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I NTRODUCT I ON 

T h i s  r e p o r t  d e s c r i b e s  the  r e s u l t s  o f  e x p l o r a t i o n  work on t h e  AGUR-ASH 
p r o p e r t y  to  date.  T h i s  has c o n q i s t e d  o f  reconnaissance geochemical 
surveys for  uranium, a g r i d  c o n t r o l l e d  spect rometer  survey p l u s  some 
g e o l o g i c a l  mapping and p r o s p e c t i n g .  Work was done a t  i n t e r v a l s  i n  t h e  
F a l l  of 1977 d u r i n g  the  course of a r e g i o n a l  e x p l o r a t i o n  program cover-  
i n g  much of t h e  Okanagan reg ion .  Conclusions and recommendations s e t  
f o r t h  a r e  based on t h e  work c i t e d  above. 
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

1. The AGUR-ASH p r o p e r t y  i s  comprised o f  e i g h t  unsurveyed min ing  c la ims 
(145 u n i t s )  h e l d  i n  t h e  name of  B r i t i s h  Newfoundland E x p l o r a t i o n  L t d .  

2. The p r o p e r t y ,  s i t u a t e d  20 k i l o m e t e r s  west o f  P e n t i c t o n ,  B r i t i s h  
Columbia, i s  a c c e s s i b l e  v i a  t h e  Apex Mountain road. 

3. Work on t h i s  a rea  t o  d a t e  has i n c l u d e d  reconnaissance geochemical 
surveys f o r  uranium, a g r i d  c o n t r o l l e d  spec t rometer  survey p l u s  some 
geology and p r o s p e c t i n g .  

4. The ASH-AGUR c l a i m s  encompass a unique complex o f  h i g h l y  r a d i o a c t i v e  
t r a c h y t e s  and r e l a t e d  rocks. There a r e  f o u r  p o s s i b i l  i t i e s  fo r  economic 
uranium c o n c e n t r a t i o n s  wh ich  a r e  b e i n g  kep i n  mind i n  i t s  e x p l o r a t i o n :  

a )  Hydrothermal v e i n  d e p o s i t s  i n  s u r r o u n d i n g  rock r e s u l t i n g  
f r o m  impregnat ion w i t h  hydrothermal  f l u i d s  r e l a t e d  to  the  

, e r u p t i o n s  

b) Concent ra t ion  o f  uranium d u r i n g  l a t e r  hydrothermal  a l t e r a -  
t i o n s  wh ich  have a f f e c t e d  some o f  these rocks 

c) "Porphyry" uranium p o t e n t i a l  based on l a r g e  volumes o f  
r a d i o a c t i v e  r o c k  

d) 5 econ da r y  u ran i um con ce n t r a  t i on s , 
channel d e p o s i t s .  

i n c 1 ud i n g s ub vo 1 can i c 

5. A chemical  and p e t r o g r a p h i c  s tudy  ( s t a i n i n g  and t h i n - s e c t i o n  work) has 
been completed fo r  t h e  r a d i o a c t i v e  v o l c a n i c  rocks  and d e r i v e d  c l a s t i c s .  
A copy o f  t h i s  i s  inc luded.  The major c o n c l u s i o n s  a r e  as f o l l o w s :  

The AGUR-ASH r a d i o a c t i v e  complex i n v o l v e s  a s e r i e s  o f  
p o r p h y r i t i c  f l o w s  and i g n i m b r i t e s  t o g e t h e r  w i t h  a p p a r e n t l y  
co-magmatic s y e n i t e s  and a s s o c i a t e d  t u f f s ,  b r e c c i a s  and 
sandstones. 

L a t e r  b i o t i t e - a r g i l l i t e  a l t e r a t i o n  has m o b i l i z e d  uranium i n  
some o f  these rocks.  T h i s  a l t e r a t i o n  phase appears t o  be 
a s s o c i a t e d  w i t h  vanadium enr ichment.  

The most r a d i o a c t i v e  rocks tend t o  be boxwork s y e n i t e s ,  
f e l t e d  t r a c h y t e s  and p i n k  c r y s t a l  t u f f s  o r  g r i t s  which 
have been a l t e r e d  by l a t e  s tage r a d i o a c t i v e  f l u i d s .  
Uranium c o n c e n t r a t i o n s  i n  excess o f  100 ppm and t h o r i u m  
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7. 

8. 

i n  excess o f  500 ppm have been encountered a t  severa l  
l o c a l i t i e s .  

d) The most r a d i o a c t i v e  u n i t s  tend t o  occur e i t h e r  d i r e c t l y  
below the  T e r t i a r y  vo lcan ics  o r  w i t h i n  the  lowermost f lows 
o f  the Yel low Lake phono l i t es .  

St rong uranium s i l t  anomalies on the western edge o f  t he  t rachy te  f lows 
a r e  accompanied by equa l l y  s t r o n g  anomalies i n  o t h e r  metals, no tab ly  
Mo, Cu, Zn, N i  and Co. This  suggests mu l t i -meta l  v e i n  o r  stockwork 
depos i ts  may e x i s t  i n  t h a t  area. 

Despi te  problems i n  dea l i ng  w i t h  ins t rumenta l  d r i f t  i n  a h igh  thor ium 
area, t h e  reconnaissance spectrometer survey has o u t l i n e d  the  most 
r a d i o a c t i v e  l i t h o l o g i e s  and w i l l  be use fu l  i n  cont inued mapping and 
p rospec t i ng . 
The f o l  low ing  approach 

a )  Completion o f  g r  

s recommended f o r  1978: 

d c o n t r o l  f o r  t he  p roper t y  

b) Carefu l  p rospec t ing  w i t h  hand 
zones which a re  unusual ly  rad  

. and exposure 

c) De ta i l ed  geochemistry a l o n g  w, 

s c i n t i l l o m e t e r  t o  o u t l i n e  
o a c t i v e  f o r  t h e i r  surroundings 

t e r  courses and g u l l  i es  

d) A combined mapping, r a d i o m e t r i c  and s o i l  geochemistry study 
o f  the r a d i o a c t i v e  zone on west margin o f  t he  T e r t i a r y  lavas. 

3 l s t  May, 1978 
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GENERAL DESCRl  PTI ONS 

Locat ion  and Access 

I 

r 

The AGUR-ASH p r o p e r t y  i s  l o c a t e d  20 k i l o m e t e r s  west o f  P e n t i c t o n ,  B.C. 
c la ims can be reached f r o m  P e n t i c t o n  by road u s i n g  4-wheel d r i v e  v e h i c  
by pass ing  th rough t h e  Rodgers' Ranch on R i d d l e  Creek. Geodet ic coord  
a r e  490 33' N, 1190 53'  W .  Average e l e v a t i o n  o f  t h e  c la ims i s  about  5 
f e e t .  

The 
es 
na tes  
000 

H i s t o r y  

There i s  no r e c o r d  o f  uranium e x p l o r a t i o n  work hav ing  been c a r r i e d  o u t  i n  
t h e  area covered by t h e  AGUR-ASH c la ims.  The ASH c la ims,  o p t i o n e d  f r o m  
Camaplex Resources Ltd. ,  a p p a r e n t l y  were s taked p u r e l y  on g e o l o g i c a l  grounds, 
i .e .  t h e  e x i s t e n c e  o f  T e r t i a r y  v o l c a n i c s  deduced from " four-mi  l e "  government 
g e o l o g i c a l  maps, and n o t  f r o m  f i e l d  survey  data. Our own i n t e r e s t  i n  t h i s  
r e g i o n  r e s u l t e d  f r o m  anomalous geochemist ry  d e r i v e d  through reconnaissance 
surveys . 

Claims 

The AGUR-ASH p r o p e r t y  c o n s i s t s  o f  t h e  f o l l o w i n g  m i n i n g  c la ims h e l d  i n  t h e  
'name o f  B r i t i s h  Newfoundland E x p l o r a t i o n  Ltd.  : 

P r o p e r t y  Claims 

AGUR- 1 
2 
3 
4 
5 

ASH- 1 
2 
3 

AGUR 

GEOLOGY 

U n i t s  
Record Record Expi  r y  

No. Date Date 

2 88 26 May, 1977 26 May, 1978 
299 
300 
30 1 
30 2 
292 
293 
294 

- 

13 June, 1977 13 June, 1978 
I I  I I  

I I  I I  

I I  I I  

30 May, 1978 
I I  I I  

I I  I 1  

30 May, 1977 

i 

Al though areas  o f  good o u t c r o p  e x i s t  on t h i s  p r o p e r t y ,  bedrock exposures a r e  
r a r e  i n  most p a r t s ,  and t h e  n o r t h e r n  s e c t o r  e s p e c i a l l y  i s  o v e r l a i n  by g l a c i a l  
t i l l  and moraines. T h e r e f o r e  t h e  l a t e r  descr ibed sequence o f  r a d i o a c t i v e  
v o l c a n i c  f l o w s  and c l a s t i c  rocks mark ing  a r h y o l i t e - p h o n o l i t e  t r a n s i t i o n  
near  t h e  base o f  Eocene Marron f o r m a t i o n  was l a r g e l y  d e r i v e d  f rom examinat ion 
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o f  p r o p e r t i e s  f a r t h e r  south. I t  i s  n o t  c l e a r  j u s t  how w e l l  t h e  R i d d l e  Creek 
exposures conform t o  t h a t  r e g i o n a l  model, b u t  t h e  key member of very  r a d i o -  
a c t i v e  v o l c a n i c  sandstones, p i n k  g r i t s  and i g n i m b r i t e s  does o u t c r o p  or form 
f l o a t  i n  a few p laces .  These rocks have a r a d i o a c t i v i t y  o f  800 - 1000 cps 
a t  b e s t  where encountered, and i n  t h i s  as w e l l  as i n  appearance they  a r e  very  
l i k e  t h e  u n i t  f a r t h e r  south. I n  t h e  ASH-AGUR case, however, they a r e  n o t  t h e  
most r a d i o a c t i v e  rocks about. 

Q u a r t z  porphyry  r h y o l i t e s  and t u f f s  o f  t h e  t y p e  u n d e r l y i n g  the  p h o n o l i t e s  
elsewhere have n o t  been found i n  t h e  R i d d l e  Creek reg ion ,  b u t  a major f l o w  of 
l i g h t  grey d a c i t e s  o c c u r r i n g  on t h e  n o r t h e a s t  s i d e  o f  t h e  complex may w e l l  be 
t h e  l o c a l  e q u i v a l e n t s .  

The major  l a v a  u n i t  i n  t h e  R i d d l e  Creek occur rence i s  a t y p e  of t r a c h y t e  n o t  
met elsewhere as y e t ,  and r e f e r r e d  t o  as t h e  r e c t a n g u l a r  porphyry  to d i f f e r e n -  
t i a t e  i t  f r o m  t h e  rhomb-porphyry p h o n o l i t e s  o f  t h e  Ye l low Lake s e r i e s .  The 
f e a t u r e  o f  s i n g u l a r  i n t e r e s t  about  t h e  r e c t a n g u l a r  p o r p h y r i e s  i s  t h e i r  r a d i o -  
a c t i v i t y ,  which i s  a lmost  everywhere i n  t h e  500- 700 cps range - h i g h e r  than 
t h e  Ye l low Lake f lows by a f a c t o r  o f  3. T h i s  e x c e p t i o n a l  r a d i o a c t i v i t y  i s  
due l a r g e l y  t o  thor ium, b u t  t h e  r e c t a n g u l a r  p o r p h y r i e s  tend t o  range 10 - 5 0  
ppm uranium (by chemical  a n a l y s i s )  as compared to  2 -  5 ppm for t h e  Yel low Lake 
rhomb p o r p h y r i e s .  The a c t u a l  uranium conten ts  a r e  l i k e l y  double t h i s  i n  b o t h  
cases, as d iscussed under rock chemis t ry .  

Obvious ly  hydrothermal  a c t i o n  f o l l o w i n g  o r  d u r i n g  e r u p t i o n  o f  t h e  r e c t a n g u l a r  
porphyry  would n o t  have t o  c o n c e n t r a t e  t h e  uranium g r e a t l y  t o  produce an o r e  
depos i t .  That e x t e n s i v e  p o s t - e r u p t i o n  a l t e r a t i o n s  have taken p l a c e  may be 
c l e a r l y  observed i n  severa l  areas where t h e i r  e f f e c t s  vary  f rom y e l l o w  and 
orange m a t r i x  s t a i n i n g  to a lmost  complete kao l  i n i z a t i o n  o f  t h e  rock. 

The most r a d i o a c t i v e  l i t h o l o g y  s o  f a r  d iscovered i n  t h i s  a rea  i s  a s t range,  
l i g h t  g rey  r o c k  w i t h  a somewhat " f e l t e d "  t e x t u r e .  Th is  has been found a t  
w i d e l y  s c a t t e r e d  l o c a t i o n s ,  near  t h e  lower  boundary o f  t h e  r e c t a n g u l a r  
porphyr ies .  A l though i t s  r e l a t i o n s h i p  to o t h e r  l i t h o l o g i e s  appears somewhat 
c o n t r a d i c t o r y  f r o m  one l o c a t i o n  t o  another ,  i t  most l i k e l y  occurs as dykes. 

The bes t  exposure o f  t h e  f e l t e d  r a d i o a c t i v e  m a t e r i a l  i s  an o u t c r o p  o f  about 
15 f e e t  w i d t h  i n  t h e  n o r t h  f o r k  o f  R i d d l e  Creek. R a d i o a c t i v i t y  i s  to  
2000 cps, and no  o t h e r  rocks o u t c r o p  i n  t h i s  v i c i n i t y .  The zone may be 
t r a c e d  w i t h  s c i n t i  1 lorneters below overburden fo r  severa l  hundred f e e t ,  and 
appears to  be near  v e r t i c a l ,  c r o s s i n g  t h e  v a l l e y  on an east -west  t rend.  
Geochemical a n a l y s i s  o f  t h i s  o u t c r o p  gave 91 ppm uranium and 360 ppm thor ium. 
A more r a d i o a c t i v e  ( t o  2200 cps) ,  b u t  p o o r l y  exposed, occur rence o f  t h i s  
rock  has been encountered a t  1350 S / 2000 W on t h e  g r i d .  A weathered sample 
o f  f l o a t  f r o m  a smal l  p i t  here  gave an i n c r e d i b l e  510 pprn thor ium, b u t  o n l y  
50 ppm uranium. Th is  l a t t e r  s i t e  i s  l i k e l y  p a r t  o f  a f a i r l y  cont inuous zone 
o f  h i g h l y  r a d i o a c t i v e  rocks t h a t  f o l l o w s  t h e  western  edge o f  t h e  r e c t a n g u l a r  
PO rPhY r Y  * 

That "western edge" i s  a t h o r o u g h l y  i n t e r e s t i n g  l o c a t i o n .  Besides some 
major geocherni ca 1 anomal i e s  and t h e  " f e l  ted" r o c k  rad i o a c t  i ve zones, t h e  
basement h e r e  i s  o f  coarse T e r t i a r y  s y e n i t e s .  These o c c u r  i n  a v a r i e t y  of 
f o r m s  and phases, b u t  a r e  moderate ly  r a d i o a c t i v e  (200 - 400 cps) and p o r p h y r i -  
t i c .  They a r e  very  l i k e l y  cornagmatic w i t h  a t  l e a s t  p a r t  o f  t h e  T e r t i a r y  
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phono l i tes .  To the east ,  the  T e r t i a r y  appears to  o v e r l i e  reg iona l  grano- 
d i o r i t e s  d i r e c t l y ,  and these ou tc rop  again t o  west o f  the syeni tes.  The i r  
r a d i o a c t i v i t y  o f  50 - 90 cps i s  t y p i c a l  o f  g ranod io r i t e .  

RADl OMETRl C SURVEY 

I n  view o f  the r o l e  o f  r a d i o a c t i v e  l i t h o l o g i e s  on AGUR-ASH proper ty ,  a ground 
rad iomet r i c  survey was planned i n  con junc t i on  w i t h  the l a y i n g  ou t  and f l agg ing  
o f  a c o n t r o l  g r i d .  This work was con t rac ted  o u t  t o  a geophysical c o n s u l t i n g  
company (Nie lson Geophysics L td . ) ,  who c a r r i e d  i t  o u t  du r ing  J u l y  and e a r l y  
August. The r e s u l t s  have been a major disappointment.  A check of t h e i r  work 
p a r t  way through the  program i n d i c a t e d  t h a t  the  energy l e v e l  "windows" on 
t h e i r  spectrometer, a McPhar Spectra 44, had been s l  ipp ing.  Some o f  t he  
l i n e s  were redone, b u t  r e s u l t s  suggest t h a t  t h i s  problem continued, and the  
f i n a l  t h i r d  o f  these r e s u l t s  were never submi t ted t o  us because of " inst rument  
problems". I n  October p a r t  o f  t he  remaining survey work was completed by 
ourse lves us ing  a d i f f e r e n t  inst rument ,  and some o f  the prev ious g r i d  l i n e s  
checked as w e l l .  Al though the  readings f o r  each channel cou ld  be normal ized 
between the two instruments,  t h e i r  c h a r a c t e r i s t i c s  were d i f f e r e n t  and i n t e r -  
channel r a t i o s  a r e  no t  comparable. 

l n t e r p r e t a t  ion  o f  rad iomet r i c  r e s u l t s  on the  AGUR-ASH p roper t y  presents  some 
unusual problems because o f  the  h i g h  thor ium background, the major rad io -  
a c t i v e  1 i t h o l o g i e s  and an apparent "magmatic" c o r r e l a t i o n  between uranium 
and t h o r i  um. 

There i s  an excep t iona l l y  s t rong  c o r r e l a t i o n  between readings on the  uranium 
and thor ium channels. Th is  may be broken down f o r  c l a r i t y  i n t o  f o u r  main 
sources o f  co -va r ia t  ion: 

i )  Thorium ' s c a t t e r i n g '  
The uranium r a d i a t i o n  channel i s  d i r e c t l y  in f luenced by thor ium 
r a d i a t i o n .  Th is  may be co r rec ted  t o  o b t a i n  the counts expected 
on the uranium channel were no thor ium present ,  and the r e s u l t  
i s  termed " s t r i p p e d  uranium". I t  i s  i n  t h i s  co r rec t i on ,  how- 
ever, t h a t  problems a r i s e  i f  the  energy l e v e l  windows o f  t he  
channels a re  n o t  se t  p roper l y ,  e s p e c i a l l y  when (as here) the  
thor ium c o r r e c t i o n  i s  l a rge .  

i i )  Geometry 
Both uranium and thor ium counts increase i n  enclosed areas such 
as g u l l  i es  and decrease i n  open areas such as r idges.  

i i i )  Overburden 
Overburden i s  cons iderab ly  l ess  r a d i o a c t i v e  than the rocks i n  
t h i s  area, e s p e c i a l l y  where t h i s  i s  t ranspor ted  t i l l  r a t h e r  
than res idua l  s o i l s .  (Most o f  the  p roper t y  i s  b lanketed by 
t i l l . )  The usual  s o l u t i o n  t o  geometry and overburden problems 
i s  t o  use the  r a t i o  o f  ( s t r i p p e d )  uranium counts to those o f  
thorium, thus us ing  thor ium as a measure o f  background rad ia -  
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7. 

t i o n .  T h i s  has some drawbacks, i n c l u d i n g  t h e  s t a t i s t i c a l  
ones i n h e r e n t  i n  r a t i o s  and t h e  ease w i t h  which uranium i s  
leached from s o i l  i n  comparison to  thorium. On AGUR-ASH 
p r o p e r t y ,  however, t h e r e  i s  a f u r t h e r  c o m p l i c a t i o n  as 
f o l  lows: 

i v )  Magmatic co-var iance 
Except for e s p e c i a l l y  h i g h  t h o r i u m  i n  some o f  t h e  " f e l t e d "  
rocks,  t h e  r a t i o  o f  uranium to  t h o r i u m  i n  t h e  r a d i o a c t i v e  
s u i t e  on t h i s  p r o p e r t y  does n o t  change much w i t h  the  o v e r a l l  
r a d i o a c t i v i t y  o f  t h e  rock. A Th/U geochemical r a t i o  o f  
e i g h t  i s  common throughout .  T h i s  i s  presumably a r e f l e c t i o n  
o f  magma t i c p a r t  i t i  on i ng. 

The r e s u l t i n g  o v e r a l l  c o r r e l a t i o n  between readings i n  t h e  uranium and t h o r i u m  
channels (summer da ta)  i s  g i v e n  i n  F i g u r e  2. I n  l o o k i n g  for  p l a c e s  where 
uranium may have been s p e c i f i c a l l y  c o n c e n t r a t e d  by hydrothermal  m o b i l i z a t i o n  
( t o  which t h o r i u m  i s  l e s s  s u s c e p t i b l e ) ,  one method i s  t o  remove t h e  e f f e c t  of 
a l l  forms o f  t h o r i u m  co-var iance by s i m p l e  regress ion .  T h i s  i s  l i k e  s a y i n g  
how much more ( o r  l e s s )  uranium r a d i a t i o n  i s  found a t  each p o i n t  than i s  
expected f r o m  t h o r i u m  r a d i o a c t i v i t y  t h e r e  - g i v e n  a l l  of  t h e  r e l a t i o n s h i p s  
e x i s t i n g  between these two .  Another  approach i s  to  t a k e  t h e  r a t i o  of 
s t r i p p e d  uranium counts  t o  s t r i p p e d  potass ium counts,  thus u s i n g  potass ium 
as a background i n d i c a t o r  i n s t e a d  o f  thor ium. The computer has produced and 
p l o t t e d  these t w o  r a t i o s ,  b u t  t h e  problems o f  s l i p p i n g  windows a r e  apparent,  
and the t w o  d i f f e r e n t  surveys a r e  n o t  comparable. That  i n f o r m a t i o n  (Table I )  
i s  hence b e i n g  h e l d  for  d e t a i l e d  work as mapping progresses,  and only t h e  . 
s t r i p p e d  uranium data  and i t s  r a t i o  to  t h o r i u m  a r e  presented  ( F i g u r e  3 ) .  

I n  summary, i t  shou ld  be r e c a l l e d  t h a t  t h i s  was an a lmost  reconnaissance 
s c a l e  r a d i o m e t r i c  survey, w i t h  100 meter s t a t i o n s  on l i n e s  150 meters a p a r t .  
I t  f u l f i l l e d  most o f  t h e  o b j e c t i v e s  o f  such a survey, i n  t h a t  i t  w i l l  a s s i s t  
i n  mapping r a d i o a c t i v e  l i t h o l o g i e s  i n  areas o f  poor ou tc rop ,  and g i v e s  some 
i n d i c a t i o n  o f  where these l i t h o l o g i e s  a r e  o v e r l a i n  by t h i c k  t i l l .  The 
l i m i t a t i o n s  o f  such a survey a r e  c l e a r l y  demonstrated i n  t h a t  i t  e n t i r e l y  
missed t h e  aforement ioned r a d i o a c t i v e  zone of f e l t e d  rock  c r o s s i n g  R i d d l e  
Creek's n o r t h  f o r k ,  as w e l l  as some o t h e r  r a d i o a c t i v e  l o c a l i t i e s  known on 
t h e  western r i m  o f  t h e  lavas.  There a r e  some unexpectedly  h i g h  readings o r  
r a t i o s  i n  t h e  ds ta  which w i l l  r e q u i r e  examinat ion n e x t  year, and rmre 
d e t a i l e d  mapping may w e l l  demonstrate t h a t  i t  responded t o  t h e  areas of 
a l t e r a t i o n  i n  t h e  r e c t a n g u l a r  porphyry.  Exper ience,  however, has now shown 
t h a t  t h e  most u s e f u l  r a d i o m e t r i c  method on t h i s  p r o p e r t y  i s  c a r e f u l  and 
sys temat ic  p r o s p e c t i n g  w i t h  hand h e l d  s c i n t i l l o m e t e r s ,  search ing  fo r  
r e l a t i v e l y  smal l  zones where r a d i o a c t i v i t y  i s  h i g h  w i t h  respec t  t o  i t s  
surroundings.  

GEOCHEMI STRY 

a )  Rock Geochemi s t r y  

There i s  a s t r o n g  p o s s i b i l i t y  t h a t  t h e  R i d d l e  Creek v o l c a n i c s  s e t  some s o r t  
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o f  record  for  r a d i o a c t i v i t y  i n  e x t r u s i v e  rocks.  Accord ing  to  a recent  com- 
p i l a t i o n  by K i s h i m a r i  e t  a l ,  t h e  most u r a n i f e r o u s  f l o w s  on record  a r e  from 
I t a l y ,  where a un ique t r a c h y p h o n o l i t e  s u i t e  averages 45 ppm uranium and 
210 pprn thor ium. ( B o s t o n i t e  dykes i n  e a s t e r n  Egypt and Colorado have been 
r e p o r t e d  as c o n t a i n i n g  as much as 100 ppm uranium.) The e x a c t  uranium and 
t h o r i u m  c o n t e n t  o f  t h e  R i d d l e  Creek complex i s  not y e t  w e l l  known. Wet- 
chemical  analyses w i t h  n i t r i c - p e r c h l o r i c  a c i d  d i g e s t i o n  has g i v e n  r e s u l t s  as 
h i g h  as 90 ppm fo r  uranium and 500 ppm f o r  thor ium. Eleven samples o f  t h e  
r a d i o a c t i v e  v o l c a n i c s  which have been run  by b o t h  wet-chemical  and neutron-  
a c t i v a t i o n  a n a l y s i s ,  however, averaged 23 t imes more uranium on t h e  neut ron  
techniques. L i k e l y  t h i s  i s  a r e s u l t  of uranium (and presumably thor ium) 
b e i n g  locked i n t o  r e f r a c t o r y  minera ls ,  abundant a p a t i t e  b e i n g  the  p r i n c i p a l  
suspect. There i s  a l s o  some p o s s i b i l i t y ,  however, o f  t h o r i u m  i n t e r f e r i n g  
w i t h  n e u t r o n - a c t i v a t i o n  a n a l y s i s  for  uranium. 

Based on t h e  r e s u l t s  f r o m  l o w  energy gamma spec t romet ry ,  t h e  average from 
14 samples o f  r e c t a n g u l a r  porphyry f l o w s  ( those n o t  hydrothermal  l y  leached) 
was 50 ppm uranium and 224 ppm. The f e l t e d  t r a c h y t e s  (8 samples) averaged 
131 ppm uranium and 307 ppm thor ium. 

b )  So i 1 Geochemi s t r y  

To de termine t h e  usefu lness o f  g r i d - w i s e  s o i l  sampl ing i n  t h i s  area, t w o  
l i n e s  across t h e  p r o p e r t y  were sampled a t  50 m. i n t e r v a l s ,  and a l i n e  of 
s o i l  samples was a l s o  taken f r o m  a f a i r l y  s t e e p  bank across t h e  r a d i o a c t i v e  
zone on t h e  n o r t h  f o r k  o f  R i d d l e  Creek. The fo rmer  s e t  was analyzed by 
neut ron  a c t i v a t i o n .  Resu l ts  have been d i s a p p o i n t i n g .  Uranium values have 
responded only very  l o c a l l y  t o  t h e  r a d i o a c t i v e  zones, and weakly i n  compari- 
son t o  t h e  t r a n s p o r t e d  anomalies o f  wet,  o r g a n i c  areas. These zones a r e  
b e t t e r  seen by s o i l  thorium, b u t  i t  i s  d o u b t f u l  t h a t  t h i s  would add much 
i n f o r m a t i o n  t o  r e s u l t s  o b t a i n e d  by p r o s p e c t i n g  w i t h  hand s c i n t i l l o m e t e r s .  
I t  i s  t r u e  t h a t  t h e  uranium-thor ium r a d i o a c t i v e  zones may n o t  be t h e  most 
i n t e r e s t i n g  t a r g e t s ,  b u t  i n  v iew of t h e  g l a c i a l  overburden c o v e r i n g  most o f  
t h i s  p r o p e r t y  and t h e  known accumulat ion anomal ies,  genera l  g r i d  s o i l  
sampl i n g  i s n o t  recommended. 

c) Creek and G u l l y  Geochemistry 

A l though abundant c a l c i t e  i s  a v a i l a b l e  f r o m  amydules on t h i s  p r o p e r t y ,  
uranium w a t e r  anomalies have n o t  been encountered. I f  carbonate waters  a r e  
indeed i n v o l v e d ,  they do n o t  appear t o  be l e a c h i n g  major amounts o f  uranium. 
Labora tory  t e s t s  i n d i c a t e  t h a t  these rocks a r e  n o t  v e r y  s u s c e p t i b l e  t o  
l e a c h i n g  by carbonate s o l u t i o n s  i n  any case. I t  i s  o f  i n t e r e s t ,  however, 
t h a t  one s p r i n g  of r a d i o a c t i v e  w a t e r  (radon) was encountered, together  w i t h  
a 100 ppm uranium s i l t  anomaly to s o u t h  o f  t h e  v o l c a n i c  cover.  

S i l t  and g u l l y  s o i l  anomalies have been found i n  s e v e r a l  p a r t s  o f  t h i s  
p r o p e r t y ,  those assoc ia ted  w i t h  t h e  r a d i o a c t i v e  zone on western  r i m  o f  t h e  
flows g i v i n g  r e s u l t s  as h i g h  as 600 ppm (conf i rmed by n e u t r o n  a c t i v a t i o n ) .  
The h i g h e s t  va lues  a r e  i n  boggy, o r g a n i c  areas, and a r e  hence l i k e l - y  t rans-  
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p o r t e d  accumulat ions.  A t  one s i t e  here,  however, a smal l  s e t  o f  s o i l  
samples taken across  t h e  wet l ineament  had t h e  h i g h e s t  uranium values i n  a 
d r y  s i d e - f l a n k  sample. T h i s  i s  one a r e a  where d e t a i l e d  s o i l  sampl ing i s  
recommended, a long w i t h  g u l l y  s o i l  o r  sediment c o l l e c t i o n  on a l l  p a r t s  of 
t h e  p r o p e r t y .  C e r t a i n  l o c a l i t i e s  have a l s o  been no ted  where t h e r e  i s  s t r o n g  
r a d i o a c t i v i t y  o v e r  s o i l  i n  wh ich  n e i t h e r  uranium n o r  t h o r i u m  i s  s u f f i c i e n t l y  
r i c h  t o  e x p l a i n  t h e  o b s e r v a t i o n .  Hand- t renching i s  planned i n  these loca-  
t i o n s ,  f o l l o w e d  by radon gas measurements i f  a r a d i a t i o n  source i s  n o t  
uncovered. 

A composite o f  s i l t  samples f r o m  t h e  southwest  p a r t  o f  t h e  v o l c a n i c  marg in 
was found t o  c o n t a i n ,  i n  a d d i t i o n  t o  355 ppm uranium, anomalies o f  90 ppm 
Mo, 590 ppm Cu, 505 ppm N i ,  122 ppm Co and 1850 ppm Mu. T h i s  m u l t i -  
element anomaly suggests t h a t  uranium may be p r e s e n t  as m u l t i - m e t a l  v e i n  or 
stockwork systems, as none o f  them a r e  p a r t i c u l a r l y  concent ra ted  i n  t h e  
f lows.  

The o u t c r o p  o f  f e l t e d  rock on n o r t h  fo rk  o f  R i d d l e  Creek i s  a c t u a l l y  c u t  by 

however, and t w o  samples taken below t h i s  have v e r y  l i t t l e  uranium i n  
analyses by t h e  usual  w e t  chemical  method. 

. t h a t  creek. There i s  l i t t l e  o p p o r t u n i t y  f o r  "bog'' accumulat ions here,  
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GENERAL 

Radioactive flows, tuffs and related volcanic sediments have 
been discovered in three areas of Tertiary igneous activity 
northwest of Penticton. From the northwest, these are the 
Riddle Creek area (Agur-Ash property), the Clark property at 
Farleigh Creek and part of the Indian Reserve between Skaha and 
Shingle Creek immediately west of Penticton. The three locali- 
ties form an axis which includes the Corynell Tertiary syenite 
body at'Allendale 'Lake, if projected to the southeast. 

The Riddle Creek assemblage involves a large, radioactive trachyte 
flow with apparently co-magmatic syenite, derived tuffs and clastic 
volcanic sediments. At the other two locations, intense radio- 
activity is mainly associated with a pink-coloured deposit of 
volcanic grit, conglomerates and sandstones, together with coarse 
tuffs. The unit is likely a channel deposit lying beneath or 
within the.earliest phases of the Yellow Lake phonolite eruptives. 

In a regional sense, the Yellow Lake phonolites are the basal 
member of a major series of alkaline Eocene extrusives known as 
the Marron Formation. Most flows o f  this phonolite exhibit 
large rhombohedra1 phenocrysts of anorthoclase, and are referred 
to as "rhomb porphyries". This lithology is mildly radioactive, 
primarily due to thorium. 
described in detail by Dr. Neil Church of the B.C. Ministry of 
Mines (Geology of the White Lake Basin, Bull. No. 61, B.C. Dept. 
of Mines and Petroleum Resources, 1973) and will not be discussed 
here. 

Its petrology and chemistry has been 

Over much of its range, the Marron Volcanics are underlain by 
a coarse, cemented basal conglomerate called the Springbrook 
Formation. In the areas of the radioactive channel deposit, 
however, there is a major accumulation of light-coloured 
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pyroclastic deposits, explosion breccias, ashflows and tuffs 
which lie between the Marron and the Springbrook. These appear 
to be of rhyolitic composition, and it is at or near this abrupt 
rhyolite-phonolite transition that radioactive units occur. 

Radioactive extrusive rocks are very rare. The purpose of this 
study has been to examine closely the chemistry and petrology 
of those in the Penticton area to determine if they have other 
unusual characteristics which might assist in determining the 
source of the radioactive elements or evaluating the economic 
importance of occurrences. Information was also compiled to 
assist in the mapping and prospecting of the properties in 1978. 

The thin-section studies for this report were carried out largely 
by Dr. K. Lu and Prof. H. Shimazaki. 

RIDDLE CREEK AREA (Agur and Ash Claims) 

This large complex of radioactive volcanic rocks suffers from 
extensive overburden and is as yet poorly explored. From what 
mapping has been done, however, it appears to be the richest of 
the occurrences in both uranium and thorium, and the major rock 
types are as follows: 

(a) Syenites 
The lavas rest on basal tuffs or on granodiorite and quartz 
monzonite country rocks, except along their western boundary 
they are in contact with what appears to be co-magmatic 
syenites. This contact is one of the most radioactive zones, 
and the area of highest uranium geochemistry. Three different 
types of syenite have been observed, and these will be 
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referred to as the "granular", "porphyritic" and "boxwork" 
varieties. The first is an ordinary coarse white syenite 
with low mafic content. It weathers easily to a granular 
texture. The porphyritic style appears to have transitional 
phases to the "rectangular porphyry" trachyte flows. It 
exhibits large apatite rods in hand specimens, as well as 
anorthoclase phenocrysts which may take on a directive or 
"herring-swarm" texture. The boxwork syenites are striking 
rocks, and the most radioactive. They are mainly comprised 
of tabular anorthoclase crystals twined into a 3-directional 
lattice with many tetragonal voids. Transitional phases 
between this and the "felted trachytes" are readily observed. 

In thin section, the porphyritic syenite shows zircons and 
small sphene crystals as well as apatite. Up to 10% of 
both biotite and titanaugite may be present. The phenocrysts 
are anorthoclase, but typically have albite rims. Etching 
and staining of several specimens have shown that in some 
cases the replacement of phenocrysts by albite is almost 
complete. It also indicated that the apatite content is 
extremely variable, and may comprise as much as 5% of the 
rock. A separation of this mineral was made by the Dept. 
of Mines, and it was found to not represent the source of 
radioactivity. Some quartz is visible in thin section, 
but less than 2%. Multi-element analysis of one specimen 
showed that its composition correlated more closely with 
the rectangular porphyry flows (and with the ignimbrite 
deposit) than with the other syenites. There is also a 
strong visible resemblance to the Allendale syenite body 
located southeast of Penticton. 

The boxwork syenites were studied in some detail, in part 
because of their striking appearance, and in part because 
of their radioactivity and apparent relation to the felted 
trachytes. 
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The large laths which give this rock its graphic or boxwork 
texture are anorthoclase, and again there is a variable 
degree of albitization. Argite crystals have been converted 
to chlorite-quartz intergrowths in most cases. Sphene, 
fluorite and opaques are the main accessory minerals, with 
opaques running as high as 5%. Biotite (5 - 10%) is the 
major mafic mineral, and remains fresh despite strong 
argillic alteration in some samples. 

Gradational variation between the boxwork syenite and certain 
felted texture rocks may be seen, at least in the south- 
western contact region, where both rocks occur together 
and where the felted trachytes prove to be holocrystalline 
in thin section. Felted rocks from elsewhere on the property 
prove to be comprised largely of microlites, however, and 
their relationship to the syenites is less clear. Samples 
of all of these rocks share certain chemical similarities, 
of which the most important is their high thorium and 
uranium contents. Enrichment in lead, zinc and fluorite 
is also clear. 

The uranium content of the felted series is quite variable. 
In comparison to the other radioactive lithologies, they 
generally have higher portions of acid exchangeable uranium 
and a greater tendency toward disequilibrium between uranium 
and its daughter products. These observations suggest that 
the radioactive elements are present in a less refactory 
mode in this lithology, and thin section work has shown 
that the most radioactive specimens have, in fact, Seen 
subject to the late-stage hydrothermal alteration. 
Alteration products are variable, but include greed horn- 
blende, fluorite, quartz, opaques and zoisite. In one case 
this takes the form of veining. There may be allanite 
associated with the zoisite, but the radioactive component 
is likely dominantly with the opaque minerals, 
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It appears that the boxwork syenite was originally cooled 
as silica saturated argite syenite, and in the murky 
nomenclature of alkaline rocks might be termed a "larvikite". 
Late stage biotite formation and widespread alteration of 
the titan augites has changed the nature of most of the 
lithology. 

(b) Rectangular Porphyry Trachytes 
The term "rectangular porphyry" was adopted by Dr. Neil Church 
in 1977 to differentiate these flows from the less radio- 
active rhombic porphyry phonolites which occur to the south. 
A series of flows appears to be involved, some highly vessi- 
cular and all of a light grey colour. 

The rectangular porphyry has a silica content in the 55 - 60%, 
while the felted rocks and boxwork syenites lie in the 
60 - 65% range, and those rhombic porphyry phonolites analysed 
had less than 55%. On these grounds the rectangular porphyries 
and felted series are referred to as trachytes. 

Thin sections and potassium staining indicate that the large 
feldspar phenocrysts are anorthoclase in various stages of 
albitization. As with the Yellow Lake phonolites, the 
fresher rocks tend to have well-formed augite crystals, but 
in most areas these have been altered to some combination 
of biotite, chlorite, zoisite, and quartz. Fresh biotite 
is common, although patchy, and minor carbonate alteration 
also occurs in some areas. Apatite and opaques are the main 
accessories, although sphene and small xenotine are also 
observed. Nephaline phenocrysts occur in some specimens. 

The texture of these flows variesconsiderably, some showing 
no orientation in the microlites (unusual for flows) and 
others being extremely vuggy or amydoidal. Vesicule fillings 
include quartz, carbonate and naturolite. 
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The rectangular porphyry appears to have an average uranium 
content in the 30 - 35 ppm range, and a thorium average 
somewhat less than 200 ppm. This is much lower than the 
radioactive elements in the "felted" rock series, but the 
uranium content is an order of magnitude greater than 
encountered in the typical Yellow Lake "rhomb porphyry" 
phonolites. There were no other really striking chemical 
peculiarities observed in the rectangular porphyry series. 

(c) Trachyte Alterations 
The typical altered trachyte is mottled reddish-brown and 
yellow in hand specimen, with amber-coloured secondary biotite. 
This type is quite widespread, especially in the southern 
part of the volcanic area. Also observed are chalky rocks 
which have been thoroughly kaolinized, and vuggy breccias 
comprised of little more than the silica skeletons in which 
virtually all other elements appear to have been leached or 
replaced. 
rocks, which have not been observed yet in outcrop - 
presumably due to their low resistance to weathering. 

Apparent brecciation is common in the altered 

In thin section, these rocks show varying degrees of sili- 
cification, argillic alteration and biotitization. Hematite 
and some pyrite are also observed. It appears likely that 
the style of alteration will vary from site to site, as will 
the extent to which the radioactive elements have been 
affected. Some of the alteration zones have patchyareas of 
unusually high radioactivity, the cause of which has not 
been determined. 

One sample of the brown and yellow biotitized rock was 
included in multi-element analysis, and found to contain 
an interesting assemblage of trace elements. This included 
high levels of Mo, Cr, Mg, Ti and V. The vanadium was given 
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at 1000 ppm, which is almost two orders of magnitude above 
background, and this may be of direct importance in view 
of that element's ability to precipitate uranium from 
solution under a wide variety of conditions. Uranium 
occurs in conjunction with vanadium in most of the sand- 
stone deposits, and apparently also at the new Blizzard 
subvolcanic showing. The fact that both elements are 
involved in late-stage hydrothermal alterations provides 
another possibility for the localization of uranium. 

Most of the tuff or volcanic grit deposits have been 
altered to some extent, but those (poorly) exposed below 
the rectangular porphyry trachyte on lower Riddle Creek 
are so intensely altered that they fit better into this 
classification. A sample studied in thin section had 
originally been a lapilli tuff, but most fragments are 
almost entirely replaced by limonite and clay minerals. 
Surprisingly, a few crystals of biotite, potassium 
feldspar and even augite survived in fresh condition, 
and some of the biotite may well be a secondary hydro- 
thermal phase. Staining of samples indicates that the 
rocks are potassic in a patchy fashion, again pointing 
to hydrothermal alteration. A very peculiar blue-green 
rock was found in this area, and proved to be a pumice 
altered by an assortment of unidentified zeolites and an 
unusual blue-green stain. Similar rocks were observed on 
the Clark property, which may be of lapidary interest. 

(d) Tuffs, Grits, Conglomerates and Ignimbrites 
This varied and unusual unit appears in part at least to 
underlie stratigraphically the rectangular porphyry flows, 
but the best exposures lie beside the lavas and they may 
represent more than one horizon. They vary from classic 
ignirnbrites and chaotic "vent facies" breccias (with 
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obsidian clasts) to obviously water-laid grits and conglo- 
merates. The distinctive pink crystal grits which form 
the radioactive channels farther south are also encountered 
in this sequence. In the few places where bedding is 
visible, it is flat lying. 

The clastic rocks are mainly located east and north of the 
main volcanic sequence, and are poorly exposed. One sample 
of classic ignimbrite was observed in thin section. This 
was directly associated with the pink crystal tuffs or grits, 
which suggests that the radioactive rocks of ignimbritic 
appearance with a similar association on the Skaha Indian 
Reserve may indeed be ashflows. (This could not be demon- 
strated in thin sections from that area.) Chemically, the 
Riddle Creek ignimbrite is similar to the trachytes, although 
it lacksvisible augite. It also has a fairly strong chemical 
correlation coefficient with the apparent ignimbrite at the 
reservation. 

Most of the clastic rocks in the Riddle Creek area are 
lapilli or crystal tuffs which were at least in part water- 
laid. Clasts of trachyte, syenite, devitrified glass, 
granite, diorite and even previous tuff units are observed 
in thin section. Some are fairly porous, and others com- 
pletely sealed with a crystalline matrix of apparent hydro- 
thermal origin. Analcite pockets were observed in one 
specimen. In view of the unit's relatively high radio- 
activity and of the appearance of trachytes as clasts, it 
seems likely that it, in part at least, represents pyroclastics 
accompanying eruption of the trachytes. The striking pink 
crystals which distinguish the radioactive grits at all 
three areas remain somewhat of an enigma. In cozposition 
they a re  K-feldspars in various stages of alteration to 
albite or carbonates. The colouring is likely due to the 
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same hydrothermal alteration which caused uranium and thorium 
enrichment, as the only pink phenocrysts seen in lavas have 
been in a highly altered series on the reservation. 

An especially coarse and permeable piece of conglomerate 
float was found by Dr. Neil Church in the northern claim 
area. In addition to the wide variety of lithologies 
mentioned previously, this specimen contains clasts of a 
leucite-bearing lava. 

Leucite was also observed in a clastic rock encountered 
on the extreme southeast of the volcanic area. This is 
a very angular multilithic breccia, cemented in part by 
lapilli of volcanic glass. It appears to be a cone 
complex or vent facies. 

SKAHA RESERVATION 

The relationships between units in this area are only poorly 
known. Most of the reservation is underlain by an apparently 
normal series of the Marron Volcanics, dipping to the south. 
On the north these are underlain by a major series of white 
rhyolites and rhyolite tuffs, which appear to be co-magmatic 
with the Shingle Creek intrusive - an unusual granite with 
very large K-feldspar crystals which outcrops in adjacent 
Shingle Creek Valley. The tuffs locally form a boulder conglo- 
merate which is mapped as part of the Springbrook Formation. 
Only one small radioactive zone has been observed i n  these tuffs, 
and that was at their base. 

The major radioactive unit in this area is largely of pink or 
pink and green colouration, and is comprised of tuffs, grits 
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and volcanic sandstones, Textures vary from eutaxitic to clearly 
water-laid bedding, and from coarse clastics to fine ash. It 
appears to lie stratigraphically between the rhyolite tuffs and 
the lowest member of the Marron Volcanics, which is the Yellow 
Lake phonolite. The relationships are not as yet clear, however, 
and have been complicated by dacite dikes and by large bodies 
of intensely altered pink volcanic rocks. 

(a) The Rhyolites 
These are nondescript white quartz porphyry tuffs, although 
they locally contain K-feldspar phenocryst fragments similar 
to those of the Shingle Creek Intrusive, The tuffs appear 
to have filled in an irregular terrain (in part as matrix 
to a boulder conglomerate) and do not seem to be involved 
in the steep but local northward dip of the later rocks. 

Thin sections suggest that the lower members of these tuffs 
are less siliceous and comprised of clasts of dacite or 
rhyodacite lavas. There is a wider variety of clasts here, 
and also some calcite and muscovite alterations. Minor 
amounts of radioactivity have been observed in this basal 
unit. 

A sample of rhyolite tuff submitted for multi-element 
analysis had a high silica content (over 70%) and surprisingly 
little potassium, but otherwise there were no chemical 
peculiarities. 

(b) Pink Tuff and Clastic Unit 
The strong radioactivity of these rocks is apparent in the 
average of 65  ppm uranium and in excess of 300 ppm thorium 
from samples analysed by both delayed neutron activitation 
and gamma spectrometry. Thin section and staining have 
indicated a wide range in composition as well as texture, 
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despite the apparent thin nature of the unit. Rhyolite or 
quartzose fragments are absent in some sections, yet form 
a major portion of others. Some appear to be lapilli tuffs 
of a single composition, while others are multilithic 
breccias which include syenite and granitic clasts. Some 
are water-laid, while others appear to be air-fall tuffs 
or even ashflows. 

The pink crystals are K-feldspars and albite, as noted in 
the Riddle Creek area, but almost all of the clastic rocks 
in the reservation occurrence have undergone moderate to 
strong lateration. The most common clasts are of microlite 
lavas with feldspar, augite and biotite phenocrysts. The 
alteration is dominated by muscovite (sericite), quartz, 
carbonate and epidote, with some indication that the aerial 
tuffs tend toward sericitization while quartz-carbonate 
alteration marks the water-laid grits. The most radioactive 
rocks have undergone what appears in thin section to be an 
addition of epidote or zoisite, accompanied by lesser amounts 
of quartz, carbonate, fluorite and opaque minerals. This is 
quite similar to alteration affecting the most radioactive 
felted trachytes at Riddle Creek, and again there is the 
possibility that some of the zoisite is in face secondary 
allanite. One expecially instructive specimen showed clasts 
or lapilli of different rocks with different alterations 
(sericite, argillite, quartz-carbonate), but they had all 
undergone a zoisite-fluorite alteration during a presumably 
later, post-depositional, hydrothermal stage. 

Two samples from this unit were submitted for multi-element 
analysis, The first was a multilithic water-laid grit with 
zoisite-fluorite alteration. Chemically this correlated 
quite closely with the felted and porphyritic syenites and 
ignimbrite of Riddle Creek, and it was also similar to 
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radioactive pink grit of the Clark property. It was not, 
however, particularly close to the composition of the other 
specimen from its own unit, which was an airfall tuff or 
ashflow with muscovite, carbonate, quartz, zoisite and 
fluorite alteration products. In hand specimen the epidote 
alteration takes on a cellular pattern. Its most striking 
feature in thin sections, however, was crystals with the 
optical properties of clear, red corundum - i.e. ruby. 

Chemically, this sample did not particularly closely resemble 
anything else, its most striking feature being a 6.2% 
fluorine content, coupled with high lead and zinc values. 
Its closest relatives chemically are again the ignimbrites 
and trachytes at Riddle Creek, 

(c) Altered Flows 
To the north of the major radioactive showing on the Skaha 
Reservation there is a similar series of tuffs and grits 
which are moderately radioactive and which are associated 
with moderately radioactive pink, altered volcanics, rather 
than the rhyolites. In this area there is also a major 
zone of orange to pink highly altered volcanics which appear 
to be an alteration belt of some sort. In view of the 
possible connection between these volcanic rocks and the 
radioactive pink tuffs, a sample of both alterations was 
examined in thin section and through multi-element analysis. 

The lava directly associated with the tuffs and grits was 
almost entirely destroyed by carbonate alteration, with 
little more than some of the albite crystals remaining. 
There was also considerable hematite, suggesting that the 
altering solutions were oxidizing, and u n u s u a l  amounts of 
a p a t i t e  were observed. The sample from the main alteration 
belt w a s  quite similar, with almost complete carbonate 
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alteration (no quartz) and high apatite content. More 
sericite was involved in this case and augite was still 
recognizable. There was also texture suggesting a late 
stage cataclasis or stress. Chemically, both rocks had 
similar compositions, being of roughly 4 6 %  silica and 
having unusually high levels of such elements as Fe, Cr, 
Ni, Co, Ag, Ba, Sr and P. This assemblage makes them 
correlate closely with the Yellow Lake (rhombic porphyry) 
phonolites rather than with the trachytes or radioactive 
tuffs. The altered lavas probably'underl'ie the radioactive 
sediments, and may be equivalent to the phonolites which 
appear to underlie the radioactive grits on Clark property 
as well. More work is required in both areas to determine 
the volcanic sequence. 

CLARK PROPERTY 

In this area a major sequence of classic rhombic porphyry phono- 
lites of the Yellow Lake member overlie a complex of non-radioactive 
rhyolite tuffs and breccias. This complex appears to include a 
variety of lithologies, including ignimbrite, and it in turn 
overlies a variable thickness of the Springbrook conglomerate. 
The basement rock in this area is normal granitic country rock 
in some places, but under much of the extrusive sequence there 
is an unusual body of pink aplite or a coarser grained pink 
alaskite. 

Radioactive grits form what appears to be a large channel deposit 
within an otherwise grey bed of tuffs and sandstones. In places 
this bed appears to lie between the phonolitic sequence and under- 
lying explosive rhyolite deposits. Elsewhere, however, the tuffs 
and sandstones occur between volcanic flows. There may be inore 
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than one horizon involved. Thin section work has not been as 
extensive on this property as for the other two occurrences, 
due to the complexity of the rocks and the lower uranium contents. 

(a) Springbrook Formation 
This is dominantly a multilithic cobble conglomerate with 
very l o w  porosity (due to silica cementation), and also of 
low radioactivity. The cobbles are largely of granites, 
cherts and greenstones in this area. It is a cliff-forming 
unit of irregular thickness. 

In the northern portion of the Clark claims the Springbrook 
is typically fine grained, being dominantly a sandstone or 
grit, and hence more applicable to thin-section study. 
This showed that the clasts themselves had undergone a 
wide variety of alterations, including the carbonate, kaolin 
and sericite varieties. Much of the matrix was argillic, 
but the rock as a whole had undergone a hydrothermal altera- 
tion phase, which caused silicification and kaolinization 
of the matrix and chloritication of some of the clast rims. 

(b) Altered Rhyolites and Breccia Sequence 
This highly varied rock group is dominantly of red and white 
colouration and includes flows, ignimbrite, tuffs and 
explosive breccias. Some are, in fact, rhyolite grits 
similar to those of the Indian Reservation, but others 
were found to contain nephaline instead of quartz. One 
minor block flow contains leucite. por the most part, 
however, these rocks have been so thoroughly destroyed by 
quartz-carbonate alterations that it is difficult to deter- 
mine the original composition. This area was likely close 
to the source of explosive volcanism. One classic multi- 
lithic breccia appears (in thin section) to have been 
shattered by two explosive events, the first followed by 
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silicification and the second by carbonate alteration. Fresh 
biotite occurs in many of the specimens, and potassic altera- 
tion may be seen in stained specimens. The red and brown 
colours of many of these lithologies is due to extensive 
hematite which accompanies the other alterations. 

This sequence lies directly over the basement granite or 
aplites in some places, and includes these rocks in some 
of its breccias. The only radioactive zone discovered in 
this lithology was near such a basal contact and was due 
almost entirely to thorium. 

Radioactive Pink Grit 
Only two samples of this rock were examined in thin section, 
as most of its occurrences on the Clark property were not 
discovered until this spring. As with the other pink grits, 
it is comprised of clasts of microlite lava mixed with 
crystals of K-feldspar and albite. Quartz crystals are 
rare, although there has been some silicification of the 
matrix. Fresh biotite is common, and pyrite more common 
than in other occurrences. Hematite dust is widespread 
in the unit. 

The grits appear to comprise one or more large channel de- 
posits in a moderately radioactive bed of shaley tuffs and 
volcanic sandstones. This unit is almost flat lying (dip 
slightly to west) and in some areas at least occurs between 
phonolite flows rather than under that sequence. More work 
is required to determine the stratigraphy here. Near the 
grid base station there is a large area of brown, moderately 
radioactive alteration of tuffs and flows adjslcent to 
(largely underneath) the channel. 
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The uranium values from Clark samples have not been encouraging 
to date, although one case showed substantial enrichment of 
uranium daughter products. Other small radioactive zones 
have also been encountered on the-property, including one in 
the aplite, a thorium-rich lamprophyre dike, and two zones 
adjacent to major dacite dykes. 

GENERAL GEOCHEMISTRY 

Uranium and thorium analyses for various rocks are given in the 
accompanying table. Wide differences may be observed between 
the results from different laboratories and methods. In part 
this reflects continuing inter-laboratory discrepancies and a 
general lack of reproducibility for analyses of these elements. 
It should also be remembered, however, that the Min-En results are 
based on leaching procedures which do not extract 100% of the 
elements. Furthermore, in some cases different pieces of the 
specimen were involved in the different analyses. 

The degree of disequilibrium between uranium and its daughter 
products is extremely variable. It would appear that in general 
uranium is more easily leached than its daughter products in 
surface exposures of radioactive lavas and syenites, while the 
reverse is true for the channel grits. The extreme daughter 
excess in FM54 involves a seep, and may represent radium accumu- 
lation. The generally lower values of Pb as compared to 
radium are presumably due to escape of the intermediate radon 
during pulverization. 

The multi-element analysis failed to show any really distinctive 
assemblage of elements associated with uranium and thorium in 



- i a  - 

these rocks. Most of the strongest correlations with uranium 
for  the 22 volcanic samples analyses for 18 elements were negative 
correlations and represented elements closely associated with 
the phonolitic influence (Cr, P, V, Mg, Ti, A l ,  Ba and Sr). The 
elements having the closest overall positive correlation with 
uranium are Zn (-69) , Be ( . 4 0 )  , K ( - 4 6 )  , Pb (.37) and fluorine 
(-31). Of these, the lead and the fluorine are associated more 
directly with the acid exchangeable portion of the uranium. 

30 May 1978 



ADDENDUM - JUNE 1978 

Between writing and release of this report, several new pieces 
of 
in 

1. 

2. 

3 .  

data have been received of interest. These are presented 
list form. 

An electron microprobe scan by The B.C. Ministry of Mines 
was made on a sample of the radioactive felted trachyte. 
This showed that uranium occurs in conjunction with 
manganese? strengthening the belief that uranium is asso- 
ciated with the opaque minerals deposited hydrothermally. 
More of this is planned. 

D r .  N. Church of The B.C. Ministry of Mines further reported 
that a tuff sample taken from below the rectangular porphyry 
trachytes on the Agur-Ash property had been hydrothermally 
converted to as high as 40% zeolites. This is especially . 
interesting in view of the role of zeolites in Japan in 
trapping uranium. 

In view of the fact that radioactive elements associated 
with alkaline rocks in some areas (Brazil for example) are 
located in zircons, zirconium analyses were ordered with 
the multi-element work. The results did not arrive until 
after the report was completed, but only one rock (a felted 
trachyte) had anomalous quantities. Zircon crystals were 
not commonly met in thin section, either, and pleochroic 
halos in biotite were not observed. - 
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4. A larger number of rocks have now been examined by low 
energy gamma spectrometry, largely due to spring mapping. 
This grids an average of 50 ppm uranium and 224 ppm thorium 
for the 14 samples of rectangular.trachyte flows (those 
not hydrothermally leached). The eight felted trachyte 
specimens average 131 ppm uranium and 307 ppm thorium, 
while five boxwork syenites averaged 55 ppm uranium and 
316 ppm thorium. These rocks tended to have fairly large 
disequilibrium coefficients, presumably due to leaching 

' of uranium daughter products. 

5 .  This spring, a rectangular porphyry trachyte dyke was 
observed cutting rhomb porphyry phonolite (Yellow Lake 
Unit) flows on the northeastern Agur-Ash property. As 

with the radioactive grit channels, the radioactive 
trachyte now appears to postdate at least the earliest 
phonolite volcanism. 



TABLE I 

RID 1 

1 A  

2 

3 

1 7  

17B 

2 1  

23  

24 

26 

58  

60 

6 1  

64 

65  

70 

79 

81 

82 

AGUR-ASH PROPERTY 

Rect. porph. flow 
Alt. lapilli tuff 

Rect. porph. flow 

Felted trachyte 

Porph. syenite 

Porph. syenite 

Felted trachyte 

Alt. zone 

Felted trachyte 

Coarse syenite 

Rect. porph. trachyte 

Rect, porph. trachyte 

Rect. porph. trachyte 

Rect. porph. trachyte 

Altered trachyte prophry 

Rhomb porph. ? 

Rect. porph., carbonatized 

Rect. porph., carbonarized 
Leached zone - silicified 

P.P.M. URANIUM 

Neutron Min-En Min-En Gamma 
Activ. 1978 1977 Spec. 

27.0 47 

19 .5  

27 

120  90 

12.0 8.5 

7.5 

74.2 53 

5.0 

115 5 3  

5 .0  

25.8 

1 7  

11.5 

21.4 

2.5 

38 

34 

23  

174  

1 6  

1 9  

7 3  

24 

1 3 0  

1 2  

39 

4 3  

42 

47 

50  

2 3  

6 3  

44 

URANIUM 
EQUIVALENT 

P.P.M. 
THORIUM 

Pb2I4  Radium 

33 
18 

1 4  

9 8  

13  

22 

41  

1 5  

6 3  

10 

20 

18 

28 

1 4  

1 4  

1 7  

18 

27 

9 

27 

20 

2 1  

132 

1 9  

26 

53 

23  

64 

1 2  

24 

25 

33 

1 9  

1 4  

20 

24 

26 

11 

Gamma 
Min-En Spec. 

1 3 5  

20 

2 1  

375 

98  

72 

290 

285 

42 

1 0 5  

27 

1 9  1 

111 

101 

440 

65  

100 

360 

72 

511 

60 

131 

1 4 1  

157  

135 

1 2 1  

1 4 3  

374 

138 

100 



AGUR-ASH PROPERTY P.P.M. URANIUM 
URANIUM 
EQUIVALENT 

P .P .M. 
THORIUM 

RID 82A 

87 

89 
94B 

9 6A 

96B 
97 

10 7 
107A 

110 

111 

l l l A  

lllB 

113 

115 

117 

120 
15 7 

157A 

158 

163 
165 

Leached zone - silicified 
Analcite tuff, trach. clasts 

Ignimb r it e 

Vent facies phonolite tuff 

Multilithic breccia 

Banded volc. sstne. 

Daci te 

Vent facies breccia 

Vent facies breccia 

Rhomb porph. phonolite 

Altered flows 

Altered flows 

Altered trachyte 

Altered trachyte 

Trachyte-biotite alteration 

Granular syenite 

Rect. porphyry trachyte 

Boxwork syenite 

Fine porphyry syenite 

Boxwork syenite 

Boxwork syenite 

Boxwork syenite 

Neutron Min-En Min-En Gamma 
Activ. 1978 1977 Spec. 

12.0 

27.0 

7.5 

4.2 

6.4 

2.5 

2.5 

12.5 

17.5 

8.0 

4.0 
5.0 
21 
20 

25 

8 

71 

36 

56 

58 

7 
20 

22 

19 

29 
21 

42 

33 

30 

13 

63 

53 

16 

69 

17 
82 

Pb214 Radium 

7 

30 

20 

10 

29 

32 

7 

13 

26 

13 

10 

13 
16 

26 

7 

15 
23 

40 
17 

31 

21 

29 

8 
33 
22 

8 

36 

34 

9 

15 

30 

11 

10 
11 

24 

25 

15 

18 

18 
50 

27 

39 

51 
40 

Gamma 
Min-En Spec. 

25 63 

280 

164 

10 24 

186 

223 

44 
30 

14 3 

79 

119 

27 134 

100 

138 

61 

75 
285 

47 219 

61 91 

210 374 

300 323 
286 290 



RID 166 

166A 

16 7 
173 

THOR 

THGL 

THX 

ZAP Q 

ZAPL 

TH6 

BR 5 

BR 5B 

56 

59 
59B 

59x 
FM 11 

14 

AGUR-ASH PROPERTl 

Rect. porphry trachyte 

Felted trachyte 

Pink felted trachyte 
Altered fine BW syenite 

Thor zone trachyte 

Thor zone trachyte 

Thor zone trachyte 

Felted trachyte 

Felted trachy te 
Trachyte dyke 

CLARK PROPERTY 

Volc. sstne.- dam area 

Volc. sstne. - dam area 
r/a aplite zone 
Tuff-grit, lake zone 

Tuff-grit, lake zone 

Tuff-grit, lake zone 

Qtz.-carb. alt. lapilli tuff 
Nephaline phonolite 

P.P.M. URANIUM 
~~ 

Neutron Min-En Min-En Gamma 
Activ. 1978 1977 Spec. 

34 

112 33 

40 53 

30 81 
50 122 

20 53 

70 

123 

109 

55 
50 155 

52 

4.0 15.5 

32.5 
8.0 

13.0 

12.5 
2.2 

3.4 

76 

33 

URANIUM 
EQUIVALENT 

Pb 214 

43 

35 

63 

19 

38 

36 

52 

107 
20 

Radium 

51 

47 

77 

23 
44 
39 

69 

111 
24 

31 41 
17 20 

3 

5 

P.P.M. 
THORIUM 

Gamma 
Min-En Spec. 

300 453 

286 340 

510 576 

334 372 
460 
353 

363 

231 
499 
162 

163 

98 105 

29 

54 



FM 21 

30 

50 

5 OA 

51A 

5 3  

54 

62 

75 

75A 

I R  2 

9 

11 

1 2  

1 4  

I R Q  

I R - I G  

CLARK PROPERTY 

Phonol i  t e  

Springbrook g r i t  

T u f f - g r i t ,  b a s e  zone 

Tuf f - g r i t  , b a s e  zone 

T u f f - g r i t ,  b a s e  zone 

A l t e r e d  t u f f  

D a c i t e  r i m  r / a  zone 

Roadside r / a  dyke 

Lake zone t u f f  

Lake zone g r i t  

RESERVATION AREA 

R h y o l i t e  t u f f  

P ink  t u f f  

Volcanic  g r i t  

Volcanic  g r i t  

" C e l l u l a r "  t u f f  - p i n k  

Volcanic  g r i t  

P ink  t u f f  

P.P.M. U R A N I U M  

Neutron Min-En Min-En Gamma 
Act iv .  1978 1977 Spec. 

3.4 5 

1 .2  9 

23 

2 1  

65 

13 

1 6  

24 

105 

157 

4.5 

63.4 20.5 

65.5 24.5 

65.2 26.5 

57.6 23.5 

89.6 32.5 

20.0 

URANIUM 
EQUIVALENT 

Pb214 

4 

3 

8 

4 

50 

78 

13 

11 

48 

47 

Radium 

a 
6 

11 

9 

60 

92 

1 2  

1 6  

6 1  

52 

4 4 

58 37 39 

50 31 33 

105 37 36 

49 36 4 1  

85 40 39 

104 45 49 

P.P.M. 
THORIUM 

Gamma 
Min-En Spec. 

30 

1 9  

73 

17 

104 

54 

6 1  

127 

313 

380 

22 32 

79 304 

165 313 

155 337 

88 304 

79 331 

346 



SR 2 

11 

1 4 A  

1 5  

19  

21 

A N I G  

YLK 

ADA 

TDI 

RESERVATION AREA 

R h y o l i t e  t u f f  

Ca rbona t i zed  l a v a  

" C e l l u l a r "  t u f f  - p i n k  

A l t e r e d  rhomb porphyry 

L i g h t  c r y s t a l  t u f f  

Ca rbona t i zed  l a v a  

OTHER AREAS 

Summerland i g n i m b r i t e  

Yellow Lake p h o n o l i t e  

A l l e n d a l e  s y t e n i t e  

Carbon-chip g r i t  

P.P.M. URANIUM 

Neutron Min-En Min-En Gamma 
Ac t iv .  1978 1977 Spec. 

20.0 

2.0 

31.6 

1 2  

82 

29 

70 

5.0 9 

URANIUM 
EQUIVALENT 

Pb2I4  Radium 

9 11 

44 55 

19  21 

33 4 1  

9 1 0  

1 2  5 

4.0 3 3 .  3 

18 18 24 

96 32 47 

P . P .I1 . 
THORIUM 

Gamma 
Min-En Spec. 

59 

267 

52 

324 

69 

29 

22 50 

105 

297 

N.B. Some a n a l y s e s  are  from d i f f e r e n t  c h i p s  of  same specimen 
and t h e r e f o r e  n o t  d i r e c t l y  comparable.  






