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Summary 

Stream sediment  geochemical  d a t a  f o r  uranium on 

2 
7401 samples from 5430 m i  o f  s o u t h  c e n t r a l  ~ r i t i s h  Columbia 

have been computer p l o t t e d  on 1:50,000 s c a l e  maps. I n  

a d d i t i o n  r e g i o n a l  and r e s i d u a l  uranium maps have been p l o t t e d  

a t  a scale o f  1:125,000. 

The r e g i o n a l  uranium p a t t e r n  shows t h a t  t h e r e  is a 

c o r r e l a t i o n  w i t h  t h e  a c i d  p l u t o n i c  r o c k s  o f  t h e  a r e a .  Marked 

r e g i o n a l  anomal ies  occu r  o v e r  n e a r l y  eve ry  age  of  g r a n i t i c  

rock ,  however t h e  Ju ra s s i c -Cre t aceous  and T e r t i a r y  i n t r u s i o n s  

appea r  t o  be  more u r a n i f e r o u s .  Nor theas t  U t r e n d s  dominate 

i n  t h e  Okanagan b a t h o l i t h  and o c c u r  a l s o  i n  t h e  S h o r t s  Creek 

and Pennask b a t h o l i t h s .  North-south p o s i t i v e  t r e n d s  a r e  common 

i n  t h e  Similkameen and Nico la  b a t h o l i t h s ;  nor thwes t  t r e n d s  

occur  o v e r  t h e  S h o r t s  Creek and  Eagle  b a t h o l i t h s  and Summers 

Creek s t o c k .  F i n a l l y  ea s t -wes t  t r e n d s  are appa ren t  i n  t h e  

Pennask and Okanagan b a t h o l i t h s .  T r i a s s i c  Nico la  Group 

v o l c a n i c s  a r e  r e l a t e d  t o  a r e a s  r e g i o n a l l y  low i n  uranium 

and Eocene vo lcan ic -sed imentary  b a s i n s  f r e q u e n t l y  f r i n g e  

many o f  t h e  r e g i o n a l l y  h igh  U a r e a s  a s s o c i a t e d  w i t h  t h e  

g r a n i t i c  rocks .  Such a r e a s  should  b e  cons ide red  ve ry  

f avourab le  f o r  uranium p r o s p e c t i n g  a s  t h e r e  has  been a p l e n t i -  

f u l  s o u r c e  o f  uranium o r i g i n a t i n g  from t h e  g r a n i t i c  rocks .  

A t o t a l  o f  135 r e s i d u a l  U anomal ies  have been 

o u t l i n e d  and r a t e d ;  2 2  have been d e s i g n a t e d  as 1st c l a s s ,  

43 a s  2nd c l a s s  and 70 as 3rd c l a s s  anomalies.  



Staking has been recommended on available 

ground covering the 1st class anomalies. Initial follow-up 

work involving detail stream sediment, water, heavy minerals 

and rock sampling plus prospecting and geological mapping 

is recommended over the 1st and 2nd class anomalies. 

Waters should be tested for pH and specific 

conductivity prior to shipping them to the laboratory for U 

analyses; all other sampled materials are to be analyzed 

geochemically for uranium. 



PROJECT PRINIC REPORT ON 
URANIUM I N  STREAM SEDIMENTS 

FROM SOUTH CENTRAL BRITISH COLUMBIA 
(Canadian Oxy - E and B J o i n t  Venture)  

I n t r o d u c t i o n  - 

I n  1973 and 1974 Canadian O c c i d e n t a l  Petroleum 

(CanOxy) Ltd . ,  Minera l s  D iv i s ion ,  c a r r i e d  o u t  a r e g i o n a l  

s t r eam sediment  su rvey  cover ing  some 5430 m i 2  (14,063 km2) 

i n  s o u t h - c e n t r a l  B r i t i s h  Columbia. I n i t i a l l y  a t o t a l  o f  

7850 samples w e r e  t aken  and ana lyzed  geochemical ly  f o r  Cu, 

Zn and Mo ( W a l l i s  e t  a l )  *. 
Thi s  y e a r  a j o i n t  v e n t u r e  agreement w a s  made 

between Canadian Oxy and E and B E x p l o r a t i o n s  Limi ted  t o  

e x p l o r e  t h e  area f o r  uranium. A s  a  r e s u l t  7401 o f  t h e  o r i g i n a l  

samples w e r e  ana lyzed  geochemical ly  f o r  uranium. These d a t a  

have been computer p roces sed  and p l o t t e d .  These r e s u l t s  and 

t h e i r  economic i m p l i c a t i o n s  w i l l  b e  d i s c u s s e d  i n  t h i s  r e p o r t .  

Loca t ion  

The p r o j e c t  a r e a  l i e s  between l a t i t u d e s  49°00' n o r t h  

and 5 0 ~ 4 0 '  n o r t h  and l o n g i t u d e s  119°30' w e s t  and 1 0 2 ~ 0 5 '  w e s t .  

I t  cove r s  a l l  o r  p a r t s  o f  N.T.S. s h e e t s  82E and L, 9 2 H  and I 

( F i g u r e  1). 

*Wal l i s ,  R. H. , Brummer, J. ,T. and Gleeson,  C. F. (1978) Geologica l  
I m p l i c a t i o n s  o f  Regional  Stream Sediment Geochemical 
Data from Sou th -Cen t rd lBr i t i sh  Columbia, CIMM.Bull.,May,l978 
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Access - 

I n  t h i s  reg ion  of  B r i t i s h  Columbia t h e  network of 

roads  g e n e r a l l y  fo l lows t h e  dra inage  system. The e a s t e r n  

l i m i t  o f  t h e  p r o j e c t  a r e a  i s  bounded by Highways 97 and 3A 

and Highways 5 and 1 g iv ing  access  t o  t h e  west and nor thern  

p a r t  o f  t h e  area.  A mul t i tude  o f  logging and mining roads 

provide  access  up many of t h e  major r i v e r s  and streams. 

C l i m a t e  and Vegetat ion 

A t  low e l e v a t i o n s  t h e  w i n t e r s  a r e  mild wi th  l i t t l e  

snowfa l l ,  e.g.  Pen t i c ton  has  a  January mean average tempera- 

t u r e  of  OOC and a  t o t a l  win te r  snowfal l  of  40 crns. (15 inches)  : 

however, above 4000 f e e t  (1200 meters )  snow remains on t h e  

ground u n t i l  e a r l y  June. Summer temperatures  i n  t h e  v a l l e y s  

may r i s e  t o  over 3 5 O ~ ,  b u t  snowfal l s  have been recorded i n  

a l l  months a t  Apex Mountain ( e l e v a t i o n  7372 f e e t ,  2 2 1 1  me te r s ) .  

F o r e s t  growth i s  dependent on aspec t  and e leva t ion .  

The v a l l e y s  have spa r se  tree cover due t o  l ack  of moisture ,  

e .g .  t h e  mean annual p r e c i p i t a t i o n  a t  Pen t i c ton  i s  10 inches 

(25  cms.) ,  and t h e r e  a r e  ex tens ive  g rass l ands  about Nicola 

Lake. S i m i l a r l y ,  many south-facing s lopes  a r e  almost devoid 

of  t r e e  cover.  The tree l i n e  i s  a t  an e l e v a t i o n  of about 

6000 f e e t  (1800 m e t e r s ) .  



Physiography 

The p r o j e c t  area i n c l u d e s  two major components o f  

t h e  Canadian C o r d i l l e r a ,  t h e  Thompson P l a t e a u  and t h e  

Cascade Mountains. A t  t h e  U.S. bo rde r  t h e  Thompson P l a t e a u  

i s  v i r t u a l l y  pinched o u t  between t h e  Okanagan Highlands and 

Cascade Mountains,  b u t  from t h e  Similkameen v a l l e y  nor thwards  

t h e  p l a t e a u  widens u n t i l  it e v e n t u a l l y  occup ie s  t h e  e n t i r e  

w id th  from t h e  Okanagan t o  t h e  F r a s e r  v a l l e y ,  a d i s t a n c e  o f  

80 m i l e s  (128 kms.). 

The Thompson P l a t e a u  c o n s i s t s  o f  r o l l i n g  uplands  

s e p a r a t e d  from each  o t h e r  by deep  v a l l e y s ;  t h e  e l e v a t i o n  and 

ruggedness  o f  t h e  p l a t e a u  i n c r e a s e  t o  t h e  sou th  where t h e  

up land  s u r f a c e  rises towards t h e  mountains. 

The Cascade Mountains, which make up t h e  sou thwes te rn  

p a r t  o f  t h e  p r o j e c t  a r e a ,  are grouped i n t o  t h r e e  main ranges ,  

t h e  d r a i n a g e  o f  two o f  which, t h e  Okanagan and t h e  Hozameen, 

w e r e  sampled i n  t h i s  s tudy.  The g r e a t e s t  d i f f e r e n t i a l  i n  

e l e v a t i o n  i s  between t h e  Similkameen v a l l e y ,  1200 f e e t  

(360 m e t e r s )  above s e a  l e v e l  and Snowy Mountain, 8507 f e e t  

(2552 m e t e r s )  above s e a  l e v e l ,  a d i f f e r e n c e  o f  7300 f e e t  

(2190 m e t e r s ) .  Ninety  p e r c e n t  o f  t h e  area i s  d ra ined  by 

t h r e e  r i v e r  systems,  t h e  Nico la ,  t h e  Similkameen, and t h e  

Okanagan , 



G l a c i a t i o n  

The e n t i r e  I n t e r i o r  P l a t e a u  appea r s  t o  have been 

covered by ice which moved o n t o  it from bo th  east and w e s t ;  

however, t h e  major  d i r e c t i o n  o f  i c e  t r a n s p o r t  w a s  t o  t h e  

sou th .  A t  i t s  maximum development t h e  ice over rode  peaks 

as h i g h  as 8507 f e e t  (2552 meters) on  t h e  n o r t h e a s t  s i d e  o f  

t h e  Okanagan Range. The p r i n c i p a l  o u t l e t s  f o r  t h i s  i c e  

w e r e  a long  t h e  lower Similkameen v a l l e y  and th rough  gaps  

a t  t h e  head of  t h e  Ashnola, Pasay ten ,  and Similkameen Rivers .  

During d e g l a c i a t i o n  t h e  damming o f  t h e s e  o u t l e t s  

and t h e  s low m e l t i n g  o f  s t a g n a n t  ice i n  t h e  v a l l e y s  caused 

t h e  fo rma t ion  o f  a network o f  s p i l l w a y s  which, coupled w i t h  

t h e  ice-dammed F r a s e r  canyon t o  t h e  w e s t ,  caused t h e  c r e a t i o n  

o f  numerous major  l a k e s .  Thus, varved s i l t s  and c l a y s  are 

consp icuous  a long  t h e  major v a l l e y s  th roughout  t h e  area and 

can  b e  found t o  a h e i g h t  o f  a lmos t  4000 f e e t  (1200 m e t e r s )  

above presen t -day  v a l l e y s .  

Geology - 
Geolog ica l  Survey o f  Canada and t h e  ~ r i t i s h  Columbia 

Department o f  Mines maps p rov ide  e x c e l l e n t  g e o l o g i c a l  coverage 

o f  t h e  p r o j e c t  a r e a .  A s e r i e s  o f  compi l a t i on  maps w e r e  

assembled i n  1973 by Canadian Oxy f o r  t h i s  p r o j e c t ;  t h e s e  

i nvo lved  a t o t a l  o f  4 7  major u n i t s  and 68  minor u n i t s .  For  

t h i s  r e p o r t  t h e  r e g i o n a l  s t r a t i g r a p h y  h a s  been condensed 

i n t o  major  g roups  of  p l u t o n i c  rocks  and vo lcan ic -sed imentary  

sequences  (see Table  1 and F ig .  2 ) .  Table  1 l i s t s  t h e  

sequences  o f  v o l c a n i c  and sed imentary  u n i t s  found i n  t h e  



Generalized geology of south-central ~ritish Columbia 



GEOLOGICAL LEGEND 
FOR FIGURE 2 

v 

Tertlary Nicola Batholith 

Tertiary sediments and volcanics 

Cretaceous Kingsvale Group volcanlcs 

Late Cretaceous Intrusions 

Late  Triassic and Jurassic Intrusions . 

Late Trio ssic Pt'icola Group volcani cs'  

" c a c h e  creekn Group volcanics' 

caption for Fig.  2 a t tached  



Caption f o r  F i g u r e  2 

A Wild Horse b a t h o l i t h  200 m.y .  
B Whiteman Creek s t o c k  
C S h o r t s  Creek b a t h o l i t h  
D Whiterocks M ~ u n t a i n  s t o c k  
E Pennask b a t h o l i t h  
F Brenda s t o c k  176 m - y .  
G Quilchena s t o c k  
H Nico la  b a t h o l i t h  60 m - y .  
I R e y  Lake s t o c k  67 m.y .  
J A l l i s o n  Lake p l u t o n  200 m.y.  
K M t  .Lyt ton  b a t h o l i t h  98 'm.y.  
L Eagle  b a t h o l i t h  143-104 m.y.  
M Los t  Horse-Copper Mountain s t o c k s  200-194 m.y .  
N Needle Peak P l u t o n  39 m - y .  
0 Verde Creek p l u t o n  100 m . y .  
P Hedley gabbro  190-170 m.y .  
Q Summers Creek s t o c k  97 m.y .  
R Siwash Creek s t o c k  
S Trou t  Creek s t o c k  
T V a l h a l l a  p l u t o n  133 m.y .  
U Okanagan b a t h o l i t h  183-141 m.y .  
V Sirnilkameen b a t h o l i t h  170-149 m - y .  
W Kruger s y e n i t e  191-177 m - y .  
X O l l a l a  s t o c k  179 m . y .  
Y O l i v e r  s t o c k  1 4 4  m.y. 
Z Tulameen u l t r a m a f i c  204-175 m.y .  

AA Guichon Creek b a t h o l i t h  198 m.y .  

+ g e o l o g i c a l  legend 



South-Cent ra l  . . r s h  Columbia - S t r a t i q r a g h y  
T a b l e  1 

P e r i o d  

Table 1 Late T e r t i a r y  

E a r l y  T e r t i a r y  

L a t e  6 E a r l y  
C r e t a c e o u s  .- 

L a t e  C r e t a c e o u s  

L a t e  6 Middle 
J u r a s s i c  

L a t e  & Middle 
J u r a s s i c  

L a t e  T r i a s e i c - E a r l y  
J u r a s e i c  

( a )  G r a n o d i o r i t e  Clar  

( b )  Ultramaf i c ,  
Gabbro, S y e n i t e  
Clan  

L a t e  T r i a s s i c  

Pennsylvanian-Permian 

poc h 

l i o c e n e  (2-10 m.y.1 

i l igocene  (20-40 m. y. ) 

, a t e  Eocene (40 m.y.1 

L d d l e  Eocene 

: a r l y  Eocene (55 m.y.) 

: a r l y  Eocene 

110-85 m. y . )  

1135-65 m. y . )  

(215-175 m. y . )  

[ n t r u s i v e  Rocks 

qeedle Peak p l u t o n  (39 m.y. ) 

: o r y e l l  s t o c k s  (55 m.y.1 

v i c o l a  b a t h o l i t h  (60 m.y.1 
l e y  Lake s t o c k  (67 m.Y. ) 

3 t t e r  Lake s t o c k s  
Ligh tn ing  Creek s t o c k  
r r o u t  Creek s t o c k  
Siwash Creek s t o c k  
h i t e m a n  Creek s t o c k  
Summers Creek s t o c k  (97 m.y. ) 
Remmel b a t h o l i t h  ( i n  p a r t )  
J a l h a l l a  p l u t o n  (133 m.y.1 
It .  L y t t o n  b a t h o l i t h  (98 m.y.1 
t e r d e  Creek p l u t o n  (100 m.y.1 
4cBride Creek s t o c k  ( p o s t  80 m.y.1 
Whipsaw Creek p o r p h y r i e s  ( p o s t  

104 m.y.1 

Okanagan b a t h o l i t h  (141-183 r.y.1 
Pennaek b a t h o l i t h  - 
Eagle b a t h o l i t h  (104-143 m.y.1 
Sirnilkameen b a t h o l i t h  (149-170 m.y.1 
S h o r t s  Creek b a t h o l i t h  - 
Brenda s t o c k  (176 m.y.1 
Hedley a t o c k  (156 m. y. ) 

Guichon Creek b a t h o l i t h  (198 m.y.1 
A l l i s o n  Lake p l u t o n  (200 m.y. ) 
Wild Horse b a t h o l i t h  (200 m.y. ) 
Q u i l c h e n a  s t o c k  

Tulameen Complex (204-175 m.y.) 
I r o n  Mask b a t h o l i t h  (176 rn.y.1 
L o s t  Horse s t o c k s  (204-194 m.y.1 
Kruger a l k a l i  s y e n i t e  (177-191 m.y.1 
O l l a l a  a l k a l i  c o m p l e x ' ( l 7 9 -  m.y.1 
Hedley g a b b r o - d i o r i t e  (170-190 m.y.1 

Layered Rocks 

P l a t e a u  b a s a l t s  

Kamloops Group v o l c a n i c s  

Coldwater  F o r m a t i o n  s e d i m e n t s  

Kingsva le  Group v o l c a n i c s  
Spences B r i d g e  Group v o l c a n i c s  
P a s a y t e n  Group sediment: 
J a c k a s s  Mountain Group s e d i m e n t s  

Dewdney Creek Group - s e d i m e n t s  
Ladner  Format ion  - s e d i m e n t s  

N i c o l a  Group v o l c a n i c s  

"Cache Creek" 6 e q u i v a l e n t s  
v o l c a n i c s  and s e d i m e n t s  



p r o j e c t  a r e a  and t a b u l a t e s  t h e  numerous episodes  of igneous 

a c t i v i t y  which have a 200 m.y. t ime span. The names and age 

of t h e  va r ious  i n t r u s i o n s  a r e  given i n  t h e  cap t ion  t o  Fig.  2. 

I n  t h e  fol lowing d i scuss ion  i n  which t h e  r eg iona l  

s t ream sediment geochemistry i s  r e l a t e d  t o  bedrock geology, 

on ly  seven u n i t s  i n  Table 1 a r e  vo lumet r i ca l ly  important .  

These a re :  

(7) T e r t i a r y  Nicola B a t h o l i t h  

( 6 )  T e r t i a r y  Sediments and vo lcan ics  

(5) Cretaceous Kingsvale Group vo lcan ics  

( 4 )  Late  Cretaceous i n t r u s i o n s  

( 3) Late  T r i a s s i c  and J u r a s s i c  i n t r u s i o n s  

( 2  Late T r i a s s i c  Nicola Group vo lcan ics  

(1) "Cache Creek" Group vo lcan ics  

The on ly  rocks which a r e  s e r i o u s l y  deformed and 

metamorphosed a r e  t h e  pre-Upper Triassic "Cache Creek" 

rocks.  T r i a s s i c  Nicola rocks a r e  only  s t r o n g l y  deformed and 

metamorphosed a t  t h e  b a t h o l i t i c  margins,  e.g.  a long t h e  

c o n t a c t  w i t h  t h e  Eagle b a t h o l i t h ,  west o f  t h e  Brenda s tock ,  

and i n  t h e  Hedley a rea  between t h e  Sirnilkameen and Okanagan 

b a t h o l i t h s .  Elsewhere, t h e  ~ i c o l a  i s  g e n t l y  fo lded  and c u t  

up i n t o  fault-bounded blocks.  L a t e r  volcanic-sedimentary 

sequences a r e  only  s l i g h t l y  deformed excep t  where involved 

i n  major f a u l t s ,  e .g .  t h e  Chuwanten o r  Pasayten F a u l t s .  

Much age d a t a  a r e  now a v a i l a b l e  on t h e  p l u t o n i c  

rocks of  t h e  a r e a  (Figure  2 ) .  These toge the r  wi th  cross-  

c u t t i n g  and i n t r u s i v e  r e l a t i o n s h i p s  have e l u c i d a t e d  o v e r a l l  



i n t r u s i v e  sequence a s  documented i n  Table  1. The o n l y  major 

undated i n t r u s i o n  i n  t h e  a r e a  i s  t h e  b a t h o l i t h  l y i n g  w e s t  of  

t h e  n o r t h e r n  p a r t  o f  Okanagan Lake, and t h i s  i s  assumed 

t o  be  o f  s i m i l a r  age  t o  t h e  Okanagan b a t h o l i t h  t o  t h e  south.  

The naming o f  t h e  p l u t o n i c  u n i t s  i s  f r a u g h t  w i th  

con t rove r sy .  W e  have t r i e d  t o  r e t a i n  t h e  most common usage,  

and o n l y  i n  t h e  c a s e  o f  t h e  "Shor t s  Creek" b a t h o l i t h  have 

w e  invoked a new and in formal  name. 

E x c e l l e n t  d e s c r i p t i o n s  o f  t h e  rock  t y p e s  can b e  

found i n  t h e  v a r i o u s  p u b l i c a t i o n s  by t h e  Geologica l  Survey 

of Canada and t h e  ~ r i t i s h  Columbia Department o f  Flines , 

g iven  i n  t h e  r e f e r e n c e  l i s t .  The s a l i e n t  p o i n t s  a r e  inc luded  

i n  Tab le  1. 

Minera l  D e p o s i t s  

The a r e a  c o n t a i n s  two a c t i v e  mines,  Brenda and 

Copper Mountain-Ingerbel le  ( F i g u r e  3)  as w e l l  a s  former gold  

mines n e a r  Hedley and many mine ra l  occur rences .  

The Brenda i s  a porphyry Cu-Mo d e p o s i t  w i t h i n  a 

J u r a s s i c  g r a n o d i o r i t e  s t o c k  w i t h  r e s e r v e s  o f  180 m i l l i o n  t o n s  

g r a d i n g  0.18% Cu and 0.05% Mo. The porphyry copper d e p o s i t s  

a t  Copper Mountain occur  i n  a roo f  pendant  of  l a t e  T r i a s s i c  

Nico la  v o l c a n i c s  which i s  bounded by Copper Mountain ( E a r l y  

J u r a s s i c )  d i o r i t e  s y e n i t e  i n t r u s i o n s .  The I n g e r b e l l e  d e p o s i t  

c o n t a i n s  76 m i l l i o n  t o n s  of 0.50% Cu and Copper Mountain has  

35 m i l l i o n  t o n s  o f  1.08% Cu, 

Near Hedley, go ld  w a s  mined from 1904 t o  t h e  e a r l y  

1960s. The d e p o s i t s  occu r red  i n  s k a r n i f i e d  T r i a s s i c  sediments  

which have been i n t r u d e d  by J u r a s s i c  d i o r i t e  and gabbro. 
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- 
F i g .  3 

~ o c a t i o n  of p r o j e c t  a r e a ,  i n c l u d i n g  l o c a t i o n  o f  known 
mines  and d e p o s i t s  and t h e i r  c o n t a i n e d  e q u i v a l e n t  
c o p p e r  c o n t e n t  - 

C a p t i o n  t o  Accompany F i g .  .- 3  

S i z e  ( m i l l i o n  t o n s )  
(Tonnage Mined & C o n t a i n e d  e q u i v a l e n t  
Rese rves* )  copper c o n t e n t  ( t o n s )  

NO. P r o p e r t y  Name - M. t o n s  %Cu % M o  1 ib .~10=4.54 1bs.c~.  
E a u i v a l e n t  

Canam ( G i a n t  Copper)  8  0 .61 - 
I n g e r b e l l e  76 0.50 - 
Copper Mountain 35 1 .08  - 
Axe (Adonis)  50 0 .45 0.012 
Brenda 180  0.184 0.05 
P r i m e r  (Pyramid) 23 0.2 - 
Craigmont  3 1  1 .5  - 
Ly t ton 5  0.62 - 
Ann 48 0 .27 - 
Highmont 1 5 0  0 .51  e q u i v a l e n t  
Lornex  4  6  5  0. 41  0.014 
Alwin (0. K. ) 1.1 2.33 - 
V a  1 l e y  Copper 850 0.48' - 
Bethlehem 1 1 5  0.97 - 
J.A. 286 0 .43<  0.017 
Sou th  S e a s  1 7  0.35 - 
K r a  i n  14  0.56 - 
Minex 36 0.2 - 
A f t o n  34 . 1 . 0  - 
A j  ax 1 0  0 .8  - 
Galaxy  6  0.58 - 
Rainbow 20 0.55 - 
Maggie 200 0.4 e q u i v a l e n t  
Ash-Nola 20 0.15 - 
Whipsaw 100 0 .21 - 

48,800 t o n s  
378,OOO 
378,000 
257,OOO 
742,480 

46,OOO 
469,176 

3l,OOO 
129,000 
765,000 

2,183,856 
25,630 

4,080,000 
542,248 

1 ,453 ,439  
59,000 
9O,OOO 
7 2 , 0 0 0 -  

34O,OOO 
80,000 
34,000 

110 ,000  
8OO.OOO 

3O,OOO 
210j 000 

* R e s e r v e s  a t  D e c .  3 1 s t , 1 9 7 5 ,  o r  l a t e s t  a v a i l a b l e  f rom p u b l i s h e d  r e p o r t s .  
L a r g e  f i l l e d  t r i a n g l e s  e q u a l  g r e a t e r  t h a n  1 ,000 ,000  t o n s  c o n t a i n e d  
e q u i v a l e n t  coppe r  c o n t e n t  (c. e . c. c. ) 
Medium f i l l e d  t r i a n g l e s  e q u a l  500,000-1,000,000 t o n s  c.e.c.c. 
S m a l l  f i l l e d  t r i a n g l e s  e q u a l  100,000-500,000 t o n s  c.e.c.c. 
S m a l l  open  t r i a n g l e s  e q u a l  less t h a n  100,000 t o n s  c.e.c.c. 

c.e.c.c. = c o n t a i n e d  e q u i v a l e n t  c o p p e r  c o n t e n t  



There  a r e  no known U d e p o s i t s  i n  t h e  p r o j e c t  a r e a .  

However, 12-15 m i l e s  s o u t h e a s t  o f  Kelowna, n e a r  Hydrau l ic  

Lake, uranium d e p o s i t s  have been found a t  t h e  b a s e  o f  T e r t i a r y  

sed imentary  b a s i n s  capped by Eocene v o l c a n i c s .  The most promising 

d e p o s i t  found t o  d a t e  appea r s  t o  be  on t h e  B l i z z a r d  p r o p e r t y  

l o c a t e d  some 1 5  m i l e s  s o u t h e a s t  o f  Hydrau l ic  Lake, it r e p o r t e d l y  

c o n t a i n s  1 . 8  m i l l i o n  t o n s  g rad ing  5.5 l b s .  U 0 p e r  ton .  3 8 

Models o f  uranium emplacement f o r  t h e  p r o j e c t  a r e a  

i n c l u d e  t h e  fo l lowing:  

D e u t e r i c  g r a n i t e s  - i n t r a g r a n i t i c  v e i n s  

D e u t e r i c  g r a n i t e s  - v e i n s  i n  c o n t a c t  a u r e o l e s  
( o r  roo f  pendant  r e l a t e d )  

D e u t e r i c  g r a n i t e s  - s k a r n s  - t a c t i t e s  

T e r t i a r y  and Cretaceous v o l c a n i c s  on g r a n i t o i d s  - , 

unconformity  r e l a t e d .  

T e r t i a r y  f l u v i a t i l e  sediments  - l e a c h i n g  from g r a n i t o i d s  

G r a n i t o i d s ,  low g rade  - h igh  tonnage,  porphyry 
uranium type .  

Dykes, h igh  background uranium 

F a u l t s ,  deep l e a c h i n g  of  f e r t i l e  g r a n i t o i d s  

Geochemical - Survey 

F i e l d  Procedure  

I n  t h e  i d e a l  c a s e  sediment  samples w e r e  c o l l e c t e d  

from t h e  c e n t r e  o f  a c t i v e  s t r eams  b u t  because  o f  t h e  a r i d  

c l i m a t e  many samples w e r e  t aken  from d r y  g u l l i e s  o r  s t r eam 

beds.  A sample d e n s i t y  o f  1 . 4  p e r  squa re  m i l e  ( 0 . 6  p e r  sq. km.) 



was p a r t l y  determined by t h e  l o g i s t i c s  of working i n  a  

heav i ly  f o r e s t e d  a r e a  which n e c e s s i t a t e d  f o o t  t r a v e r s i n g  

of  almost a l l  t h e  streams. The b e s t  cost-t ime e f f e c t i v e  

compromise was found t o  occur  w i t h  a  sampling i n t e r v a l  of 

h a l f  a  mile  (0 .8  km.) a t  which t h e  r a t i o  o f  t ime s p e n t  

walking t o  sampling was 4:  1. 

When t h e  h e l i c o p t e r  was used, samplers w e r e  taken 

t o  t h e i r  r e s p e c t i v e  streams; t h e  P a r t y  Chief then  spen t  t h e  

remainder o f  t h e  day "chopper hopping" above t h e  t r e e  l i n e .  

Product ion was a s  fol lows:  8  samples p e r  man/day from t ruck;  

1 5  samples p e r  man/day from h e l i c o p t e r ;  "chopper hopping", 

26  samples p e r  hour. 

Samples were placed i n  pre-numbered K r a f t  envelopes,  

t h e  sample number be ing  a l s o  t h e  s t a t i o n  number. Stream 

and sample c h a r a c t e r i s t i c s ,  t oge the r  wi th  N.T.S. co-ordinates  

and sample number, were en te red  on a  sample card  composed of 

an 80-charac ter  b a s i s .  The samples were a i r - d r i e d  and s ieved 

t o  -80 mesh by Bondar-Clegg and Company Ltd. i n  Vancouver. 

A l l  sample l o c a t i o n s  were p l o t t e d  on 1:50,000 c ronaf l ex  

topographic d ra inage  maps provided by Surveys and Mapping 

Branch, Department o f  Energy, Mines and Resources, Ottawa. 

Copies of  t h e s e  maps accompany t h i s  r e p o r t .  

Laboratory - Procedure 

The samples were analyzed f o r  U by Atomic Energy of 

Canada Ltd. , Ottawa, using a  neutron a c t i v i t a t i o n  delayed 

neut ron  count ing  technique.  This  method has  t h e  advantage 

of  be ing  non-des t ruc t ive .  However, it does record  t o t a l  

uranium, t h a t  i s ,  uranium bound i n  r e s i s t a t e  minera ls  a s  



a s  wel l  a s  t h a t  p r e s e n t  i n  more so lub le  forms. 

Computer Procedure 

The'computation s t a g e s  were c a r r i e d  o u t  by ~ u c i a n o  

Martin of C.A.S.E. (Computer Appl ica t ions  and Systems 

Engineering) o f  Toronto, us ing  methods and programs which 

he has developed. 

The d a t a  from t h e  f i e l d  c a r d s  and t h e  a n a l y t i c a l  

r e s u l t s  were t r a n s f e r r e d  t o  punched ca rds  us ing  an I . B . M .  29. 

The 1: 50,000 s c a l e  f i e l d  maps provided t h e  p o s i t i o n a l  d a t a ,  

t h e  co-ordina tes  o f  a l l  samples were d i g i t i z e d  with an 

~ n s t r o n i c s  Gradicon and a Coradi co-ordinatograph. An 

independent o r i g i n  was e s t a b l i s h e d  on each 1:50,000 s h e e t  

and a l l  p o s i t i o n s  on t h a t  s h e e t  were r e l a t e d  t o  it. An 

I .B.M.  370/168 computer was then  employed t o  conver t  t h e  

d i g i t i z e d  co-ordina tes  t o  s tandard  U.T.M. va lues  and merged 

with t h e  corresponding f i e l d  and a n a l y t i c a l  d a t a .  

The weighted, moving-average technique was then  

appl ied t o  s e p a r a t e  t h e  r e g i o n a l  and r e s i d u a l  components. 

This  was accomplished a s  fol lows:  A t  a  given p o i n t  on t h e  

map a search  was made o f  a l l  t h e  samples enclosed by a 

c i r c u l a r  window of r a d i u s  5 kms. (3 .1  mi les)  cent red  a t  

t h a t  po in t .  The s i z e  o f  t h e  sea rch  r a d i u s  i s  determined by 

inc luding  a s e t  minimum number o f  samples; i f  t h e  search  

a r e a  f a i l s  t o  reach  t h e  minimum number t h e  search  r a d i u s  

a t  t h a t  p o i n t  i s  inc reased .  The computation p o s i t i o n s  were 

se lec ted  on a r e g u l a r  eas t -wes t ,  north-south g r i d  l a t t i c e ,  

spaced a t  2.5 kms. (1.55 mi le)  i n  both d i r e c t i o n s .  This 



2 . 5  km. (1.55 m i l e )  i n t e r v a l  a l lows a  50% over lap  of  search  

windows i n  both eas t -wes t  and north-south d i r e c t i o n s .  The 

s i z e  of t h e  sea rch  window, and hence of  t h e  l a t t i c e  spacing,  

i s  determined by a s t e p  by s t e p  i t e r a t i v e  b a s i s  t o  reach  

t h e  b e s t  compromise between reg iona l  c l a r i t y  and l o c a l  

d e t a i l .  The p a r t i c u l a r  window s i z e  and l a t t i c e  spacing chosen 

i s  unique t o  any p a r t i c u l a r  s t ream sediment study and t h e  

most important  c o n t r o l  i s  exerc i sed  by a r e a s  wi th  t h e  l e a s t  

complete sampling compared t o  t h e  o v e r a l l  sampling d e n s i t y  

and by t h e  complexity o f  l o c a l  geo log ica l  d e t a i l .  

A weighted average o f  t h e  va lues  i n  each search  

a r e a  i s  t h e n  computed, w i t h  a  maximum weight being s e t  f o r  

samples c l o s e  t o  t h e  c e n t r e .  These weighted, moving-average 

v a l u e s  a t  each search  a r e a  approximate t o  t h e  r e g i o n a l  

component. 

The d i f f e r e n c e ,  a t  any one sample po in t ,  between 

t h e  l a b o r a t o r y  measured va lue  and t h i s  computer generated 

r e g i o n a l  va lue  i s  t h e  r e s i d u a l  value.  Maps of t h e  r e s i d u a l  

va lues  p l o t t e d  a t  t h e  o r i g i n a l  sample p o i n t  a r e  an explora-  

t i o n  guide t o  s p e c i f i c  geochemical anomalies wi th in  a  given 

r e g i o n a l  a rea ;  t h e s e  have been computer p l o t t e d  on a 1:125,000 

s c a l e  base map and combined wi th  t h e  moving ( r e g i o n a l )  

average map. 

The r e g i o n a l  component va lues  were then  contoured 

and p l o t t e d  o u t  by a  Calcomp 7 4 8  f l a t b e d  p l o t t e r  and s p e c i a l l y  

prepared 1:125,000 base maps. The contour i n t e r v a l s  were 

e m p i r i c a l l y  chosen a f t e r  a  thorough s tudy of t h e  s t a t i s t i c s .  



N o  p a r t i c u l a r  p rede te rmined  s t a t i s t i c a l  parameter  w a s  used 

t o  choose contour  i n t e r v a l s .  The impor t an t  c r i te r ia  i s  t h e  

a b i l i t y  o f  t h e  c o n t o u r s  t o  i l l u s t r a t e  m e t a l  d i s t r i b u t i o n  

p a t t e r n s ;  a compromise between c l a r i t y  and c l u t t e r  has  t o  

be accep ted .  

The measured v a l u e s  f o r  U on 1:50,000 scale maps; t h e  

r e s i d u a l  U v a l u e s  and contoured  moving ave rages  f o r  U on 

1:125,000 scale maps accompany t h i s  r e p o r t .  Background informa- 

t i o n  on  t h e  r e g i o n a l  d i s t r i b u t i o n  o f  Cu, Zn and M o  i n  t h i s  

area can b e  found i n  t h e  appended paper  by W a l l i s  e t  a l ,  

(1978) * 
I n  a d d i t i o n  t o  t h e  above b a s i c  s t a t i s t i c a l  para-  

meters  means and s t a n d a r d  d e v i a t i o n s  w e r e  c a l c u l a t e d  and 

h i s tograms  and cumula t ive  f r e q u e n c i e s  w e r e  c a l c u l a t e d  and 

p l o t t e d  ( F i g u r e  4 ) .  A complete l i s t i n g  o f  computer ized d a t a  

can be  found i n  t h e  accompanying r e p o r t  from C.A.S.E. 

Mean v a l u e s  w e r e  c a l c u l a t e d  f o r  t h e  t o t a l  popu la t ion  

(7401 samples)  as w e l l  a s  f o r  t h e  "non-anomalous group".  The 

cu t -o f f  f o r  t h e  l a t t e r  w a s  a t  t h e  95.5 p e r c e n t i l e  o r  16 ppm; 

t h i s  p rocedure  i s  c a r r i e d  o u t  t o  normal ize  t h e  d i s t r i b u t i o n  

and t o  reduce  t h e  i n f l u e n c e  o f  extreme h i g h  v a l u e s .  A s t a t i s -  

t i c a l  summary o f  t h e s e  parameters  is  p r e s e n t e d  i n  Table  2. 

*Wallis, R.H. e t  a1 (1978) 0p.ci- t .  
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P R C J E C T  P R I N I C  S T R E A M  G E O C H E Y I S T K Y  

U H I S T O G R A M  A N D  CUI ' IULATIVE F R E Q U E N C Y  P E R C E N T A G E S  

FREQ. 

0-  0 

0.78 

0 .  51  

0 .80  

1 - 1 1  

1 .97  

6.34 

17.77 

1 4 - 0 5  

1 0 - 9 4  

9 .86  

7 . 2 7  

6 .  00 

5- 32 

4 .59  

3 - 3 8  

2 - 6 8  

2 .09  

1 .50  

0 . 8 9  

0 .70  

0 .42  

0 - 4 3  

0.19 

0.15  

0 .07  

0.18 



Table 2 

S t a t i s t i c a l  Summary f o r  Uranium ( 3 )  in 

Stream Sediments - South Cen t ra l  B r i t i s h  Columbia 

Ar i th .  Std.  Geom. Geom. Range of No. of  
Means Dev. Dev. Values Samples -- Means -- 

(1) inc ludes  a l l  samples 

( 2 )  i nc ludes  95.5% of  t h e  samples 

( 3 )  d l 1  va lues  i n  pprn 

Hence background f o r  uranium i n  s t ream sediments from 

t h e  a r e a  i s  2.5 pprn (geometric mean) wi th  a  s tandard  dev ia t ion  

o f  3  ppm. 

R e s u l t s  - 

Regional Uranium Trends: 

Area A i s  i n  t h e  south p a r t  of t h e  map shee t .  The 

4 pprn contour  o u t l i n e s  t h e  Similkameen b a t h o l i t h  ( J u r a s s i c  

g r a n o d i o r i t e ) .  Regional va lues  over  va r ious  phases of t h e  p lu ton  

a r e  a s  high a s  1 4  ppm. There appears  t o  be a  north-south t rend 

t o  t h e  r e g i o n a l  d i s t r i b u t i o n  of  U over  t h e  western p o r t i o n  

of t h e  b a t h o l i t h .  This corresponds t o  a  s i m i l a r  r eg iona l  t r end  

found here  f o r  M o  and Zn ( w a l l i s  e t  a l .  1978) *. 
Area B i s  a  northwest  t r end ing  r e g i o n a l  high of 

4-5 pprn U o v e r l y i n g  t h e  north edge o f  an Upper Cretaceous 

g r a n i t e  s tock  (Summers Creek s tock)  e a s t  of  Copper Mountain. 

Area C t h i s  i s  t h e  l z r g e s t  and most i n t e n s e  r eg iona l  

U anomaly i n  t h e  p r o j e c t  area.  The 4 pprn contour  o u t l i n e s  t h e  

*Wallis,  R.H.,  Brummer, J.J., and Gleeson C.F. (1978) 0p.Cit .  



Okanagan b a t h o l i t h  ( J u r a s s i c  g r a n o d i o r i t e )  . Regional  uranium 

v a l u e s  as  h i g h  as  and g r e a t e r  than  16 ppm o u t l i n e  v a r i o u s  younger 

(Cre taceous)  g r a n i t e  s t o c k s  and d i f f e r e n t i a t e d  phases  w i t h i n  t h e  

b a t h o l i t h .  The s o u t h e a s t  p o r t i o n  of  A r e a  " C "  o v e r l i e s  T e r t i a r y  

v o l c a n i c s  and sed iments .  Regional  U t r e n d s  o v e r  t h e  b a t h o l i t h  

a r e  n o r t h e a s t e r l y  and  more o r  less correspond t o  t h e  Mo ones.  

( W a l l i s  e t  a1.1978) . 
A r e a  D i s  a nor thwes t  t r e n d i n g ,  low i n t e n s i t y  

(2-3 ppm) r e g i o n a l  h igh  which appears  a s s o c i a t e d  w i t h  a n  Eocene(?)  

p o r p h y r i t i c  g r a n i t e .  

Area E r e p r e s e n t s  a s l i g h t  n o r t h w e s t e r l y  t r e n d i n g  

r e g i o n a l  i n c r e a s e  (2-3 ppm) o f  uranium ove r  Cre taceous  

g r a n o d i o r i t e  ( E a g l e  b a t h o l i t h )  . 
Area F i s  a sma l l  c i r c u l a r  r e g i o n a l  i n c r e a s e  (2-5 ppm 

U )  c e n t r e d  o v e r  a l a t e  Cre taceous  g r a n i t i c  s t o c k  i n t r u d i n g  

T r i a s s i c  N ico la  Group v o l c a n i c s .  

A r e a  G forms a c i r c u l a r  r e g i o n a l  h i g h  (2.5-4.5 ppm U )  

over  a  L a t e  Cre taceous  g r a n i t e  s tock .  There appea r s  t o  be  a 

p o s i t i v e  east-west t r e n d  h e r e  l i n k i n g  Areas G ,  H and I.  

Area H i s  a weak eas t -wes t  t r e n d i n g  r e g i o n a l  anomaly 

(2.5-3 ppm U )  u n d e r l a i n  by T r i a s s i c  Nicola  Group v o l c a n i c s ,  

i n t r u d e d  by T r i a s s i c - J u r a s s i c  g r a n o d i o r i t e  ( A l l i s o n  Lake p lu ton )  

and f l a n k e d  on  i t s  n o r t h e a s t  s i d e  by Eocene v o l c a n i c s  and 

sediments .  

A r e a  I i s  ano the r  weak eas t -wes t  o r i e n t e d  r e g i o n a l  

h i g h  (2-4 ppm) o v e r  N ico la  Group v o l c a n i c s  i n t r u d e d  by a s m a l l  

s t o c k  o f  J u r a s s i c  g r a n o d i o r i t e .  



Area J i s  n o r t h  and n o r t h e a s t  of  t h e  Brenda Mine 

and it covers  t h e  s o u t h e a s t  p o r t i o n  o f  t h e  Pennask b a t h o l i t h  

( J u r a s s i c  q u a r t z  monzonite-granodiorite). Regional  v a l u e s  

va ry  from 4-10 pprn U and t h e  anomaly i s  l o b a t e  i n  east-west 

and no r th -no r theas t  d i r e c t i o n s .  

A r e a  K i s  a nor thwes t  e longa ted  r e g i o n a l  h i g h  

o u t l i n e d  by t h e  4 pprn con tou r ,  maximum r e g i o n a l  v a l u e s  are 

10 ppm. The S h o r t s  Creek J u r a s s i c  g r a n o d i o r i t e  b a t h o l i t h  occu r s  

he re ;  it i s  o v e r l a i n  i n  p a r t  by Eocene sediments  and v o l c a n i c s .  

A r e a  L i s  a c i r c u l a r  r e g i o n a l  h i g h  (4-6 pprn U )  

o u t l i n i n g  t h e  Whiteman Creek Cre taceous  g r a n i t e  s tock .  This  

g r a n i t e  i n t r u d e s  t h e  S h o r t s  Creek b a t h o l i t h ;  Eocene v o l c a n i c  

and sedimentary r o c k s  f l a n k  t h e  s t o c k  t o  t h e  n o r t h  and sou th .  

A r e a  M i s  a c i r c u l a r  r e g i o n a l  h i g h  (4-10 pprn U )  on 

t h e  n o r t h  edge o f  t h e  Pennask b a t h o l i t h .  

A r e a  N l i e s  w e s t  o f  M and it a l s o  i s  w i t h i n  t h e  

Pennask b a t h o l i t h ;  r e g i o n a l  v a l u e s  f o r  uranium range  from 2 t o  

6 ppm. The t r e n d  a p p e a r s  t o  be  n o r t h e a s t  and Eocene v o l c a n i c s  

and sediments are p r e s e n t  on t h e  n o r t h  s i d e  o f  t h e  anomaly. 

A r e a  0 i s  a n o t h e r  weak r e g i o n a l  i n c r e a s e  o u t l i n e d  

by t h e  1.5 pprn con tou r  and t r e n d i n g  n o r t h e a s t .  T r i a s s i c  

(Nico la  Group) v o l c a n i c s  u n d e r l i e  t h e  area and Eocene v o l c a n i c  

and sedimentary r o c k s  bound it t o  t h e  e a s t .  

A r e a  p  is s i m i l a r  t o  0 ,  i n  t h a t  it i s  a  low i n t e n s i t y  

( 2  ppm) r e g i o n a l  anomaly t r e n d i n g  n o r t h e a s t .  I t  o v e r l i e s  t h e  

sou theas t e rn  end o f  t h e  Guichon Creek b a t h o l i t h  ( T r i a s s i c -  

J u r a s s i c  g r a n o d i o r i t e )  which i n t r u d e s  N ico la  Group v o l c a n i c s .  

Eocene sediments  and v o l c a n i c s  occu r  i n  t h e  v i c i n i t y  o f  t h e  

e a s t  and sou thwes t  p a r t s  of P. 



Area Q i s  a l a r g e  nor th-south  o r i e n t e d  r e g i o n a l  U 

anomaly over  t h e  Nicola  b a t h o l i t h  ( T e r t i a r y ) .  The edge o f  t h e  

b a t h o l i t h  i s  o u t l i n e d  by t h e  4 ppm con tou r  and r e g i o n a l  U 

v a l u e s  reach  a peak o f  10  ppm over  t h e  c e n t r e  of t h e  b a t h o l i t h .  

An i n d e n t a t i o n  i n  t h e  t o p  1/3  o f  t h i s  r e g i o n a l  h igh  marks t h e  

p o s i t i o n  o f  a l a t e  eas t -wes t  f a u l t .  

Area R i s  a r e g i o n a l  h igh  (3.5-9 ppm U )  o v e r l y i n g  a 

p o r t i o n  of  t h e  T r i a s s i c  g r a n o d i o r i t e  b a t h o l i t h  (Wildhorse) 

and f lanked  on i t s  w e s t  s i d e  by Eocene v o l c a n i c s  and sediments .  

Res idua l  Uranium - 

A l l  r e g i o n a l  anomal ies  e n c l o s e  p o s i t i v e  r e s i d u a l  

uranium values .  Anomalous a r e a s  have been o u t l i n e d  on t h e  

r e g i o n a l - r e s i d u a l  U map and numbered s e q u e n t i a l l y  s t a r t i n g  i n  t h e  

s o u t h e a s t  corner  o f  t h e  p r o j e c t  area. 

The r e s i d u a l  anomal ies  have been r a t e d  and l i s t e d  

(Table  3 ) .  The e v a l u a t i o n  of  e a c h  anomaly has  been made t a k i n g  

i n t o  account  t h e  a r e a l  e x t e n t  of  t h e  anomaly, t h e  range  of  

v a l u e s ,  t h e  anomaly c o n t r a s t  and t h e  geology,  e s p e c i a l l y  w i t h  

r e g a r d  t o  t h e  proposed models f o r  uranium emplacement mentioned 

ear l ier .  Because o f  t i m e  and monetary r e s t r i c t i o n s ,  i n d i v i d u a l  

d e s c r i p t i o n s  o f  each r e s i d u a l  anomaly w i l l  n o t  b e  a t tempted .  

S a l i e n t  f e a t u r e s  o f  them a r e  l i s t e d  i n  Tab le s  3 and 4 .  

135 anomalous a r e a s  have been o u t l i n e d  o f  which 

22 are des igna ted  a s  1st c l a s s ,  43 a s  2nd class and 70  a s  

3 rd  c l a s s .  The anomal ies  have been r e l i s t e d  on Table  4 i n  

o r d e r  o f  p r i o r i t y  and remarks as t o  t h e  a v a i l a b i l i t y  o f  t h e  

ground f o r  s t a k i n g  have been made. 

There has  been a n  upsurge o f  i n t e r e s t  i n  t h e  area 

s i n c e  r e c e n t  d r i l l i n g  r e s u l t s  on t h e  B l i z z a r d  p r o p e r t y  



TABLE OF U ANOMALIES - PRINIC - 

Place Name M.V.* R.V. R. - REG. V . GEOLOGY - 
Table 3 

Remarks N.T.S. 

Lower Park Rill Cr. 5-27 12-19 7-8 Cret.-Jur.Grnd. 
(Nelson) fault ct . 3' 

gns. cpt . 
Mo 2-4 GSC 
water 14.6 
P P ~  u 

Burnell Lake 7-105 22-99 7-8 Jur . grnd .Fairview 2' 52 Cu,470Znf 
25 M0,G.S.C. 
water 3.7 ppb U 

6-17 2-11 5 Jur.grnt-grnd. 3+ 
Olivier granite 

GSC water 
9.1 ppbu Blind Cr. 

Jur-Cret.grnd. 
Similkameen 

275 Zn, 4-12 
Mo;GSC 18-18 
Mo,5-20 U 

Snehumption Cr . 

Snowy Mtn. 8-10 2-6 4-5 Jur .grnd-syenite 3- 
Perm.sedn-vlcc 
(Shoemaker) 

Flatiron Mtn. 709 2-4 4- 5 Perm. sed. -vlcc (Old 3- 
 om-Shoemaker ) 

I 

75-82 CU h) 
m 

I 
Cu-Mo-Zn-W 
anom. Gillanders Cr. 5-19 3-14 5-6 Perm.seds-vlccs 3 

Shoemaker 
+ 

Barrington Cr. 7-9 3-4 4-5 Perm. sed-volcc; Jur 3 
Cret . grnd (Similka- ' 
meen) 

GSC water 24 - 
? ~ b  U - 
GSC 152 ppm 
Cu to N.W. + 

Keremeos Cr. 4-12 1-8 4-5 Eocene seds-volccs 2 GSC water 
2.3-2.4 ppb U 
GSC waters 
2.5-8.9 ppb U 
3-4 Mo 

Park Rill Cr. 4-20 2-16 4-5 Eocene volcc-seds 1 

6 Mo; GSC seds 
have 12-18 Mo, 
17-18 U in 
Kearns Cr. 

Mahonney Lake 7-9 3-5 5 Eocene vlcc fault 2 
ct. in Monashee gns 



Kearns C r .  

Shaha C r .  

Marron Lake 

Marron R.  

C la rk  C r .  

S t r ayhor se  C r  . 
S h a t f o r d  C r .  

Keremeos C r .  

Apex Mtn. 

Winters  C r .  

Eneas C r .  

W.  Summer1 and 

Trou t  C r .  

Eocene v lcc-seds  1 I n d i a n  Reserve 
GSC 2-12. ppb U 
wa te r ,  42 ppm U 
sed.  

Eocene vlcc-sed.  1 100-130 Cu; 
GSC water  
2-12 ppb 

Eocene vlcc-sed.  3 

Eocene v lcc-seds .  3++ GSC water  8.6 
ppb U t  open 

Eocene v lcc-seds ,  1 52-56 Cut20Mo; 
J u r  . g r n t  . GSC 8.9 ppb U 

water. S t ake  

J u r .  - C r e t .  g r n t  3 

J u r  . -grnd. (Nelson) 3- 
Perm.vlcc-sed. 
(Independence) 

Perm.vlcc-sed. 3 
( Inde  pendence) 
Ju r .  d i o r i t e  (Hedley) 
J u r .  grnd. (Similkameen) 

- 
J u r .  grnd.  3 
Similkameen 

13-135 10-129 8-10 Jr .grnd.-Nelson 1 4-116 Mo, 
69-76 Cu, GSC 
5-13 ppb Uwater 

S take  

5-28 1-23 6-7 Eocene vlcc-sed.  1 

12 5 7 J u r  . grnd.  -Eocene 3 
v l c c  f a u l t e d  N.W. 



7 Jur .d iorLte-grnd  2 
Eocene vlcc-NEfault  

N.W.faulted J u r .  2 
grnd-Monashee gns. 

*I M t .  Nkwala 

- 
8 Jr . grnd 3 82E/12W Skulaow C r .  

I1 S h i n g l e  C r .  
+ 

1 0  J u r . g m d .  i n  c t . i n  2 
Eocene v l c c  

GSC waters 2-6 
ppb U J ~ - 1 7 0  ~ ( i  
132 Zn. STAKE 

9 

9 Eocene v l c c  over 1 
J u r .  grnd.  

82E/12W Riddle  C r .  

9 J u r  . grnd.  J u r a  3 

8 J u r  . Grnd. (Nelson) 3 

9 J u r  . grnd . (Nelson) 1 

1 0  Ju r .  grnd (Nelson) 2 

!I I s i n t o k  C r .  

I1 B u l l  C r .  I 

!I B u l l  C r .  I1 

11 Aqu.r Lk. 

50-64 Cu. .- STAXE 

GSC s e d s  18-35UI 
50 Mo 
Canoxy 34-46 U I 

GSC waters 3 - 9 h  
P P ~  U 

a 

I 

8 J u r .  d i o r i t e  (K i r ton )  3 

9 J u r .  grnd. (Nelson) 2- 

1 0  J u r  . grnd.  ( J u r a )  .- 3 

1 0  J u r .  grnd.  ( V a l h a l l a )  1 

10-12 J u r  .grnd ( V a l h a l l a )  1 

1 0  I I  11 I1 2 

I1 Trout  C r .  5-24 1-16 

11 Bearpaw C r .  6-38 4-22 

( I  Los t  Chain C r .  5-21 4-10 

It  Demuth 17-191 7-181 , 

I I  Darke C r .  6-126 1 -114  

It  Munro Lk 11-33 8-22 

S take  

S t ake  

High Zn, Ag-Mo- 
Cu i n  GSC and 
Canoxy seds .  
MUN claims 

GSC w a t e r  19p 1 
8-176 Mo, k 
400-700 Zn 

7 Eocene g rn t . po rph  2 
(Caxye l l )  : J u r  . grnd 
(Nelson) 

II  Garnet  Lk 4-42-3-34 



- 

Upper Eneas C r .  19-41 J u r  . grnd (Nelson) 2' 89Cut16 M o ;  
GSC 115 Cut 
180 Znt38 U ;  
1 4  ppb U H20 

J u r . q u a r t z  monz. 2  
(McNulty) 

134 Zn, - 3Mo, 
95 Cu 

F i n l a y  C r .  ' 9-47 

Peachland C r .  18-66 

Upper Peachland C r .  1 3  

J u r  . grnd ( V a l h a l l a )  2  
J u r .  d i o r i t e  (K i r ton )  

57-207 Cu, 
2-14 Mo 

- 
J u r . q t z  monz. , 3 
(McNul t y )  

S i l v e r  Lk. 

Clover C r  . 
Lacoma C r .  55-97 cut120- 

139 Zn, 3-16 Mc 
GSC 49 U t  H 20 
3  P P ~  U I 

STAKE N 
w 

Crt . -Jur .grnd 1 
V a l h a l l a  

Cret . -Jur .grnd 3  
McNulty 

T repan ie r  C r .  8-26 

High Cu-Zn-Mo Upper ~ r e p a n i e r  C r .  8-46 

Powers C r .  9-29 Cre t . - Ju r .  g rnd  2+ 
V a l h a l l a  & Eocene 
Seds.  

Eocene seds .  2+ Mount L a s t  17  

McDougall C r .  3-8 Eocene v lcc-seds .  3  GSC 65 ppm U 
s e d ~ ~ 0 . 6  ppb 
H 20 

+ 
perm. v l c c  (CacheCr) 3  
P l iocene  b a s a l t  
J u r  . grnd.  

GSC 1.5-4.2 
ppb U H2Ot132C1 
Oxy 47 Cu 

Lambly C r .  3-8 

4-9 M o t  GSC H2( 
17 ppb U 

STAKE 

Bald Range C r .  34-84 



S t u a r t  C r  . 

E.Terrace C r .  

Terrace C r .  

Duo Via Lk 

Lock Drinkie  

Shor ts  C r .  

McMullen C r .  

Whiteman C r .  

Whiterocks Mtn. 

Nicola R. 

Beak C r .  

Upper Shor ts  C r .  

Ewart C r .  

Lakeview C r  . 

Jur .  grnd (,Shorts !Cr  .)1 
Eocene vlcc-sed. 

Eocene vlcc-seds.  2 

J u r  .grnd (Shorts C r )  2 
Eocene v l c c  

Eocene vlcc-sed. 3 

+ 
Jur .grnd(Shorts  , C r )  2 
Eocene v3.c~-seds.  

J u r .  grnd ( shor t s  C r )  1 
Eoecne v l c c  

Eocene vlccs-seds . 2' 

GSC 1 . 6  ppb tJ 
H20 STAKE 

9-11  Mo;GSC 
1 6  Mo, 1 6 U ;  
GSC H20 
0.3 ppb U 

3-4 Mo STAKE 

~ o c e n e  v l c c  ~ a n o x y w h i t  p r o p e r t y g  

J u r . g r n d ( s h o r t s  C r )  3 152 Zn 
Perm. seds.  15 Mo 

Penn q tz i t e - sch .  2 3 Mo 
Eocene vlcc-seds.  

Perm.seds. 2 150 Cu, 3 Mo 
Eocene vlcc-sed. 

Ju r .  grnd (Shor ts  C r )  3 
Eocene vlcc-sed. 

Cret.Jur.grnd 3-- 3-13 Mo 
J u r a  

C r e t e  -Jur .qtz-monz 3-- 
Eocene v lccs .  



Trib.Ashnola Rd. 

Ikwadli Cr. 

Etches Cr. 

Coal Cr. 

Lower Young Cr. 

Young Cr. 

McBr ide 

Trib.W .side 
Ashnola Rd. 

Trib.E.side 
Ashnola Rd. 

Cathedral Fork 

Easygoing Creek 

Upper Young Cr. 

Champion Cr. 

Blakeburn 

Rainbow Lk. 

N. side of 
Similkarneen R.. 

Cret.-Jur.Qtz-monz. 3-- 
Eocene vlccs 

Tr. vlccs (Nicola) 2 14-17 Mo 
Cret-Jur . grnd (Jura) 
Cret .vlcc (Kingsvale) 3 109 Zn 
Jur-Cret.grnd(Jura) 
Cret.vlcc 
(Kingsvale) 

Eocene vlcc-sed. 
(Marron Fm) 

Jur . grnd. 

Jur.-Cret.grnd 
Jura 

Eocene vlcc. 

2 High Cu-Zn-Mo 

- 
2 7-37 Mo, 122 Zn 

Eocene Seds. 2+ 

+ 
Eocene seds.-fault 2 Mo 15 ppm, Cu 
ct. in TR.vlcc showing in 
(Nicola) Nicola 

Cret.Jur. grnd. 3 62 Cu 
Jura 



8 Cret. -Jur .grnd 2 
(Jura) TR. vlcc (Nicola) 

Steven Cr. 

Wolfe Cr. 

Willis Cr. 

6 Cret.-Jur.grnd 3+ 
(Jura) 

5 Cre t . grnd-grnt 3 
(Otter) Minn Eocene 
vlcc 

5 Cret. grnt (Otter) 3 
Eocene vlccs-seds 
to north 

Wilbert  ills 

Upper Willis Cr. 

3 TR.vlcc: Jur.grnd 3' 
Eocene vlccs-seds. 

Smith Cr. 

6 Jur . grnd 3 
(sirnilkameen) 

Arcat Cr. 

MCNUR~ Cr. 8 Jur.grnt;Eocene 3+ 
seds-vlccs 

Pettigrew Cr. 

Finnegan Cr. 10-18 Cretdur.grnd.qtz 2' 
monz . McNulty- 
Eocene vlcc to south 

16 Cret-Jur .grnd-qtz 1- 
monz,Jura-McNulty 

3-5 Mo - more 
sed. H20 samplin~ 

Alaric Cr. 

Lori 12 Cret.-Jur.grnt 1 
Empress 

45-56 Cu,4-15Mc 
110 Zn, STAKE -- 

14 Cret.-Jur.grnd 1 
Jura 

Link Lk. 

Spukunne Cr. 



Simem Cr . 
Eastmere Lk. 

Chapman Cr . 
Connaly Cr. 

Allison Cr. 

Coldwater R. 

Mccullough Cr. 

Shrimpton Cr. 

Headwater Lks 

N. Trout Cr. 

Galena Cr. 

Barton Hill 

Millin Cr. 

Cret.-Jur.grnd 3 
Jura 

Jura, ~mpress 

Cret.-Jur.grnd. 
Valhalla 

Eocene porph 
TR. vlcc Nicola 

Eocene seds. 
TR.Nicola volc 

Cret .Grnt. (Otter) 

Eocene vlcc-seds. 
Cret. grnd (Jura) 

TR.vlcc Pliocene 
basalt ( ? )  

Cret.-Jur.qtz monz 3 
McNulty 

Cret.-Jur.grnd- 2+ 
grnt.Jura-Empress 
alt grnt & fluorite 

Cret .-Jur .grnd 3+ 
Eocene vlcc. 

Cre t. - Jur . grnd 2 
Pennask 

172 Cu 
150 Zn, 2 MO 

89-112 Cu Tepee 
Cr. Cu, Pb, Zn, 
Au,Ag; 6 8 - 9 6  Zn 
showings NE 
shear zones in 
grnt;3-50 Mo 

40-75 Cu 
88 Zn, 5 Mo 



C r e  t . - J u r  . grnd 3- 
Pennask 

C r e  t . - J u r  . grnd 2+ 
(Pennask) Eocene 
vlcc-sed. 

110 92 I/1 Wasley Lk. 

111 I! Wasley C r .  

38 M o  STAKED ~ r e t . - J u r . g r n d  1 
Pennask 

1 1 2  9 2  I/1 Lower Wasley C r .  

113 -. 11 Frank Ward C r .  

1 1 4  92 I / 2  Godey C r .  

Perm. seds.  (Cabhe 2 
C r .  )Eocene vlccs 

T R . V ~ C C  ( ~ i c o l a )  3 
Eocene seds . to  
south 

T e r t  . grnd 2+ 
Nicela  J u r . d i o r i t e  

11 Clapperton C r .  

Te r t .  qrnd 1 
Nicola 

11 Fox Lk 
68 Z n -  6 Mo 

STAKE 
t@ 

3 Mo I Ter t .  T L - C r e t  . 3 
TR.vbcc (Nicola)  
Eocene seds .  

ll Morgan Lk 

T e r t  . grnd (Nicola) 3' 92 I / 7  Mab: ,Lk. 

It  Conant C r .  40-92 CU 
80-92 Zn, 2-8Mo 

~ e r t  . grnd (Nicola)  2 

- 
TR.vlcc (Nicola)  3 11 H e l m e r  Lk 

I! Sussex Lk 

I! Surrey Lk 

It  Meadow C r  . 
II  Ridge C r .  

79-112 Cu, 3 Mc 

4 6  Cu, 4 Mo 

Tekt .. grnd (Nicola) . '  3- 



921/7 Logan Lk. 

931/8 Lac Le Saune 

II Fred Lk 

11 N .  o f '  Stump Lk. 

I) Dropping Water C r .  

It Luke C r .  

!I Smith Lk 

I 1  Stump Lake C r  . 

MV = Measured Value 

RV = Residual  Value 

Reg V = Regional  va lue  

R = Rat ing  1 = 1st c l a s s  
2 = 2nd c l a s s  
3 = 3rd c l a s s  

Tr . vlcc (Nicola) 3 
Eocene sed .  

T e r t .  grnd (Nicola) 1- 
m c e n e  vlcc 

T e r t .  grnd (Nicola) 1 
~ R . v l c c , E o c e n e  vlcc 

Eocene v l c c s  2 

+ 
'I'r. . grnd (Wildhorse) 2 
Eocene vlcc 

60 Cu 
72 Zn, 27 Mo 

33 -140  Cu 
3-10 Mo, 96 Zn 

STAKE 
60 Cu 
76 Zn, 23 Mo 

55 Cu, 
9 0 Z n ,  7Mo ' 

CI; 
yl 

I 



TABLE 4 - - 36 - 

PROJECT PRINIC - 

(A)  1st 

Number 

R a t i n g s  - i n  p r i o r i t y  o r d e r  -- - 

C l a s s  Anomalies ( 2 2  o f )  

NTS - 

82E/5E 
I 1  

I 1  

82E/5W 

8  2E/12E 

82E/12E 

82E/12W 

82E/12W 

82E/12W 

82E/12W 

82~/13W 

82L/4E 

82L/4E 

82L/4E 

82L/4E 

92H9 

92H9 

9  2H9 

9211 
9212 

P l a c e  Name - 

Park R i l l  Creek 
Kearns Creek 
Skaha Creek 
C l a r k  Creek 

Eneas .Creek 

Summer l a n d  

R idd le  Creek 

B u l l  Creek 

Demuth 

Darke Creek 

Lacoma Creek 

Bald Range Creek 

S t u a r t  Creek 

S h o r t s  Creek 

Whiteman Creek 

A l a r i c  Creek 

L o r i  

L ink  Lake 

Lower Wasley Creek 
Fox Lake 

Romarks --- 
Unava i l ab l e ,  Mine ra l  Reserve 
Unava i l ab l e ,  Mine ra l  Reserve 
Unava i l ab l e ,  I n d i a n  Reserve 
P a r t i a l l y  s t a k e d  by o t h e r s ,  
s t a k e  88 c l a i m s  f o r  CanOxy & 
complete coverage  e a r l y  i n  
season .  
P a r t i a l l y  s t a k e d  by o t h e r s ,  
s t a k e  4 4  c l a i m s  f o r  CanOxy & 
complete  cove rage  e a r l y  i n  
season .  
Unava i l ab l e ,  i s  Summerland 
V i l l a g e .  
60% s t a k e d  by o t h e r s ,  s t a k e  
p a r t  o f  88 Claims f o r  CanOxy 
and complete  coverage  e a r l y  
i n  s eason .  
Open, s o  s t a k e  p a r t  .of  88 
c l a i m s  f o r  CanOxy. 
Open, s o  s t a k e  30 c l a i m s  f o r  
CanOxy . 
Open, s o  s t a k e  76 c l a i m s  f o r  
CanOxy. 
Open, s o  s t a k e  36 c l a i m s  f o r  
CanOxy. 
P a r t i a l l y  t a k e d  by o t h e r s ,  
s t a k e  p a r t  o f  60 c l a i m s  f o r  
CanOxy . 
P a r t i a l l y  s t a k e d  by o t h e r s ,  
s t a k e  p a r t  o f  60 c l a i m s  fo'r 
CanOxy . 
Open, s o  s t a k e  12  c l a i m s  f o r  
CanOxy 
CanOxy W H I T  c l a i m s ,  b u t  do 
more r e c c e  
Open, b u t  t o o  l a r g e  an  a r e a  
t o  s t a k e ;  canno t  do fol low-up 
u n t i l  J u l y ,  t o o  h igh .  
7 5 %  s t a k e d ,  rest  n o t  wor th  
fol low-up 
Open, s o  s t a k e  42 CanOxy 
c l a i m s ,  and c a r r y  o u t  fo l low-  
u p  e a r l y  t o  t e s t  rest  o f  
a v a i l a b l e  ground.  
100% s t a k e d  by o t h e r s  
Open, so s t a k e  1 2  c l a i m s  f o r  
CanOxy . 



Number -- NTS P l a c e  Name - - Remarks - 

126 9218 Lac  La Jeune 

1 2 7  9218 F r e d  Lake 

1 0 %  i n  P r o v i n c i a l  P a r k ,  r e s t  
open ,  s o  s t a k e  30 c l a i m s  f o r  
CanOxy, and c a r r y o u t  f o l l o w -  
up e a r l y  on .  
Open, s o  s t a k e  30 c l .a ims f o r  
CanOxy, and  c a r r y o u t  f o l l o w -  
up e a r l y  on. 

2+ C l a s s  Anomalies  (19  o f )  (B) .-- 

B u r n e l l  Lake 

Keremeos Creek  

S h i n g l e  Creek  

Upper E n e a s  Creek  
Powers Creek 

M t .  L a s t  

Loch D r i n k i e  

McMullen Creek 

Upper S h o r t s  Creek 
B l a k e b u r n  

Rainbow Lake 

F i n n e g a n  C r e e k  

Chapman Creek  

A l l i s o n  Creek  

McCullough C r e e k  
G a l e n a  Creek  

Upper Wasley Creek 

C l a p p e r t o n  Creek 

S m i t h  Lake 

(C)  2nd C l a s s  Anomal ies  ( 2 0  o f )  

11 82E/5E Mahonney Lake 
25 82E/12E I R # 1  
25a 82E/12E M t .  Nkwala 
3 2  82E/12W Agur Lake  

38 82E/12W Iviunro Lake 

Is it open? I f  so, d o  f o l l o w -  
up e a r l y  
Is it open?  I f  so,  do  f o l l o w -  
up  e a r l y .  
75% s t a k e d ,  so open  3 2  CanOxy 
c l a i m s  and fo l low-up  rest 
e a r l y  on .  
A l l  open ,  d o  e a r l y  o n  
What i s  l a n d  s i t u a t i o n ? ,  i f  
good,  d o  e a r l y  o n  

1 0 %  s t a k e d ,  rest open ,  do 
e a r l y  on .  
A l l  o p e n ,  do  fo l low-up  a s  soon  
a s  p o s s i b l e  
Is it open?  m o d e r a t e  p r i o r i t y  
Is it open? modera te  p r i o r i t y  

~ c c e s s i b l e ,  l a n d  s t a t u s ?  

A t  e n d  o f  s e a s o n  w i t h  h e l i -  
c o p t e r  h e l p .  
Is it open? m o d e r a t e  t o  h i g h  
p r io r i t y .  
Is it open?  do fo l low-up  . 
e a r l y  
Modera te  p r i o r i t y .  
Is it open ,  h i g h  p r i o r i t y  
b u t  w a i t  u n t i l  i t ' s  a c c e s s i b l e  
Only  m o d e r a t e  p r i o r i t y  b u t  i f  
l e a v e  t o o  l a t e  no w a t e r  l e f t  
2 5 % ,  d o  fo l low-up  f a i r l y  
e a r l y  o n  
do e a r l y  a s  p o s s i b l e  

U n a v a i l a b l e ,  M i n e r a l  R e s e r v e  
What i s  l a n d  s t a t u s ?  d o  e a r l y  
What i s  l a n d  s t a t u s ?  do  e a r l y  
60% s t a k e d ,  w h a t s  l e f t  i s  no 
good.  
CanOxy MUN c l a i m s  a r e  20% 
re s t  i s  o p e n  s o  do  e a r l y  



Number - NTS - P l a c e  Name Remarks 

G a r n e t  Lake 40% s t a k e d ,  CanOxy t o  s t a k e  
# 2 2 ,  b u t  s t i l l  fo l low-up  
t o  do e a r l y .  
Main road, no s o u r c e ,  s k i p .  
90% s t a k e d ,  n o t h i n g  u s e f u l  l e f t  
5 0 %  s t a k e d ,  w h a t ' s  l e f t  i s  
moderate  p r i o r i t y .  
What i s  l a n d  s t a t u s ?  Moderate  
p r i o r i t y  
What i s  l a n d  s t a t u s ?  Moderate  

Peach l and  Creek 
E a s t  T e r r a c e  Creek  
T e r r a c e  Creek 

N i c o l a  R i v e r  

W e s t  N i c o l a  R i v e r  
p r i o r i t y .  
Moderate p r i o r i t y .  
Low p r i o r i t y  

11 

E t c h e s  Creek  
McBride Creek 
S t e v e n  Creek 
Spukunne Creek 
Shr impton Creek  
Mullen Creek Moderate ly  h i g h  p r i o r i t y ,  b u t  

do l a t e  i n  season .  
I1 F r ank l and  Creek 

Conan t Creek  Moderate p r i o r i t y ,  do l a t e  i n  
s e a s o n ,  d i f f i c u l t  a c c e s s  
Do e a r l y ,  h i g h  p r i o r i t y  Nor th  Stump Lake 

( D )  2 - c l a s s   nom ma lies ( 4  o f )  -- 
3 4  82E/12W Bearpaw Creek  9 0 %  s t a k e d ,  so s k i p  
4 1  82E/13W F i n l a y  Creek  A l l  open ,  s o  do e a r l y  on 
69 92H/lE I k w a l d i  Creek  What i s  ground s t a t u s ? ,  do  

e a r l y .  
79 92H/lW Upper Young Creek  Low P r i o r i t y  

( E )  - 3' C l a s s  Anomalies 

Lower P a r k  R i l l  Creek 
B l i n d  Creek  
Sn ehumptio n  Creek  

What ' s  l a n d  s t a t u s ?  do e a r l y  
What ' s  l a n d  s t a t u s ?  do e a r l y  
Do l a t e  i n  s ea son ,  heed 
h e l i c o p t e r .  
Do H 2 0  e a r l y ,  b u t  i s  IR#13 
Do e a r l y ,  h i g h  p r i o r i t y  
What ' s  l a n d  s t a t u s ?  do e a r l y  
What ' s  l a n d  s t a t u s ?  low 
p r i o r i t y .  
What ' s  l a n d  s t a t u s ?  modera te  
p r i o r i t y  
What ' s  l a n d  s t a t u s ?  modera te  
p r i o r i t y .  
Leave u n t i l  l a t e  i n  s e a s o n .  
Only i f  Fox Lake p r o v e s  t o  b e  
good. 
High p r i o r i t y ,  do  e a r l y  
High p r i o r i t y ,  do e a r l y  

B a r r i n g t o n  Creek 
Marron R i v e r  
Lambly Creek  
Wolfe Creek 

Smith  Creek  

McNulty Creek  

Ba r ton  H i l l  
Mab Lake 

Dropping Water Creek 
Luke Creek  



C l a s s  3 Anomalies 

Number NTS P l a c e  Name - - Remarks - 

S t r a y h o r s e  Creek 
Apex Mountain 
T r o u t  Creek 
I s i n t o k  Creek 
~ u l l  Creek I 
T r o u t  Creek 
L o s t  Chain Creek 
C l o v e r  Creek 
Trepanee Creek 
Upper Trepanee Creek 
McDougall Creek 
Duo V i a  Lake 
Whi t e r o c k s  Mtn. . 

Beak Creek 

50% s t a k e d .  
100% s t a k e d .  
Sample e a r l y ,  High p r i o r i t y .  
Low p r i o r i t y  
Low p r i o r i t y  

i1 

i1 

II  

11 

11 

Wha t ' s  l a n d  s t a t u s ?  do e a r l y  
50% s t a k e d ,  low p r i o r i t y  
low p r i o r i t y  
What ' s  l a n d  s t a t u s ?  Moderate 
p r i o r i t y .  
Low p r i o r i t y  

11 

11 

Coal  Creek 
Lower Young Creek 
Young Creek 
T r i b .  w. s i d e  o f  
Ashnola River  
Easygoing Creek 
N .  s i d e  o f  Similkameen 
River  
W i l l i s  Creek What ' s  l a n d  s t a t u s ?  Moderate 

p r i o r i t y .  
I1 I1 

11 11 

It 11 

W i l b e r t  H i l l s  
Upper W i l l i s  Creek 
A r c a t  Creek 
Simen Creek 
Eastmere  Lake 
Connaly Creek 
Coldwater  R i v e r  
Headwater Lakes 
N .  T r o u t  Creek 
Godrey Creek 
Morgan Lake 
Morgan Lake 

Low p r i o r i t y  
11 

C l a s s  3-   nom ma lies 

- 
100% s t a k e d  - 
P a r k  o r  s t a k e d  
50% s t a k e d  - 
low p r i o r i t y  
low p r i o r i t y  
P r o v i n c i a l  P a r k  



Number NTS. - P l a c e  Name Remarks 

P r o v i n c i a l  P a r k  
I 1  

Low p r i o r i t y  
Moderate p r i o r i t y  
Low p r i o r i t y  - 

- 
1 0 0 %  staked 



have been publ ished and s i n c e  t h e  G . S . C .  open f i l e  r e l e a s e  of 

reg ional  s t ream sediment and water d a t a  (G.  S . C .  Open F i l e  Reports 

409, 4 1 0  and 4 1 1 ) .  Hence s t a k i n g  has been recommended over many 

of  t h e  1st c l a s s  anomalies i f  t h e  ground i s  a v a i l a b l e .  

Pre l iminary  follow-up work should be  aimed a t  

d e l i n e a t i n g  a s  qu ick ly  a s  p o s s i b l e  t h e  source  a r e a  of an anomaly. 

Therefore,  i n i t i a l l y  more d e t a i l e d  s t ream sediment and water  

sampling a s  we l l  a s  prospect ing  wi th  t h e  a i d  of a s c i n t i l l o -  

meter,  pre l iminary  geo log ica l  mapping and rock geochemistry a s  

wel l  a s  heavy minera l  sampling w i l l  be c a r r i e d  o u t  sys temat ica l ly  

over each anomalous a r e a .  

Because of t h e  importance o f  pH and t h e  t o t a l  

d isso lved  s o l i d s ,  e s p e c i a l l y  carbonate ,  i n  keeping uranium i n  

so lu t ion ,  a l l  water  samples w i l l  be t e s t e d  f o r  pH and s p e c i f i c  

conduc t iv i ty  p r i o r  t o  shipment t o  t h e  l a b o r a t o r y .  A l l  samples 

w i l l  be analyzed f o r  uranium. I f  a f t e r  t h i s  pre l iminary  phase 

second s t a g e  follow-up work i s  warranted then  sys temat ic  

geochemical s o i l  sampling, rad iometr ic  work, rock geochemistry 

and geology w i l l  be c a r r i e d  o u t  over  s e l e c t e d  a reas .  During 

t h e  1 9 7 8  f i e l d  season an a t tempt  w i l l  be  made t o  do pre l iminary  

eva lua t ion  on a l l  1st and 2nd second c l a s s  anomalies. I n  time 

a l l  anomalies should be followed-up. J u s t  as t h e r e  a r e  many 

favourable  c o n d i t i o n s  e x i s t e n t  t h a t  h e l p  produce good U 

anomalies i n  t h e  s t ream sediments and wa te r s ,  t h e r e  a r e  a l s o  

cond i t ions  (e .g .  cover rock, overburden, sample d e n s i t y ,  e t c . )  

t h a t  might i n h i b i t  t h e  t r a n s f e r  of meta l  t o  t h e  dra inage  



sys tems and a s  a r e s u l t  less i n t e n s e  anomal ies  t h a n  one would 

e x p e c t  under  f a v o u r a b l e  c i r c u m s t a n c e s  r e s u l t .  

Submi t ted  

f l p ?  
I - 

.F. Gleeson,  P.Eng. Ph.D. /- - ' C.F .  Gleeson & A s s o c .  Ltd.  
Ot tawa,  Ont. , Canada 

May, 1 9 7 8  



Geological Implications of Regional 

I 
- Stream-Sediment Geochemical Data from 

South-Central British Columbia 

R. H. Wallis, Chief Geologist, and 
J. J. Brummer, Exploration Manager, 
Minerals Division, 
Canadian Occidental Petroleum Ltd., 
Toronto, Ontario 

C. F. Gleeson, Consultant Geologist-Geochemist, 
C. F. Gleeson and Associates Ltd., 
Ottawa. Ontario 

Abstract 
Weighted moving-average contour maps have been con- 

structed for molybdenum, copper and zinc using 7850 stream- 
sediment samples from 5430 square miles (14,063 sq. kms) 
of south-central British Columbia. 

Regional trends for molybdenum and zinc are northeast, 
north and northwest and those' for copper are north and 
northwest. These trends are interrupted by zones markedly 
low in metals. The metal-rich trends cross rocks of different 
lithology and age and thus appear to be structurally con- 
trolled. 

The northeast trend may have exerted control on metal 
distribution at two different times. The molybdenum trend 

- passes through the Brenda mine, where it correlates with 

the northeast-trending stage 2A veins dated at 146 m.y. The 
molybdenum trend ends abruptly against a "Valhalla" pluton 
dated at 133 m.y. However, the zinc trend affects this pluton, 
and thus it appears that the northeast trend was reactivated 
in the late Cretaceous. Some of the most interesting north- 
south copper and molybdenum trends are within the Triassic 
Nicola volcanics, where they coincide with Preto's Central 
Belt. The regional sediment geochemical data suggest that 
the Central Belt may continue northward along the eastern 
side of the Guichon Creek valley. 

The contoured data indicate that the dominant control of 
regional metal distribution is by age and rock-type. The 
Triassic-Jurassic intrusions are characterized by high re- 
gional molybdenum content and by zoning patterns that are 
negative with respect to copper and zinc and positive with 
respect to molybdenum. The late-Cretaceous intrusions 
are characterized by high regional zinc content in the stream 
sediments. The Tertiary batholith can be distinguished by 
~ t s  low regional molybdenum values, relatively high copper 
content and positively zoned regional zinc distribution 
pattern. 

The southern outcrop area of pre-Mesozoic "Cache Creek" 
rocks is characterized by high regional copper, molybdenum 
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and zinc contents in the stream sediments. These value3 
are in marked contrast with the low values typical of the 
northern outcrop area. However, recent fossil evidence 
suggests that most of the northern area is,. in fact, late- 
Triassic, Nicola Group, volcaniclastic sediments. This sug- 
gestion gains support from the geochemical contrast. 

Introduction 
' IN A geologically well-defined area of south-central 

British Columbia about 2 billion tons of 0.5% equivalent 
copper mineralization have been outlined, mainly in the 
last fifteen years (Fig. 1). 

This prompted a two-year stream-sediment survey by 
Canadian Occidental Petroleum Ltd. in 1973-74 to outline 
metal-rich target areas, with particular emphasis on de- 
fining regions of potential copper-molybdenum porphyry- 
type mineralization. 

The project area covers approximately 5430 sq. miles 
(14,063 sq. kms), including some or all of N.T.S. sheets 
82E and H, 92H and I (Fig. I), and a total of 7850 
stream-sediment samples were collected (Fig. 2). 

Geochemical Survey 
FIELD PROCEDURE 

In the ideal case, sediment samples were collected from 
the centre of active streams, but, because of the arid 
climate. many samples were taken from dry gullies or 
stream beds. The sample density was partly determined by 
the logistics of working in a heavily forested area, which 
necessitated foot traversing of almost all the streams. 

FIGURE 1 -Location of project area, including the location 
of known mines and deposits and their contained equivalent 
copper content. 

I Table to accompany Figure 1. I 

No. 

Size (million tons) 
(tonnage mined & 

reserves*) 

Canam (Giant Copper) 
lngerbelle 
Copper Mountain 
Axe (Adonis) 
Brenda 
Primer (Pyramid) 
Craigmon t 
Lytton 
Ann 
Highmont 
Lornex 
Alwin (0. K.) 
Valley Copper 
Bethlehem 
J. A. 
South Seas 
Krain 
Minex 

I Afton 
I Ajax 
Galaxy 
Rainbow 
Maggie 
Ash-Nola 
Whipsaw 

Property Name 

8 
7 6 
35 
50 
180 
23 
3 1 
5 
48 
150 
465 
1.1 

850 
115 
286 
17 
14 
36 
34 
10 
6 
20 
200 

? 
? large 

M. tons 1 % cu -1 % MO 1 
0.61 
0.50 
1.08 
0.45 
0.184 
0.2 
1.5 
0.62 
0.27 
0.51 
0.41 
2.33 
0.48 
0.97 1 0.43 
0.35 
0.56 
0.2 
1.0 

* 0.8 
0.58 

1 0.55 
' 0.4 

? low grade 
0.2% 

- 
- 
- 
0.012 
0.05 

- 
- 
- 

equivalent 
0.014 - 
- 
- 
0.017 
- 
- 
- 
- 
- 
- 
- 

equivalent 

Contained equivalent 
copper content (tons) 
1 Ib Mo = 4.54 Ib Cu 

equivalent 

48,800 tons 
378,000 
378,000 
257,000 
742,480 
46,000 
469,176 
31,000 
129,000 
765,000 

2,183,856 
25,630 

4,080,000 
542,248 

1,453,439 
59,000 
90,000 
72,000 
340,000 
80,000 
34,000 
110,000 
800,000 

? 
? 

*Reserves at Dec. 31st, 1975, or latest available from published reports. 
Large filled triangles equal greater than 1,000,000 tons contained equivalent copper content (c.e.c.c.). 
Medium filled triangles equal 500,000-1,000,000 tons c.e.c.c. 
Small filled triangles equal 100,000-500,000 tons c.e.c.c. 
Small open triangles equal less than 100,000 tons c.e.c.c. 
c.e.c.c. = contained equivalent copper content. 

) FIGURE 2 - Stream-Sediment Sample Distribution Map. 
Location of the 7850 stream-sediment samples used as a 
data base for the weighted, moving-average contour maps 
(Figs. 7, 8 and 9). Although the over-all density is 1.4 sam- 
ples per sq. mile (0.5 per sq. km), the non-uniform pattern 
inevitable in stream sampling is clearly shown, as is the 
necessity of using a computer-based system to produce 
regional contour maps. 

FIGURE 3 - Thompson Plateau and the Cascade Mountains. 
) The even summit level of the Thompson Plateau merges 

imperceptibly with the semi-alpine Okanagan Range of the 
Cascade Mountains, as seen looking west from the summit 
of Snowy Mountain (8507 feet) (2552 meters). This terrain 
is ideal for setting down samplers to traverse streams on 
foot and for "chopper hopping" the uppermost tributaries. 

Where the helicopter was used, samplers were taken to their 
respective streams, and the party chief then spent the 
remainder of the day "chopper hopping" above the tree 
line (Fig. 3). Stream and sample characteristics, together 
with N.T.S. coordinates and sample number, were entered 
on a sample card set up on an 80-character base. The 
samples were air-dried and processed by Bondar-Clegg 
and Company Ltd. in Vancouver. All sample locations 
were plotted on 1:50,000 cronaflex topographic drainage 
maps provided by the Surveys and Mapping Branch, De- 
partment of Energy, Mines and Resources, Ottawa. 

LABORATORY PROCEDURE 

Bondar-Clegg and Company Ltd., of Vancouver, dried, 
sieved and then analyzed the -80-mesh fraction of the 
stream sediment for Cu, Mo and Zn by atomic absorption 
spectrophotometry after digestion with hot solutions of 
HCI and HN03. 

In the field, control samples were placed in the sample 
sequence at random intervals to check the precision of the 
analytical work. Using these control samples, precision at 
the 95% confidence level was calculated as 3.7%, 10.5% 
and 4.5% for Cu, Mo and Zn respectively. 

COMPUTER PROCEDURE 

The computation stages were carried out by Luciano 
Martin of C.A.S.E. (Computer Applications and Systems 
Engineering) of Toronto, using methods and programs 
which he has developed. 

The data from the field cards and the analytical results 
were transferred to punched cards. The 1:50,000 field 
maps provided the positional data; the coordinates of all 
samples were digitized with an Instronics Gradicon and a 
Coradi coordinatograph. An independent origin was estab- 
lished on each 1:50,000 sheet and all positions on that 
sheet were related to it. An I.B.M. 370/167 computer was 
then employed to convert the digitized coordinates to stand- 
ard U.T.M. values, which were merged with the cor- 
responding field and analytical data. 

Before the stream-sediment data were processed, it was 
decided to remove from the data.file approximately ninety 
samples that were collected along 60 miles (100 kms) of 
the Similkameen River from just below Copper Mountain 
mine through Princeton and Hedley to the U.S. border. 
These samples all contained at least 100 ppm Cu and a 
high content of Mo and Zn, and only occur in the stream 
sediments of the Similkameen River. Clearly the source 
of this copper is the old mine workings and tailings at and 
above Princeton. 

These excessively high values would have completely 
distorted the geological component in the contoured geo- 
chemical maps of this area, hence the decision to eliminate 
these samples from the data set prior to computation. Other 
long dispersion trains from natural sources of metal, e.g. 
zinc in Siwash Creek and copper in Summers Creek, were 
retained in the data file. 

The weighted, moving-average technique was then ap- 
plied to separate the regional and residual components. 
This was accomplished as follows: At a given point on the 
map a search was made of all the samples enclosed by a 
circular window of radius 5 kms (3.1 miles) centred at 
that point. The size of the search radius is determined by 
including a set minimum number of samples; if the search 
area fails to reach the minimum number, the search radius 
at that point is increased. The computation positions were 
selected on a regular east-west, north-south grid lattice, 
spaced at 2.5 kms (1.55 mile) in both directions. This 2.5- 
km (1.55-mile) interval allows a 50% overlap of search 
windows in both east-west and north-south directions. The 
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FIGURE 4 - Map of the project area, showing glacial features. 

size of the search window, and hence of the lattice spacing, 
is determined using a step-by-step iterative approach to 
reach the best compromise between regional clarity and 
local detail. The particular window size and lattice spacing 
chosen is unique to any particular stream-sediment study 
and the most important control is exercised by areas with 
the least complete sampling compared to the over-all 
sampling density and by the complexity of local geological 
detail (Figs. 2 and 6). 

A weighted average of the values in each search area 
is then computed, with a maximum weight being set for 
samples close to the centre. These weighted, moving-aver- 
age values at each search area approximate to the regional 
component. 

The difference, at any one sample point, between the 
laboratory-measured value and this computer-generated 
regional value is the residual value. Maps of the residual 
values (not shown) form an exploration guide to specific 
geochemical anomalies within a given regional area. 

The regional component values were then contoured and 
plotted out by a Calcomp 748 flatbed plotter on specially 
prepared 1 : 125,000 base maps. The contour intervals were 
empirically chosen after a thorough study of the statistics. 
No particular predetermined statistical parameter was used 
to choose contour intervals. The important criterion is the 
ability of the contours to illustrate metal distribution pat- 
terns; a compromise between clarity and clutter has to 
be accepted. 

Thus, the base data used in the following discussion are 
weighted, moving-average contour maps. This type of 
presentation is considered by the authors to best show the 
underlying regional, or geological, component of stream- 
sediment geochemistry. Such maps are neither trend-sur- 
face maps, which tend to ignore local geological variation, 
nor are they contoured data maps, which tend to be sub- 

) merged by local geological variation. Figures 7, 8 and 9 
can be compared and contrasted with the trend-surface 
maps (Figs. 9 and 10) of Fox and Rinehard (1972), which 
display stream-sediment data' from an adjacent area in 
Washington State, or with the Geological Survey of Canada 
symbol presentation in Open File Reports Nos. 409 and 
410, covering N.T.S. 82E and 82L. 

FIGURE 5 - Former Lake Levels, Quilchena Valley. During 
deglaciation, the project area was covered by extensive 
glacial lakes (Fig. 4). These can often be recognized by wave- 
cut terraces, such as shown here on the east side of the 

) Quilchena valley at an elevation of 3400 feet (1020 m). The 
present-day remnant, Nicola Lake, 6 miles (10 kms) to the 
north, is at an elevation of 2045 feet (613 m). Note also the 
extensive grasslands. Summer evaporation is too extensive 
to sustain tree growth except immediately adjacent to 
streams. 

Physiography, Glaciation, 
Climate and Vegetation 
PHYSIOGRAPHY 

The project area includes two major components of 
the Canadian Cordillera, the Thompson Plateau and the 
Cascade Mountains (Bostock 1948, Holland 1964) (Fig. 
3). At the U.S. border, the Thompson Plateau is virtually 
pinched out between the Okanagan Highlands and the 
Cascade Mountains, but from the Similkameen valley 
northward the plateau widens until it eventually occupies 
the entire width from the Okanagan to the Fraser valley, 
a distance of 80 miles (128 kms) (Fig. 4). 

The Thompson Plateau consists of rolling uplands 
separated from each other by deep valleys; the elevation 
and ruggedness of the plateau increase to the south where 
the upland surface rises toward the mountains (Fig. 3). 
The Cascade Mountains, which make up the southwestern ' 

part of the project area, are grouped into three main 
ranges, the drainage of two of which, the Okanagan and 
the Hozameen (Fig. 4), were sampled in this study. The 
greatest differential in elevation is between the Similka- 
meen Valley, 1200 feet (360 m) above sea level and 
Snowy Mountain, 8507 feet (2552 m) above sea level, a 
difference of 7300 feet (2190 m). Ninety per cent of the 
area is drained by three river systems - the Nicola, the 
Similkameen and the Okanagan. Fulton (1969) has de- 
scribed in detail how these systems originated during de- 
glaciation. 

GLACIATION 

The entire Interior Plateau appears to have been covered 
by ice which moved on to it from both east and west; 
however, the major direction of ice transport was to the 
south. At its maximum development, the ice overrode 
peaks as high as 8507 feet (2552 m) on the northeast side 
of the Okanagan Range. The principal outlets for this ice 
were along the lower Similkameen Valley and through 
gaps at the head of the Ashnola, Pasayten and Similka- 
meen rivers (Bostock, 1948). 

During deglaciation, the damming of these outlets and 
the slow melting of stagnant ice in the valleys caused 
the formation of a network of spillways which, coupled 
with the ice-dammed Fraser canyon to the west, created 
numerous major lakes (Fig. 4) (Fulton, 1969). Thus, 
varved silts and clays are conspicuous along the major 
valleys throughout the area and can be found to a height 
of almost 4000 feet (1200 m) above present-day valleys. 

CLIMATE AND VEGETATION 
At low elevations the winters are mild, with little snow- 

fall. For example, Penticton has a January mean average 
temperature of 0°C and a total winter snowfall of 40 crns 
(15 inches); above 4000 feet (1200 meters), however, snow 
remains on the ground until early June. Summer tempera- 
tures in the valleys may rise to over 35OC, but snowfalls 
have been recorded in all months at Apex Mountain (eleva- 
tion 7372 feet; 2211 m). Forest growth is dependent on 
aspect and elevation. The valleys have sparse tree cover 
due to lack of moisture, e.g. the mean annual precipitation 
at Penticton is 10 inches (25 crns), and there are extensive 
grasslands around Nicola Lake (Fig. 5). Similarly, many 
south-facing slopes are almost devoid of tree cover. The 
tree line is at an elevation of about 6000 feet (1800 m). 

Geology 
The Geological Survey of Canada and the British 

Columbia Department of Mines maps provide excellent 



TABLE 1 - South-Central British Columbia - Stratigraphy 

Period 
- -  - 

Late Tertiary 

Early Tertiary 

Late & Early Cretaceous 

Late Cretaceous 

Late & Middle 

Late & Middle 

Jurassic 

Jurassic 

Late Triassic - Early Jurassic 

(a) Granodiorite Clan 

(b) Ultramafic, 
Gabbro, Syenite 
Clan 

Late Triassic 

Pennsylvanian-Permian 

Epoch 

Pliocene (2-10 my.) 

Oligocene (20-40 my.) 

Late Eocene (40 my.) 

Middle Eocene 

Early Eocene (55 my.) 

Early Eocene 

(110-85 my.) 

Intrusive Rocks 

Needle Peak pluton (39 m.y.) 

Coryell stocks (48-51 my.) 

Nicola batholith (60 my.) 
Rey Lake stock (67 m.y.) 

Otter Lake stocks 
Lightning Creek stock 
Trout Creek stock 
Siwash Creek stock 
Wh~teman Creek stock 
Summers Creek stock (97 my.) 
Remmel batholith (in part) 
"Valhalla pluton" (133 my.) 
Mt. Lytton batholith (98 m.y.) 
Verde Creek pluton (100 my.) 
McBride Creek stock (post 80 my.) 
Whipsaw Creek porphyries (post 104 my.) 
Eagle batholith (in part, 104 my.) 

Okanagan batholith (141-183 my.) 
Pennask batholith 
Eagle batholith (in part, 143 my.) 
Similkameen bathol~th (149-170 my.) 
Shorts Creek bathol~th 
Brenda stock (176 my.) 
Hedley stock (156 my.) 

Gujchon Creek batholith (198 my.) 
All~son Lake pluton (200 my.) 
Wild Horse batholith (200 m.y.) 
Qu~lchena stock 

Tulameen Complex (204-175 my.) 
Iron Mask batholith (190-206 m.y.) 
Copper Mountam and Lost Horse 

stocks (204-194 m.y.) 
Kruger alkali syenite (177-191 my.) 
Ollala alkali complex (179- my.) 
Hedley gabbro-drorite (170-190 my.) 

Layered Rocks 

Plateau basalts 

Kamloops Group volcanics (45-50 my.) 

Coldwater Formation Sedimen t s  

Kingsvale Group volcanics 
Spences Bridge Group volcanics 
Pasayten Group sediments 
Jackass Mountain Group sediments 

Dewdney Creek Group - sediments 
Ladner Formation - sed iments 

Nicola Group volcanics 

"Cache Creek" and equivalents - 
volcanics and sediments 

geological coverage of the project area. For this paper, the (7) Tertiary - Nicola Batholith 
regional stratigraphy has been condensed into major (6) Tertiary - sediments and volcanics 
groups of plutonic rocks and volcanic-sedimentary se- (5) Cretaceous - Kingsvale Group volcanics 
quences (Table 1 and Fig. 6). This usage closely follows (4) Late Cretaceous - intrusions 
other recent compilations (e.g. those by McMillan and (3) Late Triassic and Jurassic - intrusions 
Preto 1976 and Jackson 1976). Table 1 lists the sequences (2) Late Triassic - Nicola Group volcanics 
of volcanic and sedimentary units found in the broject 
area and tabulates the numerous episodes of igneous ac- 
tivity which have a 200-m.y. time span. The names and 
age of the various intrusiohs are given in the caption to 
Figure 6. 

In the following discussion, in which the regional stream- 
sediment geochemistry is related to bedrock geology, only 
seven units in Table 1 are volumetrically important. These 
are: 

(1) Pennsylvanian and Permian - "Cache Creek" Group 
volcanics 

The only rocks which are seriously deformed and me- 
tamorphosed are the pre-Upper Triassic "Cache Creek" 
rocks. Triassic Nicola rocks are only strongly deformed 
and metamorphosed at the batholithic margins. Elsewhere, 
the Nicola is gently folded (Schau, 1970) and cut up into 
fault-bounded blocks (Preto 1975, 1977). Later volcanic- 
sedimentary sequences are only slightly deformed, except 

GEOLOGICAL LEGEND 

Unit FOR FIGURES 6 AND 10. 

7 rf) Tertiary in t ruda  

6 1-1 Tertiary udinents and volcanics . .  . . .  

5 r I  Cre1aceous Kingsvale Group volcanics 

4  ate Cretaceous intrusions 

3 11 L a t a  Triassic and Jurassic imtrusions 

2 r] L a b  Triassic Wicola Group rdcan ics  

1 rl 'cache Creek" Group volcanics 

FIGURE 6 - Generalized cleolonv of south-central British 
Columbia (compiled from G.s 
Pet. Res. maps).  

A-Wild Horse batholith. 200 m.y. 
&Whiteman Creek stock 
C-S+orts Creek batholith 
D-Whiterocks Mountain stock 
E-Pennask batholith 
F-Brenda stock. 176 m.y. 
G--0uilchena stock 
H-Nicola batholith, 60 m.y. 
I-Rey Lake stock, 67 m.y. 
J-Allison Lake pluton. 200 m.y. 

K-Mt. Lytton batholith, 98 m.y. 
L-Eagle batholith, 143-104 m.y. 
M-Lost Horse - Copper Mountain 

stocks, 204-194 m.y. 
N-Needle Peak pluton. 39 m.y. 

XT-8, B.C. Dept. of Mines and 

0-Verde Creek pluton, 100 m.y. 
P-Hedley gabbro, 190-170 m.y. 
0-Summers Creek stock, 97 m.y. 
R-Siwash Creek stock 
S-Trout Creek stock 
T-"Valhalia pluton" 133 m.y 
U-Okanagan batholith, 183-141 m.y. 
V-Similkameen batholith. 170-149 

m.y. 
W-Kruger syenite, 191-177 m.y. 
X-Ollala stock, 179 m.y. 
'I-Oliver stock, 144 m.y. 
Z-Tulameen ultramaf ic,, 204-175 

m.y. 
AA-Guichon Creek batholith, 198 

m.y. 

where involved in major faults, e.g. the Chuwanten or 
Pasayten faults. 

Much age data are now available on the plutonic rocks 
of the area, and these, together with cross-cutting and in- 
trusive relationships, have elucidated the over-all intrusive 
sequence as outlined in Table 1. The only major undated 
intrusion in the area is the batholith lying west of the 
northern part of Okanagan Lake, and this is assumed to 
be of similar age to the Okanagan batholith to the south. 
The naming of the plutonic units is fraught with contro- 
versy. We have tried to retain the most common usage, 
and only in the case of the "Shorts Creek" batholith have 
we invoked a new and informal name. 

Excellent descriptions of the rock types can be found 
in the various publications of the Geological Survey of 
Canada and the British Columbia Department of Mines 
and Petroleum Resources given in the reference list. The 
MINDEP Mineral Index Maps (Montgomery et al., , 

1975a) were available for the area, with current informa- 
tion on over 250 known occurrences. 

Molybdenum, Copper and Zinc 
Distribution in Terms of 
Metal Trends and Major Rock Type 
REGIONAL MOLYBDENUM DISTRIBUTION 

Metal Trends 

The contoured moving-average map (Fig. 7) clearly 
shows certain major features, or metal trends, which appear 
to crosscut both age and type of rock. The eastern part 
of the area is characterized by higher molybdenum values 
than the western portion, however there are significant 
northeast and north-south positive molybdenum trends 
throughout. A weak but significant north-south trend 
which extends from south of Princeton to north of Merritt 
is defined by the 1.5-ppm Mo contour (Fig. 7). 

The positive metal trends are crossed by prominent 
northwest and northeast negative trends (i-iv and v, re- 
spectively, on Fig. 7) which extend over considerable dis- 
tances and appear to be unaffected by rock type. 

Major Rock Types and Regional 
Moving-Average Molybdenum Values 

Table 2 summarizes the relationships between the re- 
gional distribution of molybdenum and geology. 

1) Permian + Pennsylvanian "Cache Creek" Rocks 
(Unit I ,  Fig. 6 )  

In the north, the average regional stream-sediment value 
over these rocks is less than 1.0 ppm Mo, whereas in the 
south it is greater than 2.5 ppm Mo. In Area J ,  an ex- 
tensive set of quartz-pyrite-molybdenite-scheelite veins and 
sericite-quartz-feldspar porphyry dykes has been found. 
In Area X, molybdenite occurs in veins and skarns on 
Apex Mountain. 

2) Late Triassic Nicola Group (Unit 2,  Fig. 6) 
The Nicola Group is predominantly basaltic andesite, 

and sediments from streams draining it are generally low 
in molybdenum. 

The only significant regional high value area is AA (Fig. 
7), at Copper Mountain, where a small, but well-defined, 
area with values greater than 3.5 ppm Mo coincides exact- 
ly with the east-west roof pendant of Nicola volcanics 
lying between the enclosing Lost Horse intrusives. 

Between Princeton and Aspen Grove, Preto (1975, 1977) 
has defined three north-south-striking lithological zones 
within the Nicola Group. There is a striking correlation 
between regional sediment values greater than 1.5 ppm 



This close restfiction on the age of the northeasterly 
molybdenum metal trend is strengthened by the observa- 
tion that the metal trend does not cross the "Valhalla" 
pluton lying within the Okanagan batholith. Peto and 
Armstrong (1976) suggest that the composite Okanagan 
batholith ranges in age from 185 to 156 m.y. Peto's (1973) 
mapping has shown that the "Valhalla" pluton is a post- 
Okanagan intrusion and Medford (1975) has dated it at 
133 m.y. Thus, the northeasterly molybdenum trend is 
bracketed as being post-156 m.y. and pre-133 m.y., which 
is in excellent agreement with Soregaroli and Whitford's 
(1 976) 146-m.y. date. 

The north-south metal trend (e, Fig. 7) lies normal to 
the constriction between the Okanagan and Pennask batho- 
liths and is parallel to the dominant foliation in the ad- 
jacent Nicola rocks (Carr, 1968). Soregaroli and Whitford 
(1976) suggest that east-west compression is the dominant 
tectonic control at Brenda. Detailed mapping by Carr 
(1968) elucidated four structural belts within the stock, 
the most prominent of which is a north-south zone as 
much as 1% miles (2 kms) wide which encloses most of 
the copper-molybdenum occurrences. This north-south 
structural zone is over 7 miles (11 kms) long and extends 
both north and south of Carr's mapped area. Carr suggests 
that repeated movements in the underlying basement are 
responsible for these structural belts. Thus, the north- 
south metal trend may be related to this structural control 

internal plutons of the batholith and thus presumably 
post-date the plutons. It is suggested that these metal 
trends correlate in age and style with the northeast stage 
of mineralization characteristic of the Brenda camp. Areas 
G ,  W, F and V all lie along the southern contact of the 
Okanagan batholith, and they are within Peto's (1973) 
melanocratic Similkameen quartz diorite unit. The regional 
6.0-ppm Mo contour of Area E coincides with the outcrop 
of the Empress granite pluton as outlined by Peto (1973). 
In Peto's sequence, the Empress granite is the youngest 
and most highly differentiated felsic unit within the Oka- 
nagan batholith. The results of extensive exploration work 
within the area indicate that molybdenite mineralization 
is widespread and is associated with extremely siliceous 
differentiates of the Empress granite. 

The Similkameen batholith (V, Fig. 6) has been divided 
into numerous different plutons by Daly (1906); however, 
there is little obvious relationship between Daly's plutons , 

and the  molybdenum distribution. The regional molyb- 
denum content over much of the batholith is relatively 
low (1-1.5 pprn), and there is one area where the molyb- 
denum contents exceed 3.5 ppm, Area 2, in the massive, 
grey granodiorites of upper Ewart Creek. 

TABLE 2 - Age, Rock Type and Regional Molybdenum 
Stream-Sediment Content 

Average Regional 
Stream-Sediment 

Content in pprn Mo 

Peak Mo 
Contour 
( P P ~ )  

Area 
[Fig. 7) Age and Rock Type 

Tertiary lntrusions 
Nicola batholith.. 

Cretaceous Kingsvale 
Volcanics 
- north area, less thar 
- south area.. . . . . . . .  

Late-Cretaceous Intrusions. 
Whiteman Creek stock 
Whiterocks Mountain 

stock. . . . . . . . . . . . . .  
Summers Creek stock. 
Verde Creek pluton . . .  
Young Creek 

intrusion ?. . . . . . . . .  
McBride Creek 

intrusions ?. . . . . . . .  
Whipshaw Creek 

intrusions?. . . . . . . . .  
Mt. Thynne stock.. . . .  Average regional molybdenum contents over the eastern 

lobe of the Similkameen batholith, east of the "Cache 
Creek" roof pendant, increase to 2.0 ppm. Under the 
central part of Area J (+4.0 pprn Mo), molybdenite min- 
eralization is well known in the King Edward showings 
at Susap Creek, where it is associated with the marginal 
syenitic phase. 

Late Triassic - Jurassic 
lntrusions 

Shorts Creek batholith. 
. . .  Pennask batholith.. 

. . . . . . .  Brenda stock.. 
Okanagan batholith. . .  

within the Brenda stock and adjacent Nicola rocks. 

Areas 0-P-D, G-W-F-V and E appear to lie on north. 
easterly metal trends (a, b and g, Fig. 7) which cut across 

Smaller Jurassic intrusions are also associated with high 
(+3.0 ppm) regional molybdenum values; Area L is as- 
sociated with the Olalla pluton where it intrudes "Cache 
Creek" strata, and molybdenite has been mined here at 
the Golcanda deposit. 

FIGURE 7 - Molybdenum - Regional Distribution and 
Trends. The 1 .O- and 2.0-ppm Mo regional stream-sediment 
contours are numbered. The other contours shown are at: 
1.5, 2.5, 3.0, 3.5, 4.0, 5.0 and 6.0 pprn Mo. High-value areas 
are lettered in capitals, A through to FF. Positive metal 
trends are shown by solid lines lettered a to i. The dotted 
line, h, is the axial trace of the 1.5-ppm Mo contour. Negative 
metal trends are shown by broken lines numbered i to v. 

. . . . . . . . .  Ollala stock. 
. . . . . .  Fairview stock.. 

Similkarneen batholith, 
. . . . . . . . .  east lobe.. 

west lobe.. . . . . . . . .  
. . . . . .  Eagle batholith. 

Regional values over the Eagle batholith are generally 
below 1.0 pprn Mo. The only high-value area centrally 
located with respect to the batholith is Area BB, Wells 
Lake (+ 2.5 pprn Mo), where molybdenite-chalcopyrite 
mineralization is associated with the youngest and least 
foliated phases of the intrusion. Area M (+3.0 pprn Mo) 
in the upper part of Skwum Creek reflects mineralization 
associated with thermal effects on calc-silicate rocks within 
the Nicola Group. 

Allison Lake pluton. . .  
. . . . .  Quilchena stock.. 

Wildhorse batholith. . .  

Mo and Preto's "Central Belt", and the molybdenum con- 
tent provides a clear distinction between this zone and the 
rest of the Nicola outcrop. Interestingly, the plus-1.5-ppm 
Mo contour extends northward along the eastern side of 
the Guichon Creek valley; this may suggest that a north- 
ward extension of Preto's "Central Belt" follows this direc- 
tion. Along the axis of this trend is Area S, which is the 
only high-molybdenum area not associated with plutonic 
rocks in the northern part of the project area. Area S 

Triassic N icola Volcan ics 
less than.. . . . . . . . . . . .  

. . . . .  but certral belt.. 

Area Q (+2.0 pprn Mo) is associated with the Quil- 
chena stock, a quartz monzonite body which has concen- 
trically zoned propylitic, argillic and potassic alteration 
associated with molybdenite-chalcopyrite mineralization. 
4) Late-Cretaceous Intrusions (Unit 4 ,  Fig. 6) 

Pennsylvanian-Permian 
"Cache Creek" 

northern area . . . . . .  
. . . . .  southern area. 

The regional molybdenum stream-sediment content over 
these widespread and numerous intrusions is quite variable. 

coincides, approximatel;, with regioiall; high 
zinc values, and this may possibly indicate a 

copper 
Nicola 

and 
vol- *+2.5 = greater than 2.5 ppm 

Area A (+4.0 pprn Mo) is associated with molybdenite 
mineralization in a syenite stock exposed along Whiteman 
Creek. Area 0 (+2.5 pprn Mo) lies on a westerly pro- 
tuberance of the Okanagan batholith now known to be a 
distinctly younger intrusion, the Summers Creek stock 
(Preto, 1976). Interestingly, two nearby late-Cretaceous 
syenite intrusions, the Siwash and Trout Creek stocks 
(R & S, Fig. 6), have no associated molybdenum concen- 
trations. 

canic centre. 
3) Late Triassic and Jurassic lntrusions (Unit 3, Fig. 6)  

the same authors also emphasizes the northeasterly align- 
ment of the mineralization episode (Soregaroli and Whit- 
ford, 1976, Fig. 3); and Carr (1968) has also shown that 
there is a zone of intense fracturing, about 1% miles (2 
km) wide, trending northeast and extending through the 
mine area. The regional stream-sediment geochemistry 
suggests that the northeasterly metal trend extends for at 
least 30 miles (48 kms) both northeast and southwest of 
Brenda Mine (Fig. 7). An age for this metal trend is 
provided by data from Brenda. The apparent age of the 
Brenda stock is 176 m.y.; however, the Stage 2A northeast- 
striking mineralized vein set is post-crystalline and has 
been dated at 146 m.y. (Soregaroli and Whitford, 1976). 
Post-mineralization trachyte dykes have an age of 130 
m.y. (Soregaroli, 1977, pers. comm.). 

The major northeasterly metal trend (a, Fig. 7) crosses 
the Okanagan, Pennask and Shorts Creek batholiths inde- 
pendently of their over-all geometry and independently of 
the foliation trends in the intervening Nicola and "Cache 
Creek" rocks. Area D lies along this metal trend at the 
intersection with the north-south trend (e). Area D is one 
of the highest regional molybdenum anomalies within the 
project area and it is virtually coincident with the Brenda 
stock (Carr, 1968). 

Area 1 (+4.0 pprn Mo) is a discrete, well-defined 
anomaly associated with the Ash-Nola property. As Mont- 
gomery et al. (1975b) make clear, this anomaly is not 
due to the Kingsvale volcanics, but to a post-Kingsvale, 
and thus presumably late-Cretaceous, quartz monzonite 
boss and associated porphyry dykes. Extensive molyb- 
denite-chalcopyrite-pyrite mineralization occurs over an 
area of 2 sq. miles (5.2 sq. kms). Area H (+5.0 pprn Mo) 

Mineralization at Brenda is independent of rock-type 
(Carr, 1968), and the dominant mineralization is associated 
with "the NE-striking, stage 2A, veins . .  ." (Soregaroli 
and Whitford, 1976). Detailed mapping of the distribution 
of pyrite and hydrothermal biotite in fheBrenda area by 

FIGURE 8 - Copper - Regional Distribution and Trends. 
Contour interval is at 10 pprn Cu. High-value areas are 
lettered in capitals A through T. Positive metal trends are 
shown by solid lines lettered a to d. 



occurs across the headwaters of Young Creek. The most 
likely cause appears to be a repetition of the situation 
at Area I, i.e. post-Kingsvale intrusives, which here are 
either less well mineralized or less well exposed. Area CC 
(+2.0 pprn Mo) at Whipsaw Creek is associated with post- 
Eagle batholith porphyries, and these are most probably 
late-Cretaceous. Area EE is underlain by a late-Cretaceous 
stock at Mt. Thynne, which has a greater than 2.0 pprn Mo 
contour coincident with it. Area FF (+3.5 pprn Mo) is a 
high-value area lying within the Verde Creek pluton. Re- 
cent exposures show that the anomaly is associated with 
molybdenite veins. 

5 )  Cretaceous Kingsvale Volcanics (Unit 5 ,  Fig. 6) 
In both the northern area, southwest of Merritt, and 

the southern area, in the Ashnola valley, the average re- 
gional stream-sediment content is 1.0 pprn Mo or less. 
6) Tertiary Intrusions (Unit 7, Fig. 6) 

The most extensive Tertiary intrusive is the Nicola 
batholith (H, Fig. 6). Regionally, it has a relatively 
molybdenum-deficient core (average 1.0 pprn Mo), with 
higher contents toward the periphery. Area R (+2.5 pprn 
Mo) is associated with molybdenite-pyrite-quartz veins in 
porphyritic zones in the Fox Lake area. 

REGIONAL COPPER DISTRIBUTION 

Metal Trends 

The contoured moving-average map for copper (Fig. 8) 
delineates three distinctive northerly metal trends. Trend 
(a) is in "Cache Creek" rocks and is parallel to the do- 
minant local strike. Trend (b) is shown by the strong 
elongation of the copper contours in the Brenda area, and 
this coincides with the north-south structural feature as 
feature associated with the Nicola volcanics and extends 
outlined by Carr (1968). Trend (c) is a major regional 
from south of Copper Mountain to the northern edge of 
the project area. This north-south metal trend coincides 
almost exactly with the "Central Belt", as outlined by 
Preto (1 975-1 977), which represents a zone of initial 
rifting, volcanism and intrusion along the axis of the 
Nicola volcanics. Northwesterly trend (d) closely follows 
the eastern contact of the Eagle batholith (L, Fig. 6). 

Crosscutting copper-deficient zones are not present, 
and it is obvious that the dominant factor controlling the 
regional distribution of copper is rock type rather than 
structure. 

Major Rock Types and Regional 
Moving-Average Copper Values 

Table 3 summarizes the relationships between the re- 
gional distribution of copper and geology. 

1) Pennsylvanian-Permian "Cache Creek" Rocks (Unit 1 ,  
Fig. 6 )  

Over the northern outcrop area, east of Douglas Lake, 
the regional stream-sediment content is 20-30 pprn Cu, and 
no high-value areas occur. In contrast, in the southern 
outcrop area, in the vicinity of Keremeos, the regional 
sediment values are over 40 pprn Cu, and some significant 
high-value areas occur. At Area E (+ 100 pprn Cu), south 
of Keremeos, numerous small plugs and dykes of porphy- 
ritic felsite occupy the core of a major hornfels zone 
which has vein-type and skarn-type chalcopyrite-molyb- 
denite-sphalerite-scheelite-pyrite-quartz mineralization. Area 
0 (+70 pprn Cu), near Apex Mountain, is associated with 
numerous small plugs and dykes with accompanying chal- 
copyrite-sphalerite-pyrite skarn zones. 
2) Late Triassic Nicola Group (Unit 2,  Fig. 6)  

Stream sediments from the northern outcrop area of 

TABLE 3 - Age, Rock Type and Regional Copper Stream- 
Sediment Content 

Age and Rock Type 

Tertiary Intrusions 
. . . . . .  Nicola batholith.. 

Cretaceous Kingsvale 
. . . . . . . . . . . . . .  Volcanics. 

. . . . . . . .  Northern area. 
Southern area. . . . . . . . .  

Late-Cretaceous Intrusions. . 
Whipsaw Creek.. . . . . . .  
Ashnola. . . . . . . . . . . . . . .  

Jurassic Intrusions 
Shorts Creek batholith . 
Pennask batholith, 

margin. . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  core 

Brenda stock.. . . . . . . . .  
Okanagan batholith, 

. . . . . . . . . . . . .  margin 
core . . . . . . . . . . . . . . . .  

Similkameen batholith, 
east lobe.. . . . . . . . . . .  

. .  west lobe, margin.. 
core . . . . . . . . . . . . . . . .  

. . . . . . .  Eagle batholith. 
Allison Lake pluton. . . .  

. . . . . .  Quilchena stock. 
. . .  Wildhorse batholith. 

Nicola batholith, margin 

Late Triassic Nicola 
Volcanics 

Northern area. . . . . . . . .  

. . . . . . . . .  Central Belt.. 

. . . . . . .  Southern area.. 

Pennsylvanian-Permian 
"Cache Creek" 

Northern area. . . . . . . . .  
Southern area. . . . . . . . .  

Average Regional 
Stream-Sediment 

Content in pprn Cu 

No high-value areas 

Area 
(Fig. 8) 

No high 

B 
D 

Q 
N 

M 

K 

G 
I 

F 
H 
J 

A 
C 
L 

E 
0 

Peak Cu 
Contour 
( P P ~ )  -- 

alue areas 

110 
110 

80 

80 

60 

90 
80 

80 
90 
70 

100 
110 
60 

100 
70 

the Nicola are regionally high in copper content, with the 
average being over 50 ppm. Area F (+80 pprn Cu) occurs 
near Rey Lake. This is the site of Asarco's discovery of 
several hundred feet of 0.5 % Cu in a breccia zone associ- 
ated with a late-Cretaceous stock (McMillan, 1973). How- 
ever, the mineralized zone is covered by up to 300 feet 
(90 m) of overburden, and thus the high stream-sediment 
values cannot readily be ascribed to the Rey Lake mineral- 
ization. The regional high values appear to originate from 
streams on the south slope of Guichon Mountain and 
probably represent a localized concentration of copper 
within the Nicola volcanics. Area H (+90 pprn Cu) lies 
just east of Peter Hope Lake and is associated with a se- 
quence of porphyritic basaltic-andesite flows the copper 
content of which is more than 100 ppm. Area J (+70 pprn 
Cu) lies just south of Nicola Lake and, like Area H, is as- 
sociated with Nicola flows which have an enhanced copper 
content. Area L (+60 pprn Cu) is a reflection of the bor- 
nite-chalcopyrite mineralization at Aspen Grove. In this 
area, the 50-ppm Cu contour enclosed 90 per cent of all, 
the mineralized showings shown by Preto (1975). 

Area A (+I00 pprn Cu) is areally the largest regional 
copper anomaly; in part it is a result of the dispersion train 
along Summers Creek. Preto's (1976) mapping clearly 
shows that Area A is the geochemical expression of the 
Axe copper-molybdenum mineralization within the Nicola 
volcanics. South of the Tertiary sediment cover at Prince- 
ton is Area C (+ 100 pprn Cu), which lies on the southerly 
continuation of the major metal trend (c) (Fig. 8), and thus, 
by implication, on the continuation of Preto's "Central 
Belt". Area C represents the Copper Mountain - Ingerbelle 
mineralization; its north-south elongation reflects the over- 
all structural control. The orebodies lie within a narrow 
east-west roof pendant of Nicola volcanics (Preto, 1972), 
and these and the surrounding Lost Horse intrusions all lie 
within the area outlined by the 70-ppm Cu contour. 

South of Copper Mountain, the regional copper content 
of the stream sediments over the Nicola Group is only 
30 pprn Cu, and no high-value areas are present. An 
easterly lobe of Nicola rocks extends from Copper Moun- 
tain to Hedley and the regional background for this area 
is also 30 pprn Cu; however, in the immediate vicinity of 
Hedley, Area P (+40 pprn Cu) reflects chalcopyrite as- 
sociated with the arsenopyrite-gold mineralization there. 

These diminished values for copper over the Nicola 
rocks in the Copper Mountain - Hedley area could be in- 
terpreted as due to removal of copper from the Nicola 
rocks to form concentrations in the nearby copper deposits. 
However, the simpler geochemical correlation is between 
decreased copper content and a sympathetic increase in 
volcaniclastic sediment at the expense of volcanic basaltic- 
andesite. 

A north-northwest-trending zone of Nicola volcanics 
runs parallel to the eastern boundary of the Eagle batholith 
(L, Fig. 6) and encloses the Tulameen ultramafic complex 
(Z, Fig. 6). This entire area is associated with regional 
copper values in excess of 40-50 pprn Cu within which 
two regional high-value areas occur. Area M (+80 pprn 
Cu) straddles the Nicola-Eagle batholith contact and re- 
presents copper mineralization in a contact zone at Skwum 
Creek. Area B also straddles the Nicola-batholith contact 
at Whipsaw creek; its significance is discussed later. 

3) Late Triassic and Jurassic Intrusions (Unit 3, Fig. 6)  
Stream sediments over the Pennask batholith (E, Fig. 

6) have a moving-average content of about 25 pprn Cu, 
although the western part of the batholith has an inner 
core, Area Q (Fig. 8), with a regional content of 50 pprn 
Cu. This internal positive zoning of copper in the Pen- 
nask batholith is a contrast to that of the Okanagan and 
Similkameen batholiths. 

The Brenda stock coincides with Area N (60-80 pprn 
Cu) and is unique in being the only extensive regional 
stream-sediment copper anomaly associated with a Jurassic 
intrusion. The 60-ppm Cu contour coincides with the 
major north-south structural zone outlined by Carr (1968), 
and the regional peak contour of 80 pprn Cu defines the 
copper mineralization at Brenda mine and in upper Tre- 
panier Creek. Regionally averaged stream-sediment values 
over the Okanagan batholith show a systematic negative 
zoning pattern from 30 pprn Cu near the periphery to less 
than 10 pprn Cu at the centre. The 30-ppm Cu values tend 
to be associated with Peto's (1973) early dioritic phases. 
Area R represents the only internal 30-ppm Cu area and 
is related to chalcopyrite mineralization on the Lodestar 
property. Area S (Fig. 8) represents two deflections of the 
internal 20-ppm Cu contour and reflects accessory chalco- 
pyrite associated with the Empress granite pluton and its 
molybdenum mineralization. 

This negative annular arrangement of the regional 
copper contours crosscuts internal plutons as mapped by 

Peto (1973), suggesting that the copper content is not 
solely controlled by lithology; the copper distribution 
strongly contrasts with the molybdenum distribution (Fig. 
7), with its high-value central core. Thus, the regional 
controls of the copper and molybdenum distributions with- 
in the Okanagan batholith are independent of each other, 
as both the zoning pattern and the metal trends are dif- 
ferent. It is interesting that a similar pattern of negative 
zoning with respect to copper was noted by Brabec and 
White (1971) in their study of the equivalent-aged Guichon 
Creek batholith (AA, Fig. 6). Their study was based on 
rock samples, but the pattern is identical to that of the 
present work based on stream-sediment samples (Table 6). 

The regional copper content of the stream sediments 
over the Similkameen-Remmel batholith (V, Fig. 6) west 
of longitude 120°W is generally less than 20 pprn Cu; the 
batholith is negatively zoned, with the core having less 
than 10 pprn copper. East of longitude 120°W, the batho- , 

lith is one of the few intrusions of this age associated with 
regional copper values as high as 40 ppm. The average 
regional content of the eastern lobe is 30 pprn Cu and 
levels in excess of 40 pprn Cu are associated with the 
marginal syenite bodies which host the well-known King 
Edward chalcopyrite-molybdenite mineralization. 

Sediments from streams draining the Eagle batholith, 
(L, Fig. 6) have a regional content of 30 pprn Cu, and at 
Area T (+40 pprn Cu) chalcopyrite-molybdenite mineral- 
ization occurs at Wells Lake. 

The Allison Lake pluton (J, Fig. 6) is associated with 
a high regional average value of 40 pprn Cu and numerous 
small copper occurrences have been noted by Preto 
(1976). Area K (+60 pprn Cu) is a small, high-value area 
associated with the Quilchena stock. This intrusion pos- 
sesses potassic-argillic-propylitic alteration zones and as- 
sociated chalcopyrite-molybdenite mineralization. 

The core of the Nicola batholith is Tertiary in age, but 
its outer hybrid zone may be Jurassic. This outer zone is 
associated with two regionally high-value areas. Area I 
(+80 pprn Cu) is a reflection of the Toluma bornite-chal- 
copyite mineralization and Area G (+90 pprn Cu) is due 
to a chalcopyrite-bornite vein system. 
4) Late-Cretaceous Intrusions (Unit 4, Fig. 6) 

The moving-average copper values over most of the 
late-Cretaceous intrusions are relatively low, being about 
20 pprn Cu. The largest late-Cretaceous intrusion, the 
Verde Creek pluton, appears to be the most copper-defi- 
cient one, with a regional average value of only -10 pprn 
Cu. 

Only two high-value areas are associated with late- 
Cretaceous intrusions - Area B at Whipsaw Creek and 
Area D in Ashnola valley. Neither of these intrusions has 
been age dated. 

Area D (+ 110 pprn Cu) (Fig. 8). The 80-ppm Cu con- 
tour clearly defines a zone on the Ash-Nola property where 
extensive drilling has outlined a large tonnage of low-grade 
copper mineralization associated with a well-defined hydro- 
thermal alteration system related to a quartz monzonite 
boss of presumed late-Cretaceous age (Montgomery et al., 
1975b). 

Area B (+ 110 pprn Cu) at Whipsaw Creek straddles 
the Nicola-Eagle batholith contact. Preto (1969) has de- 
scribed a. system of porphyry intrusions which cut the 
Eagle batholith and are thus post-104 m.y. These intrusions 
of probable late-Cretaceous age control porphyry-type 
mineralization for which both the Nicola volcanics and 
the Eagle batholith are hosts. 

5) Cretaceous, Kingsvale Volcanics (Unit 5,  Fig. 6) 
Southwest of Merritt, over* the northern outcrop area, 



of the Old Tom and Shoemaker formations, which divides 
the east and west lobes of the Similkameen batholith. In 
both areas, sphalerite has been observed in calc-silicate 
skarn zones formed from limy horizons within the 
Shoemaker Formation. 

altered granodiorite cut by post-mineralization quartz por- 
phyry. The mineralized stockwork averages 3000 pprn Zn 
and represents "zinc porphyry" mineralization. Area D 
shows a distinct elongation in a northwest-southeast direc- 
tion, and it is bounded on either side by zinc-deficient 
linears [(ii) and (iii) on Fig. 91. It is noteworthy that these 
two metal-deficient zones were independently defined by 
the regional molybdenum data. 

TABLE 4 - Age, Rock Type and Regional Zinc Stream-Sedi- 
ment Content 

Age and 
Rock Type 

Average Regional 
Stream-Sediment 

Content in pprn Zn 
Area F (+ 100 pprn Zn) represents sphalerite associated > 3 with skarn mineralization due to limy beds in the Shoe- 

maker and Independence formations south of Apex 
Mountain. 
2) Late Triassic Nicola Group (Unit 2,  Fig. 6 )  

Area 
(Fig. 9) 

7) Tertiary Intrusions 
Nicola batholith 

6) Cretaceous Kingsvale 
Volcanics 

5) Jurassic-Cretaceous 
sediments 

4) Late-Cretaceous 
Intrusions 

Peak Zn 
Contour 

( P P ~ )  

margin 30-40 
core + 60 
50 

No high-value areas 

No high-value areas 

The northeasterly metal trend (a) is associated with 
anomalous areas L-E-C-B-A (Fig. 9). Although Area C 
is related to the Jurassic Brenda stock, the other high- 
value areas are all associated with late-Cretaceous in- 
trusions. 

The Nicola Group is characterized by a relatively low 
regional content for zinc (Fig. 9) ranging from 20-60 pprn 
in stream sediments. 

Area A (+ 100 pprn Zn) is coincident with the White- 
man Creek syenite stock; Area B (+90 pprn Zn) is un- 
derlain by a "Coryell-age" intrusion (Little, 1961) south 
of Whiterocks Mountain; Area E (+I40 pprn Zn) is 
centred over the Siwash Creek stock, with documented , 

sphalerite mineralization (Rice, 1947); and Area L (+90 
pprn Zn) is coincident with the Summers Creek stock. 

It is of interest that the Trout Creek stock (S, Fig. 6), 
which is presumably of this age, shows no enhancement 
in zinc. 

Area 1 (+80 pprn Zn) lies within a negatively zoned 
region of Nicola, where the regional stream-sediment value 
is 45 pprn Zn and the inner core is 20 pprn Zn. Area 1 
represents sphalerite associated with the arsenopyrite min- 
eralization of the Hedley gold camp. The only extensive 
area of high regional values is Area R (+ 100 pprn Zn). 
It appears to be associated with numerous small syenite 
to monzonite stocks which have quartz-pyrite veins with 
high copper-zinc values. These high-level stocks appear 
to be penecontemporaneous with the porphyritic Nicola 
flows which they intrude in the Hector Lake area. This 
zone may represent a coninuation of Preto's (1975-1977) 
"Central Belt", which would thus trend from the west 
side of the Quilchena valley, west of Nicola Lake and 
along the eastern side of the Guichon Creek valley. 
3) Late Triassic and Jurassic Intrusions (Unit 3, Fig. 6 )  

no average, but 
Verde Creek pluton 
- margin 40 
- centre 60 

3) Jurassic Intrusions E. Sirnilkarneen 
batholith, margin 
50; core 40 
W. Sirnilkameen 
batholith, 
margin 50; core 20 
Okanagan , 
margin40-60; core 20 
Pennask, 
margin 50; core 30 
Eagle, 
margin 50; core 40 
Wild horse, 
margin 40; core 30 
Shorts Creek - 

average 40-50 
Lost Horse - 

average 50 

Area Q (+90 pprn Zn) is coincident with a late-Creta- 
ceous stock on Mt. Thynne, and Area 0 (+90 pprn Zn) 
lies just west of the late-Cretaceous Otter Lake pluton. 

The Verde Creek pluton (0 ,  Fig. 6) is the largest late- 
Cretaceous intrusion in the project area. Although there 
is no positive regional zinc anomaly associated with it, 
there is a positive zonation; regionally, stream sediments 
from the margin average 40 pprn Zn and those from the 
core average 60 pprn Zn. 

The regional zinc values over these intrusions are 
characteristically uniform and exhibit marked zoning 
patterns, with zinc-depleted cores and relatively enriched 
margins. Details of the values for the margin and core 
of each batholith are given in Table 4. This pattern of 

11 negative zoning of zinc distribution was also noted by 
) Brabec and White (1971) in their rock geochemical study 

of the equivalent-aged Guichon Creek batholith (AA, 
Fig. 6). 

The only major zinc anomaly associated with this age 
of intrusion is Area C (+ 120 pprn Zn), centred over the 
Brenda stock and involving flanking Nicola rocks to the 
west. Area C lies on zinc metal trend (a) (Fig. 9); however, 
the north-south copper and molybdenum trends seen in 
the Brenda area are not discernible in the zinc data. As 
described in the section on molybdenum, the northeast 
metal trend is parallel to the dominant mineralization sys- 
tem at Brenda (Stage 2A veins of Soregaroli & Whitford, 
1976), but crosscuts the dominant foliation in the Nicola 
rocks and the Nicola - Brenda stock - Okanagan - Pennask 
batholith contacts. 

Other regional anomalies that appear to be related to 
late-Cretaceous intrusions are areas M, K and J (Fig. 9), 
but isotopic dating information is not yet available. Area 
M (+I40 pprn Zn) at Whipsaw Creek is associated with 
porphyries which intrude both the Nicola volcanics and 
the Eagle batholith (Preto, 1969), and as such are post- 
104 m.y. and are thus probably late Cretaceous. Area K 
(+I40 pprn Zn) coincides with the Ash-Nola property, 
where the Cretaceous Kingsvale rhyolitic volcanics are cut 
by a quartz monzonite boss and associated dykes (Mont- 
gomery et al., 1975b), which are associated with a large 
zoned sulphide system. The probable age of the minor 
intrusions is late Cretaceous. 

FIGURE 9 -Zinc - Regional Distribution and Trends. The 
30- and 50-ppm Zn regional stream-sediment contours are 
numbered. The other contours shown are at 20, 40, 60, 70, 
89, 90, 100, 120, 140, 160 and 180 pprn Zn. High-value areas 
are lettered in capitals A through R. Positive metal trends 
are shown by solid lines lettered a-d. Negative metal trends 
are shown by broken lines numbered i-iii. 

2) Late-Triassic N icola 
Volcanics 

1) Pennsylvanian- 
Permian 
"Cache Creek" 

Northern area 50 

Southern area 60 the average regional stream-sediment contours show a 
negative zoning pattern, with 30 pprn Cu at the margin 
and less than 20 pprn Cu in the central core. The southern 
outcrop area in the Ashnola valley has an average sedi- 
ment content of 30 pprn Cu. 

6) Tertiary Intrusions (Unit 7, Fig. 6 )  

*+80 = greater than 80 pprn 

sistent northerly metal trends are (c) in the upper Ashnola 
valley and (d) in the Nicola rocks east of Guichon Creek. 
A less conspicuous metal trend (e) runs northwestward 
through Areas D-C. 

5) Cretaceous Sediments (Unit 5 ,  Fig. 6 )  
Area N (+ 120 pprn Zn) is an isolated, regional anom- 

aly associated with the Treasure Mountain sphalerite 
mineralization, which occurs in veins in sediments of the 
Pasayten Formation near the Chuwanten fault. 
6) Cretaceous Kingsvale Volcanics (Unit 5 ,  Fig. 6 )  

Regional copper values over the entire Nicola batholith 
are relatively high, being mostly 40-50 pprn Cu. However, 
it should be noted that all three high-value areas are 
associated with the marginal hybrid zone, and that no cop- 
per mineralization has been encountered in the inner, 
younger, porphyritic phase, which is of Early Tertiary 
age (60 m.y., McMillan, pers. comm., 1976). 

The northwest-trending metal-deficient zones, clearly 
seen on the molybdenum map (Fig. 7), can be recognized, 
although less prominently, on the zinc regional contour 
map (i-iii, Fig. 9). 

4) Late-Cretaceous Intrusions (Unit 4, Fig. 6 )  

Almost every late-Cretaceous intrusion is associated 
with a regional stream-sediment zinc anomaly (see Table 
4). 

This characteristic high zinc content clearly labels the 
Summers Creek stock (L, Fig. 9) as being late Cretaceous 
in age, even though Rice (1947) and Peto (1973) show 
it as being a protuberance of the Jurassic Okanagan batho- 
lith. However, recent isotopic dating (Preto, 1976) indi- 
cates that it is, in fact, a discrete 97-m.y.-old intrusive. 
Area D (+ 180 pprn Zn), the largest and highest regional 
zinc anomaly, coincides almost exactly with the outcrop 
of a "Valhalla" pluton mapped by Little (1961) and Peto 
(1973). The pluton is dated by Medford (1975) at 133 

) m.y. and is Cretaceous in age. 

The northern outcrop area, southwest of Merritt, has 
an average regional sediment content of 50 pprn Zn; no 
average regional value can be assigned to the southern 
outcrop area in the Ashnola valley due to the influence 
of the two high-value areas J and K (Fig. 9). 

7) Tertiary Intrusions (Unit 7 ,  Fig. 6)  

Major Rock Types and Regional 
Moving-Average Zinc Values 

REGIONAL ZINC DISTRIBUTION 

Metal Trends 
Table 3 summarizes the relationships between the re- 

gional distribution of zinc and geology. 
1) Pennsylvanian-Permian 'Cache Creek" Rocks (Unit 
1, Fig. 6 )  

Some specific metal trends can be discerned from 
the regional distribution of zinc in stream sediments (Fig. 
9). These trends are interrupted by linears low in zinc. 
Interestingly, there is a marked correlation between zinc 
metal trends and those for molybdenum (Fig. 7). The most 
obvious is the northeasterly trend (a), which appears to 
persist for over 60 miles (96 kms) and crosscuts different 
subunits of the Okanagan batholith, the Brenda stock and 
the Shorts Creek batholith. A north-south metal trend 
(b) occurs near Keremeos. This trend parallels the north- 
south strike of the local "Cache Creek" rocks. Other per- 

The regional zinc content of stream sediments over the 
Nicola batholith averages 40 ppm, but the regional distri- 
bution pattern clearly shows a positive zoning with a 
margin of 30-40 pprn zinc and a central core of +60 pprn 
zinc. 

The northern outcrop area has an average regional 
sediment content of 50 ppnl Zn, and there are no high- 
value areas. 

The southern outcrop area is coincident with the 60-ppm 
regional zinc contour, and three areas of high values 
occur (Fig. 9). Area H (+100 pprn Zn) and Area G 
(+ 120 pprn Zn) coincide with the roof pendant, formed 

Summary and Conclusions 
Drilling in the Darke Lake area shows that the zinc 

occurs as disseminated sphalerite grains in a stockwork of 
chalcopyrite-molybdenite-pyrite-quartz-sercte veins in an 

A total of 7850 stream-sediment samples were collected 
from 5430 sq. miles (14,063 sq. kms) of south-central 



British Columbia, giving a sample density of 1.4 per sq. 
mile (0.5 per sq. km). As with any stream survey, how- 
ever, the collection sites have a non-uniform distribution 
(Fig. 2). To facilitate interpretation of the data, the 
weighted, moving-average technique was applied to gener- 
ate a series of regional contour maps. With the moving- 
average technique, the size of the search area, the spacing 
of the grid lattice and the weighting can all be modified 
to suit any individual stream survey. This particular com- 
puter approach is, therefore, sensitive to the geology and 
sample density of each particular stream survey. 

. . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . .  

SCALE IN MILE 

I TABLE 5 - Rock Type, Age and Related Regional Stream-Sediment Metal Content in ppm 

Copper I Zinc Molybdenum 

Average Maximum 
Regional Regional 
Value Contour 

Maximum 
Regional 
Contour 

Maximum 
Regional 
Contour 

Average 
Regional 

Value 

Average 
Regional 

Value Rock Type 

lntrusives 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Tertiary. 

Late Cretaceous.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Late Triassic, Jurassic.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  The resulting contour maps (Figs. 7, 8 and 9) add some 

interesting insights to the regional geology of the project 
area. These concern (i) regional metal trends, (ii) relation- 
ships between metal content, age and lithology, (iii) metal 
zoning patterns within particular rock types and (iv) rela- 
tionship to mineralization. 

Volcanics 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cretaceous Kingsvale.. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Triassic N icola. 
. . . . . . . . . . . . . . . . . . . . . . .  Penn-Permian, "Cache Creek". 

I 
*Note: + = greater than 

REGIONAL METAL TRENDS (Fig. 10) 

All three metals, Mo, Cu and Zn, have distribution 
patterns that can be resolved into linear trends (Figs. 7, 8 
and 9). These trends traverse a terrain underlain by rocks 
of various ages and lithology, thus suggesting structural 
control. These positive trends of high metal values are 
interrupted by zones of low metal values. This juxtaposi- 
tion of high- and low-value trends may represent zones of 
contrasting fracture density. 

In fact, the data in Table 5 indicate that the main groups 
of intrusive and volcanic rocks can be distinguished by 
their associated Mo, Cu and Zn regional stream-sediment 
patterns. 

Thus, stream sediments over Tertiary intrusions are 
low in molybdenum and zinc and relatively high in cop- 
per; late-Cretaceous intrusions have a very high zinc 
content in stream sediments, and moderate molybdenum 
and low copper values; stream sediments over Jurassic 
intrusions are high in molybdenum and low in copper and 
zinc. Regional stream-sediment values over the Cretaceous 
Kingsvale volcanics are low in molybdenum, copper and 
zinc; the late-Triassic Nicola volcanics have a high copper 
content in the sediments and low molybdenum and zinc 

! contents; the "Cache Creek" volcanics have regional sedi- 
ment values high in molybdenum and zinc, but relatively 
low in copper. 

Significant high values in terms of mineralization are, 
however, not as predictable. Thus, important molybdenum 
mineralization occurs not only in Jurassic intrusions, but 
also in late-Cretaceous stocks, as at the Ash-Nola property, 
and in "Cache Creek" rocks at Gillanders Creek. Im- 
portant copper mineralization occurs not only in Nicola 
rocks, but also in late-Cretaceous porphyries as at Whip- 

saw Creek and the Ash-Nola property, in the Jurassic 
Brenda stock and in "Cache Creek" rocks at Gillanders 
Creek. 

In addition to the distribution of regional high-value 
areas, there are interesting variations in the average re- 
gional background for the different metals within the same 
geological unit; e.g. in the "Cache Creek" rocks a contrast 
is seen in the regional pattern of molybdenum, copper and 
zinc between the northern area, east of Douglas Lake, and 
the southern area about Keremeos, with the latter showing 
consistently higher metal contents, as shown below: 

The regional molybdenum and zinc contour maps (Figs. 
7 and 9) display strong northeast metal trends and less 
marked north-south trends. In contrast, the regional con- 
tour map for copper (Fig. 8) shows no northeast trends, 
but does exhibit strong north-south trends and a less 
marked north-northwest trend. This variation in trend 
direction for the different metals suggests that their 
origins are to some extent independent of one another. 

Mo pprn Cu ppm Zn ppm 
Z n  p o s i t i v e  m e t a l  t r e n d s  

M o  p o s i t i v e  m e t a l  t r e n d s  - - Z n  n e g a t i v e  m e t a l  t r e n d s  

- - - - M o  n e g a t i v e  m e t a l  t r e n d s  ............... C u  p o s i t i v e  m e t a l  t r e n d s  
- . - a  -.-.- A x i a l  t r a c e  o f  1.5-ppm M o  c o n t o u r  

Northern area. . . . . . . . . .  1.0 25 50 

Another feature of the positive metal trends is that the 
relevant structural event controlling them may have oc- 
curred more than once; e.g. the major northeast molyb- 
denum and zinc trends appear to be related to two such 
episodes. 

Southern area. . . . . . . . . .  +2.0 +40 +60 

The northern outcrop area has no regional anomalies, 
whereas the southern outcrop area has high-value zones 
for all three metals. 

Fossil evidence from east of Peter Hope Lake (Oku- 
litch, pers. comm., 1976) and at Salmon River, east of 
Douglas Lake (Read and Okulitch, 1977), suggests that 
almost the entire outcrop of rocks shown by Cockfield 
(1948) to be "Cache Creek" Group(?), in the Douglas 
Lake area, could be late-Triassic, Nicola Group volcani- 
clastic sediments. Cockfield (p. 8, 1948) was aware of this 
possibility when he wrote: "The Cache Creek - Nicola 
contact was, therefore, drawn where rocks became pre- 
ponderantly of volcanic origin, that is at the base of the 
massive Nicola greenstone". 

Soregaroli and Whitford (1976) suggest an age of 186 
m.y. for the emplacement of the Brenda stock and an age 
of 146 m.y. for the dominant, northeast-trending, stage 2A 
molybdenite veins. The high-value molybdenum trend 
extends for 25 miles (40 kms) southwest of Brenda across 
the Okanagan batholith, were it terminates against a 
"Valhalla" pluton. This is Unit 9 of Peto (1973) and is a 
post-batholith phase. Medford (1975) has given an age 
of 133 m.y. for this pluton and Soregaroli (pers. comm., 
1977) finds that the post-molybdenite mineralization tra- 
chyte dykes at Brenda are 130 m.y. However, the north- 
east zinc metal trend affects the "Valhalla" pluton and 
many other late-Cretaceous stocks, including the Summers 
Creek stock, which Preto (1976) dates at 97 m.y. Hence, 
it appears that the northeast trend was reactivated in late- 
Cretaceous time as a zone along which intrusions were 
emplaced and along which zinc-rich fluids were mobilized. 
Thus, the metal trends which appear to have been im- 
printed at more than one period of time may be related to 
fundamental structural control in the basement. 

FIGURE 10 - Compilation of Geology and Regional Metal 
Trends. 

ism and penecontemporaneous syenitic-dioritic intrusions. 
Preto's mapping shows that this north-south zone extends 
from Copper Mountain to the north of Aspen Grove. The 
results of the present study show that the axial trace of the 
1.5-ppm regional molybdenum contour and of the 60-ppm 
copper contour coincide with Preto's Central Belt, and 
the regional geochemical data from sediment analysis 
suggest that the Central Belt should terminate a few miles 
south of Copper Mountain and may continue northward 
along the eastern side of the Guichon Creek valley. 

Thus, in three different geographic areas, in rocks of 
different ages, north-south metal trends are controlled, in 
part at least, by structure rather than by rock type. 

TABLE 6 - Zoned Cu-Zn-Mo Distributions Relative to 
Granitic Batholiths 

Thus, the obvious geochemical contrast between the 
two areas shown as Unit 1, "Cache Creek", on Figure 6 
clearly reflects the considerable difference in lithology 
between the volcaniclastic sediments, shales and sand- 
stones in the north and the chert, shale and greenstones 
of the south. This difference may also be one of geological 
age. 

PATTERNS OF METAL ZONING WITH 
ROCK TYPES OF A GIVEN AGE 

Values (ppm) 

Name I Metal 
Margin I Core 

Guichon Creek batholith, 
rock samples 
from Brabec and White, 1911 E i  + 100 

+30 
not 

avadable ROCK TYPE AND AGE AVERAGE 
STREAM-SEDIMENT METAL CONTENT (Table 5) 

- 50 
- 20 

The north-south metal trends of Cu and Mo are obvious 
in the Brenda area, where they correlate with the mapped 
limits of a north-south structural zone as outlined by Carr 
(1968). The north-south Mo-Cu-Zn trends in the Keremeos 
area are parallel to the dominant foliation and structural 
grain of the local "Cache Creek" rocks. The most inter- 
esting north-south trend is associated with the Upper Trias- 
sic Nicola Group in which Preto (1975-1977) has distin- 
guished a "Central Belt" characterized by initial volcan- 

Taken as a whole, the stream-sediment data suggest 
that the dominant control of regional metal distribution is 
by age and lithology rather than by structure; thus, 60% 
of the regional high values for molybdenum in sediments 
lie over late-Triassic-Jurassic intrusions, 50% of the high 
values of copper in stream sediments are related to the 
late-Triassic Nicola Group and 60% of the regional zinc 
anomalies are associated with late-Cretaceous intrusions. 

The moving-average contour maps of the stream-sedi- 
ment data (Figs. 7, 8 and 9) display well-marked and 
characteristic zoning patterns of metal distribution over 
the Jurassic batholiths. There is a positive pattern with 
regard to the molybdenum values and a negative pattern 
with regard to the copper and zinc values. This feature 
of negative zoning with respect to copper and zinc has 
been shown to occur in the equivalent-aged Guichon Creek 

+ = greater than 
- = less than 

Okanagan batholith 
Regional stream-sediment 
results from this study C u 

Z n 
Mo 



batholith by Brabec and White (1971), although they used 
rock samples rather than stream-sediment samples (Table 
6 )  

Most of the late-Cretaceous intrusions are too small to 
generate a metal zoning pattern, but the largest intru- 
sion of this age, the Verde Creek pluton, is positively zoned 
with respect to zinc. The Tertiary Nicola batholith also 
has a positive zinc zoning pattern: regional Zn content 
at the margin is 35 pprn and near the core it is greater 
than 60 ppm. 

RELATIONSHIP TO MINERALIZATION 

With regard to economic mineralization, it is interesting 
to note that: (1) Brenda is associated with regional anom- 
alies in molybdenum (+6.0 pprn), copper (+80 ppm) and 
zinc (+I20 pprn); (2) Copper Mountain has high re- 
gional values for copper (+ 110 ppm) and molybdenum 
(+3.5 pprn); (3) the Ash-Nola property has high regional 
values in all three metals (molybdenum +4.0 ppm, copper 
+ I10  ppm, zinc +I40 pprn); (4) the Whipsaw Creek 
property has regional anomalies in copper (+I10 pprn), 
zinc (+I40 ppm) and molybdenum (+2.0 pprn); (5) the 
Axe property has high regional values in copper (+I00 
pprn). Similar details can be plotted for almost all the 
known major occurrences in the project area. 

From this discussion, it can be seen that computer 
treatment of systematically collected geochemical stream- 
sediment data and production of moving-average metal 
maps can lead to a better understanding of the metallo- 
geny of an area. Although this survey involved only three 
metals, similar regional geochemical maps could be pro- 
duced for any number of metals. 

Recommendations 
Regional, geochemical or airborne geophysical surveys 

produce much data that, when integrated with geology, 
yield a great deal of information of general interest to 
academics, government agencies and mineral exploration 
groups. However, in most of Canada this regional informa- 
tion does not become part of the general data pool, because 
the work is normally carried out before claim staking and 
is therefore not recorded in assessment files. It would seem 
worthwhile for the relevant government agencies to revise 
their assessment regulations to make regional surveys 
carried out prior to land acquisition eligible as an allowable 
expenditure to set against the properties acquired as a 
result of that survey. 

Such a regulation would eliminate needless duplication 
of regional surveys, the data would be accessible to all 
after a confidentiality period and the samples could be 
made available for use by other groups for additional 
analyses. 
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PROJECT P k I N I C  S T R E A M  G E O C H E M I S T R Y  

S T A T 1  S T I C A L  S U X Y A R Y  OF ALL SAMPLES 

{ E T A L  AR. MEAN S T g .  DEV GEOM MEAN GEOM DEV L N  VAR R A N G E  SMPLS 
L OH H I G H  

SUMMARY E X C L U D I N G  H I GHEST ANUI'-:ALOUS VALUES 

Y E T A L  ER, MEAN S T D -  DEV GEGM MEAN GEOM DEV L N  VAR C U T - 3 F f  S K P L S  TOTAL 



P R O J E C T  PRINIC S T R E A M  G E O C H E M I S T R Y  

CLASS L I M  5 0 5 8.5 1 1 - 5  14.5 99999.9 
5867 79.3 6 5 2  8.8 321 4.3 176 2.4 385 5.2 

U CUMUL 7903  88.1 92.4 94 -  8 1 0 0 - 0  

CU CLASS L I M  45  0 67 0 0 89.0 111-0 99999.3 
CU 5836 74.9 1 0 5 3  13.5 436 5.6 202 2.6 262 3.4 
C U  CUMUL 74.9 88.4 9 4 - 0  9 6 - 6  100.0 

ZN CLASS L I M  6 5 - 0  87 .0  1 0 9 - 0  131.0 99999.3 
Z N 5992 76.9 9 7 7 1 2 0 5  320 4 - 1  163  2 - 1  337 4 - 3  
ZIV CUMUL 76.9 8 9 - 5  93.6 95.7 13000 

MO CLASS L I H  2 - 0  3 - 0  4.0 6.0 99999-3 
MO 58E5 75.6 812  10.4 578 7.4 109 1 4  405 5- 2 
MO CUHUL 75.6 86.0 93.4 9 4 - 8  100.0 

N U M B E R  OF SAMPLES = 7789 



f P R I N I C  G E O C t E M I S T H Y  P O S I T  I V E  R E S I D U A L S  

S T A T I S T I C A L  SUMMARY OF A L L  SAMPLES 

M E T A L  P R *  MEAN S J D o  D E V  GEOM M E A N  GEOM DEV L N  VAR RANGE S M P L S  
LOW H I G H  

SUMMARY E X f  L U D I  NG H l  G H E S T  ANCXALOUS V A L U E S  

M E T A L  AR, MEAN S T D *  DEV GEOM M E A N  GEOM DEV L N  VAR C U T - O F F  S M P L S  TOTAL 



P H I N I C  G E C C H E M I S T R Y  P O S I T I V E  R E S I D U A L S  

r^ 
U H I S T O G R A M  AND CUYUL A T I V E  FREQUENCY PERCENTAGES 

I N T E R V  
PPM 
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Sample: Sample No.  

East  North: UTM Coordinates 

U: Measured U value 

URS : Residual U value 
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S A l Y P L f  EAST UORTH U Of? U E S  SAMPLE E A S T  kC!?TH U C?. U R S  



P R I N K  GECCHEMI S T R Y  U R E S I D U A L S  L I S T  P A G E  1 5  
- --- - -- -- 

S A f I P L E  E A S T  N O R T ~  U O R  U R S  SAYPLE E A S T  NORTH CR U R S  



- 
. .  .~ _ . _ .. . - - 

P R I N I C  GEOCHEY I S T R Y  u R E S I 3 U A L S  L I S T  P A G E  16 
-_ __ .____--_._ -- -- 

S A X P L E  E A S T  P!OKTH U CR U P S  S A M P L E  E A S T  NCPTH U CR U Q S  
--- ---..--- _ _  _-----I--I- 

1702 694980 5576400 - 2 1---!  3 8 -- 1703 695g70 5577100 0.8 -0.6 r - 1704 644680 5578150 1.3 -0.1 1735 693969 5577850 0.3 -0.5 
1706 693660 5577029 1 7 3 . 4  1 7-0-8-C?93.630.55-762-50 --1.:_5__.-_0_*2- -- 
1709 693140 5576360 1.5 0.2 1719 667580 5576910 1.3 -2.3 
1711 667500 5576900 2.4 -1*?.f  .LzAH%Z?-?-~LL~OO_ --.. L , : L L ) - L P ~ - - -  
1713 668050 5578040 2.1 -1.3 1714 668290 5578430 1.5 -1.9 
1715 - 668690 5578650 -- - - -- 2.5 -. . - - -- - 3 - 9  - -- 1716 - - - - -. - 668870 - - - - - .. . -- . 53_7__8.60 2.0 -.I.-$ 
1717 hb919O 5579050 2.1 - 1 - 3  1718 669530 5578840 2.0 - 1 - 4  
1719 669980 5578553 1 - 0  -2.4 172.0-66_0_29).-5~3S~SsOOL~~~.._~.l*1 
1721 672880 5585620 0.9 -3.0 1722 672560 5586680 1.5 -2.4 
1723 672650  5587620 1.3 -2-2 1724 672320 5 5 9 0 2 5 0 2 L 6 -  -0.7 _ . .  _ - _ _ _  _ __..--...-------.- -.--.- .-----ll".--LIIII- 
1725 667130 5590930 0.9 -0.7 1726 667043 559d820 1.3 -0.3 

1 9 0.3 1728 666520 5589650 1.1 -0-5  172 7 667  1iEL359 0 2 5 0 _ - *  

u 1729 666700 5589690 1.0 -0.6 1730 666330 5589280 1.0 -0.6 
1 7 3 1 6 6 7 0 8 0 5 5 3 9 0 9  0 -8 8 0 8 1~__6_6L21~-0002243kk_7-00L. G-.L!!.z 1 
1733 665750 5586480 0.7 -1 -0  1734 665840 5587330 0.7 -1 -0  

4 8 1735 665210 5589400,  0.9 -0.7 1736 6659C)Q 559011Q 6.4 . 
1737 666930 5588730 1.0 -0.6 1740 66SSlO 5572560 2 - 3  -1.5 
1742 668890 5573090 2 1 1 1743 668700 2.1 -1 -8  5573530 
1744 668930 5573810 1.9 -2.0 1745  676030 5590550 7.3 1.8 
1746 677280 5586810 5.9 1 - 0  1747 5585160 677550 3.3 -&3 -. 

1748 677970 5585470 9.6 3 - 9  1749 678550 5584740 8.7 3.4 
1 7 5 0 2 7 8 7 0 0  5583970 8.0 2.7 1751 678719 5583323 4.6 - a 7  . 
1752 678830 5582300 3.8 -1.5 1753 5713250 5582820 2 - 5  -2-8 
1754 661550  5588960 ~ . _ . _ Z L -  -0 0 r - 5 5  661520 5587980 1.3 0 2 .  

.- ; 1756 661520 5587980 0.9 -9.3 1757 661250 5588020 1.2 -0.0 
1 - 1  1 758 6 6 0  8 8 0 5 5  8 79 o Q ~ 1 ~ 2 ~ 3 : - ~ ~ 1 1 7 5 4 1 6 h 6 6 0 r + 5 . ?  -_55BI980-_2 i i L  ., 

1760 672120 5577020 3.4 -2.5 1761 672550 5577250 5.3 -4.5 
1762 672580 5577070 26-0  1 6 - 2  1753 6~3$~~r ,555577&99~0_08~5 -1.3 
1764 673280 5576900 8.7 -1-1 1765 673350 5576660 9 - 0  -9.8 
1765 668830 5591570 1.4 668950  5591600 1.4 -0.5 1757 -_0.5 
1768  669700 5591883 1 - 3  -3-6  1769 673410 5591500 1- 1 -1.2 

- -. - - - .- . 0.5 1770 671380 5592170 0 - 6  -1.7 17-71 671299 559202_0 
1772 672050 5592270 1 1  1 2  1773 672150 5592560 1.3 -0.8 
1775 673020 5592539 3.2 '3.1 1775 h729100_5~2__7_2_0__o_-1,~1~2.0 -- 
1777  673250 5593190 1.3 -1.8 1778 673500 5593530 1.5 -1.6 

- -. _ - 3  1783 669980 557d600 3 . 1  - 0 . 3  1779 659830 5553513 0.8 
1781 667520 5577093 2 - 0  -1-6 1782 669290 5591230 2 - 4  0 - 5  

-0.4 1783 669710_ j59 -~233 - ._3~*2_~ .3178k - .6~~ ;363 - .5T92330 . - . _L_~% 
1785 670510 5590539 2.2 - 0 - 1  1786 671970 5593950 1 1 - 2  8.7 
1787 671620 5591110 2.4 0.1 1788 6 7 2 8 2 0 5 5 9 L 8 5 0  Z2-2z.l--.0 
1789 673340  5592093 2.2 -1.0 1790 669200 5581930 i . 5  -1.6 

-1 6 1732 663190 5583720 1.2 -1.5 1 791 66888_0_258_2843 1 1. 
1793 667460  5584463 1.3 -0.4 1794 66634.3 5584950 0.9 -0.8 

- 1 7 9 5p6-6S&O> 8 3 5 8 0. .001,3-.3,4---1~79 _6 hba012_5_5_&29-3C) - --_i.:-_ft--L~L 
~ 

1797 668480 5582120 1 - 9  -1.2 1738 668943 5581710 2 - 7  -0.4 
1799 659280  5582370 0.9 -0.3 1830 6 x 2 7 0  5583590 0. l -9.4 - 
1801  657530 5583340 0.9 -0.2 1832 656350 5586140 1.4 0.2 
1804 655880 1.5 5589393 13.3 1835 654170 5595039 1. / -0.7 -.~. 

1806 656100 5596053 1 .3  - 3 - 5  1837 656840 5596200 0.7 -1.1 
1808 65721-0 5596020 55955136 1 . 0  - 9 - 6  1339 659350 2.1 0.5 -- 
1 8 1 0  6C0100 5595080 1.3 -3.1 1811 661383 5594830 1 .9  -0.3 
1512 661173 5594833 1,2 -0.1 1 8 1 3 0 6 3 7 2 0  5594970 1 - 3  -9.1 
1814 h c l 7 1 0  5594770 1.3 -0.1 1815 663529 5593820 1 . 1  -0.3 
1816 664760 5593570 1 - 7  9 - 3  1817 666340 559252.3 1.2 -0.5 

~ 
- 
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SAMPLE E A S T  NORTH U O R  II ? S  S A Y P L E  E A S T  NCP,TH U OR U R S  
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P R I N I C  SECCI!EMI S T R Y  U R E S I J U q L S  LIST i ' t tGE  3 4  
m 



. - ~ ... ~- -- . -. . . . . - .. ~ - -  . . . . -. - - . 

SAYPI -E  E A S T  N G R T d  U U G  R P S  S A F I P t E  E A S T  NCFTH U i ! R ' J  Q S  

* _-_. .____I_."_ - .- . I _. ._I__ I ._- - -  - -  ._ _ -..- 1 . .  . . . . . - . . . . . .- -. - - - .- - 













- - . . - - - - - 

I ? R I N  I C SE'3C1-!F'II S T R Y  U P€SI ) I IAI -S  L I 5 T  
- .- - - . - - -. . - -- -- -- -- - - . - - - - - - - 

SAMPLE E A S T  f\!rJRT-i U O R  U % S  S A Y P L E  E A S T  : !CRTH 3 CK U - R S  



- - _ . - _ _. _ . _ _ _  - - - -- _ . --_ - -  - -  - -  --- 
SAYIPCE E A S T  NCPT'4  ?I O R  U PS S A Y P L E  E A S T  R S f i T ' i  U OR U ? S  









~ ~ . ~ 
- .  - ~. .~ ~~ . - .  

S,I'"PCE E A S T  T U ,"R :J 2 s  S A Y ? C E  C A S T  NOPTH !J CR U i s  





*- 4585 b74743- 5506-213 1 .4  - 0 .  3- 4 5 9  7  f175640 1 3 5 0 ' t L ! O  2.2 ),o 
- - 

4 5 8 5  6 4 8 9 4 3  5 4 ; : 5 5 2 3  1  - 3 .  $539  '1/,13693 ! j+i j50(0 1 . 1  
' 4 5 9 1 -  6 / + 7 8 2 0  5 / t / l h ?  19 1 . 2  -3. 3 4532  6% f 3 2 3  5/+13:)3'~C) 1.5 3 .0  

G 5 9 3  646155-5/ .3591:)  1-2' . 3 4 5 9 4  5 / : ? 3 2 3  5/+26320 1.2 - 0 . 3  
4595-61+8983  5 / , : > 9 / + 3  1 . 6  - 1 .1  . 4 -53h  G/, / - ' j50 5'+33310 1 .3  -1.3 - ..-.." -- - - - -. -.--- 
~ 5 9 7  6453"36 5/+39GC?13 7 - 5  0 ,  1 4 5 7 3  3: / t / .9L3 r ? 0 3 ? 9 3  ?.Q 1.7 
4599-(145160 5 5 9 1  > 2 3  1.9 1 (p633 _$/~3930 5501 72'3 1 ,  S - 1.5 - - - -- 

4601  6 4 4 7 1 0 - 5 5 0 7 3 3 3  2.2 (1.1 / i / d2  b'i/+StO 5503713  1 .4  - 0 - 3  
- - $ 6 0 3  S/t6513 5504!.>!>3 - - 1 9  - - I  /tb3'+ (34-37'10 559? /+10  /+* 2  1  .9 - - -. 

/ + L O ~  6 4 3 1 ~ : ~ 5 5 0 5 1 2 o  3  - 7  It637 6 / ~ 2 ? 3 i )  5501 ' / t .53  2 . 9  '1.9 
*+h38 L 4 3 3 2 3  55d'3843 2 .7  g . 7  4 6 3 9  b'c368-0- '15 13.S't.O . 1  3.1 - .- - .- - -- - - - - -- -- - - - .. 
431-0 bs77ad  5489'3O'3"-'1,2 -3.2 / + ( ; L l  6571.33 'Sc39L10 1 .1  -1 .5  

.. -- 4-fi12-6-7J800_ 551-1553 2 . 5  13.b -1thl3 6 7 1 4 3 0 -  ' j511b20 _ 7 .  6 7.7 _ -  - 

1 4614 671550 5511913  5 . 5  3 - 6  45 l ' i  5 5 2 3 / + 3  5 4 8 . 3 3 3 3  2.3 1 -8  
4555 __h52 ' ? -90549 '~25~-  0.7 -0,_9 -_4blJ  6 5 3 5 9 0  5 4 8 9 2 0 0  0.9  - -3.5 _. - --- -. 

4618 h5425i) 5 '+89</ t3  0.7 -3.3 4619 6 5 4 7 8 3  548'4330 1 -  3 - 1.5 
L620 6 5 5 7 9 0  fS/tBC;/+Y3- _1:5 -;I0> -.-.- .55-623-0 5-f!.e-:9!~59-- &'? . l - ? q - .  - - -  .--.-- -- -----.--- --"-- -" - -. - - .-- - 
4623 650610 5 4 8 6 2 9 3  0 .7  -0 .7  ' r024  h51076- -5486963  1 . 3  -'I ./t 
/+h25-_h5Lk5-0- 5487680_--1.6--3.3 -_4026 05188;) 2 4 8 7 9 5 9  - 1.4---3.7_ - - -- 

4627 6 7 1 2 4 0  5 5 0 8 9 9 3  1.5 --0,2 4 6 2 3  6 127813 5503333  1 .3  - - ) . 4  

-. - 4629  67029.0 5537517  1 - 5  _ - 3 , 3 _  J:1-30 h7336Q 55CTjR70 - - l _ . h _ - 3 - 1  - - - -  

4-631 6 1 0 7 0 0  5 5 J 5 1 5 3  -1.8 0 . 1  +632 G 6 4 ' 3 : l O  !553/,/+-13 1.5 - 1 . 1  
4633 663383 55-1 3303 ( ! , 6 - -  _lL2--- /~ :~3~/ t  -L63"7-3-0---551 21723 - 1 .7  --O.. l  .--- - . - -.-- -. - -- -- 
4635  6631300 5 5 1 2 5 3 3 '  2 .3  83.5 Lh36 b6jiI3d 5 5 l 2 2 7 3  1 .b  - 3 . 2  
L637__662'j00-52_11!;53 1  3.3 4 6 3 9  561319 5L?!L450 2.1- 3.3 -- - 

f -  46/1-0 674430 5432353  3 ,  1 1.0 4S'tl ~ 7 / 4 ~ ) _ i f  5 / t01350 1 . 7  -3.% 

- - tF-6ft? 67't7_5!J_5'fr31</i3 7 .3  3.-2 4;jtt3 :;7+7t10 5't3LCj1!I 7 . 6  - 3 . 5  -- 

461-4 5 5 3 2 2 0  54431383 1.3 . 3 . 4  4545  554530  5 ~ 5 2 3 7 0  7.3 3 . 3  
4646 6 5 4 2 8 9  S/t ')_lbiIl 1.7 ,:d.3.-~--G6+?- ~ 1 . > 3 ~ 3 2 9 - ~ 5 + 3 ~ ' ~ ' ~ f 1 - ~ .  - ------- - --- -- - . 1 2  --.:3-.4- --__ "_" ----. ." ."- 
4t+8 6537?0 5 4 8 9 5 U 3  1.3 - 3 . 3  / r : > 4 9  6 5 3 5 3 3  5 4 d ? C j ? i I  1 . 4  - 3 . 6  
4 6 5 0  5 6 1 8 \ O  5/tQ_cjaq3_ 1.2 - 1  6 4651  662510 548'3733 _ 1 . 1 - - - 1 - 1  - - -- - - - 

4652 675450 5/ i37033 1.7 3.'t (-653 61.3573 5 5 3 7 1 7 0  3 . 6  1.2 
4-655 b k _ l S f O  l l j 0 7 ~ 3 3  1 - 5 ' 5  3 ' I  1.5 - 2  _ - 

- - 

4657 601351  5 5 3 ' - 4 0 3  1.6 -3 .1  +',>6 5 5 1 1 6 )  -1,(;'?339 1 . 3  -,2.% 
~ 6 5 9  6'3463r) 55;3_4d-23 -jP;.3 ?-. 8 - _ A / $  3 . L 9 / - 4  13_553'r'+-:+;3 2.-9zl9-.-3 .,,----_.__ - . - " - --. -- 
4651-5423"  553391-3 5 - 1 3  4 ' 5 2  5 3 1 S 5 3  5 5 1 3 3 5 3  7.3 -5.9 

- 4363 Sc1LS3 5 5 i ) % E a 3  - 19 .2  5 .3  ' h 5 / +  5 9 1 3 2 3  55012-73 9 . 5  -7 .2  
'!A55 573360 I ~ X ? ?  ;? ! - 5  -3.1 '$ 555 C 7 ~ 3 3 3  5 2 ' : ? ' ' , " - ; )  1 .9  ),3 

& 7  4 7 1 0  0 '  9 ?, 3 :':iz 551323 ' ; 5 2 . 3 i i 3  1 . j  -3.7 - - 

- ~ ~ 6 9  6 5 2 1 8 0  m ~ x n  1 . 3  - I  /+57 i  652380  5 5 0 ~ 1 3  1 .5  - 3 .7  
4672. 653350 251. ?2,_7_3- 1  . 9-  - 0 .  3 - --4-@7-3-L5-2-9h9--52.1:23?3 ---. .!=6-" :l)--Q -.---- - - ---.- ---.- -- -. -m- --.- - --. - 
4 6 7 +  5 5 4 3 2 0  r 5 1 2 C r i 3  1 . 3  --2. 3 4 6 7 5  6 5 4 1 9 3  551 1150  1-5 - 3 . 3  

-- - 4676 675150 54-Q7153 1,7 - 0 , 5  __/+67-7 6153?3__5-+924313 - 1.6 -3 .5-  
4 6 7 8  676 3'3) 5 / , $ , ! / _ 4 3  5 - ? + 5  4 6 7 5  6 7 1 1 ) ; , ' )  55':1:?33 1.2 --'--3 
4 6 2 3  6 7 ? C 7 3  5';'- - -- -- - - - 1 2 . 3  1 C I . 3  - 4 , j 8 ] _  _ G i C Z 2 3  j ,  3 ; 1 < 3 0  3 e - 3  1  .+ - 
40P2 6 5 3 2 5 1  5 3 2 5 3 3 3  2.7 3.5 4 6 3 3  b i i l ' + ; 3  55:1.;1:33 1 . 1  -3.5 
4 5 8 %  650710 5-f?!~4_L_?_--_1_._5-L?z7-,.5555 5551)~.5-3 ?i39i7!--~113~p-<2z3 ...---, . ----.. -- --"--- - - "  

4687  651filO 5599253  1 . 4  -,3.;3 4533  6 7 ~ 1 5 )  3L92173 1 .6  -3.5 
4 6 8 9  6-76529 5/+9156J-__ 1 . 5  13,7 -_ - - -- '+t31? 5 4 ? ? 5 3  553/ ;5?3  _ 3 , 7  I - , ?  
4691 642.333 5595Eli3 3-13 1.4 - 2  3 ; )  ' 3 2 . 5  3.2 
f * 6 9 3 - - 6 ~ 7 - S ~ 3 - 5 ~ 3 5 2 ~ 3 - - 2 . ? - _ _ 3 _ . ' j _  4:;74 &/+ ' ;23  !55tl'>21;) 2-1 -1 .3  - 

4 6 9 5  6 4 b 3 5 0  5 5 Q ' 5 4 8 3  2 . 3  3 .  3 ( t i>36 5 4 2 / 5 3  551.3'+323 2 . 5  ' t . 2  
4 69 7  5 4 3 9 4 0  55 J3343-,.2"*--..~._?: 1  - - - +  G-bq ?--54.32_72_.5_592 ? ! 2 2  1-*-7-:"2*5 ---- - - --_. -.--- ----- -me--- ----- -- --- ----- 
4699 649149 5 5 3 2 6 5 3  1 .7  -13.6 47313 64'33L9 55G2753 2 . 3  1.3 
4-101 6 4 3 5 2 3  5531333  1.7 - 1 - 5  4733  5 5 3 1 3 3  5 5 9 J 3 3 _ 3 - ? . 3 - 3 . 3  - - --- - - 







I 

.. -.. . ~- . - . . - ~ - - - - -  

~ ; K I N ~  GT_i>Ci{!-:'41 T';Y U ? E S I J U A L S  L I S T  3 ,$';E 5 1 
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P R I N I C  G k O C A E Y I S T 2 Y  il 3 t S I 3 ! J A l S  L I S T  2 ?GE- 5 6  
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P R I N I C  G F g C K E Y I S T R Y  U R E S I ~ U A L S  L I S T  P A G E  5 8  
. _- . -._I___. __ - _  .. -. . _  . - .  _____ _. ____- _ -- 

S A ? P L E  E A S T  N C P T H  U CK U F S  S A Y P L E  E A S T  NnRTH U D R  U S S  

m -- --.------ .---- ---- ------ 

: 5760 698350  5 4 7 1 3 9 0  4.6 1  y . 3  5 7 L L  2_0-?,?2~C)_5 47UL! 5 --'J..q 
f 5763 6 9 3 8 8 0  5 4 7 1 2 6 0  2.4 -3.5 5 7 5 4  6 9 3 8 3 3  5 4 7 1 0 8 0  2.0 -0.3 

5765 7 0 7 9 7 0  .- 5 4 8 7 2 8 3  __ 12.8 59.. L 5E6._??-!.27O-__56 8S? 2CJ6.c 1 3.7 .. 

5767 7 0 8 4 0 0  5 4 3 4 3 0 9  3.9 -2 .1  5 7 5 8  6 9 9 9 3 0  5 4 7 0 5 2 0  2 .4  -0 .4  
C71.9 7 0 0 7 2 0  547085-0 2.4 - 3 . 3  5Z70  70_2520 5,4_fizY33 1.8 -1.0 L - - . - -  - 
5771 7 0 3 9 4 0  5 4 6 8 1 0 0  2 . 0  -0.3 5 7 7 2  701610  5 4 7 0 9 8 0  2.3 -0 .4  . 

- - .- - 5 7 7 4  70242'3 5 4 7 1 3 8 0  2 .5  -0.2 5773 7 0 2 3 3 0  5 4 7 1 3 3 3  2 - 3  - 0 L  
5775 7 0 2 7 0 0  5 4 7 2 4 5 a  2.4 0.1 5 7 7 6  7 0 3 5 0 0  5 4 7 2 8 9 0  2 .0  -0.8 
5777 7 0 3 9 3 0  5 4 7 3 2 6 0  1.6 -1.2 5 7 7 9  7 2 6 4 4 0  5 4 7 1 9 9 0  .. 4.5 l-*-l 
5 7 8 3  7 2 6 6 7 0  5 4 7 1 2 2 0  2.6 -0.8 5 7 8 1  727380  5 4 7 3 7 1 0  2.1 -1.3 
5782  7 2 8 4 4 0  5 4 7 0 7 8 3  4 .8  2.3 5 7 8 3  6 9 6 0 9 0  5_ft&3,8-70 2.8 0.2 -----.-- ---.-- ---- 
5 7 8 4  6 9 6 5 9 0  5 4 6 7 9 1 3  1.3 - 1 . 3  5 7 8 5  6 9 6 1 8 0  5 4 6 5 2 3 0  1.3 -1.3 
5 7 8 ~ ~ 3 0 0  546  7 9 6 3  1 . - 9  57a~.azs-9-54-6~7_~30--1.-6--~.,0 
5788  6 9 6 5 6 0  5468640  1.9 -0.7 5 7 8 9  6 3 6 7 8 0  5 4 6 9 4 9 0  2.3 -0.3 
5 7 9 0  --- 6 9 7 2 9 0  5 4 7 3 0 1 3  . _ --.._____- 2.3 __~-..z - 0  4  5 7 3 1  - 7 2 R 3 2 0 5 4 $ _ S 8 7 0  0.9 -1.5 
5792 7 2 6 7 5 0  547(3053 2 .3  -1.1 5 7 9 3  7 2 6 6 4 0  5 4 7 3 5 1 0  1 .8  - 1 . 6  
5 7 9 5  7 2 6 1 3 0  5 4 7 1 3 3 3  ' 2.3 -1.1 5 7 9 6  7 2 5 8 4 0  5 4 7 2 2 8 0  3.3 - 0 . L  
5797 72FF00 5 4 7 2 5 0 3  8.1 3.2 5798  6 9 4 8 6 0  5 4 7 0 8 1 0  3.4 0.5 
5799 5'95730 5 4 7 0 4 0  3.2 9.5 5 8 3 0  6 9 6 3 9 0  547.3300 4 3  1.5 -- - 
5801  7 2 1 5 1 0  5 4 7 3 7 2 0  3.5 -1.0 5 8 3 2  7 2 9 9 4 0  5 4 7 3 2 9 0  3.7 -0.8 
5803  7 2 0 4 3 0  5 4 7 2 6 5 0  3.1 -1.4 _ -  5 8 3 4  ~ 7 2 0 5 3 3  5 4 7 2 4 5 0  3  r 8 -0 :- 3 
5 8 0 5  7 1 9 5 5 0  5 4 7 1 9 8 0  2.8 -0.8 5 8 3 6  7 1 3 2 5 0  5 4 7 3 8 0 0  2 .9  -0.7 
5807 7 1 9 1 2 0  5 4 6 9 6 7 3  2.9 -9.9 5 8 3 8  7 1 9 3 4 0  54665?_0_-_7_,2 3.-4 - 
5803  6 9 5 0 3 3  5 4 6 5 0 0 0  4.7 1 . 1  581 1  6 9 5 5 4 3  5464930  2.9 ' -0 .5  
5 8 12 5 4 6 3 3 0  5 4 6  533_  3 - 5  0.6 5813_-697_1-6~0--_54.6~-6i3~0_o_o_l.t5-~1~3~ -. - -- - - - - - - - 

- 5 8 1 4  6 9 7 4 7 0  5 4 6 4 6 9 3  1.9 -1.5 5 8 1 5  6 9 7 3 6 0  5461030  1 .9  -1.6 
5816 7 1 9 1 5 0  5 4 6 8 5 8 3  1 2.3 5 8 1 7  7 1 9 2 3 0  5467790  6 .8  3.0 _____- -__. __.____ 

5 8 1 8  7 1 8 9 7 0  5 4 0 7 8 4 3  4.3 0.5 5 8 1 9  7 1 3 1 3 0  5 4 6 7 0 2 0  6 - 6  3.3 
5820 7 1 7 6 3 0  5 4 6 6 3 9  1 . 7 . - 1 . 6  5 8 2 1  7172-60 546&-3/i0 3 . 3  9.1 --------- ----- 
5822 7 1 6 4 4 0  54654'43 2.8 -0 .1  5 8 2 3  7 2 7 3 4 0  5 4 6 5 9 8 0  1. 5 - 2 . 5  
5 e2 4 7 2 6 2  C 0  ~~6_h_2P_O0318---~24~_82.~~~.~~L77@ -2!~73_1_.'~0-1~L.~~112_1 -- 
5827  6 9 4 2 8 0  5 4 7 0 3 1 3  2.3 -0.5 5 8 2 8  70:335i3 5 4 7 1 2 6 0  1.8 -0 .9  

5 8 2 9  7 0 1 3 6 0  -_-.-.-p.-__~ 5 4 7 1 3 8 3  _____ 2.1  -3.5 _ __ 5 8 3 0  -.__- 7 2 7 3 4 0  _ 5 4 6 9 0 1 0  .-. _ . . 2 .5  -3.1_.-_ . 

5831  7 2 7 6 1 0  5 4 6 5 4 7 3  2.3 -0.1 5832 7 2 8 0 3 0  5463420  2.6 0.2 
5E33 -..------. 7 2 8 4 6 0  5 4 6 7 6 4 0  1.7 -3.7 5 d 3 4  722.24-9 5 4 ~ ~ - ~ ~ ~ c r c r c r 1 , t ?  -9.3 -. 

5835  7 2 9 5 4 0  5 4 6 5 9 8 3  1.8 - 0 . 3  5 8 3 6  7 2 9 9 5 0  5 4 6 5 4 0 0  1.5 -0.6 
5837 _ -. 7 3 0 1 4 0  . - 5 4 6 5 5 3 0  ? * 4 . * 0 5  ?_8-7_3_0_6_! _i)_ - 5 3  C 5 CLX@-~XL-Z 1-ALL 

7 5639  731'340 5 4 6 4 6 9 0  1.4 -0 .9  5 8 4 0  7 4 3 2 1 0  5445730  2.0 3 .1  
5841  7 4 4 0 3 0  5 4 4 6 1 5 3  - __ 1.5 - 0  3 55'43 Y - 7 4 7 3 5 0  5440.!520--.2~_t__S --- 0.1  
5 8 4 4  744880  5 4 4 6 0 3 3  1 . 8  -0 .1  5 8 4 5  7 4 5 9 3 0  5 4 4 5 3 5 0  1 .5  -0 .2  
5846  7 4 5 4 9 0  5 4 4 5 4 0 0  1.7 LO. Cl 5 8 4 7  7 2 9 3 ~ Q Q S ~ - 6 6 0 Q 0  1 . 5  -0.5 
5 8 4 8  7 2 9 0 9 0  5 4 6 6 2 6 3  1.9 -0.2 58 /+9  72.2403 5 4 6 6 6 6 0  -1 .O 0.0 
5P50 _ 7 2 7 3 7 0  _ 5 4 6 6 3 1 3  __  _ 2.2 -3.2 - .  ___ 535 - -  1 7 2 8 5 8 0  5 4 7 3 4 0 0  3.1 0 . 3  
5852 7 2 9 3 2 0  5 4 7 0 3 0 3  2.7 -0.1 5 3 5 3  7 3 3 2 3 0  5473150  2 .6  -3.2 
5i),5'+ 7 3 1 3 3 0  _ 5 4 7 3 0 1 3  _ 2.5 -0 .3  5855  _ 7 4 2 1 2 1  5 4 4 7 7 5 0  . . - -  5.4 3 . 3  
5856 7 4 1 5 4 0  5 4 4 8 0 8 3  1.9 -0.2 5857  7 4 1 3 4 3  5447890  1.2 - 0 - 9  

5 8 5 0  7 4 1 3 7 3  5 4 4 3 4 4 0  1.3 -a -s  5859  7 4 1 2 5 0  5 4 4 8 6 2 3  2 0  1  - - 
5 3 6 1  7 4 1 1 9 0  5 4 4 9 5 8 0  1.7 -D.4 5 8 5 2  7 4 5 1 5 3  5449870  1.0 -0.8 
5e63 7 4 6 0 3 0  5 4 4 9 3 3 0  2 - 5  0.8 5 8 5 4  7 4 7 0 5 0  5 4 4 3 2 3 3  2.7 3.9 _. __ . -  _. -. _ _  - 

5865 7 4 7 8 1 9  5 4 4 9 5 2 3  1 . 4  -9 .8  5856  7 4 8 5 4 5  5 4 4 9 4 4 0  1.9 - a - 3  
5867  716680  . -- -- 5453413  - . . 2 . 8  - - - -3.1 5 8 5 8  714460  5 4 5 2 1 9 0  3.3 -g.4 
5859 7 1 4 L 2 0  5 4 5 2 5 1 3  3 . 3  -3.5 5 8 7 0  7 1 5 2 0 3  5 4 5 2 3 5 0  5 . 9  2 - 9  
5871 7 1 5 6 5 0  5 4 5 2 6 8 0  4 . 1  1.2 5 8 7 2 7 1 6 3 7 0  54_53030 3.3 9 . 4  
5873  7 2 9 2 8 0  5 4 7 4 0 4 3  2.2 - 1 . 3  5875  7 2 9 1 5 0  5 4 7 3 7 6 0  3 . 0  -3 .5  
5 . 5 %  7 2 9 8 3 0  5 4 7 3 2 0 3  2.9 - 0 . 5  5 8 7 7  7 3 1 3 1 0 4 7 3 2 6 0  2.7 - 0 0 5  
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SAMPLE E A S T  ;\!OP.T-i U C R  U RS S A Y P L E  E A S T  NCFTH U 6 R  U R S  
---.----- ---------- ------*-.-- 

- 5996 718790 5453950 5995 7192-72-145_4,9433*3 O,.8 2.,3 t.2 
5997 718720 5453050 3.1 0.4 5998 718300 54524G0 3.3 0 . 3  
5999 71843~-5_451.6~2---?~.~&~26OO.Oo7_1_K2~L_O-~545_1.3.C10 2*.~?.51.-_._--.-.. 
6001 712140 5450403 2.9 -2.5 0033 712170 5449570 2.3 -2.8 
600+ 712520 5444713 -- 3.5 - -0.1 6035 712160 5448330-0--&6,~.5 
6006 712530 5447883 2.7 -0.9 6007 712723 5447290 4 -  1 0.3 
6 008 71 2 440 54.46943 3 7 - 1 ~1600_9_7_1232OOfj4_4LL2O0-~3~7_-z1~1-~-~- - - -. - -- . 

6010 724160 5476393 6.0 0 6011 728413 5478940 13.4 7.4 
4 6 -0.5 6013 710800 5447430 4.0 -3.8 6012 710370 5 4 4 3 1 5 3  

6014 711040 5445533 3.0 -1.8 6015 718800 5473330 7.6 -0.1 
6016 718.500 -- 5478670 9.9 2.2 601 7 718510 5478430 10.1 2.'+ _____- .____ _ --_...-.__---- ---- 
6019 717090 5478340 11.0 1.9 6020 716170 5477590 10.1 1.0 
bO2_1_LL5f,lo 5477720- 10.4 _-L_3- 602.27~14240~5_~7_I;010.0ZQ~.Li1~?~8 

- 6023 717970 5448760 3.2 -0.1 0024 717320 5448090  2.3 -9.2 
6025 716700 5447133 4.3 Q. 7 6026 715260 5446540 3 : 1 -9.5 
6027 715200 5446253 2.8 -3.8 6028 714300 5446050 3.2 -0.6 
6029 713540 5446093 : 3.2 -3.6 0 0 7 0  712830 544$&20 3.5 -3.3 
6031 712200 5446373 2.7 -2.1 6032 711380 5446090 2 . 3  -1.9 
6033 710160 5445743 3.0 -1.8 6035 709360 5446260 3.3 -2.5 
6035 708290 5445643 3.4 -2.4 603 7 707340 5447090 20 5 -4.0 

6039 705790 5447890 2.1 -5.3 6038 70629U4.479L0-5C3 -2- 1 
6040 734540 5447773 3 . 7  -3.6 6O+ 1 703823 5447880 4.5 -2.8 
6042 702830 5448003 2.7 -4.6 6043 701360 5447650 3.7 '-3 .3 
6044 725400 5474833 3.1 -1.2 6 0 4 5  726180 5474160 2.9 -1.4 
6046 727080 - - -- 5473900 -- 2.8 - .- -1.5 6047 -- 727053 5474033 3y2-L1,1_L 

r 6045 728190 5473850 2.3 -1.2 6 W 9  728380 5474010 3.5 -9.0 
6051 728780 5473963 3.7 0.2 6052 094750 5434010 4.7 0.3 __ __ .- 

6053 694100 5435413 4.5 0.1 6354 694030 5435190 1.7 -2.7 
6055 693950 54359'tg 7.0 2.6 6056 694130 5L&1,?3"3.8 - 3 . 5  
6057 694250 5437030 3-0 -1.4 6058 694390 5436730 1.9 -2.5 
6059 694703 -- 5437523 - 4.3 -1.1 6350 695040 543.3140 2.9 -3.2 --- 
6061 695550 5439053 4.0 -2.1 6052 6 9 5 3 8 0  543SEh0 26.8 23.7 

-p.-p--.----.---.-_p--_....- ~ 

6954 695773 544i3h20 18.0 13.8 6063 695680 5433803 4.0 -2.1 .__--_-._p-........-.- ~ 

6065 695860 5440960 3.6 -3.5 0 0 5 7  695350 5443870 2.2  - 5 . 3  
606-9 6959 70 544 1773 2.7 -4.5 60$-9-6~2524Q2f.~?_5510 6.7 - 9  .:+ 
6070 496140 5443380 7.7 3.6 5071 h9C-693 544341t0 2.6 -4.5 
6072 696700 5443553 12.2 5.1 6073 696710 -5_$_4_L_?1..-_4*0 ~3.1 ----- -- -- -. -- -. - .- .. -- 

: 6074 657130 5445213 3.5 -3.2 0375 597553 5445120 4.8 -1-9 
0076 657670 5445733 ... - .  --.35 7-z2 0-3 6377 ~_ .. 693513 . .. 5445110 . %  4 * - L z Z d  
6075 69865:l 5447013 -1.0 0.0 6079 690530 5447260 2.3 -3.9 
6980  700340 5447413 2.8 -4.3 6%%1 73034Q 5447670 3.9 -7.1 
6083 730700 5443350 5.0 2.5 6084 712920 5453570 3.3 -0.4 

- 1  1 6085 7~-3L550_-~46_96h.3_-%.2~.l..k6L~.._6_7L3620-5.ft3Z5C)_2-=.S_..__1_ 
6087 714503 5445573 1.5 -2.1 6 C 3 8  71472'1 5445130 1.5  - 7 . 3  

6390 716150 5447580 3 3 6089 71Z4~6005_t_4_4ZCj33_1=-7._~_L~.4 ~ _ L L  2 

6091 716780 5447343 2.5 -1.1 6932 7 2 7 5 9  5463573 1.5 -0.5 
6393 728320 5462733 127 - 9 . 3  6094 716733 54V~820 2.5 -2.4 .-. 
6095 71753.3 545394.3 1.3 -1.4 02.96 717623 5453630 2.2 -3.5 

- 6 0 9 7 7 17 5LPP54i3-4~?--33*-3. -.:?I& -- . 6 ~ - ? 9 2 ?  1 82. L25453.9L &g9L2 ----- 
6100 719480 5473713 4.1 -13.2 6131 729940 544673'3 1.7 -2.7 

"102 722730 5447723 3.4 -1 .0  6133 729933 5448290 1 3  5.7 
6104 731440 544834.3  1 6 - 1 3  6135 731333 5449770 0.9 -2.5 
6106 732530 5450500-1.1 -1.2 6107 733293 5450230 1.1 -1.2 
6198 734250 5450153 1.2 -1. 1. 6139 735333 5453250 1.1 -3.9 
6110 713410 5458920 3 - 6  9.3 6111 713533 5458730 7.4 3.8 .- 
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P 9 I h I C  GEOCHEYI S T R Y  U R E S I g U A L S  L I S T  PAGE 68 
. - .- ---- - - -- - .- -- - .. --- - . - - . - -- . -- - A - . -- - - - 

S A M P L E  EAST N O K T A  U OR U K S  S A q P L E  E A S T  ND2TH U O R  U ? S  

-- --- ----------. 

r 6934 662839 5 4 6 9 D L  1.4 -02-1 5935-6&3-%~-25./+/+66050-l,Z-:0-.3~--~ 
I 

. 6936 662770 5470163 1.3 -3.2 6937  662960 5473940 1.5 0.1 
6939 663270 5471133 1~_5_$-c~-._t_9_3_Q-b6.21S_L547195O1*5--?.*P_ 
6940 662490 5472523 1.3 -3.1 69'+ 1 662950 5475520 1.5 0.1 

-1 7 6943 741290 54337hil 3.1 -1 -1- 6 9 4 2 7 4 1 3 0 0 5 4 3 2 9 6 3  2.5 . --- 
6944 741550 5434673 2 - 2  -2.0 69q5 7d9843 5526190 2. 1 - 9 - 4  

- 6946 710480 55257.30 2.3 -3.4 6 9 + 7  713903 -- - - 5526350 2.1 - 3 - 6  
0949 710970 5527253 1.3 -1.4 6450 711110 5527890 2.1 -3.3 
6951 702490 5434603 7.2 1.2 -__-- 6952 _ 702030 5435050 6 .5  0.2 
6953 705760 5528163 1.6 -0.4 6954 705510 5527870 1.9 -0.1 
6955 707020 5576980 1.7 -0. 3 6956 7.35210 2-522830 1.7 -0.3 -- 
6957 704890 5531053 1.4 -0.7 6958 705190 5530940 1.7 -0.2 
6959  705420 5531913 2.1 0 2 Wl.0 7 OG??-5_5_.3 2(r.lL-1. . 4 r 9 - 4  

1 6961 705860 5532430 1.6 - 9 . 3 .  6952 701090 5453270 20.5 10.5 
6963 700700 5453450 9.2 -0.8 6955 700653 54532.50 9.3 -0.7 
6966 688220 5538550 2.5 -3.5 6957  687730 5513423 1.0 -2 -1  
6968 685580 5513069 1 0 6 9 5 9 6 8 6 2 5 0  5 5 1 4 a O  1.1.2 -0 .G 
6970 696970 5524140 12.2 5.0 6971 677a70 5526810 2.9 -1.9 
6972--698410 5528690 9.0 4 4  6973 69e950 5526420 16.6 19.8 - 

6974 701900 5526710 2.9 -1.7 6975 703120 5524560 0.5 -3.0 
6976 701040 553 1443 2 4 - 0 , 2 2 9 7 7  699730 5533283 1.6  - & %  - - -- . -  C 

65378 693220 5529430 4.6 2.L 6979 693390 5529160 1.3 -1-2  
6981 699630 5530273 2.8 -0.1 0982 6984EO 5539870 1.8 -2.9 - 
6983  690100 5528370 2.1 - 1 - 6  6984 693220 5529770 1.6 -0.9 

F-- 
6985 - 713020 - - - - 5437633 .- -. - 7.8 - 1 . 7  6986 7_13979 5435800 4.5 - 2 ~ 3  
6987  706600 5525013 6.5 4.1 6988 706390 5524360 1.9 -1.4 

il 
-1 4 6990 706'333 5523470 1.5 -1.8 6 9 8 9 7 0 5 9 5 0 5 5 2 E 3 0  1 7 -2 . -- . - -  

b99L 706209 5522833 1 - 9  -1.4 6992 707193 5522320 2.5 -1 -9  
- 6993 707810 5522070 2 . 6  -2.1 6994- 77,J13490 25,221230 2.2 -2.5 

6995 709700 5521390 2.2 -2.5 6997 687290 5435223 0.8 -0 -8  
6998 711990 5434170 10.4 1.7 6999  711713 5434730 6 - 0  -2.7 - 
7000  71'3880 5436453 7.3 -0.3 7934 57938J  5452350 -1.0 0.3 
7935 679330 _- -- - 54519.kJ  -1LQ 0 - 9  7916 b732.?i)__5_4_52E!2Q -LdQooL ---- 
8 0 0 1  701240 5431163 3.4 -2.6 8032 700470 54315+0 3.9 -2.1 
8o03 699900 5432663 1.8 - 3 . 7  eJO4 7020OQ 5-43950  15.7 9.7 ---- --- 
8005 699550 5432373 2.9 -2.6 8036 698880 5433010 4.1 -1.5 
E007 698720 5433760 ~ 2.0 -3.6 803 - -. 8 69.9423 -. - . 5.4339-33--4. 3 -1  -5 

: 8.309 698330 5434043 20.3 14.7 '2010 6 9 8 3 0 3  5435070 5 . 2  -3.5 
b 

8011 697a90>4355_59~Z_,B~.1_.3__-~.2_.56.93~22C9_._5_/t.5~2.9.9~0~-.-5~~6_1.?~? 
E O 1 Z  7186.00 5502833 -1.0 3.0 8013 718533 5502093 -1.0 3 . 0  

3.0 8Ql5  718-720 55023.30 - 1 . , - O j J - Q  8014 718680 5502530 -1.0 
8016 718800 5502190 -1.0 0.0 8021  681553 5450800 -1 .3  3.0 
8 0 2 2 6 79 8 4 0 0 5 ~ 5 J 4 3 1 - l d 0 . 0 3 W  L.A1256%!? -5_4_5-U1 _ O _ - Z ~ * ~ &  
6211  649330 5436059 -1.3 0.0 EL12 6 4 9 3 6 3  5495210 -1.1) 2.9 
8 2 1U4.935 0 5 4 9 6% 3_1-~.93-__5_-5~02& _L9P4.7132 S44SsZ'3'32 .P_ LL319 
8027  698463 5452100 4 .5  - 3 . 2  6 3 2 8  6 9 3 7 3 3  5451870 5.5 -1.1 
8929 698520 5451-443 10.3 2.6 9030 597960 54513_2-0- 5 * 0  -Z2.7 
6031 697760 5451290 4.9 -2.8 8032 697789 5453429 6 . 4  -1.3 
6 0 3 3 4-4 8 2 5 3 5 4 4 $ C L ? - 4 ! 8 - ~ &  L ! . ? ~ L 6 V 8 8 2 - ~ . _ Y t G  5 13 LLL.9- -- 

1 8035 0 9 9 4 3 0  5448370 4.9 -2.2 8036 699530 5 4 4 8 5 2 0  23.8 13.3 
8047  698060 5453683 6 - 8  -1.5 751473 5437453 8039 2.6 -1 . S  
8040 7 5 1 5 8 0  5438093 2 . 3  -1.9 8041 751593 5435970 3 . 3  -0-3 
8046 751651  5439250 2.3 -1.9 53%8 70162_3__5434830 6.4 :3.6 - 
8049 700650 5434953 5.2 -0.8 8 0 J d  699843 5435323 5.5 -0.2 
8051 699440 5435313 3.5 -2.2 8052  5 9 S 1 0 2 5 4 3 5 7 5 0  - 3 . 3  5.7 -- 



- 
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P R I N I C  G E O C H E Y I S T R Y  U  R E S I I U A L S  L I S T  pASE 69 
_ -. _ _ _  _ ~ ---- 

S A H P L E  E A S T  N C E T i  U O R  iJ ? S  S A ' I P L E  F A S T  MCRTH U C R  U i S  
- ---- ---. 

r 8053 698303 5415970 - - 4 1  - 1  8'354 ---- 697653 5435830 8.7 . 3 . 3  ~ 

t 8055 697103 5436113 4.5 -9.8 3356 696543 5436430 3.1 -2 .2  
a 057 69 5 7 0 4 7 0 1 3  3 2 -2.1-~~3-?-8.-~25._15.2-.5532413____6-*21~,1--.--~_-__- -- 

8 0 6 6  70086:3 545284!3 10.8 0.8 8059 731950 5496970 9.8 0.5 
805 1 732949 549506d 10.5 1.G go60 732780 5495213 10-2  1.1 -- __ ,_ ,_ - - , . -  -- 

8062 733580 5494880 16.4 5.9 8053 741730 5480340 12.8 6.3 

- 8064 741753 - - -. - 5479890 - -- -. 14.3 -- 7.5 8?63_L41770 5479750 8.1 lo /+ 
r 8067 701000 5452610 11.6 1.6 8058 701240 5452610 28.1 18.1 

8069 702630 54.51223 ~ 2 * 2 2 ~ 2 8 0 7 2 - T 0 1 _ 3 _ q 0 5 - ~ . 5 L S k u . ~ ~ 8 / j ~ L  
8071  702390 5451380 8.9 0.1 8072 702930 5453G40 6.3 -3.9 
8073 702980 5453060 6,6 -2.4 8374 703079 544?$-S_:3_.,1 -1 02 -. 
8075 703370 5449743 9.0 1.7 8076 703480 5449230 7 -9  9.5 
8077 70375a 5448929 1 - 3  - 6 . 0 - B ~ ~ 7 8 7 0 3 7 - ~ 0 5 4 4 8 5 5 0 3 1 ~ 4 _ - 2 - ~ - ~ 1 - - . . - ~  
8079 703543 5448100 10.6 3.3 8091 711343 5438600 4.4 -2.G 

8131 687730 5/-35713 0 5  -1.7 8082 709770 5437130 1.6- -6. 8 
8083 741740 5480650 4.9 -1.6 3084 741690 5480530 7.8 1.3 
8085 741690 5480370 6.0 -0.5 8886 659820 5493760 1.7 -0.4 - 
8087  650720 5493753 1.4 -0.7 8088 650593 5493790 1.4 -0 -7  

-- 8090 650060 5493593 1.5 - ! l a b  8089 650190 5.493663 1 1  1 . 

J 8091 650043  5493503 1 5  -0.6 8392 650320 5493590 1 - 1  -1.0 
€3093 C5oq63 5493393 1.7 -0.4 8094 649898 5493653 2 - 3  -3.1 
8095 649690 5493663 2.6 0.2 8096 649540 5493720 2.8 0.4 
8097  64-9460 5493410 3.2 0.8 8098 549530 5493580 3.9 4.h -- 
8039 648870 5 4 9 3 7 6 0 .  3.1 0.7 8117 649730 5495850 2.0 -0.Q 
8102 687960 - -- - 5435710 0 - 6  - 1 - 5  8133 5435293 6.88760 3 * 6  -1.6 

/-- 8104 6 9 7 1 0  5434890 0.7 -1.7 8135 590251) 5435230 0.4 - 2 .5  
8137 693753 5434820 9.6 -2.5 8 1 06 6 9 036O543-4893_915-12,.6-- ---- 

8108 691750 5434713 0.9 -2.2 0139 692590 5434760 3.6 -0.8 
8110 692720 54346.60 1.1.  -3.3 811 1 693350 5434322-LA - 3 0 %  -- 
8112 693780 5435440 12.1 7.7 8113 693750 5435630 12.2 7.8 
8114 693520 5435920 19.9 15.5 - 8115 694259. 5434960 2 . 8  -1.5 -- 

: 8125 688960 5452503 5.9 2.3 8127 689150 5452330 2.0 -1.6 
* .- 8 1 1 9 6 5 @ 8 ~0_564'4X13~1~-%---I)2.Bl_2_06.55510 5L9-193-CZ.zk0,3 

8128 685860 5452730 2.3 -1.3 6129 690210 5453060 3.1 -1.0 
813Q 69C.560 54527-10 3 . L  -1.0 8131 6 9 u 3 0  W 2 l A 3  3 . 0  -1.1 
8132 691469 5451773 2.4 -1.7 3133 692323 5451540 3.2 -:3.9 
8 1 34 6 9 L Z L 5 4 5 L U L 2 2 Y  -L- -F313569L9-~-~ .  -54-%6Z&- 5 -5.~3.~7---~ -- 

8136 64'3350 5 4 5 8 0 5 3  17.1 12.3 8138 683670 5443333 3.;1 -0.5 
81GO 68910a 5443d30 -1 -9 8 1 3 9 6 8 9 0 6 0  _.564G2-2L-A_, 4 k 6  

8141 689460 5439883 2.0 -0.7 5142 689500 5439900 2.1 -0 .6  
8143 689560 5439330 1.5 -1.2 8144 690320 5438850 1.7 -2.7 
8145 69C760 5438463 1.1 -2.8 8146 591320 5438563 1.8 -2.1 

8148 691690 5438530 1.8 -2a.l a 147 691_24!LZ4387 8 0 2 4 - L 5 _ .  .- - - 
, 8149 691633 5438393 1.7 -2.2 8185 693613 5455330 5.8 2.3 
I 

8186 6S3780 5455120 9.8 5 3  8107 694023 5455110 - 5 9  1.1 - -- - -. . - - - 

8 1 8 8  493660 5454333 3.4 -1.4 el89 693830 5454430 5.9 1.1 
8191 6937.30 5453630 4,3 -?A 8 1 0 0 6 9 3 8 2 0 5 4 5 3 5 5 i 3  3 . 6 - 1 . 7  - -- 

8192 653290 5452783 3.2 -1.6 8133 692593 5452130 4.5 - 0 . 3  
8194 692690 5451310 6 * 0 - - 1 . . ~ - 2 _ _ i 1 2 . ~ ~ 4 6 4 3 _ S _ 4 ~ - ~ @ 6 1 _ 1 2 _  
8215  649280  5496919 2.5 3.1 8216 649190 54972'30 2.7 3 . 3  - 

8218 650773 5496420 2.1 -9.1 B U 5 _ 4 q l 6 G  5497969 2--L_-:3LL 
8219 672279 5536893 0.6 -0.5 3220 672350 5536850 1.7 0.5 
8723 6720133 553hhqir) 0.7 -0.5 8224 571943 553{>5I+O 1 . 2  9.0 

€4160 735250 5443750 -1.0 0.3 ~ 4 X b 2  7 3 i 1 7 3  5445850 -1.0 3.0 
=4633  732933  5445230 -1.0 0.3 ____~- €4686 732040 544553'3 -1.9 3.0 -- 



--- - - -- --- 

P R I N I C  GEGCHENI  S T F Y  U R E S I 3 U 4 L S  L I S T  P A G E  7 0  



P R O J E C T  P R I N I C  STEEAM G E O C I i t Y  I S T R Y  

U C L A S S  L I M  5-5 8.5 11.5 14.5 99999.3 
U 5867  79.3 652  8.8 321  4.3 176  2.4  385 5.2 
U CUMUL 79.3 88.1 92.4 94.8 100.0 

:U C C A S S L I M  45.0 67.0 89.0 111.0 9999903 
; U 5836 74.9 1 0 5 3  13.5 4 3 6 .  5 - 6  202 2.6 2 6 2  3.4 
:U CUMUL 74.9 88.4 94.0 , 96.6 100.0 

I N  CLASS L I M  65.0 87.0 109.0 131  - 0  99999.3 
! I'l 5992 7 6 - 9  977 12.5 320 4.1 163  2 - 1  337  4.3 
I N  CUHUL 76.9 89.5 9 3 . 6  95.7 130.0 

10 C L A S S  L I M  2.0 3.0 4.0 6.0 99999.3 
10 5 8 1 5  75.6 812  10.4  5 7 8  7.4 109  1.4 4 0 5  5.2 
TO CUMUL 7 5 . 6 86.0 93.4 94.8 100.0 

NUMi3ER OF SAMPLES = 7789 



P R C J E C T  P R I N I C  S T R E A M  G E O C t i E M I S T K Y  

U H I S T O G R A M  AND C U M U L A T I V E  F R E Q U E N C Y  P E R C E N T A G E S  

PPH 
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0.60 

0.70 

0.80 

0.90 

1-00 

1-20 

1-60 

2.00 

2.50 

3.20 

4 3 

5-00 

6.30 

8.00 

LO-00 

12.50 

.6.00 

10-00 

'5.00 

1.50 

0,oo 

0.00 

3-00 

0.0'0 

3.00 

3 . 90 










