oxide. Hornblende generally 
is fresh, except in sample S-6-22-6, where it is altered to actinolite, 
calcite, and tourmaline; this is the only sample in the suite to contain 
secondary calcite and tourmaline. 

Secondary actinolite forms clusters of needle-shaped crystals in 
several samples: 5-7-12-6, S-7-16-5, 5-7-16-8, and 5-7-16-13. 

The most outstanding feature of the strongly altered rocks is the 
presence of secondary quartz (in part with sericite) as patches and 
veinlets cutting original minerals, especially K-feldspar megacrysts. 
If the K-feldspar is of secondary origin, its introduction was prior 
to that of the quartz veins. 

$&T@&!*& ~@i i#A E,,, SAMPLE PREPARATION FOR MICROSTUDIES PETROGRAP 
1981 



S-6-22-5b 

plagioclase 
K-feldspar 
quartz 
original 
secondary 

hornblende 
sphene 
biotite 
Ti-oxide 
apatite 
zircon 

epidote 
pyrrhotite 
pyrite 
chalcopyrite 
chlorite 

Altered (Biotite)-Hornblende Granodiorite 

0.5 (altered completely to chlorite, Ti-oxide) - .. 
u.3 

minor 
trace 

14-2 (partly altered to hematite, pyrite, siderite?) 
%- 1 
0.2 
0.2 

Plagioclase forms medium to coarse grains (up to a few mm 
across) showing variable alteration. Some are slightly to moderately 
altered to randomly oriented very fine grained sericite flakes. Others 
are strongly altered to sericite, with or without limonite and very 
fine grained epidote. Some are moderately to strongly altered to 
a very fine intergrowth of quartz (secondary, related to veins) and 
sericite; this alteration occurs in irregular patches in the altered 
grains. 

K-feldspar forms grains ranging from 0.5 mm to megacrysts several 
mm across. Perthitic intergrowths of plagioclase are much coarser 
than in most samples, with irregular lenses up to 0.05 mm thick. The 
megacrysts are cut by abundant quartz veinlets, some of which contain 
moderate to abundant sericite. 

Quartz forms grains averaging 0.5 to 1.5 mm in size; coarser 
grains show very wavy extinction, and some grains show irregular. 
subparallel zones with slightly variable extinction positions between 
zones. This texture is the result of deformation. 

Secondary quartz occurs in patches and veins as described above. 
Also some quartz patches are recrystallized to a fine grained irregular 
mosaic with grain size 0.05-0.1 mm. 

Hornblende forms subhedral grains up to 0.7 mm across, with light 
to medium green color. A few are slightly altered to epidote, but most 
are relatively fresh. 

Sphene forms irregular to subhedral grains up to 0.7 mm across; 
locally minor chlorite occurs with sphene, but generally sphene occurs 
by itself surrounded by quartz and feldspars. 

Biotite forms several grains up to 1 mm across. They are completely 
altered to light green chlorite with scattered.very fine grained Ti-oxide 

Ti-oxide also forms several patches up to 0.7 mm across of very fine 
grained aggregates, some of which are associated-with chlorite. 

Apatite forms scattered anhedral grains averaging 0.05-0.1 mm in 
size. Zircon forms a few stubby prismatic grains up to 0.1 mm long. 

Epidote forms patches and veinlets, in part with chlorite and 
Ti-oxide. Some epidote is extremely fine grained, while other patches 
are up to 0.5 mm in grain size. Some epidote is associated with 
clusters of pyrrhotite. 

(continued) 



S-6-22-5b (continued) 

Pyrrhotite forms irregular clusters and vein-like zones up to 
a few mm across. Grain size is mainly 0.1-0.3 mm. Most pyrrhotite 
is altered along grain borders and fractures to secondary pyrite 
and hematite, and possibly siderite. Locally chalcopyrite occurs 
along borders of pyrrhotite clusters. 

Pyrite forms irregular to subhedral cubic grains averaging 0.2- 
0.3 mm in size, with a few up to 1 mm across. 

Chalcopyrite forms scattered irregular patches with grains 
averaging 0.05-0.2 mm in size. 

The rock is cut by a few late hematite veinlets. 
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5-7-16-5 Altered Granodiorite 

The sample is moderately brecciated, with veins of quartz and 
quartz-sericite, with a few irregular patchy veins of epidote- 
actinolite-sulfides. 

original rock? 
plagioclase 30-35% 
K-feldspar 20-25 
quartz 20-25 
chlorite 1 (after biotite?) 
sphene 0.3 
apatite minor 
zircon trace 

alteration 
quartz veins 5- 7 
sericite (veins) 2- 3 
epidote 4- 5 
actinolite 2- 2% 
pyrite 1%-2 
pyrrhotite 1- 1% (strongly altered to pyrite, hematite) 
chalcopyrite 0.3 
covellite trace 
chalcocite trace 

Plagioclase forms anhedral to subhedral grains up to a few mm 
long. Alteration is variable to sericite flakes; in weakly altered 
grains sericite is randomly oriented, and in some strongly altered 
grains it is in large part oriented. 

K-feldspar forms a few megacrysts up to a few mm across, with 
a fine perthitic texture. These are commonly cut by late quartz 
and quartz-sericite veinlets. 

Quartz forms irregular grains from 0.5 to 2 mm in size; coarser 
grains have strongly wavy extinction. 

Chlorite forms a few patches up to 0.7 mm across; some of these 
appear to pseudomorph original biotite, while others are secondary 
and consist of fibrous to radiating aggregates commonly associated 
with pyrite and epidote. 

Sphene forms a few anhedral to euhedral grains up to 0.5 mm long. 
Apatite forms a few clusters of grains averaging 0.05-0.1 mm in 

size. 
Zircon forms one subhedral grain 0.12 mm long. 

The most common alteration is fine to very fine grained quartz- 
sericite veins, commonly with patches of extremely fine grained 
epidote. Very fine to fine grained quartz veins and patches are less 
common. An irregular patchy veinlike zone consists mainly of very 
fine to fine grained epidote with patches of actinolite needles and 
scattered pyrite and pyrrhotite. Actinolite also forms scattered 
clusters of acicular grains up to 0.3 mm long scattered through the 
rock. Pyrite occurs as irregular to subhedral grains mainly from 
0.05-0.15 mm in size, with a few grains up to 0.5 mm across. A few 
coarser grains contain a few tiny inclusions of pyrrhotite. Pyrrhotite 
occurs with pyrite and alone as clusters of irregular to rounded 
grains averaging 0.05-0.15 mm in size. Most grains are moderately to 
very strongly altered to hematite and pyrite. 

Chalcopyrite forms a few irregular clusters of grains averaging 
0.05 m in size, with a few up to 0.15 m across. Two patches 0.15 rmn 
across contain covellite and chalcocite in fine grained intergrowths 
with pyrite-hematite after pyrrhotite. - - 



S-7-16-8 Altered Leuco-quartz monzonite 

The sample contains abundant quartz veinlets and veins, and 
original texture is probably mainly destroyed. Secondary biotite 
is present locally. 

K-feldspar 
plagioclase 
quartz 
epidote 
biotite 
chalcopyrite 
hematite 
sphene 
actinolite 

30-35% 
15-20 
20-25 
112-2 
1- 1% 
1- 1% 
0.3 
0.3 

minor 

quartz veins and veinlets 12-15% 
late hematite-pyrite-epidote veins 1-112 

K-feldspar forms irregular grains up to 1.5 mm across and a 
few megacrysts up to several mm across. Most grains are perthitic 
with abundant very fine irregular lenses of plagioclase. They are 
cut by numerous quartz veinlets with average grain size 0.05 mm. 

Plagioclase forms subhedral to anhedral grains averaging 1 mm 
in size. Alteration is very variable, with many grains very strongly 
altered to very fine grained sericite. Epidote locally forms patches, 
commonly in cores of plagioclase grains, associated with quartz and/or 
albite. A few grains are only slightly altered to sericite. 

Quartz forms patches up to a few mm across. Some are coarse grained 
and others consist of fine grained strongly interlocking aggregates. 

Epidote forms irregular patches up to 0.7 mm across, generally 
consisting of fine grained aggregates. 

Biotite forms irregular patches and discontinuous vein-like zones 
with grains averaging 0.1-0.25 mm in size. Pleochroism is from pale 
to medium brown. 

Chalcopyrite forms irregular grains from 0.05 to 0.5 mm in size 
scattered through the rock. 

Sphene forms a few subhedral grains, mainly 0.15 mm in size, with 
one grain 1.5 mm long. 

Actinolite forms a few irregular clusters of acicular grains 
averaging 0.3-0.5 mm in length. 

The rock is cut by numerous discontinuous quartz veinlets with 
grain size averaging 0.03-0.05 nun; such veinlets appear to be more 
abundant in K-feldspar than in plagioclase. The rock is cut by a 
major set of quartz veins in one corner of the section; grain size 
is mainly fine to medium. 

The rock is cut by narrow late veins composed of epidote with 
scattered pyrite grains up to 0.5 mm in size. Many pyrite grains 
are moderately to completely altered to hematite. 



S-7-16-9 Porphyritic Hornblende Granodiorite 

The rock contains a few megacrysts of plagioclase, K-feldspar, 
and quartz; medium to coarse grained plagioclase and hornblende, and 
a fine to very fine grained groundmass dominated by quartz and K-feld- 
spar. 

megacrysts 
K-feldspar 5- 7% 
plagioclase 2- 3 
quartz 5- 7 

plagioclase 30-35 
amphibole 7-10 
quartz 20-25 
K-feldspar 15-20 
sphene 1%-2 
pyrite 1%-2 
epidote 1- 14 
chlorite 0.3 
biotite minor 
chalcopyrite minor 
covellite trace 

Plagioclase forms a few subhedral megacrysts up to 10 mm long.> 
Most plagioclase grains average 0.5-1.5 mm in size. They are moderately 
to strongly altered to very fine grained sericite flakes and/or extre- 
mely fine grained patches of epidote. Epidote alteration tends to be 
very patchy within grains. 

K-feldgpar forms a few megacrysts up to 1.5 m long. These are 
slightly perthitic with irregular lenses of exsolution plagioclase. 
K-feldspar megacrysts also contain scattered very fine to fine grained 
inclusions of quartz and lesser plagioclase. 

Quartz forms rounded megacrysts averaging 2-3 mm across; grains 
commonly show strongly wavy extinction. 

Quartz and K-feldspar form fine to very fine grained intergrowths 
interstitial to coarser grains; quartz averages 0.05-0.1 mm in size, 
while K-feldspar averages 0.1-0.3 mm across. Grain borders are very 
irregular. 

Amphibole, mainly primary hornblende with possibly some secondary 
actinolite after hornblende forms subhedral to euhedral diamond-shaped 
prismatic grains up to 0.5 mm across and 1.5 mm long. Pleochroism is 
*from light to medium green. Locally secondary actinolite forms clusters 
of fibrous grains up to 0.3 mm long. 

Sphene forms subhedral to anhedral grains averaging 0.2-0.5 nun in 
size, with a few grains up to 1.2 nun across. Commonly it is inter- 
grown with epidote. Epidote forms irregular grains averaging 0.15-0.2 
mm in size associated with sphene and/or pyrite. 

Pyrite forms irregular grains averaging 0.05-0.15 mm in size, and a 
few subhedral cubic grains. Some grains have thin rims of hematite. 
Chalcopyrite forms scattered irregular grains averaging 0.03-0.05 mm 
in size. Covellite forms one cluster 0.2 mm across of very fine grains 
adjacent to a pyrite grain partly altered to hematite. 

Biotite forms one ragged book 0.5 mm across. Pleochroism is weak 
from light to medium brownish green. Chlorite forms one patch 1.2 mm 
across with intergrown Ti-oxide; this aggregate is probably a replace- 
ment of biotite. 



5-7-16-10 Altered Leucogranodiorite 

The rock is medium to coarse grained with a few K-feldspar mega- 
crysts, and abundant very fine grained groundmass dominated by quartz, 
K-feldspar, epidote, and lesser sulfides and apatite. 

plagioclase 45-50% 
quartz 17-20 
K-feldspar 15-20 
groundmass 7-10 (mainly quartz, K-feldspar) 
epidote 1%-2 
sphene 1- 1% 
pyrrhotite 1- 1% 
pyrite 1- 1% 
limonite-hematite % 
biotite 'r (completely altered to quartz, Ti-oxide, epidote) 
chlorite 0.3 
chalcopyrite 0.3 
apatite trace 
allanite? trace 
covellite trace 
zircon trace 

Plagioclase forms anhedral grains up to a few mm across, averaging 
0.5-1 mm. They are moderately to strongly altered to sericite flakes, 
with local patches of epidote up to 0.15 mm across. Some plagioclase 
grains are strongly replaced by K-feldspar, with corroded cores of 
plagioclase enclosed in irregular rims of K-feldspar. 
.:Quartz forms grains from 0.2 to 1.5 mm in size, generally with 

strongly wavy extinction. It also occurs in irregular very fine grained 
patches associated with K-feldspar and lesser epidote, sulfides, and 
apatite. 

K-feldspar forms a few perthitic megacrysts similar to those in 
sample 5-7-12-6. It also occurs in very fine to fine grained inter- 
growths with quartz as described above, and as replacement of some 
plagioclase grains. 

Epidote forms very irregular grains and clusters of grains, 
commonly associated with opaque. 

Sphene forms anhedral to euhedral grains averaging 0.2-0.7 mm in 
size. 

Pyrrhotite forms irregular patches of grains up to 0.5 mm in size. 
*A few patches are slightly to moderately altered to secondary Fe-minerals 
as in sample 5-7-12-6. Chalcopyrite occurs as grains up to 0.1 nun across 
associated with pyrrhotite, and as scattered grains up to 0.05 mm across 
without any other sulfide. Pyrite forms anhedral, commonly corroded grains 
up to 0.25 mm across, and a few euhedral cubic grains up to 0.15 mm 
across. Limonite-hematite forms scattered patches after pyrrhotite and 
possibly after pyrite. Covellite forms a few clusters up to 0.1 mm across 
of extremely fine grained aggregates associated with epidote. 

Biotite forms a few grains up to 0.8 mm long; these are completely 
altered to quartz with lesser Ti-oxide and minor epidote. 

One patch consists of chlorite-epidote-allanite?(as in 5-7-16-12). 
Allanite forms an elongate lathy grain 1 mm long, with light to medium 
brown pleochroism. Chlorite forms an extremely fine grained patch 0.3 
nun across, and epidote £oms a cluster of grains averaging 0.05-0.15 mm 
in size. 

Apatite forms scattered subhedral grains up to 0.1 mm long associate( 
with the very fine grained groundmass. 

Zircon forms a few subhedral grains averaging 0.1 mm across. 
- - 



Hornblende Granodiorite 

The rock is mainly medium to coarse grained, with a few 
megacrysts of K-feldspar up to several mm across. 

plagioclase 35-40% 
quartz 25-30 
K-feldspar 15-20 
hornblende 7-10 
biotite 3- 4 (completely altered to chlorite-quartz-epidote) 
sphene 131-2 
allanite? minor 
hematite-limonite minor 
apatite minor 
zircon minor 
pyrrhotite trace 
pyrite trace 

Plagioclase forms anhedral grains from 0.5 to a few mm across. 
Alteration is moderate to either very fine grained sericite flakes 
or very fine grained actinolite? needles or both. 

Quartz forms anhedral patches up to a few mm across; grains are 
up to a few mm across and have wavy extinction. 

K-feldspar forms irregular grains of variable size, including a 
few megacrysts up to a few mm across. Coarser grains are perthitic 
with irregular lenses of plagioclase in subparallel orientation. Most 
coarser grains also contain inclusions of plagioclase up to 0.5 mm 
across. 

Hornblende forms subhedral elongated prismatic grains averaging 
0.5-1 mm long. Grains are light to medium green in color with weak 
pleochroism. Grains are fresh, but commonly have ragged outlines. 

Biotite? forms grains up to 1.5 mm across. It is completely 
altered to aggregates of chlorite and quartz, with minor epidote 
and local Ti-oxide. Quartz forms patches of grains with size averaging 
0.1-0.2 mm. 

Sphene forms subhedral to euhedral grains averaging 0.3-0.5 mm in 
length. Grains are scattered in the rock and are not particularly 
concentrated with hornblende. 

Allanite forms a few anhedral to subhedral grains commonly with 
hornblende. Grain size is mainly 0.15-0.25 mm, with one elongate grain 
1.8 mm long. The mineral is pleochroic from light orange-brown to 
*medium-dark brown. Surrounding the largest grain are abundant irregular 
to subhedral grains of zircon. Zircon elsewhere forms subhedral to 
euhedral grains from 0.05-0.15 mm in size. 

Apatite forms subhedral grains up to 0.15 mm long, generally 
associated with hornblende. 

Pyrrhotite and pyrite form scattered irregular grains averaging 
0.01-0.03 mm in size. Some coarser pyrite grains have thin rims of 
hematite. Hematite-limonite forms patches up to 0.3 mm across, possibly 
after iron sulfides. 
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S-7-12-8 Altered Leucogranodiorite 

The sample is moderately brecciated and contains abundant 
fine grained to very fine grained quartz veinlets. Breccia veins 
appear to be mainly sericite with scattered Ti-oxide and sulfides. 

quartz 30-35% (includes about 10% quartz veinlets and patches) 
plagioclase 25-30 
K-feldspar 25-30 
epidote 2- 3 
pyrite 2- 3 
Ti-oxide 1- 1% 
apatite minor 
chalcopyrite 0.3 
zircon trace 

Quartz occurs in several different textures. It forms scattered 
grains averaging 0.3-0.5 mm in size, commonly with strongly undulatory 
extinction. It forms a few patches several mm across composed of fine 
grained (0.05-0.2 mm) moderately interlocking aggregates. Very fine 
grained secondary quartz occurs in patches with or without epidote 
and as discontinuous veinlets cutting all primary minerals. 

Plagioclase forms grains averaging 0.7-1.5 mm in size. Most 
grains are moderately to strongly altered to very fine grained 
sericite and epidote. A few grains are relatively fresh, and may be 
secondary albite (no composition was determined). 

K-feldspar forms perthitic grains averaging 0.3-0.7 mm in size, 
with a few megacrysts up to 3 mm across. They are cut by abundant 
late very fine grained quartz veinlets. 

Epidote forms scattered patches up to 1 mm across consisting of 
very fine to medium grained aggregates. Some contain opaque (pyrite) 
and some are associated with secondary quartz. 

Pyrite forms scattered irregular to subhedral grains and clusters 
of grains ranging from 0.05 to 0.5 mm in size. Chalcopyrite forms 
irregular patches averaging 0.05-0.15 nun in size; some are rimmed by 
hematite. 

Ti-oxide forms clusters up to 0.5 nun across of very fine grained 
aggregates. 

Apatite forms scattered patches of elongate prismatic grains 
up to 0.2 mm long. 

- . - . 

Zircon forms a few euhedral grains up to 0.05 mm in size. 

Breccia veins (one main vein shown in thin section) consist of 
subparallel fine to very fine grained aggregates of sericite with 
scattered Ti-oxide and pyrite. 



5-7-16-3 Altered Quartz Monzonite 

The sample contains megacrysts of K-feldspar and a few of 
plagioclase in an irregular medium grained intergrowth of feldspars 
and quartz, with scattered patches and irregular vein-like zones 
containing abundant epidote, chlorite, and chalcopyrite. 

K-feldspar 30-35% 
plagioclase 25-30 
quartz 20-25 
epidote 2- 3 
chalcopyrite 2- 24 
chlorite 2- 24 
pyrite 0.3 
Ti-oxide 0.3 
molybdenite minor 
apatite minor 
hematite minor 
Mineral X trace (one grain in chalcopyrite) 

coarse quartz vein 3-5 
quartz-sericite 

veinlets 5 
hematite veinlets minor 
quartz-albite-chlorite vein minor 

K-feldspar forms a few megacrysts up to several mm across, and 
irregular grains averaging 0.5-1 mm in size. Most grains contain 
abundant very fine irregular lenses of exsolution plagioclase. Mega- 
crysts are cut by very abundant veinlets composed of quartz and 
quartz-sericite, with average grain size 0.03-0.05 mm. Some sericite 
is stained yellow-brown by limonite. 

Plagioclase forms grains up to a few mm across. Some appear 
fractured and fragmented, with fragments slightly rotated. Alteration 
is mainly moderately strong to very fine grained sericite flakes. 
Some grains are altered in patches to quartz-sericite as in the 
quartz-sericite veinlets. 

Quartz forms irregular grains up to 2 mm in size intergrown with 
feldspars as part of the original rock. Secondary quartz occurs in 
quartz-sericite veinlets and patches and in a coarse quartz lens (or 
vein), the latter composed of fine to very fine grained moderately 
interlocking grains with a few coarser grains. One late vein contains 

,quartz with patches of chlorite and locally plagioclase (albite?). 
Epidote and chlorite commonly occur together as irregular 

patches up to 2 mm across, commonly associated with chalcopyrite and/ 
or Ti-oxide. Chlorite also forms fibrous, slightly radiating clusters 
averaging 0.2 mm across, and patches up to 0.5 mm across composed of 
randomly oriented aggregates of flakes averaging 0.03-0.05 mm in 
grain size. Epidote forms some very fine grained patches intergrown 
with quartz, sulfides, and hematite. 

Ti-oxide forms a few patches up to 0.5 mm long, composed of 
very fine grained irregular aggregates. 

Apatite forms scattered irregular grains up to 0.15 mm across, 
and acicular grains up to 0.15 mm long. 

Chalcopyrite forms irregular patches from 0.02-0.25 mm in size. 
One patch contains a grain 0.05 mm across of Mineral X with the 
following properties: medium grey, low reflectivity, hardness about 
that of chalcopyrite, isotropic, no internal reflectivity. Pyrite 
forms scattered irregular to subhedral grains averaging 0.1-0.25 mm 
in size. 

(continued) 



S-7-16-3 (continued) 

Molybdenite forms a few irregular veinlets composed of 
irregular flakes averaging 0.05 mm long. Some are intergrown with 
sericite, and probably are related to the quartz-sericite veinlets. 

Hematite occurs as an alteration along the borders of some 
chalcopyrite patches, and locally replaces almost all of some patches. 
It also occurs as late crosscutting veinlets. 





QUARTZ 

Ram stock . . . . . . . . . x 1-7 

Logjam stocksJ interiors  . . . 1-3,%13 
Logjam stocksJ borders . . . 4-1O,l2,14 

F i y r c  39. hlodcs of seven spccinlclls from Ram stock and fourtecn spccinlcns 
from J,ogjnn? stocks (scc tablc G m c l  figures 40 and 41). 





Ram Stock 

1 2 3 4 5 6 7 

34 23 38 23 3 32 36 
36 32 10 n 40 15 a2 
28 40 45 43 26 33 35 
2 5 1 13 4 10 8 

Logjam Stocks 

l a  2a %I 4b 5b 6b 7b 8b % lb 111 u b  13, 16, 

17 10 18 7 - - - - - - 22 0 18 5 
33 38 18 1 2 6 13 14 46 36 39 19 36 22 
40 46 52 62 32 57 55 20 33 11 27 36 41 41 
10 7 12 40 06 37 62 66 21 53 12 39 5 21) 

Accessory m i : l o d s  were not counted, but total less than 4%. .Those include s#&ne, apntite, and 1- ore. 
1 nut ccxrectcd far density of rr.lncrds. 
2 mainly m i c ~ ~ l t e  with less than 10% Wte. 

4 hcr~Cdeade. biotite, and alteristian prcducts (;rctinolite?. green and white micas. sphene, and 1- on). - 5 determiced on universal stage by eirfiction angles on albite twins wlth (UO) xd (001) planes artid. 
Curves of WLicIzcll (1951). Corz to rim z o n i q  indicated. 

6 thin sections of mmd size and 8hap;  traverse spacing 2 mm. ; point spaclng 4.8 points per mm. 
7 horrrb?en,jo, blotitite. and dkcration products; plus augite in npecimens of hybrid rocks. 

a v e n s  of t ! ! ~  L5Lx ~ c c t i m s  
a mcks from Lzterior of stocks. b hybrid rocks from border of stocks. 



- 184 - 
mtcrocllno twlnnlng, luuI 18 commonly bent and fractured (flgura 42). Tho 

original plagfoclnea has waywhore bean enuesurltized. Bocondary whlta pnd 

greenish micas and l&ternilnnnt opaque material arc dieseminat& Ulrou~trout 

alblte (Ang-An9) peeudonrox7,houeIp replacing tlm orlg nal plaglodase. Epidoto 

eompr:see much of the opaqm matorial and also occurs as larmr mine aad 

aggregntee, and in volnlets. Albltc twina are poorly developad, and most 

grains are bent and bmken. Qtartz is stronaly strained, but not sheared into 

lxkterlocklng lamhao common in the westom border m e  of the Caseinr Latho- 

11th (flyre 28). In tke Kam stock. most of the quarts gram contain irre&u 

areas and s t r m , , ~ s  of n mlcro-mosaic of pobgmal quartz grains. Stringers 

and vcLn1et.u of einlllnr pclygonal quartz p;ralnsr cut tb feldrrpare. Flaochmic 

lIght brown to green, euhedral hornblende prcbainates Gwr biotite. The 

hornblende ie partly aiwred to act:nolfte, chlor'.ta, sphnle, wd kon om, 

Blotfte, uncomtraii snd tmegularly dlstrlbuted, is probably primary. but may, 

fn pax%, be wwdaxy afte; horilblendo. Tlme mnfic minerals conetltut,e from 

1% to 13% of the seven analysed tlrln wctlone. Epheno, apatite, Iron ore, nnd 

carbonate are con:mon acccsooriea. 

Moat of tho rocks we n~ore or leov defornled; figure 43 repmsarte a 

rock shewing about averago cic.furmat1cm. Ono specimun {rnocld mdyeie 

numhor 6 of Ug-ares 39 and 40, md table 6) io n porphyry of unlrnown citmct~rd 

relations, canslstlng of a dense green groundro~ss enclosing l a w  quartz, 

potash faIdapar. and olngioclmo auhedrl ~1,ilonocrysta. In Ulfn section, the 

rock b un~tcohd,  but snurasurltizcd. Tho quartn phcnocrysts hnw been 
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f o l l a t l ~  presumably parallel to concoaled border6 of the dyke or plug. Tho 

marby chert and slate dtp 60 rIcgtee8 southwest. 

DLstrlbutIm 

The Lb;gj~m ~ t o c h  comprise &mu etacka of quartz monzonite 

(table 4) with borders of quartz-pear mcka, which lntrudo tho Dorsoy and 

Sylveotcr group md the dlorltfc snd ultnmnflc rocks fn tha southwestern pzrt 

of the report-area. 

Lithology 

The interfor of the st&e conaleis of massive or slightly porphyritic. 

medium-grained, pfnkfsh grey btotito-hornblende quartz monmite (fiprce 39 

and 41, and tnble 6). Most of the plaglocleec i s  ollp;oclasa-and8sine mcd 

from about An23 b M l 4 .  Some la uneoned alblte (An6). h thln section, eomo 

of the grnfna am etrongly m c d  md lack albfte WM, other8 are prism&tlc 

wlth well-dewlopod albite twlns, and a few are excessively clouded with secondary 

white mica. @arts occurr, lnbrati;l&y to plagioclaee and mdfc nlincwals, 

and is only sllghtly ~slrowd. Potash falibpar i s  pink m1cro;larthltc. and forme 

the lnxpst grain$ in the rock: noma of the grnina are 6 mm, in diameter. 

Microcline hvlnnhg is &sent, but ccarlsbnd L w M g  wlvoreal. The micro- 

parthito grni118 envelope and encloeo nll minerale. Plcodrroic green to brown, 
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