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I t emized  Cos t  S ta tement  
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E.  J e n s e n  
( G e o l o g i s t )  
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F i e l d  June  23-30 I, $2,55O/month 
I I  658.00 J u l y  1-8 8 658.00 

P o s t  f i e l d  J u l y  26-31 6 371.00 

P r e  f i e l d  J u l y  19-20 2 $2,55O/month 
11 

124.00 
August 16-18 3 185.00 

F i e l d  August 19-31 1 3  1 ,069.00 
11 S e p t e m b e r l - 4  4 340.00 

P o s t  f i e l d  September 5-15 11 701.00 
Hol idays  September 16-17 2 124.00 

R. Warner P r e f i e l d  August 1 8  1 $1,425/month 35.00 
( F i e l d  A s s i s t a n t )  F i e l d  August 19-31 1 3  

11 

598.00 
September 1-4 4 190.00 

Hol idays  October  1-3 3 104.00 

A. G e l l i n g  F i e l d  May 18-19 2 $2,17O/month 140.00 
( F i e l d  A s s i s t a n t )  11 J u l y  6-9 4 280.00 

11 J u l y  14-15 2 140.00 

C .  Chalmers F i e l d  J u l y  27-31 4 $ l ,705 /month  220.00 
( F i e l d  A s s i s t a n t )  

T o t a l  

P r e f i e l d  i n c l u d e s  c o l l e c t i o n  of s u p p l i e s ,  o r g a n i z i n g  t r a n s p o r t  and m o b i l i z a t i o n  t o  
f i e l d .  

F i e l d  i n c l u d e s  t i m e  s p e n t  employed on o r  concerned w i t h  t h e  p r o p e r t y .  

P o s t  f i e l d  i n c l u d e s  d e m o b i l i z a t i o n ,  o r g a n i z a t i o n  of d a t a  and s u p p l i e s .  

Hol idays  i s  payment f o r  work performed on Sundays d u r i n g  " f i e l d "  employment. 

B. Food and Accomodation 

Expenses i n  Whi tehorse ,  Watson Lake and Ross R i v e r  were i n c u r r e d  d u r i n g  m o b i l i z a t i o n  
and d e m o b i l i z a t i o n .  F i e l d  expenses  are a c t u a l  c o s t s  f o r  equipment and consumables 
d u r i n g  t h e  p e r i o d  o f  f i e l d  employment as w e l l  as e x p e d i t i n g  s u p p o r t .  



Whitehorse  May 12-19 
(Archer ,  C a t h r o  s t a f f  J u n e  26,30 
house)  J u l y  8-16,27-31 

August 16-19 
September 4-12 

Watson Lake J u l y  16 
(Be lvedere  H o t e l )  
Ross R i v e r  (Welcome Inn)  August 20 
C l a i m  a r e a  May 19- 24 1 

J u n e  6-30 1 
J u l y  1-7 ) 
August 19-31 ) 
September 1-4 ) 

1 8  mandays 

CP A i r  - m o b i l i z i n g  R.  Ca thro  - Van. t o  Whse. 
crew, s u p e r v i s i o n  A.  Gregson - Van. t o  Whse. 

G. Matthews - Van. t o  Whse. 
M. Hawley - Van. t o  Whse. 
R. Carne - Van. t o  Whse. 
R. Ca th ro  - Van. t o  Whse. 
A. G e l l i n g  - Whse. t o  Watson L. 
A. Gregson - Whse. t o  Watson L. 
R. Ca th ro  - t o  Whse., Watson L.  
R. Warner - Whse. t o  Watson L.  
R. Ca th ro  - Whse. t o  Van. 
M. Hawley - Whse. t o  Van. ( 1 / 2 )  
A. Gregson - Whse. t o  Van. (112) 
C. Main - Whse. t o  Van. (112) 

May 23 
May 1 2  
May 1 2  
May 1 6  
May 23 
J u l y  8 
J u l y  1 3  
J u l y  1 3  
Aug. 16 
Aug. 1 6  
S e p t .  1 3  
Sep t .  2 
S e p t .  24 
Sep t .  27 

2. O t t e r  (B.C.-YukonAirways) (25% d e l e t e d  t o  a l l o w  f o r  s t a k i n g  c o s t s )  

5 ,745 m i l e s  a t  $1.70 m i l e  May 20,21,25,27 
J u n e  1 6  
J u l y  1 9  
August 20,26 
September 4 

E x t r a  f u e l  

l e s s  25% 



3. Beaver (B.C.-Yukon Airways) (25% d e l e t e d  t o  a l l o w  f o r  s t a k i n g  c o s t s )  

975 m i l e s  a t  $1 .35 /mi le  J u n e  8 ,  1 9 , 2 3  
l e s s  25% 

4. Cessna 185 (B.C.-Yukon Airways) (25% d e l e t e d  t o  a l l o w  f o r  s t a k i n g  c o s t s )  

2 ,406 m i l e s  a t  $1 .05 /mi le  May 30 
June  4 ,10 ,12 ,26  
J u l y  3 
August 25,28 

less 25% 

5. B e l l  47G3B2 H e l i c o p t e r  (Trans  Nor th  Turbo A i r )  (no s t a k i n g  i n c l u d e d )  

125.2 h o u r s  a t  $160/hour May 20-July 1 8  $ 20,032.00 
36.6 h o u r s  a t  $160/hour  August 19-September 6 5,856.00 

6. Archer  Ca thro  t r u c k s  ( a t  $800/month p l u s  gas  and r e p a i r s )  

White Ford v a n ,  1 ton  

Red Ford  van ,  1 t o n  
Blue Ford p ickup  

7.  Rented Trucks  

H e r t z  1 t o n  

H e r t z  5 t o n  

May 15-31 
June  1-30 
J u l y  1-15 
August  17-18 
May 17-19 
August 22-24 

May 14-27 $ 561.02 
August 17-September 6 737.81 
J u l y  6-20 456.04 



D. I n s t r u m e n t  R e n t a l  

SBX 11 s i n g l e  s i d e  r a d i o  t r a n s c e i v e r  
a t  $250/month 

E. A n a l y s i s  ( i n c l u d e s  c o s t  o f  p r e p a r a t i o n )  

1. Waters 

May 15-31 
June  1-30 
J u l y  1-15 
Aguus t 19-31 
September 1-4 

453 samples  a n a l y s e d  f o r  Zn, SO a t  3.20 
5  samples a n a l y s e d  f o r  ~b , z ~ , ~ o ~ , ~ H  a t  5.00 

33 samples  a n a l y s e d  f o r  Pb,Zn,SO a t  3.40 
1 2  samples a n a l y s e d  f o r  ~b , Z ~ , S O ~ , C U , P I O  , ~ d  a t  5 .60 

6  samples  a n a l y s e d  f o r  pH,HCO , e l , C a , ~ ,  
h a r d n e s s ,  c o n d u c t i v i t y  

3  
a t  8.00 

2. S i l t  and S o i l  S a m ~ l e s  

330 samples a n a l y s e d  f o r  Pb,Zn 
1 , 4 1 5  samples a n a l y s e d  f o r  Pb,Zn,Cu 

3.  Rock Samples 

5 1  samples a n a l y s e d  f o r  Pb,Zn,Cu 
54 samples a n a l y s e d  f o r  P b ( l e a c h ) , Z n  

8  samples a n a l y s e d  f o r  Pb,Zn,Sr  
1 6  samples a n a l y s e d  f o r  S r  

6  samples a n a l y s e d  f o r  Pb,Zn,Fe,Mn 
24 samples a n a l y s e d  f o r  Mn,Fe 

3  samples  a n a l y s e d  f o r  Pb,Zn,Cu,Ba 
5 7  samples  a s s a y e d  f o r  Pb,Zn 
26 samples a s s a y e d  f o r  Ba,Sr 

4 samples a s s a y e d  f o r  Ba,Sr,Pb,Zn 

A i r  f r e i g h t  t o  Vancouver 



F. Cost  of P r e ~ a r i n e  R e ~ o r t  

1. Management r e t a i n e r  t o  Archer ,  Ca thro  & A s s o c i a t e s  t o  c o v e r  
o r g a n i z a t i o n ,  s u p e r v i s i o n ,  e x e c u t i o n ,  s t u d y  and c o m p i l a t i o n  
of work performed - A p r i l  1977 t o  December 1977 

2. D r a f t i n g  - A p r i l  1977 t o  December 1977 

3. O f f i c e  c o s t s ,  t e l e p h o n e ,  a c c o u n t i n g ,  Xerox c o p i e s ,  map 
r e p r o d u c t i o n s  - A p r i l  1977 t o  December 1977 

4. Wages o f  t h o s e  employed p r e p a r i n g  r e p o r t  - 

A. Gregson ( G e o l o g i s t )  - September 27-30, October  1-15, 
December 1-5 - t o t a l  24 days  a t  $2,10O/month 

R. Carne ( G e o l o g i s t )  - October  19-31, November 16-30, 
December 1-31 - t o t a l  59 days a t  $2,55O/month 

C.A. Main ( G e o l o g i s t )  - October  1-15 - t o t a l  1 5  days  
a t  $2,55O/month 

T o t a l  
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Pref  i e l d  
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(Adjusted t o  d e l e t e  a l l  s t a k i n g  c o s t s )  

Hired 
F i e l d  c o s t s  (consumables) 

T ranspo r t a t i on  

CP A i r  m o b i l i z a t i o n  
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Beaver 
Cessna 185 
B e l l  47G3B2 
Archer ,  Cathro t r u c k s  
Rented t r u c k s  

Rented Ins t ruments  

Radio 

Analysis  

Cost of P repa r ing  Report 

Management and s e n i o r  s u p e r v i s i o n  
by R. J .  Cathro 9,000.00 

Dra f t i ng  2,681.00 
O f f i c e ,  account ing ,  s t a t i o n e r y ,  maps 7,985.00 
Wages 7,823.00 

T o t a l  



CHAPTER 1 - INTRODUCTION 

Gataga J o i n t  V e n t u r e  (GJV) was formed i n  A p r i l ,  1977 by A q u i t a i n e  Co. o f  Canada 

L t d . ,  Chevron Canada L t d . ,  G e t t y  Mining P a c i f i c  L t d .  and Welcome North  Mines Ltd .  

f o r  t h e  purpose  of s t a k i n g  m i n e r a l  c l a i m s  and i n v e s t i g a t i n g  t h e  s i g n i f i c a n c e  of 

geochemical  anomal ies  o b t a i n e d  i n  1976 by Cas t l emaine  E x p l o r a t i o n  L td .  The p r o p e r t y ,  

which i s  o u t l i n e d  on F i g u r e  1 on t h e  f o l l o w i n g  page ,  is  s i t u a t e d  i n  n o r t h - c e n t r a l  

B r i t i s h  Columbia w i t h i n  NTS map-areas 94E (Toodoggone R i v e r ) ,  94F (Ware),  94K (Tuchodi 

Lakes) and 94L (Kech ika) .  The program was based  on t h e  e x i s t e n c e  of s t r o n g  l e a d  

geochemical  r e s p o n s e  f rom a 60 km long  b e l t  of  Devonian-Miss i s s ipp ian  G u n s t e e l  Fm 

s h a l e .  These s h a l e s  were  c o n s i d e r e d  as a f a v o u r a b l e  h o s t  r o c k  t o  s t r a t i f o r m  zinc-  

l e a d - b a r i t e  m i n e r a l i z a t i o n  b e c a u s e  of t h e i r  r esemblance  i n  a g e ,  l i t h o l o g y  and b a r i t e  

c o n t e n t  t o  t h e  Can01 Format ion  s h a l e  i n  t h e  Macmillan P a s s  a r e a  o f  t h e  Selwyn Bas in ,  

Yukon, and because  p r e v i o u s  work by Canex P l a c e r ,  Texasgu l f  and o t h e r s  had l o c a t e d  

s u l p h i d e  m i n e r a l i z a t i o n  a t  s e v e r a l  p l a c e s  w i t h i n  t h e  Ga taga  b e l t .  The 1977 f i e l d  

work was planned and  managed by Archer ,  Cathro & A s s o c i a t e s  L t d . ,  and was conducted 

from i t s  Whitehorse ,  Yukon o f f i c e .  

Because of i n a d e q u a t e  GSC mapping, a n  u n u s u a l l y  l a r g e  p o r t i o n  of t h e  1977 G J V  

program had t o  b e  d e v o t e d  t o  s t r a t i g r a p h i c  mapping o f  t h e  s h a l e  u n i t s ,  which are 

r e p e a t e d  s e v e r a l  t i m e s  a c r o s s  t h e  b e l t  by i s o c l i n a l  f o l d i n g  and /or  t h r u s t  f a u l t i n g .  

A s i n g l e  m i n e r a l i z e d  h o r i z o n  i n  t h e  s h a l e  u n i t  h a s  b e e n  t r a c e d  th roughout  t h e  map- 

area. I t  c o n s i s t s  o f  1 t o  1 0  m of bedded b a r i t e  e n c l o s e d  i n  a s i l i c e o u s  and p y r i t i c  

sequence t h a t  r a n g e s  f rom 1 0  t o  30 m t h i c k .  The most f a v o u r a b l e  p a r t  of t h i s  b e l t  

h a s  been s t a k e d  d u r i n g  1976 and 1977 a s  74 two-post c l a i m s  and 1833 MGS u n i t s .  G J V  

is  t h e  l a r g e s t  p r o p e r t y  owner i n  t h e  d i s t r i c t  w i t h  799 u n i t s .  





GENERAL GEOGRAPHIC DATA 

The r e p o r t  a r e a ,  o u t l i n e d  on F i g u r e  1 i s  about  80 km l o n g  and 1 0  km wide and 

is  bounded on t h e  s o u t h e a s t  end by Kwadacha Class  A P r o v i n c i a l  Park .  The 1977 work 

w a s  conducted from a  camp on t h e  midd le  of t h e  t h r e e  Gataga Lakes a t  t h e  head of 

South Gataga River .  S i t u a t e d  a t  57O56'N and 125"43'W, i t  was c a l l e d  S p r i n g i r o n  Lake 

by F r o b i s h e r  Ltd .  i n  1957-58 and  was g i v e n  t h e  i n f o r m a l  name Gnip Gnop Lake by G J V .  

I t  was s e r v i c e d  from t h e  n e a r e s t  f l o a t  b a s e  a t  Watson Lake,  Yukon, 290 km t o  t h e  

n o r t h w e s t ,  where DeHaviland Otter and Beaver,  and Cessna 185 a i r c r a f t  were a v a i l a b l e  

from B.C.-Yukon A i r  S e r v i c e s .  Most of t h e  s u p p l i e s  f o r  t h e  program were  f e r r i e d  

from Muncho Lake a t  km 747 on t h e  Alaska  Highway, which i s  115  km from Gnip Gnop 

Lake. 

PROPERTY HISTORY - 

The e a r l i e s t  r e c o r d e d  l o d e  e x p l o r a t i o n  i n  t h i s  d i s t r i c t  took  p l a c e  i n  1957 

when F r o b i s h e r  L t d . ,  a p r e d e c e s s o r  o f  F a l c o n b r i d g e ,  s t a k e d  t h e  SPA c la ims  over  a  

prominent  f e r r i c r e t e  gossan  4  km n o r t h  of Gnip Gnop Lake. An a t t e m p t  t o  sample 

b e n e a t h  t h e  gossan  w i t h  hand t r e n c h i n g  and packsack d r i l l i n g  t h e  f o l l o w i n g  y e a r  was 

u n s u c c e s s f u l .  The p r o p e r t y  l a t e r  r e v e r t e d  t o  p r o s p e c t o r  Ger ry  Davis and was sub- 

s e q u e n t l y  o p t i o n e d  i n  1970 by Kennco, which added t h e  S t a g  c l a i m s  and performed a  

geochemical  su rvey .  The showing was r e s t a k e d  a s  t h e  Red c l a i m s  i n  1973 by John 

S c h u s s l e r ,  who d r i l l e d  two AQ h o l e s  (60 m) t h e  n e x t  y e a r .  Doug S t e l l i n g  f r i n g e -  

s t a k e d  t h e  Lynn c la ims  f o r  t h e  S t e l l a c  S y n d i c a t e  i n  1975 b u t  a l lowed them t o  l a p s e .  

I n  1977, o n l y  5  Red c l a i m s  were  i n  good s t a n d i n g .  
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I n  1970, Geophoto Consultants  Ltd.  performed a reconnaissance s tream sediment 

survey i n  t h i s  d i s t r i c t  on behalf  of a synd ica t e .  I n  1973, t h r e e  members of t h e  

synd ica t e ,  Pembina P i p e l i n e  Ltd . ,  Sun O i l  (Delaware) Ltd. and General Crude O i l  Co. 

Northern L td . ,  en tered  a j o i n t  venture  with Canex P l a c e r  t o  i n v e s t i g a t e  some of the 

anomalies.  I n i t i a l  work r e s u l t e d  i n  t h e  d iscovery  of mineral ized f l o a t  on D r i f t p i l e  

Creek, 16 km northwest  of t h e  Spa gossan, i n  J u l y ,  1974. This was s taked  a s  168 two- 

pos t  type claims and explored wi th  geochemical and geophysical surveys ,  mapping and 

hand t renching  i n  1974 and 1975. Only 68 c la ims  remained i n  good s t and ing  i n  1977. 

During 1976, Castlemaine Explora t ion  performed i ts  previous ly  mentioned geochemical 

survey and Texasgulf discovered another  showing 35 Ian northwest of D r i f t p i l e  Creek 

t h a t  was p ro tec t ed  wi th  92 MGS u n i t s  (5 claims).  

A t o t a l  of 799 u n i t s  (48 claims) were acqui red  by G J V  during 1977, a s  shown on 

Table 1. A l l  c laims a r e  r e g i s t e r e d  i n  the  name of Welcome North Mines Ltd.  

SUMMARY OF WORK PERFORMED 

( i )  Geological  Survey (see  Chapter I1 f o r  d e t a i l s )  

The G J V  program i n v e s t i g a t e d  l ead  geochemical anomalies from a r e l a t i v e l y  un- 

explored b e l t  of b l ack  s h a l e  t h a t  has  a s t r o n g  resemblance t o  rocks of comparable 

age and l i t ho logy  i n  t h e  Selwyn Basin of Yukon T e r r i t o r y  t h a t  hos t  important  s t r a t -  

i form zinc-lead mine ra l i za t ion .  Since t h e  favourable  s h a l e  u n i t s  weather r ecessve ly ,  

they a r e  d i f f i c u l t  t o  map a t  a reconnaissance s c a l e  and were not  we l l  i d e n t i f i e d  on 

published 1:250,000 s c a l e  GSC maps. For t h i s  reason,  f a r  more geo log ica l  mapping 

was performed i n  t h i s  program than is normally r equ i red  i n  reconnaissance minera l  

exp lo ra t ion ,  and t h e  crew was weighted heav i ly  wi th  geo log i s t s  who were f a m i l i a r  with 



s t r a t i g r a p h y  and mine ra l i za t ion  i n  the  Selwyn Basin. I n  a d d i t i o n  t o  measuring t h e  

s t r a t i g r a p h i c  s e c t i o n ,  t h i s  mapping aided i n  i n t e r p r e t i n g  t h e  s t r u c t u r a l  s t y l e  i n  

t h e  d i s t r i c t  and i n  recogniz ing  the  s t r a t i g r a p h i c  c o n t r o l s  on t h e  bar i te -hos ted  min- 

e r a l i z a t i o n .  Mapping was done a t  1:50,000 s c a l e  wi th  some l o c a l  a r e a s  mapped i n  

more d e t a i l  a t  1:5,000 s c a l e .  I n  a d d i t i o n ,  n ine  hand t renches  were dug 

and mapped. This 1977 program by G J V  r ep resen t s  an o r i g i n a l  con t r ibu t ion  t o  t h e  

s t r a t i g r a p h i c ,  s t r u c t u r a l  and economic geology of n o r t h e a s t e r n  B.C. 

S p h a l e r i t e  and galena showingsoccur l o c a l l y  along a b a r i t e  horizon w i t h i n  t h e  

s h a l e  b e l t  bu t  have only been explored i n  a pre l iminary  f a s h i o n  wi th  mapping and 

hand trenching.  These showing have demonstrated t h a t  t h e  m i n e r a l i z a t i o n  i n  t h e  

Gataga D i s t r i c t  i s  probably of "sedimentary exha la t ive"  o r  s t r a t i f o r m  type and can 

be expected t o  have s i m i l a r  metal  zoning, mineralogy and geometry t o  o t h e r  depos i t s  

of t h i s  c l a s s ,  such as  Tom-Jason (Yukon), S u l l i v a n  ( B . C . ) ,  Meggen and Rammelsberg 

(West Germany) and McArthur ( A u s t r a l i a ) .  This c l a s s  of depos i t  i s  d iscussed  i n  

Chapter I V ,  w i th  s p e c i a l  emphasis on t h e  Tom depos i t .  

( i i )  Geochemical Survey ( s e e  Chapter 111 f o r  d e t a i l s )  

S i l t  and water  samples were c o l l e c t e d  i n  a reconnaissance f a sh ion  t o  determine 

r e g i o n a l  threshold  va lues  t o  ga in  a b e t t e r  understanding of t h e  source  and method of 

t r a n s p o r t  of t h e  heavy meta ls .  S o i l  and rock samples were a l s o  c o l l e c t e d  on rec-  

onnaissance t r a v e r s e s  t o  e s t a b l i s h  background response from t h e  va r ious  sedimentary 

u n i t s .  I n  a d d i t i o n ,  fou r  a r e a s  were s o i l  sampled i n  a g r i d  fash ion .  Seventy b a r i t e  

samples were analyzed f o r  e x t r a  t r a c e  elements. 

T o t a l  Assays: Water 49 5 
S o i l  and s i l t  2,650 
Rock 90 
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( i i i )  F i e l d  L o g i s t i c s  

The main f i e l d  program was l e d  by Charles (Sandy) Main, who was a s s i s t e d  by 

g e o l o g i s t s  Rob Carne, Trevor Bremner and A 1  Gregson, a s s i s t a n t s  Gary Matthews and 

Mark Hawley, and cook Carol Main. A follow-up t renching  and d e t a i l e d  prospect ing  

program l a t e  i n  t h e  season was performed by geo log i s t  E a r l  Jensen  and a s s i s t a n t s  

Bob Warner and Gary Matthews. Rob Carne assumed t h e  main r e s p o n s i b i l i t y  f o r  the  

g e o l o g i c a l  compilat ion and i n t e r p r e t a t i o n  i n  t h i s  r e p o r t .  These crews worked under 

t h e  d i r e c t  supe rv i s ion  of R . J .  Cathro,  P. Eng. 

The program was supported by a B e l l  47G3B2 h e l i c o p t e r  on c h a r t e r  from Trans 

North Turbo A i r  L td . ,  Whitehorse, Y.T. Hel icopter  useage t o t a l l e d  152.9 hours i n  

t h e  i n i t i a l  program and another  36.1 hours  f o r  t h e  follow-up work. 

The fol lowing i s  a summary of f i e l d  a c t i v i t y  during 1977: 

March 

May 15-19 

20-22 

23 

26-June 5 

J u l y  7 

8-9 

2 6 

August 19 

September 4 

claims s t aked  by Castlemaine Explora t ion  f o r  G J V  

crew and camp gear  assembled a t  Muncho Lake 

s e t  up Gnip Gnop Lake camp 

f i e l d  work commenced, work confined t o  a r e a  a l ready s taked  

e x t r a  c la ims  s t aked  

f i e l d  work ended 

crew demobilized through Muncho and Watson Lake t o  Whitehorse 

pre l iminary  geology and geochemical maps and r e p o r t  completed 

follow-up crew re turned  t o  Gnip Gnop Lake camp 

crew demobilized t o  Whitehorse 

( i v )  F i e l d  Procedures 

Members of t h e  crew normally worked i n d i v i d u a l l y  on day-long prospect ing/  

mapping/sampling t r ave r ses .  These were planned by t h e  crew chief  i n  consu l t a t ion  



with  h i s  s e n i o r  geo log i s t s  and were guided t o  a  l a r g e  ex ten t  by the  emerging geo- 

l o g i c a l  map. A ske tch  of the  days work, i nc lud ing  mapping n o t e s ,  prospect ing da ta ,  

sample l o c a t i o n s  and topography were prepared  f o r  each t r a v e r s e .  Traverse s h e e t s  

were s e n t  t o  t h e  Whitehorse o f f i c e  on a r e g u l a r  b a s i s  f o r  photocopying t o  ensure t h a t  

t h e  f i e l d  d a t a  would not  be completely l o s t  i n  case of f i r e  o r  acc iden t .  



TABLE 1 

GATA(;A JOINT VENTURE 

CLAIMS STAKED DURING 1977 BY GJV 

Claim No. Expiry Date Mining 
Name Record No. Units Division 

Eagle 1 
2 

Hawk 
Taga 1 

2 
3 
4 

Saint 1 
2 
3 
4 
5 
6 

Bob 1 
2 
3 
4 
5 
6 
7 

Ready 1 
2 
3 
4 
5 

Knot 2 
Gneiss 1 

2 
Pig 1 

2 
Et 1 

2 
Phun 1 

2 
Porc 1 

2 
3 
4 
5 

Snow 1 
2 

Will 
Hole 1 

20 April, 1978 
I, ,I 

I ,  I t  

I ,  I ,  

I ,  I ,  

I, , I  

28 April, 1978 
1, I, 

14 June, 1978 
9 ,  I ,  

, I  I, 

11 I, 

t 1  I, 

9 ,  I, 

, I  I, 

,, ,, 
I ,  I, 

I ,  I ,  

,I I ,  

0 ,  ,I 

11 July, 1978 
I, ,, 

Liard 
I ,  

Omineca 
11 

I, 

11 

Liard 
11 

Bear 666 20 11 9 8  Omineca 
Ryte 667 2 0 9 ,  I I  11 

Here 668 20 I I  I I  I I  



I TABLE 2  

CLAIMS TO BE HELD BY G J V  

T h i s  a s s e s s m e n t  r e p o r t  i s  b e i n g  a p p l i e d  o n l y  t o  t h e s e  c l a i m s  s t a k e d  d u r i n g  1977:  

Cla im - Mining Assessment  
Name Record  No. Number of  U n i t s  E x p i r y  D a t e  D i v i s i o n  Year s  Y e a r s  

Hawk 282 1 2  (1-4;13-20) 20 A p r i l ,  1978  L i a r d  3  3  6 
Taga  3 570 1 6  20 A p r i l ,  1978 Omineca 3  48 
Taga 4  5 7 1  1 6  20 A p r i l ,  1978  Omineca 3  48 
S a i n t  1 283 20 28 A p r i l ,  1978 L i a r d  3  6  0  
S a i n t  2  284 20 28 A p r i l ,  1978 L i a r d  3  6 0  
S a i n t  3  285 1 2  (103;14-19 ;25-27) 28 A p r i l ,  1978 L i a r d  3  36  
S a i n t  4  286 8  (1-4;13-16) 28 A p r i l ,  1978  L i a r d  3  2  4  
S a i n t  5 287 20 28 A p r i l ,  1978  L i a r d  2  40 
Bob 1 289 1 2  28 A p r i l ,  1978  L i a r d  3  36  
Bob 2  290 20 28 A p r i l ,  1978 L i a r d  J 3 60 
Bob 3  291 20 28 A p r i l ,  1978 L i a r d  3  60  
Bob 4  292 1 6  28 A p r i l ,  1978  L i a r d  3  4  8  
Bob 5  293 1 4  28 A p r i l ,  1978  L i a r d  3  4  2  
Bob 6  294 20 28 A p r i l ,  1978 L i a r d  2  40 
Bob 7  295 6  28 A p r i l ,  1978  L i a r d  3  1 8  
Ready 1 296 1 0  (1-5 ; 12-16) 28 A p r i l ,  1978  L i a r d  3  30  
Ready 2 297 1 2  (1-3;14-19; 25-27) 28 A p r i l ,  1978  L i a r d  3 3  6  
Ready 3  298 1 5  (1-3;14-19;25-30) 28 A p r i l ,  1978  L i a r d  3 45 
Knot 2 370 20 1 4  J u n e ,  1978  L i a r d  2  40 
G n e i s s  2  372 20 1 4  J u n e ,  1978  L i a r d  3  6  0  
P i g  1 373  1 6  1 4  J u n e ,  1978  L i a r d  3  4  8  
E t  2  376 20 1 4  J u n e ,  1978 L i a r d  3  6  0  
Snow 1 384 8  (1-2;15-18;26-27) 1 4  J u n e ,  1978  L i a r d  3  24 
Hole  1 418 6  11 J u l y ,  1978  L i a r d  2  1 2  
H o l e  2  419 4  11 J u l y ,  1978  L i a r d  2  8  
H o l e  3 4  20 1 2  11 J u l y ,  1978  L i a r d  3  3  6  
Bea r  666 20 11 J u l y ,  1 9 7 8  Omineca 2  40 
Ry te  667 20 11 J u l y ,  1978  Omineca 3  60  

28 415 1155  



Ti . 2 

CLAIMS TO BE HELD BY G J V  

T h i s  a s s e s s m e n t  r e p o r t  is b e i n g  a p p l i e d  o n l y  t o  t h e s e  c l a i m s  s t a k e d  d u r i n g  1977:  

Cla im Mining Assessment  - 
Name Record  No. Number o f  U n i t s  E x p i r y  D a t e  D i v i s i o n  Y e a r s  Year s  

Hawk 282 1 2  (1-4;13-20) 20 A p r i l ,  1978 L i a r d  3 3 6 
Taga 3 570 1 6  20 A p r i l ,  1978 Omineca 3 48 
Taga  4 5 7 1  1 6  20 A p r i l ,  1978 Omineca 3 48 
S a i n t  1 283 20 28 A p r i l ,  1978 L i a r d  3 60 
S a i n t  2 284 20 28 A p r i l ,  1978 L i a r d  3 60 
S a i n t  3 285 1 2  (103;14-19;25-27) 28 A p r i l ,  1978 L i a r d  3 3 6 
S a i n t  4 286 8 (1-4;13-16) 28 A p r i l ,  1978  L i a r d  3 2 4 
S a i n t  5 287 20 28 A p r i l ,  1978 L i a r d  2 40 
Bob 1 289 12  28 A p r i l ,  1 9 7 8  L i a r d  3 3 6 
Bob 2 290 20 28 A p r i l ,  1978  L i a r d  3 60 
Bob 3 291 20 28 A p r i l ,  1978 L i a r d  3 60  
Bob 4 292 1 6  28 A p r i l ,  1 9 7 8  L i a r d  3 4 8 
Bob 5 293 1 4  28 A p r i l ,  1978  L i a r d  3 4 2 
Bob 6 294 20 28 A p r i l ,  1978 L i a r d  2 40 
Bob 7 295 6 28 A p r i l ,  1978  L i a r d  3 1 8  
Ready 1 296 1 0  (1-5 ; 12-16) 28 A p r i l ,  1978 L i a r d  3 3 0 
Ready 2 297 1 2  (1-3;14-19;25-27) 28 A p r i l ,  1978  L i a r d  3 3 6 
Ready 3 298 1 5  (1-3;14-19;25-30) 28 A p r i l ,  1978  L i a r d  3 45 
Knot 2 3 70 20 1 4  J u n e ,  1978 L i a r d  2 4 0 
G n e i s s  2 372 20 1 4  J u n e ,  1978  L i a r d  3 6 0 
P i g  1 373  1 6  1 4  J u n e ,  1978  L i a r d  3 48 
E t  2 376 20 1 4  J u n e ,  1978 L i a r d  3 6 0 
Snow 1 384 8 (1-2;15-18;26-27) 1 4  J u n e ,  1978  L i a r d  3 24 
Hole  1 418 6 11 J u l y ,  1 9 7 8  L i a r d  2 1 2  
H o l e  2 419 4 11 J u l y ,  1978 L i a r d  2 8 
Ho le  3 420 1 2  11 J u l y ,  1978  L i a r d  3 3 6 
Bea r  666 20 11 J u l y ,  1978  Omineca 2 40 
Ry te  667 20 11 J u l y ,  1978 Omineca 3 60 

2 8 415 1155 



CHAPTER I1 - GEOLOGY 

Physiography and Geomorphology 

The Gataga J o i n t  Venture proper ty  l i e s  w i th in  an unnamed range of t h e  north- 

e rn  Rocky Mountains, f lanked on t h e  southwest by t h e  Kechika River i n  t h e  Rocky 

Mountain Trench and on t h e  no r theas t  by t h e  broad Gataga River v a l l e y .  Within the 

r e p o r t  a r e a ,  physiography i s  t y p i f i e d  by long low r i d g e s  and v a l l e y s  which t rend  

NW-SE, p a r a l l e l l i n g  s t r u c t u r a l  s t r i k e  of under ly ing  sedimentary rocks.  These r idges  

and va l l eys  a r e  cu t  by NE-SW t rend ing ,  wide, g l a c i a l l y  scoured v a l l e y s  which contain 

a l l  major creeks and l akes .  T r i b u t a r i e s  and headwater dra inages  flow down NW-SE 

v a l l e y s  which r e s u l t s  i n  a t r e l l i s e d  dra inage  p a t t e r n .  NW-SE t rending  streams a r e  

immature wi th  w a t e r f a l l s  and deeply i n c i s e d  narrow steep-walled canyons common through 

t h e i r  length .  I n  c o n t r a s t ,  major NE-SW creeks meander through v a l l e y s  bottomed by 

r ecen t  f lood p l a i n  and P le i s tocene  g l a c i o - f l u v i a l  and g l a c i o - l a c u s t r i n e  depos i t s .  

Although e l eva t ions  r e g i o n a l l y  range from 1100 m t o  2700 m, r e l i e f  is l o c a l l y  subdued 

i n  a reas  under la in  by s h a l e s  and c l a s t i c  sedimentary rocks.  R e s i s t a n t  o l d e r  carbon- 

a t e  rocks which f l a n k  t h e  p r o j e c t  a r ea  t o  t h e  SW and NE form prominent c l i f f s .  

T ree l ine  i s  a t  approximately t h e  1500 m e l e v a t i o n  on south  f ac ing  s l o p e s ,  although 

i t  becomes much h i g h e r  i n  t h e  south.  Vegetat ion i n  no r the rn  v a l l e y s  is predominately 

composed of a r c t i c  b l a c k  b i r c h  and willows wi th  l e s s e r  b lack  spruce  i n  swampy areas  

and juniper  and p i n e  on dry s lopes .  Thick s t ands  of b lack  sp ruce  and lodgepole p ine  

ca rpe t  southernmost v a l l e y s .  

T h e G a t a g a d i s t r i c t  has been sub jec t ed  t o  an o l d  s t a g e  of i c e  s h e e t  g l a c i a t i o n  

bu t  t h e  most r ecen t  P l e i s t o c e n e  g l a c i a t i o n  has  cons is ted  mainly of a l p i n e  and cirque 



g l a c i e r s  t o  t h e  e a s t  and west.  The main geomorphological e f f e c t  of t h e  l a s t  glac- 

i a t i o n  was t h e  modif ica t ion  and scour ing  of t h e  main v a l l e y s ,  l o c a l  d i s r u p t i o n  of 

t h e  drainage p a t t e r n  and formation of s e v e r a l l a k e s ,  downcutting of t r i b u t a r y  streams 

t o  form s e v e r a l  rock canyons, and a  gene ra l lower ing  of t h e  water t a b l e .  This exposed 

unleached rock t o  s u r f a c e  o r  a t  l e a s t r e s u l t e d i n  re juvenat ion  of t h e  l each ing  cycle  

a t  a  g r e a t e r  depth. This  process  r e s u l t e d  i n  very  a c i d i c  groundwaters a s  p y r i t e  

was leached from s h a l e s .  Surface  n e u t r a l i z a t i o n  of sp r ings  and seeps  has  l ead  t o  

t h e  formation of two types of r ecen t  conglomerate: 

( i )  depos i t s  of c a l c r e t e  o r  t u f a  which form where sp r ings  d ra in ing  ca lcareous  sha les  

of t h e  Ordovician and S i l u r i a n  Road River s h a l e s  reach su r face  (Unit 3 of F igure  4 ) .  

Formation of  c a l c r e t e  is a c t i v e  a t  present .  

( i i )  depos i t s  of limonite-cemented s tream g rave l s  o r  s o i l  ( f e r r i c r e t e )  and l imoni te  

gossans which form where s p r i n g s  d ra in ing  p y r i t i c  s h a l e s  of map Unit 7 reach su r face  

(Figures 9 and 10 ) .  Spr ings  d ra in ing  o t h e r  Devono-Mississippian s h a l e s  usua l ly  do 

not  p r e c i p i t a t e  i r o n  (Figure  11 ) .  

F e r r i c r e t e  d e p o s i t s  and gossans formed by s p r i n g s  and seeps  a r e  commonly e x o t i c ,  

i . e .  they occur some d i s t a n c e  from outcropping p y r i t i c  sha le s .  Exot ic  gossans a r e  

usua l ly  formed by p r e c i p i t a t i o n  from s p r i n g s  and seeps  t h a t  e x i t  from f a u l t  and 

f r a c t u r e  zones which c u t  t h e  sha le s .  Limonite i s  a c t i v e l y  p r e c i p i t a t i n g  a t  s e v e r a l  

l o c a l i t i e s  i n  t h e  Gataga a r e a ,  coa t ing  and k i l l i n g  t r e e s  and shrubs t h a t  l i e  i n  

t h e  pa th  of gossan growth. The l o c a t i o n s  of  approximately f i f t y  of t h e  most prom- 

i n e n t  gossans and f e r r i c r e t e  depos i t s  which occur  i n  t h e  p r o j e c t  a r e a  a r e  shown on 

Figure  5. 

Brown f e r r i c r e t e  d e p o s i t s  and reddish-brown l imon i t e  gossans con ta in  f e r r i c  

i r o n  whereas t h e  weathered Devono-Mississippian b l ack  s h a l e s  a r e  bluish-grey i n  



Figure 9. Limonite-cemented talus and stream gravel (ferricrete). 





Figure  10. I r o n  oxide p r e c i p i t a t i n g  from a s p r i n g  near  Joe  Poole Creek. 





Figure  11. Rusty water  running from a seep dra in ing  p y r i t e  b lack  s h a l e s  
of Unit 7 .  Clear  water  i s  from a seep d ra in ing  Unit 6 non- 
p r y i t i c  s h a l e s .  





F i g u r e  12.  A l a r g e  g o s s a n  and f e r r i c r e t e  d e p o s i t  developed below a s p r i n g  
d r a i n i n g  p y r i t i c  s h a l e s  of  t h e  G u n s t e e l  Format ion ( U n i t  7 ) .  





c o l o u r ,  t y p i c a l  of f e r r o u s  i r o n .  O v e r a l l  co lour  of t h e  g o s s a n s ,  w h i c h v a r i e s  from 

b r i g h t  r u s t y  r e d  t o  d a r k  brown, p r o b a b l y  r e f l e c t s  t h e  amount o f  manganese o x i d e s  

( b l a c k )  c o n t a i n e d  w i t h i n  t h e  i r o n - r i c h  d e p o s i t s .  S i z e  and s h a p e  of gossans  and 

f e r r i c r e t e  d e p o s i t s  are v a r i a b l e ,  r e f l e c t i n g  i n d i v i d u a l  d i f f e r e n c e s  i n  d i s c h a r g e  

r a t e  o f  s u p p l y i n g  s e e p s  and s p r i n g s  and i n  t h e  s l o p e  of t h e  d e p o s i t i o n  a r e a .  Gossans. 

and f e r r i c r e t e  d e p o s i t s  which a r e  /were s u p p l i e d  by v i g o r o u s  s p r i n g s  r e a c h  s i z e s  

i n  e x c e s s  o f  50,000 m2 ( F i g u r e  1 2 ) .  

S t r a t i g r a p h y  

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

The r e p o r t  a r e a  l i e s  w i t h i n  t h e  Kechika Trough, a  s o u t h w e s t e r l y  c o n t i n u a t i o n  

of t h e  much l a r g e r  Selwyn B a s i n  ( F i g u r e  1 3 ) .  Sedimentary  r o c k s  exposed i n  t h e  

r e p o r t  a r e a  r a n g e  i n  a g e  f rom Cambrian t o  Lower M i s s i s s i p p i a n  ( ? ) .  S t r a t i g r a p h y  and 

f a c i e s  r e l a t i o n s h i p s  a r e  summarized i n  F i g u r e s  4  and 14.  U n t i l  Middle Devonian t ime ,  

s e d i m e n t a t i o n  was c h a r a c t e r i z e d  by s t a b l e  c o n t i n e n t a l  s h e l f  d e p o s i t i o n  w i t h  low sed- 

i m e n t a t i o n  r a t e s .  Rapid d e p o s i t i o n  o f  a w e s t e r l y - d e r i v e d  f l y s c h  sequence d u r i n g  

t h e  Upper Devonian and Lower M i s s i s s i p p i a n  t e r m i n a t e d  t h e  lower  P a l e o z o i c  " s ta rved-  

b a s i n "  regime.  Upper Devonian and Lower M i s s i s s i p p i a n  l i t h o l o g i e s  w i t h i n  t h e  

r e p o r t  a r e a  b e a r  a  s t r i k i n g  resemblance t o  r o c k s  which h o s t  t h e  Macmillan P a s s  

(Tom and J a s o n )  b a r i t e - l e a d - z i n c - s i l v e r  d e p o s i t s  i n  Yukon T e r r i t o r y .  

CAMBRIAN 

Acan Group ( U n i t s  1 and 2  

R e s i s t a n t  l i t h o l o g i e s  o f  t h e  Atan Group r e g i o n a l l y  o c c u r  i n  two f a c i e s :  



[ S d u y n  Bosin ond Kechiko Trough 

Pdly-Cossior Plot form ond Eostern 
Morqin o f  Selwyn Bosin 

Figure 13 Tectonic map of northeast British Columbia and southern ~ u k o n  Territory 
after restoration of 450 km of right lateral movement on Tintina Fault 
(after Tempelman-Kluit, 1976). 
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Mississippian lithologies; Driftpile Creek area, northeast British 
Columbia. 



an  e a s t e r n  and younger c l a s t i c  member and a w e s t e r n  and p a r t l y  c o e v a l  c a r b o n a t e  f a c i e s  

( T a y l o r  and S t o t t ,  1973) .  Both form prominent  s t r i k e  r i d g e s  w i t h i n  t h e  r e p o r t  a r e a  

( F i g u r e  1 5 ) .  

Uni t  1 

The lower  member of t h e  Atan Group i s  i d e n t i f i e d  as Uni t  1 on F i g u r e  4 .  L i t h -  

o l o g i e s  c o n s i s t  of t h i c k  bedded t o  mass ive ,  brown w e a t h e r i n g ,  w e l l  s o r t e d ,  w h i t e  

q u a r t z i t e  i n t e r b e d d e d  w i t h  l e n s e s  of g r e y  t o  g r e e n i s h  g r e y  c a l c a r e o u s  and non- 

c a l c a r e o u s  s h a l e  c o n t a i n i n g  pods of g r e y  l imes tone .  According t o  Tay lor  and S t o t t  

(1973) t h e  c l a s t i c  s u c c e s s i o n  a p p a r e n t l y  r e p r e s e n t s  t h e  d i s t a l  f a c i e s  of l a r g e  west-  

e r l y  p r o g r a d i n g  f a n g l o m e r a t e s  d e p o s i t e d  a d j a c e n t  t o  a c t i v e  growth f a u l t s .  

U n i t  2 

The upper  member of t h e  Atan Group (Uni t  2)  c o n s i s t s  p r i n c i p a l l y  of p a r t i a l l y  

d o l o m i t i z e d  a r c h e o c y a t h i d  "pa tch  r e e f "  and b i o s t r o m a l  l i m e s t o n e  b u i l t  upon t h e  under- 

l y i n g  q u a r t z i t e s .  I n t e r - r e e f  d e p o s i t s  c o n s i s t ,  i n  p a r t ,  of  v e r y  c o a r s e  and a n g u l a r ,  

b u f f  w e a t h e r i n g ,  d o l o m i t i z e d  l i m e s t o n e  conglomerates  p robab ly  d e r i v e d  a s  r e e f - f r o n t  

b r e c c i a s .  I n  c o n t r a s t  t o  t h e  r e e f  m a t e r i a l ,  t h e s e  r o c k s  h a v e  been a lmost  comple te ly  

d o l o m i t i z e d  r e s u l t i n g  i n  n e a r l y  t o t a l  r ep lacement  of pr imary t e x t u r e s  and l i t h o l o g i e s  

w i t h  vuggy , s u c r o s i c  do lomi te .  Orange-brown w e a t h e r i n g ,  g r e y  c a l c a r e o u s  a r g i l l a c -  

eous  q u a r t z i t e  and q u a r t z i t e  c o b b l e  conglomerate  i n t e r - t o n g u e d  w i t h  c l a s t i c  c a r b o n a t e  

beds  make up t h e  m a j o r i t y  o f  i n t e r - r e e f  m a t e r i a l .  These q u a r t z i t e s  a r e  p o o r l y  s o r t e d  

and cemented i n  c o n t r a s t  t o  t h e  w e l l  i n d u r a t e d  q u a r t z i t e s  o f  t h e  lower member. Clasts 

w i t h i n  t h e  conglomerate  are p o o r l y  s o r t e d ,  r a n g i n g  from g r a n u l e  t o  f i s t - s i z e d  c o b b l e s  

of w e l l  cemented,  c l e a n  w h i t e  q u a r t z i t e  p o s s i b l y  d e r i v e d  from Uni t  1. T a y l o r  and 

S t o t t  (1973) r e p o r t  t h a t  c o b b l e s  o f  H e l i k i a n  g a b b r o i c  d i k e  m a t e r i a l  a r e  c o n t a i n e d  

w i t h i n  t h e  conglomerate  east o f  t h e  r e p o r t  a r e a .  The q u a r t z i t e  and q u a r t z i t e  p e b b l e  

cong lomera te  of t h e  upper  member c o n t a i n  up t o  5  p e r  c e n t  s p e c u l a r  h e m a t i t e  w i t h i n  
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F i g u r e  1 5  Diagrammatic f a c i e s  r e l a t i o n s h i p s  w i t h i n  t h e  Atan Group 
i n  t h e  G J V  P r o j e c t  a r e a  (no t  t o  s c a l e ) .  



t h e  mat r ix .  Su r f ace  o x i d a t i o n  of  hemat i te  probably c o n t r i b u t e s  t o  t h e  d i s t i n c t i v e  

brownweather ing co lour  of t h e s e  rocks.  The q u a r t z i t e  and,  t o  a  l e s s e r  degree ,  t h e  

conglomerate of  Unit  2 a r e  b i o t u r b a t e d  and con ta in  v e r t i c a l  worm burrows up t o  one 

cm i n  diameter  which a r e  f i l l e d  w i t h  c l ean  q u a r t z  sand i n  a  ca lcareous  mat r ix .  Unit  

2 c l a s t i c  rocks  were l i k e l y  de r ived  from e r o s i o n  of  Uni t  1 q u a r t z i t e s  and/or  con- 

t i n u e d  e ros ion  of o l d e r  rocks  t o  t h e  e a s t .  Reef and i n t e r - r e e f  sediments  of Unit  2 

a r e  t h i n  o r  l o c a l l y  miss ing  n e a r  Joe  Poole  Creek i n  t h e  southwest  p a r t  of t h e  

r e p o r t  a r ea .  

A sequence of t h i c k  bedded, g rey  dolomites  w i t h  in te rbedded  p l a t y  a r g i l l a c e o u s  

grey  l imes tones ,  which forms t h e  upper p a r t  of Unit  2 ,  caps t h e  Atan Group sequence 

i n  t h e  r e p o r t  a r e a .  

Most of t h e  l imes tone  i s  massive,  m i c r o c r y s t a l l i n e  and s t r u c t u r e l e s s .  Strom- 

a t o l i t e  s t r u c t u r e s  and o o l i t e s ,  which a r e  c o n s i s t e n t  w i t h  a  shal low water  depos i t -  

i o n a l  environment f o r  t h e  l imes tones ,  were s een  i n  t h e  n o r t h e a s t e r n  p a r t  of t h e  r e p o r t  

a r e a  b u t  a r e  n o t  r e g i o n a l l y  abundant.  

Although no m i n e r a l i z a t i o n  was seen  i n  Atan Group rocks ,  some f e a t u r e s  of t h e  

upper member (Unit  2) a r e  wor th  s p e c i a l  mention: 

(i) t h e  almost  complete d o l o m i t i z a t i o n  of r e e f - f r o n t  b r e c c i a  l imes tones  has  re-  

s u l t e d  i n  extremely h i g h  p o r o s i t y  and pe rmeab i l i t y  t h a t  has  been only p a r t i a l l y  

reduced by secondary s p a r r y  dolomite .  These a r e  i d e a l  h o s t  rocks f o r  "Mis s i s s ipp i  

Valley-Type" lead-z inc  d e p o s i t s .  

( i i )  t h e  probable  s o u r c e  o f  Unit  2 i n t e r - r e e f  q u a r t z i t e s  and conglomerates was 

e r o s i o n  of P r o t e r o z o i c  rocks  t o  t h e  e a s t ,  which h o s t  a  number of v e i n  copper d e p o s i t s  

of  Precambrian age. The s t a b l e  n a t u r e  of c l a s t s  i n  t h e  q u a r t z i t e  (predominately 

qua r t z )  sugges t s  t h a t  chemical weather ing of t h e  sou rce  t e r r a n e  was f a i r l y  i n t e n s i v e .  



It  i s  reasonable t o  assume t h a t  copper c a r r i e d  i n  s o l u t i o n  might have been even- 

t u a l l y  redepos i ted  i n  Uni t  2 q u a r t z i t e s  i f  a  s u i t a b l e  chemical t r a p  was p r e s e n t  - 

a s i t u a t i o n  analagous t o  t h e  Katanga copper b e l t  of Afr ica .  Specular  hema t i t e  i n  

t he  mat r ix  of t h e  q u a r t z i t e  r a t h e r  than p y r i t e  i s  evidence f o r  an o x i d i z i n g  environ- 

ment of deposition. S u i t a b l e  reducing environments w i t h  a v a i l a b l e  s u l p h i d e  may have 

been p re sen t  i n  back-reef b a s i n s  c a s t  cf  t h e  r e p o r t  a r e a .  

UPPER CAMBRIAN TO LOWER DEVONIAN (? )  

Unit 3 

Li tho log ie s  of t h e  Upper Cambrian t o  Lower Ordovician Kechika Group (Jackson 

e t  a l ,  1965) and Ordovic ian  t o  Lower Devonian Road River  Formation (Gabr i e l se ,  e t  

a l ,  1977) underly much of t h e  map a r e a  (Unit 3 ,  F igu re  4 ) .  Because of t h e  complex 

s t r u c t u r e  of t h e s e  rocks  and t h e i r  r e c e s s i v e  n a t u r e ,  they were n o t  d i f f e r e n t i a t e d  

during r eg iona l  mapping. Kechika and Road River rocks ,  however, a r e  e a s i l y  d is -  

t inguished  from each o t h e r  on a  l o c a l  s c a l e .  

Kechika Group 

Kechika Group c o n s i s t s  predominately c f  t h i n  bedded, buff-brown and grey-brown 

s i l t y  l imestones and dolomi tes  wi th  subord ina t e  do lomi t i c  and ca lcareous  s i l t s t o n e s .  

Many of t h e  s i l t s t o n e s  a r e  very  f i n e l y  laminated,  sugges t ing  a  shal low wa te r ,  a l g a l  

o r i g i n .  Basal  l i t h o l o g i e s  of t h e  Kechika Group, where seen ,  c o n s i s t  of a  h i g h l y  

v a r i a b l e  assemblage of s o o t y ,  moderately ca l ca reous ,  b lack  s h a l e s  con ta in ing  apprec- 

i a b l e  in te rbedded  da rk  g rey  t o  b l ack ,  orange weather ing ,  f e t i d  l imes tones  and cal-  

careous mudstones. Sha le s  a r e  o f t e n  p y r i t i c  and commonly conta in  Lower Ordovician 

g r a p t o l i t e s  wh i l e  l imy u n i t s  a r e  t y p i c a l l y  non- fos s i l i f e rous .  Marcas i t e  nodules up 



t o  10 cm i n  d iamete r  a r e  common i n  t h e  f e t i d  l i m e s t o n e s .  

The c o n t a c t  of b a s a l  Kechika Group r o c k s  w i t h  Atan Group was n o t  obse rved  

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  former .  T a y l o r  and S t o t t  (1973) s u g g e s t  t h a t  

a n  a n g u l a r  unconformity  e x i s t s  between t h e  two. F i e l d  e v i d e n c e  i n d i c a t e s  t h a t  

t h e  c o n t a c t  is  p a r t i a l l y  o r  even t o t a l l y  f a u l t e d  w i t h i n  t h e  r e p o r t  a r e a .  

F a c i e s  r e l a t i o n s h i p s  w i t h i n  t h e  Kechika Group a r e  d i f f i c u l t  t o  d e t e r m i n e  

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

S h a l e s  predominate  o v e r  l imy c l a s t i c  r o c k s  i n  lowermost and w e s t e r l y  exposures  

of t h e  group. The Kechika Group east of t h e  p r o j e c t  a r e a  c o n s i s t s  g e n e r a l l y  o f  

uniform a r g i l l a c e o u s  l i m e s t o n e  (Tay lor  and S t o t t ,  1973) .  Th i s  s u g g e s t s  t h a t  a 

w e s t e r l y  p r o g r a d a t i o n  o f  t h e  s h o r e l i n e  w i t h  consequent  s h a l l o w i n g  o c c u r r e d  d u r i n g  

d e p o s i t i o n  of t h e  Kechika Group i n  t h e  r e p o r t  a r e a .  

Road R i v e r  Format ion 

The Road River  Format ion  is  b e s t  exposed where i t  i s  t h r u s t  o v e r  younger  r o c k s  

o f  t h e  G u n s t e e l  Format ion  a l o n g  t h e  w e s t - c e n t r a l  margin  of t h e  r e p o r t  a r e a .  

L i t h o l o g i e s  p r i m a r i l y  c o n s i s t  o f  e x t e n s i v e  t h i c k n e s s e s  of g e n e r a l l y  c a l c a r e o u s  

and o c c a s i o n a l l y  p y r i t i c ,  s o o t y  b l a c k  s h a l e  and mudstone. B a s a l  s h a l e s  o f  t h e  

f o r m a t i o n  c o n t a i n  minor  b l a c k  c h e r t  i n t e r b e d s  and l i m e s t o n e  n o d u l e s ,  l e n s e s ,  and 

t h i n  d i s c o n t i n u o u s  b e d s .  Cher t  beds  becomemoreprominent  towards  t h e  w e s t ,  

i n c r e a s i n g  i n  t h i c k n e s s  and number w h i l e  c a r b o n a t e  c o n t e n t  of t h e  i n t e r b e d d e d  

s h a l e s  a p p e a r s  t o  d e c r e a s e  cor responding ly .  

Uppermost beds  o f  t h e  Road River  Format ion c o n s i s t  of brown w e a t h e r i n g ,  

medium g r e y ,  " f l a s e r  bedded" c a l c a r e o u s  s i l t s t o n e  and s i l t y  l i m e s t o n e .  Bedding 

t h i c k n e s s  v a r i e s  f rom 1 t o  3  cm t o  g r e a t e r  t h a n  2 m. The term " f l a s e r  bedding" 

i s  used t o  d e s c r i b e  e v e n l y  bedded c a l c a r e o u s  s i l t s t o n e  w i t h  c o n t o r t e d  and d i s r u p t e d  



carbonaceous laminae  p r o b a d l y  r e s u l t i n g  from t h e  mixing a c t i o n  of i n t e n s e  bio-  

t u r b a t i o n .  With t h e  e x c e p t i o n  of t h e s e  rocks ,  a l l  Road River l i t h o l o g i e s  a r e  

g r a p t o l i t i c ,  w i t h  g r a p t o l i t e s  ranging  i n  age from Ordovician i n  b a s a l  members 

t o  S i l u r i a n  i n  upper  p a r t s .  

True s t r a t i g r a p h i c  t h i c k n e s s  of t h e  package i s  d i f f i c u l t  t o  de t e rmine  due t o  

t h e  s t r u c t u r a l  complex i ty  o f  t h e  a r e a ;  however, t h e  Road River  Formation appea r s  

t o  t h i cken  c o n s i d e r a b l y  t o  t h e  w e s t .  Th i s  t h i c k e n i n g  i s  p a r t i c u l a r l y  w e l l  def ined  

i n  t h e  t h r u s t  s h e e t  which b o r d e r s  t he sou thwes t  edge of  t h e  r e p o r t  a r e a .  Shallow- 

w a t e r  marine s ed imen t s ,  c o r r e l a t i v e  w i t h  t h e  Road R ive r  s h a l e s ,  a r e  p r e s e n t  n e a r  

Cloudmaker Mountain s o u t h e a s t  of t h e  Gataga Lakes a r e a  (Jackson,  e t  a l ,  1965) .  

L i t h o l o g i c a l  changes w i t h i n  t h e  Road River  Formation and c o r r e l a t i v e  r o c k s  a r e  

r e g i o n a l l y  c o n s i s t e n t  w i t h  d e p o s i t i o n  on a c o n t i n e n t a l s h e l f - s l o p e  s e t t i n g .  The 

s h e l f  t o  s l o p e  t r a n s i t i o n  appea r s  t o  occur  a long  a  roughly  southeas t -nor thwes t  

t r e n d i n g  zone c o i n c i d e n t  w i t h  t h e  c e n t r a l  a x i s  of t h e  r e p o r t  a r e a .  Road River  

l i t h o l o g i e s  west  o f  t h i s  zone were probably d e p o s i t e d  a long  a  s t a b l e  c o n t i n e n t a l  

s l o p e .  Flaser-bedded,  c a l c a r e o u s  s i l t s t o n e s , w h i c h  a r e  t h e  youngest Road R ive r  

sed iments ,  a r e  r e g i o n a l  i n  e x t e n t ,  i n d i c a t i n g  r a p i d  sha l lowing  of  t h e  c o n t i n e n t a l  

s h e l f  and s l o p e  d u r i n g  Lower Devonian t imes.  

The d e p o s i t i o n a l  environment  and r e s u l t a n t  l i t h o f a c i e s  d i s t r i b u t i o n  of  t h e  

Road River Formation i n  t h e  Gataga Lakes a r e a  a r e  remarkably similar t o  t h e  

r e g i o n a l  s e t t i n g  o f  t h e  Canex-Placer 's  Howard Pas s  s t r a t i f o r m  l ead -z inc  d e p o s i t  

450 km t o  t h e  n o r t h e a s t  a l o n g  t h e  Yukon-NWT borde r .  According t o  Morgant i  (1976),  

s y g e n e t i c  base  m e t a l  d e p o s i t i o n  a t  Howard Pas s  took p l a c e  on t h e  s h a l e  s l o p e  

between t h e  e a s t e r n  shal low-water  p l a t fo rm ca rbona te  f a c i e s  and t h e  w e s t e r n  deep- 

w a t e r  c h e r t  f a c i e s .  Sub-basins  formed w i t h i n  a  l a r g e r  b a s i n  on t h e  s l o p e  were 



e u x i n i c  t r a p s  f o r  l e a d  and z i n c  c a r r i e d  i n  b r i n e s  expulsed from dewater ing  s h a l e s .  

Mine ra l i za t ion  o c c u r s  a t  a  s p e c i f i c  hor izon ,  termed t h e  "ac t ive  zone t l , cha rac t e r i zed  

by c y c l i c  s ed imen ta t ion  of  s i l i c e o u s  and ca l ca reous  a r g i l l a c e o u s  sed iments .  

M i n e r a l i z a t i o n  of  t h i s  t y p e  was no t  s een  i n  p o t e n t i a l l y  economic concen- 

t r a t i o n s  i n  Road R ive r  l i t h o l o g i e s  i n  t h e  p r o j e c t  a r e a .  However, a  zone of 

s i l i c e o u s  s h a l e  app rox ima te ly  3 m t h i c k  conta ined  w i t h i n  a  s e r i e s  of s i l i c e o u s ,  

g r a p h i t i c  s h a l e s  i n t e r b e d d e d  w i t h  ca lcareous  mudstones and a r g i l l a c e o u s  c h e r t s  

which i s  exposed a few k i l o m e t r e s  n o r t h e a s t  of Bra id  Creek con ta ins  abundant 

secondary z i n c  o x i d e s  a s  s u r f i c i a l  coa t ings  and f r a c t u r e  f i l l i n g s .  Two c h i p  

samples taken a c r o s s  t h i s  z inc - r i ch  hor izon  assayed:  

Cu ( p p d  Pb ( p p d  Zn ( p p d  

Lower 1 .5  m e t r e s  ' 106 2 6 3150 

Upper 1 . 5  m e t r e s  128 154 2200 

While t h e  base m e t a l  c o n t e n t  of t h e  assayed rock  does n o t  approach economic 

q u a n t i t i e s ,  t h e  e x i s t e n c e  of a m e t a l l i f e r o u s  s h a l e  i n  rocks  which a r e  markedly 

s i m i l a r  t o ,  and b road ly  c o r r e l a t i v e  w i t h ,  h o s t  rocks  of t h e  Howard Pass  d e p o s i t  

is s i g n i f i c a n t .  Sea rch  f o r  s i m i l a r m i n e r a l i z a t i o n o f  h i g h e r  grade  should  i n v o l v e  

t h e  d e l i n e a t i o n  o f  " b a s i n s  w i t h i n  bas ins"  acco rd ing  t o  t h e  model proposed f o r  

t h e  genes i s  of t h e  Howard Pass  depos i t  by Morgant i  (1976).  

MIDDLE DEVONIAN TO MISSISSIPPIAN(?) 

Guns tee l  Formation ( U n i t s  4 t o  7)  

The c e n t r a l  p a r t  o f  t h e  r e p o r t  a r e a  i s  unde r l a in  by a  s e r i e s  of c l a s t i c  

rocks  of t h e  Middle Devonian t o  Lower M i s s i s s i p p i a n  ( ? )  "Gunsteel Formation" 



included in map units 4, 5, 6 and 7 (Figure 4). General stratigraphy and facies 

relationships within the Gunsteel Formation are shown in Figure 16. Lithologies 

of the Gunsteel Formation exposed in the Tuchodi 'Lakes map area (94-K) 

were originally mapped as Ordovician Kechika Group (Taylor and Slott, 1973) but 

were later reassigned to the Upper Devonian and youngest Mississippian by 

Gabrielse, et a1 (1977a) because they overlie Middle Devonian carbonate strata 

south of Kwadacha River. Correlative rocks are overlain by Lower Mississippian 

carbonates west of South Gataga Lakes (ibid). The name "Gunsteel Formation" was 

used for this assemblage by GJV personnel during the 1977 field season following 

informal Geological Survey of Canada nomenclature. 

Unit 4 

The lowermost 30 to 100 m of Unit 4 are characterized by an alternation of 

silty shale ("grittyl'shale and "pinstripe" shale) with medium bedded (5 cm to 15 

cm thick), black, bluish-black weathering, argillaceous chert. Chert and lime- 

stone are generally present in minor amounts although an unusually thick section 

of chert alternating with silty shale outcrops on a ridge north and west of the 

Canex Placer Driftpile Creek showing. This cyclic alteration of fine-grained 

siliceous sediments and pelagic limestone with clastic rocks probably represents 

the sedimentological transition between the "starved-basin" regime of the under- 

lying Road River sediments and "flysch-type" deposition of the overlying Gunsteel 

Formation. 

A 1.5 to 2.2 metre thick sequence of very fine-grained, chalky white 

weathering, very kaolinitic and moderately siliceous grey shale overlies basal 

cherts and siltstones of Unit 4 where they are exposed east of the Driftpile Creek 



Unit 7 
Very siliceous, pyrltic sb!e with W barite ( bedded, blebby 1 

Unit 6 cq Moderately siliceous black shde 

Unit 5 
Cherl turbidites and chert 

pebble conglomerates 

Unit 4 
B!ock silty. shales with thin 

pinstripe siltstones 

Block, cherty orgillites and M w k  silty shies 

I I GNlP GNOP FORMATION 
- unconformity (?) 

GUNSTEEL FORMATION 

1 I ROAD RIVER FORMATION 

Figure 16 Diagrammatic stratigraphic column showing lithologies and facies 
relationships of the Gunsteel Formation (Units 4, 5, 6 and 7). 

UNIT 6 Moderately siliceous, weakly pyritic Mock stnle 

Very siliceous, pyritic block shale 

UNIT 7 
IS Very siliceous, pr i t ic Mock shale containing 

blebby barite 
m 

5 Very siliceous, pyritic block shole 

UNIT 6 Moderately siliceous, weakly pydic black shale 

Figure 17 Stratigraphic column through "blebby" barite f a c i e ~  of Unit 7 of the 
Gunsteel Formation. Section located 6 km soutwest of Canex-Placer's 
Driftpile Creek property. 



showing. These rocks  ou tc rop  d i scon t inuous ly  a long  s t r i k e  f o r  a  d i s t a n c e  of 5  km 

t o  t h e  s o u t h e a s t .  Ghos t ly  sha rd - l i ke  f ragments  which were seen  i n  hand specimens 

sugges t  t h a t  i t  may b e ,  i n  p a r t ,  a  submarine t u f f  horizon.  I n  a  few l o c a l i t i e s ,  

wh i t e  weather ing  s h a l e s  con ta in  s p h e r o d i a l  nodu le s  2  mm t o  5 mrn i n  d iameter  made 

up of r a d i a t i n g ,  b l a c k ,  a c i c u l a r  c r y s t a l s  of b a r i t e  rimmed wi th  f i b r o u s  chalcedony. 

The bu lk  of Un i t  4 rocks  c o n s i s t  of a v a r i a b l e  t h i ckness  (200 m t o  500 m) of 

l i g h t  blue-grey wea the r ing ,  moderately s i l i c e o u s ,  g e n e r a l l y  s i l t y ,  non-calcareous 

b l a c k  s h a l e .  Although they  a r e  s i m i l a r  t o  o v e r l y i n g  rocks of Unit  6 nor thwes t  of 

D r i f t p i l e  Creek, t h e s e  s h a l e s  a r e  r e g i o n a l l y  d i s t i n g u i s h e d  by t h e i r  g e n e r a l l y  low 

s i l i c a  con ten t  ( i . e .  r e l a t i v e  hardness)  and t h e i r  h igh  percentage  of s i l t - s i z e  

m a t e r i a l .  S i l t  is  p r e s e n t  a s  an  evenly  d i s t r i b u t e d  " g r i t " ,  a s  " p i n s t r i p e "  s i l t-  

s t o n e  laminae,  and a s  2  cm t o  8 cm t h i c k ,  porous and ungraded s i l t s t o n e  beds.  

"Gr i t ty"  and " p i n s t r i p e "  s h a l e s  a r e  g e n e r a l l y  non-pyr i t i c  wh i l e  porous s i l t s t o n e  

beds commonly c o n t a i n  app rec i ab le  amounts of p y r i t e .  

Unit  5 

Unit 5 is  a  wedge-shaped s e r i e s  of  greywackes, mainly c h e r t  a r e n i t e s  and 

s i l t s t o n e s  w i t h  minor c h e r t  pebble conglomera tes ,  t h a t  occurs  w i t h i n  Guns tee l  

Formation s i l t y  s h a l e s  o f  Unit 4. Unit  5 is b e s t  exposed on s t r i k e  r i d g e s  south-  

e a s t  of t h e  G J V  camp a t  Gnip Gnop Lake. The m a t e r i a l  of t h e s e  rocks  was depos i ted  

by t u r b i d i t y  c u r r e n t s  and a s s o c i a t e d  mechanisms i n  a  prograding submarine f a n  

assemblage d u r i n g  d e p o s i t i o n  of Unit  4 s h a l e s .  Concurrent d e p o s i t i o n  of  s i l t y  

s h a l e s  of Unit  4 and t u r b i d i t e s  of Unit  5 i s  i l l u s t r a t e d  by t h e  g radua l  l a t e r a l  

g rada t ion  between t h e  two rock types .  I n  s e v e r a l  l o c a t i o n s  " p i n s t r i p e "  s h a l e s  

of Unit  4 can b e  t r a c e d  a long  w e l l  exposed s t r i k e  r i d g e s  u n t i l  t hey  coarsen  and 



thicken to recognizable turbiditcs which are mapped as Unit 5. On a regional 

scale the two map units can be differentiated by shale/siltstone ratios. Unit 4 

silty shales have overall shale/siltstone ratios much greater than ten while 

Unit 5 turbidites are characterized by shale/stilstone ratios of much less than 

one. 

Coarse clastic rocks of Unit 5 display a marked turbidite facies development 

in the southern part of the report area, progressively fining to the northeast 

(Figure 18). Turbidity current directions determined from orientations of tool 

and prod marks, basal scours and cross-laminations indicate a southwesterly 

provenance for the sediments, complimenting their facies development across the 

project area. Turbidites grade from proximal beds in the southwest that are 

comprised of thick sequences of unsorted conglomerates and Bouma (1962) A and B 

beds (Figures 19 & 29, to lateral and distal equivalents in the northeast that 

are primarily composed of Bouma B, C, D and E divisions. 

Due to the variability of parameters, such as velocity and initial volume 

of individual turbidity flows, facies relationships within tubidite assemblages 

must be referred to in an overall sense. For instance, beds within a facies 

designated as "proximal" may individually be classed as "distal turbidites" 

because of their initially lower volume or velocity of transport. Facies 

designations were based on the combined characteristics of a large number of beds 

in a given stratigraphic section. 

Proximal Facies 

Proximal turbidites of Unit 5 are primarily composed of thick (3 to 5 m) AB 

beds. Clast size ranges from silt to cobbles, generally consisting of very well 



T = Poleocurrent direction I - in turbidite 

exposure of turbidites limited 
by werthrud rocks of Unit 3 

Figure 18 Diagrammatic facies relationships of a turbidite fan occurring 
within the GJV project area (no scale implied). 



BOUMA DIVISIONS INTERPRETATION 
.............. ...............- -.:.... .::.: 

FINES IN TURBIDITY CURRENT, FOLLOWED 
B Y  PELAGIC SEDIMENTS - - . J 

c LOWER 
... .-. TRACTION IN FLOW REGIME ..................... ..- ............... .................... .......... UPPER I 

RAPID DEPOSITION, ? QUICK BED 

Figure 19 Divisions of the Bouma turbidite model: 
A - graded or massive sandstone or conglomerate; 
B - parallel laminated sandstone; 
C - ripple cross-laminated fine sandstone; 
D - faintly laminated siltstone; 
E - shale, partly deposited by turbidity current, 

partly hemipelagic (after Walker, 1976). 

E 

A l proximal ) 

Figure 20 Hypothetical sequence of three turbidites 
described as AE (proximal), BCE (intermediate), 
CE (distal)[after Walker, 19761. 



rounded w h i t e ,  grey and b l ack  c h e r t .  Unsorted and ungraded c h e r t  pebble 

conglomerates  occur  a s  e l o n g a t e ,  l e n t i c u l a r  bod ie s  which were probably emplaced 

a s  d e b r i s  f lows  f i l l i n g  submarine channels .  These  conglomerates  reach 10 m i n  

maximum t h i c k n e s s  i n  westernmost exposures ,  t h i n n i n g  r a p i d l y  t o  t h e  no r theas t  

a long  t h e i r  long  axes .  

I n t e r m e d i a t e  F a c i e s  

The i n t e r m e d i a t e  t u r b i d i t e  f a c i e s  of Unit  5 is composed of an interbedded 

mix tu re  of c l a s s i c a l  proximal  and d i s t a l  t u r b i d i t e  s u i t e s  (AB t o  AE a s  w e l l  a s  

BE and CE). I n d i v i d u a l  beds range i n  t h i c k n e s s  from 0.5 t o  2 m. Coarsest  c l a s t s  

a r e r a r e l y  l a r g e r  t han  g ranu le  s i z e .  Coarse-grained,  unso r t ed  d e b r i s  flow 

conglomerates  a r e  r a r e .  Massive beds of w e l l  s o r t e d ,  c o a r s e  sandstone wi th  

d i f f u s e  p a r a l l e l  laminae and occas iona l  d i s h  s t r u c t u r e s  were probably depos i ted  

a s  g r a i n  f low d e p o s i t s .  Unlike d e b r i s  f low channel  f i l l i n g s ,  however, g r a i n  f lows 

a r e  commonly s h e e t - l i k e  i n  c h a r a c t e r .  Grain f low d e p o s i t s  a r e  c h a r a c t e r i s t i c a l l y  

very  porous and p y r i t i c .  The i r  average t h i c k n e s s  r anges  from 4 cm t o  10 cm. 

D i s t a l  F a c i e s  

T u r b i d i t e s  of t h e  d i s t a l  f a c i e s  a r e  f i n e r  g r a i n e d ,  t h i n n e r  and more f u l l y  

developed t h a n  t h o s e  of t h e  i n t e r m e d i a t e  f a c i e s .  Sha le  members (DE beds) a r e  

t h e  dominate l i t h o l o g y  of  t h e  d i s t a l  f a c i e s ;  c o a r s e r  g r a i n e d  B and C beds a r e  

p r e s e n t  b u t  they  a r e  commonly t h i n  and d i scon t inuous .  

Gradat ion  of t h e  d i s t a l  f a c i e s  Unit 5 t u r b i d i t e s  i n t o  s i l t y  s h a l e s  of Unit  4 

is  g r a d u a l  and t h e  mapped c o n t a c t  is ,  f o r  t h e  most p a r t ,  a r b i t r a r y .  Along a  

well-exposed s t r i k e  r i d g e  s o u t h e a s t  of J o e  Poo le  Creek, s i l t y  s h a l e s  and "p ins t r ipe"  

s i l t s t o n e  beds  of Unit  4 can be t r a c e d  l a t e r a l l y  u n t i l  t hey  grade i n t o  t u r b i d i t e s  



of t h e  d i s t a l  and,  f i n a l l y ,  i n t e r m e d i a t e  f a c i e s  of Unit  5. Deposi t ion of t h e  

t u r b i d i t e  f a n  w a s  t h e r e f o r e  contemporaneous wi th  d e p o s i t i o n  of p a r t s  of Unit  4 

s i l t y  s h a l e s .  " P i n s t r i p e "  s h a l e s  of Unit  4 a r e  probably l a t e r a l  e q u i v a l e n t s  of 

t u r b i d i t e  f a n s  o f  U n i t  5 .  

Rapid t u r b i d i t e  f a c i e s  changes w i t h i n  t h e  p r o j e c t  a r e a  a r e  probably  i n d i c a t i v e  

of a  f a i r l y  proximal  sediment  sou rce .  The well-rounded n a t u r e  of c h e r t  c l a s t s  

may i n d i c a t e  h i g h  ene rgy  e r o s i o n  i n  t h e  sou rce  t e r r a n e  ( i . e .  f l u v i a l  o r  beach 

processes)  r a t h e r  t h a n  s imp le  mass wast ing of u n s t a b l e  submarine s l o p e s .  This  

abrupt  appearance of  sou thwes te r ly  der ived  c o a r s e  c l a s t i c  m a t e r i a l  i n  t h e  Gunsteel 

success ion  i s  l i k e l y  i n d i c a t i v e  of a  r a p i d l y  u p l i f t e d  sou rce  t e r r a n e  immediately 

southwest of t h e  p r o j e c t  a r e a .  

P l a n t  f ragments  s e e n  i n  t u r b i d i t e s  of Unit  5 and c o r r e l a t i v e  s i l t y  s h a l e s  

of Unit 4 were s u b m i t t e d ,  v i a  K.M. Dawson, t o  t h e  Geologica l  Survey of Canada f o r  

i d e n t i f i c a t i o n  and d a t i n g .  These f o s s i l s  show a d e f i n i t e  "woody" f i b r o u s  s t r u c t u r e ,  

i n  c o n t r a s t  t o  t h e  non-f ibrous  n a t u r e  of Pa l eozo ic  t r e e - f e r n s .  Woody p l a n t s  

evolved a t  t h e  c l o s e  of  t h e  Devonian per iod  which p l a c e s  a  maximum age  on t h e  

enc los ing  rock.  The p re sence  of t r e e  fragments i s  a l s o  i n d i c a t i v e  of  a  s u b a e r i a l  

sou rce  t e r r a n e .  

Unit  6 

Unit 6 i s  composed of b l u i s h  s i l ve r -g rey  weather ing ,  moderately s i l i c e o u s ,  

non-calcareous b l a c k  sha l e s ,wh ich  can be  d i s t i n g u i s h e d  from under ly ing  s i l t y  

s h a l e s  of Unit  4 by a g e n e r a l l y  h ighe r  s i l i c a  con ten t  (probably a s  cement) and 

much f i n e r  g r a i n  s i z e .  D i f f e r e n t i a t i o n  of t h e  two u n i t s  becomes d i f f i c u l t  

northwest of Bra id  Creek where Unit  6 s h a l e s  c o n t a i n  a p p r e c i a b l e  s i l t - s i z e  m a t e r i a l  

a s  an evenly d i s t r i b u t e d  "g r i t " .  P y r i t e  i s  always p r e s e n t  i n  Unit  6 a l though i t  



u s u a l l y  occurs  i n  t r a c e  amounts,  l i k e l y  a s  f i n e l y  d isseminated  framboids.  Oxidation 

of t h i s  p y r i t e  o c c a s i o n a l l y  g i v e s  t h e  u n i t  a  weak rusty-brown weather ing  a s p e c t .  

Thickness of Uni t  6  i s  d i f f i c u l t  t o  de te rmine ,  a s  a  complete s t r a t i g r a p h i c  

s e c t i o n  from Unit  4 t o  8 i s  n o t  found undis turbed  anywhere i n  t h e i e p o r t  a r e a .  

The complex n a t u r e  of  t h e  s t r u c t u r a l  geology p r o h i b i t s  e x t r a p o l a t i o n  of s t r a t i g r a p h y  

a long  s t r i k e  o r  down d i p  t o  e s t i m a t e  t h e  th i ckness .  I n  any case ,  t h e  maximum observed 

th i ckness  f o r  Unit  6 ,  o v e r  500 m ,  occurs  i n  t h e  D r i f t p i l e  Creek a r e a ,  2 km southwest 

of t h e  Canex P l a c e r  showing. 

Unit  7 

Unit  7 i s  a  d i s t i n c t i v e  ho r i zon  of r e g i o n a l  e x t e n t  c o n s i s t i n g  of ve ry  s i l i c e o u s  

s h a l e  and c h e r t  c o n t a i n i n g  anomalously h ighamountsof  p y r i t e .  This  ho r i zon ,  which 

v a r i e s  i n  t h i ckness  from 1 0  m t o  40 m t h i c k ,  occu r s  n e a r  t h e  base  of Unit  6. It 

con ta ins  a l l  major s t r a t i f o r m  b a r i t e  occurrences  i n  t h e  p r o j e c t  a r e a ,  i n c l u d i n g  

ba r i t e - l ead -z inc  m i n e r a l i z a t i o n  on Canex P l a c e r ' s  D r i f t p i l e  Creek p rope r ty .  Th i s  

b a r i t e ,  p y r i t e ,  and s i l i c a - r i c h  hor izon  usua l ly  weathers  a  d i s t i n c t i v e  p a l e  buf f -  

brown colour  a l though t h e  t y p i c a l  weathering co lou r  of t h e  unmineral ized p o r t i o n s  

i s  s i l ve r -g rey .  I n  g e n e r a l ,  t h e  s h a l e  weathers  r e c e s s i v e l y  al though i t  i s  somewhat 

more r e s i s t a n t  t han  s h a l e s  o f  Uni t  3.  The more s i l i c e o u s  member con ta in ing  p y r i t e  

and b a r i t e  i s  t h e  most r e s i s t a n t  p a r t  of t h e  u n i t ,  sometimes forming long ,  low 

r i d g e s  wi th  o c c a s i o n a l  o u t c r o p s  on t h e  bottom of  g l a c i a t e d  v a l l e y s  where topography 

is  normally subdued. However, i n  t h e  v i c i n i t y  of t h e  lead-z inc  m i n e r a l i z a t i o n  on 

t h e  Canex P lace r  p r o p e r t y  and G J V ' s  S a i n t  c la ims ,  t h i s  s i l i c e o u s  u n i t  i s  very  

r e c e s s i v e  and weathers  q u i c k l y  t o  a  muddy s o i l  t h a t  i s  unvegetated above t r e e l i n e .  

Sha le s  of Unit  7 immediately ove r ly ing  t h e  b a r i t i c  ho r i zon  a r e  uniformly very  



s i l i c e o u s  and commonly very  p y r i t i c ,  forming competent, blocky f r a c t u r i n g  l i t h o -  

l o g i e s  w i t h  a  rusty-brown weather ing  co lour .  

The base  of Uni t  7 c o n s i s t s  everywhere of r e l a t i v e l y  t h i c k  bedded, very  

s i l i c e o u s  b l a c k  s h a l e .  P y r i t e i s  common throughout t h e  u n i t ,  u s u a l l y  occur ing  a s  

minutedisseminated  fromboids and r a r e l y  a s  concen t r a t ions  of f ramboids i n  beds 

l e s s  than 5 rnm i n  t h i c k n e s s .  S i l i c a  content  of t h e  s h a l e s  i s  v e r y  h igh ,  except  f o r  

very  t h i n  ,evenly  spaced ,  non- s i l i ceous  , b l ack  s h a l e  beds t h a t  f  o m  conspicuous 

p a r t i n g s .  Bedding t h i c k n e s s  of t h e  s i l i c e o u s  s h a l e s  v a r i e s  from 3 cm t o  10  cm. 

These rocks  commonly c o n t a i n  very  l a r g e  chert-carbonate  s e p t a r i a n  nodules .  

B a r i t e  o c c u r s  i n  two p r i n c i p a l  modes: ( i )  most commonly a s  "blebby", l a t e  

d i a g e n e t i c ( ? )  ' f l a t t e n e d  nodules ,  sometimes approaching massive q u a n t i t i e s  bu t  always 

s t r a t i f o r m  i n  n a t u r e ;  and ,  ( i i )  a s  very  f ine-gra ined ,  massive,  bedded accumulations.  

( i )  Grey "blebby" b a r i t e  occu r s  a s  concen t r a t ions  along laminae w i t h i n  s p e c i f i c  

beds of ve ry  s i l i c e o u s ,  p y r i t i c  b l a c k  s h a l e s .  Aside from t h e  e x t e n s i v e  accumulations 

of b a r i t e ,  t h e s e  r o c k s  a r e  i d e n t i c a l  i n  morphology and composition t o  under ly ing  

b a s a l  s h a l e s  of  Un i t  7. Thickness  of ba r i t e -bea r ing  beds v a r i e s  from 2 t o  15  cm, 

usua l ly  s e p a r a t e d  from each  o t h e r  by a  v a r i a b l e  t h i ckness  ( 2  t o  5 cm) of p y r i t i c ,  

s i l i c e o u s ,  n o n - b a r i t i c  s h a l e .  F l a t t e n e d  nodules o r  b l e b s  of b a r i t e  grade  upwards 

w i t h  t h e  c o a r s e s t  and l a r g e s t  a t  t h e  base  of each bed of b a r i t i c  s h a l e  and t h e  f i n e r  

s i z e s  towards t h e  top .  I n  t h i s  f a s h i o n ,  t h e  o v e r a l l  occur rence  of b a r i t e  i n  

succes s ive  s h a l e  beds  e x h i b i t s  a  markedly c y c l i c  n a t u r e .  Apparent s ize-grading  

and c y c l i c i t y  of  b a r i t e  bod ie s  w i t h i n  c e r t a i n  s h a l e  beds a r e  assumed t o  be f e a t u r e s  

of e p i s o d i c ,  d i a g e n e t i c  format ion  of b a r i t e  a l though t h e  a c t u a l  mechanisms f o r  t h i s  

process  a r e  n o t  f u l l y  understood.  A s t r a t i g r a p h i c  column through "blebby" b a r i t e -  

bea r ing  rocks  of Uni t  7  i s  shown i n  F igu re  17 fo l lowing  page 23. 



Where deformation of e n c l o s i n g  rocks  i s  r e l a t i v e l y  i n t e n s e ,  "blebs" of b a r i t e  

a r e  commonly r e s t r u c t u r e d  a long  cleavage p l a n e s  producing bodies  w i th  e l l i p o s i d a l  

c r o s s  s e c t i o n s ,  e longa ted  a long  a x i a l  p l anes  of s m a l l  and l a r g e  s c a l e  f o l d s .  I n  

a d d i t i o n ,  b a r i t e - b e a r i n g  s h a l e s  o f t e n  show evidence  of f a i r l y  i n t e n s e  s o f t -  

sediment  deformation such  a s  slump s t r u c t u r e s ,  c h a o t i c  bedding and broken, con to r t ed  

laminae.  La te  d i a g e n e t i c  t iming  of t h e  deformat ion  i s  confirmed by t h e  d i f f e r e n t a t i o n  

of a x i a l  p l anes  of  s o f t  sediment  f o l d s  from a x i a l  p l anes  of l a t e r  f o l d s  o u t l i n e d  by 

e l o n g a t i o n  of b a r i t e  bod ie s .  

( i i )  Massive, bedded b a r i t e  appears  t o  occur  a t  t h e  same s t r a t i g r a p h i c  p o s i t i o n  a s  

blebby b a r i t e ,  a l though t h e  g e n e t i c  r e l a t i o n s h i p  between t h e  two has y e t  t o  be  

de te rmined .  A t  one l o c a t i o n ,  on t h e  Red c l a ims  4 k m  northwest  of t h e  G J V  camp 

on Gnip-Gnop Lake, blebby b a r i t i c  s h a l e s  g rade  l a t e r a l l y  i n t o  massive bedded b a r i t e .  

I n  a d d i t i o n ,  p y r i t i c  and s i l i c e o u s  b l ack  s h a l e s  t h a t  h o s t  bedded b a r i t e  d e p o s i t s  a r e  

v i r t u a l l y  i n d i s t i n g u i s h a b l e  from s h a l e s  which form t h e  footwal l  and hanging w a l l  

t o  b lebby b a r i t e - b e a r i n g  s h a l e s .  

Bedded b a r i t e  o c c u r s  a s  a  f i n e l y  laminated,greyiSh-white  t o  almost b l a c k  rock 

w i t h  a  massive c h a r a c t e r .  In te rbedded  b l a c k  s h a l e s  a r e  t h i n  and very s i l i c e o u s .  

Depos i t s  of bedded b a r i t e  range  i n  t h i c k n e s s  from l e s s  than  one metre  t o  ove r  20 m 

and have  a l a t e r a l  e x t e n t  of between a  few t e n s  of met res  and nea r ly  one k i lome t re .  

B a r i t e  of t h i s  type  does n o t  con ta in  a p p r e c i a b l e  amounts of p y r i t e .  

L igh t  grey ish-  w h i t e  b a r i t e  i s  i n v a r i a b l y  in te rbedded  w i t h  d i s c r e t e  p y r i t e  

laminae and t h i n  beds of grey  c h e r t .  B a r i t e  of  t h i s  type  was only seen  i n  exposures 

of Unit  7 t h a t  a r e  immediately p e r i p h e r a l  t o  t h e  D r i f t p i l e  Creek showing, where 

s i m i l a r  l i g h t  coloured b a r i t e  i s  t h e  gangue m i n e r a l  i n t e r l amina ted  wi th  l e a d  and z inc  



su lph ides .  According t o  pe t rog raph ic  work performed on t h e s e  rocks  by Wise (1974), 

l i g h t  grey b a r i t e  i n t e r l a m i n a t e d  w i t h  s p h a l e r i t e  and galena occu r s  as s m a l l  

i n t e r l o c k i n g  t a b u l a r  g r a i n s .  E longat ion  of  c r y s t a l s  i s  p a r a l l e l  t o  bedding p lanes .  

Galena and s p h a l e r i t e  occu r  a s  anhed ra l  g r a i n s ,  i n t e r s t i t i a l  t o  b a r i t e  and as 

d i s c r e t e  laminae c o n t a i n i n g  minor euhed ra l  b a r i t e  c r y s t a l s .  

An unusual  t y p e  o f  b a r i t e  was s een  w i t h i n  Un i t  7  a long t h e  boundary of 

Kwadacha Wilderness  P a r k ,  n e a r  57'47'N and 125"301W. This  b a r i t e  i s  mass ive  and 

s t r u c t u r e l e s s ,  b l a c k  i n  co lou r  and ve ry  f e t i d .  Uppermost beds c o n s i s t  of poor ly  

s o r t e d  b a r i t e  conglomerate  w i t h  ve ry  w e l l  rounded c l a s t s  ranging from sand-s ize  

t o  boulders  a s  l a r g e  as 25 c m  i n  d iameter .  B a r i t e  c l a s t s  a r e  i d e n t i c a l  t o ,  and 

presumably de r ived  from, under ly ing  bedded b a r i t e .  Enclosing s h a l e s  are ve ry  

s i l i c e o u s  bu t  d i s t i n c t l y  non -py r i t i c .  

Seve ra l  c h a r a c t e r i s t i c s  of Upper Devonian s h a l e s  of t h e  Guns tee l  Formation 

(Units  4 ,  6 and 7)  can be  used a s  f i e l d  c r i te r ia  t o  d i s t i n g u i s h  them from s i m i l a r  

s h a l e s  i n  t h e  o l d e r  Road River  Formation o f  Uni t  3:  

( i )  Road River  s h a l e s  and mudstones a r e  g e n e r a l l y  ca l ca reous  w h i l e  Guns t ee l  s h a l e s  

a r e  i n v a r i a b l y  non-calcareous.  

( i i )  q u a r t z - c a l c i t e  v e i n s  commonly c u t  a c r o s s  Road River  s h a l e s  w h i l e  s h a l e s  of 

Unit  4 ,  6 and 7  c o n t a i n  q u a r t z  and, o c c a s i o n a l l y ,  q u a r t z - b a r i t e  v e i n s .  

( i i i )  s p r i n g s  d r a i n i n g  o l d e r  s h a l e s  commonly p r e c i p i t a t e  c a l c r e t e  ( t u f a )  d e p o s i t s  

where they r each  t h e  s u r f a c e ,  forming c a l c a r e o u s  c r u s t s  on v e g e t a t i o n  and 

cementing unconso l ida t ed  s u r f i c i a l  d e p o s i t s  t o  a  depth of s e v e r a l  metres. 

( i v )  t h e  c o n t a c t  between t h e  two s h a l e  fo rma t ions  can be r e l i a b l y  mapped from a  

d i s t a n c e  u s ing  t h e  marked d i s s i m i l a r i t y  o f  t h e i r  weather ing c h a r a c t e r i s t i c s .  



Road River  s h a l e s  of Uni t  3 a r e  r e l a t i v e l y  s o f t ,  moderately ca l ca reous  and 

very  carbonaceous and consequent ly  weather  ve ry  r e c e s s i v e l y .  Gunsteel  s h a l e s ,  

on t h e  o t h e r  hand, a r e  much more r e s i s t a n t  t o  p h y s i c a l  and chemical weather ing  

p roces ses .  I n  most p l a c e s ,  t h e  con tac t  between t h e  two formations i s  shown by 

an  ab rup t  change i n  r e l i e f .  Road River Formation s h a l e s  gene ra l ly  have a  h i g h  

carbon con ten t  and a  non- s i l i ceous  mat r ix .  They break  down r a p i d l y  t o  form a 

s o f t ,  b l a c k ,  very  f i n e  g r a i n e d  s o i l  t h a t  sLppor t s  a  dense cover of v e g e t a t i o n ,  

e s p e c i a l l y  water- loving types  such  a s  l i l i e s ,  saw-grass and willows. Overland 

flow of wa te r  predominates  ove r  i n f i l t r a t i o n  du r ing  heavy r a i n f a l l ,  r e s u l t i n g  i n  

deep runoff  t r enches  and l a n d s l i d e  and mudflow s c a r s  on h i l l s i d e s .  Guns tee l  

s h a l e s ,  i n  c o n t r a s t ,  a r e  much more r e s i s t a n t  t o  breakdown by chemical and p h y s i c a l  

weathering.  S o i l  development on r i d g e s  and s i d e h i l l s  i s  very weak. I n f i l t r a t i o n  

c a p a c i t y  of a r e a s  u n d e r l a i n  by s h a l e s  of t h e  Guns tee l  Formation i s  consequent ly  

very  h i g h  and they  suppor t  v e r y  l i t t l e  v e g e t a t i o n  a t  h ighe r  e l e v a t i o n s .  A 

d i s t i n c t  co lour  change marks t h e  Gunsteel-Road R i v e r  con tac t .  Unit  3 s h a l e s  of 

t h e  Road River  Formation weather  t o  a  d u l l ,  da rk  blue-black co lour ,  wh i l e  exposures  

of Gunsteel  s h a l e s  a r e  c h a r a c t e r i s t i c a l l y  s i l v e r - g r e y  weathering.  

MISSISSIPPIAN OR YOUNGER 

Gnip Gnop Formation (Unit  8) 

Gnip Gnop Formation is  a n  informal  name coined by G J V  personnel  f o r  r o c k s  

o v e r l y i n g  t h e  Guns tee l  Formation which a r e  mapped a s  Unit 8. These format ions  

were n o t  s epa ra t ed  by t h e  Geologica l  Survey (Gabr i e l se  e t  a l ,  1977a).  

The Gnip Gnop Formation i s  d iv ided  i n t o  two d i s t i n c t  l i t h o l o g i c  members. 



The lower member c o n s i s t s  of 60 t o  120 m of ca l ca reous  and non-calcareous,  brown 

weather ing  greywackes and s i l t s t o n e s  and mudstones. The upper member i s  comprised 

of a  sequence o f  in te rbedded  ca lcareous  s i l t s t o n e s ,  l imes tones  and c h e r t s .  

Basa l  beds of  t h e  lower member of t h e  Gnip Gnop Formation c o n s i s t  of 

e x t e n s i v e l y  b i o t u r b a t e d ,  buff-brown and grey  weathering s i l t s t o n e s  wi th  t h i n  

in te rbedded  brown s h a l e s  and ca l ca reous  s i l t s t o n e s .  A 5 t o  6 m t h i c k  success ion  

of l i g h t  grey  wea the r ing ,  dark  grey a r g i l l a c e o u s  mudstones o c c u r r i n g  wi th in  t h e s e  

rocks  c o n t a i n s  s m a l l  ( l e s s  than  0 .5  cm) nodules  composed of s t e l l a t e  c r y s t a l s  

of b a r i t e .  When w e t ,  t h e  mudstones emit  a  s t r o n g  "ear thy" odour,  sugges t ing  t h a t  

k a o l i n i t e  i s  a major  component of t h e  rock.  The a s s o c i a t i o n  of  k a o l i n i t e - r i c h  

rocks  w i t h  minor  d i a g e n e t i c  b a r i t e  i s  s u g g e s t i v e  of g e n e s i s  by submarine weathering 

(ha lmyros is )  of  v o l c a n i c  ash .  

The b u l k  of  t h e  lower member of t h e  Gnip Gnop Formation c o n s i s t s  of a  v a r i a b l e  

t h i ckness  of r e s i s t a n t ,  brown-grey weather ing ,  a r k o s i c  c h e r t  greywackes which were 

depos i t ed  a s  t u r b i d i t e s  and d e b r i s  flow. They a r e  composed p r i m a r i l y  of very w e l l  

rounded c h e r t  g r a n u l e s  and sand,  very  s i m i l a r  i n  n a t u r e  t o  c h e r t  c l a s t s  forming 

framework g r a i n s  of  Gunsteel  Formation t u r b i d i t e s  and d e b r i s  f lows .  Arkosic c l a s t s  

a r e  comple te ly  a l t e r e d  t o  c l a y  minera ls .  R e l i c t  t e x t u r e s  i n  t h e s e  c l a s t s  suggest  

a  p o r p h y r i t i c  s o u r c e  m a t e r i a l ,  most l i k e l y  v o l c a n i c  rocks .  

D e p o s i t i o n a l  mechanism f o r  coa r se  c l a s t i c  rocks  of t h e  Gnip Gnop Formation 

a r e  ve ry  s i m i l a r  t o  t h o s e  determined f o r  coa r se  c l a s t i c  r o c k s  of t h e  underlying 

Gunsteel  Formation (Unit 5 ) .  Lower beds a r e  made up of t h i c k  ( 3  t o  5 m) AB 

t u r b i d i t e  d i v i s i o n s  and massive, t h i c k  bedded, unsorted d e b r i s  f low conglomerates,  

probably d e p o s i t e d  a s  proximal channel f i l l i n g s .  Up s e c t i o n ,  proximal  t u r b i d i t e s  



g i v e  way r a p i d l y  t o  i n t e r m e d i a t e  and d i s t a l  t u r b i d i t e  AE and BE beds ,  sugges t ing  

i n i t i a l l y  r a p i d  u p l i f t  and subsequent e r o s i o n  of t h e  sou rce  t e r r a n e .  The t e x t u r e  

and f e l d s p a t h i c  n a t u r e  of some c l a s t s  s u g g e s t s  t h a t  t h i s  sou rce  t e r r a n e  may be 

v o l c a n i c  i n  p a r t .  Thickness  of t u b i d i t e s  v a r i e s  from l e s s  than  30 m t o  g r e a t e r  

than  150 m.  The t h i c k e s t  accumulat ion occu r s  d i r e c t l y  west  of t h e  G J V  camp a t  

Gnip Gnop Lake. 

Curren t  d i r e c t i o n  de t e rmina t ions ,  t u r b i d i t e  f a c i e s  r e l a t i o n s h i p s  and pe t ro logy  

i n d i c a t e  t h a t  t h e  Gnip Gnop t u r b i d i t e s  were de r ived  from t h e  same gene ra l  source  

t e r r a n e  a s  t u r b i d i t e s  of t h e  Gunsteel  Formation. 

The lower member of t h e  Gnip Gnop Formation i s  conformably capped by a  30 t o  

60 m t h i c k  s u c c e s s i o n  of r e c e s s i v e ,  poor ly  cemented, r u s t y  weather ing ,  brown sandy 

s i l t s t o n e s  and sands tones  w i t h  in te rbedded  b l a c k  s i l t y  s h a l e s .  These rocks  were 

probably depos i t ed  a s  d i s t a l  t u r b i d i t e s .  

Upper Member 

The upper member of t h e  Gnip Gnop Formation was only  s e e n  i n  a  smal l  a r e a  

sou th  of J o e  Poole  Creek. L i t h o l o g i e s  c o n s i s t  of brown weather ing ,  brown and grey,  

ca l ca reous  and d o l o m i t i c ,  b i o t u r b a t e d  s i l t s t o n e s  and mudstones in te rbedded  wi th  

minor b l a c k ,  ca l ca reous  s h a l y m u d s t o n e s , b l a c k  c h e r t  and b l a c k ,  f e t i d  l imestones.  

Two t h i c k  u n i t s  of medium bedded (20 t o  30 cm) b l ack  and brown c h e r t  occur w i t h i n  

t h i s  s e c t i o n .  



- 35 - 

S t r u c t u r a l  Geology 

Rocks w i t h i n  t h e  map-area form a narrow l i n e a r  b e l t  t h a t  s t r i k e s  northwest .  

Although they  a r e  e s s e n t i a l l y  unmetamorphosed, t h e s e  rocks  a r e  s t r u c t u r a l l y  

very  complex. On a g r o s s  r e g i o n a l  s c a l e ,  t h e  p r o j e c t  a r e a  occupies  a broad 

syncl inor ium compressed a g a i n s t  an  a n t i c l i n o r i u m  of more r e s i s t a n t  o l d e r  rocks  

t o  t h e  e a s t .  

I n  many a r e a s ,  bedding i s  d i f f i c u l t  t o  d i s t i n g u i s h  from a x i a l  p lane  

c leavage  due t o  t h e  uni formly  f e a t u r e l e s s  n a t u r e  of most l i t h o l o g i e s ,  e s p e c i a l l y  

on weathered s u r f a c e s .  Where bedding is  d i s t i n g u i s h a b l e ,  t h e  absence of geo- 

p e t a l  f e a t u r e s  i n  s h a l e s  and some c o a r s e r  c l a s t i c  rocks  makes t h e  d i s t i n c t i o n  

between over turned  and u p r i g h t  bedding almost imposs ib le .  

Problems w i t h  s t r u c t u r a l  i n t e r p r e t a t i o n  a r e  f u r t h e r  complicated by t h e  

g e n e r a l l y  very r e c e s s i v e  n a t u r e  of most l i t h o l o g i e s  coupled w i t h  abrupt  and 

o f t e n  diachronous f a c i e s  changes. Where s t r u c t u r a l  d a t a  i s  n o t  a v a i l a b l e ,  

ou tcrop  p a t t e r n s  of Unit  7 ( b a r i t i c  s h a l e ,  b a r i t e  and p y r i t i c  s h a l e )  and Unit  5 

( t u r b i d i t e s ) ,  bo th  of which a r e  r e l a t i v e l y  r e s i s t a n t  and have abundant geope ta l  

f e a t u r e s ,  were used f o r  s t r u c t u r a l  i n t e r p r e t a t i o n .  Three c ros s - sec t ions  through 

t h e  map a r e a  a r e  shown i n  F i g u r e  21 on t h e  fo l lowing  page. 

S t r u c t u r a l  s t y l e s  v a r y  between rock  u n i t s .  I n  g e n e r a l ,  carbonate  rocks  and 

q u a r t z i t e s  of t h e  Atan Group deform competently. Tec tonic  sho r t en ing  i s  r e f l e c t e d  

@norma l  f a u l t s  and l a r g e - s c a l e ,  broad open f o l d s .  The more incompetent 

n a t u r e  of  s h a l e s  and t h i n  bedded c l a s t i c  rocks of t h e  Kechika Group, Road River  

Formation and Gunsteel  Formation is  r e f l e c t e d  i n  t i g h t  i s o c l i n a l  fo ld ing  
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accompanied by t h r u s t  f a u l t i n g .  Within t h e s e  rocks ,  s t r u c t u r a l  competency v a r i e s  

from package t o  package. For  i n s t a n c e ,  t u r b i d i t e s  of map Unit  5  a r e  much more 

r e s i s t a n t  t o  deformat ion  than  enc los ing  s h a l e s .  Consequently,  t u r b i d i t e  f a n s  

which behave a s  r e l a t i v e l y  r i g i d  p l a t e s  a r e  s e p a r a t e d  by s t r i k e - s l i p  f a u l t s  

from less competent rocks  a long  s t r u c t u r a l  s t r i k e .  

Regional s t r u c t u r a l  s t r i k e  i s  approximately 135°-1400. S t r i k e  r i d g e s  and 

v a l l e y s  dominate t h e  topography and most u n i t  c o n t a c t s  a r e  marked by some s o r t  

of topographic  e x p r e s s i o n .  

The p r o j e c t  a r e a  occup ie s  a  l a r g e  sync l inor ium o r  graben.  Nor theas t  and 

southwest  margins of t h e  s t r u c t u r e  seem t o  t r u n c a t e  l i t h o l o g i c a l  boundar ies ,  

sugges t ing  t h a t  t hey  are f a u l t s .  The southwest  margin i s  l i k e l y  a  t h r u s t  f a u l t  

a l though s u f f i c i e n t  ev idence  t o  prove o r  d i sp rove  t h i s  hypo thes i s  was n o t  seen.  

I n t e r m i t t e n t  zones of  quartz-cemented, b r e c c i a t e d ,  my lon i t i zed  and t i g h t l y  fo lded  

rock  correspond w i t h  t h i s  l ineament .  

Because most of  t h e  p r o j e c t  a r e a  i s  u n d e r l a i n  by uniform s h a l e s  wi thout  

d i s t i n c t i v e  bedding,  mesoscopic f o l d s  a r e  ha rd  t o  r ecogn ize  and s t r u c t u r a l  

a n a l y s i s  i s  d i f f i c u l t .  Mesoscopic f o l d s  t h a t  were d e l i n e a t e d  by outc rop  p a t t e r n s  

of marker h o r i z o n s  such  a s  Unit  7 a r e  a lmos t  always open f o l d s  w i t h  axes  

plunging s o u t h e a s t  a t  low ang le s  (10' t o  20") .  Ax ia l  p l a n e s  of t h e s e  f o l d s ,  a s  

o u t l i n e d  by c l eavage  o r i e n t a t i o n s ,  g e n e r a l l y  d i p  s t e e p l y  t o  t h e  southwest  (70"- 

80") .  Northwest of Gataga Lakes,  r e g i o n a l  bedding d i p s  a r e  c o n s i s t e n t l y  t o  t h e  

southwest  a p a r t  from a  few odd a t t i t u d e s  t h a t  may be  f o l d  h inges .  Over turn ing  

o f  f o l d s  and/or  t h r u s t  f a u l t i n g  i n  such c a s e s  is t h e  on ly  means of  e x p l a i n i n g  

t h e  cons t an t  d i p  d i r e c t i o n  and r e p e t i t i o n  of  l i t h o l o g i c a l  packages seen  here .  



On a  sma l l e r  s c a l e ,  a  p ro fus ion  of macroscopic f o l d s  can be  seen  i n  w a l l s  

of canyons and c i r q u e s  which c u t  a c r o s s  t h e  r e g i o n a l  s t r i k e .  These f o l d s  

commonly a r e  hundreds of met res  i n  amplitude and range from very t i g h t  i s o c l i n a l  

t o  k ink  f o l d s .  Many of t h e s e  f o l d s  a r e  s l i g h t l y  over turned  w i t h  bo th  l imbs 

d ipping  southwest.  

Mine ra l i za t i on  

S t r a t i g r a p h y  and metal logeny of t h e  Kechika Trough ( see  F igure  13) a r e  markedly 

s i m i l a r  t o  t hose  of t h e  e a s t e r n  Selwyn Basin near  t h e  Yukon-Northwest T e r r i t o r i e s  

bo rde r .  Syngenet ic  s t r a t i f o r m  m i n e r a l i z a t i o n  of two ages occurs  i n  t h e  Gataga 

Lakes a r e a  of t h e  Kechika Trough. Ordovician and S i l u r i a n  ca l ca reous  s h a l e s  of t h e  

Road River  Formation (Unit  3) h o s t  z i n c  m i n e r a l i z a t i o n  of an age and type  broadly  

c o r r e l a t i v e  w i t h  t h e  Howard P a s s ,  Yukon depos i t  of Canex P l a c e r .  Younger S t e e l  

s h a l e s  and t u r b i d i t e s  h o s t  ba r i t e - l ead -z inc  m i n e r a l i z a t i o n  i n  t h e  Canol Formation 

a t  Macmillan Pas s ,  Yukon. Although a  f a u l t  bounded b a s i n  of d e p o s i t i o n  f o r  s t r a t -  

i fo rm m i n e r a l i z a t i o n  has  n o t  been recognized a t  D r i f t p i l e  Creek, f l a n k i n g  t u r b i d i t e  

f a n s  may have r e s t r i c t e d  seawater  encough t o  have produced b a s i n a l  e u x i n i c  cond i t i ons  

necessary  f o r  syngene t i c  s u l p h i d e  depos i t ion .  

Anomalous concen t r a t i ons  of ba se  meta l s  have been recognized w i t h i n  Road 

River  s h a l e s  nea r  t h e  headwaters  of  Braid Creek. Whole rock  a n a l y s i s  of s h a l e s  

r evea l ed  weak z i n c  m i n e r a l i z a t i o n  bu t  d e t a i l e d  p rospec t ing  was n o t  c a r r i e d  o u t  

a long  s t r i k e .  

Guns tee l  s h a l e s  of Upper Devonian t o  Lower M i s s i s s i p p i a n  age h o s t  numerous 

s t r a t i f o r m  b a r i t e  occur rences  and s e v e r a l  s t r a t i f o r m  ba r i t e - l ead -z inc  showings w i t h i n  



t h e  r e p o r t  a r e a .  A l l  b a r r e n  and m i n e r a l i z e d  b a r i t e  o c c u r r e n c e s  l i e  w i t h i n  map- 

u n i t  7 ,  a  s i n g l e  s t r a t i g r a p h i c  h o r i z o n  o f  r e g i o n a l  e x t e n t .  D e t a i l s  of t h e  miner- 

a l o g y  w i t h i n  t h i s  h o r i z o n  and v a r i a t i o n  a l o n g  i t s  exposed l e n g t h  have been summar- 

i z e d  i n  t h i s  s e c t i o n  d e a l i n g  w i t h  s t r a t i g r a p h y .  However, s e v e r a l  f e a t u r e s  of t h e  

r e l a t i o n s h i p  between t h i s  u n i t  and base-metal  m i n e r a l i z a t i o n  a r e  worth  s p e c i a l  mention.  

I n  a d d i t i o n  t o  s t r a t i f o r m  b a r i t e - l e a d - z i n c  o c c u r r e n c e s ,  u n i t  7 c o n t a i n s  h i g h l y  an- 

omalous amounts of i r o n  s u l p h i d e ,  s i l i c a  and barium. T h i s  a s s o c i a t i o n  i s  r a r e  i n  

normal sed imenta ry  env i ronments  and ,  a s  s u c h ,  i s  i n d i c a t i v e  o f  a widespread  chemical  

s e d i m e n t a t i o n  e v e n t  t h a t  may have been r e l a t e d  t o  submarine  e x h a l a t i o n  o f  hydrothermal  

f l u i d s  on  a r e g i o n a l  s c a l e .  The mechanism t h a t  produced l o c a l  c o n c e n t r a t i o n s  of b a s e  

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

more d e t a i l  i n  Chapter  I V .  

M i n e r a l i z a t i o n  w i t h i n  t h i s  h o r i z o n  h a s  been i n v e s t i g a t e d  a t  f o u r  l o c a l i t i e s  

w i t h i n  t h e  G u n s t e e l  Format ion s h a l e  b e l t .  

( i  > Canex P l a c e r  D r i f t p i l e  Creek P r o p e r t y  

The D r i f t p i l e  Creek b a r i t e - l e a d - z i n c  p r o s p e c t  was d i s c o v e r e d  d u r i n g  a  reconn- 

a i s s a n c e  s t r e a m  sed iment  s u r v e y  performed i n  1970 by Geophoto C o n s u l t a n t s  L imi ted .  

Follow-up sampling conf i rmed t h e  geochemical  anomaly b u t  no m i n e r a l i z a t i o n  was d i s -  

covered and t h e  anomaly was a t t r i b u t e d  t o  a  h i g h  background caused by m e t a l l i f e r o u s  

s h a l e s .  Fol lowing a c q u i s i t i o n  o f  t h e  geochemical  d a t a  i n  1973, Canex P l a c e r g e o l o g i s t s  

p r o s p e c t e d  t h e  ground and d i s c o v e r e d  f l o a t  b o u l d e r s  of p y r i t i c  b l a c k  s h a l e  c o n t a i n i n g  

s p h a l e r i t e  and g a l e n a .  L a t e r  work c o n s i s t e d  of g r i d  s o i l  sampl ing ,  g e o l o g i c  mapping 

and hand t r e n c h i n g  i n  1974 and 1975, and a  shootback- type EM s u r v e y  i n  1975. The 

EM s u r v e y  was done i n  a n  a t t e m p t  t o  map t h e  s h a l e  d i s t r i b u t i o n  under  overburden  and 

t r a c e  mass ive  p y r i t e  zones .  The i n f o r m a t i o n  c o n t a i n e d  h e r e  h a s  been o b t a i n e d  from 



Canex P l a c e r  r e p o r t s  f i l e d  f o r  assessment  c r e d i t  (Wise, 1974; Kowalchuk and Rivera ,  

1976) . 
Although overburden cover i s  t h i n ,  d e t a i l e d  examinat ion of m i n e r a l i z a t i o n  on 

t h e  Canex P l a c e r  p r o p e r t y  i s  d i f f i c u l t  because t h e  p y r i t i c  s h a l e  h o s t  rocks  a r e  

weathered and ox id i zed  t o  a  depth  of up t o  3 m. I n  a d d i t i o n ,  outcrops of t h e  

enc los ing  Guns tee l  Formation t o t a l  less than one pe rcen t  of t h e  s u r f a c e  a r e a .  

S o i l  samples were ana lyzed  f o r  z i n c ,  l e a d ,  barium and s i l v e r .  Zinc response  

shows a  background l e v e l  of 100 t o  300 ppm and an anomalous t h r e sho ld  of about  500 

ppm. Background l e v e l s  f o r  l e a d  range  up t o  250 ppm whi l e  anomalous va lues  a r e  

g r e a t e r  t han  500 ppm. Anomalous barium response is  i n  t h e  1% t o  8% range.  S i l v e r  

va lues  a r e  e r r a t i c  a l t hough  a  t h r e s h o l d  va lue  of 2 ppm i s  i n d i c a t e d .  

Lead va lues  c o r r e l a t e  w e l l  w i t h  barium con ten t s  of s o i l s .  Lead and barium 

anomalies ,  i n  t u r n ,  show a s t r o n g  c o r r e l a t i o n  wi th  t h e  l o c a t i o n  of massive p y r i t e  

m i n e r a l i z a t i o n  a s  i n t e r p r e t e d  from t h e  EM survey.  Lead-zinc and s i lver-bar ium-lead 

c o r r e l a t i o n s  a r e  weak. E r r a t i c  z i n c  and s i l v e r  response  probably r e f l e c t  t h e i r  g r e a t e r  

mob i l i t y  i n  a c i d i c  s o i l s .  Large anomalous a r e a s  a long D r i f t p i l e  Creek which a r e  n o t  

a s s o c i a t e d  w i t h  EM conductors  probably r e s u l t  from g l a c i a l  d i s p e r s i o n  of minera l iz -  

a t i o n  from showings. 

Bar i te - lead-z inc  m i n e r a l i z a t i o n  i s  exposed i n  t r enches  through t h i n  s o i l  cover 

i n  a n  a r e a  of  low t o  moderate r e l i e f  nea r  t h e  c e n t r e  of t h e  p rope r ty ,  about  4500 m 

n o r t h  of  D r i f t p i l e  Creek. Galena, s p h a l e r i t e  and p y r i t e  occur  a s  f i ne -g ra ined ,  t h i n  

lamina t ions  i n  t h i n  bedded, b l a c k t o  grey b a r i t e .  This  f i n e l y  laminated n a t u r e  makes 

v i s u a l  e s t i m a t i o n  of g r ade  v i r t u a l l y  impossible .  In te rbedded  p y r i t i c  b l ack  s h a l e s  

may a l s o  h o s t  s i g n i f i c a n t  s t r a t i f o r m  m i n e r a l i z a t i o n  a l though complete o x i d a t i o n  of 

p y r i t e  h a s  reduced t h e  rock  t o  a  l i m o n i t i c ,  grey c l ay  t h a t  g e n e r a l l y  a s says  low i n  

l e a d  and z inc .  The b e s t  a s says  ob t a ined  by Canex P l a c e r  from t h e  t r enches  a r e  

t a b u l a t e d  below: 



TABLE 3 

Canex P lace r  Assays - D r i f t p i l e  Proper ty  

Trench Coords Sample Length Pb - L& - B a  
N E  ( d  (2) (%) ( P P ~  (2) 

Upper D r i f t p i l e  
Creek 5  0  1850 6 .0  0.25 2.07 NA 11.0 

(bounded on t h e  west by) 1 2 . 1  0.02 0.07 NA 14.2 

( inc lud ing )  3.0 8.05 1.17 5.8 6.1 

( i nc lud ing )  3.0 5.28 4.30 5.5 9.9 

NA = no t  assayed  

Canex P l a c e r  ~ e o l o g i s t s  e s t ima ted  t h a t  250,000 tons  of s t r a t i f o r m  minera l iza t ion  

grading 10% combined l e a d  and z i n c  w i t h  8% barium could be p r e s e n t  i n  a  t a b u l a r  body 

wi th  a  s t r i k e  l e n g t h  of 160 m and a  t h i c k n e s s  of 3 m ,  p o s t u l a t i n g  a  160 m down-dip 

c o n t i n u i t y  i n  g rade  and th i ckness .  S ince  grades  were de r ived  from weathered t renches 

and only  a  s m a l l  p a r t  of t h e  t o t a l  s t r i k e  l eng th  of t h e  geochemical ly and geophysic- 

a l l y  anomalous h o r i z o n  was t e s t e d  by t r ench ing ,  they f u r t h e r  sugges ted  t h a t  t h e  s i z e  

p o t e n t i a l  of t h e  p r o p e r t y  i s  i n  t h e  o r d e r  of t e n s  of m i l l i o n s  of t o n s  wi th  a  s i g n i f -  

i c a n t l y  h i g h e r  g rade  (Kowalchuk and R ive ra ,  1976). 

According t o  Canex P l a c e r  r e p o r t s ,  ga lena  and s p h a l e r i t e  w i t h  a s s o c i a t e d  b a r i t e  

a r e  conta ined  w i t h i n  two d i s c r e t e  EM conductors  wi th  a s s o c i a t e d  s o i l  geochemical 

anomalies t h a t  a r e  thought t o  r e p r e s e n t  massive p y r i t e  beds i n  p y r i t i c  b lack  sha les .  

These conductors  a r e  e s t ima ted  t o  b e  1 t o  10 m t h i c k  and 60 t o  150 m a p a r t .  Mapping 

by G J V  pe r sonne l ,  however, h a s  suggested t h a t  m i n e r a l i z a t i o n  a t  D r i f t p i l e  Creek i s  



c o r r e l a t i v e  w i t h  a  s i n g l e  p y r i t i c ,  b a r i t e  and s i l i c e o u s  s h a l e  ho r i zon  of 

r e g i o n a l  e x t e n t  t h a t  i s  r epea t ed  by f o l d i n g  and/or  t h r u s t  f a u l t i n g ,  g iv ing  

t h e  impress ion  of  s e v e r a l  ho r i zons .  

( i i )  G J V  S a i n t  Claims 

The S a i n t  c l a i m s  were s t a k e d  t o  cover  t h e  s t r i k e  e x t e n s i o n  of t h e  Canex 

P lace r  m i n e r a l i z a t i o n  t o  t h e  nor thwes t .  Geology and l e a d  r e sponse  of both s i l t  

and s o i l  a r e  s i m i l a r  on bo th  p r o p e r t i e s .  Pre l iminary  g r i d  s o i l  sampling and 

mapping a t  t h e  s o u t h e a s t  end of t h e  S a i n t  c laims (Grid 1 )  a r e  p l o t t e d  on 

Figures  22 t o  25. T h i s  work has  shown t h a t  numerous l e a d  anomalies  i n  s o i l  coincide 

wi th  poor ly  exposed b a r i t e - b e a r i n g  rocks  of Unit  7 .  Anomalous l e a d  va lues  

cont inue  o f f  b o t h  ends of t h e  g r i d .  Geologic mapping was hampered by t h e  

g e n e r a l l y  poor  n a t u r e  of bedrock exposure.  Although Grid 1 occur s  i n  an a r e a  

of moderate r e l i e f  and overburden cover i s  t h i n ,  extreme o x i d a t i o n  and leaching  

of t h e  b a r i t e - b e a r i n g  p y r i t i c  rocks  of Unit  7 has  reduced most of t h e  l i t h o l o g i e s  

t o  a  b l a c k ,  v i s c o u s  mud. Desp i t e  t h e s e  problems, t h e  d i s t i n c t i v e  c h a r a c t e r  and 

weather ing  c o l o u r  of Unit  7 a ided  i n  developing a  p i c t u r e  of t h e  :complex 

s t r u c t u r a l  geology. F u r t h e r  g e o l o g i c a l  i n t e r p r e t a t i o n  w a s  hampered by t h e  l o c a l  

f ine-gra ined  n a t u r e  of Unit  4 t h a t  prevented i t s  d i s t i n c t i o n  from over ly ing  Unit 

6. F u r t h e r  d e f i n i t i o n  of t h e  geology on t h e  p rope r ty  w i l l  r e q u i r e  p a t i e n t  and 

d e t a i l e d  mapping on a s m a l l  s c a l e .  

Seven hand t r e n c h e s  were dug ove r  l e a d  anomalies on t h e  g r i d .  Geology and 

assay v a l u e s  o f  t h e  rocks  encountered i n  t h e  t r enches  a r e  summarized i n  F igures  

35 and 36 on t h e  fo l lowing  two pages. A l l  b a r i t e  encountered  was l e s s  than  



Length (m) Assays Description 
(% > 

Pb 3 cherty rusty argillite 
,lo - 

I40 banded grey and black 

I - .04 .09 massive barite with 
occasional thin blebby 

--r- 170 
zo bands, pyrite common 

V) cr 
o u 2-  .03 .I9 as disseminations, and 

often associated with 
darker coaly bands. 

3- -T- 140 Thin cross cutting 
30 carbonate veins trending 

060170N are common 
'02 '20 probably related to 

the quartz-witherite 
.02 .13 veins noted nearby. 

Minor red zinc 
SO reaction noted at 

.02 .08 scattered intervals. 

end of massive barite 

.02 .05 
scattered thin blebby 

7 
30 

barite beds, except 

.02 .06 

I 

TRENCH A - Line 10N at 1W 

Assays 
Length (m) (2)  Description 

Zn - 
barite 10 cm thick 

barite 10 cm thick 

cherty argillite, 
.O1 well cleaved at 

140lvert. 

4 - -  
fine platy shale with F-!j - - -  -01 -01 minor argillite and 
silicified or cherty 

- - - - -  
- - -  

argillite 
- - -  

6 -  - 

TRENCH B - Line 15N at 4E 

Assays Description 
Length (m) (%) - 

0 - Pb - Zn yellow stained 

~ . 0 1  .02 strongly cleaved 
I argillite 

massive blebby 

2 
barite trending 
140155 

.O1 .02 argillite as 
3 above 

I TRENCH E - 100 m S of Line 0 at 2E 

unconsolidated 
'03 *04 rubbly soil 

argillite talus 
.O1 .03 

argillite talus 

.O1 .05 argillite talus 
unconsolidated 

3 '02 '05 rubbly soil 

I TRENCH G - 100 m N of Line 0 at 2E 

(Note: all trenches Fig. 
oriented with top to 
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s t r o n g  z i n c  r e a c t i o n  
from 2  m bed of  banded 
blebby b a r i t e  

The bedding a t t i t u d e  i n  t h i s  exposure may 
be i n c o r r e c t  i n  a  r e g i o n a l  s ense  a s  t h e  
s t r u c t u r e  above and below t h e  b a r i t e  zone 
i s :  - 

q u a ~ t z - s w e a t s  o r  
v e m s  " 

c o l o r  bands i n  
a r g i l l i t e  

TRENCH C - l O O m  sou th  of L ine  0  a t  5E 

Length (m) 
0 

b lack ,  p l a t y ,  r u s ty -  
weather ing p h y l l i t e  
two O c m b a n d s o f  ,E 
,lebby b a r i t e  - s t r o n g  - - - 

z i n c  r e a c t i o n  
j a r o s i t e  s t a i n  - 2 

f a u l t  zone (? )  

3 

s t r o n g l y  c leaved  
c h e r t y  a r g i l l i t e  

4 

overburden 

overburden 

Assays (%) 
Pb & - 

TRENCH D - Line  0  a t  5E 

Assays (%) 
Length (m) Pb 

c h e r t y  
a r g i l l i t e  

1 0  cm b a r i t e  

c h e r t y  
a r g i l l i t e  

10  cm b a r i t e  
a t  140/60NE 

c h e r t y  
a r g i l l i t e  

TRENCH F - 50 m sou th  of 
L ine  0  a t  2E 
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4 m t h i c k  and weakly m i n e r a l i z e d  ( l e s s  than  0.3% combined Pb and Zn). No 

minera l ized  f l o a t  was d i s c o v e r e d  i n  t he  course  of p rospec t ing .  

Assays of b a r i t e  zones  i n  t r enches  and b a r i t e  f l o a t  from t h e  a r e a  do n o t  

s a t i s f a c t o r i l y  e x p l a i n  t h e  s t r e n g t h  of s o i l  l e a d  anomalies .  S ince ,  a s  p rev ious ly  

mentioned, rocks  of Un i t  7 a r e  heav i ly  oxid ized  and leached on s u r f a c e ,  t h e  

t r enches  may n o t  have p e n e t r a t e d d e e p  enough t o  encounter  f r e s h  m i n e r a l i z a t i o n .  

An a l t e r n a t e  e x p l a n a t i o n  may b e  t h a t  l ead  i s  con ta ined  w i t h i n  ad j acen t  p y r i t i c  

s h a l e s  t h a t  were n o t  exposed by t renching .  However, t h e  i n t i m a t e  a s s o c i a t i o n  

of l e a d  and z i n c  w i t h  bedded b a r i t e  on t h e  a d j o i n i n g  D r i f t p i l e  Creek p r o p e r t y  

favours  t h e  former hypothesfs .  

One of t h e  s t r o n g e s t  s o i l  anomalies (4000 ppm Pb) occurs  n e a r  t h e  n o r t h  end 

of Grid 1. Prospec t ing  t r a c e d  t h e  source of h i g h  l e a d  va lues  t o  a  narrow, weakly 

mine ra l i zed  qua r t z  v e i n  a l o n g  a  s t e e p l y  d ipping  f a u l t  zone. A ch ip  sample a c r o s s  

t h e  v e i n  r e tu rned  2.2% Zn a n d  0.03% Pb ac ros s  2 .0  m. The samples probably d i d  

n o t  adequate ly  r e p r e s e n t  t h e  t r u e  l e a d  con ten t ,  which was es t imated  v i s u a l l y  a s  

approximately on pe r  cent .  

( i i i )  GJV Bear Claims 

The Bear c l a ims ,  l o c a t e d  5 km northwest  of  Gnip Gnop Lake, have a  r e l a t i v e l y  

s imple  g e o l o g i c a l  s e t t i n g .  B a r i t e  of Unit  7 and enc los ing  sedimentary rocks  of 

Un i t s  4 ,  6 and 8 a r e  w e l l  exposed i n  t h e  l imbs of a  nor thwes t - t rending  s y n c l i n e .  

The s e c t i o n  i s  r epea t ed  a l o n g  t h e  west edge of t h e  p rope r ty  by a  southwest  

d ipping  t h r u s t  f a u l t .  Numerous gossans and f e r r i c r e t e  d e p o s i t s  a r e  developed on, 

and downslope from, p y r i t i c  and b a r i t i c  s h a l e s  of Uni t  7.  B a r i t e  occu r s  a s  

bo th  t h e  blebby and mass ive  bedded v a r i t i e s  a long  a  s i n g l e  s t r a t i g r a p h i c  hor izon .  



Grid s o i l  geochemistry of  t h e  p rope r ty ,  shown on F igu res  33 t o  34 ( i n  pocket)  

d e f i n e s  a  t a r g e t  a r e a  a t  l e a s t  1 .5  km i n  s t r i k e  l e n g t h  t h a t  extends northwest  on to  

t h e  Taga claim. 

The bedded b a r i t e  and p y r i t i c  s h a l e  occurrences  on t h e  proper ty  were hand 

t renched  t o  de te rmine  i f  t hey  were t h e  sou rce  of t h e  l e a d  anomalies ranging  

from 110 ppm t o  g r e a t e r  t h a n  4000 ppm i n  s i l t  and 340 ppm t o  2520 ppm i n  s o i l s .  

Desc r ip t ions  and a s say  v a l u e s  of t h e  t r enches  a r e  shown i n  F igu re  36 on t h e  

fo l lowing  page. Weak m i n e r a l i z a t i o n  encountered i n  t h e  t r e n c h e s  does n o t  e x p l a i n  

t h e  s t r o n g  s o i l  and s i l t  anomalies .  L ike  t h e  D r i f t p i l e  Creek m i n e r a l i z a t i o n  and 

b a r i t e - b e a r i n g  p y r i t i c  s h a l e s  on t h e  S a i n t  c la ims ,  t h e s e  rocks  a r e  e x t e n s i v e l y  

leached  and ox id i zed  on s u r f a c e  and presumably t o  a cons ide rab le  depth. A t  t h e  

nor thwes t  end of t h e  g r i d  t h e  l e a d  anomaly c l e a r l y  ex tends  u p h i l l  above t h e  

h i g h e s t  recognized  b a r i t e  ou tc rops .  This  anomaly , which could be caused by a r e p e t i t i o n  

of t h e  b a r i t i c  ho r i zon  through f o l d i n g  o r  t h r u s t  f a u l t i n g ,  is  more d i f f i c u l t  t o  

p rospec t  because i t  i s  b u r i e d  under s c r e e  from t h e  ove r ly ing  Gnip Gnop Formation. 

No work has  been done on t h e  west  l imb of t h e  sync l ine .  Fu tu re  work on t h i s  

p r o p e r t y  should  c o n s i s t  of packsack d r i l l i n g  o r  deeper  t r ench ing .  

( i v )  Red C l a i m s  

The Red c l a ims ,  owned by J. S h u s s l e r ,  a r e  s i t u a t e d  about  3 km n o r t h  of t h e  

G J V  camp a t  Gnip Gnop Lake. They were o r i g i n a l l y  s t a k e d  i n  1958 a s  t h e  much l a r g e r  

Spa group by F r o b i s h e r  Ltd.  (Fa lconbr idge)  , which t renched and packsack d r i l l e d  two 

l a r g e  gossans.  F e r r i c r e t e  from d r i l l  co re  assayed up t o  4% Zn, 1 .5  oz / ton  Ag and 

t r a c e  amounts of Cu, Pb and V. Water from seeps  and s p r i n g s  t h a t  produced t h e  

e x o t i c  gossans  conta ined  a s  much a s  6000 ppb Zn. The gossans and f e r r i c r e t e  depos i t s  



Assays (%) 
Pb - Zn - Length (m) Descr ip t ion  

0 

9 - che r ty  a r g i l l i t e  

8 - 
r e c e s s i v e  s h a l e  

7 - b a r i t e  
yellow weathering blebby b a r i t i c  s h a l e  
j a r o s i t e  zone 
black s h a l e  
c h e r t  

j a r o s i t i c  s t a i n i n g  i n  sha ley  s o i l ;  
no bedrock t o  1 . 0  m depth 

TRENCH A - Line  50N a t  50tJ 

- 

Length (m) 

'8 
Assays (%) 

Pb Zn - - 

Black p h y l l i t i c  s o i l  

.21  .03 J a r o s i t i c  s t a i n  i n  p h y l l i t e  

. O 1  .02 Blebby b a r i t e  t r end ing  
1101555 

.01  L.01 

.01  .01  c h e r t y  a r g i l l i t e  

TRENCH B - Line  550N a t  l5OW 

(Note: both t r enches  
o r i en t ed  wi th  top  t o  
t h e  west)  
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a r e  s i t u a t e d  down-slope from a bedded b a r i t e  d e p o s i t  contained wi th in  Unit 7 

of t h e  Gunsteel Formation. Cyprus Anvil opt ioned t h e  claims i n  1977 dur ing  a  

r e g i o n a l  reconnaissance program of t he  a r e a  bu t  found no i n d i c a t i o n  of s i g n i f i c a n t  

mine ra l i za t ion  on t h e  p rope r ty .  

B a r i t e  Analysis  

Represen ta t ive  specimens of b a r i t e  were c o l l e c t e d  du r ing  r e g i o n a l  mapping 

and geochemical p r o s p e c t i n g  and were ana lysed  f o r  t h e i r  t r a c e  element c o n t e n t s  

i n  Pb, Zn, S r ,  Fe and Mn. Th i s  s tudy  was conducted t o  determine i f  any r e g i o n a l  

zoning i s  p r e s e n t  i n  b a r i t e  of Unit  7  t h a t  would l e a d  t o  t h e  d e t e c t i o n  of hidden 

e x h a l a t i v e  c e n t r e s .  The Ba/Sr r a t i o  of b a r i t e  c r y s t a l l i z i n g  from a b r i n e  of 

uniform composi t ion shou ld  t h e o r e t i c a l l y  va ry  w i t h  d i s t a n c e  from t h e  e x h a l a t i v e  

cen t r e s  s i n c e  s u b s t i t u t i o n  of t h e  s l i g h t l y  l a r g e r  S r  i on  i n  t h e  Bas0 c r y s t a l  4 

l a t t i c e  i s  temperature-dependant.  Fe/Mn r a t i o s  were determined w i t h  t h e  

expec ta t ion  t h a t  they  would vary  wi th  d i s t a n c e  f r o m e x h a l a t i v e  c e n t r e s ,  s i n c e  

Mn i s  l e s s  s t a b l e  i n  s eawa te r  t han  Fe. 

R e s u l t s  of t h i s  survey  a r e  p l o t t e d  i n  Table  4 .  B a r i t e  samples a r e  d iv ided  

i n t o  s i x  c a t e g o r i e s  on t h e  b a s i s  of t h e i r  modes of occurrence :  

Type I - massive bedded, grey  b a r i t e  of Unit  7.  

Type I1 - massive bedded, grey  b a r i t e  of Uni t  7 con ta in ing  in te rbedded  s p h a l e r i t e  

and ga l ena  a t  Canex P l a c e r ' s  D r i f t p i l e  Creek p rope r ty .  

Type I11 - minor occu r rences  of b a r i t e  nodules  i n  Unit  8. 

Type I V  - misce l l aneous  q u a r t z - b a r i t e  v e i n  and b r e c c i a  occurrences .  

Type V - b l a c k ,  f e t i d ,  bedded b a r i t e  of Unit  7 .  

R e s u l t s  of s t a t i s t i c a l  a n a l y s i s  of t h e  d a t a ,  i n c l u d i n g  ranges ,  means and 

s t anda rd  d e v i a t i o n  of Ba/Sr and Fe/Mn r a t i o s  f o r  s e v e r a l  t ypes  of b a r i t e  a r e  
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Sample  No. Pb (ppm) Zn ( p p )  Ba ( X )  S r  (ppm) Fe (ppm) Mn (ppm) Ba/Sr  Fe/Ctn Type L o c a t i o n  

CJV S a i n t  

CJV R y t e  

CJV S a i n t  

T e x a s g u l f  

m 
S a i n t  

G r i d  1 

CJV Ready 

CJV 

Hole  

CJV 

S a i n t  

Serem 

CJV. Ready 

CJV H o l e  

U n i t e d  Red 

CJV S a i n t  

G r i d  1 

Serem 

GJV S a i n t  

G r i d  1 

Boundary of 

Kvadacha 

P a r k  

Canex 

I a  

. Type I - Bedded b a r i t e  o f  U n i t  7 
T y l e  I a  - M i n e r a l i z e d  bedded  b a r i t e  o f  U n i t  7 a t  D r i f t p i l e  Creek  showing  
T y l e  11 - Blebby b a r i t e  o f  U n i t  7 
Type 111 - Nodular  b a r i t e  o f  C n i p  Cnop Fm 
~ y p e  I V  - Q u a r t z - b a r i t e  v e i n s  and  b r e c c i a  f i l l i n g s  
Type V - B l a c k ,  f e t i d  bedded  b a r i t e  o f  U n i t  7 



listed in Table 5 on the following page. Although population size of each 

class is too small to be statistically valid, mean Ba/Sr ratios for each type 

appear to differ significantly. The high standard deviation of the mean in 

every class except Type I1 "blebby" barite indicates significant variation 

within each class. Ba /Sr ratios for Type I bedded barite were tested by linear 

regression analysis against distance along strike from the Driftpile Creek 

deposit to define this variability. However, this relationship showed a very 

weak correlation of 0.23. The log-normal relationship had a much lower 

correlation coefficient of 0.09. These determinations, coupled with the high 

standard deviation of the mean for bedded barite, probably indicates that variation 

of Ba/Sr ratios within the deposit is sufficient to mask any regional trends that 

may exist. Variation within the deposit could be caused by changes in temperature 

during crystallization of barite or by changes in the initial Ba/Sr ratio by 

mixing with seawater. A large standard deviation of the mean for Ba/Sr ratios 

of samples collected from the Driftpile Creek showing, which is assumed to be 

one deposit, substantiates this conclusion. A more rigorous statistical treatment 

of the data, such as multiple regression analysis or analysis of covariance, would 

require a much higher population density. The prohibitive cost of analysis of 

a large number of barite samples negates the usefullness of such a survey unless 

used as an exploration tool to detect zoning within a specific deposit. 

Ba/Sr ratios of Type I1 "blebby" barite show a low standard deviation from 

the mean value. Regional variation is very low indicating uniformity of 

conditions leading to crystallization. This supports the hypothesis of a 

diagenetic origin for blebby barite as discussed in an earlier section. 



TABLE 5 

Ranges, Means and standard deviation for data given in Table 1 for barite of Types I, Ia and 11 

TYPE OF 
BARITE 

SAMPLES I VALUE VALUE VALUE DEVIATION 

NUMBER 
OF 

VALUE VALUE VALUE DEVIATION 

Bedded, 
mineralized 
(la) 

Ba/Sr I Fe/Mn 
MINIMUM MAXIMUM MEAN STANDARD I MINIMUM MAXIMUM MEAN STANDARD 

I 

13 194.8 730.0 357.0 138.9 11.1 352.0 201.9 115.4 



Fe/Mn ratios do not sianificantlv differ between classes when their overall 

hinh standard deviations from the mean is taken into consideration. High 

variability within the deposit probably masks any regionally significant zonation. 
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CHAPTER 111 - GEOCHEMISTRY 

In t roduc t ion  

The G J V  program had access  t o  l ead ,  z i n c ,  copper and uranium assays obtained 

during a reconnaissance s tream sediment ( s i l t )  sampling program conducted by 

Castlemaine Explora t ion  i n  1976. This survey had o u t l i n e d  s e v e r a l  unstaked a reas  

wi th  moderately anomalous l e a d  response comparable t o  t h a t  from t h e  Canex P lace r  

p rope r ty ,  which suggested t h a t  t h e  source was probably a s i n g l e  s h a l e  u n i t .  This  

u n i t  was a l s o  suspected  of being t h e  source  of t h e  numerous l imoni te  gossans 

repor ted  from t h i s  d i s t r i c t .  

I n  a d d i t i o n  t o  s i l t ,  G3V sampled s o i l ,  rock and water  t o  determine primary 

d i s t r i b u t i o n  i n  t h e  s t r a t i g r a p h i c  s e c t i o n  and secondary d i spe r s ion  i n  t h e  weather- 

ing cyc le .  Sampling t h e s e  a d d i t i o n a l  m a t e r i a l s  a l s o  served  a s  a check on t h e  r e l -  

i a b i l i t y  of s i l t  sampling, which i s  poor from s h a l e s  of t h e  same age i n  t h e  Selwyn 

Basin. The geochemical survey aided i n  mapping t h e  s h a l e  u n i t  t h a t  hos t s  t h e  

mine ra l i za t ion  and l o c a t e d  undiscovered s u r f a c e  showings a s  we l l  as  i n d i c a t i n g  t h e  

source  of t h e  l imon i t e  gossans.  

F i e l d  and Laboratory Technique 

Samples were c o l l e c t e d  i n  prenumbered k r a f t  paper bags ( s o i l  and s i l t ) ,  i n  

p l a s t i c  bags (rock) and i n  250 m l  p l a s t i c  b o t t l e s  (water) .  A l l  samples were shipped 

a i r  f r e i g h t  to  Chemex Labs L td . ,  North Vancouver, B.C. f o r  ana lys i s .  S o i l  and s i l t  

samples were d r i ed ,  screened t o  a minus 80 mesh f r a c t i o n  and analyzed r o u t i n e l y  f o r  

copper,  l ead  and z i n c  using a n i t r i c - p e r c h l o r i c  a c i d  e x t r a c t i o n  and atomic absorpt ion  

spectrometry (AM). Some of t h e  rock samples were a l s o  analyzed f o r  i r o n  and man- 

ganese, us ing  t h e  same technique,  and f o r  barium and s t ront ium using a hydrof luor ic -  



phosphoric a c i d  e x t r a c t i o n  and MS.  A por t ion  of t h e  minus 80 mesh f r a c t i o n  from 

each sample was s t o r e d  permanently a t  the  l ab .  

Water samples were t e s t e d  f o r  pH a t  the  base camp using a  smal l  p o r t a b l e  meter.  

A t  t h e  l a b ,  they were c a r e f u l l y  vacuum f i l t e r e d  through Watman GF/c 0.45 micron 

g l a s s f i b r e  paper t o  remove a l l  suspended sediment. The f i l t r a t e  was r e tu rned  t o  

t h e  o r i g i n a l  b o t t l e  and was r e t a ined  with the  f i l t e r e d  r e s idue  f o r  p o s s i b l e  f u t u r e  

a n a l y s i s .  An a l i q u o t  of t h e  f i l t r a t e  was then assayed f o r  SO con ten t ,  ad jus ted  
4 

t o  a  pH of 2.5 t o  3.0 wi th  t h e  a d d i t i o n  of 3M HNO and analyzed f o r  z i n c  using the 
3  

APDCIMIBK method, i n  which t h e  element was che la ted  o r  complexed wi th  ammonia 

p y r r o l i d i n e  di thiocarbamate (APDC) and ex t r ac t ed  i n t o  t h e  o rgan ic  so lven t  methyl 

i s o b u t y l  ketone (MIBK). Af t e r  t h e  organic  and aqueous phases sepa ra t ed ,  t h e  metal 

content  of the  M I B K  f r a c t i o n  was determined by AAS. 

Resu l t s  

The 1976 Castlemaine survey cons is ted  of s e v e r a l  hundred s i l t  samples wi th in  

an a r e a  t h a t  extended much f u r t h e r  northwest and nor th  than t h e  1977 program. 

Thus i t  provided a  good s t a t i s t i c a l  i nd ica t ion  of background l e v e l s  f o r  t h e  var ious  

meta ls  from a l l  of t h e  l i t h o l o g i c a l  u n i t s  i n  t h e  d i s t r i c t .  Response was gene ra l ly  

h igher  from t h e  b lack  s h a l e s  than  from t h e  o t h e r  u n i t s  i n  a l l  meta ls .  The 

fol lowing anomalous l e v e l s  were e s t ab l i shed  by Castlemaine ( a l l  i n  ppm): 

Cu - Pb - Zn - U - 

Background L 40 4 38 L 339 L 2 . 8  

P o s s i b l y  Anomalous 40-57 38-76 339-987 2.8-7.9 

Probably  Anomalous 58-75 77-114 988-1637 8.0-13.2 

D e f i n i t e l y  Anomalous 7 75 7 1 1 4  7 1 6 3 7  -13.2 



The G J V  sampling included a  more d e t a i l e d  s i l t  survey ,  t h e  r e s u l t s  of  which 

a r e  p l o t t e d  wi th  s o i l  and rock assays on Figures 5 t o  8 i n  t h e  pocket. The G J V  

assays  confirmed t h e  previous work and def ined  t h e  anomalies more c lose ly .  

The fol lowing a r e  s e l e c t e d  assay ranges from stream sediment samples d ra in ing  t h e  

Gunsteel  Formation ( a l l  i n  ppm): 

Cu Pb - - Zn - 

Canex P l a c e r  proper ty  50-80 84-2200 1100- 4000 

S a i n t  claims - G J V  38-235 92-310 1000-3900 

Gunsteel  s h a l e  wi th  no 
known mine ra l i za t ion  2-100 1-30 900-2000 

S i l t  from r u s t y  seeps  
and sp r ings  4-34 1-160 375- 4000 

These r e s u l t s  demonstrate how d i f f i c u l t  i t  i s  t o  d i s t i n g u i s h  between t h e  z i n c  content  

of s i l t  d ra in ing  normal versus  minera l ized  s h a l e  and a l s o  show t h a t  copper i s  not  

a  u s e f u l  i n d i c a t o r  metal  i n  t h i s  d i s t r i c t .  

S o i l  and rock samples were c o l l e c t e d  on reconnaissance mapping/prospecting 

t r a v e r s e s  and on fou r  g r i d s  where t h e  presence of t h e  b a r i t e  horizon and/or  

s t r o n g  l ead  response i n  s i l t s  has  been documented. S o i l  a s says  f o r  copper, lead  

and z i n c  over  Grids Two and Three a r e  shown on Figures  26 t o  31 on the fol lowing 

pages. Resu l t s  f o r  Grid One a r e  given i n  Figures 22 t o  25 ( i n  t h e  pocket) while  

Grid Four assays  a r e  p l o t t e d  on Figures  32 t o  34 ( i n  t h e  pocket) .  The l o c a t i o n s  

of t h e  Grids a r e  shown on Figure  3. Grid One is s i t u a t e d  a t  t h e  northwest end 

of t h e  Canex P lace r  proper ty  and was d iscussed  i n  t h e  chapter  on mine ra l i za t ion .  















Grid Two is l o c a t e d  i n  a  v a l l e y  bottom a t  t h e  s o u t h e a s t  end of t h e  Canex 

P l a c e r  p r o p e r t y  and i s c r o s s e d b y  t h e  b a r i t i c  and p y r i t i c  s h a l e s  of Unit  7. Most 

of t h e  g r i d  is mant led  wi th  v a r i a b l e  t h i c k n e s s e s  of g l a c i a l  and f l u v i a l  d r i f t .  

Anomalous s i l t  a s s a y s  were ob ta ined  b u t  p rospec t ing  proved of l i t t l e  va lue  and 

t h e  g r i d  sampling was conducted as an experiment .  The a s says  on Grid Two a r e  

uniformly low i n  a l l  m e t a l s ,  p robably  because  of t h e  masking e f f e c t  of overburden. 

Grid Three  cove r s  a h i l l s i d e  w i t h  moderate  r e l i e f  and reasonably  good t a l u s  

exposure t h a t  l ies  a long  s t r i k e  of t h e  mine ra l i zed  b e l t  from Grid One. Weakly 

anomalous l e a d  and z i n c  a s says  probably  correspond t o  t h e  anomalously h igh  t r a c e  

meta l  con ten t  of  Un i t  7 on a  r e g i o n a l  s c a l e ,  s i n c e  d e t a i l e d  p rospec t ing  of t h e  

r e l a t i v e l y  w e l l  exposed b a r i t e - b e a r i n g  s h a l e s  d id  no t  r e v e a l a n y  v i s i b l e  s i g n s  

of m i n e r a l i z a t i o n .  

Grid Four ,  on t h e  Bea rc l a ims ,  i s  s i t u a t e d  a t  and above t i m b e r l i n e  on a  s t e e p  

s l o p e  where m e t a l  d i s p e r s i o n  i n  s o i l  shou ld  be very h igh .  It was sampled dur ing  

t h e  follow-up program i n  l a t e  August and was no t  assayed f o r  copper. It was 

d iscussed  p r e v i o u s l y  i n  t h e  chap te r  on m i n e r a l i z a t i o n .  

Within t h e  r e p o r t  a r e a ,  anomalous t h r e s h o l d  i n  s o i l  i s  about  75 ppm l ead  

and anyth ing  above 150 ppm is cons idered  moderately anomalous. Response of up 

t o  4000 ppm and o v e r  was ob ta ined  from s o i l  i n  s e v e r a l  p l a c e s .  Zinc geochemistry 

was found t o  b e  less u s e f u l  than  l e a d  because t h e  h igh  background of t h e  s h a l e  

reduces t h e  anomalous c o n t r a s t ,  and t h i s  me ta l  t r a v e l s  much f u r t h e r  from t h e  source 

than  l ead .  S o i l  a s s a y s  of up t o  2000 ppm z i n c  a r e  common i n  a r e a s  where 

rock a s says  show a v e r y  low z i n c  con ten t .  Copper a s says  of s o i l  were c o n s i s t e n t l y  

low. 



Rock a s says  were ob ta ined  mainly from Gunsteel  Formation s h a l e  and onlv  

o c c a s i o n a l l y  from ne ighbour ing  u n i t s .  The l i m i t e d  amount of sampling done i n  

1977 i n d i c a t e s  t h a t  t h e  meta l  conten t  of t h e  Gunsteel  s h a l e  i s  lower than average 

f o r  b l ack  s h a l e  except  nea r  t h e  s 5 l i c e o u s  and b a r i t i c  hor izon .  ~ o r m a l  background 

( i n  ppm) i s  i n  t h e  ragne 1 t o  6 l e a d ,  20 t o  640 z i n c ,  and 2 t o  48  copper. 

The wa te r  sampling was done a s  a  t e s t  t o  compare t h e  hydrogeochemical 

response  of  t h e  Gunsteel  Formation s h a l e  w i t h  t h a t  from t h e  age-equivalent  

Canol Formation i n  t h e  Selwyn Basin.  Previous  work by Archer ,  Cathro has shown 

t h a t  o x i d a t i o n  of s u l p h i d e - b a r i t e  m i n e r a l i z a t i o n  i n  t h e  Canol Formation produces 

ex t remely  a c i d i c  and meta l - r ich  wa te r  and r e s u l t s  i n  t h e  format ion  of f e r r i c r e t e  

gossans where s p r i n g  water  r eaches  s u r f a c e .  Waters w i t h  pH a s  low a s  2.5 t h a t  

c o n t a i n  up t o  s e v e r a l  thousand ppb Zn, up t o  1000 ppm SO and very  h igh  l e v e l s  
4 

of  Mn and F have been sampled i n  t h e  MacMillan Pass  d i s t r i c t .  Corresponding 

s i l t  samples  have produced only  weakly anomalous v a l u e s ,  presumably because t h e  

me ta l  con ta ined  i n  t h e  water  i s  n o t  p r e c i p i t a t e d  u n t i l  t h e  pH drops t o  a more 

n e u t r a l  r ange  s e v e r a l  mi l e s  downstream. The s t r o n g  a c i d i t y  i s  a t t r i b u t e d  t o  t h e  

o x i d a t i o n  of  bo th  f i n e l y  d isseminated  p y r i t e  i n  t h e  e n c l o s i n g  s h a l e s  a s  w e l l  a s  

t o  more mass ive ,  laminated s u l p h i d e s  i n  t h e  d e p o s i t s .  

I n  c o n t r a s t  t o  t h e  MacMillan P a s s  area, where most gossans a r e  conso l ida t ed ,  

b l u i s h  b l a c k  i n  co lour  and o f t e n  p a r t i a l l y  eroded away, t h e  Gataga d i s t r i c t  

c o n t a i n s  a much g r e a t e r  abundance of l i m o n i t e  gossans and most of t h e s e  a r e  s t i l l  

a c t i v e  o r  on ly  weakly conso l ida t ed  and have a  b r i g h t  r ed  o r  b lackish- red  co lour .  

Most of  t h e  gossans have formed a t  s p r i n g s  d r a i n i n g  t h e  s i l i c e o u s ,  p y r i t i c  and 



b a r i t i c  horizon of t h e  Gunsteel  s h a l e  al though a  few were a l s o  seen  i n  o t h e r  

members of t he  Guns tee l  Formation. S i l t  and rock sampling of t h e  gossans and 

f e r r i c r e t e  shows they  a r e  c o n s i s t e n t l y  low i n  l e a d  and copper and only  weakly 

anomalous i n  z inc .  

Water response i n  t h e  Gataga d i s t r i c t  ( s e e  F igure  5  i n  pocket)  i s  completely 

d i f f e r e n t  from t h a t  observed a t  Macmillan Pass ,  w i t h  f a i r l y  n e u t r a l  pH l e v e l s  bet-  

ween 6.5 and 7.5. The fol lowing assay ranges  were obta ined  from wa te r s  d ra in ing  

known mine ra l i za t ion :  

Zn (ppb) SO4 ( P P ~ )  
Normal I s o l a t e d  ~ o r m a l -  I s o l a t e d  
Range Peak Range Peak 

Canex P l a c e r  p r o p e r t y  125-330 500 ~ 5 - 4 0  105 

S a i n t  Claims - G J V  

Gunsteel  s h a l e  w i t h  17-750 10,000 L 5-320 - 
no known m i n e r a l i z a t i o n  

The smal l  s t r eam a s s a y i n g  10,000 ppb (10 ppm) Zn gave a  corresponding s i l t  assay 

of 14 ppm Pb, 20 ppm Cu and 1400 ppm Zn. 

The water  a s s a y s  c o n f l i c t  wi th  f i e l d  o b s e r v a t i o n s  and a r e  n o t  e a s i l y  

explained.  The h i g h  response  from a p p a r e n t l y  unmineral ized s h a l e  i n d i c a t e s  t h a t  

most of t h e  z i n c  and s u l p h a t e  i n  t h e  water  is  probably  der ived  from disseminated 

p y r i t e .  The r e l a t i v e l y  low s u l p h a t e  l e v e l s ,  p a r t i c u l a r l y  from known mine ra l i za t ion ,  

is  probably an  i n d i c a t i o n  t h a t  ox ida t ion  of p y r i t e  and o t h e r  s u l p h i d e s  is  

proceeding a t  a  v e r y  s low r a t e  o r  t h a t  t h e  s u l p h i d e s  a r e  t i g h t l y  conta ined  i n  

i n s o l u b l e  b a r i t e .  However, t h e  amount of  l i m o n i t e  p r e c i p i t a t i n g  from s p r i n g s  

t h a t  d r a i n  Unit  7 of  t h e  Gunsteel  Formation i s  o u t  of a l l  p ropor t ion  t o  t h e  



amount o f  p y r i t e  s e e n  on s u r f a c e  o r  t o  t h e  lower  h a r d n e s s a n d  n e u t r a l  pH of  t h e  

w a t e r .  P o s s i b l e  e x p l a n a t i o n s  a r e  t h a t  p y r i t e  is  abundant  b u t  deep  w e a t h e r i n g  

p r e v e n t s  i t s  r e c o g n i t i o n  on s u r f a c e ;  o r  t h a t  s p r i n g  w a t e r s  a r e  a c i d i c  i n  t h e  

o x i d a t i o n  zone  b u t  are n e u t r a l i z e d  by s l i g h t l y  c a l c a r e o u s  w a l l r o c k s  b e f o r e  t h e y  

r e a c h  s u r f a c e .  

CHAPTER I V  - REVIEW OF SHALE-HOSTED ZINC-LEAD DEPOSITS 

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

I n  r e c e n t  y e a r s  a d i s t i n c t  g e n e t i c  f a m i l y  of s h a l e - h o s t e d  z i n c - l e a d  d e p o s i t s  

h a s  been r e c o g n i z e d  worldwide i n  r o c k s  r a n g i n g  i n  age  from Middle P r o t e r o z o i c  

( H e l i k i a n )  t o  Upper Devonian. These  l a r g e  s t r a t i f o r m  ore -bod ies  have  been  v a r i o u s l y  

r e f e r r e d  t o  as "sha le -hos ted  mass ive  s u l p h i d e  d e p o s i t s " ,  " d i s t a l  v o l c a n o g e n i c  

d e p o s i t s " ,  "McArthur- type" d e p o s i t s  and "sed imenta ry  e x h a l a t i v e  d e p o s i t s " .  The 

l a t t e r  t e r m  i s  now g a i n i n g  t h e  most u n i v e r s a l  accep tance .  

The Canadian C o r d i l l e r a  i s  r i c h l y  endowed w i t h  t h e  S u l l i v a n ,  Howard P a s s  and 

Tom-Jason (Macmillan P a s s )  d e p o s i t s .  The McArthur (H.Y.C.) d e p o s i t  i n  A u s t r a l i a ,  

and Meggen and  Rammelsberg d e p o s i t s  of West Germany a r e  o t h e r  examples o f  t h i s  d e p o s i t  

type.  Each of t h e s e  examples e x c e p t  Howard P a s s  i s  d e s c r i b e d  b r i e f l y  i n  t h i s  c h a p t e r ,  

w i t h  emphasis  o n  s t r a t i g r a p h i c  and t e c t o n i c  s e t t i n g ,  s i z e ,  minera logy  and g rade ,  

i n  o r d e r  t o  d e m o n s t r a t e  t h a t  t h e  Gataga m i n e r a E z a t i o n  b e l o n g s  t o  t h i s  f ami ly .  

Although t h e s e  d e p o s i t s  a r e  t o  some e x t e n t  u n r e l a t e d  i n  t i m e  and s p a c e ,  they  

s h a r e  many common c h a r a c t e r i s t i c s .  V a r i a t i o n  i n  morphology, g r a d e  and metal d i s -  



t r i b u t i o n  between d e p o s i t s  can be  e x p l a i n e d  s a t i s f a c t o r i l y  by d i f f e r e n c e s  i n  physio- 

chemical  c h a r a c t e r i s t i c s  o f  t h e  e x h a l a t i v e  b r i n e s  r e s p o n s i b l e  f o r  t h e i r  fo rmat ion .  

Cur ren t  t h e o r i e s  on t h e  g e n e s i s  of t h i s  t y p e  o f  m i n e r a l i z a t i o n ,  i n c l u d i n g  temper- 

a t u r e  and s a l i n i t y  o f  t h e  b r i n e s ,  a r e  d i s c u s s e d  i n  o r d e r  t o  deve lop  a  u s e f u l  exp lor -  

a t i o n  model. The d i s c u s s i o n  b e g i n s  w i t h  a  d e t a i l e d  d e s c r i p t i o n  o f  t h e  Tom d e p o s i t ,  

which i s  t h e  s u b j e c t  of an  M.Sc. t h e s i s  i n v e s t i g a t i o n  c u r r e n t l y  b e i n g  conducted 

a t  U.B.C. by Carne.  T h i s  i n f o r m a t i o n  h a s  g r e a t  b e a r i n g  on  t h e  m i n e r a l i z a t i o n  i n  

t h e  Gataga d i s t r i c t  because  of i t s  g e o g r a p h i c  p rox imi ty  and i t s  s t r a t i g r a p h i c  

and m i n e r a l o g i c a l  s i m i l a r i t i e s .  It i s  i n c l u d e d  h e r e  i n  s u c h  d e t a i l  because  t h i s  

i n f o r m a t i o n  i s  unpubl i shed  and o t h e r w i s e  u n a v a i l a b l e .  A d d i t i o n a l  d e t a i l s  of t h e  

o t h e r  d e p o s i t s  can  b e  o b t a i n e d  from t h e  comprehensive b i b l i o g r a p h y  con ta ined  a t  

t h e  end o f  t h i s  s e c t i o n .  

TOM DEPOSIT 

The Macmillan P a s s  a r e a ,  Yukon i s  c e n t r e d  on t h e  Can01 Road n e a r  t h e  North- 

w e s t  T e r r i t o r i e s  boundary ( F i g u r e  3 8 ) .  The Tom d e p o s i t ,  d i s c o v e r e d  i n  1951 by 

Hudson Bay Mining and Smel t ing ,  h a s  c o n s e r v a t i v e  o r e  r e s e r v e s  of 9 m i l l i o n  t o n s  

a v e r a g i n g  8.6% Pb,  8.4% Zn and 2.8 o z / t o n  Ag. The a d j o i n i n g  and c o g e n e t i c  J a s o n  

d e p o s i t  was d i s c o v e r e d  i n  1974 by O g i l v i e  J o i n t  Venture  (C.L. Smith ,  Br inco L t d . ,  

M i t s u b i s h i  M e t a l  Corp. and Ventures  West C a p i t a l  L t d . ) .  R e s e r v e s  have n o t  been 

r e l e a s e d  b u t  a v e r a g e  g r a d e s ,  s t y l e  o f  m i n e r a l i z a t i o n  and s i z e  of t h e  d e p o s i t  are 

s i m i l a r  t o  t h e  Tom d e p o s i t  (C.L. Smith ,  p e r s .  comm. 1977) .  



Figure 38 Tectonic elements of Yukon Territory after restoration of 450 km of 
post-?aleozoic right-lateral movement along Tintina Fault. Location 
of Selwyn Basin and Tom and Jason Ba-Pb-Zn deposits at MacMillan Pass 
are shown (after Tempelman-Kluit, 1977). 



(1) Stratigraphy 

The Macmillan Pass area lies along the northeast margin of the Selwyn Basin 

tectonic province, where Proterozoic to Middle Devonian sedimentation was character- 

ized by stable continental shelf deposition (Figure38.). Flyschoid lithologies of 

the Canol Formation, host to the Tom and Jason mineralization, and overlying Imp- 

erial Formation mark the change to eugoclinal depositional environments in Upper 

Devonian time. Generalized stratigraphy of the Macmillan Pass area is summarized 

in Figure 39. 

The Ordovician to Lower Devonian Road River Formation, comprised of black, thin 

bedded cherts, fetid limestones and carbonaceous, slightly calcareous shales, is 

unconformably overlain by the Canol Formation. Because of the very recessive 

nature of Road River sediments, the precise nature of this contact is not known. 

Field evidence suggests that relief along the unconformity is subdued, probably 

indicating scouring by deposition of overlying clastic rocks rather than uplift 

and subsequent erosion by subaerial exposure. 

Coarse clastic rocks of the Canol Formation are primarily composed of well 

rounded chert clasts ranging in size from sand to cobbles. Uplift, exposure and 

subsequent erosion of the basinal cherts of the Road River Formation within the 

Selwyn Basin has been suggested as a possible source terrane. The base of the 

Canol Formation consists of interbedded siltstones and silty shales that were 

probably deposited as distal turbidites, and coarse grained chert pebble conglom- 

erates, that were deposited as scattered debris flows. Paleocurrent directions 

for this unit derived from sole markings and flute casts indicate a northerly direction 

of transport. An unusual characteristic of these rocks in the Macmillan Pass area 

is the total oxidation and almost complete leaching of cubic, euhedral pyrite as 



Approximate 
Thickness(m) Description 

> 1000 Calcareous and' non-calcareous siltstones and silty 
mudstones, bioturbated 

-local unconformity 

0-100 Mudstone, shale, siltstone md minor tuff, bioturbated 

Black pyritic shales and mudstones, minor calcarenite 
Ja - i300  turbidites and black fetid limestone, chert pebble 

conglomerate turbidites neor base on Jason property 

.O-20 Stratiform barite- zinc-lead- silver deposits 
4-40 Pyritic shales and siltstones, slump deposits 

45 Massive chert pebble congbmerate debris fbw and turbidrtes 
........... ........... 120 Siltstones and shales (turbiditesh occaisonal thin ............ .................. ................... lensoid chert pebble conglomerate debris flows 

-depositional unconformity 

,100 Carbonaceous, slightly calcareous black shales, black 
cher t  and black shaly limestone 

Figure 39 Generalized stratigraphic section of Canol Formation at Macmillan Pass 
(from Carne, in prep.) 



w e l l  a s  an apparent  enrichment of oxidized i r o n  occu r r ing  a s  ear thy  hemat i te  cement. 

S ince  c h i s  f e a t u r e  i s  always p r e s e n t ,  even a t  a  cons ide rab le  depth i n  diamond d r i l l  

c o r e s ,  i t  must r e p r e s e n t  o x i d a t i o n  t h a t  occurred  soon a f t e r  depos i t i on .  Ma t r ix  of 

t h e  t u r b i d i t e s  and s h a l e s  h a s  been almost completely a l t e r e d  t o  a  f e l t e d  mass of 

f ine-grained s e r i c i t e  and k a o l i n i t e .  T e x t u r a l  ev idence  sugges t s  t h a t  a l t e r a t i o n  

and ox ida t ion  of p y r i t e  occu r red  s imul taneous ly .  

Oxidized and a l t e r e d  s i l t s t o n e  and s h a l e  beds a r e  o v e r l a i n  by i n t e n s e l y  sil- 

i c i f i e d ,  massive c h e r t  pebble  conglomerate t h a t  i s  100 t o  120 m t h i c k  n e a r  t h e  depos i t  

b u t  l o c a l l y  i n c r e a s e s  t o  ove r  300 m. Poor s o r t i n g ,  l a c k  of sedimentary s t r u c t u r e s  

and massive n a t u r e ,  suppor ted  by modal a n a l y s e s  of g r a i n  s i z e ,  sugges t  t h a t  t h e  

conglomerate was emplaced i n  a s i n g l e  event  a s  a  l a r g e  d e b r i s  flow, perhaps t r i g g e r e d  

by ear thquakes  o r  overs teepening  of a  r a p i d l y  prograding  d e l t a - f r o n t  t o  t h e  southwest .  

I n t e n s e  s i l i c i f i c a t i o n  of t h e s e  rocks has  r e s u l t e d  i n  replacement of t h e  f i n e  c l a y  

s i z e  ma t r ix  by c r y p t o c r y s t a l l i n e  qua r t z .  I n t e r g r a n u l a r  po ros i ty  and pe rmeab i l i t y  

of  t h e ' r o c k  is  v i r t u a l l y  a b s e n t .  

Massive c h e r t  pebble conglomerate i s  o v e r l a i n  by approximately 1 5  m of coa r se  

g ra ined  t u r b i d i t e s .  Chert  framework c l a s t s  i n  t h e  t u r b i d i t e s  a r e  i d e n t i c a l  i n  

n a t u r e  t o  t h o s e  of t h e  conglomerate.  D i r e c t i o n  of sediment t r a n s p o r t ,  a s  i n d i c a t e d  

by f l u t e  c a s t s  and t o o l  marks, i s  t o  t h e  n o r t h e a s t .  Large s c a l e  slump s t r u c t u r e s  

i n  t h e  t u r b i d i t e s  under ly ing  t h e  Tom m i n e r a l i z a t i o n  i n d i c a t e  t h a t  i n s t a b i l i t y  occurred 

a f t e r  d e p o s i t i o n  of t h e  beds,  r e s u l t i n g  i n  mass was t ing  t o  t h e  nor thwes t ,  approx- 

ima te ly  a t  r i g h t  a n g l e s  t o  o r i g i n a l  depos i t i on  on a  f a i r l y  gen t ly  n o r t h e a s t  s l o p i n g  

s e a f  l o o r .  

A v a r i a b l e  t h i c k n e s s  of p y r i t i c  s i l t s t o n e s  and s h a l e s  depos i ted  a s  t h i n  bedded 



turbidites, mudflows, and debris flows forms the footwall to stratiform barite- 

lead-zinc mineralization. Thickness of these rocks increases rapidly to the north- 

west. Much of the unit is composed of chaotic accumulations of severely contorted 

and slumped bedding. 

The mineralized horizon is overlain by pyritic, siliceous and relatively car- 

bonaceous shale containing at least three thin,black,fetid limestone beds. Thick- 

ness of the unit is locally variable, increasing from a fairly consistent regional 

thickness of around 30 m to over 1300 m in the Pfacmillan Pass area. 

A restored cross-section through the Tom deposit using the top of the Canol 

Formation as a horizontal datum plane is shown on Figure 40. 

Rapid thickening of pyritic siltstones and shales, which underlie mineraliz- 

ation, and of overlying pyritic shales was caused by deposition in areas of differ- 

ential subsidence. A rapidly subsiding basin northwest of the zone of flexure 

shown on Figure 40 is characterized by slumped and contorted bedding in siltstones 

and pyritic shales and underlying coarse chert turbidites. Since chert turbidites 

were deposited by northerly flowing currents on a relatively flat seafloor, sub- 

sidence must have initially occurred after deposition of this unit and continued 

through deposition of the remainder of the Canol Formation. 

(11) Economic Geology 

The Tom and Jason deposits are stratiform accumulations principally composed 

of finely interlaminated sphalerite, galena, pryite and barite. Both are known to 

be similar in style and tenor of mineralization. Because very limited information 

about the Jason deposit has been published, discussion will be limited to the Tom 

deposit. 



F i g u r e  4O.::cstored c r o s s - s e c t i o n  t h r o u ~ h  t h c  Can01 Format ion d u r i n g  lower  I i i s s i s s i p p k m  t i ~ n c  
( f rom Cnrnc,  i n  p r e p . )  



Tom mineralization occurs in two tabular bodies on opposite limbs of a par- 

tially eroded north-south trending anticline. The East Zone is 162 m long, 3 to 20 m 

thick and dips vertically. The West Zone is a tabular body 1200 m long and 3 to 60 m 

thick (10 m average thickness) that dips 70' west. It has been explored to a depth 

of 200 metres below surface. Both the West Zone and East Zone occupy the same 

stratigraphic position and were probably contiguous before they were separated by 

erosion of the anticlinal crest. 

A structurally restored true stratigraphic section of part of the West Zone 

derived from logging of underground drill core is shown in Figure41. Seven distinct 

types of stratiform mineralization are recognized: 

(A) massive, poorly laminated galena,sphalerite,pyrite and siderite form the 

highest grade of mineralization in the Tom deposit. Assays range up to 31% Pb, 

14% Zn and 11 oz/ton Ag. Sulphides occurring in minor amounts include chal- 

copyrite, boulangerite, jamesonite and bournonite. Overall ~ g / ~ b  ratio is 1:2. 

Distinct vertical metal zoning is present. Base of the horizon consists of 

interlaminated pyrite and siderite, overlain, in turn, by massive galena with 

lesser pyrite and sphalerite and by massive sphalerite with lesser galena and 

pyrite. Sulfosalts and chalcopyrite primarily occur near the base of the zone 

as intergrowths with pyrite. Chalcopyrite also occurs in lesser amounts as ex- 

solutions in sphalerite. Rip-up clasts of footwall rocks occur throughout this 

ore type. Massive sulphides grade laterally into mineralization of type B. 

(B) a thin blanket of black, pyritic, cherty argillite interlaminated with pyrite, 

sphalerite and galena underlies most of the West Zone. Sulphide laminae are 

commonly monomineralic. Metal values are erratic, ranging from very low up to 



20% Zn and 7% Pb. Silver and lead maintain an almost constant ratio of 1:3. 

Grade gradually decreases away from the massive sulphides and is accompanied 

by an increasing Zn/Pb ratio. 

(C) interlaminated sulphides and cherty argillite of horizon C are indistinguishable 

from mineralization of horizon B. Metal grades average 11% Pb and 7% Zn with 

a Ag/Pb ratio of 1:3 and ~n/Pb ratio increases gradually upwards. 

(D) unit D, which contains the bulk of the West Zone tonnage, grades laterally from 

unit C. Gangue consists principally of finely laminated grey barite with minor 

black chert and siliceous argillite interlaminae. Barite occurs as an accum- 

ulation of very fine subhedral to euhedral crystals with a sulphide matrix. 

Galena and honey-coloured sphalerite occur as discrete, almost monomineralic 

laminae between barite laminae. Pyrite is present in trace amounts, confined 

primarily to chert and siliceous argillite laminae where it occurs as dissem- 

inated framboids. Grade varies from 1 to 9% Pb and 3.5 to 10% Zn. Silver is 

present only in trace amounts. The horizon is, in general, zinc-rich with 

Zn/Pb ratios increasing towards the top and away from unit C. Both units C 

and D are capped by a 2 cm to 4 cm thick bed of pyritic grey chert. 

(E) unit E consists of contorted and leached laminae of black chert,witherite, 

barite and sulphides. Galena, sphalerite and pyrite occur as discrete laminae 

as well as in veins and breccia matrix. Assay values are erratic, ranging up 

to 14% Zn, 4% Pb and 3.0 oz/ton Ag but averaging 8% Zn, 2% Pb and 0.1 oz/ton Ag. 

Silver displays no obvious correlation with lead. 

(F) unit F consists of interlaminated barite, sphalerite and galena indistinguish- 

able in appearance and grade from unit D. 



"- (G) the West Zone is capped by thin bedded, black, pyritic chert with traces of 

galena and sphalerite in very thin, discontinuous laminae. 

A zone of intensely silicified and pyritized silty shales, ranging in thickness 

from about 1 to 2 m forms the immediate footwall to the ore. Pyrite occurs as diss- 

eminations of diagenetic framboids and as bedded accumulations of finely crystalline, 

subhedral pyrite. Base of the pyrite and silica enrichment zone is sharply defined. 

A similar but more weakly enriched silica and pyrite zone occurs in hanging wall 

rocks. Enrichment decreases gradually away from the contact with stratiforn ore. 

Two areas of epigenetic mineralization occur in footwall rocks of the West Zone. 

A fairly large area of brecciated footwall rock, funnel-shaped in cross-section, 

underlies the massive sulphide ore. Breccia fragments are silicified, chloritized 

and carbonatized. Chalcopyrite, pyrite, galena, sphalerite and a variety of sulfo- 

salts such as tetrahedrite, jamesonite, bournonite and boulangerite occur with quartz 

and siderite as breccia matrix and with cryptocrystalline quartz and chlorite as 

disseminated replacements of breccia fragments. Base metal values range up to 2% Cu 

(estimated), 6% Zn and 8% Pb. Silver occurs in amounts as high as 41 oz/ton and 

displays no obvious correlation with lead. Argentiferous tetrahedrite (freibergite) 

probably carries most of the silver values. 

High temperature mineralogy of the breccia, inclusion of breccia fragments in 

overlying ores and metal zonation of stratiform ores away from the breccia indicates 

that it may have served as a channelway for mineralizing fluids that precipitated 

on the seafloor to form layered ores. 

A different form of epigenetic mineralization occurs to the northwest, underlying 



ore horizon E. It is characterized by leaching and brecciation of stratiform sulphides 

to produce boxworks after pyrite, sphalerite and galena. Barite crystals are commonly 

etched and chalcopyrite, pyrite, sphalerite, galena and minor tetrahedrite occur as 

veins and disseminations. 

This leached zone probably served as a channelway for mineralizing solutions for 

ore units E, F and G. 

Mineralization in the East Zone is similar in style and grade to zones A, B and 

C of the West Zone. 

(111) Genesis 

Succession and morphology of ore types, their relationship to epigenetic 

mineralization, and metal distribution suggests the following sequence of events 

leading to formation of the Tom West Zone: 

(i) deposition of chert pebble conglomerate debris flows and turbidites on a 

flat or gently sloping seafloor following uplift and erosion of Road River 

cherts to the southwest. 

(ii) rapid differential subsidence and concurrent deposition of silty shales and 

siltstones. 

(iii) brecciation, as a result of differential subsidence and/or explosive release 

of boiling fluids ascending along a fracture system. 

(iv) ascent of iron and silica-rich brines causing pyritization, silicification, 

chloritization, and sideritization of brecciated rock, and silicification and 

pyritization of bottom muds by pooling of exhalatives. 

(v) ascent of brines enriched in silica, iron, copper, lead, silver and zinc, 

resulting in enrichment of the breccia as well as precipitation of massive 



su lph ides  nea r  t h e  ven t  and i n t e r l a m i n a t e d  su lph ides  and s i l i c i f i e d  sediments  

away from t h e  ven t .  Galena p r e c i p i t a t e d  c l o s e r  t o  t h e  e x h a l a t i v e  c e n t r e  than 

s p a h l e r i t e  because of t h e  r e l a t i v e  i n s t a b i l i t y  of l ead -ch lo r ide  complexes 

wi th  r e s p e c t  t o  z inc -ch lo r ide  complexes. Copper mine ra l s  such a s  c h a l c o p y r i t e  

and t e t r a h e d r i t e  p r e c i p i t a t e d  i n  t h e  b r e c c i a s  near  t h e  ven t  because of t h e  

even lower s t a b i l i t y  of copper -ch lor ide  complexes. 

( v i )  cont inued e x h a l a t i o n  of c o o l e r  f l u i d s  con ta in ing  barium, l e a d ,  z i n c ,  i r o n  and 

s i l i c a  i n  s o l u t i o n .  The lower tempera ture  of t h e s e  f l u i d s  c o n t r i b u t e d  t o  t h e  

g e n e r a l l y  weak me ta l  zonat ion  of o r e  h o r i z o n s  C and D a s  w e l l  a s  t h e  low 

content  of s i l v e r  i nco rpora t ed  i n t o  t h e  ga lena  l a t t i c e .  Copper probably 

p r e c i p i t a t e d  o u t  of t h e  r e l a t i v e l y  c o o l  s o l u t i o n s  be fo re  r each ing  t h e  sea- 

f l o o r .  I n  an  a r e a  approximately 100 m nor thwes t  of t h e  b r e c c i a  zone i n  t he  

c ros s - sec t ion  shown i n  F igure  40, g e n t l e  subs idence  of t h e  s e a f l o o r  was co- 

i n c i d e n t  w i t h  p r e c i p i t a t i o n  of h o r i z o n s  C and D from t h e  pooled b r i n e .  

( v i i )  succeeding s t a g e s  of  exha la t ion  were probably  reduced i n  volume and temperature 

by c logging  of t h e  geothermal system by p r e c i p i t a t i o n  of e p i g e n e t i c  minerals  

i n  t h e  b r e c c i a  p ipe .  Exha la t ive  f l u i d s  a t  t h i s  s t a g e  were en r i ched  i n  s i l i c a  

and i r o n  s p e c i e s  because of t h e i r  low tempera ture  w i t h  r e s p e c t  t o  t h e  s tab-  

i l i t i e s  of  b a s e  meta l -ch lor ide  complexes. The p r e c i p i t a t i o n  of t h e  2 t o  4 cm 

t h i c k , g r e y , p y r i t i c  c h e r t  bed probably r e p r e s e n t s  t h e  l a s t  s i g n i f i c a n t  con- 

t r i b u t i o n  from t h i s  hydrothermal system. 

( v i i i )  d i f f e r e n t i a l  subs idence  l o c a l l y  con t inued  i n  t h e  a r e a  nor thwes t  of t h e  now 

dormant v e n t .  F l u i d s  under very  h igh  p r e s s u r e  i n  t h e  now-sealed geothermal 

system broke  through t o  t h e  s e a f l o o r  a l o n g  a  zone of weakness co inc id ing  wi th  



the axis of greatest subsidence. These hot and probably acidic solutions 

leached and brecciated footwall rocks and weakly consolidated sulphide and 

barite muds of ore horizons B and D. 

(ix) local subsidence continued during deposition of ore horizons E and F. The 

high proportion of witherite and silica in unit E reflects a higher partial 

pressure of CO near the vent, probably as dissolved CO in exhalative fluids. 
2 2 

(x) unit G precipitated from pooled brines in the continually subsiding local basin. 

The presence of a high proportion of iron- and silica-rich chemical sediments 

in this unit reflects the waning stages of the geothermal system, probably 

through self sealing. 

(xi) deposition of pelagic black shales followed precipitation of chemical sed- 

iments. Continued very weak exhalation formed the hanging wall pyrite and 

silica enrichment zone. 

SUMMARY 

Important characteristics of the McArthur, Sullivan, Meggen, Rammelsberg and 

Tom deposits are summarized in Table 6. Examination and comparison of the similar- 

ities between these deposits serves to outline a model for their genesis. 

The syngenetic nature of this type of sedimentary lead-zinc mineralization is 

almost universally accepted. Recent studies of these deposits have independently 

suggested an "exhalative" source for mineralization in each case. Conduits for 

mineralizing fluids are theorized to have been located along deep-seated faults or 

fracture zones associated with the initiation of active tectonism expressed as rift- 

ing or differential subsidence. 
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T a b l e  6 Sumary of important characteristics of llcArthur, Sullivan, 
Meggen, Rammelsberg and Tom deposits. 



A r e c e n t  p u b l i c a t i o n  by Hodgson and Lydon (1977)  has  o u t l i n e d  a  model f o r  

e x h a l a t i v e  systems a s s o c i a t e d  wi th  b lock  f a u l t i n g  by comparison wi th  a c t i v e  geothermal 

systems on l and .  Hydrothermal systems of t h i s  type form when and where an imperm- 

eable  cap rock  o v e r l i e s  a  permeable a q u i f e r  and when d i scha rge  channels  develop through 

the  cap fo l lowing  movement on t h e  bounding f a u l t s  of t i l t e d  f a u l t  b locks .  A hea t  

source f o r  t h e  d r i v i n g  process  could be  r e l a t e d  t o  t h e  t app ing  of hea ted  groundwaters 

by deep-seated f a u l t s  o r  by t h e  i n t r u s i o n  of magma bodies  a t  dep th  a long  t h e s e  f a u l t  

zones (F igu re  4 2 ) .  

This  model can be  app l i ed  t o  t h e  formation of t he  Tom d e p o s i t  and, by analogy, 

t o  t h e  format ion  of o t h e r  s i m i l a r  d e p o s i t s  i n  t h e  fol lowing way: 

( i )  an  a q u i f e r  i s  necessary  f o r  t h e  movement of l a r g e  q u a n t i t i e s  of seawater .  

Composition of d i scha rge  f l u i d s  i n  exha la t ive  systems i s  determined by f l u i d -  

m i n e r a l  e q u i l i b r i a  i n  t h e  a q u i f e r .  Aquifer  rocks should  be a l t e r e d  and 

d e p l e t e d  w i t h  r e s p e c t  t o  seawater  i n  elements enr iched  i n  o r e s .  The a q u i f e r  

should  be  an oxid ized  zone, because i f  t h e  su lphur  of t h e  o r e s ,  a s  t h e  i s o t o p i c  

ev idencesugges ts , , comes  a t  l e a s t  i n  p a r t  from seawater  s u l p h a t e ,  i t s  reduct ion  

i n  t h e  a q u i f e r  would r e q u i r e  t h e  o x i d a t i o n  of f e r r o u s  t o  f e r r i c  i r o n  i n  t h e  

a q u i f e r  rocks .  The s i l t y  s h a l e s  and s i l t s t o n e s  which u n d e r l i e  t h e  comglomer- 

a t e  a t  t h e  Tom depos i t  s a t i s f y  t h e  requirements  of an  a q u i f e r  f o r  mine ra l i z ing  

f l u i d s .  These rocks a r e  extremely porous and permeable and a r e  ex t ens ive ly  

a l t e r e d  and oxid ized .  

( i i )  t h e  accumulat ion of hea t  energy i n  a hydrothermal system i s  favoured where an 

impermeable,  i n s u l a t i n g  cap rock  i s  p r e s e n t  below t h e  zone of s u r f a c e  d ischarge .  

Many a c t i v e  hydrothermal systems c o n t a i n  "se l f - sea led"  caps which form by 

r a p i d  p r e c i p i t a t i o n  of c o n s t i t u e n t s  of  b o i l i n g  d i scha rge  f l u i d s .  The massive 



Low temperature discharge a t  
pinch - out of reds. Site of exholotive ore formotion when 

cap i s  broken by renewed movement on 
major fault 

- Frocture zone 
aquifer  re loted to major 
block-bounding foult 

Pigurc 42 Diagrammatic representation of a hydrothermal 
system dcvelopcd in a fracture zone adjacent 
to the boundary fault of a tilted faultblock 
(from Hodgson and Lydon, 1977). 



chert pebble conglomerate which overlies the aquifer siltstones and shales 

and underlies the stratiform mineralization, is extremely impermeable due to 

the almost complete destruction of porosity and replacement of matrix by 

cryptocrystalline silica cement. In fact, the selective pervasive silicific- 

ation of the conglomerate is very difficult to explain without invoking some 

sort of secondary hydrothermal process. 

(iii) if boiling is a requirement for self-sealing, then a massive ore zone lying 

above a self-sealed cap should have an associated zone of alteration and 

stringer mineralization and there should be steam-blast eruption products. 

Epigenetic breccia mineralization occurring below massive sulphides at the 

Tom fit these requirements. Angular clasts of footwall rock which are in- 

corporated into the massive ore probably result from steam-blast eruption 

caused by boiling of depressurizing ascending fluids. 

Ore composition is directly dependent on temperature and salinity of fluids 

in the aquifer. For example, ores rich in Zn and Pb and low in Cu would be expected 

to form in relatively low temperature, highly saline fluid brine systems because of 

the relatively low stability of copper chloride complexes with respect to those of P5 

and Zn. Furthermore, the relatively unstable nature of lead chloride complexes should 

favour high ZrlJPb ratios in these systems. Higher temperatures and lower salinity 

brines will favour an increase of Pb and Cu with respect to zinc over lower temper- 

ature brines. 

Behavior of exhalative ore-forming solutions in seawater has been predicted 

by Sato (1972 and 1976) on the basis of their physical characteristics. Based on the 



assumptions t h a t  behavior  of  t h e s e  f l u i d s  i n  s eawa te r  can be approximated by phys ica l  

c h a r a c t e r i s t i c s  of t h e  NaC1-H 0 system and t h a t  mod i f i ca t i on  of t h e i r  behav io r  by 
2 

c o n t r i b u t i o n s  of h e a t  conduct ion ,  r e a c t i o n  h e a t  and h e a t  of d i l u t i o n  a r e  n e g i g i b l y  

sma l l  compared wi th  behav io r  p r e d i c t e d  by h e a t  c a p a c i t y ,  morphology o f  t h e  d e p o s i t s  

summarized i n  Table 9 can b e  expla ined  by t h e  behav io r  of  two type  o f  b r i n e s  i n  

seawater  (Figure 43) .  

Type I: Type I b r i n e s  a r e  low tempera ture  b r i n e s  of  h i g h  s a l i n i t y  t h a t  w i l l  theore t -  

i c a l l y  produce d e p o s i t s  w i t h  h igh  Zn, low Pb and ve ry  low Cu c o n t e n t .  These b r i n e s ,  

w 2 l l  always be h e a v i e r  t h a n  seawater  du r ing  t h e i r  c o o l i n g  h i s t o r y  and w i l l  be  sulphur  

d e f i c i e n t  because of  t h e i r  poor l each ing  c a p a c i t y .  Consequently,  d i s t r i b u t i o n  of s t r a t -  

i fo rm m i n e r a l i z a t i o n  formed by t h e s e  b r i n e s  w i l l  be  c o n t r o l l e d  by b a s i n  topography. 

Sulphide laminae w i l l  b e  f i n e l y  a l t e r n a t e d  w i t h  sediments .  Boundaries of t h e  depos i t  

,' w i t h  enc los ing  m e t a l l i f e r r o u s  sediments  w i l l  b e  d i f f u s e  a s  s t a g n a n t  b r i n e s  c r y s t a l l i z e  

s lowly.  Homogenization o f  t h e  b r i n e  poo l s  w i l l  produce very  l i t t l e  m e t a l  zona t ion  

w i t h i n  t h e  d e p o s i t s .  S i n c e  very  l i t t l e  mixing w i t h  seawater  occurs  d u r i n g  t h e  cool- 

i n g  h i s t o r y  of  t h e  b r i n e s ,  b a r i t e  ( i f  p r e s e n t  a t  a l l )  w i l l  be l a r g e l y  s e p a r a t e d  from 

s u l p h i d e s  a t  t h e  margins o f  t h e  d e p o s i t .  A l t e r a t i o n  zones of "stockworks" i n  foo twal l  

sediments  w i l l  be  p o o r l y  developed o r  n o t  p r e s e n t .  Examples of d e p o s i t s  t h a t  probably 

formed from Type I b r i n e s  i nc lude  McArthur R ive r  and Meggen. 

Type 11: Type I1 b r i n e s  a r e  moderate t o  h i g h  tempera ture  b r i n e s  of  moderate s a l i n i t y  

t h a t  w i l l  t h e o r e t i c a l l y  produce d e p o s i t s  w i t h  h igh  Zn and Pb and low Cu con ten t .  

Because of  t h e i r  h i g h  tempera tures ,  t h e  b r i n e s  have inc reased  l e a c h i n g  c a p a c i t y  and 

a r e  su lphur  excess .  Upon e x h a l a t i o n  on t h e  s e a f l o o r ,  t h e  d e n s i t y  of  t h e s e  b r i n e s  w i l l  

i n i t i a l l y  be  less than  seawa te r  b u t  w i l l  e v e n t u a l l y  exceed seawater  a s  mixing causes  



. TYPE I 

Figu re  4 3  Probab le  behaviors  of ascending 
ore-forming s o l u t i o n s  we l l i ng  
up and i n t o  t h e  s e a f l o o r .  
Dotted a r e a s  a r e  t h e  s i t e s  of 
minera l  p r e c i p i t a t i o n ,  assuming 
t h a t  meta l s  a r e  p r e c i p i t a t e d  a t  
e a r l y  s t a g e s  of mixing. 



c o o l i n g .  Consequent ly ,  d i s t r i b u t i o n  o f  s t r a t i f o r m  m i n e r a l i z a t i o n  formed by Type I1 

b r i n e s  w i l l  n o t  be  c o n t r o l l e d  by b a s i n  topography t o  t h e  same e x t e n t  a s  t hose  formed 

from Type I b r i n e s .  Boundaries of d e p o s i t s  formed by Type I1 b r i n e s  w i l l  b e  sharp  

and e n c l o s i n g  sed iments  w i l l  u s u a l l y  c o n t a i n  anomalous amounts of me ta l .  Rapid pre- 

c i p i t a t i o n  of o r e  c o n s t i t u e n t s  w i l l  o c c u r ,  forming h igh  grade ,  and commonly cup r i f e rous ,  

mass ive  s u l p h i d e  d e p o s i t s  n e a r  t h e  v e n t .  Degree of me ta l  zona t ion  away from t h e  ex- 

h a l a t i v e  v e n t ,  bo th  v e r t i c a l l y  and l a t e r a l l y ,  w i l l  be  dependent on tempera ture  of t he  

exha l ed  b r i n e s .  S ince  mixing w i t h  s eawa te r  occu r s  immediately a f t e r  e x h a l a t i o n ,  b a r i t e  

( i f  p r e s e n t  a t  a l l )  w i l l  b e  i n t i m a t e l y  a s s o c i a t e d  w i t h  l aye red  su lph ides .  A l t e r a t i o n  

p i p e s  o r  "stockworks" i n  f o o t w a l l  sed iments  a long  b r i n e  condu i t s  w i l l  b e  w e l l  devel- 

oped. Examples of  d e p o s i t s  t h a t  p robably  formed from Type I1 b r i n e s  i n c l u d e  Su l l i van  

and Ramrnelsberg. Tom d e p o s i t  may a l s o  be  an  example of Type I1 a l though i t s  charac te r -  

i s t i c s  sugges t  t h a t  i t  may be  imtermedia te  between Type I and Type I1 endmembers. 

B a r i t e  i s  an impor tan t  vo lume t r i c  component of many "sedimentary-exhalative" 

d e p o s i t s .  The d i s t r i b u t i o n  of b a r i t e  w i t h i n  d e p o s i t s  can be  expla ined  s a t i s f a c t o r i l y  

by physico-chemical models of  o r e  d e p o s i t i o n  from e x h a l a t i v e  b r i n e s  bu t  t h e  presence 

of bar ium i n  t h e s e  b r i n e s  i n i t i a l l y  i s  no t  w e l l  understood.  The model proposed f o r  

g e n e s i s  of sed imentary  e x h a l a t i v e  base  me ta l  d e p o s i t s  does n o t  s a t i s f a c t o r i l y  expla in  

t h e  p re sence  o r  absence  of  b a r i t e .  Examination of  Tab le6  shows t h a t  b a r i t e  i s  an 

impor tan t  component of  t h r e e  o f  f i v e  d e p o s i t s  summarized and t h a t  t h e s e  s h a r e  a  

comon  age of Middle Devon ian toMiss i s s ipp ian .  Moreover, t h e  Tom depos i t  i s  loca t ed  

i n  t h e  same s t r a t i g r a p h i c  p o s i t i o n  a s  l i t e r a l l y  hundreds of su lph ide -de f i c i en t  bedded 

b a r i t e  d e p o s i t s  o c c u r r i n g  i n  t h e  Selwyn Basin and Kechika Trough of Yukon T e r r i t o r y  

and n o r t h e a s t  B r i t i s h  Columbia. S ince  bedded b a r i t e  occu r s  i n  t h e  same s t r a t i g r a p h i c  

p o s i t i o n  and i s  morphologica l ly  s i m i l a r  t o  b a r i t e  a s s o c i a t e d  w i t h  t h e  Tom d e p o s i t ,  



barite and barite-lead-zinc deposits must share a similar depositional history. When 

barite is present, it tends to occur peripheral or above the central sulphide zone, 

although mixing always occurs. Barite is absent from deposits of Precambrian age, 

which may reflect some sort of geochemical evolution of barite from Precambrian to 

Phanerozoic times. 

Barite and barite-lead-zinc mineralization in thc Gataga area are markedly 

similar to occurrences of bea6ed barite and barite-lead-zinc mineralization in the 

MacMillan Pass area (Tom-Jason). 

Some of the main similarities are: 

(i) same apparent ages (Upper Devonian to Lower Mississippian). 

(ii) coarse south-westerly derived chert pebble turbidites and debris flows 

produced in an active tectonic environment of deposition underlying the mineralization. 

(iii) fine grained pyritic and siliceous shales overlying the mineralization. 

(iv) similar tenor and mode of occurrence between mineralization exposed 

in trenches at Driftpile Creek and lower grade portions of the Tom deposit. 

Because of these similarities, it is logical to assume that the Tom-Jason 

and Driftpile barite-lead-zinc mineralization were deposited under similar 

conditions in nearly identical tectonic environments. There is no reason to 

believe that they should differ significantly in size and grade since all controls 

on their genesis and deposition appear to be identical. The combined tonnage 

of the Tom and Jason deposits now apparently exceeds 20 millions tons of about 

10% combined lead and zinc with the potential for much more. Both Tom and 

Jason deposits contain massive sulphide zones, in addition to sulphides finely 

interlaminated with barite. A massive sulphide deposit should, by inference, 

be associated with low grade barite-lead-zinc mineralization at Driftpile Creek, 

if it has not been eroded. 
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