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INTRODUCTION 

The Moonlight c la ims  were s t aked  by I tsi  J o i n t  Venture (Union O i l  

Company of Canada Limited, Aquitaine Company of Canada Limited and S t ,  

Joseph Explora t ion  Limited) i n  J u l y  and September 1976 t o  p r o t e c t  a hydro- 

geochemical anomaly der ived  from t h e  lower po r t ion  of t h e  Canol Formation 

Shale.  Although no m i n e r a l i z a t i o n  was found, t h e  anomaly i s  considered 

promising because equiva len t  s t r a t a  a  few mi les  n o r t h e a s t  con ta ins  t h e  

s t r a t i f o r m  shale-hosted Tom and Jasen  z inc- lead-bar i te  depos i t s .  

The anomaly was o u t l i n e d  and explored on behalf  o t  Itsi J o i n t  Venture 

by an  Archer,  Cathro & Associa tes  Limited crew under t h e  d i r e c t  supe rv i s ion  

of t h e  w r i t e r .  F i e l d  work i n  1976 cons i s t ed  of pre l iminary  geo log ica l  

mapping and p rospec t ing  and geochemical surveys between August 2  and 

September 18. F i e ld  personnel  cons i s t ed  of g e o l o g i s t s  M. P. P h i l l i p s ,  

E. M. Jensen,  T. J. Brenmer and R. Dickin and a s s i s t a n t s  G. Lowey, J. 

Gibson and F, Gish, 

PROPERTY, LOCATION AND ACCESS 

The p rope r ty  c o n s i s t s  of 37 cont iguous claims which form a c rudely  

t r i a n g u l a r  b lock  w i t h  t h e  longes t  (south)  s i d e  fo l lowing  t h e  Canol Road 

from mi le  261.5 t o  about mi le  264.5. The claims a r e  r e g i s t e r e d  i n  t h e  

name of Archer, Cathro & Associa tes  Ltd. as fol lows:  

M I N I N G  DISTRICT CLAIM TAG NUMBERS EXPIRY DATE 

MAY 0 Moonlight 1-4 YA6148-YA6151 2 August 1977 
5-17 YA6352-YA6364 11 August 1977 

22-37 YA7172-YA7187 24 September 1977 

WATSON LAKE Moonlight 18-21 YA11200-YA11203 24 September 1977 



The c e n t r e  of t h e  anomaly is  on t h e  northwest  s i d e  of t h e  Can01 Road 

a t  approximately mile  264, which i s  133 road m i l e s  from Ross River and 16  

road mi les  from t h e  Yukon-NWT border .  Access i s  by road (summer only)  and 

by a i r c r a f t  t o  t h e  MacMillan Pass  a i r s t r i p ,  11 road m i l e s  n o r t h e a s t ,  o r  t o  

J e f f  Lake, 5 road m i l e s  southwest.  

GEOLOGY AND GEOMORPHOLOGY 

The MacMillan Pass  d i s t r i c t  has  been only  l i g h t l y  scoured by 

P le i s tocene  g l a c i a t i o n  except  a long main v a l l e y s .  An i c e  s h e e t  once 

extended over much of t h e  reg ion  bu t  i t  was p a r t  of a much o l d e r  g l a c i a l  

per iod.  I n  t h e  l a t e  P l e i s t o c e n e  pe r iod ,  v a l l e y  g l a c i e r s  extended outwards 

a s  l obes  from a r e a s  of h igher  e l e v a t i o n  t o  t h e  n o r t h  and e a s t ,  modifying 

t h e  shape of main v a l l e y s  t o  a u-shaped p r o f i l e ,  t r u n c a t i n g  spu r s  below 

e l e v a t i o n s  of about 5500 f e e t  and l o c a l l y  d i s r u p t i n g  t h e  dra inage  p a t t e r n ,  

It i s  p o s s i b l e  t h a t  i c e  accumulation was prevented from reaching  t o  t h e  

p re sen t .  G l a c i a l  d e p o s i t s  i n  t h e  d i s t r i c t  tend t o  be  r a t h e r  t h i n  and 

d iscont inuous  i n  t h e  mountains and a r e  most common on t h e  f l o o r  of t h e  

main v a l l e y s .  I n  p l aces  where v a l l e y  scour ing  has been weak, f i s s i l e  rocks 

such a s  s h a l e  have been s e v e r e l y  f r o s t  s h a t t e r e d  i n t o  f i n e  felsenmeer and 

t a l u s ,  which tend t o  flow downhil l  under t h e  a c t i o n  of s o l i f l u c t i o n  and 

mass wast ing.  Permeable rocks i n  t h i s  d i s t r i c t  appear t o  be s t r o n g l y  

weathered above the  water  t a b l e .  

G l a c i a l  modi f ica t ion  of t h e  topography l ed  t o  d i s r u p t i o n  of t h e  

former water  t a b l e  and e i t h e r  exposed unleached rock t o  s u r f a c e  through 

e ros ion  o r  a t  l e a s t  r e s u l t e d  i n  r e juvena t ion  of t h e  l each ing  cyc le  a t  a 



deeper l e v e l .  Where p y r i t e  was present ,  goundwater became more a c i d i c  

and c a r r i e d  a higher i r o n  content  which p r e c i p i t a t e d  a s  a  l imoni te  cement 

i n  s tream gravels  ( f e r r i c r e t e )  a f t e r  the  water reached su r face  a t  a  spr ing .  

Numerous examples of f e r r i c r e t e  depos i t s  a r e  present  i n  t h e  d i s t r i c t ,  one 

of which occurs near  the  head of Gary Creek. F e r r i c r e t e  f l o a t  was a l s o  

seen near  the  head of Glow Creek, j u s t  above a small  remnant of g l a c i a  till 

t h a t  occurs near  the  4000 foo t  e levat ion .  No recen t ly  formed f e r r i c r e t e  

has been seen i n  t h e  d i s t r i c t  and a l l  examples v i s i t e d  a r e  present ly  being 

a c t i v e l y  eroded by streams. This i s  i n t e r p r e t e d  a s  evidence t h a t  t h e  leac- 

cycle i s  approaching equil ibrium once again. 

The Moonlight claims a r e  covered by t a l u s  with l e s s  than 5 percent  

outcrop above the  4000 foo t  e l eva t ion  and by an extens ive  t h i n  mixture of 

g l a c i a l  and f l u v i a l  t i l l  and l o c a l  t a l u s  below. The property has been mapped 

on a reconnaissance s c a l e  and t h e  r e s u l t s  a r e  p l o t t e d  on Figure I M - 1  a t  a  

s c a l e  of 1:10,000 ( i n  pocket).  Because of the  poor exposure and topographic 

con t ro l ,  t h e  s t r u c t u r e  of t h e  rocks i s  somewhat conjec tura l .  

The property is  under la in  by the  following sequence of f i n e  c l a s t i c s  

of Middle Devonian t o  Mississippian Age: 

IMPERIAL FORMATION 

Iss Interbedded sandstone and s i l t s t o n e ,  brown weathering 

I a r  Trans i t iona l  varicoloured s i l t s t o n e  and a r g i l l i t e ;  s i l v e r  
t o  grey weathering; contain a 20 foo t  bed of t u f f  and 
amygdaloidal flows near  the  top. 

CANOL FORMATION 

CP P h y l l i t i c  black sha le  with d i s t i n c t i v e  s i l v e r  weathering; 
conta ins  b a r i t i c  zones near  t h e  base i n  MacMillan Pass D i s t r i c t .  

Ccgl Chert pebble conglomerate of sharply  v a r i a b l e  thickness;  
massive; weathers t o  l a r g e  blocky t a l u s .  



I n  t h e  MacMillan Pass  D i s t r i c t ,  t h e  Canol conglomerate and an  under- 

l y i n g  s h a l e - t u r b i d i t e  sequence up t o  200 f e e t  t h i c k  r e s t s  unconformably on 

a r g i l l i t e  of t h e  Road River  Formation. The Canol Formation was apparent ly  

der ived  by e ros ion  of a land mass t o  t h e  southwest ,  a s  opposed t o  t h e  Road 

River Formation which was der ived  from t h e  no r theas t .  The conglomerate 

c o n s i s t s  of angular  t o  rounded c l a s t s  of medium grey t o  b l ack  t o  whi te  c h e r t  

and a few c l a s t s  of b l ack  s h a l e  and l i g h t  brown a r g i l l i t e .  C l a s t s  a r e  up t o  

10 cm long  nea r  t h e  Moonlight c laims and i n  most p l a c e s  t h e  conglomerate i s  

t i g h t l y  cemented by pervas ive  l igh t -grey  c h e r t  which causes i t  t o  break  through 

r a t h e r  than  around t h e  c l a s t s ,  forming t a l u s  b locks  up t o  f o u r  f e e t  i n  length .  

This  u n i t  o f t e n  forms r i d g e  c r e s t  p innac le s  and c l i f f s  and v a r i e s  r a p i d l y  i n  

t h i ckness  from 100 t o  850 f e e t  i n  t h e  d i s t r i c t .  No evidence of bedding o r  

o t h e r  sedimentary f e a t u r e s  was seen  and i t  i s  considered t o  be  a d e n s i t y  o r  

t u b i d i t y  flow. A small pa tch  of conglomerate i s  rumoured t o  be  p re sen t  nea r  

t h e  b a r i t e  ou tcrops  on t h e  ad j acen t  Gary claims b u t  i t  was no t  seen  i n  1976. 

No conglomerate has  been mapped on t h e  Moonlight c laims.  

The Canol s h a l e  forms a d i s t i n c t i v e ,  s i l ve r -g rey  weathering conformable 

b l anke t  above t h e  conglomerate. The s h a l e  i s  s l i g h t l y  s i l i c e o u s  and makes a 

c h a r a c t e r i s t i c  c l i n k i n g  sound underfoot .  It weathers  i n  p l a t e s  about 1 / 2  cm 

t h i c k  and forms a b l ack  s o i l .  From a d i s t a n c e  i t  has  a d i s t i n c t i v e  l u s t r o u s  

sheen and a f a i n t  b l u i s h  t i n t ,  This  u n i t  is l o c a l l y  more than  1000 f e e t  t h i c k  

bu t  t h i n s  r a p i d l y  away from t h e  MacMillan Pass  D i s t r i c t  t o  less than  200 f e e t  

i n  t h i ckness .  Bedding i s  badly o b l i t e r a t e d  by a poor ly  developed f o l i a t i o n  

.and a w e l l  developed p e n e t r a t i v e  cleavage r e l a t e d  t o  t h e  a x i a l  t r end  of major 

f o l d s  t h a t  s t r i k e  about 070'. Bedding is only  seen  a s  co lour  banding on 

weathered s u r f a c e s  and t h e s e  a r e  seldom found i n  t h e i r  t r u e  a t t i t u d e  due t o  



t h e  r e c e s s i v e  n a t u r e  of t h e  u n i t .  The few a t t i t u d e  measured i n d i c a t e  t h a t  t h e  

u n i t  is  s t r o n g l y  fo lded .  F l o a t  of t u f f aceous  and amygldaloidal  vo lcan ic  rock 

has  been found nea r  t h e  top  of t h e  r i d g e  and f u r t h e r  mapping might be  success- 

f u l  i n  t r a c i n g  t h i s  marker horizon.  I n  t h i s  d i s t r i c t ,  bedded b a r i t e ,  such as 

t h a t  found on t h e  ad j acen t  Gary claims,  occurs  near  t h e  base of t h e  sha le .  

The b a r i t e  is  sometimes accompanied by economically important  amounts of 

galena and s p h a l e r i t e ,  a l though none has  been found i n  t h e  Gary showing. 

The Can01 s h a l e  grades conformably upwards i n t o  a t r a n s i t i o n a l  u n i t  

a t  t h e  base of t h e  Imper ia l  Foundation. This  u n i t  i s  da rk  grey,  f i n e l y  

laminated and p h y l l i t i c  a t  t h e  base and becomes s i l t s t o n e  o r  a r g i l l i t e  of 

h igh ly  v a r i a b l e  co lour  near  t h e  top.  On t h e  Moonlight p rope r ty  i t  i s  

usua l ly  grey. This  co lour  v a r i a t i o n  i s  i n t e r p r e t e d  a s  r a p i d  f l u c t u a t i o n  

from ox id i z ing  t o  reducing  depos i t i on  i n  shal low water .  The a r g i l l i t e  

c o n s i s t s  of f i n e ,  angular ,  s i l t - s i z e d  m a t e r i a l  composed mainly of q u a r t z ,  

f e l d s p a r  and b lack  c h e r t  o r  a r g i l l i t e  fragments. The t r a n s i t i o n a l  u n i t  

changes upwards i n t o  s e v e r a l  hundred f e e t  of t h i c k  bedded, b lack  s i l t y  

s a n t s t o n e  which weathers  p a l e  yellow-brown and forms t a l u s  b locks  up t o  

two f e e t  i n  length .  It c o n s i s t s  of angular  g r a i n s  of q u a r t z ,  f e l d s p a r  

dark  rock fragments and b i o t i t e  f l a k e s  i n  a  b lack  muddy matr ix.  It 

c h a r a c t e r i s t i c a l l y  con ta ins  cons iderable  c r o s s  bedding and was poss ib ly  

der ived  from t h e  e r o s i o n  of an igneous rock,  w i t h  depos i t i on  i n  a s t ream 

mouth-bar type  of environment w i t h i n  a porgrading d e l t a  f r o n t .  The sou rce  

i s  thought  t o  b e  from t h e  no r theas t .  



GEOCHEMISTRY 

INTRODUCTION 

The geochemical survey of t h e  Moonlight Proper ty  included a n a l y s i s  of 

rock,  s o i l ,  s i l t  and s p r i n g  and s t ream water  f o r  a  wide v a r i e t y  of metals  and 

ions.  The ma jo r i t y  of t h e  ana lyses  were performed a t  Chemex Labs Ltd.,  North 

Vancouver, B.C. whi le  check a s says  were obta ined  on water  samples a t  Bar r inger  

Research i n  Rexdale, 0n ta r io . and  Bondar Clegg Lab i n  North Vancouver, B.C. 

A t o t a l  of 105 rocks ,  s o i l ,  and s i l t  samples and 101 water  samples were 

c o l l e c t e d  from t h e  c la ims  and ad jacen t  p o r t i o n s  of t h e  map area .  The assays  

a r e  p l o t t e d  on Figure IM-7 (rock,  s o i l  and s i l t )  and Figures  IM-2 and IM-6 (water).  

Ear ly  geochemical exp lo ra t ion  i n  t h e  MacMillan Pass  D i s t r i c t  s t r e s s e d  

s t ream sediment ( s i l t )  sampling because of i ts  e f f e c t i v e n e s s  i n  o u t l i n i n g  a  

wide v a r i e t y  of minera l  d e p o s i t s  throughout t h e  C o r d i l l e r a .  However, t h e  

z inc- lead-bar i te  mine ra l i za t ion  i n  t h e  Canol s h a l e  proved t o  b e  unsui ted  t o  

t h i s  technique because t h e  response from t h e  mine ra l i za t ion  w a s  lower than  

t h e  background l e v e l s  of streams d r a i n i n g  t h e  sha l e .  

ROCK, SOIL AND SILT SAMPLING 

During 1976 a  number of o r i e n t a t i o n  l i n e s  were run over  su lph ide  

d e p o s i t s  nea r  t h e  Moonlight proper ty  and a t  random l o c a t i o n s  throughout t h e  

d i s t r i c t .  The o r i e n t a t i o n  l i n e s  near  MacMillian Pass  have shown t h a t  

leached Canol s h a l e  has  background l e v e l s  of about 1 5  Cu ( rock  and s o i l ) ,  

4 Mo (rock and s o i l ) ,  50 Pb (rock and s o i l )  10 Zn i n  rock  and 20 i n  s o i l ,  

0.5 Ag (rock and s o i l ) ,  20 Mn i n  rock and 30 i n  s o i l ,  and 2000 Ba (rock 

and s o i l ) ,  a l l  i n  ppm. Loss on I g n i t i o n  (LOI) ranges from about 0.4 t o  

6.6%, wi th  most r e s u l t s  betwean 1.0 and 2.4%. The fo l lowing  a r e  background 

ranges from s e v e r a l  thousand samples c o l l e c t e d  r e g i o n a l l y  from Canol s h a l e :  



ASSAYS (ppm) 

Cu - Pb - Zn - 
Rock 4-100 4-50 5-200 

S o i l  1-100 2-40 5-200 

Many of t h e  r e g i o a n l  samples were c o l l e c t e d  from unleached a r e a s  which 

accounts  f o r  t h e  h ighe r  background ranges. 

The samples c o l l e c t e d  from Canol s h a l e  on Moonlight c la ims  du r ing  1976 

gave background a s says  i n  t h e  fo l lowing  ranges: 

ASSAYS (ppm) 

Cu - Pb - Zn - 

Rock 10- 4 6 6-32 95-344 

S o i l  3-86 2-48 25-640 

S i l t  24-50 8-28 115-1160 

A l l  samples were screened t o  minus 80 mesh ( a f t e r  pu lve r i z ing  i n  t h e  case  of 

rock samples) and analyzed f o r  copper,  l ead  and z i n c  us ing  a 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  and atomic absorp t ion  spectrometry (AAS). 

WATER SAMPLING 

Water samples were c o l l e c t e d  on an experimental  b a s i  s and were an alyzed 

i n  a v a r i e t y  of ways t o  determine background l e v e l s  f o r  t h e  main metals .  Most 

samples were coa r se ly  f i l t e r d d  i n  t h e  f i e l d  t o  remove suspended o rgan ic  and 

minera l  p a r t i c l e s  and were shipped t o  t h e  l a b  f o r  pH measurement and assay.  

The f i r s t  ba t ch  of water  samples was a c i d i f i e d  i n  t h e  f i e l d  w i th  concent ra ted  

n i t r i c  a c i d  i n  o rde r  t o  determine uranium con ten t ,  t hus  prec luding  a pH 

measurement. I n  o rde r  t o  measure t h e  l e v e l s  of some of t h e  more i n s o l u b l e  

meta ls  such a s  l ead  and copper,  a s e n s i t i v e  and expensive preconcent ra t ion  



technique,  comnonly used f o r  environmental p o l l u t i o n  s t u d i e s ,  was adopted. 

This  is  r e f e r r e d  t o  a s  t h e  APDC/MIBK method, i n  which t h e  element i s  che la t ed  

o r  complexed wi th  ammonium p y r r o l i d i n e  ditho-carbamate (APDC), e x t r a c t e d  i n t o  

t h e  o rgan ic  so lven t  methyl i s o b u t y l  ketone (MIBK), and then  analyzed w i t h  

AAS. Detec t ion  l i m i t s  of 1 ppb Fe and Cu, 2 ppb Pb and Zn, 10  ppb Mn, 

20 ppb F and 10  ppm SO can be obta ined  i n  t h i s  manner. 
4 

Repeat samples were c o l l e c t e d  at t h e  same sample s i t e  on s e v e r a l  

occas ions  i n  o rde r  t o  check t h e  r e p r o d u c i b i l i t y  of t h e  a n a l y t i c a l  t echniques  

and t o  determine what s easona l  v a r i a t i o n s  occur  i n  t h e  water  assays .  Some 

s e l e c t e d  check a s says  a r e  t abu la t ed  below: 

STREAM 
LOCATION ON 
CANOL ROAD 

SAMPLE 
NO. 

17813 
22256 
M5 

17818 
22262 
M17 

17811 
22268 

TABLE I 
( a l l  assays  a t  Chemex Labs; NA=not analyzed)  

DATE 
SAMPLES 

June 3 
J u l y  20 
Aug. 24 

June 3 
J u l y  20 
Aug. 24 

June 3 
J u l y  20 

AS SAYS 

These water  samples check remarkably c l o s e l y ,  cons ider ing  t h e  wide ranges 

t h a t  occur  between i n d i v i d u a l  s t reams and t h a t  t h e  claims were more than  

60 percent  snow covered when t h e  f i r s t  samples were c o l l e c t e d  on June 3 

Although r a i n f a l l  was lower than  normal between June 3 and August 24 ,  t h e r e  

is  no evidence t h a t  d i l u t i o n  by s u r f a c e  runoff  has any s i g n i f i c a n t  e f f e c t  

on meta l  conten t .  



The c o r r e l a t i o n  between d i f f e r e n t  l a b o r a t o r i e s  was i n v e s t i g a t e d  on 

t h e  ba t ch  of samples c o l l e c t e d  August 24 w i t h  t h e  fo l lowing  r e s u l t s  shown 

on Table I1 on t h e  fo l lowing  pages. Although va r i ance  of up t o  20 percent  

occurs  between i n d i v i d u a l  l a b s ,  t h e s e  r e s u l t s  a r e  considered q u i t e  

s a t i s f a c t o r y  because of t h e  extremely h igh  anomalous c o n t r a s t  t h a t  occurs  

i n  a l l  meta ls .  Ba r r inge r s  pH measurements were c o n s i s t e n t l y  from 0.5 t o  

1.0 pH i n t e r v a l  h igher  than  t h e  o t h e r  two l a b s  i n  t h e  weakly a c i d i c  range. 

The test work performed i n  t h e  l a b  has sown t h a t  a h igh ly  v a r i a b l e  

l e a d  con ten t  i s  p re sen t  i n  t h e  s t reams b u t  t h a t  i t  i s  p a r t i a l l y  removed by 

f i l t e r i n g  through o rd ina ry  f i l t e r  paper and i s  almost t o t a l l y  removed by 

f i l t e r i n g  through a  Whatman GF/C 0 . 4 5 p g l a s s f i b r e  f i l t e r .  The fo l lowing  

a s says  were obta ined  a t  Chemex Labs from an  u n f i l t e r e d  p o r t i o n  of t h e  

samples l i s t e d  i n  Table 11. 

TABLE I11 

SAMPLE 
NUMBER 

Pb (ppb) 
NO FILTER WHATMAN FILTER 

Fe (ppb) 
NO FILTER WHATMAN FILTER 

The e f f e c t  of t h e  f i l t e r i n g  on i r o n  is  a l s o  s i g n i f i c a n t  bu t  more uniform 

and n o t  as s e r i o u s  a s  f o r  lead .  Neg l ig ib l e  amounts of z i n e  and copper were 

removed by t h e  Whatman f i l t e r .  



TABLE I1 

(C-Chemex; B-Barringer; BC-Bondar Clegg) 

Sample Zn(ppb) F ( P P ~ )  PH SO4 (P pm) Pb(ppb) Fe (ppb) As (ppb) 
No. C B BC C B BC C B BC C B BC C* B - - - - - - - -  - - - - -  BC C* B Bc c+ F B c  c B Bc 

* - Whatman GF/c 0.45 m f i l t e r  

+ - u n f i l t e r e d  
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The water r e s u l t s  from the  Moonlight c  laims a r e  p l o t t e d  on Figure IM-2 

t o  IM-6, inc lus ive  ( i n  pocket).  Strongly anomalous con t ras t  has been 

obtained i n  SO4, Zn, Pb, Mn, F and Fe near  Glow Creek with a  weak suggest ion 

of a  poss ib le  northwest o r i en ta t ion .  However, i t  must be s t r e s s e d  t h a t  t h i s  

t rend may be caused simply by the  drainage p a t t e r n ,  t h e  d i s t r i b u t i o n  of t h e  

a v a i l a b l e  sampling s i t e s ,  and t h e  o r i e n t a t i o n  of t h e  mountain. 

No s i g n i f i c a n t  con t ras t  has been obtained f o r  Cu (Figure IM-6). Assays 

f o r  a d d i t i o n a l  metals on t h e  f i r s t  batch of samples, which were co l l ec ted  on 

June 3 and f i l t e r e d  with normal paper, indica ted  low l e v e l s  of t h e  following: 

B a  - l e s s  than de tec t ion  l i m i t  of 100 ppb 
A s  - 11 I I I I 11 1 I 

1 I I I 11 I t  
10 P P ~  

U - " 0.25 ppb 
v - I 1  1 I I 1  I I 11 

I I I t  I 1  I 1  
50 P P ~  

MO - " 
11 11 11 11 11 

10 P P ~  
Cd - 10 ppb except f o r  

one assay of 20 ppb on a  sample t h a t  was anomalous 
i n  the  o ther  main metals 

The batch of samples co l l ec ted  August 24 was t e s t e d  f o r  seve ra l  

a d d i t i o n a l  metal by Barringer Lab using d i r e c t  a s p i r a t i o n  and a n a l y s i s  by 

a  Multi-element Radio Frequency Emission Spectrometer (MRFES) u n i t .  This 

showed t h e  fol lowing assay l eve l s :  

METAL RANGE (ppb) RANGE (ppb) 



SUMMARY AND CONCLUSIONS 

The water orientation surveys have produced anomalous assays from 10 to 

100 times background (one to two orders of magnitude above background) in 

SO4, Zn, Pb, Mn, F and Fe. Water is the only sampling medium that gives a 

strong Zn contrast from the Canol Formation. The water anomalies are not 

significantly affected by seasonal variations in stream flow and have been 

confirmed by different laboratories. Because anomalous contract is so high, 

satisfactory detection limits can be obtained with a relatively simple and 

inexpensive technique. The recommended procedure in exploring for shale 

hosted mineralization in the Canol Formation is (a) to measure pH and remove 

visible suspended particles from the water with crude filtering in the 

field, and (b) to partially pre-concentrate in the lab with partial 

evaporation and digestion in nitric perchloric acid prior to direct analysis 

with AAS . 
Although no mineralization has been observed on the Moonlight claims, 

the anomaly centered on Glow Creek is considered to be a significant explora- 

tion target because of its resemblance in magnitude and metal association 

with response from known sphalerite-galena-barite showings that occur in 

the MacMillan Pass District. Although the lead response from the Moonlight 

claims can only be obtained by the special analytical technique outlined 

above, the results are considered to be valid and significant because of the 

broad range of values and because the highest lead assays correspond with 

anomalous assays in the order main metals and ions. 

Very little information has been published on water response from 

shale-hosted zinc-lead-barite mineralization. However, a review of geo- 

chemical literature suggests that the following is a valid exploration 



hypothes is .  Anomalous water  response i n  SO and t h e  o t h e r  main meta ls  is 
4 

probably proof t h a t  s u r f a c e  ox ida t ion  and l each ing  has  r e c e n t l y  occurred,  

probably r e l a t e d  t o  P l e i s tocene  lowering of t h e  water  t a b l e .  Threshold 

f o r  SO is about 50 ppm and va lues  above t h a t  l e v e l  probably i n d i c a t e  t h a t  
4 

b a t e r i a l  l each ing  of su lph ide  minera ls  i s  underway. Assays of 200 ppm SO 
4 

o r  g r e a t e r  a r e  considered t o  be  s t r o n g l y  anomalous. Values up t o  1100 ppm 

SO were obta ined  by l t s i  J o i n t  Venture i n  t h e  MacMillan Pass  D i s t r i c t  i n  
4 

1976. B a c t e r i a l  l eaching  and su lph ide  ox ida t ion  proceeds most qu ick ly  

under low pH, a temperature of 30°C and t h e  presence of oxygen, i r o n ,  

su lphur  and n u t r i e n t s  (N,C02). These r e a c t i o n s  produce a lowering of 

t h e  pH and low assays  i n  o t h e r  meta ls  such as Zn, Pb, Mn, and F probably 

i n d i c a t e s  t h e  ox ida t ion  of p y r i t e  only,  whereas t h e  same SO and pH 
4 

readings  w i t h  anomalous l e v e l s  of Zn, Pb, Mn and F probably i n d i c a t e s  

t h e  presence  of o t h e r  s u l f i d e s  as we l l .  Low l e v e l s  of SO and o t h e r  
4 

meta ls  and n e u t r a l  pH could i n d i c a t e  e i t h e r  t h e  absence of s u l f i d e s  i n  

an ox id i z ing  environment o r  merely t h e  absence of an ox id i z ing  environment. 

Water anomalies,  l i k e  o t h e r  types of geochemical anomalies ( s o i l ,  s i l t )  

a r e  probably a poor q u a l i t i a t i v e  guide t o  t h e  q u a n t i t y  and grade of mineral- 

i z a t i o n  i n  most cases .  However, i t  i s  of cons iderable  exp lo ra t ion  i n t e r e s t  

t h a t  t h e  Moonlight water  assays  a r e  of t h e  same o rde r  of magnitude a s  

o r i e n t a t i o n  surveys  conducted i n  1976 of known mine ra l i za t ion  nearby. 

A s t a t i s t i c a l  s tudy  of 125 water  samples which were c o l l e c t e d  r e g i o n a l l y  

i n  1976 and analyzed f o r  SO4, Zn and pH i n d i c a t e s  s e v e r a l  r e l a t i o n s h i p s .  

Although t h e  t r e n d s  a r e  n o t  always s t r o n g ,  SO and Zn a s says  tend t o  be 
4 

h i g h e s t  when pH is low, al though SO4 va lues  i n  p a r t i c u l a r ,  a r e  a l s o  h igh  

wi th  near -neut ra l  pH readings .  Zn assays  of up t o  3500 ppb were obta ined  



i n  1976 b u t  Zn a s says  were always below 500 ppb when SO va lues  were less then  
4 

40 ppm. A h igh  s t a t i s t i c a l  p r o b a b i l i t y  e x i s t s  t h a t  a s says  a s soc i a t ed  

wi th  mine ra l i za t ion  i n  t h e  Can01 s h a l e  w i l l  have Zn a s says  above 500 ppb, 

and SO content  of g r e a t e r  than  250 ppm, and a pH between 2.8 and 615. 4  

The gene ra l  r e l a t i o n s h i p s  a r e  shown on Figure  IM-7 on t h e  fo l lowing  page, 

which i s  s p l o t  of pH a g a i n s t  an  a r b i t r a r y  f a c t o r  of Zn a s says  i n  ppb 

d iv ided  by SO as says  i n  ppm, Samples con ta in ing  over 250 ppb Zn have been 
4 

shown w i t h  s p e c i a l  symbols whi le  samples c o l l e c t e d  from t h e  Moonlight 

anomaly and from known mine ra l i za t ion  a r e  a l s o  i d e n t i f i e d .  

The wide range of pH as soc ia t ed  w i t h  anomalous Zn and SO is  poss ib ly  4 

a r e f l e c t i o n  of l o c a l  s t r a t i g r a p h i c  e f f e c t s  and shal low subsur face  d i l u t i o n  

of t h e  l each  water  be fo re  i t  reaches  su r f ace .  For example, a s l i g h t  

carbonate  content  i n  t h e  s h a l e  u n i t  a t  t h e  headwaters of a  s t ream would 

tend t o  n e u t r a l i z e  t h e  pH of a c i d i c  water .  S imi l a rLp , - the  . . miring of l each  

water  w i th  neut ra lground water  c l o s e  t o  s u r f a c e  t h a t  was der ived  from melt- 

water  o r  p r e c i p i t a t i o n  a t  a  h igher  e l e v a t i o n ,  would tend t o  s h i f t  pH towards 

t h e  n e u t r a l  range. Another important  f a c t o r  is  r e l a t e d  t o  t h e  escape of 

CO from ac id  spr ingwaters .  This  carbonic  ac id  and r e l a t e d  ions  i s  be l ieved  2 

t o  p l ay  a major r o l e  i n  reducing pH below about 4.5, which is  t h e  l e v e l  of 

a c i d i t y  expected from suphur ic  a c i d  content  a lone .  The ground water  i s  i n  

equ i l i b r ium when i t  reaches  s u r f a c e  bu t  t h e  r ap id  l o s s  i n  CO r a i s e s  t h e  pH 
2 

and p r e c i p i t a t e s  Cu, Fe and Zn a s  i t  approaches n e u t r a l .  Metals such a s  Pb 

and Ba, which a r e  l e s s  s o l u b l e  and which occur  i n  t h e  water  i n  very  low 

concen t r a t ions ,  a r e  n o t  a f f e c t e d  t o  t h e  same degree by t h e  CO l o s s .  B a r i t e  2 

is too  i n s o l u b l e  under t h e  n a t u r a l  cond i t i ons  p r e v a i l i n g  i n  t h e  zone of 

ox ida t ion  t o  c o n t r i b u t e  any SO4 t o  t h e  waters. Any Ba r e l e a s e d  by t h e  





leaching of w i t h e r i t e  o r  o ther  barium s a l t s  would p r e c i p i t a t e  a s  b a r i t e  i n  

the  presence of surplus  SO4. 

It appears t h a t  t h e  Canol sha le  responds much b e t t e r  t o  water sampling 

than o the r  sha les  i n  the  region.  The reasons f o r  the  exce l l en t  water 

reponse from the  Canol sha le  a r e  not  p resen t ly  understood and w i l l  not  be 

determined without f u r t h e r  study. The favourable response i s  c e r t a i n l y  

influenced by the  deep oxidat ion  and is  perhaps aided by low carbonate 

content;  high rock permeabil i ty;  a  s a t i s f a c t o r y  amount, type and mode 

of p y r i t e ;  and the  presence of whatever n u t r i e n t s  a r e  required by t h e  

b a c t e r i a  f o r  optimum leaching a c t i v i t y ,  The condi t ions  t h a t  con t r ibu te  

t o  t h e  s t rong  water response a r e  a l s o  responsib le  f o r  the  complications 

t h a t  have made s i l t  sampling s o  unsuccessful  i n  t h i s  region. 

RECOMMENDATIONS 

A complete water survey should be  made of the  Moonlight property and 

adjacent  a rea ,  using t h e  a n a l y t i c a l  technique described e a r l i e r ,  i n  order  

t o  ob ta in  a complete p i c t u r e  of t h e  d i spe r s ion  p a t t e r n s  f o r  Pb, SO4 and Zn 

and the  r e l a t i o n s  of these  t o  pH. An orthophoto contour map of the  

property should a l s o  be prepared s o  t h a t  the  geologica l  mapping and 

water sampling can be p lo t t ed  accura te ly  and t i e d  t o  e l eva t ions ,  

Preliminary mapping i n d i c a t e s  t h a t  the  favourable b a r i t i c  horizon 

i n  t h e  Canol sha le  under l ies  t h e  Moonlight property a t  shallow t o  moderate 

depth. Since the  barren b a r i t e  showing on the  adjacent  Gary claims gives 

only background water response, t h e  Moonlight water anomaly is  i n t e r p r e t e d  

a s  being derived from a bedded b a r i t e  zone with a higher s p h a l e r i t e  and 

galena content .  
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