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INTRODUCTION 

During t h e  1984 uranium r e c o n n a i s s a n c e  program conducted 
by CEGB E x p l o r a t i o n  (Canada) Ltd. ,  i n  t h e  Benne t t  Lake a r e a  o f  
t h e  s o u t h  c e n t r a l  Yukon, approx imate ly  20 weakly r a d i o a c t i v e  
b o u l d e r s  were d i s c o v e r e d  n e a r  t h e  headwaters  o f  MacAuley and 
Boude t t e  Creeks.  Limi ted  rock c h i p  geochemical  sampl ing  
r e v e a l e d  uranium a s s a y  r e s u l t s  up t o  0.113 p e r c e n t  U308 i n  
a c i d  t o  i n t e r m e d i a t e  b r e c c i a t e d  v o l c a n i c  rocks  w i t h i n  t h e  
Benne t t  Lake c a u l d e r a  complex. T h i s  r e p o r t  documents 
geochemical  s t u d i e s  c a r r i e d  o u t  on t h e  r a d i o a c t i v e  b o u l d e r s  
and t h e  r e s u l t s  of  fol low-up d e t a i l e d  ground r a d i o m e t r i c  
p r o s p e c t i n g  c a r r i e d  o u t  o v e r  t h e  p r o p e r t y  between August 20, 
1984 and J u l y  25, 1985. 

I1 LOCATION AND ACCESS (See F i g u r e s  1 and 2 )  

The Matt 1-20 m i n e r a l  c l a i m s  a r e  s i t u a t e d  approx imate ly  
f o u r  m i l e s  due e a s t  of  Mount MacAuley a t  t h e  headwate r s  o f  
Boude t t e  and MacAuley Creeks  a d j a c e n t  t o  t h e  Yukon-Bri t ish 
Columbia boundary w i t h i n  NTS 105 D-3 West. C h a r t e r  h e l i c o p t e r  
s e r v i c e  from Whitehorse,  a p p r o x i m a t e l y  50 m i l e s  t o  t h e  n o r t h ,  
p r o v i d e s  t h e  e a s i e s t  a c c e s s  t o  t h e  a r e a .  S u p p l i e s  and 
p e r s o n n e l  may be  t r a n s p o r t e d  w i t h i n  1 2  m i l e s  o f  t h e  a r e a  v i a  a  
f o u r  wheel d r i v e  road from t h e  s e t t l e m e n t  o f  Robinson sou th -  
west  a l o n g  t h e  Weaton River  t o  Skukum Creek. 

I11 LAND STATUS (See F i g u r e  3 )  

Twenty con t iguous  m i n e r a l  c l a i m s  (Matt  1 - 20) were 
a c q u i r e d  by s t a k i n g  on J u l y  31, 1984. These  c l a i m s  were 
recorded  a t  t h e  o f f i c e  o f  t h e  Mining Recorder  on August 1 6  and 
metal g r a n t  t a g s  w i t h  s e r i a l  numbers YA 82715 - YA 82734 
i n c l u s i v e  were i s s u e d  f o r  e a c h  c la im.  These t a g s  were a f f i x e d  
t o  e a c h  p o s t  on J u l y  1 5 ,  1985 a c c o r d i n g  t o  t h e  sequence  shown 
i n  F i g u r e  3. 

IV REGIONAL GEOLOGY (See Maps 1 and 2 )  

The Bennet t  Lake c a l d e r a  complex was mapped i n  d e t a i l  by 
l a m b e r t  o f  t h e  Geo log ica l  Survey o f  Canada a t  a  s c a l e  of  
1:25,000 d u r i n g  1967 and 1968. T h i s  complex is Eocene i n  age  
and c o n s i s t s  mainly o f  r h y o l i t e  t o  d a c i t e  ash-f low t u f f s  and 
b r e c c i a s  which a r e  d e p o s i t e d  on g r a n i t i c  r o c k s  o f  t h e  Coas t  
P l u t o n i c  Complex. A s i m p l i f i e d  d e s c r i p t i o n  o f  l i t h o l o g i e s  
found i n  t h e  Bennet t  Lake Complex is shown i n  T a b l e  1. 
According t o  L a m b e r t t s  r e p o r t ,  t h e  s t r u c t u r e  o f  t h e  complex 
c o n s i s t s  o f  two n e s t e d  c a u l d r o n s ,  a  c e n t r a l  dome, c o n c e n t r i c  
and r a d i a l  f r a c t u r e  sys tems and a s u b - e l l i p t i c a l  r h y o l i t e  r i n g  
dyke c o v e r i n g  an a r e a  30 km by 19 km. 
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Table 1 

Geolosical Column, Bennett Lake C o u  
_(after Tlambert, 1968) 

Unit Number (as on Map 2) 

QUATERNARY 
Pleistocene and Recent: 

Coluvium, alluvium 
Glacial deposits 

TERTIARY-EOCENE 

Rhyolite-basalt dykes and sills 
Rhyolite ring dykes 

Skukum Group: 

Boudette Creek Formation: ignimbrite, tuff 
Crozier Tuffs and Lavas: ignimbrite, volcanic 
breccia 
Crozier Breccias: volcanic and granite fragment 
breccias 
Jones Creek Formation: rhyolite, tuff, 
ignimbrite 
Lemieux Creek Formation: boulder conglomerate, 
minor sandstone, tuff 
MacAuley Creek Formation: ignimbrite, volcanic 
breccia 
Gault Formation: boulder conglomerate, 
sandstone, siltstone, tuff 
Cleft Mountain Formation: lithic and feldspar 
wacke, tuff 
Partridge Lake Formation: lithic and feldspar 
wacke, tuff 

CRETACEOUS AND TERTIARX 
Coast Plutonic Complex: 
(Paleocene ( 3 )  or Earlier) 

Leucocratic granite 
(Upper Cretaceous or Lower Tertiary) 
Hornblende-biotite-quartz monzonite 
Hornblende and biotite-hornblende granodiorite 

PALEOZOIC OR OLDER 
Yukon Group: 

Quartzite, mica schist, gneiss 



V LOCAL GEOLOGY (See Map 3 )  

The o l d e s t  rocks exposed on t h e  Matt c l a ims  c o n s i s t  of  a 
smal l  block of  Yukon Group b i o t i t e  s c h i s t  (Uni t  1) which was 
encountered a long t h e  nor thern  edge of MacAuley Creek. Upper 
Cretaceous b i o t i t e  g r a n o d i o r i t e  (Uni t  3a)  of t h e  Coast  
P lu ton ic  Complex is exposed a long a narrow nor th-south 
t rending  band near  t h e  west c e n t r a l  p o r t i o n  of  t h e  p rope r ty  
and is l a r g e l y  obscured by a l luvium and g l a c i a l l y  t r a n s p o r t e d  
boulders  t o  t h e  west. The i n t r u s i v e  rocks a r e  i n t e n s e l y  
f r a c t u r e d  and b r e c c i a t e d  ad j acen t  t o  t h e  r h y o l i t e  r i n g  dyke 
(Uni t  1 4 ) .  The P a r t r i d g e  Lake Formation t u f f s  and vo lcan ic  
b r e c c i a s  (Uni t  5 )  and t h e  MacAuley Creek Formation ign imbr i t e s  
(Unit  8 )  occupy t h e  c e n t r a l  p o r t i o n  of t h e  p rope r ty  and a r e  
o v e r l a i n  by g r a n i t i c  boulder conglomerates and t u f f  b r e c c i a s  
of t h e  Lemieux Creek Formation (Uni t  9 ) .  The youngest rocks  
mapped on t h e  p rope r ty  a r e  r h y o l i t e  dykes (Un i t s  1 4  and 15 )  
which a r e  be l ieved  t o  r ep re sen t  t h e  margins of t h e  i n n e r  
ca lde ra .  

Rock exposure is l e s s  than t e n  pe rcen t  over t h e  western  
t h i r d  of t h e  p rope r ty  due t o  g l a c i a l  overburden,  a l luv ium and 
snow cover on t h e  n o r t h  f ac ing  s lopes .  Ta lus  s l o p e s  and 
a l luvium tend  t o  mask r e c e s s i v e  u n i t s  a long t h e  v a l l e y  bottoms 
bu t  a t  h igher  e l e v a t i o n s  exposure is  g r e a t e r  than  60 pe rcen t .  

The dominant s t r u c t u r a l  t r e n d  is approximately  170 
degrees .  Linear  t r e n d s  dep ic t ed  on a i rphotographs  were con- 
firmed dur ing  g e o l o g i c a l  i n v e s t i g a t i o n s  as major j o i n t s  and 
f a u l t s  which a r e  o f t e n  in t ruded  by r h y o l i t e  dykes. 

Mineral ized b r e c c i a t e d  vo lcan ic  boulders  examined a long 
t h e  n o r t h  f a c i n g  s l o p e  j u s t  west o f  t h e  nor th-south t r e n d i n g  
r h y o l i t e  dyke have no t  been found i n  ou tc rop  t o  d a t e .  These 
boulders  have n o t  been ass igned t o  a p a r t i c u l a r  u n i t  a t  t h e  
time of  w r i t i n g ,  

V I  1984-85 WORK PROGRAM 

The fo l lowing  personnel  p a r t i c i p a t e d  i n  t h e  1984-85 
p r o j e c t  on t h e  Matt c la ims:  

1. Terry  Turner - P r o j e c t  Geologis t  ( J u l y  15-18, 1985) 
27 Rundleson Way NE 
Calgary,  A lbe r t a ,  T ~ Y  3H7 

2, Sam Amukun - Geologis t  (May 10-19, J u l y  15-18, 1985) 
44 S h o o t f i e l d  Crescen t  
Agincourt ,  Ontar io ,  M1S 4E2 



Denis Yaychuk - Geologist (July 15-18, 1985) 
3931 Parkdale Road 
Saskatoon, Saskatchewan, S7H 5B3 

Tom Bojczyszyn - Geologist (July 15-18, 1985) 
231 - 18 Avenue NE 
Calgary, Alberta, T2E 1N3 

Paul MacDougall - Geologist (July 15-18, 1985) 
2 Harbourview Drive 
Sidney Mines, Nova Scotia, BlV 3A1 

Bob McPherson - Geologist (July 15-18, 1985) 
326 Point McKay Gardens NW 
Calgary, Alberta, T3B 4V8 

During the 1984 field season, ground radiometric prospect- 
ing supplemented by rock and stream sediment geochemistry was 
concentrated in unstaked areas near the headwaters of MacAuley 
and Boudette Creeks. A total of 35 stream sediment samples 
were collected; the results ranged from 1.4 ppm to 124.8 ppm 
u308 Two anomalous samples (124.8 ppm and 83.2 ppm) are 
situated along the tributaries of Boudette Creek. On a gently 
north-sloping ridge (Turmoil Ridge), approximately 20 radio- 
active boulders were encountered along a 14a0 trend over a 
distance of 300 m during the course of prospecting near the 
MacAuley Creek headwater. The boulders appear to lie just 
west of a north-south trending rhyolite ring dyke near the 
margins of the inner caldera as outlined by Lambert. Samples 
from the radioactive boulders were sent to Vancouver 
Petrographics for autoradiographs and thin section studies 
(see Appendix 1). 

Detailed laboratory studies were carried out by S. Amukun 
and a report on this work is presented in Appendix 2. This 
work includes geochemical analyses by X-Ray Laboratories 
Limited in Toronto. 

Between July 15-19, 1985 detailed radiometric prospecting, 
mapping and rock chip sampling was concentrated on the ridge 
where radioactive boulders were discovered during the 1984 
field season. EDA GRS 400 differentiating spectrometers were 
utilized during the radiometric survey. A 173 degree trending 
baseline was established by erecting cairns at 90 metre inter- 
vals along the determined strike of the radioactive boulders. 
These boulders were spray painted, examined radiometrically 
and surveyed into the baseline by topofil and compass, Grid 
coordinates and descriptions of 28 radioactive boulders are 
shown in Table 2. Radiometric backgrounds for the various 
rock types encountered during prospecting and mapping have 
been documented in Table 3. Detailed mapping over the entire 
ridge was restricted due to sixty percent snow cover. This 
program will be continued during mid-August. 



Table 2 

Radioactive Boulder S-. Matt Grid 

Boulder Grid Radiometric Bag Description 
Number Location a lc~s) Count (cws) 

1 0+90 N, 1,000 400 dacitic,quartz-feldspar 
0+4.5w porphyry dyke, angular, 

8cmx9cm 

2 0+70 N, 1,350 350 light weathering, dark 
0+7.7 W grey, volcanic breccia, 

sub-angular, 9cmx7cm 

light weathering, dark 
grey, volcanic breccia, 
40cmx30cm, angular 

dark grey volcanic 
breccia, angular, 23cmx 
25cm 

light weathering, 
volcanic breccia, 
chlorite streaks, 18cmx 
30cm, angular 

very dark grey, light 
weathering brecciated 
volcanic with secondary 
uranium on fractures, 
8cmx9cm, angular 

vuggy, volcanic breccia 
with limonite stains, 
18cmx20cm, angular 

light grey volcanic 
breccia, limonite 
stains, 23cmx19cm 

rhyolitic volcanic 
breccia, limonite and 
magnagese stain 

rhyolite, minor sul- 
phides, 33cmx26cm, sub- 
angular 



Boulder  G r i d  R a d i o m e t r i c  Bag D e s c r i p t i o n  
Numb_er L o c a t  i o n  ~e-s 1 Count  ( c p s  1 

11 0+50 N,  1 ,100 350 r h y o l i t e ,  p y r i t e ,  l imon- 
0+3.8 W i t e  s t a i n e d ,  15cmx28cm, 

well j o i n t e d ,  s u b a n g u l a r  

1 2  0+50 N ,  1 ,400  275 b r e c c i a t e d  r h y o l i t e ,  
0+5,3 W l i m o n i t e  s t a i n s ,  mangan- 

ese, s u b a n g u l a r ,  33cmx 
33cm 

1 3  0+40 N ,  5 ,000 740 b r e c c i a t e d ,  d a r k  g r e y  
0+1.1 W v o l c a n i c ,  s e c o n d a r y  

uranium, p u r p l e  f l u o r -  
i t e ,  25cmx36cm, sub-  
a n g u l a r  

1 4  0+30 N ,  1 ,200  240 s i l i c i f i e d  r h y o l i t e ,  
0+5,2 W s u b c o n c h o i d a l  f r a c t u r e s ,  

15cmx20cm, a n g u l a r  

1 5  0+20 N,  1 ,000  - 250 w e l l  j o i n t e d ,  b r e c c i a t e d  
0+3,8 W 1 ,700  r h y o l i t e ,  t race  p y r i t e ,  

30cmx38cm, s u b  rounded,  
s e c o n d a r y  uranium 

1 6  0+20 N,  1 ,000  - 240 r h y o l i t e  b r e c c i a ,  22cmx 
0+8.1 E 1 ,400  17cm, subrounded 

1 7  0+10 N,  1 ,000  - 240 p i n k  t o  p u r p l e  r h y o l i t e  
0+5,2 W 1 ,400  b r e c c i a ,  28cmx50cm, sub-  

rounded 

1 8  0+00, 1 ,000 240 p i n k  r h y o l i t e ,  b r e c c i a -  
0+5.6 E t e d ,  s u b a n g u l a r ,  20cmx 

20cm 

1 9  0+00, 1 ,350 300 b r e c c i a t e d  r h y o l i t e ,  
0+6.7 E l i m o n i t e ,  h e m a t i t e  

s t a i n e d ,  30cmx26cm, sub- 
a n g u l a r  

20 0+00, 1 ,250  960 p o l y l i t h i c  l a p i l l i  t u f f ,  
0+9.1 E s e c o n d a r y  uranium on 

f r a c t u r e s ,  15cmx15cm, 
s u b a n g u l a r  t o  subrounded 

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



Boulder Grid Radiometric Bag Description 
Numbex lo cat^^ Read B n g ~ ~ ~ C o u n t ( s ~ s  1 

22 0+00, 800 - 240 silicified rhyolite, 
0+24.1 E 1,000 brecciated, 13cmx24cm, 

subrounded 

23 0.00, 1,000 890 dacitic, polylithic 
0+3.0 E lapilli tuff, angular, 

4cmx7cm 

brecciated rhyolite, 
angular, 18cmx21cm 

25 0+90 S, 1,100 310 silicified rhyolite 
0+24.2 E breccia, 22cmx15cm 

26 0+90 S, 5,500 1400 secondary uranium, 
0+24 E (maximum) purple fluorite, inter- 

mediate volcanic 

27 1+20 S, 1,000 260 vuggy, vesicular dacite, 
0+28.9 E brecciated, subangular, 

23cmx26cm 

28 0+90 S, 1,100 280 limonite-stained, light 
0+21.7 E grey, rhyolite, angular, 

22cmx16cm. 
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Table 3  

L i  C R a d i o m e t r i c  Matt C l a i m  

Unit  Name and Number Radiometric Comments 
Ranqe (cws) 

Rhyol i te  Dykes (14,15) 450 - 550 

Lemieux Formation ( 9 )  275 - 325 

MacAuley Creek 300 - 350 
Formation ( 8 )  

P a r t r i d g e  Lake 275 - 350 

Formation ( 5 )  

Granod io r i t e  (3a)  250 - 325 

Yukon Group (1) 250 - 300 

Radioact ive  boulders  850 - 3,000 

Spot h igh  read ings  t o  700 
CPS 

Localized s p o t  read ings  t o  
350 cps  

Maximum read ings  t o  450 cps  

Very s i m i l a r  t o  MacAuley 
Creek 
Formation r ead ings  

I n t e n s e l y  f r a c t u r e d  a r e a s  
o f t e n  show s l i g h t l y  
e l e v a t e d  r ead ings  

Small a p l i t e  dykes read up 
t o  500 c p s  

Spot h igh  read ings  t o  
10,100 cps  when secondary 
uranium occu r s  a long 
f r a c t u r e s .  

V I I  RECOMMENDATIONS 

The fol lowing program is proposed t o  f u r t h e r  d e f i n e  t h e  
source ,  grade and e x t e n t  of t h e  r a d i o a c t i v e  boulders :  

1. G l a c i a l  s t u d i e s  over t h e  western  h a l f  of  t h e  proper ty .  

2. Geophysical t echniques  (mag and VLF) t o  d e f i n e  geo log ica l  
u n i t s  and s t r u c t u r e .  

3. Trenching a c r o s s  t h e  r i d g e  over an a r e a  where t h e  g r e a t e s t  
concen t r a t i on  of  boulders  occur.  
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APPENDIX 1 

PETROGRAPHIC STUDIES - VANCOUVER PETROGR4PHICS 



P.O. BOX 39 
8887 NASH STREET 
FORT LANGLEY. B.C 

V G X  1 3 0  

PHONE ( 6 0 4 )  888-1 323  

Invoice /I4699 

October 3rd ,  1984 

O C T  ? 1384 
Report fo r :  J.A. Climie,  

CEGB Explorat ion Ltd. ,  
S u i t e  1680 Western Canadian P l a c e ,  
700-9th Avenue S.W., 
Calgary,  Alberta  
T2P 3V4 

Samples 

3 rock specimens (numbered 7460, 7462 and 3 ) f o r  pe t rog raph ic  examination 
and de te rmina t ion  of  source  of r a d i o a c t i v i t y .  

The samples were prepared a s  po l i shed  t h i n  s e c t i o n s .  

Autoradiographs of  t h e  cut-off  blocks were made, i n  o r d e r  t o  l o c a t e  any 
s p e c i f i c  concen t r a t i ons  of r a d i o p c t i v i t y  f o r  d e t a i l e d  s tudy .  

Ind iv idua l  pe t rographic  d e s c r i p t i o n s  o f  each sample a r e  a t t ached .  

De ta i l ed  S t u d i e s  

The au torad iographs  of t h e  cut-off  b locks  g i v e  p a t t e r n s  i n d i c a t i n g  more o r  
less densely disseminated po in t  sources  of  r a d i o a c t i v i t y .  The i n t e n s i t y  of  response 
is low, t h e  exposure time f o r  t he se  r e s u l t s  being 5 days. 

Sample 7462 g ives  t h e  weakest p a t t e r n .  Sample 7460 g i v e s  t h e  most c l e a r l y  
def ined  p a t t e r n ,  with very small  s p o t s  o f t e n  c l o s e l y  spaced:  t h e s e  a r e  concent ra ted  
i n  c e r t a i n  a r e a s  of t h e  sample. Sample 3 g i v e s  a p a t t e r n  o 
i n t e n s i t y  than 7460, wi th  even d i s t r i b u t i o n  over  t h e  whole 

Sample 7460 was s e l e c t e d  i n i t i a l l y  f o r  d e t a i l e d  s tudy  
a s say  va lue  o f  0.113% U308. 

k s i m i l a r  o r  g r e a t e r  
s u r f a c e .  

on t h e  b a s i s  o f  t h e  

The autoradiograph f a i l e d  t o  i n d i c a t e  any obvious s i z a b l e  concen t r a t i ons  of 
r a d i o a c t i v i t y ,  s o  p o i n t s  f o r  checking by microprobe were s e l e c t e d  on t h e  b a s i s  o f  
t h e  t h i n  s e c t i o n  observa t ions .  

The f e l d s p a t h i c  l i t h i c  fragment m a t e r i a l  making up t h e  bulk of  t h e  rock i s  
homogenous and appears  un l ike ly  t o  r ep re sen t  a sou rce  of  r a d i o a c t i v i t y  i n  i t s e l f .  
The most l i k e l y  sou rces  appeared t o  be i n  t h e  network o f  d i f f u s e  i n t e r f r agmen ta l  
coa t ings  and mat r ix  impregnations.  



~ Four more or less distinct types of material were chosen for checking: 

i) limonite (dark brown in transmitted light) 

ii a black (carbonaceous?) coating material 

iii) a golden yellow fibrous/flaky material (Fe-stained sericite or 
possibly jarosite) 

iv) a sub-opaque brownish-yellow material (fluffy and diffuse in appearance 
under cross-polarized light) forming scattered clumps (possibly 
leucoxene?) 

The microanalyses showed that the limonite and the Fe-stained sericite contain 
no uranium. Strong uranium responses were, however, obtained from the other two 
types of material. 

The fluffy brownish material (type iv) thought to be leucoxene proved to 
consist of major amounts of U and S and minor Fe and K. It is apparently one of 
the hydrated uranium sulfate minerals, possibly with combined K. Zippeite and 
uranopilite are possible species. The Fe may be an intergral part of the 
composition or may represent admixture with the dispersed limonite which is 
prevalent in the sample. 

The black coating material (type ii) also gave a strong U response but appears 
to be of very heterogenous composition. 3 points within 0.25mm of one another 
gave the following compositions: S>U>Ce>La>Fe (together with A1 and Si which 
presumably derive from the adjacent feldspar) ; major U, Ti, S, Si and minor Fe; 
and major Mo, S. The Mo-rich area is recognizable under the mciroscope as fine- 
grained molybdenite. The other points could represent a number of combinations 
of minerals. The association of U with rare earths and with Ti is intriguing, 
as is the presence of molybdenite. 

The hand specimen of this sample shows yellow, powdery coatings on joint or 
fracture surfaces. Judging from response to a geiger counter, these appear to be 
a significant source of radioactivity in the bulk sample. Microanalysis showed 
major amounts of U and S with possible K (the K peak is partially overlapped by 
the U peak, hence the uncertainty). The material is therefore again indicated as 

, one of the hydrated sulfates of uranium. 
I 

The enclosed photomicrographs illustrate the mode of occurrence of the materials 
tested by microanalysis in the slides. 

In view of the success in locating uranium minerals in Sample 7460, similar 
work was done on Sample 3, for which no analysis was provided but which gave a 
comparable, or stronger, autoradiographic response. 

The sample was submitted to Cominco Exploration Research Labs for XRF 
analysis. Results were 1,100 ppm U and <10 ppm Th - a comparable grade to that 
found in Sample 7460. 

Four microscopicaily distinctive types of material were selected for checking 
by SEM microanalysis in the polished thin section: 

i) A fluffy brownish material in hairline veinlets, apparently including 
fine-grained carbonate 

I ii) A black (sub-opaque to opaque) material in network veinlets 
iii) A brown flaky-looking mineral (possibly a form of chlorite) in 

discontinuous fracture fillings 



iv) A grey-brown, sub-opaque, fluffy-looking, leucoxene-like material 
as dispersed clumps (possible the same, or related to, i) 

Of these, only ii) (the black network fillings) was found to contain uranium. 
In this case the U is associated with Fe and Si, with lesser S and Al. The 
ratios of these constituents vary considerably at closely adjacent points. 

Types I) and iv) give peaks of Fe, K, A1 and Si and are probably dominantly 
iron oxides plus sericite: type iii) shows Fe, A1 and Si - compatible with an 
Fe-rich chlorite. 

Summarv 

The three rocks are all of felsic volcanic type. They are composed dominantly 
of feldspars and are low in quartz and mafics. Sample 7460 is of strongly 
potassic composition(K-feldspar>85% of the total feldspars) whereas Sample 3 is 
made up of essentially of plagioclase. Sample 7462 is intermediate between these 
two, with K-feldspar making up about 30% of the total feldspars. 

The textures of the three rocks are somewhat obscure. Samples 7460 and 3 
are probably lithic tuffs. Sample 7462 is either a coarser (lapilli) tuff or a 
brecciated feldspar porphyry. 

Alteration (carbonatization and chloritization) is quite strongly developed 
in 7462. A weaker manifestation of similar alteration is present in the other 
two rocks. Sericite, limonite and rutile/leucoxene appear to be associated 
components of the alteration phase. Trace remnants of sulfides are present in 
7462 and, to a lesser extent, in 3. 

Uranium mineralization (without assocaited Th) is present in samples 7460 
and 3 in the form of various (presumed) secondary minerals, especially hydrated 
sulfates. On the macro-scale these occur as fracture or joint fillings; on the 
micro-scale they form network-like fragment coatings and more or less diffuse 
impregnations and disseminations in the fine matrix material between lithic 
fragments (lapilli) . 

It is noteworthy that the two mineralized samples are of distinctly different 
primary rock composition (potassic vs sodic). 

Limonite, sericite and other alteration minerals occur closely associated in 
similar mode, and the radioactive segments of the veinlet/impregnation system 
cannot always be distinguished optically. 

/ J.F. Harris Ph.D. 



I PHOTOMICROGRAPHS 

I A l l  photos a r e  a t  s c a l e  1 cm = 0.01 mm 

Sample 7460 

Plane po l a r i zed  l i g h t .  
brown) and Fe-stained s e r i c i t e  (orange-brown t r a n s l u c e n t )  

rimming fragments and permeating along micro- f rac tures .  

Neq #33-2A Cross po l a r i zed  l i g h t .  
Same f i e l d  a s  1 A .  

Neq #33-3A Plane po l a r i zed  l i g h t .  
Uraniferous black opaque/sub-opaque m a t e r i a l  a s  coa t ings  t o  fragments,  and 
f i n e  impregnation o f  pockets  of mat r ix .  

Neq. #33-5A Plane  po l a r i zed  l i g h t .  
Brown u ran i f e rous  m a t e r i a l  a s  d i f f u s e  impregnations of  f i n e  matr ix  between 
coa r se r  fragments.  Dark shadow, bottom r i g h t ,  is  po in t  of  l o c a t i o n  marker 
f o r  SEM ana lys i s .  

Neg #33-7A Ref lec ted  l i g h t .  
Same f i e l d  a s  5A. Shows matrix/fragment r e l a t i o n s h i p  more c l e a r l y .  

Neq 833-10A Plane po l a r i zed  l i g h t .  
Gash v e i n l e t  with brown c h l o r i t e .  

Neq #33-llA Cross po l a r i zed  l i g h t .  
Same f i e l d  a s  10A. Shows coa r se r  e longa t e  q u a r t z  s eg rega t ions  i n  f i n e  ash t u f f .  

Neq #33-12A Plane  po l a r i zed  l i g h t .  
Brown clumpy/f luffy d i ssemina t ions  o f  l i m o n i t e / s e r i c i t e  (non-uraniferous) .  

Neq #33-13A Cross  po l a r i zed  l i g h t  
Same f i e l d  a s  12A. Shows f ine-grained l i t h i c / c r y s t a l  fragments ( r i g h t )  and 
l a r g e  fragment wi th  phenocryst  ( l e f t ) .  

Neg #33-14A Plane po l a r i zed  l i g h t .  
In te r - f ragmenta l  (?) network of brown ma te r i a l .  Found t o  be  non-uraniferous 
l i m o n i t e / s e r i c i t e .  

Neg 833-154 Cross  po l a r i zed  l i g h t .  
Same f i e l d a s  14A. 

Neq #33-28 Plane po l a r i zed  t r ansmi t t ed  l i g h t .  
Opaque v e i n l e t  f i l l i n g  and crush-zone (?)  impregnations.  Darkest ma te r i a l  
i n  c e n t r a l  v e i n l e t  found t o  be u ran i f e rous  by SEM a n a l y s i s .  

Neq #33-29 Cross po l a r i zed  l i g h t .  
Same f i e l d  a s  28. Note t h a t  much o f  t h e  v e i n l e t  ma te r i a l  ( e s p e c i a l l y  t he  
upper one) i s  carbonate  ( l i g h t  brown c o l o u r s ) .  

Neq #33-30 Re f l ec t ed  l i g h t .  
Same f i e l d  a s  28, 29. Shows t h a t  opaque f i l l i n g  is  a c t u a l l y  q u i t e  d i spersed  
i n  t h e  immediate p lane  o f  t h e  su r f ace .  More coheren t  appearance i n  28 is  
mass e f f e c t ,  looking through the  whole t h i cknes s  of  t h e  s l i d e  ( c .  30 microns).  
White f l e c k s  (bottom l e f t )  a r e  c r y s t a l l i n e  l imoni te .  



Sample 7460 L I T H I C  TUFF 

Estimated mode 

P lag ioc lase  10 
K- f e ldspar  7 3 
Quar t z  3 
S e r i c i t e  8 
Ch lo r i t e  1 
R u t i l e  
Leucoxene) 3 

Limonite 2 

This  rock is  made up o f  a f e l s i t i c  aggrega te ,  0.01 - O . l m m ,  composed l a r g e l y  
of K-feldspar with minor p l a g i o c l a s e  and p o s s i b l e  smal l  amounts of  qua r t z .  I t  
is very weakly s e r i c i t i z e d .  The f a b r i c  shows no p a r a l l e l i s m  o r  banded v a r i a t i o n s  
bu t  has  an o v e r a l l  " p e l l e t y w  appearance sugges t ive  o f  fragments set i n  a f i n e r -  
g ra ined  matr ix  (both components being o f  t h e  same composi t ion) .  

Local ly  t h e  rock is permeated by f ine-gra ined  ser ic i te  and l imon i t e  which 
pervade and r ep l ace  t h e  f iner -gra ined  mat r ix  m a t e r i a l ,  making t h e  o v e r a l l  
fragmental cha rac t e r  much more obvious. I t  is f u r t h e r  emphasized by a network 
of  sub-opaque leucoxene and f ine-gra ined  r u t i l e  which l o c a l l y  rim t h e  fragments 
i n  t he se  a reas .  This  m a t e r i a l  is  a l s o  p r e s e n t  a s  d i ssemina ted  micron-sized 
granules  and small  clumps of  same. 

The t e x t u r e  t hus  revea led  i s  t h a t  o f  c l o s e  paded, sub-angular t o  rounded 
l i t h i c  fragments and d isaggrega ted  c r y s t a l s .  These show a wide s i z e  range from 
0.02 - 3.0mrn o r  more. 

A few s c a t t e r e d  ~ p h e n o c r y s t s w  o f  K-feldspar up t o  lmrn i n  s i z e  may be 
c o n s t i t u e n t s  o f  some of t h e  c o a r s e r  l i t h i c  f ragments  o r  may be d i saggrega ted  
c r y s t a l  c l a s t s .  



Sample 7467 

Estimated mode 

Plagioclase 
K-feldspar 
Quartz 
Chlorite 
Carbonate 
Leucoxene 
Rutile ) 
Limonite ) 
Apatite 

TFD FFI DSPAR PORPHYRY 

50 
22 

5 
12 
8 

3 

trace 

The primary rock material in  th i s  s l ide  apparently consists of euhedral 
plagioclase phenocrysts, 0.2 - 2.0mm i n  s ize ,  s e t  i n  a very fine-grained f e l s i t i c  
matrix. T h i s  often shows trachytoid, flow-like features around the phenocrysts, 
defined by tiny, oriented plagioclase microlites. 

The f e l s i t e  groundmass contains a high proportion of K-feldspar. Quartz, 
as much smaller c rys ta l s  than the plagioclase, i s  a very minor component of the 
phenocryst assemblage. There a re  also occasional mafic phenocrysts, now to ta l ly  
pseudomorphed by rosette-textured chlorite.  

1 The rock has been subject t o  complex brecciation and al terat ion.  
I 

1 The most prominent manifestation of t h i s  is a system of sub-parallel, 
I irregular veinlets of sparry carbonate (unreactive t o  acid and probably dolomitic 

i n  composition). Chlorite is  a minor constituent of these veinlets,  as  is cherty 
s i l i ca .  

Chlorite also forms a more pervasive phase, following ramifying microfractures 
and forming extensive impregnations of the fine matrix i n  a system of irregular 
crush zones. 

Chlorite and carbonate al terat ion af fec ts  the plagioclase phenocrysts to  
a varying degree, especially where they are  visibly cut by fractures. 

Leucoxene, r u t i l e  and limonite form irregular  patches and clumps throughout. 
Some of the limonite contains remnants of pyrite and rare  chalcopyrite. 



Sample #3 

I Estimated mode 

Plagioclase 
K-feldspar 
Quartz 
Chlorite 
Serici te  
Carbonate 
Leucoxene ) 
Rutile 1 
Limonite 

TUFF 

T h i s  rock consistsessentially of a very fine-grained f e l s i t i c  aggregate. 
Much of t h i s  is cryptocrystalline to  feathery-textured and of a grain s i ze  0.Olmm 
or less ,  but it also contains f a i r ly  abundant, i l l-defined, coarser grains of 
plagioclase up to  0.2mm, and lesser  amounts of fine-grained s e r i c i t i c  patches. 
Sparse euhedral plagioclase c rys ta l s  up to  2mm i n  s i ze  and rare  K-feldspar and 
chloritized mafic c rys ta l s  to  l m m  occur w i t h i n  the f e l s i t i c  matrix: these look 
l ike  phenocrysts but could be scattered crystal  c l a s t s  i n  an ashy tuf f .  

The most prominent textural component consists of numerous, small, sub- 
paral le l  lenses and thin discontinuous laminae of cherty or finely granular quartz 
and a lb i te .  These define a weak fol ia t ion.  

The rock is  cut by a network of hair-line fractures  par t ia l ly  f i l l e d  by 
chlori te ,  carbonate, leucoxene/rutile and limonite. These same minerals occur 
throughout the rock as a dusting of minute speckles. Rare t races  of pyri te  occur 
as a component of the veinlets. 

The origin of t h i s  rock is  somewhat uncertain. There are  a few zones of 
def ini te  fragmental character (on the scale 0.05 - 0.5mi-n) but these could 
possibly be crush-zones related to  the fracturing. The overall  texture is 
compatible with that  of an ashy t u f f ,  the chert-like quartz-feldspar lenses being 
e i ther  of an authigenic feature or representing a component of chemical 
sedimentation contemporaneous with the ash deposition. 
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MMARY 

All the three rocks examined are felsic polylithic tuffs 
derived mostly by pyroclastic vulcanism, with a compositional 
range between dacite and rhyolite and a calc-alkaline chemical 
affinity, The lack of glass shards and pumice fragments 
indicate non-welded members. 

These calc-alkaline rocks (especially sample 7460) contain 
primary uranium-molybdenum mineralization of 3030ppm u,  
3500ppm Mo, with a strong enrichment of Zr (5390ppm Zr) 
relative to the non-mineralized tuffs from the complex, The 
uranium mineralization occurs in form of subhedral pitchblende 
grains 5 to 10 microns in diameter, and is associated with 
sericitic alteration of the fine ash matrix. Secondary 
mineralization represented by a uranium-molybdate phase 
(umohoite or uranosphaerite), probably formed by 
remobilization of uranium from pitchblende under more 
oxidizing conditions which led to the destruction of the 
organic materials and deposition of limonite. The secondary 
uranium minerals replace the fine ash matrix or occur in 
fractures. 

In the mineralized samples, the alteration minerals which 
include sericite and limonite occur 1) along lapilli fragment 
boundaries, 2) interstitial between ~ericitelfelds~ars, 3) in 
fractures and 4) as disseminations within the fine ash matrix 
between lithic clasts. Alteration minerals in the 
non-mineralized sample No. 7462 are quite prominent and are 
represented by calcite and chlorite. The chloritic alteration 
is confined to the fine ash matrix of the rock, and to a minor 
extent along rock fragment border. Larger elongate calcite 
masses fill vesicles and calcite was remobilized along 
fractures which occur along boundaries of rock fragments. 

CONCLUSION 

The mineralized samples from the Bennett Lake Cauldron 
Complex (BLCC) which were collected from the 1984 uranium 
reconnaissance exploration program of the Yukon Territory 
appear to represent a potential uranium environment in that 
they exemplify favourable features generally considered 
favourable in search of economic volcanic-hosted uranium 
mineralization, These features, which the BLCC exhibits in 
common with other known uranium deposits associated with 
volcanic rocks of the caldera complexes include: 

1, A high silica (felsic) composition with a strong 
associated enrichment of Mo and Zr, which in addition to 
Ba, Be, F. Sr, Tn, Y, REE with or without Ag, As, Cu, Hg, 
Pb, Sb, W and Zn have been reported in known deposits, 
compare with Cardenas-Flores (l983), Curtis (1981) and 
Rytuba and Conrad(l981). 



2. Calc-alkaline chemical affinity, whose worldwide 
association (in addition to alkaline/subalkaline and 
peralkaline suites) is well known, e.g. Dayvault, et a1 
(1984). 

3. Presence of co-magmatic granitic rocks which may be 
anomalously enriched in elements in 1. above as well as B, 
Li, Rb, Sn and W, see Lambert (1974) and Smith (1982). 

4. Favourable regional set up, including structure, ring dike 
intrusives, caldera boundary breccias etc., refer to 
Lambert (1974) and Smith (1982). 



Three rock slides numbered 7460, 7462 and 3 and two 
corresponding rock specimens (7460 and 7462 only) were 
received from the 1984 Uranium Reconnaissance Exploration 
program of southern and central Yukon Territory (see Turner, 
1984) and were submitted by A. T. Turner of CEGBE (Calgary). 
Specific detailed studies were conducted as follows: 

Silicate oxides and opaque minerals were examined extens- 
ively with transmitted and reflected light respectively, in an 
attempt to locate the source of the radioactivity reported in 
the field, and to study the textures and mineralogy of the 
host rocks. Individual petrographic descriptions are 
presented in section 2. 

Extensive examination of pitchblende, related uranium 
secondary and alteration minerals was carried out. In 
addition very fine-grained aggregates interstitial between 
fragments, in fractures, and in the fine ash matrix were 
thoroughly probed, as was the black coating material 
(pyrobitumen?) . Photomicrography and spectral plots of the 
uranium minerals, as well diagnostic x-ray identification of 
these minerals was also conducted to document the 
observations, X-Ray diffraction identification of the 
carbonate mineral in sample 7462 was necessary. 

The two rock samples were submitted to X-Ray Assay 
Laboratories of Toronto for whole-rock analyses and trace 
element determination by XRF, DCP, Fire Assay DCP, DNC, NA and 
wet chemical methods. A summary of methods used and detection 
limits is presented in section 3. Selected mineralogical 
plots were then prepared to classify the rocks and to 
establish chemical affinity. 

2.1.1 Pock Type: Potassic, polylithic, non-welded 
rhyolitic lapilli tuff of pyroclastic origjn. 

2.1.2 Eineralogy: K-feldspar (70%) sericite and minor 
plagioclase, quartz (9-12%), zircon, limonite, rutile, 
pyrite, pitchblende, pyrobitumen (? ) ,  uranium molybdate 
(umohoite or uranosphaerite). 



2.1.3 D e s c r i ~ t i o a :  The f ragmental  rock c o n s i s t s  of  
sub-angular t o  subrounded 0.5 t o  5mm diameter felsic 
a t ,  n e a r l y  a l l  of which have t h e  same composi- 
t i o n  and t e x t u r e  approaching a  qua r t z  t r a c h y t e ,  and 
c o n s i s t i n g  mostly of  K-feldspar,  wi th  minor q u a r t z  and 
p l ag ioc l a se .  The average g r a i n  s i z e  of K-spar and qua r t z  
i n  t h e  l i t h i c  fragments is about 0.05mm, b u t  some c l a s t s  
con ta in  K-feldspar P & ~ o - c ~  of  0.5 t o  l m m  i n  diameter ,  
Rarely,  t h e  K-spar phenocrysts  con ta in  vugs l i n e d  wi th  
f e l d s p a r  (? )  m i c r o l i t e s .  

The rock fragments a r e  s e t  i n  a f ine-grained matr ix  
c o n s i s t i n g  o f  s e r i c i t e ,  l i m o n i t e ,  pyrobitumen ( ? I ,  
p i t chb lende ,  and uranium molybdate mineral  umohoite o r  
u ranosphaer i te .  

Seve ra l  t e x t u r e s  and m i c r o s t r u c t u r e s  no t  a t t r i b u t a b l e  
t o  t h e  p y r o c l a s t i c  o r i g i n  a r e  observed i n  t h e  c l a s t s  and 
matr ix  a s  fol lows:  

i) Rare f l u i d a l  t e x t u r e s  w i th in  o r i e n t e d  f e l d s p a r  l a t h s .  
ii) The boundar ies  of fragments a r e  marked by s e r i c i t i c  
a l t e r a t i o n .  
iii) The f ine-grained mat r ix  shows no p r e f e r r e d  
o r i e n t a t i o n ,  banding t e x t u r e ,  o r  s t r u c t u r e ,  bu t  is l o c a l l y  
rep laced  by s e r i c i t e  and a s s o c i a t e d  pyrobitumen ( ? I ,  
p y r i t e ,  l i m o n i t e ,  p i t chb lende  and uranium molybdate, 
i v )  Seve ra l  f r a c t u r e s  occur  i n  t h e  rock, b u t  t h e  most 
common f r a c t u r e s  a r e  l o c a t e d  a long t h e  boundar ies  of  rock 
fragments r a t h e r  than  c r o s s - c u t t i n g  through them; t h i s  may 
be remin iscen t  o f  non-welded t u f f s .  The f r a c t u r e s  may be 
anhealed by s e r i c i t e  o r  l i m o n i t e  and r u t i l e .  

2.1.4 S.E.M. Anal- 

Zircon: Occurs a s  euhedra l  t o  subhedra l  c r y s t a l s  of  
(Trace)  0.05mm s i z e .  

S e r i c i t e :  S e r i c i t e  is found i n  t h e  fol lowing a r e a s  
(3-5%) 

R u t i l e :  
(Trace)  

P y r i t e :  
(Trace)  

i) a s  a l t e r a t i o n  o f  fragments a long boundar ies  
ii) minor amounts of  s e r i c i t e  is i n t e r s t i t i a l  
between f e l d s p a r s  
iii) occu r s  i n  f r a c t u r e s  wi th  l imon i t e  and 
r u t i l e  
i v )  r ep l ac ing  f e l d s p a r s  

Seve ra l  anhedra l  g r a i n s  of  0.05 t o  0 , l m m  s i z e  
i) i n  f r a c t u r e s  w i th  s e r i c i t e  o r  l imon i t e  
ii) i n  s e r i c i t i c  a l t e r a t i o n  which r ep l aces  
c l a s t s  a long boundar ies  
iii) as i n c l u s i o n s  i n  sphene ( ? )  

Anhedral g r a i n s  of  on ly  0.lmm s i z e  a s s o c i a t e d  
wi th  s e r i c i t i c  a l t e r a t i o n .  I t  has s i m i l a r  modes 
of occur rence  a s  r u t i l e  ( s e e  i) and i i )  above). 



Limonite: Well-crystalline aggregates of limonite about 
(1-2%) 0.lmm are mostly located in fractures. Lesser 

amounts of limonite impregnate sericites along 
boundaries of clasts. 

Pyrobitumen ( ? ) :  Occurs exclusively jn one small area of 
(minor) the slide ranging from a few mm to a crn in 

diameter as follows: 
i) forms 1 to 2 micron thick films on the 
trachyte fragments 
ii) impregnates the sericitic alteration along 
the margins of fragments 

Pitchblende: Refer to SEM photomicrographs 281,202 and 
Energy spectral plot (Fig 1) following. 
Pitchblende occurs as subhedral to anhedral 
grains of 5 to 10 micron diameter, disseminated 
in the pyrobitumen-impregnated area mentioned 
above, and is associated with the sericitic 
alteration previously mentioned. It also occurs 
in interstitial spaces between rock fragments 
(SEM photo 201). The pitchblende grains are 
identifiable by their energy spectra (Fig l), 
which also indicate minor amounts of iron, and 
lesser amounts of copper, aluminium, silica, 
phosphorus and sulfur. 



SEM PHOTOMICROGRAPH 201: Mode of Pitchblende Occurrence 

sericitic alteration surrounding a round-shaped trachyte 
fragment with corroded outline. A iew imhedxal ~itchblende 
arains (very bright grains with well-defined boundaries) occur 
in the sericite. The more diffuse white grains are silicates 
or surface contamination. Their brightness is due to charging 
effect. 

Scale as indicated on the photo in micron. 



SEM PHOTOMICROGRAPH 202: Higher Power o f  P i tchblende  

A blow-up ( 3 7 . 5 ~ )  of t h e  a r e a  shown i n  t h e  lower l e f t  co rne r  
of photomicrograph 201. The pi~cbB1ead~-grabs- id-en.t.Sied bv 
t h e i r  energy d i s p e r s i v e  s p e c t r a ,  a r e  marked by a l e t t e r  U 
a d j a c e n t  t o  t h e  g r a i n .  A t y p i c a l  s p e c t r a  i s  presen ted  on t h e  
nex t  page. 

Sca l e  a s  i n d i c a t e d  on t h e  photo i n  micron. 
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Uranium Molybdate: Refer t o  SEM photomicrograph 203 and 
(Trace)  Energy s p e c t r a l  p l o t  (F ig  2 )  fo l lowing.  T h i s  

mineral  occurs  a s  very f ine-gra ined  aggrega tes  
i n t e r s t i t i a l  between fragments w i th in  t h e  
s e r i c i t i c  a l t e r a t i o n  and a s soc i a t ed  l i m o n i t e  
depos i t i on .  

I n  t r a n s m i t t e d  l i g h t  i t  appears  a s  a  dark ,  
ye l lowish  brown mineral  (no t  q u i t e  opaque) wi th  
s i m i l a r  o p t i c a l  c h a r a c t e r i s t i c  t o  some v a r i e t i e s  
of r u t i l e .  

I n  c ros sed  p o l a r s  ( t r a n s m i t t e d  l i g h t ) ,  it has a  
b r i g h t e r ,  ye l lowish  brown co lour .  

E x t i n c t i o n  cannot  be observed under c rossed  
p o l a r s ,  

I n  r e f l e c t e d  l i g h t  (c rossed  p o l a r s ) ,  g r e e n i s h  
yellow i n t e r n a l  r e f l e c t i o n s  a r e  t y p i c a l  of  
uranium minerals , !  t h u s  it is  somewhat d i f f e r e n t  
from very f ine-gra lned  aggrega tes  of r u t i l e .  

The l a r g e s t  agg rega t e s  of uranium molybdate a r e  
about 30 microns long ( s e e  SEM photomicrography 
203) -  This minera l  whose energy d i s p e r s i v e  
s p e c t r a  is  presen ted  below (F ig  3) i n d i c a t e s  
anomalous amounts of  Mo, and U ,  wi th  minor 
amounts of i r o n ,  aluminium, s i l i c a ,  t i t an ium,  
l ead  and copper,  I t  is diagnosed as e i t h e r  
m ~ b ~ i i e  o r  u a n o s ~ h a e r i t e .  



SEM PHOTOMICROGRAPHY 203:Mode of  Uranium Molybdate 
Occurrence  

anium mo>bd_a_t.e i n t e r s t i t i a l  between t r a c h y t e  f r agments ,  
Near ly  a11 t h e  w h i t e  a r e a  is uranium molybdate.  The 
e x c e p t i o n s  c o u l d  be  t h e  b r i g h t e r  w h i t e  g r a i n s  r i g h t  o f  t h e  
c e n t r e  o f  t h e  photograph.  A p l a t y  o r  f l a k y  morphology is 
i n f e r r e d  n e a r  t h e  t o p  o f  t h e  photograph,  as is s p h e r o i d a l  
a g g r e g a t e s  o f  uranium molybdate.  The energy  d i s p e r s i v e  
s p e c t r a  p r e s e n t e d  on t h e  n e x t  page was c o l l e c t e d  from t h i s  
p a r t  o f  t h e  sample. The m i n e r a l  is probab ly  u r a n o s p h a e r i t e  o r  
umohoite w i t h  Cu and Fe i n  s o l i d  s o l u t i o n ,  and minor A l ,  E i ,  
T i  and Pb. 

S c a l e  as i n d i c a t e d  on t h e  pho to  i n  micron. 
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The lack of glass shards and pumice fragments 
probably indicates a non-welded origin of the host rocks. 

The primary uranium mineralization is associated with 
sericitic alteration of the fine ash matrix and is 
represented by pitchblende which occurs only in a small 
area impregnated by pyrobitumen. The secondary uranium 
n~ineralizat ion represented by a uranium molybdate phase 
probably formed by remobilization of uranium from 
pitchblende when more oxidizing conditions probably 
prevailed and induced the destruction of organic material 
and deposition of limonite. The primary and secondary 
uranium minerals replace the fine ash matrix or occur in 
fractures and may very likely be derived by hydrothermal 
alteration and subsequent tectonic remobilization. 

2.2.1 pock Tv~x:Polylithic, non-welded dacitic lapilli 
tuff, probably a flow breccia, or a brecciated crystal 
tuff. 

2.2.2 Minera1oqy:K-feldspar (20%), plagioclase ( 4 0 % ) ,  
sanidine ( ?  chlorite (la%), quartz (5-1831, calcite 
(lo%), rutile, ilmenite, magnetite, limonite, pyrite, 
marcasite. No uranium minerals observed. 

2.2.3 Description: The rock consists of W d c  and 
grachvtic LXUUALLC r~s tk . f~ ;amen&s  and eubedral-feh&par 

enoc rv&, set i a ~~~yAfi-ae-g~n~_d--f-e~~.ic-mjl_txJz 
predominated by chlorite which replaces the matrix. The 
size of the rock fragments ranges from 0.2 to 304mm, while 
the feldspar phenocrysts range from 0.5 to 1.5mm. 

Several textures and sicxostru~tur~s not attributable 
to the pyroclastic origin occur in the different types of 
rock fragments, and will be described under each clast 
description following: 

a) The first type of rock fragment is the most abundant, 
constituting more than 95% of the rock. It is 
characterized by about 30% K-spar phenocrysts in a 
ground mass composed of a felty mat of feldspar 
microlites and minor amounts of fine-grained quartz 
(about 1%) . The resorbed orthoclase with sanidine 
(? )  and minor plagioclase phenocrysts are 0.5-1.5m 
in length, and are euhedral to anhedral. One example 
of myrmeketic K-spar was noted whereas sodic 
plagioclase phenocrysts are rare, 

The groundmass of this type of rock clast which 
constitutes about 70% of the clast consists of a 
felty mat of feldspar microlites, locally subparallel 



feldspar microlites, with trace amounts of 
interstitial euhedral quartz grains 18-2E micron in 
diameter. 

Chlorite which makes up to 6-8% of the clast is 
fine-grained and replaces the matrix. Minor amounts 
of chloritization along the edges of the rock 
fragments were also observed. Chlorite is also 
observed replacing feldspars, and occuring along 
fractures which often run along the boundaries of 
rock fragments. The chlorite is of the green 
pleochroic iron-rich variety. 

Calcite makes up to 2% of the clast is well- 
crystalline and was positively identified by powder 
XRD methods, see enclosed chart (Figure 4). This 
carbonate is located in discontinuous fractures and 
anheal elongate vesicles. Individual fractures are 
usually subparallel, are up to 0.5mm wide, and often 
occur along the boundaries of rock clasts. 

b )  The second textural type of fragment is characterized 
by very fine granular grains of quartz and feldspar 
in the 6.005 to 0.01 mm size range. Into this ground- 
mass are scattered up to 3mm long, highly stretched 
fragments (no phenocrysts) whose length to width 
ratio is about 4:l. This clast could possibly 
represent a recrystallized glass shard! 

c) The third textural type of fragment consists of a 
well-crystalline groundmass with granular feldspars 
in the 0.lmm size, but without feldspar microliths or 
phenocrysts. 

2.2.4 SEM Analvsis 

Rutile: Anhedral grains associated with chlorite and 
(minor) calcite with a grain size of up to 0.5mm. 

Ilmenite: Anhedral grains of up to 0.5mm in size which are 
(minor) interstitial between fragments and borders 

calcite-filled fractures. Some ilmenite grains 
are partially replaced by limonite, and a few 
grains rarely contain marcasite inclusions. 

Limonite: Associated with ilmenite and rutile and 
(minor) impregnates irregular patches up to 1 mm in 

diameter, and often replaces ilmenite or 
magnetite. 

Magnetite: Subhedral grains of 0.05mm in diameter. 
(trace) 

Pyrite: Occurs in the groundmass of the trachyte frag- 
(trace) ments as subhedral grains of up to 0,lmm in 

size. Locally it is rimmed by limonite. 



Marcasite: Rare anhedral inclusions in fine-grained 
(trace) ilmenite or magnetite. 

This rock appears to be a felsic flow breccia or a 
brecciated crystal tuff in which pervasive fractures and 
accompanying chlorite and carbonate (calcite) alteration 
is confined to the fine ash matrix of the tuff. The rock 
fragments exhibit only moderate chloritization along their 
borders. 

The larger elongate masses of calcite probably fill 
vesicles, and the calcite was probably remobilized along 
fractures which mostly permeate the boundaries of rock 
fragments. 

The anomalous uranium content indicated in the field 
is probably related to the chlorite-calcite alteration, 
but no uranium minerals were actually observed in the 
petrographic or SEN analysis of the section. 

Volcanic glass shards are not conwon, pumice 
fragments have not been observed. Welding, if any, is 
probably less dense or absent, although calcjte-filled 
vesicles indicate the possible presence of gas bubbles at 
the time of deposition, and fairly high temperature 
conditions. 

2.3.1 Rock Tvve: Sodic, polylithic, non-welded rhyolitic 
lapilli tuff to tuff-breccia of pyroclastic (ash 
flow) origin. 

2.3.2 -: Plagioclase (<75%), K-spar (5-10%), 
quartz (10-15%), sericite (1-3%), carbonate 
( > 5 % ) ,  chlorite (>5%), limonite (3-5%), rutile 
(1-2%), zircon, pyrite, pitchblende, uranium 
secondaries. 

This fragmented rock resembles sample 7460 in texture 
and uranium mineralization, but it differs compositionally 
in that it is predominantly sodic. The rock consists 
essentially of a ~ p c x y s L ~ L L i n l e -  - - t : ~ - y l e ~ y - f  ine-clrdned 
(less than 8.0lmm) feltv sroun&~-a-sp which predominates 
over a frame.w~r)t- - of- - %_elsk - _an@. - mafjc- . c J s ~ t ~ ~ ~ o _ a r ~ _ e r  
arains of plagFeclase (0.1-0.3mn1, and e~h_edraJ-f_eldspa~- 
p b e p o ~ ~ y ~ t ~  (2-5mm in size). In the cryptocrystalline 
matrix are scattered areas of intense sericite-limonite- 
calcite alteration which carry uranium mineralization. 



S e v e r a l  non-genet ic  t e x t u r e s  a r e  observed i n  t h e  
s 3 i d e  specimen a s  f o l l o w s :  

a )  B c r u d e ,  d i s c o n t i n u o u s  f o l i a t i o n  is d e f i n e d  by 
s i l i c e o u s ,  q u a r t z - f e l d s p a t h i c  laminae.  

b )  A network o f  m i c r o f r a c t u r e s  anhea led  by minute  f l a k e s  
o f  c a r b o n a t e ,  c h l o r i t e  and l i m o n i t e .  

c )  Rare f l u i d a l  t e x t u r e s  w i t h i n  o r i e n t a t e d  f e l d s p a r  and 
c h l o r i t e  m i c r o l i t e s .  

The opaque and o r e  m i n e r a l s  obse rved  i n  t h i s  s l i d e  
appeared  t o  be  s i m i l a r  ( w i t h  a  few e x c e p t i o n s )  t o  t h o s e  
observed i n  s l i d e  7460. S i n c e  s l i d e  7460 was e x t e n s i v e l y  
examined, scanned and probed i n  d e t a i l ,  and s i n c e  no 
d i s t i n c t l y  p e c u l i a r  t e x t u r e s  o r  a l t e r a t i o n  m i n e r a l s  were 
noted  i n  t h i s  s l i d e ,  d e t a i l e d  d e s c r i p t i o n  was c o n s i d e r e d  
unnecessary .  

The most d i s t i n c t  f e a t u r e  o f  t h i s  rock is t h e  
abundance o f  c r y p t o c r y s t a l l i n e  t o  v e r y  f i n e - g r a i n e d  
s i l i c e o u s  t o  c h e r t y  ( a s h )  m a t r i x  o v e r  rock c l a s t s ,  
r e m i n i s c e n t  of  a s h  f low t u f f s .  The o r i g i n  o f  t h e  rock is, 
however, compl ica ted  by t h e  p r e s e n c e  o f  f a i r l y  abundant  
l a r g e r  c r y s t a l s  and g r a i n s  o f  p l a g i o c l a s e  and K-spar i n  
t h e  1-2mm s i z e  range. 

The l a c k  o f  s h a r d s  and pumice f r a g m e n t s  a g a i n  
p r o b a b l y  i n d i c a t e  a  non-welded less d e n s e l y  welded t u f f .  
The mode of  uranium m i n e r a l i z a t i o n  is  s i m i l a r  t o  t h a t  o f  
sample 7460 w i t h  a s i m i l a r  compos i t ion  b u t  n o t  t h a t  o f  
d a c i t i c  sample 7462, a s i t u a t i o n  p e r h a p s  ana logous  t o  t h a t  
o f  Rytuba and Conrad (1982) who have r e p o r t e d  t h a t  ' i n  
g e n e r a l ,  e a r l y  h i g h  s i l i c a  comendi te  ash-f low t u f f s  
c o n t a i n i n g  abou t  75% S i c 2  and 11.2% ~ 1 2 0 3  (which 
ended w i t h  t h e  v e n t i n g  o f  a s h  f l o w s  lower  i n  Si02 
(68-70%) and h i g h e r  i n  A1203 (12.6-13.6%) ) , show 
s t r o n g  enr ichment  of U, Zr, e tc . ,  and a d e p l e t i o n  o f  Ea, 
Mg, C a ,  P, S r ,  T i ,  e t c . " .  

The two rock samples r e c e i v e d  were s u b m i t t e d  f o r  whole- 
rock and t r a c e  e lement  a n a l y s e s .  The r e s u l t s  a r e  p r e s e n t e d  on 
t h e  f o l l o w i n g  page i n  Table  1. A summary o f  t h e  a n a l y t i c a l  
methods used and t h e  r e s p e c t i v e  d e t e c t i o n  l i m i t s  i s  p r e s e n t e d  
i n  T a b l e  2. 
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2.aoo 
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0-100 



The distinctive result is the anomalous concentration of 
molybdenum (3500 ppm Mo) and zirconium (5390 ppm Zr) 
previously unreported, 

The chemical affinity defined by the Irvine and Earagar's 
(1971) plot (Figure 59) confirms the results of a calc- 
alkaline suite reported by Lambert (1974). The subalkaline 
trend defined by Irvine and Baragar's (opit-cit.) alkalis vs 
silica plot (Figure 56) is consistent with the results of the 
petrographic studies. 

The positive observation of the results from the 
technological aspects of mining includes the low concentration 
of thorium (up to 28 ppm Th) and phosphorus (up to 0.36% 
P2O5 in the less mineralized specimen 7462). 

Other well defined differences between the uranium 
mineralized (7460) and non-mineralized (7462) specimen are 
summarized below in Table 3. 

Major and Significant Chemical Differences between 
H W u r a l i z e d - a r r s i -  Clsderaf ely- pll-i~_emJizgd_Uraai- 
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X-RAY ASSAY L A B O R A T O R I E S  C I M I T E O  

C E R T I F I E O  



NOTE: AU OETECTION t I M I T  IS V A R I A B L E  

DUE TO S M A L L  SAMPLE S I Z E -  
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XRF - WHOLE ROCK ANALYSIS 
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C E G. B. EXPLORATION CANADA LIMITED 
Attn: A. T. TURMR 
1680-700-9 AMmE SOUM E S T  
WHY, ALBERTA 
T2P 3V4 . 

C U S T W R  No. 1099 

REPORT 24041 REF. FILE 19574 DATE REPORTED 16-APR-85 

XRF W. R. A. SUMS INCLUDE ALL ELEMENTS DETERMINED. 
FOR SUMMATION ELEMENTS ARE CALCULATED RS OXIDES. 



1 X -RAY ASSflY LABORATORIES 1 bdPR-85 REPORT 24041 REEERENCE FILE 19574 PAGE I 

NPLE S I M  ALM3CAO KiO NAZO K20 F E M 3 t M l  TI02 PM5 LO1 SIPI 

7460 77.4 10.9 0.10 0.20 0.74 6.24 1.12 0.02 0.10 0.03 1 . ~  99.5 





APPENDIX 3 

SUMMARY OF EXPENDITURES 

Statement of Ex~enditures 

Salaries (34 man days total) $ 5,030.00 

Helicopter Costs (Trans North, whitehorse) 3,767.20 

Geochemical Costs (X-Ray Assay Laboratories) 174.00 

petrographic Studies (Vancouver ~etrographics) 670.33 

Lodging, Meals, Supplies 589.43 

Equipment Rentals (6 spectrometers for 4 days) 168.00 

Total: $10.398.96 



APPENDIX 4 

OUALIFICATIONS OF PERSONNEL 

I, Samuel E. Amukun, do hereby certify that: 

- I am presently residing at 44 Shootfield Crescent, 
Agincourt, Ontario, M1S 4E2 

- I am a fellow member of the Geological Association of 
Canada 

- I have been actively involved in mineral exploration in 
Uganda and Canada since 1969 

- I carried out laboratories studies on the radioactive 
boulders from the Matt 1 - 20 mineral claims and 
participated in the geological mapping and radiometric 
prospecting surveys on these claims, 



APPENDIX 4 

QUALIFICATIONS OF PERSONNEL 

I, Arthur Terry Turner, do hereby certify that: 

- I am presently residing at 27 Rundleson Way, N.E., 
Calgary, Alberta, T1Y 3H7 

- I am a member of the Association of Professional 
Engineers, Geologists and ~eophysicists of Alberta 

- I have been actively involved in mineral exploration in 
Canada, Australia and New Guinea since 1966 

- I supervised and participated in the 1984-85 exploration 
program on the Matt 1 - 20 mineral claims. 
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