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An a i r b o r n e  i n  phase /ou t  of  phase  E.M. and magnetometer 
su rvey  was done by h e l i c o p t e r  i n  t h e  v i c i n i t y  of t h e  Salmon 

Glac ie r ,  n o r t h e r n  B r i t i s h  Columbia. The su rvey  cove red  

a b o u t  230  l i n e  m i l e s  a . t  a s p a c i n g  of 1 / 8  m i l e  and a t  a n  

a l t i t u d e  of  2 0 0  f e e t  a.bove ground (b i rd /g round  c l e a r a n c e  
1 0 0  f e e t ) .  

With t h e  a i d  of  ene rgy  spec t rum a n a l y s i s  i t  w a s  p o s s i b l e  

t o  d i s c e r p  from t h e  mtignetic d a t a  c o n t r i b u t i o n s  from 3 d e p t h  

l e v e l s  below ground 

(1) o v e r  1 0 0 0  f e e t  

( 2 )  above 5 0 0  f e e t  

( 3 )  w i t h i n  1 0 0  f e e t  o f  ground l e v e l .  

From a n a l y s e s  o f  t h e  s e p a r a t e d  e f f e c t s  i t  a p p e a r s  t h a t  

t h e  area h a s  been p r o f o u n d l y  a f f e c t e d  by f a u l t  s t r u c t u r e s  

t r e n d i n g  n o r t h e a s t - s o u t h w e s t ,  no r thwes t - sou thwes t  and 

east-west .  S e v e r a l  zones of  h i g h  m a g n e t i z a t i o n  w e r e  d i s -  

c e r n e d .  Abnormally h i g h  magne t i c  a c t i v i t y  w a s  n o t i c e d  a t  

t h e  c o n t a c t s  of  i n t r u s i v e  g r a n o d i o r i t e  and s u r r o u n d i n g  r o c k ,  

i n d i c a t i n g  m a r g i n a l  f a c i e s  o r  zoning .  

The e l e c t r o m a g n e t i c  su rvey  w a s  c h a r a c t e r i z e d  by t h r e e  

main t y p e s  of 

( a )  

re spons  €3 ; 

d i s c r e t e  narrow anomal i e s  c o n s i s t e n t  w i t h  

v i r t u a l l y  v e r t i c a l  c o n d u c t o r s  

d i scre te  b road  anomal ies  i n d i c a t i v e  o f  ove rburden  

l a r g e  areas of pronounced r e s p o n s e ,  a d j a c e n t  t o  
Long Lake, t h a t  appea r  due  t o  g e n t l y  d i p p i n g  

c o n d u c t o r s .  I n  view of  t h e  l a c k  o f  magne t i c  

a s s o c i a t i o n ,  t h e  r e s p o n s e  a p p e a r s  t o  be  due  t o  

carbonaceous  sed imen ta ry  m a t e r i a l .  

S i x t e e n  l o c a l i t i e s  a r e  recommended f o r  ground fo l low-up 

i n  t h e  form of  d e t a i l e d  mapping and g e o p h y s i c a l  s u r v e y i n g .  
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1.1 I N T R O D U C T I O N  

Lockwood Survey C o r p o r a t i o n  L imi t ed  c a r r i e d  o u t  

a n  a i r b o r n e  magnetometer s u r v e y  i n  t h e  p e r i o d  of J u l y  27  

t o  J u l y  28 i n c l u s i v e ,  on b e h a l f  of Atna Mines L i m i t e d .  

The s u r v e y  area .is l o c a t e d  a t  5 6 ~ N ,  13OOW and i s  
bounded on t h e  w e s t  by t h e  A l a s k a / B r i t i s h  Columbia 

boundary and on t h e  ea s t  by t h e  B e a r  R i v e r  Ridge .  A 

t o t a l  o f  233 l i n e  m i l e s  o f  magne t i c  and e l e c t r o - m a g n e t i c  

s u r v e y  w e r e  done i n  a n  area which i n c l u d e s  1 0 2  mining 

c la ims.  The cla.ims are  shown i n  F i g u r e  6 and are 
l i s t e d  i n  Tab le  I. The s u r v e y  was based  a t  S t e w a r t ,  B . C .  

1 . 2  INSTRUMENTATION 

The f o l l o w i n g  su rvey  equipment  was i n s t a l l e d  i n  a 

h e l i c o p t e r  FH-111, w i t h  t h e  r e g i s t r a t i o n  o f  CF-XDS, 

and o p e r a t e d  by Highland H e l i c o p t e r s  L imi t ed  o f  

Vancouver ,  B . C .  

( a )  A Gulf Mark I11 F l u x g a t e  Magnetometer 

(b) A Lockwood in-Phase/Out-of -Phase 

EM System, o p e r a t i n g  a t  4 0 0 0  h e r t z .  

A n c i l l a r y  equipment  c o n s i s t e d  of t h e  f o l l o w i n g :  

Radio A l t i m e t e r  : APN-1 - 
C a m e r a  : C . A . R . L .  Mark 8 

Magnet ic  Storm Moni tor  : Gulf  Mark I F l u x g a t e  
Magnetometer 

A d e s c r i p t i o n  of  t h i s  equipment  i s  g i v e n  i n  Addendum L 

o f  t h i s  r e p o r t .  
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Lease 

M234 

M232 

M203 

M233 

M231 

M235 

M236 

M206 

M238 

M20 8 

M199 

M20 1 

M230 

M229 

M200 

M202 

M204 

M237 

M212 

M213 

M211 

C l a i m  Numbers 

1 6 5 4  

1 8 5 2  , 1 8 5 5  , 1 8 5 9  , 1 8 3 6  

1 8 4 9  t o  1 8 5 1 ,  2 3 1 3 ,  2314  

3 2 2 0 ,  5 5 2 3 ,  6 5 2 2 ,  5 5 2 1  

3 2 2 3  

3 2 1 9  

5 5 4 0  

4 0 4 2 ,  4 0 4 3  

3900  t o  3 9 0 6 ,  5 2 1 3 ,  5 2 1 8  

3 6 8 4 ,  3 6 8 5 ,  4 1 7 6 ,  4 4 4 8 ,  6 2 0 4 ,  
5 1 9 6  t o  5 1 9 9  
5 2 0 6 ,  5 2 0 7 ,  5 2 0 9 ,  5 2 1 0 ,  5 2 2 0 ,  5 2 2 3 ,  5 2 2 2  
5 2 1 5  t o  5 2 1 7  

3 6 8 7  

4 0 3 5  

4 6 1 7  

4 6 1 5 ,  4616  

1 5 2 3 ,  1 5 2 2  

4 1 7 8  t o  4180  

4 1 5 2  t o  4 1 6 2 ,  4166  t o  4 1 6 9 ,  4 1 7 1  
4 1 7 7  t o  4 1 8 0 ,  5 0 9 4 ,  5 0 9 5  

4 6 0 5  

5 4 1 2  

5418 

5 4 2 9 ,  5 5 2 7 ,  5 5 2 8  

4 6 0 1 ,  4 6 0 2 ,  4 1 9 0 ,  4-19.1, 4.193, 5 4 2 8 ,  5 4 3 0  
4 4 4 3  t o  4 4 4 5  
2846  t o  2849 

3 6 2 4 ,  3 6 2 5 ,  4189  

. 
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1.3 SUQVEY PERSONNEL 

The su rvey  was e x p e d i t e d  by t h e  f o l l o w i n g  p e r s o n n e l :  

R .  13. Biggs - P i l o t  

D .  S t e e l e  - Enginee r  

H .  Sandau 

D .  Webb 

- I n s t r u m e n t  O p e r a t o r /  

- F i e i d  Data  E d i t o r  

Nav iga to r  

The a d d r e s s  of t h e  p i l o t  and e n g i n e e r  i s  1 4 0 9  W e s t  Pender  

S t r e e t ,  Vancouver,  B . C .  The a d d r e s s  o f  t h e  i n s t r u m e n t  

o p e r a t o r  and d a t a  e d i t o r  i s  1 4 5 0  O'Connor D r i v e ,  

Toron to  1 6 ,  O n t a r i o .  

P e r s o n n e l  q u a l i f i c a t i o n s  f o r  t h e  g e o p h y s i c a l  t e c h -  

n i c i a n s  i n v o l v e d  i n  t h e  s u r v e y ;  M r .  H .  Sandau and M r .  

D .  Webb, are  g i v e n  i n  Addendum I1 of  t h i s  r e p o r t .  

1 . 4  SURVEY FLIGHT PATTERN 

Traverse l i n e s  w e r e  spaced  a t  i n t e r v a l s  o f  approx-  
i m a t e l y  1 / 8  m i l e ,  A s  shown i n  F i g u r e  1 and 2 ,  l i n e s  i n  

t h e  c e n t r a l  p a r t  o f  t h e  area w e r e  f lown i n  a n  eas t -  
w e s t  d i r e c t i o n  a c r o s s  t h e  c la im group area.  A series 
of l i n e s  i n  t h e  ex t reme s o u t h e a s t  and i n  t h e  ex t reme 

n o r t h w e s t  p a r t s  of  t h e  s u r v e y  area w e r e  i n  a n o r t h e a s t -  

s o u t h w e s t  d i r e c t i o n .  I n  o r d e r  t o  remove d i u r n a l  

v a r i a t i o n s  from t h e  magne t i c  d a t a  and t i e  i n f o r m a t i o n  

between c o n s e c u t i v e  t r a v e r s e s ,  a c o n t r o l  l i n e  ( i n d i c a t e d  

as l i n e  CL-1  i n  .F igures  1 and 2 )  w a s  f lown i n  a n o r t h -  

n o r t h e a s t  d i r e c t i o n  a c r o s s  t h e  t r a v e r s e  l i n e s .  The 

s u r v e y  was condu,zted a t  a n  a v e r a g e  t e r r a i n  c l e a r a n c e  

o f  2 0 0  f e e t .  

1 ..5 POSITIONING 

Photographs  of  t h e  t e r r a i n  below t h e  a i r c r a f t  were 
t a k e n  a t  i n t e r v a l s  of 1 . 5  seconds  on 35mm f i l m .  The 

35mm f i l m  w a s  usssd i n  c o n j u n c t i o n  w i t h  a i r  p h o t o  

mosa ics  t o  i d e n t i f y  t h e  p o s i t i o n  o f  t h e  a i r c r a f t  w i t h i n  

t h e  s u r v e y  a r e a .  
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1 . 6  COMPILATIONf REDUCTION AND PRESENTATION O F  DATA 

( a )  Aeromagnet ic  Data  o/ c- L’ 

of t h e  e a r t h ’ s  t o t a l  magnet ic  f i e l d  i n t e n s i t y  a t  

a basic  c o n t o u r  i n t e r v a l  of 2 0  gammas i n  F i g u r e  1. 

The h o r i z o n t a l  s c a l e  of t h i s  map i,s 1 i n c h  = 

1320  f e e t  = :L/4 m i l e .  I n  t h e  r e d u c t i o n  of  t h e  

magne t i c  d a t a ,  d i u r n a l  v a r i a t i o n  w a s  compensated 

f o r  by t y i n g  t r a v e r s e  l i n e  d a t a  t o  t h e  d a t a  

measured a l o n g  t h e  c o n t r o l  l i n e  t r a v e r s e ,  a t  t h e  

i n t e r s e c t i o n s  of  t h e  t r a v e r s e s  and t h e  c o n t r o l  

l i n e .  T h i s  :in e f f e c t  c o r r e c t s  t h e  su rvey  d a t a  

t o  a common datum, t h a t  measured a l o n g  t h e  c o n t r o l  

l i n e .  A l i n e a r  datum w a s  t h e n  ex tended  a l o n g  each  
traverse l i n e .  Magnet ic  f i e l d  c o n t o u r s  based  on 

t h i s  datum w e r e  t h e n  i n t e r c e p t e d  and t r a n s f e r r e d  

t o  t h e  b a s e  map u s i n g  t h e  camera exposures  o r  

f i d u c i a l s  f o r  p o s i t i o n i n g  c o n t r o l .  

The magne t i c  d a t a  is p r e s e n t e d  as c o n t o u r s  

(b ) E 1 e c tr omag ne t i c D a t  a 

I The e l e c t r o m a g n e t i c  d a t a  i n c l u d e s  ( a )  i n s t r u -  
men ta l  d r i f t  and ( b )  t h e  r e s p o n s e  due \ t o  r e g i o n a l  

v a r i a t i o n s  i n  ground c o n d u c t i v i t y .  These components 

w e r e  c o r r e c t e d  f o r  by f i t t i n g  t o  b o t h  t h e  in-phase  

and out -of  -phase  r e c o r d s ,  a se r ies  of  l i n e a r  seg-  

ments  o r  datum l i n e s ,  no l o n g e r  t h a n  1 m i l e  i n  

l e n g t h ,  t o  approximate  t h e  broad  o r  r e g i o n a l  

v a r i a t i o n s  i n  t h e  r e c o r d s .  

The c o n t o u r s  of t h e  in-phase  component r e c o r d  

w e r e  t h e n  i n t e r c e p t e d  a t  i n t e r v a l s  of  1 0  p a r t s  p e r  

m i l l i o n ,  above t h e  assumed datum l i n e s .  I n  

a d d i t i o n  a m p l i t u d e s  of peak in -phase  anomal ies  

il 

C 
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and c o r r e s p o n d i n g  ou t -o f -phase  anomal i e s  w e r e  
measured.  The i n t e r c e p t e d  in -phase  c o n t o u r s  and 

measured i n - p h a s e  and ou t -o f -phase  peak a m p l i t u d e s  

w e r e  t h e n  t r a n s f e r r e d  t o  t h e  b a s e  map a l o n g  t h e  

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

f i d u c i a l s  f o r  p o s i t i o n i n g  c o n t r o l .  

The e l e c t r o m a g n e t i c  d a t a  i s  p r e s e n t e d  i n  

F i g u r e  2 as c o n t o u r s  of t h e  in -phase  component 
r e l a t i v e  t o  t h e  assumed l o c a l  background l e v e l  

a t  a n  i n t e r v a l  o f  1 0  p a r t s  p e r  m i l l i o n  o f  t h e  

p r imary  f i e l d ,  w i t h  v a l u e s  of b o t h  in -phase  and 

ou t -o f -phase  components a n n o t a t e d  a t  l o c a t i o n s  

of anomaly peaks  a l o n g  su rvey  f l i g h t  p a t h s .  

The scale o f  p r e s e n t a t i o n  i s  1" = 1 3 2 0  f e e t  = 

1 / 4  m i l e .  

1 . 7  GENERAL GEOLOGY 

Accord ing  t o  G a b r i e l s e  and Wheeler / ( 1 9 6 1 )  r o c k s  
--._--- 

of t h e  Salmon Glac ie r  area i n  a&! [- 
.u 

main l i t h o l o g i c a l  u n i t s  a re  exposed i n  t h e  a r e a ;  I 
Bowser s e d i m e n t a r y  r o c k s ;  greywacke and 

a r g i l l i t e  exposed i n  t h e  v i c i n i t y  o f  Long 

Lake and t h e  Salmon Glac ie r .  

G r a n o d i o r i t e ,  exposed e x t e n s i v e l y  i n  t h e  

w e s t e r n  s o u t h w e s t e r n  p a r t s  of  t h e  area 

and i n  a zone e x t e n d i n g  s o u t h e a s t  f rom 

t h e  n o r t h e r n  p a r t  of Long Lake. 

V o l c a n i c  Sequences : 
(1) r h y o l i t e  b r e c c i a  

( 2 )  v o l c a n i c  c o n g l o m e r a t e s ,  s a n d s t o n e  

( 3 )  v o l c a n i c  b r e c c i a s ,  s a n d s t o n e s  

( 4 )  m y l o n i t i z e d  v o l c a n i c  r o c k s ,  
s c h i s t s ,  ca tac las i tes  

t r e n d i n g  n o r t h - n o r t h w e s t  i n  t h e  s o u t h e a s t ,  

c e n t r a l  and n o r t h w e s t  s e c t o r s  of t h e  map. 
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Two b e l t s  of  g r a n o d i o r i t e  dykes  are  mapped i n  

t h e  area;  

(a )  s o u t h - s o u t h e a s t  o f  t h e  Salmon Glac ie r ,  

t r e n d i n g  n o r t h w e s t  and i n t r u d i n g  

g r a n o d i o r i t e  and m y l o n i t i z e d  v o l c a n i c  

r o c k  u n i t s  

(b) ext reme n o r t h  v i c i n i t y  of Salmon Glac ie r  

and :Long Lake, t r e n d i n g  wes t -no r thwes t  

a c r o s s  t h e  v o l c a n i c  cong lomera te s ,  and 

Bowser sed imen ta ry  rock  u n i t s .  

A number of major  f a u l t  areas are  i n d i c a t e d ;  

(1) t r e n d i n g '  sou th - sou thwes t  from Long Lake 

( 2 )  t r e n d i n g  n o r t h e a s t  between Salmon Glacier  

and :Long Lake, i n  t h e  n o r t h e r n  q u a r t e r  

of t h e  su rvey  a r e a .  
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2 .  PR0CE:SSING AND ANALYSIS OF 
THE AEROMAGNETIC DATA 

0 

U 

\ -  Aeromagnetic d a t a  o f t e n  compr ises  e f f e c t s  o r  c o n t r i -  
\ 

b u t i o n s  from v a r i o u s  d e p t h  l e v e l s .  With t h e  u s e  of  a 
r a t h e r  new t e c h n i q u e  fior a n a l y s i s  of magnet ic  d a t a ,  

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

o r i g i n a t i n g  from wide ly  s e p a r a t e d  d e p t h s  can  be  done .  The 

t e c h n i q u e  i n v o l v e s  energy  spec t rum a n a l y s i s  and matched 

f i l t e r i n g .  A d e t a i l e d  d e s c r i p t i o n  of t h i s  r a t h e r  

mathemat iba l  approach t o  t h e  t r e a t m e n t  of ae romagne t i c  d a t a  

i s  g i v e n  i n  S p e c t o r  ( 1 9 6 8 ) .  The p r imary  o b j e c t i v e  i n  u s i n g  

t h i s  approach  i s  t o  d e r i v e  a more t h r e e  d i m e n s i o n a l  geo- 

l o g i c a l  p i c t u r e  from t h e  magnet ic  d a t a .  

T h i s  c h a p t e r  d e a l s  w i t h  t h e  a n a l y s i s  of t h e  ae romagne t i c  

d a t a ;  t h e  a p p l i c a t i o n  of  matched f i l t e r i n g  t o  s e p a r a t e  near- 
s u r f a c e  e f f e c t s  from e f f e c t s  o r i g i n a t i n g  from much more 

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

s e p a r a t e d  e f f e c t s .  

2.1 D I G I T I Z A T I O N  

The ae romagne t i c  mhp w a s  d i g i t i z e d  on a s q u a r e  

g r i d  a t  i n t e r v a l s  of one -ha l f  t h e  s u r v e y  l i n e  s p a c i n g ;  

i . e .  a t  i n t e r v a l s  o f  330 f e e t .  T h i s  i n v o l v e d  i n t e r -  

p o l a t i o n  of  t h e  map c o n t o u r s  a t  p o i n t s  of a g r i d  

c o n s i s t i n g  of  76  p o i n t s  east-west and 1 2 9  p o i n t s  n o r t h - s o u t h ;  

9 8 0 4  p o i n t s  i n  a l l .  The d a t a  w a s  d i g i t i z e d  i n  u n i t s  

o f  1 0  "\:'. 
i n s p e c t i o n .  

The digitization was v e r i f i e d  by v i s u a l  
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I n  0rde.r  t o  d e t e r m i n e  t h e  geomagnet ic  g r a d i e n t  i n  
t h e  d a t a ,  a t i l t e d  p l a n e  w a s  f i t t e d  t o  t h e  d a t a  u s i n g  

t h e  method of  l e a s t  s q u a r e s .  The e q u a t i o n  of  t h i s  

p l a n e  i s  

where x, y are  d i s t a n c e s  i n  m i l e s  i n  t h e  n o r t h  and e a s t  

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

i s  a t  t h e  ex t reme s o u t h w e s t  c o r n e r  of t h e  su rvey  area.  

The camputed v a l u e s  of  t h e  c o e f f i c i e n t s  a re  as f o l l o w s : -  

C. = 4 8 0 3 . 0 3  gammas .L 

c .  = - 0 . 5 2  gammas/mile 

+2.06 gammas/mile 

2 
- 

c:3 - 

The t i l t e d  p l a n e  w a s  t h e n  s u b t r a c t e d  from t h e  d a t a  

t h e r e b y  removing t h e  v a r i a t i o n s  i n  t h e  i n t e n s i t y  of 

t h e  main e a r t h ' s  f i e l d  a c r o s s  t h e  su rvey  area.  

2 . 3  ENERGY SPECTRUM ANALYSIS 

F i g u r e  3 shows t h e  computed ene rgy  spec t rum of  

t h e  d a t a .  The spec t rum shows t h e  f r equency  o r  wave-- 

l e n g t h  components i n  t h e  d a t a .  The f r equency  a x i s  i s  

i n  u n i t s  of c y c l e s  p e r  m i l e  ( cpm) .  The most con- 

s p i c u o u s  f e a t u r e  i n  t h e  c u r v e  i s  t h e  r a p i d  d rop-o f f  

of t h e  spec t rum a t  l o w  f r e q u e n c i e s  compared t o  t h e  

b e h a v i o u r  of t h e  spec t rum a t  h i g h e r  f r e q u e n c i e s .  

Three  components i n  t h e  d a t a  can  b e  d i s t i n g u i s h e d  

i n  t h e  s p e c t r a l  ,curve; 
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- component ' A '  a t  f r e q u e n c i e s  less t h a n  . 9  cpm, 

- component 'B' which i s  e v i d e n t  i n  t h e  f re-  

quency r a n g e  0 . 9  t o  2 . 5  cpm, 

- component ' C '  which dominates  t h e  spec t rum 

a t  f r e q u e n c i e s  g r e a t e r  t h a n  3 cpm. 

The drop-of f  of t h e  spec t rum w i t h  f r equency  c a n  

be  r e l a t e d  t o  t h e  d e p t h  of magnet ized  s o u r c e s .  The 

f o l l o w i n g  are  t h e  a v e r a g e  d e p t h  below ground t o  t h e  
sets of  magnet ized  s o u r c e s  r e s p o n s i b l e  f o r  t h e  t h r e e  

s p e c t r a l  components;  

- component A : 1 4 0 0  2 4 0 0  f e e t  
- component B : 500  2 1 0 0  f e e t  
- component C : 50 ? 50 f e e t  

B e s i d e s  t h i s  d e p t h  i n f o r m a t i o n ,  t h e  e x c e l l e n t  

r e s o l u t i o n  of  d e e p - s e a t e d  and s h a l l o w  e f fec ts  i n  t h e  

spec t rum p r o v i d e s  t h e  b a s i s  f o r  t h e  d e s i g n  of matched 

f i l t e r s  whereby t h e  da t a  c a n  be  a n a l y z e d  i n t o  t h e  t h r e e  
magne t i c  components.  

2 . 4  MAGNETIC COMPONENT'A' 

A f i l t e r  w a s  deve loped  from t h e  a n a l y s i s  of  t h e  

e n e r g y  spec t rum t o  s e p a r a t e  o u t  component A .  

d e s i g n  w a s  based  on t h e  de t e rmined  a v e r a g e  d e p t h  of 

t h e  c a u s a t i v e  s o u r c e s  r e s p o n s i b l e  f o r  t h i s  component; 

1 4 0 0  f e e t  and t h e  r e l a t i v e  s i z e  of  t h e  c o n t r i b u t i o n  

w i t h  r e s p e c t  t o  t h a t  i n  components B and C .  

of t h i s  f i l t e r  :is shown i n  F i g u r e  4a. W e  see t h a t  

t h e  w i d t h  of  th.is  f i l t e r  i s  a b o u t  2 m i l e s .  T h i s  i s  

e f f e c t i v e l y  t h e  w i d t h  of  a zone a l o n g  t h e  b o u n d a r i e s  

of t h e  s u r v e y  map t h a t  f i l t e r i n g  c a n n o t  be  e f f e c t e d .  

The 

A p r o f i l e  

Map F i g u r e  5 shows Magnet ic  Component A .  The 
map i s  domina ted .by  two n o r t h e a s t  t r e n d i n g  anomal i e s  

i n  t h e  s o u t h c e n t r a l  and eas t - cen t r a l  p a r t s  of t h e  map 

area. 
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Depth and M a g n e t i z a t i o n  D e t e r m i n a t i o n s  

Each r e s o l v a b l e  anomaly i n  t h e  Magnet ic  

Component ' A '  map w a s  a n a l y z e d  t o  d e t e r m i n e  d e p t h  

and m a g n e t i z a t i o n .  The t e c h n i q u e  of a n a l y s i s  

i n v o l v e s  u s e  of t h e  ' C h a r a c t e r i s t i c  Cur'ves' nomo- 
grams c o n s t r u c t e d  by Lucian0  M a r t i n  o f  CASE,  T o r o n t o ,  

and which a re  d e s c r i b e d  by G r a n t  a n d . M a r t i n  ( 1 9 6 6 ) .  

Here p a r a m e t e r s  d e s c r i b i n g  t h e  shape  and a m p l i t u d e  

o f  a n  anomaly a r e  measured and p l o t t e d  o n t o  c h a r t s  

f rom which d e p t h  and m a g n e t i z a t i o n  a re  d e t e r m i n e d .  

The p r e s c r i b e d  model u sed  t o  s i m u l a t e  a g i v e n  anomaly 

w a s  t h e  b o t t o m l e s s  p r i s m ,  i . e .  a body whose t h i c k -  

n e s s  i s  much g r e a t e r  t h a n  t h e  d e p t h  t o  i t s  t o p .  

The a s sumpt ions  of t h e  ' c h a r a c t e r i s t i c  curves ' 
t e c h n i q u e  are a s  follows; 

(1) The a.nomaly i s  s e p a r a b l e  from s u r r o u n d i n g  

anoma.l ies .  

( 2 )  The hody i s  u n i f o r m l y  magnet ized  and t h e  

m a g n e t i z a t i o n  i s  ma in ly  i n d u c e d .  

( 3 )  The hody h a s  v e r t i c a l  s i d e s  and a h o r i z -  

o n t a l .  t o p .  

Two anomal i e s  w e r e  s e l e c t e d  f o r  a n a l y s i s .  A s  

shown i n  F i g u r e  5 t h e  d e p t h s  t o  t h e  c a u s a t i v e  s o u r c e s  

are 1 1 0 0  and 1 5 7 0  f e e t  sub-ground.  

The de te rmined  s u s c e p t i b i l i t y  c o n t r a s t s  a r e  6 9 0  
-6  and 9 1 0  (x10 c g s .  e l e c t r o m a g n e t i c  u n i t s ) .  Accord ing  

t o  G r a n t  and W e s t  ( 1 9 6 5 )  t h e  s u s c e p t i b i l i t y  of gabbro  

and g r a n i t e  a r e  comparable  t o  t h e s e  v a l u e s .  A mag- 
n e t i t e  c o n t e n t  i n  t h e  o r d e r  o f  0 . 2  t o  0 . 4  volume 

p e r c e n t  would g i v e  r i s e  t o  t h e  obse rved  magne t i c  
s u s c e p t i b i l i t i e s .  
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Two zones of anomalously h i g h  m a g n e t i z a t i o n  are 

Ll 

0 

0 

o u t l i n e d  a b o u t  t h e  two anomal i e s .  The zones a p p e a r  

t o  be f l a n k e d  on t h e  e a s t  s i d e  by a f a u l t - l i k e  

l i n e a t i o n .  The zones may be  a s s o c i a t e d  w i t h  igneous  

i n t r u s i o n .  Thi.s i s  most l i k e l y  t h e  case f o r  t h e  

e a s t - c e n t r a l  anomaly which i s  1ocate.d i n  t h e  v i c i n i t y  

of  a g r a n o d i o r i t e  i n t r u s i o n .  T o  t h e  s o u t h w e s t  t h e  

zone of h i g h  m a g n e t i z a t i o n  i s  i n  an  a r e a  of  m y l o n i t i z e d  

v o l c a n i c  r o c k s ;  s c h i s t s  and ca tac lps t ics .  
a 

From t h e  ] . i n e a t i o n  of t h e  magnet ic  f i e l d  c o n t o u r s  

i n  o t h e r  p a r t s  of  t h e  map area,  o t h e r  magne t i c  f a u l t s  

o r  l i n e a t i o n s  are i n d i c a t e d .  A major f a u l t  which 
t r e n d s  n o r t h w e s t  i s  s e e n  i n  t h e  n o r t h c e n t r a l  map 

area.  I t  c o i n c i d e s  w i t h  a g r a n o d i o r i t e  dyke s w a r m  
which i n t r u d e  t h e  Bowser sed imen ta ry  r o c k s  and 

m y l o n i t i z e d  vo l . can ic s .  

2.5 MAGNETIC COMPONENT B 

With t h e  removal  of t h e  c o n t r i b u t i o n s  from g r e a t  

d e p t h  ( g r e a t e r  t h a n  1 0 0 0  f e e t )  t h e  o p p o r t u n i t y  p r e -  

s e n t e d  i t s e l f  to s t u d y  magne t i c  f e a t u r e s  a t  more 

s h a l l o w  d e p t h ;  components B and C .  Based a g a i n  on 

t h e  spec t rum a n a l y s i s  a f i l t e r  w a s  d e s i g n e d  t o  

s e p a r a t e  B from t h e  r e s i d u a l  r ema in ing  a f t e r  Component A 

w a s  r e s o l v e d .  A p r o f i l e  o f  t h e  f i l t e r  o p e r a t o r  i s  

shown i n  F i g u r e  4 b .  The f i n i t e  w i d t h  o f  t h i s  f i l t e r ;  

a p p r o x i m a t e l y  l . 0  m i l e  meant a f u r t h e r  r e d u c t i o n  i n  

map s i z e ,  t o  p r e s e n t  components B and a l s o  C .  

Map F i g u r e  6 shows Magnet ic  Component B .  A se r ies  

of w e l l  d e f i n e d  n o r t h e a s t  t r e n d i n g  anomal i e s  i s  a g a i n  
s e e n  i n  t h e  s o u t h e a s t  and e a s t - c e n t r a l  map a r e a s .  

These are most p r o b a b l y  r e l a t e d  t o  t h o s e  anomal ies  
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s e e n  i n  Component A ( F i g u r e  5 ) .  I n  a d d i t i o n  a se r ies  

of  w e l l  deve loped  anomal ies  i s  seen  f u r t h e r  s o u t h -  

w e s t ,  as w e l l  as i n  t h e  n o r t h c e n t r a l  map areas.  

Anomaly A n a l y s i s  

Anomalies i n  Component Map B w e r e  a n a l y z e d  u s i n g  

t h e  ' C h a r a c t e r i s t i c  Curves '  approach  d e s c r i b e d  i n  

S e c t i o n  2 . 4 .  As, shown i n  F i g u r e  6 ,  t h e  d e p t h s  

a s s o c i a t e d  w i t h  t h e  Component B anomal ies  r a n g e  from 

4 0  f e e t  t o  o v e r  380  f e e t  sub-ground.  S u s c e p t i b i l i t y  

c o n t r a s t s  are  r e l a t i v e l y  weak, 9 0  t o  300  x ~ O - ~  c g s  
u n i t s ,  i . e .  less t h a n  0 . 1 %  m a g n e t i t e .  There i s  one 

e x c e p t i o n ,  anomaly number 11, f o r  which t h e  v e r y  h i g h  

s u s c e p t i b i l i t y  c :on t r a s t ;  0 . 0 0 1 7 3  re la tes  t o  a m a g n e t i t e  

c o n t e n t  o f  a l m o s t  1%. 

G e o l o g i c a l  C o r r e l a t i o n  

c 

n 

The l i n e a t i o n  a l o n g  t h e  f l a n k s  of  a number of  
anomal i e s  w e r e  i n t e r p r e t e d  as i n d i c a t i v e  of f a u l t i n g  

(or v e r t i c a l  c o n t a c t s ) .  The s t r o n g e s t  of t h e s e  i s  

a g a i n  s e e n  as a n o r t h e a s t  t r e n d i n g  f a u l t  i n  t h e  

s o u t h e a s t  c o r n e r  of  t h e  area.  

An east-west  t r e n d i n g  d i s c o n t i n u i t y  a c r o s s  t h e  

c e n t r e  p a r t  o f  t h e  a r e a  e f f e c t i v e l y  s e p a r a t e s  t h e  n o r t h  

and s o u t h  su rvey  areas.  A number of  n o r t h e a s t  t r e n d i n g  

l i n e a t i o n s  i n  t h e  ex t reme n o r t h c e n t r a l  map area c o r r e l a t e  

w e l l  w i t h  mapped f a u l t s .  

Anomaly 11, i s  l o c a t e d  n e a r  t h e  c o n t a c t  of  a 

g r a n o d i o r i t e  i n t r u s i o n  and t h e  Bowser sed imen ta ry  

r o c k s .  I t  a p p e a r s  most l i k e l y  t h a t  t h i s  anomaly i s  

a s s o c i a t e d  w i t h  a m a r g i n a l  f a c i e s  of  t h e  g r a n o d i o r i t e  

i n t r u s i o n .  The v e r y  h i g h  s u s c e p t i b i l i t y  c o n t r a s t  

i n d i c a t e d  by t h e  anomaly may co r re spond  w i t h  a more 
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u l t r a - b a s i c  phase  o r  zoning  a t  t h e  c o n t a c t  between 

t h e  g r a n o d i o r i t e  and t h e  sed imen ta ry  r o c k s .  

I n  g e n e r a l  however t h e r e  i s  l i t t l e  c o r r e l a t i o n  

between t h e  anomaly p a t t e r n s  i n  t h e  Magnet ic  Component A 

map and mapped geo logy .  I n  some cases t h e  v o l c a n i c -  

cong lomera te s - sands tones  u n i t  i s  somewhat more 

magnet ic ;  e . g .  anomal i e s  8 ,  2 and 3 .  I n  c o n t r a s t ,  

t h e  m y l o n i t i z e d  v o l c a n i c  r o c k s ,  s c h i s t s  and ca t ac l a s t i c s  

u n i t  i s  g e n e r a l l y  non-magnet ic .  P a r t i c u l a r l y  i n  

a s s o c i a t i o n  w i t h  f a u l t s ,  a number of  i m p o r t a n t  anomal i e s  

are l o c a t e d  o v e r  t h e  Bowser s e d i m e n t a r y  r o c k s ,  

w i t n e s s  anomal i e s  11, 6 ,  7 ,  10. 

2 . 6  MAGNETIC COMPONENT ' C '  

The c o n t r i b u t i o n  from bedrock  m a g n e t i z a t i o n  c l o s e  

t o  ground l e v e l  w a s  r e s o l v e d  by s u b t r a c t i n g  Component A 

and B from t h e  o r i g i n a l  d a t a .  F i g u r e  7 shows Magnet ic  

Component C ;  t h e  n e a r - s u r f a c e  component. 

The f o l l o w i n g  i s  a d i s c u s s i o n  o f  t h e  s i g n i f i c a n t  

anomal ies  i n  t h i s  map. Only anomal i e s  g r e a t e r  t h a n  

30 gammas w e r e  c o n s i d e r e d  as s i g n i f i c a n t  i n  t e r m s  
o f  a n a l y s i s .  A g r e a t  d e a l  of  t h e  anomaly p a t t e r n s  

i n  t h i s  map a re  due  t o  t o p o g r a p h i c  e f f e c t s  a s s o c i a t e d  

w i t h  t h e  low a l t i t u d e  of t h e  h e l i c o p t e r  and g r e a t  

r e l i e f  of  t h e  a r e a ' s  t e r r a i n .  

Anomaly A n a l y s i s  - 

Again u s i n g  t h e  ' C h a r a c t e r i s t i c  Curves '  approach  

d e s c r i b e d  i n  S e c t i o n  2 . 4 ,  i . e .  t h e  b o t t o m l e s s  p r i s m  

model,  anomal i e s  of Magnet ic  Component C were a n a l y z e d  

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

For  t h e  most p a r t  t h e s e  anomal i e s  o r i g i n a t e  w i t h i n  

1 0 0  f e e t  o f  ground l e v e l  and t o  a l a r g e  e x t e n t  may be 
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a t t r i b u t a b l e  t o  top.ogr.aphic i n f l u e n c e s  . However 

i n  some areas t h e  d i s t r i b u t i o n  of anomal i e s  w a s  

i n d i c a t i v e  'of changes  i n  m a g n e t i t e  c o n t e n t  a s s o c -  

i a t e d  w i t h  l i t h o l o g i c a l  v a r i a t i o n s .  The r a n g e  o f  

computed s u s c e p t i b i l i t y  c o n t r a s t  i s  from 1 0 0  t o  

700 x ~ O - ~  c g s  u n i t s  which c o r r e s p o n d s  w i t h  a m a g n e t i t e  

volume c o n t e n t  of f rom less t h a n  0 . 1 %  t o  o v e r  0 . 2 % .  

G e o l o g i c a l  C o r r e l a t i o n  

Based on t h e  l i n e a t i o n  of contour:Land t h e  

a p p a r e n t  d i s l o c a t i o n  of  a n o m a l i e s ,  f a u l t i n g  w a s  
i n t e r p r e t e d  from t h e  Component C map. Three  d i s t i n c t  

f a u l t  sys t ems  are a p p a r e n t  a c c o r d i n g  t o  t r e n d ;  

( a )  n o r t h e a s t - s o u t h w e s t ;  dominant  f a u l t  t r e n d  

i n  c e n t r a l  map area 

(b) n o r t h w e s t - s o u t h e a s t ;  consp icuous  i n  c e n t r a l  

and n o r t h e r n  p a r t s  of  area 

(c )  east-west; q u i t e  n o t i c e a b l e  i n  s o u t h  h a l f  

of map s h e e t .  

I n  t h e  w e s t  c e n t r a l  p a r t  o f  t h e  area t h e r e  i s  

s t r o n g  c o r r e l a t i o n  between magne t i c  anomal i e s  and 

mapped g e o l o g i c a l  c o n t e n t s  p a r t i c u l a r l y  a t  c o n t a c t s  

between t h e  g r a n d i o r i t e  and m y l o n i t i z e d  v o l c a n i c  r o c k s  

( anomal i e s  1, 9 ,  1 0 ,  2 1  and 2 2 ) .  Good c o r r e l a t i o n  

i s  a g a i n  s e e n  a t  t h e  c o n t a c t  of a g r a n o d i o r i t i c  

i n t r u s i o n  n o r t h e a s t  o f  Long Lake. The g r a n o d i o r i t e  

h e r e  can  be  mapped as a magne t i c  low. The above zones 

of h i g h  m a g n e t i z a t i o n  may be  i n d i c a t i v e  o f  more u l t r a -  

b a s i c  zones a s s o c i a t e d  w i t h  i g n e o u s  i n t r u s i o n  o r ' t h e  

development  of  metamorphic zones e n r i c h e d  i n  m a g n e t i t e  

by t h e  g r a n o d i o r i t e  i n t r u s i o n .  
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The magne t i c  map i s  i n  g e n e r a l  c h a r a c t e r i z e d  

by a ser ies  of t h i n  s i n u o u s  zones of  magne t i c  

anomal i e s  (see s o u t h c e n t r a l  and n o r t h c e n t r a l  map 

a reas ) .  These zones do  n o t  c o r r e l a t e  w i t h  any p a r -  

t i c u l a r  rock  u n i t ,  b u t  r a t h e r  t h e y  seem t o  e x t e n d  

i n  some i n s t a n c e s  across t w o  o r  t h r e e  mapped u n i t s .  

However c e r t a i n  rock  u n i t s  a re  s i g n i f i - c a n t l y  more 

magne t i c  t h a n  o t h e r s .  I n  t h e  n o r t h c e n t r a l  map a rea ,  

t h e  v o l c a n i c  cong lomera te s  and s a n d s t o n e s  u n i t  i s  

c h a r a c t e r i z e d  by a series of i n t e n s e  magne t i c  

a n o m a l i e s ,  i . e .  2 8 ,  29  and 31 .  I n  a d d i t i o n  t h i s  i s  

a n  area where t h i s  r o c k  u n i t  h a s  been  s u b j e c t e d  t o  

a g r e a t  d e a l  of d e f o r m a t i o n  by a ser ies  of n o r t h e a s t -  
s o u t h w e s t  f a u l t : ; .  I n  t h e  c e n t r a l  map area,  t h e  

m y l o n i t i z e d  v o l c a n i c  rock  u n i t  i s  h o s t  t o  a number of 

s t r o n g  a n o m a l i e s ,  e . g .  2 ,  3a ,  1 0 ,  11, 1 2 ,  2 1 ,  2 3  and 2 6 .  
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3. ANALYSIS O F  THE ELECTROMAGNETIC DATA - 

il 
D 

3 . 1  G e n e r a l  O b s e r v a t i o n s  

The r e s u l t s  of  t h e  combined su rvey  d i v i d e  t h e  area 

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

magne t i c  and e l e c t r o m a g n e t i c  c h a r a c t e r .  

The Magnet ic  Component C Map shows a number o f  

s m a l l  anomal i e s ,  some of which w i l l  p r o b a b l y  b e  topo-  

g r a p h i c  e f f e c t s ,  however t h e  g roup ing  of t h e s e  anomal i e s  

i s  such  t h a t  several  magne t i c  u n i t s  c a n  b e  d e f i n e d .  

The c h a r a c t e r i s t i c s  of  t h e  magne t i c s  s u g g e s t s  t h a t  t h e  

area h a s  been  s u b j e c t e d  t o  profound s t r u c t u r a l  a c t i v i t y .  

' The e l e c t r o n a g n e t i c  s u r v e y  d a t a  i s  c h a r a c t e r i z e d  

by t h r e e  main t y p e s  of  r e s p o n s e ;  d i s c r e t e  narrow 

anomal i e s  c o n s i s t e n t  w i t h  e s s e n t i a l l y  v e r t i c a l  con- 

d u c t o r s ,  b road  "cve rburden"  a n o m a l i e s ,  and l a r g e  areas 

of  r e s p o n s e  t y p i c a l  of h o r i z o n t a l  c o n d u c t o r s .  

The l o c a t i o n s  of  t h e  e l e c t r o m a g n e t i c  anomal i e s  

d i s c u s s e d  below a r e  shown i n  t h e  Composite I n t e r p r e t a t i o n  

Map, F i g u r e  8.  The map a l s o  shows d e p t h  and c o n d u c t i v i t y -  

w i d t h  d e t e r m i n a t i o n s  de t e rmined  from t h o s e  anomal i e s  

t h a t  c o u l d  be  a n a l y z e d  i n  terms of  v e r t i c a l  c o n d u c t o r s .  

M i n e r a l  c l a i m  l o c a t i o n s  a re  shown f o r  r e f e r e n c e .  

I n  t e r m s  o f  d e p t h ,  magne t i c  anomal i e s  o f  s h a l l o w  

o r i g i n  would a p p e a r  most l i k e l y  t o  have  t h e  c l o s e s t  

a s s o c i a t i o n  w i t h  e l e c t r o m a g n e t i c  anomal i e s .  T h i s  i s  

because  t h e  e f f e c t i v e  d e p t h  o f  e x p l o r a t i o n  w i t h  t h e  

30 f o o t  e l e c t r o m a g n e t i c  sys tem i s  a b o u t  2 0 0  f e e t  o r  i n  

t h i s  case 1 0 0  f e e t  below ground.  Based on t h i s  p r e m i s e ,  

zones of  h i g h  m a g n e t i z a t i o n  as w e l l  as i n t e r p r e t e d  

f a u l t s  o r  l i n e a m e n t s ,  d i s c e r n e d  from Magnet ic  Component C 

( F i g u r e  7 )  are a l s o  shown i n  t h e  Composite I n t e r p r e t a t i o n  

Map. The pu rpose  o f  t h i s  a c t i o n  i s  t o  h e l p  i n  
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e s t a b l i s h i n g  whether  o r  n o t  t h e r e  e x i s t s  a c o r r e l a t i o n  

between e l e c t r o m a g n e t i c  anomal i e s  ,and areas where 

magne t i c  m i n e r a l i z a t i o n  h a s  d e v e l o p e d ,  i . e .  t o  p r o v i d e  

a c r i t e r i o n  f o r  e s t a b l i s h i n g  whether  a n  i n d i c a t e d  

c o n d u c t o r  may be  a s s o c i a t e d  w i t h  b a s e  m e t a l  m i n e r a l i z a t i o n  

or  a s s o c i a t e d  w i t h  ca rbonaceous  m a t e r i a l .  However i n  

view of  t h e  p o s s i ' b i l i t y  t h a t  b a s e  metal  m i n e r a l i z a t i o n  

may have been  c o n t r o l l e d  by d e e p - s e a t e d  s t r u c t u r e ,  t h e  

l o c a t i o n s  of  e l e c t r o m a g n e t i c  anomal i e s  w e r e  a l s o  

compared w i t h  f e a t u r e s  r e s o l v e d  i n  Magnet ic  Component B 

and A .  

3 . 2  I n d i v i d u a l  Anomaly A n a l y s i s  

A s  s e e n  i n  t h e  E l e c t r o m a g n e t i c  Map, F i g u r e  2 ,  t h e  
area immedia te ly  t o  t h e  w e s t  of Long Lake i s  one of 

e x c e p t i o n a l l y  hig'h e l e c t r o m a g n e t i c  a c t i v i t y .  T h i s  zone 

l i es  who l ly  w i t h i n  t h e  mapped Bowser s e d i m e n t a r y  r o c k s ;  

t h e  l i n e  of  t h e  l a k e  marks a d i s t i n c t  c o n t r a s t  i n  
e l e c t r o m a g n e t i c  charac te r  d e m o n s t r a t i n g  t h a t  t h e  r o c k s  

t o  t h e  w e s t  of t h f s  l a k e  a re  d i f f e r e n t  i n  t e r m s  o f  

e l e c t r i c a l  c o n d u c t i v i t y ,  from t h o s e  t o  t h e  e a s t ,  though 

mapped as t h e  s a m e  r o c k  u n i t .  The w e s t e r n  edge  of  t h i s  

a c t i v i t y  c o i n c i d e s  a l m o s t  e x a c t l y  w i t h  t h e  w e s t e r n  edge  

o f  t h e  Bowser s e d i m e n t a r y  u n i t  as mapped. T h i s  s u g g e s t s  

t h a t  t h e  c h a r a c t e r  i s  d e r i v e d  from t h e  r o c k s  and n o t  

ove rburden .  I n  t h e  i n t e r p r e t a t i o n  map, F i g u r e  8 ,  t h e  

c e n t r a l  areas o f  t h e s e  c o n d u c t i v e  ' b o d i e s  ' are l a b e l l e d  

A t o  F i n c l u s i v e .  Wi th in  t h e s e  areas t h e  e l e c t r o m a g n e t i c  

r e s p o n s e  i s  t y p i c 3 1  o f  v i r t u a l l y  h o r i z o n t a l  s h e e t s  o f  

good c o n d u c t i v i t y ;  A r e a  A d i p s  s l i g h t l y  t o  t h e  w e s t ,  

A r e a  D t o  t h e  eas t  w h i l s t  t h e  r ema in ing  areas a re  
e s s e n t i a l l y  h o r i z o n t a l .  Normally t h e  c h a r a c t e r i s t i c  

shape  of  t h e  anomal i e s  i n d i c a t e s  a h o r i z o n t a l  s h e e t - l i k e  

body s u g g e s t i v e  of ove rburden ,  b u t  i n  t h i s  i n s t a n c e  where 

t h e  o u t l i n e  of  t h e  e l e c t r o m a g n e t i c  r e s p o n s e  c o i n c i d e s  
a l m o s t  e x a c t l y  w i t h  t h e  l i m i t s  of t h e  mapped Bowser 
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sed imen ta ry  u n i t ,  i t  i s  c o n s i d e r e d  t h a t  t h e  c a u s e  of 

t h e  anomal ies  must be  from w i t h i n  ' t h e  s e d i m e n t s ,  i . e .  

g r a p h i t i c  l a y e r s  w i t h i n  t h e  a r g i l l i t e .  The con- 

s p i c u o u s  absence  o f  magnet ic  a c t i v i t y  s u p p o r t s  t h i s  

c o n c l u s i o n .  The abnormal ly  h i g h  in-phase  a m p l i t u d e s  

and t h e  a s s o c i a t e d  h i g h  q u a d r a t u r e  a m p l i t u d e s  p r e c l u d e s  

t h e  p r e s e n c e  of m u l t i p l e  v e r t i c a l  c o n d u c t o r s ,  which i s  

t h e  a l t e r n a t e  i n t e r p r e t a t i o n .  T h i s  area i s ,  however, 

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

examined on t h e  ground t o  d e t e r m i n e  t h e  t r u e  n a t u r e  o f  

t h e  c o n d u c t o r s  arid check f o r  a s s o c i a t e d  m i n e r a l i z a t i o n , .  

p a r t i c u l a r l y  a t  t h o s e  few l o c a l i t i e s  where magne t i c  

anomal ies  are  p r e s e n t .  

The d i s c r e t e  nar row,  l a r g e  ampl i tude  e l e c t r o m a g n e t i c  

anomal ies  are  nunbered 1 t o  1 4  i n c l u s i v e .  T h i s  o r d e r  

shou ld  n o t  be  t a k e n  as i n d i c a t i v e  o f  g r a d e .  

Anomaly 1. 
One o f  t h e  few r e s p o n s e s  b e l i e v e d  t o  be  

caused by a n e a r  v e r t i c a l  c o n d u c t o r ,  un- 

f o r t u n a t e l y  i t  w a s  o n l y  r e c o r d e d  on one l i n e  

implyi.ng s h o r t  s t r i k e  l e n g t h .  The r e s p o n s e  

i s  e q u i v a l e n t  t o  a v e r t i c a l  h a l f  p l a n e  a t  a 

d e p t h  of 115 f t .  below t h e  d e t e c t o r  (which 

i d e n t i f i e s  t h e  c a u s a t i v e  f e a t u r e  as a t  ground 

s u r f a c : e ) ,  w i t h  a c o n d u c t i v i t y  w i d t h  o f  50 mho. 
There  i s  a f l a n k i n g  magnet ic  anomaly of 4 0  

gamma., I t  i s  i n  t h e  immediate v i c i n i t y  of  t h e  

i n t e r s e c t i o n  of  a n  east-west f a u l t  and a n o r t h -  

n o r t h e a s t  t r e n d i n g  f a u l t  i n t e r p r e t e d  from t h e  

m a g n e t i c s .  The EM anomaly i s  l o c a t e d  i n  t h e  

v o l c a n i c  cong lomera te s - sands tone  u n i t .  
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T h i s  anomaly h a s  a s h o r t  t r e n d  and i s  
l o c a t e d  w i t h i n  t h e  h i g h  E.M.  a c t i v i t y  a r e a ,  

a t  t h e  s o u t h  e x t r e m i t y  of Long Lake. The 

form of  t h e  anomaly i s  compa t ib l e  w i t h  

m u l t i p l e  v e r t i c a l  c o n d u c t o r s  b u t  may r e s u l t  

f rom a compounding of t h e  e f f e c t s  from t h e  

l a k e  and h o r i z o n t a l  c o n d u c t o r s .  The anomaly 

i s  c h a r a c t e r i z e d  by a n  in-phase  t o  q u a d r a t u r e  

r a t i o  o f  3 : 2 ,  compa t ib l e  w i t h  a c o n d u c t i v i t y  

w i d t h  of 4 mhos. I t  i s  l o c a t e d  w i t h i n  t h e  

Bowser s e d i m e n t a r y  u n i t  and i s  a t  t h e  

s o u t h e a s t  c o r n e r  of c la im 5211. 

Anomaly 3. 

T h i s  anomaly i s  l o c a t e d  immedia te ly  n o r t h w e s t  

o f  Anomaly 2 and i s  a l s o  l o c a t e d  w i t h i n  t h e  

area of  pronounced E.M. r e s p o n s e .  I t  c o u l d  

be i n t e r p r e t e d  as two p a r a l l e l  v e r t i c a l  con- 

d u c t o r s  b u t  i n  view of t h e  n a t u r e  of 

s u r r o u n d i n g  r e s p o n s e s  it i s  n o t  t h o u g h t  t o  b e  

s o .  The anomaly e x t e n d s  a c r o s s  t h e  boundary 

between claims 5209 and 5211 and i t  i s  l o c a t e d  

w i t h i n  t h e  Bowser sed imen ta ry  u n i t .  

Anomaly 4 .  

T h i s  anomaly i s  found on t h e  e a s t  bank o f  

Long Lake and t r e n d s  p a r a l l e l  t o  t h e  l a k e .  

The l a r g e  wid th  of t h e  anomaly as measured on 

l i n e  35 makes it appea r  t o  be  due t o  ove rburden ,  

b u t  i n  i t s  f a v o u r  are  t h e  f o l l o w i n g  p o i n t s ;  

( a )  a n  e x c e p t i o n a l l y  long  s t r i k e  l e n g t h ;  0 . 5  m i l e  

(b) t h e  f a c t  t h a t  t h e  in -phase  t o  q u a d r a t u r e  

r a t i o  i s  g r e a t e r  t h a n  u n i t y ,  i n d i c a t e s  a 

myinimum c o n d u c t i v i t y - w i d t h  of 3 mho. 

(c)  it i s  ad . jacent  t o  and p a r a l l e l s  t h e  

g ranod io r i t e /Bowser  sed imen ta ry  rock  c o n t a c t .  



- 19 - 

u 

u 
0 

0 
0 
0 
0 

Anomaly 5 .  
__I 

The anomaly i s  l o c a t e d  n e a r  t h e  n o r t h e r n  

end of: Long Lake. The r a t i o  o f  i n -phase  t o  

q u a d r a t u r e  r e s p o n s e  i n d i c a t e s  a c o n d u c t i v i t y -  

w i d t h  of 5 mho. The anomaly i s  i n  c l o s e  

p r o x i m i t y  t o  a n  i n t e r p r e t e d  magne t i c  f a u l t  

( d i s c e r n e d  from Magnet ic  Component B )  . The 

anoma:Ly i s  found i n  t h e  v i c i n i t y  of t h e  area 

o f  h i g h  E.M.  r e s p o n s e  i n t e r p r e t e d  as due t o  

ca rbonaceous  ma te r i a l  i n  t h e  Bowser s e d i m e n t a r y  

u n i t .  The l a c k  of magne t i c  s i g n a t u r e  l e s s e n s  

t h e  s i g n i f i c a n c e  of t h i s  anomaly. 

Anomaly 6 .  

T h i s  d e n o t e s  a zone of pronounced E.M. 

anoma:Lies located n o r t h w e s t  of Long L a k e ,  

which a re  c h a r a c t e r i s t i c a l l y  narrow w i t h  

c o m p a r a t i v e l y  smal l  h a l f - w i d t h  and r a t i o  of 
in -phase  t o  q u a d r a t u r e  r e s p o n s e  g r e a t e r  t h a n  

u n i t y .  These anomal ies  have  a good appea rance  

and are  of  t h e  r i g h t  form i . e .  t h e y  s u g g e s t  

v e r t i c a l  c o n d u c t o r s ,  y e t  t h e y  are  s i t u a t e d  

w i t h i n  t h e  c o n d u c t i v e  b e l t  r u n n i n g  n o r t h - s o u t h ,  

w e s t  o f  Long Lake. They are however i n  

p rox i in i ty  t o  a ser ies  of f a u l t s  i n t e r p r e t e d  

from t h e  X a g n e t i c  Component B ,  and s e e n  i n  

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

c l a i m  4155.  

Anomalv 7 .  

'Two i s o l a t e d  E.M. anomal ies  a re  i n d i c a t e d  

i n  t h e  n o r t h - c e n t r a l  p a r t  of t h e  map. They 

are  wide  y e t  have no i n d i c a t e d  c o n t i n u o u s  

l e n g t h .  They are c o i n c i d e n t  w i t h  o n l y  minor 

magne t i c  a c t i v i t y .  Because of  t h e  i n d i c a t e d  

low c o n d u c t i v i t y - w i d t h  t h e s e  anomal ies  a r e  

a t t r i b u t e d  t o  l o c a l  c o n d u c t i v i t y  a s s o c i a t e d  

w i t h  t h e  Salmon Glac ie r .  
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Anomaly - 8 .  

! rhis  r a t h e r  pronounced anomaly i s  l o c a t e d  

n e a r  -the w e s t e r n  boundary of  t h e  s u r v e y  a rea .  
I t  war; d e t e c t e d  i n  t h e  n o r t h - s o u t h  l i n e  6 6 ,  

b u t  it i s  n o t  obse rved  i n  t h e  east-west l i n e  4 3 .  

The n e g a t i v e  q u a d r a t u r e  r e s p o n s e  i d e n t i f i e s  

t h e  anomaly as p e r h a p s  due ' t o  t o p o g r a p h i c  
i n f l u e n c e s  and p e r h a p s  c o n d u c t i v i t y  l o c a t e d  

n e a r  t h e  g l a c i e r / b e d r o c k  i n t e r f a c e .  N o  s i g -  

n i f i c a n t  magne t i c  s i g n a t u r e  was r e c o r d e d .  

Anomaly 9 .  

T h i s  anomaly i s  l o c a t e d  a d j a c e n t  t o  a 
g e o l o g i c a l l y  mapped c o n t a c t ,  between t h e  

volcanics-conglomerates-sandstones u n i t  and 
t h e  m y l o n i t i z e d  volcanics-schists-cataclastics 

u n i t ,  i n  t h e  s o u t h - c e n t r a l  p a r t  of t h e  map 

s h e e t .  The E.M.  anomaly c o n s i s t s  of a 
n e g a t i v e  in -phase  r e s p o n s e  which may be  due 

t o  t h e  h i g h  p e r m e a b i l i t y  of  m a g n e t i t e .  Tha t  

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

a 2 0 0  gamma magne t i c  anomaly w i t h  t h e  E.M. 

anomaly. The E.M. anomaly l i e s  c l o s e  t o  a 

number o f  n o r t h w e s t  t r e n d i n g  f a u l t s  i n t e r -  

p r e t e d  from Magnet ic  Component B .  

Anomaly 1 0 .  

The anomaly i s  l o c a t e d  s o u t h w e s t  o f  Cooper 

Creek i n  t h e  ex t reme s o u t h - c e n t r a l  p a r t  o f  

t h e  area.  An a r t i f i c i a l  b a s e l i n e  w a s  used i n  

t h e  r e d u c t i o n  o f  t h e  E.M. d a t a  a l o n g  t h i s  

l i n e  ( a s  w e l l  as i n  l i n e  1 4  i n  t h e  v i c i n i t y  

of  anomaly 9 )  and h a s  r e s u l t e d  i n  t h e  

appea rance  of two l a r g e  in -phase  a n o m a l i e s .  

I n  f a c t  t h e  anomaly i s  composed of a nar row,  

low a m p l i t u d e  n e g a t i v e  in -phase  anomaly which 
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Anomaly 1 0  ( c o n t i n u e d )  

c o u l d  be a t t r i b u t e d  t o  m a g n e t i t e .  The E.M. 
anomaly i s  a s s o c i a t e d  w i t h  a m a g n e t i t e  con- 

c e n t r a t i o n .  To a l a r g e  e x t e n t  however b o t h  

t h e  E.M. and magne t i c  anomal i e s  are a s s o c i a t e d  

w i t h  a d e c r e a s e  i n  h e l i c o p t e r  a l t i t u d e  above 

ground.  However because  t h e  E.M. anomaly i s  

s i t u a t e d  on t h e  n o r t h  s i d e  of a n  east-west 

magne t i c  f a u l t  and i s  i n  a n  area o f  s u b s t a n t i a l  

magne t i c  r e l i e f  ( w i t h i n  m y l o n i t i z e d  v o l c a n i c  

r o c k  u n i t )  f u r t h e r  ground i n v e s t i g a t i o n  i s  

s u g g e s t e d .  

Anomalies 11 and 1 2 .  

Anomaly 1 3 .  

T h e s e  anomal i e s  are  l o c a t e d  i n  t h e  ex t r eme  

n o r t h w e s t e r n  c o r n e r  of t h e  s u r v e y ,  i n  a n  area 

mapped as v o l c a n i c  cong lomera te s  and s a n d s t o n e s .  

The c h a r a c t e r i s t i c s  of  t h e  anomal i e s  i n d i c a t e  

t h a t  t h e y  are  due t o  bedrock  c o n d u c t o r s  r a t h e r  

t h a n  ove rburden ,  p a r t i c u l a r l y  i n  v i e w  of t h e  

i n d i c a t e d  c o n d u c t i v i t y  w i d t h  i n  e x c e s s  of  

5 0  mhos. The anomal i e s  are  w i d e r  t h a n  i s  

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

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

p l a c e  t h e  c o n d u c t o r s  e f f e c t i v e l y  a t  ground 

s u r f a c e .  Anomaly 11 i s  l o c a t e d  on t h e  f l a n k  

of a n  80  gamma magne t i c  anomaly. 

T h i s  anomaly i s  s i m i l a r  i n  g r o s s  form t o  

Anomaly 1. Although i t  p e r h a p s  d o e s  n o t  have 

as d i r e c t  a magne t i c  s i g n a t u r e  as Anomaly 1, ’ 

it 1ie:s v e r y  c l o s e  t o  a w e s t e r l y  t r e n d i n g  

f a u l t  i n t e r p r e t e d  from t h e  m a g n e t i c s .  T h i s  

s t r u c t u r a l  a s s o c i a t i o n  makes  b o t h  Anomaly 1 

and 1 3  wor th  f u r t h e r  a t t e n t i o n .  Anomaly 13 
i s  l o c a t e d  w i t h i n  t h e  v o l c a n i c s - b r e c c i a s -  

s ands  t o n e  u n i t  . 
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Anomaly 14. 
T h i s  anomaly i s  l o c a t e d  on t h e  w e s t  bank 

O E  Long Lake. Although t h e  anomaly i s  s i t -  

u a t e d  a l o n g  t h e  e a s t e r n  margin  of t h e  zone o f  

pronounced r e s p o n s e  a t t r i b u t e d  t o  g e n t l y  

d i p p i n g  c o n d u c t o r s ,  t h e  prominent  magne t i c  

h i g h  t h a t  i s  a s s o c i a t e d  w i t h  i t  makes t h i s  

anoma:Ly r a t h e r  i n t e r e s t i n g  and wor th  ground 

fo l low-up.  The anomaly a p p e a r s  t o  be  c l o s e  

t o  o r  a t  t h e  c o n t a c t  between t h e  g r a n o d i o r i t e  

i n t r u s i v e  and s u r r o u n d i n g  Bowser s e d i m e n t a r y  

r o c k .  

I n  a d d i t i o n  t o  t h e  anomal ies  d i s c u s s e d  above,  a 
l a r g e  number of :Low a m p l i t u d e  E.M. anomal ies  w e r e  mapped. 

I n  some i n s t a n c e s  t h e s e  anomal ies  have  f a v o u r a b l e  shapes  

i n  t e r m s  of b e i n g  a s s o c i a t e d  w i t h  bedrock  c o n d u c t o r s  

r a t h e r  t h a n  ove rburden .  The lower  a m p l i t u d e  of  t h e  
anomal i e s  might  i n  some cases be  e x p l a i n e d  as due t o  

a l t i t u d e  a t t e n u a t i o n ,  v i z .  t h e  b i rd-ground c l e a r a n c e  w a s  

g r e a t e r  t h a n  1 0 0  f e e t .  The anomal ies  w e r e  s c r e e n e d  i n  

o r d e r  t o  d e t e r m i n e  whether  o r  n o t  a l t i t u d e  a t t e n u a t i o n  

( o r  l a r g e  d e p t h  o f  b u r i a l )  w a s  a f a c t o r  o r  c o n v e r s e l y  

whether  t h e  anomal i e s  w e r e  due  t o  t e r r a i n  e f f e c t s ;  

lower  t h a n  a v e r a q e  c l e a r a n c e .  The d i s c r e t e  low a m p l i t u d e  

anomal ies  a re  numbered from 2 0  t o  30 i n  F i g u r e  8 .  I n  

most i n s t a n c e s  t h e r e  w a s  i n a d e q u a t e  d e f i n i t i o n  o f  t h e  

anomaly t o  p e r m i t  q u a n t i t a t i t e a n a l y s i s  f o r  d e p t h  and 

c o n d u c t i v i t y - w i d t h  d e t e r m i n a t i o n s .  

Anomaly 2 0 ,  (cla.im L 1 6 5 ,  M234) ; l o c a t e d  n e a r  t h e  

southwe.s t  su rvey  boundary,  on t h e  f l a n k  o f  

a p rominen t  magne t i c  anomaly, i n  an  area 
mapped as g r a n o d i o r i t e ,  w i t h i n  a g r a n o d i o r i t e  

dyke s w a r m .  
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1.ocated s o u t h e a s t  of Long Lake, on t h e  

f lartks of s t r o n g  magnet ic  anomal i e s ,  t h e  

E.M.  anomaly i s  d e t e c t e d  i n  l i n e s  2 7  and 

28,  area mapped as Bowser sed imen ta ry  u n i t .  

a n  i . s o l a t e d  anomaly i n  t h e  v i c i n i t y  of t h e  

c o n t a c t  between t h e  v o l c a n i c  cong lomera te s -  

san i l s tone  u n i t  and t h e  m y l o n i t i z e d  v o l c a n i c  

rock  u n i t .  The E.M. anomaly i s  l o c a t e d  

immedia te ly  n o r t h  of  a n  e a s t e r l y  t r e n d i n g  

f a u l t  i n t e r p r e t e d  from t h e  m a g n e t i c s .  

l o c a t e d  immedia te ly  e a s t  of Long Lake,  

c l o s e  t o  a n  area of  pronounced magne t i c  

anomal i e s  which a re  i n t e r p r e t e d  as due t o  

a m a r g i n a l  facies  a s s o c i a t e d  w i t h  g r a n o d i o r i t e  

i n t r u s i o n .  The anomaly i s  a d j a c e n t  t o  a 

n o r t h - n o r t h e a s t  t r e n d i n g  magne t i c  f a u l t .  

l o c a t e d  n o r t h e a s t  of Long Lake i n  t h e  same 

a p p a r e n t  envi ronment  as anomaly 23. The 

b r o a d n e s s  of t h e  anomaly however s u g g e s t s  

t h a t  i t  i s  due t o  ove rburden  b u t  t h i s  

might  be due t o  t h e  az imuth  of s u r v e y  l i n e  4 6 .  

Anomalies 25 and 2 6 ;  l o c a t e d  i n  t h e  n o r t h w e s t e r n  p a r t  

of t h e  area,  c l o s e  t o  t h e  Salmon Glac ie r .  

Both anomal ies  are  a s s o c i a t e d  w i t h  a magnet ic  

l i n e  ament i n  t h e  vo l c a n i  c s -conglomera tes  - 
s a n d s t o n e s  u n i t .  The b r o a d n e s s  of  t h e  

anornal ies  c o u l d  b e  t h e  r e s u l t  o f  d e p t h .  

Anomaly 2 7 ;  l o c a t e d  i n  t h e  s o u t h c e n t r a l  map area,  s o u t h -  

w e s t  of Cooper Creek .  The anomaly i s  c l o s e  

t o  a n  i n t e r p r e t e d  .east-west t r e n d i n g  magne t i c  

f a u : l t .  Bedrock i s  mapped as m y l o n i t i z e d  

v o l c a n i c s  and s c h i s t s .  

’ 

0 
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Anomalies 2 8  and 2 9 ;  l o c a t e d  i n  t h e  n o r t h w e s t  c o r n e r  --___- 

of t h e  map s h e e t ,  b o t h s h o w  good in -phase  

to q u a d r a t u r e  r a t i o s  i n  a n  a r e a  mapped as 

s e d i m e n t s ,  cong lomera te s  and v o l c a n i c s .  

Although t h e  i n t e r c e p t s  are  o n l y  a l i t t l e  
more t.han background g e o l o g i c a l  and i n s t r u -  

ment n o i s e  l e v e l s ,  t h e  shapes  of t h e  anomal i e s  

i n d i c a t e  d i s c r e t e  c o n d u c t o r s .  

Anomaly 30 ;  l o c a t e d  a t  t h e  ex t reme n o r t h c e n t r a l  p a r t  

o f  t h e  map s h e e t  a t  an i n t e r p r e t e d  magne t i c  

f a u l t .  The anomaly s u f f e r s  from a l a c k  of  

s h a r p n e s s  t o  be  a s s o c i a t e d  w i t h  a v e r t i c a l  

c o n d u c t o r ,  it a p p e a r s  most l i k e l y  t o  be  due 

t o  ove rburden .  



3 . 3  Recommendations 

On t h e  b a s i s  of anomalous e l e c t r o m a g n e t i c  r e s p o n s e ,  

a p p a r e n t  magne t i c  a s s o c i a t i o n  and s u i t a b l e  g e o l o g i c a l  

envi ronment ,  a number o f  l o c a l i t i e s  i n  t h e  s u r v e y  area 

m e r i t  more d e t a i l e d  i n v e s t i g a t i o n .  These l o c a l i t i e s  

are found i n  t h e  v i c i n i t y  of t h e  f o l l o w i n g  E.M. anomal i e s ;  

1, 

4 ,  
6 (M202,  c l a i m  4155) , 
9, 

1 0  I 

11 and 1 2  (M213, c l a i m  4443) I 

1 3  (M237, c l a i m  541.21, 

1 4  
20 (M234, claim 16541, 

2 1 ,  

2 2  I 

23 I 

24, 
25 I 
26  ( M 2 1 3 ,  c l a i m  4 6 0 2 1 ,  

27 .  

Sugges t ed  ground fo l low-up approaches  are  

(1) d e t a i l e d !  g e o l o g i c a l  mapping and r o c k  sampl ing  

( 2 )  induced  p o l a r i z a t i o n  s u r v e y i n g  f o r  d e t e c t i o n  
\/ 

of  d i g e n M n a t e d  s u l f i d e  m i n e r a l i z a t i o n  
LA.-- 

( 3 )  vertical .  l oop  e l e c t r o m a g n e t i c  s u r v e y i n g  f o r  

d e t e c t i o n  o f  d e e p l y  b u r i e d  massive s u l f i d e  

m i n e r a l i . z a t i o n  

and ( 4 )  g r a v i t y  s u r v e y i n g  i n  a r e a s  o f  moderate  t o p o g r a p h i c  
r e l i e f .  
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The i n t e r p r e t a t i o n  of t h e  s u r v e y  d a t a  embodied i n  

t h i s  r e p o r t  i s  e s s e n t i a l l y  a geophysica ' l  a p p r a i s a l  o f  

t h e  area;  as such  i t  can  i n c o r p o r a t e  o n l y  as much 

g e o l o g i c a l  and g e o p h y s i c a l  i n f o r m a t i o n  as t h e  i n t e r p r e t e r  

h a s  a v a i l a b l e  a t  t h e  t i m e .  I t  s h o u l d  be  j u d i c i o u s l y  

u s e d ,  t h e r e f o r e ,  as  a gu ide  o n l y  by g e o l o g i s t s  t h o r o u g h l y  

f a m i l i a r  w i t h  t h e  area and who a re  i n  a b e t t e r  p o s i t i o n  

as t i m e  p a s s e s  t o  e v a l u a t e  t h e  g e o l o g i c a l  s i g n i f i c a n c e  

of  any p a r t i c u l a r  f e a t u r e .  With a d d i t i o n a l  i n f o r m a t i o n  

such  as t h a t  p r o v i d e d  by f u r t h e r  g e o l o g i c a l  and 

g e o p h y s i c a l  s u r v e y i n g ,  i t  may be  p o s s i b l e  t o  down- or 
up-grade f e a t u r e s  d i s c u s s e d  o r  i d e n t i f i e d  i n  t h i s  r e p o r t  

t h a t  t a k e  on lesser  o r  g r e a t e r  s i g n i f i c a n c e  t h a n  w a s  
f i r s t  a p p a r e n t  t o  t h e  i n t e r p r e t e r .  

R e s p e c t f u l l y  s u b m i t t e d ,  

LOCKWOOD SURVEY CORPORATION LIMITED 

A l l a n  S p e c t o r y  Ph.D., P.Eng.,  ( O n t a r i o )  
D i r e c t o r ,  A n a l y t i c a l  Methods S e c t i o n .  

NO 

( B . C . )  

0 . 
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T h i s  i s  a s a t u r a b l e  c o r e  f l u x g a t e  magnetometer w i t h  

a n  a c c u r a c y  of a p p r o x i m a t e l y  1 gamma. 

The magnetometer head c o n s i s t s  of two s a t u r a b l e  c o r e  

o r i e n t i n g - f l u x g a t e s  whose a x e s  a re  a t  r i g h t  a n g l e s  t o  one 

a n o t h e r .  The a x i s  of t h e  measur ing  f l u x g a t e  i s  normal  

t o  t h e  p l a n e  c o n t a i n i n g  t h e  two o r i e n t i n g  f l u x g a t e s .  

I n  o p e r a t i o n  w i t h  o r i e n t i n g  f l u x g a t e s  are  m a i n t a i n e d  

by se rvomoto r s  i n  a p o s i t i o n  of minimum c o u p l i n g  w i t h  t h e  

e a r t h ' s  magne t i c  f i e l d ;  t h e  measur ing  f l u x g a t e  i s  t h e n  
i n  a p o s i t i o n  of  maximum c o u p l i n g  w i t h  t h e  e a r t h ' s  f i e l d .  

The i n s t r u m e n t  was housed i n  t h e  c e n t r e  s e c t i o n  of 

t h e  towed b i r d ,  t h e  cc in t ro l s  and r e c o r d e r  b e i n g  housed 

i n  t h e  h e l i c o p t e r .  

Ou tpu t  from t h e  magnetometer w a s  r e c o r d e d  i n  a n a l o g  

f o r m  i n  r e d  i n k  on a moving c h a r t  p a p e r .  O p e r a t i n g  r a n g e  

w a s  1 2 0 0  gammas across a c h a r t  w i d t h  of 1 0  i n c h e s .  C h a r t  

speed  was 3 i n c h e s  p e r  minu te .  



THE HELICOPTER IN-PHASE/OUT-OF-PHASE E . M .  SYSTEM 

The h e l i c o p t e r - b c r n e  E.M. sys tem used f o r  t h i s  s u r -  

vey w a s  deve loped  by Llockwood Survey C o r p o r a t i o n .  

sys tem measures  t h e  in -phase  and out -of -phase  components 

of t h e  secondary  e l e c t r o m a g n e t i c  f i e l d ,  i n  terms of t h e  

p r imary  f i e l d  a t  t h e  r e c e i v e r ,  v i z . ,  i.n p a r t s  p e r  m i l l i o n  

of  t h e  p r imary  f i e l d .  The f r equency  of t h e  a l t e r n a t i n g  

e l e c t r o m a g n e t i c  f i e l d  i s  4 , 0 0 0  c y c l e s  p e r  s econd .  

Rece iv ing  and t r a n s m i t . t i n g  c o i l s  are h e l d  v e r t i c a l  and 

c o a x i a l  i n  a towed " b i r d " ,  a d i s t a n c e  of  3 0  f e e t  a p a r t  

and 1 0 0  f ee t  below t h e  h e l i c o p t e r .  The s e n s i t i v i . t y  o f  

t h e  measur ing  sys t em i s  such  t h a t  t h e  minimum r e c o g n i z a b l e  

in -phase  anomaly i s  a b o u t  8 p a r t s  p e r  m i l l i o n .  Noise  on 

t h e  in -phase  p r o f i l e  i s  u s u a l l y  less t h a n  5 p a r t s  p e r  

T h i s  

m i l l i o n .  

T h i s  equipment  i s  o p e r a t e d  a t  a " b i r d "  h e i g h t  of 

1 0 0  f e e t .  F u l l  scale d e f l e c t i o n  on t h e  d a t a  r e c o r d  i s  

4 0 0  p a r t s  p e r  m i l l i o n  a c r o s s  a 4 i n c h  c h a r t .  



Harold  J .  Sandau - -- N a v i g a t o r ,  E l e c t r o n i c  _I T e c h n i c i a n  

For  t h e  p a s t  twenty-two y e a r s ,  Haro ld  Sandau h a s  

been i n v o l v e d  i n  t h e  g e o p h y s i c a l  s u r v e y  b u s i n e s s .  

During t h a t  t i m e  he  h a s  i n s t a l l e d ,  m a i n t a i n e d  and 

o p e r a t e d  magnetometers ,  e l e c t r o m a g n e t o m e t e r s  and 

s c i n t i l l a t i o n  equipment  based  i n  Lockwood's s u r v e y  

a i r c r a f t .  H i s  e x p e r i e n c e s  cove r  t h e  whole of 

Canada, A laska ,  t h e  Un i t ed  S t a t e s  and t h e  F a r  E a s t .  

H e  h a s  been  employed on j o b s  t o t a l l i n g  approx-  

i m a t e l y  5 0 , 0 0 0  l i n e  m i l e s  of p r o d u c t i o n .  

Douglas M .  Webb - D a t a  T e c h n i c i a n  

T h i s  man h a s  been employed as a Data T e c h n i c i a n  on 
g e o p h y s i c a l  s u r v e y s  f o r  t h e  l a s t  t h r e e  y e a r s .  H i s  

r e s p o n s i b i l i t y  i s  t o  e n s u r e  t h a t  t h e  c l i e n t ' s  
areas a r e  c o m p l e t e l y  cove red  by t h e  g e o p h y s i c a l  

f l y i n g .  H e  h a s  o p e r a t e d  i n  Nor the rn  O n t a r i o ,  

B r i t i s h  Columbia and t h e  A r c t i c  main ly  on work f o r  

t h e  F e d e r a l  Government. H e  h a s  been  employed on 

a p p r o x i m a t e l y  5 0 , 0 0 0  l i n e  m i l e s  of magnetometer ,  

e l e c t r o m a g n e t o m e t e r  and s c i n t i l l a t i o n  s u r v e y s .  



A D D E N D U M  I1 
e_ 

PERSONNEL Q U A L I F I C A T I O N S  



c 

C 

A D D E N D U M  I 

Description of Instrumentation 
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a 

Ai: rea ge.. .............. 2 . 5 3  ..... n A,Iitict:il I.cxsc No. M ..... 1.99 .................................. 

. .  Name o t c I aim ( s ) ............................... Q.!C:G.i<lCl?td. ....... Fx a ..................................................................................................... 

Record Nos ...................................................................................................................................................................................... 

Lot Nos ........................................................................................................................................................................................ w8 
Lcssee(s) .............................................. ~~lln~..R...Z#r,ix}san ................................................................................................. 

Address ................................................. 2950. ..?!XY?3J!E?..G.O.!!?.?! 9..!!9?!4. .v,nc.ou!!!?r I..?.! .?...E ! ...................................... 

The lessor. in  accordance with and subject to the provisions of the “Mineral Act,” doth hereby demise unto 
the lessee, for a term of twenty-one ycars from the date first above writtcn, all Crown minerals available under the 
terms of the “Mineral Act” i n  thc mining property herein tlcscrihctl, and  the lcssec cloth hereby covenant and agree 
at all times to perform, observe, and comply with thc provisions of the said Act and any regulations which may from 
time to  time be made under the authority thereof. 

9 The lessee shall keep the lessor indemnified against all actions, claims, and demands that may be brought or 
made against the lessor by reason of anything done by the lessee, his servants, workmen, or agents, in the exercise 
or  purported exercise of the rights, powcrs, and privileges hereby granted. 

Description of location : Salmon River Valley. 

IN WITNESS WHEREOF the lessor and lessee have hereunto sct their hands and scnls thc Jay and year 

.... ................. 
WifnCJJ. ,  

, .  

/-’ 

............................................................................................. 
Witness. 

.... .................................................................................... 
M i n i i l r r  o/ ,\fine$ and Prfrolrum Ktsourrcr. l . r ~ ? o r .  “. 

3 
0 



* r\c!.c;1:;c ...... .?!!A 19 ............................. 

f\ 1111ual 1(~!11;1 I $ ....... ..47...50. ........... 
(Firs t  trii ?r.irc, Wr per  ac:rc I*cr yrar) 

A ~ I I I ~ I ~ I I  cct1t:il $ ......... 35.. 90 ........... 
(Balniicc of tcrin pi.On prr acrc Iwr yrar) 

. #, i\nnual n o d i  $ ....... J .A.00  ........... 

Annual u ~ o r k  8 ....... 57.9 ... 90 ........... 
(First tcii yr.irs $4.00 per 3crr ycr w a r )  

(Dalancc o f  frriii $6.00 pcr acrc pcr y n r )  

- R?lincr;tl I..cnsc No. M ...... Z O O  .......... ........ 

M;ip N o  ....... 4...T..2G.3 ......................................... 

Min. Div .................. 3IrC:c:ni.k. *, 

u 

ri r ~a me of c 1 ;i i m ( s 1.. ........ J?.w.~RI.w.. ,I! J).,. .. .3. ..??.rn..r ..K~~t:!.nfi ..S?.C! *. .2.. . t I ~ . v .  n . .~..ie.. J.w. A 9  ......................................... 
Record Nos ......... ....................................................................................................................................................................... 

Lot- Nos [.iq% , 41 79 11,180 ............................... ..t ...................................................................................................................................................... 

Lessee(s) ........... .!......?... ............. 1.. ...................................................................................................................................... 

Address ............. -3 9.5 0.. .Si;.jr x ~ ~ . & ; ~ ~  .. .I&A~&, . . \  , 1 ~ . ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ~ . . ~ ~ . . . ~ . 4 . . . ~  .................................................................... 
---* ._-_ .., nl_ _---I--..- .,. ,_ .__ . - -  

-’ Tlie-lessor, in  accordance with and subject to the provisions of the “Mineral Act,” doth hereby demise unto 
the lessee, for a term of twenty-one years from the date first above written, all Crown minerals available under the 
terms of the “Mineral Act” in the mining property herein described, and the lessee doth hereby covenant and agree 
a t  all times to  perform, obser.ve, and comply with the provisions of the said Act and any regulations which may from 
time to time be made under the authority thereof. 

The lessee shall keep the lepor indemnified against all actions, claims, and demands that may be brought or  
made against the lessor by reas04 of anything done by the lessee, his servants, workmen, or agents, in the, exercise 
or purported exercise of the r’ighk, .powers, and privileges hereby granted. 

Description of locatim: .:’ .Salmon Cltacier: . 

; \, 

.,.: 

, ’  

, .  

** 
, .. 

Provisos: The ourfacq ri{;hts of fill cpf tho TCineral Claina fn this L@noe are 
within a reserve established for tho proposed route  of the Grnnduc 
Mines ttci., Stowart ‘Jl3.60 bike lioad, a d  tilo surface 3.8 not, therefore, 
included in this Imam.  

t ,  

IN WITNESS WHEREOF the lessor and lessee have hereunto set their .,ands and seals the day and year 

,--- 

. .  ......... 
Witnejs. .., ’ 

............................................................................................ ............................................................................................ 
Witness. 

............................................................ ........................ 
: Minisfcr o/ Mines and Petroleum Resources. Lessor. 

I .  

, -  0 



. I  

. .  
Annual xvork $ ......... 1.2pr-O0 ......... 

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

I ~ ~ ~ ~ , , , ~ . , . ~ , ~ ~ . , . , .  OF M~~~~ 

p E‘TRO I. E u M 1 { ESO u RCI: s 

Land District ............... t,:Fls>;j.+r ................ 

Date of lease.. ..... ~ ~ , t . ~ i ~ ~  r. .2{, ,A. .-j:~.+q- 
A N D  (First ten yrnrs $4.flO per ac ic  ycr yrar) 

Annual u o r k  8 1.oQ,OQ 7 
(Balance  of trrm $h.OO per x r r  pcr year) 

“R4INIII<AI, ACI‘” . 

L. * . * . ‘ j  

‘ .  Name of claim (s) ....................... Gn!!?.?!*...!!.T*9?4i:!?!? ............................................................................................................... 

Record Nos ............................................................................................................................................................ -.! ....................... 
. . .  . ,  

Lot Nos ............................... 46~3 ........................................................................................................................... ....................... 

Lessee(s) ................................ ~ i ~ l  ~ . ~ ~ . . ~ .  o~ps! ............................................................................................................... 

Add rcss. ................................. .395@. .R3ypsage.. .cVurt ~ . .  ~ ~ ? ~ ~ ~ o ~ + v c . , r r . .  .B.,-. .G.,... .............................................................. 

The lessor, in  accordance with and subject to the provisions of the “Mineral Act,” doth hereby demise unto . .  
the lessee, for a term of twenty-one years from the date first above written, all Crown minerals available under the 
terms of the “Mineral Act” irl’ the mining property herein described, and the lessee doth hereby covenant and agree 
a t  all times to perform, observe, and comply with the provisions of the said Act and any regulations which may from 
time to time be made under the authority thereof. 

The lessee shall kee; the lessor’indemnified against all. actions, claims, and demands that may be brought or 
made against the lessor by reason of anything done by the lessee, his servants, workmen, or agents, in the exercise 

’ or  purported exercise of the rights, powers, and privileges hereby granted. 

‘ 

Description of location : N.W. of LQng m e .  

Provisos: (1) The surface of thia Ydizsral Cluim i o  par t ly  coverod by $!io w:rters of 
. . an unnamed creek m d  this laass, thcmofore, excludes my surface r i t h t s  over that 

. .  . ’ pmt ion  of tho Einoral Claim cove,-ed. by tlis water3 of the, unnmed creek.(2) The? 
- 8urfa.ca of theo l? incml Claim lies within n map reweme estallliohed f o r  the popooad 

. .  routo of the  ’c.;Letm.rt Tide JAce R o d  and this lease, thoreforo exclude0 m y  curl‘nco 
. rights located within the stlid map mxmve.  

. . . . .  
. : ‘. 

IN  WITNESS WHEREOF the lessor and h s e e  have hereunto set their hands and seals the day and year 

............................................... 
Witness. 

............................................................................................ ............................................................................................ 
Witness. 

.................... .......................................................................................... 
Minister 01 Mines and Petroleum Resources. Lessor. 

- . .I : . .  0 



1 : ,.I. 

C.J",; 1 ..) ., 

* J, r; 

..\ircngc ................ 4 .t + : + . - a .  , ................ 

,\nnuai rcii1;il .... 3.1: .:.*.,.t$. ............ 
(F i rst  Im yr.irs. T l l i  pcr a c r c  prr yrar) 

Annitnl rental $ .... s$T:J..&J ........... 
i h l a n c c  of trrni $l.Oil pcr acrr prr ycar) 

., , 
_' I Mineral I..ensc No. M ......................................... 

Mnp No.. .................................................... .............. 
I! :i: 2 6 9  

? 7 r +* -* .................................. M i 11. Div ............ ...tr!~~.%f.TE~& 
. .  C a :::3 i. a r Land District ................................................. 

I ', I. / 

D;I tc 0 f Icasc.. ........ .., .. ,. ................. ./. .......... 

I ~ ~ ~ , ~ ~ . , . ~ , ~ ~ ~ . ~  ol: M ,N13S 

13 Iyrrq 0 1.1: LJ 17 150 u i s 

' ' A I  I NI:I<AL ACI'" 

Annual \vork $ ..... 3p:;;;?.::i) ....... 

c\nnuai \voric I .... L?tJ..'lLXI ........ 
, ., ' AND (First ten !cars $,4.no I& X I P  yrr yrnr) 

(8nlancc of trrtn $6.00 prr acre prr yrar) 

, Name of claim(s) Sea .Sci33drj3,0 hA* fit,tazi1aJ ............................................................................................................................................................................ 

Record Nos ...................................................................................................................................................................................... 

P Lot Nos ...................................... A~NL.~.&?!~LI~~x.. .!!..k??...&tit&5hfid .............................................................................. 

Lessee(s) ................................................................................................................................................................... 

IN WITNESS WHEREOF the lessor and lessee have hereunto set their hands and seals the day and year 

Y 

.................. . .  
Witness .  Lesser. 

............................................................................................ ............................................................................................. 
Lessee. 

. Minister of Mines and Petroleum Rerourccr. Lrrror. 

0 . .  



Hamo of Clcrim(r) 

. .. 

i 

* 
1 .  

J 

*.. ' 



, .  . . .  . -  
2 e-  . Mincr;il 1,casc No. M...%.O; .................................... 

M ;ip N o  ..................................................................... /I 8j.' ;! :.; 3 

;\c 1'c';lgL'. 
c 

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

x,: vmyv-. \.\ ~ 0 4 . 0 0  
i \ nnun l  I c w t  ; i I  $. __.__. . 

A n n u n l  rcii1:il S ........ 

,i *L{ AI* 83 2 . 0 0 I IEI ,AK.rMi~N.r  OF M I N E s  Land District C x x d : : r  i\nnunl \ w r k  S ............................... 

(I:irst trn yr.iis, 5 0 r  11l.i 

Mi i i .Div  ................. ,1. ....................................... 
(nd.rncc of k r i l l  f 1.00 1y-y ppfrycar) 

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

(Rrlrncc of trrin $ / ~ 0 0  pcr acrc per year) 
"hl I N EI<Al, ACI'"  

. , .  

ii , ~ t i ~ \ i I : : t . . i y  Tie. P~i~i;,:!ii~y 1 GJt:cier C ~ L  <~:LI;T !:Q. 1 GI; c j i + r  ::fje 2 
Nnmc of clniin ( 5 )  ...................................... R .................... .___.: .... * ...... ?: __._._: ............. L. ................................. .? ................................ 

Record Nos ...................................................................................................................................................................................... 
h . r? Lot NOS.. ............. .<3IL..  .?JJ.h. ..I!?!? I ..I.?% .. A:.%, .......................................................... 1. ......................................... 

' 7 '  Lessee(s) .................;fl*... .. . 

740 '-'**.-fiJi;Q I':t,urt; ?iQ:>e Y:":t;?a;tx'3V'E?1' E,. 6'. Address.. ................. 2,. ..... .:..fi. ........................ .A. ....................................E.. : ............................................................................... 

The lessor, in accordance with and subject to the provisions of the "Mineral Act," doth hereby demise unto 
the lessee, for a term of twenty-one years from the date first above written, ail Crown minerals available under the 
terms of the "Mineral Act" in the mining property herein described, and the lessee doth hereby covenant and agree 
at  all times to perform, observe, and comply with the provisions of the said Act and any regulations which may from 
time to time be made under the authority thereof. 

The lessee shall keep the lessor indemnified against all actions, claims, and demands that may be brought or 
made against the lessor by reason of anything done by the lessee, his servants, workmen, or agents, in the exercise 
or purported exercise of the rights, powers, and privileges hereby granted. 

iLaJ @E t;%%no;o avoat Description of location : 

IN WITNESS WHEREOF the lessor and lessee have hereunto set their hands and seals the day and year 
first above written. 

Witness. 

/ P2yA-y ...... L .... &.-.. ., ...... ....J... /""//'"", ...................................... LCSSC.5. 

............................................................................................ 
Wit ness. 

....................... &-QLz&Y:;$y 

0 
'\ 

Lessee. 

....... : ....... : ........................ TI \ c, , P ~ ) , & L L C c  ................................................... 
Minister 01 Miner and Petroleum Resources. Lessor. 



f .'? c, ;\CI.c;Igc ....... !t. > *. '.?.*! ......................... 

':' 2, E, " 3  /\nnual lclll;ll $ ....... ?. ..... ?... ............. 

Annual rc'nt;iI $ ........ it..L;.;..i .......... 

(I:irst t m  yr.irs. ick p v r  acre iwr sear) 
i -,$-, 

(Ralancr of trrni $ l . O ( l  per acrc prr yrar) 

Mineral I.,casc No. M .................. +.::v&7..:, - 3 -  ., 

M ;lp NO. .......... k.. . :c ..;I L.<L. ................ '. .:<.. ................. 

, ); ,r:#;:'-a * I .  

Min. Div ................................................................... 

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

:. ,$ , 

Name of claini(s) ................................. 

Record Nos ............................................................. .................................................................................................................. 

Lot Nos.. .......................................................................................................................................................... &.S:'.g 

.'f? f .rfi 9. ~ ~ y J s . q j L  

335.73 3::;;rr$c2;zg Cn:~s*g, s !+r?s't ,I Y':?ICCC:YCF, B,C$. 
Lessee ( S )  .................. ::.; ................................... L. II,Q ......................................................................................................................... 

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

The lessor, in accordance with and subject tal the provisions of the "Mineral Act," doth hereby demise unto 
the lessee, for a term of twenty-one years from the date first above written, all Crown minerals available under the 
terms oi the "Mineral Act" in the mining property herein described, and the lessee doth hereby covenant and agree 
at all times to perform, observe, and comply with the provisions of the said Act and any regulations which may from 
time to  time be made under the authority thereof. 

The lessee shall keep the lessor indemnified against all actions, claims, and demands that may be brought or 
made against the lessor by reason of anything done by the lessee, his servants, workmen, or  agents, in the exercise 
or purported exercise of the rights, powers, and privileges hereby granted. 

Description of location: 

3&13Cn R t v w  'BTRXXay 

IN WITNESS WHEREOF the lessor and lessee have hereunto set their hands and seals the day and year 

/ -  Witncss. 

............................................................................................ 
Witncrs. 

...... .. ........................................................................... ........... -.: 
Minister 01 Mines and Prtrolcum Rcsourccs, Lessor. 

0 



t i 

- :  ’L -- ~\crc:I~c ............. ..:.‘.r *AI ................... Mincrnl I..cnsc No. M .............................................. 205 

Map No ...................... r c w  ‘. .............................. ............... 

M i n .  Di v 8 .* .................. d ’ ) > . ? ? X i  .................................. 

’ 7 I‘ ‘> ......... ,‘\nllLlnl TCII i :I I $ ........ .L.i.r..lii... 
,I:irst trn ~ C . I I S ,  5Lk p r r  acre pcr year) 

IIEPARTMINT M~~~~ Land District .... .. x: r2.: 25.:: ,”. ................... 

pETIROLEUM R~~~~~~~~ Date of lease ................................ t ............ 

“RIINIZliAL ACT” 

Decenb:ir 11 1367 AND (First ten !cars $4.00 per acre ycr year) 

An nun 1 work 8. .......... ~~.XI.~!.I.O ....... 
(Balance d trrni  $(i.OO.per acre per year) 

t ,  

Name of cl n i ni ( s) ................... .P.olyb.ad.-ba .J?.r..- .................................................................................................................. 

Record Nos ...................................................................................................................................................................................... 

Lot Nos.. ..................................... .b.I?T .......................................................................................................................................... 

Lt.sjt.t:(s) .tr. Y ~ ~ l w n l  G Torw!scrn ...................................................... f .......... x ....................................................................................................................... 

-I < .$;?;,p /’’ ..“T t.! ,‘,t y;:qyy)?Wn ’* . Address.. .................... ..3 0. ..!!.?&-X.., . *.. ........ ::: .v.:.! rs .t: 4.. .c < .............. .... ..... .k! A ..:..Z;.r .. h. ..I.. 1. .............................................................. 

The lessor, in accordance with and subject to the provisions of the “Mineral Act,” doth hereby demise unto 
the lessee, for a term of twenty-one years from the date first above written, all Crown minerals available under the 
terms of the “Mineral Act” in the mining property herein described, and the lessee doth hereby covenant and agree 
at  all times to perform, observe, and comply with the provisions of the said Act and any regulations which may from 
time to  time be made under the authority thereof 

The lessee shall keep the lessor indemnified ,against all actions, claims, and demands that may be brought or 
made against the lessor by reason of anything done by the lessee, his servants, workmen, or agents, in the exercise 
or purported exercise of the rights, powers, and privileges hereby granted. 
Description of location : SflV43@ e8Qk 

Provisos : 

IN  WITNESS WHEREOF the lessor and lessee have hereunto set their hands and seals the day and year 

.. .... 
Wit ncs I.  LCSJCC. 

............................................................................................ ............................................................................................ 
Witness. 

..... --- .................................................................................... 3 ...... 
Miniltcr of Mincs and Pctrdcum Resources. Lessor. 

0 



I 

4 1  %r>G ,- . ;\ircngc ................. d t . 1 2  f t  r ................. Miiicriil I.cnsc No. M ! 
............................................ 

. . . . .  8 )  

- .  
7,;. ‘ 7  k, r\nnunl rciitnl s. 2C?.*P.!! Mnp No .................................................................. ‘+T 263 ........ .......... 

(1:irzt rcn yc.115, 5Ilc pcr acrc pcr yrar) 

A n n u a l  rciit;il f ......... Docm I ...... : ............... 60.00 Min.  Div ................ :;kewn::r ................................... 
(na lmcc  of rrrin f l .00  per acrr p r r  ).car) 

(Balance of tcrm $6 00 pcr acre per year) i “ MI 1 N E liAL ACT” 

r.,rme o claim(s) .................... I? 

EWAL LEASE 
I 

&?l.!x..Q ..fiQ.*. !.6.* .... E.o.n.Cgr ................................................................................................. 
I Record Nos ............................................................. .................................................................................................................. 

1 Lot NOS. ................... !!:ab.?, ...!+.O .43 ................ ~___.__.! 

I 

....................................................................................................................... 
E’ I 

....... rr ... !!ffif.lard.~D,..Tc~~n’an.. ................................................................................................................ 

Add rcss.. ................. ..3!%0.. %ZidS!. .!?.9?.T%.,.\hh St. .?.,Zn COUV!? I‘,. . .E-- .. $.t... ............................................................... 
I 

The lessor, in accordance with and subject \to the provisions of the “Mineral Act,” doth hereby demise unto 
the lessee, for a term of twenty-one years from the date first above written, all Crown minerals available under the 
terms of the “Mineral Act” in  the mining property herein described, and the lessee doth hereby covenant and agree 
a t  all times to perform, observe, and comply withjthe provisions of the said Act and any rcgulations which may from 
time to  time be made under the authority thereof. 

The lessee shall keep the lessor indemnified !against all actions, claims, and demands that may be brought or 
made against the lessor by reason of anything done by the lessee, his servants, workmen, or agents, in the exercise 

., or purported exercise of, the rights, powers, a n d  pr vileges hereby granted. \ ,: Description of location: 
Salmon iv& Valley 

. ,  4. 

Provisos : 
I 
? 
\ 

1 

Yiie Nineral Clrsimo inc:ludcd in t h i o  Lca~e are partly covered 
by the wnters of of Co.sc~dc River in rcapect to the  I S O ~ Q Y  
I.iinoi-a1 C l a i m  a d  CilvoriCrcek over the  Double 0 No. 6 Iiinern3 

over those portions of tfy I%noral Clniinu covered by the waters 
C l a i m  rrid t h i n  Leaso, :tns,rofore, cxcliides m y  Surfiico E i g h t s  

of Cascado River end Silver Creek. 

\ LU’ 
I 

IN WITNESS WHEREOF the lessor and lesseelhave hereunto set their hands and seals the day and year 
first above writlen. i 

Y 

Witness. Lersrr. 

i 
1 

............................................................................................ ............................................................................................ 
Lesrrr. 

2,1,, %d*LLLL 

Witness. i 
! 

........... ........................................................................ -.3 ............... 
Minister 01 Mines and Petroleum Resources, Lessor. 

1 

0 I: 
i 
1 
*; 

1 
i 
i 

I 



7 ' 

' r  ?\C i!c2gc. ...... -1-I: .* 6.2 .......................... 

Annual  rent;iI $ ........ X J I O  ............ 

A n  nun I rcii t ;i l  8. ...... .5.? r fl.1). ........... 
(I:irrt t rn yc.rrs, 5Oc pcr acre per ycnr) 

Mineral I,casc No. M .................... ..20g... ............ 

LT26 9 Map No ..................................................................... 

.on.p, .......................................... 
,..' 

,,,,,,, w,';;8 .,,", Min. Div ......... 
,,,, VUIIYINI I n, ,l,illl',ll I"lllP,i,A ( R a l m c c  of trrrn p l . rM per acrr pcr ycar) 

D ~ , , ~ ~ ~ ~ ~ : ~ ~  M , ~ ~ ~  Land District ....... C.83.ai;ir ........................ 

Annyn l  \\.orli $ 3.12.*flQ i7Ga 

Annual  \vork $ ....... ?.og.d?.o ........... 
A N D  (First ten \ c a r s  $4.00 pcr acrc ycr year) 

...... ........... P E T R ~ L ~ ~ U M  ~ < E ~ ~ U R C E ~  Date of lease .......... F8bm;w.Z ..... 
( h l n n c c  o f  wrni $(;.~t(t per acre per ycar) 

"M 1 NERAL ACT" .. 
i' . . . . .  

Namc of claim(s) I l O i O  ........................................................................................................................................................................... 

Record Nos ...................................................................................................................................................................................... 

Lot Nos ................................. 360 ?...... ............................................................................................................................................ 

Lessee(s) ...................................... ...................................................................................................... 

Add rcss.. ............................ .325.!?.. %&d%? .. !???!trt. t. ..!.?CC.@UYC r... l.t. ..&. ..GA ............................................................... 

The lessor, in  accordance with and subject to the provisions of the "Mineral Act," doth hereby demise unto 
the lessee, for a term of twenty-one years from the date first above written, all Crown minerals available under the 
terms of the "Mineral Act" in the mining property herein described, and the lessee doth hereby covenant and agree 
at all times to perform, observe, and comply with the provisions of the said Act and any regulations which may from 
time to  time be made under the authority thereof. 

The lessee shall keep the lessor indemnified against all actions, claims, and demands that may be brought or 
made against the lessor by reason of anything done by the lessee, his servants, workmen, or agents, in the exercise 
or purported exercise of the rights, powers, and privileges hereby granted. 

Description of location: Eaet of ~ang ~~b 

IN WITNESS WHERE' 
first above written. '< 

F the lessor and lessee have hereunto set the,. hands and sea., the ~yly and year 

................ 0. &M h ' .......... Q @ i I  :.... ..... M C  ........................ 

............................................................................................ ............................................................................................ 
Witnrrr. Lrrrec. 

. I  

................................ ..................... ......... 
Witnnr. Minister of Miner ond Prtrolrum Rcrowccr, Lrrror. 

0 



--. 
, * ’  . 

Jcrcngc ................ !?J +..j.J .................... Mincrnl 1,casc No. M .... 2.1. .................................... . .  

i 
M a p .  N o  .............. !!Y.?CV% ........................................ 

DEPARTMflNT OF M~~~~ Land District .(;.nuaiar ....................... 

A n l l u n l  l C i ~ l J I  $ ......... CI.6.ac ........... 

Annl1nl l<’llt;ll $ ......... 9.2a.00 ........... 

ilnnunl \vork 8 ....... 3.6$.*O.C! .......... 

I 

(1:irst trn yc.\r<, 50~. I’rr x r r  pcr year) 
C. M in. Div ............ ilkcona ....................................... . .  

( R a h n c r  of  furin $ l . O O  per acrc per yrar)  
I 

: AND 
PETftoI-EuM ] { E S ~ U R C E ~  

(First ten years $1.00 per i c r r  yer y rar )  

.Aqqunl worlc $.:.: _ _ _ _  , i>?.*!?.Q I.’ .......... 
(Uahnce of term $b.?O.per acrc per year) 

Date Of lease ... A p a l  ...I? ,... 1.;dt% .......... 
. .  

. ......< . . .  I ,  “ NI I N E R A 1, ACT”  ..- . I  

. . .  

Name of clnini (s) ........ ~ . ~ ~ . , .  ~ I ~ ~ ~ ~ ~ ~ . . ~ ~ ~ . ~ i ~ ~ . , . . ~ ~ ~ ~ ~ ~ . . . ~ ~ ~ ~ ~ . ~ ~ . . ~ ~ ~ ~  .................................................................... 

Record Nos ...................................................................................................................................................................................... 

Lot Nos 

Lcssec(s) Willard D. Tompson 

3624, 4189, 3625@ 4190 ............................................................................................................................................................................................ 

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

Add Rss .......................... 3.~5.Q..B~~~d~...~.~~~~.,..~?~~~...!...~.~ ........................................................ 

The lessor, in accordance with and subject to the provisions of the “Mineral Act,” doth hereby demise u n t o  
the lessee, for a term of twenty-one years from the date first above written, a11 Crown minerals available under the 
terms of the “Mineral Act” in the mining property herein described, and the lessee doth hereby covenant and agree 
a t  all times to perform, observe, and comply with the provisions of the said Act and any regulations which may from 
time to time be made under the authority thereof. 

The lessee shall keep the lessor indemnified a q i n s t  all actions, claims, and demands that may be brought or 
made against the lessor by reason of anything done by the lessee, his servants, workmen, or  agents, in the exercise 
or purported exercise of the rights, powers, and privileges hereby granted. 

Description of location: 
I 

vicinity of salfila Glaoier 

Provisos : 

IN WITNESS WHEREOF the lessor and lessee have hereunto set their hands and seals the day and year 

i ---r: ,-- 

......... ................... .... & . . A  .... 
Wifness. Lcsscc. 

...... ........,.....~ ’ Witness. 

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

0 



Mineral I..cnsc NO. M ............... 2.12 ....................... 

Map N o  4az.cirJid ............................... ............ 

Mill. Div ................................................................... Skocnn 

D ~ ~ ~ ~ . , . ~ , ~ ~ . ~  OF M , ~ ~ ~  

pT:lrROI.!;UM l<EsoLIRCEs 

Land District ...... C!;WD.hr: ......................... An nun 1 \YO I. li * ....... ‘44.0. 3 fl.9. ......... 
ANI) (First tcn yc.irr $ 4 . 0 ~ 1  per acre ycr yrar) 

AnnuLtl \vork $ ........ I,o.O..O.O .......... Date of lease .... AplSl..l~.,..l~CC ......... 
(8at; ir i tc !d trrm $6.00 per acre per year) . . .  “i\lINEIIAL ACT” 

ERAL LEASE 

Nnmc of cl ;i i ni (s ) .............. .N.nti~o...Sil~sr. .J?X.L~.. .. ltub~..%l.lYf~...l?X 1l.9.. .@.xd.. .L .......................................... 

liccord Nos:. .................................................................................................................................................................................... 

Lot h’os ................................ ...2 2, ... ..213, ... 42. ..................................................................................................................... 

Lcssce(s) .............................. U i l  lnrd.. n. ...T ompac3n .......... .: ................................................................................................... 

Add WSS.. ............................... 3950.. Ua;ylrldl:c. .!h!art.~.J!.e.t3t. .Vunc.o~lvsr~.~.R.~..C.O ...................................................... 

The lessor, in  accordance with and subject to the provisions of the “Mineral Act,” doth hereby demise unto 
the lessee, for a term of twenty-one years from the date first above written, all Crown minerals available under the 
terms of the “Mineral Act” in the mining property herein described, and the lessee doth hereby covenant and agree 
a t  all times to perform, observe, and comply with the provisions of the said Act and any regulations which may from 
time to time be made under the authority thereol. 

The lessee shall keep the lessor indemnified against all actions, claims, and demands that may be brought or 
made against the lessor by reason of anything donle by the lessee, his seryants, workmen, or  agents. in the exercise 
or purported exercise of the rights, powers, and privileges hereby granted. 
Description of location : viainity Salmon Iliver Valley 

Provisos: . . .  
. ,  

IN WITNESS WHEREOF the.lessor and :lessee have hereunto set their hands and seals the day and year 

0 / 



I . .  i r-'~ \().< /) i , .  
- i  

i . I  , '  1 ! , ,  . ' t ! > , $  

...: > ; >  Mineral l..ense No. M 223 .............................. 
.. ( 

......... 
i '  

r\crcagc .............. .k *..: ..... ................ 

I :: fj  Map No .................................................... Annual rcn1;il f ................. -: ............ 

Annual rcntnl 8 ......... 

I ; ' . - ' $ - ,  ,j 

E .  

(Firs t  trn yrdrs. 50i per ac 

Mi n. 1 3  v... ..... ::,h??.?.!"!.?.. ........................................... 

~l~~~~~~~~~ OF M , ~ ~ ~  Land District ........... .............................. 
(R3l.uicc of trrin $1.00 per 

::tit7" 
rlnnuat \vork 8 ....... .J 

A N D  (First ten ycars $4.00 per acre yer ycrr)  ...... 
Annual ,vorli '$. ............................... , ,, L'".' '?. -'!? PETROLEUM ~{ESOURCES Date of lease .......i.., .. ........................ 
(8aln;l?c of term $6.00 per acre per yrar)  . .  ._ , . "MINERAL ACT" 

Record Nos ...................................................................................................................................................................................... 
2f??;& l&l;.lc !;1:a1q31 l\c19;1, fR@? 2,1..i$j -6:'j y7:'.!~7 4 ) * 4 C  ' ' Jo  .... k f 3 1  ......... 5112e., ........ ............ ..... .......... Lot Nos ................................. ? ...... .,..:.. R...- ..................................... ?..............$.. .& t ..?.. '...z!?....?.-? T... 9 
;: y;l;>, I; i;? 2 I ' >  

-4 ' ,'*3?3CZ9 Lessee (s) ..................... 9,1~i..i..~~Xri.lh.~..l!.a...;.h..,~ . !.. ..................................................................................................................... ..* . . 

..... , r, ,:,'.'5 :: ;.-r:j %": ,113 f', r , ; !  y!-t ',?; i, ~1 C_ r ; : I; c; r:; i i  TJ:,'~: Address .......................... .i ............ dl.:..: ...... ':: ............... t... :..:: ...... S..: ............... :..J .... !h...!:: ................................................................ 

The lessor, in accordance with and subject to the provisions of the "Mineral Act," doth hereby demise unto  
the lessee, for a term of twenty-one ycnrs from thc date first above written, all Crown mincrals available under the 
terms of the "Mineral Act" in the mining property herein described, and the lessee doth hereby covenant and agree 
at all times to perform, observe, and comply with the provisions of the said Act and any regulations which may from 
time to time be made under the authority thereof.. 

The lessee shall keep the lessor indemnified against all actions, claims, and demands that may be brought or  
made against the lessor by reason of anything done by the lessee, his servants, workmen, or  agents, in the exercise 
or purported exercise of the rights, powers, and privileges hereby granted. 

Description of location: %a2mosr C S ~ W ~ W  

a -  

Provisos: 

IN  WITNESS WHEREOF the lessor and lessee have hereunto set their hands and seals the day and year 
first .above written. 

. / /- 

............................................................................................ ............................................................................................ 
WibCI I. 

z---- ........................................... 3 
MiniIfcr o/ Mines and Pcfrolcvm Rcrowccr. Ltrror. 

0 



Mincral 1-cnsc NO. M ................................... %z;j .... 

Min. Div ......... ~.k?9.?% ........................................... 

176.00 D ~ ~ , ~ ~ . ~ ~ , ~ ~ ~  M~~~~ Land District ..... !h.C?Xkx: .......................... 

Date of 1 ease.. ..... !.????!?.’??r. ?-.> 2.. &.%$ 

;\crcb.;igc.. ............. !t2*.50 ................. 

Annrinl rcnt;il $ ................................ I+ J+ . 00 

. .  

22.00 Map No ..................................................................... LhT1’36 3;.S A n n u ; i l  rcnt;il 8 .................... 
( I : I ~ s I  trn !Y,IV. C O i  pcr acrr pcr year 

c 

(BJlancc of tc1111 $1.00 pcr acrr prr scar)  

Annual woIk 8 ................................ 

Annual aork  $ ......... %)&.-..@? 
AND (First trn )cars $4.00 per acrc yer ycar) 

......... PETROLEUM RESOURCES 
(Riknce of trrm $600 pcr acrc per year) 

a .  . .  “RIIINEIIAL ACT” 

Cornellus Enpire Name of claim(s) ...................................... ? .................................................................................................................................. 

Record Nos ...................................................................................................................................................................................... 

Lot Nos ........................................ 1523 ..?...... 1324 ........................................................................................................................................ 

Addrcss .................................. ~ ~ ~ o . . ~ ~ d . ~ e . . c o u ~ . ? . . ~ e a t . . v ~ c o u ~ r ~ . . ~ r i t ~ 3 h . . c o 1 ~ b i a  .......................... 

Lessee(s) W i l l a r d  Dudley Tonplson ................................ .................................................................................................................................................... 

The lessdr, in accordance with and subject to the provisions of the “Mineral Act,” doth hereby demise unto 
the lessee, for a term of twenty-one years from the date first above written, all Crown minerals available under the 
terms of the “Mineral Act” in the mining property herein described, and the lessee doth hereby covenant and agree 
a t  all times to perform, observe, and comply with the provisions of the said Act and any regulations which may from 
time to time be made under the authority thereof. 

The lessee shall keep the lessor indemnified against all actions, claims, and demands that may be brought or 
made against the lessor by reason of anything done by the lessee, his servants, workmen, or agents, in the exercise 
or purported exercise of the rights, powers, and privileges hereby granted. 

DescriptSfof location: salmon Riwr 

(1) The surface of them l-fineral Claims are partly w i t h i n  a reserve Provisos: 
establirimd for the pmponed route of Granduc &lines ZW. Stetuart- Tide Lake rocd and 
this lease, therefore, excludes any surface rights over that porkion of t h e  LIineral 

Tho surface of t h h  EISleral Claim (Cornelius) is partly covered 
by the  mtcrs of an unnamed creek a d  this lease, t h o r e f o r e ,  excludes any surthce 
r i g h t s  over that portion of the 12irieraL Claim covemcl by the waters of tho said creek, 

I -  

3 / 3  Claim covered lq this r igl ib  of way, 
(2) 

IN  WITNESS WHEREOF the lessor and lessee have hereunto set their hands and seals the day and year 
first above written. - . .I / 

/’ -.-.- ?--- ~ 

............................................................................................ ............ 1- c. , / ~ ’  c., -..---- ~ . _ .  C-.  -...- c-...,/”-. 

Witness. 

............................................................................................ 
Lessee. 

0 



:\c rc';lg". ............................................ 102.52 

I-\n n 11 a 1 rc n t :I 1 $. 

Annual rcntal 8 $oJ.*.m 
(Balance of tcrrn $1.00 per acre pcr year) 

Mineral Lcasc No. M ......... 230 ............................. 

Map No ..................................................................... kT269: 1 ........ ........ 

0 

;l.*.%O.. 
(1:irst t m  yr.irs. I O c  prr  acrc pcr year) 

....... ........... ,,,,,,, NlbllUIN,or Min. Div .......... Q.kB.8118 .......................................... 
111, PliOIlsrr "1 IIUIII5IICrnIIUBIII 

Annual  work $ ....... w.@ .......... D~~~~~~~~~~ OF M~~~~ Land District ...Cma* ............................ 
(First t c n  yrars $.l.OO per acrc ycr yrar)  

Annu;il  work  8 ....... b18.00 .......... 
' (RalahW nf  Irim $&OO fdr acre prr  year) 

i .  '.\ . ~ 

RAL LEASE 
Galem CalenaMo .................................................................................................................... 1 Name of claim(s) ........................... R .... ! ..................... ? 

Record Nos. ................................................................................................................................................................................... .- 

Lot Nos ............................. k&IS*...&:6U ...................................................................................................................................... 

Address .............................. 395. f ) . . . ~  ~ ~ C l ~ % . . ~ O U ~ ~ . . ~ e S ~ . ~ . v ~ ~ . O U ~ ~ , . . ~ ~ ~ . ~ ~ . . ~ ~ ~ ~ ~ a  

Lessee(s) W i l l a r d  Ducllq To.mpson ...................................................................................................................................................................................... 

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

The lessor, in accordance with and subject to the provisions of the "Mineral Act," doth hereby demise unto 
the lessee, for a term of twenty-one years from the date first above written, all Crown minerals available under the 
terms of the "Mineral Act" in the mining property herein described, and the lessee doth hereby covenant and agree 
at all times to perform, observe, and comply with the provisions of the said Act and any regulations which may from , 

time to  time be made under the authority thereof. 

The lessee shall keep the lessor indemnified against all actions, claims, and demands that may be brought or  
made against the lessor by reason.of anything done by the lessee, his servants, workmen, or  agents, in  the exercise 
or purported exercise of the rights, powers, and privileges hereby granted. 
Description of location: '19. O f  bq 

. . 

.. 
t. 

I 
brovisos: (1) Portionn of the surfaces of the Gama and Gabena No, 1 Xinerd. Claims are 
within a reserve establsihed for the propoaed route, of the Granduc Pljnes Ltd Steo4mrt - 
Tide Lake Road and the Burface rigliter affected by this right of way are excepted f r o m  

of 
portion of the Mineral C l a i m  cover& by the waters of the  unnamed ereek. 

8 .  this leasehold. - 
(2) The marface of the Gal.43- No, X klinerid. Claim is partly covered ky the waters 

U"imzed creek and this lease, therefore, excludes 8ny surface right8 over that 

IN WITNESS WHEREOF the lessor and lessee have hereunto set their hands and seals the day and year 
first above written. 

................................................................................. ............. 
Witness. Lesser. 

............................................................................................ 
Lesser. 

Minister 01 Mines and Petroleum Rrsourcrs. Lessor. 

0 I 



I ./’ 
I ?  Q 3  .Airc.ag~. ...................... t-’.?../:: .......... 

:\nnual rciil:il $ .......... Z.2...CN .......... 

............... Id4 * ............... 0 
(I:irst I P I ~  yc.its. !Oi pcr asre pcr year) 

Miiicr;il I-casc No. M ...............,, ,,,-j-’-.-..- ................. 

r e  
Map No ............. hS/1cY.! ......................................... 

Mill. Div ........... !?kCC%% ......................................... 

:\nnual n.orl< ........ &76.d?O ......... D ~ ~ ~ ~ ~ ~ ~ : ~ ~  OF M , ~ ~ ~  Land District ....... CRaaiczrc ........................ 

h n u a l  i\orI< 8 ........ Zb,!+,OO ......... [’E.rR012EUM ~ ~ ~ ~ s ~ u R c E ~  Date of lease ........o.....i.......... ... AND (First ten yc.irs $4.00 per acrc ycr ycar) 

( R i h t i c c  o( rcrm $i,.?O pcr acrc per ycar) . ’ ,,<* “MINEIZAL ACT” 
I 

ERAL LEASE 

Name of claim (s) ............. F.a!?..v&M ...................................................................................................................................... 

Record Nos ...................................................................................................................................................................................... 

Lot Nos .............................. 2223 .................................................................................................................................................... 
Lessee(s) ......................................... ..o ....................... i ..................................................................................... 

Address ............................... ~ . ~ ~ o . . B ~ d S . . ~ ~ ~ ~ . . . ~ e ~ t . . v ~ C O . U V ~ ~ ~ . . . B ~ ~ t i ~ ~ . . . c O ~ ~ b ~ . ~  ............................. 1 
The lessor, in accordance with and subject to the provisions of the “Mineral Act,” doth hereby demise unto 

the lessee, for a term of twenty-one years from the date first above written, all Crown minerals available under the 
terms of the “Mineral Act” in the mining property herein described, and the lessee doth hereby covenant and agree 
at all times to perform, observe, and comply with the provisions of the said Act and any regulations which may from 
time to  time be made under the authority thereof. 

The lessee shall keep the lessor indemnified against all actions, claims, and demands that may be brought or 
made against the lessor by reason of anything done by the lessee, his servants, workmen, or agents, in the exercise 
or purported exercise of the rights, powers, and privileges hereby granted. 

Description of location : S-n u.vetr 

I 

/- 
1,’ ‘ 

Provisos{I) 
the proposed route of Granduc Nine8 Ltd. Stewark - Tide k I c e  road and this leaso, therefore, 

The surface of this M.nei:al C k d m  io partly vdthin a re6eme established for 

-,vqA? excludes any suffnce rights over t h a t  paz-tion of the Mfnsrtrl C h l m  covered by this r igh t  
-i of way. 

(2) The surface of th ie  Minei*aJ. C l a i m  io partly covered by the  waters of an unnamed 
creek and this lease. therefore. csxtfiudes any surfam rights over t h a t  portdon of the 
?fineral. C h i n  covered by the &tsrr; of the 

IN WITNESS WHEREOF the lessor and lessee have 
first above written. 
/---------- .,---’i 

L.: -.-a. -~e.. -- C.’ 
............................................................................................ 

Witncss. 

said creek. 

hereunto set their hands and seals the day and year 

/ 
. //4,zg&/fy * .............. ..A ................. J d:*zL . L5.d ................ 

-7\ 
Lcssec. 

............. 
Witness. 

......................... 
and Pctrolcum Rcrourccs. Lcssor. 

. .  . .  ? 



Acrcagc ..................... >., L. .......... 7L30 

Annual rcnt;il $ ............................... 37.50 

Annual rcntnl $ ....... 17.5.dN ............. 
(1:irst trn y . i r z ,  5 0 ~  pcr acrr pcr ycar) 

(Balance of tern1 $1.00 per acre pcr ycar) 

Mineral Lease No. M .......... 232 ............................. 

Map No .................... ................................. 

SkGf3tlA Min. Div ................................................................... 
,,I, I.rN,DUulNl 01 ,,,, r n l l V l Y l ,  (1, ,3ii1,,-1t (“lll”Dll 

M~ ES 

PEI:ROI.EU M I ~ E S O U R C E S  . 

“iMIN1~1<AL ACT” 

Land District ....... C8.SO& ......................... 

Date of lease ......;.i,,,,1........ ..... Annual n o r k  8 ....... 3.OQ...aO .......... 

Annual work 8.: ..... 1,.501-o0 ......... 

. ,  (First ten yrarr $4.00 per acre ycr y n r )  A N D  
I 

(B.a\ancc bf t c r h  06.r)O per acrc per ycar) 

- ,  
.- . 

. . .  . 2 ,  .. 
. . . . . .  

ERAL LE 

Record Nos ...................................................................................................................................................................................... 

Lot NOS .............................. ~ ~ ~ 2 . D  .. S8jSi, ... ~$f j5 .  D . .  ;1r85.6 .......................................................................................................... 

Lessee( s)  ............................ W i l l a r d . - . . .  Tawon-.. ..................................................................................................... 

The l e s x .  in nccotcisnce with and subject to the provisions of the “hlineral Act,” doth herebj- demise u n t o  
i h r  Ic~wc,  ior 3 tcrni of t\venty-one years from the date first above aritten, all Crown minerals available under it.% 
tcmis o i  the “Alineral Act” in the mining property herein described, and the lessee doth hereby covenant and z g : e  
a t  a11 tinics to perform, observe, and comply with the provisions of the said Act and any regulations which may from 
lime ro time bc n u d e  under the authority thereof. 

The lessee shaII keep the lessor indemnified against all actions, claims, and demands that may be brought or 
made against the lessor by reason of anything done by the lessee, his servants, workmen, or agents, in the exercise 
or purported exercise of the rights, powers, and privileges hereby granted. 

Description of location: Umr Q h c f e r  

rovisos: (1) The surface of the Red ]Rook Mineral C l a i m  is g&&r covered by the waters 
of S u n  Creek and this lease, thwefore, B3Ec1ude8 any part of the surface affected 
b-Jr the watera of the asid Creek. 

4 4 v  

IN WITNESS WHEREOF the lessor and lessee have hereunto set their hands and seals the day and year 
first above written. 

--. .-/ 
............ ‘T-7 k.. ...................................................................................... /4-id&..R.fi-= .cz..d3 C . Z .  _-__ -5-e- ~~ ‘ 

L a c e .  Witness. 

............................................................................................ 
Lessee. 

a%% ..................... 
Ministcr of Mines and Pelrolrum Rcsowccr, Lrssor. 



163 11 :\crc;lgC‘ ........................ f .  ................ .... 

m.00 

161, 00 

Mincrnl I..cnsc No. M ............... 233 ........................ 

M a p  No .......... I t...::.. T76 Y if 
Min. Div ..................... Qks.c.n;r ............................... 

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

P 

Annuril rcnt:il 

Annual  rcii1;iI 8 ............. 0 .................. 

i\nnunl nwic 8 ...... 6%6.*.3 ........... ~~ET‘hH. , .h , l iN .r  M~~~~ Land D i s t r i c t . . h s o l a r  ............................. 

A n r ~ u n l  wurk $.. ..... 9a4..(X, 1’E.rRoI.EUhl IIESOURCES 

(1:irzt lrn ycarr. 511s pcr acrc [wr ycar) 

i n a l a n c e  of tcri i i  $1.00 prr acrc pcr year) 

A N D  (First tcii yr.irr $4.00 per acre yrr ycar) 

Date of lease ...... ............ 
(RLl3ncc of wrm $6.00 per acre per ycar) , - . .  ” 

“ M I N E I< AL ACI’” 
....... . .  :. *.: . .  

IERAL LEASE 

Nsmc of claim (s) Knob H i l l  #... b a t o n  Freotfon a ...... IWn : ......................... Fruction .> baton  Fraction I d 0  ..... 2 ...................................... ..................................... ............................................... * 

rkcord Nos ...................................................................................................................................................................................... 

Lot N O S  ...................................... 3220 S.. 25a ...... J... 5322 ....... 2.. 3523 ........................................................................................................... 

Lessee(s) W i l l m i  Dudley Toqson 

Add rcss ................................. 3 . ~ 5 ~ . . ~ ~ d & ~ . . . . ~ ~ ~ , . . ~ , e . ~ . . v ~ . C O . U V ~ . r ~ . . . ~ ~ t ~ ~ h . . . ~ ~ ~ b i a  .......................... 

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

The lessor, in accordance with and subject to the provisions of the “Mineral Act,” doth hereby demise unto 
the lessee, for a term of twenty-one years from the date first above written, all Crown minerals available under the 
terms of the “hlineral Act” in the mining pr0pert.y herein described, and the lessee doth hereby covenant and agree 
at all times to perform, observe, and comply with the provisions of the said Act and any regulations which may from 
time to  time be made under the authority thereof. 

The lessee shall keep the lessor indemnified ,against all actions, claims, and demands that may be brought or 
made against the lessor by reason of anything done by the lessee, his servants, workmen, or agents, in the exercise 
or purported exercise of the rights, powers, and privileges hereby granted. 

Description of location: s- Rim 

pl T- / 
Provisos: 
Boston Fraction No, 2 Mneral C h k 3  a m  Wrthin a reserve estabZishod for the proposed 

(9) Portiona of the ~1;txrfaces of the Boston FracIAon, Bean Fraction, d 

----~~ymute of the  Grandua Nines Ltd. Stemant - Tide hke b a d  axxi the eurface fights 
affected by thfs right of way are accepted f r o m  tNsj leasehold. d 

IN WITNESS WHEREOF the lessor and lessee have hereunto set their hands and seals the day and-year  

/------ 
first above written. 
c ,/-> 

j,, , c-- : ..:--. -- ............................................................................................ .... 
\ 1  

Wihrrr. 

............................................................................................ ................................................................................... 
Lrrrrr. 

................................... 
Minirtrr 01 Mints nd Petroleum Rrrourcn. Lrrror. 

. .  , ’ ,  
0 

i : .  



i 

- ; ,  ’ 9. ’ 

Mineral I-cnsc No. M .......... t- C, .............................. 

Mnp No lJ‘2 67;4 
r\c rc;i p. .................. t 5. .67.. ....... 

Annual rciit:il $ :?J ...m ........ 
A nnu;il rcii t ;il 8 ........... 1,6.*.QQ ........ 

/-J 4 
..................................................................... ........... 

(Firs t  tcn yc.irs. ilk prr acrr: pcr year) 

Min. Div ................................................................... Slcacnn 
( n a l m c c  of tcrm $1 .00  prr acrc per ycar) 

Annual iv0l-k $ U 4  ...W D ~ ~ ~ ~ ~ ~ ~ ~ . ~  M , ~ ~ ~  Land District ... c@.rZC!&%? ............................ ......... ........ 
AND (First ten years $4.00 per acrc ycr ycar) 

Prr ROI. E U M I< ESOCJ RCE s Date of lease.. .. r!o.u&cr.. 15, -.l$&%- Annual w o r k  $ ......... 2!&a ....... 
(BaIa+e of t c m  $h.0?.per acrc per ycar) 

. .  “MINERAI, ACT” 

. . . . . .  .,-. ... ~ 

. . . . . . .  
. . . .  , 

LEASE 
Bill Fr Name of claim(s) ................................... t ......................................................................................................................................... 

Lot Nos. .................................. w.%. ................................................................................................................................................ 

Lessee(s) .................................. . .  Dudlo$. . .‘rQm.$Qn. .................................................................................................. 

Record Nos ...................................................................................................................................................................................... 

Address ....................... 

The lessor, in accordance with and subject i o  the provisions of the “Mineral Act,” doth hereby demise unto 
the lessee, for a term of twenty-one years from the date first above written, all Crown minerals available under the 
terms of the “hlineral Act” in the mining property herein described, and the lessee doth hereby covenant and agree 
at all times to percorm, observe, and comply with the provisions of the said Act and any regulations which may from 
time to  time be made under the authority thereof. 

The lessee shall keep the lessor indemnified against all actions, claims, and demands that may be brought or 
made against the lessor by reason of anything done by the lessee, his servants, workmen, or agents, in the exercise 
or purported exercise of the rights, powers, and piivileges hereby granted. ’ 

Description of location; Northweat of Stewart 

E 

Provisos: 

IN WITNESS WHEREOF the lessor and lessee have hereunto set their hands and seals the day and year 
first above written. 

............................................................................................. ... ..-- ....................... ................................ 
WA.... Leiice. 

...... ................................... 
itn s,’ Miniitr r 01 Mines Ad Petroleum Reiowcrs, Leisor. 

0 

I 



b 

Mineral Lcasc No. M ....................................... 235 
... 

-, Acrc‘agc.. ............................................ 

Map No ................... /&%!I?i ................................... 
37 029 

Annual rcn1;il $ .............. 7-7 
(Firs t  t rn  yrxrs. 50i p r r  acrc p c r - ) c . ? r p - - . -  

Min. Div ................. S.kc= ................................... 

Land District ........ Catl#.is?rr ....................... 

Annual rcntnl yC ............. 3a.W ...... 

Annual work $ ............ 172..i?Q ..... 

Annual unrk $- ............ 2z03-, 

(nalancc of tcrm $1.00 per acrc pcr year) 

D ~ ~ ~ ~ . , . ~ ~ ~ ~  OF M , ~ ~ ~  

PETROL E” M 11 ESOU R C ~  s 

“MINEI<AL ACT’,’ 

A N D  (First ten years $4.00 per acrc ycr yrar) 

(Balance of tcrrp $6.00 per acrc pcr y!$ 

Da tc of lease.. ...... .EkWmh C. .Is,. . lg&3 ...... 

... 
AI. LEASE 

Namc of claim(s) Dauntle se ........................................................................................................................................................................... 

Record Nos ...................................................................................................................................................................................... 

Lot Nos .................................... 3219 ............................................................................................................................................... 
Lessee (s) ................................. . M i W . . ~ . L ~ . . T O ~ ~ O . n  .................................................................................................. 

..\ddress.....................................3.5O........o..,....t...Y...e.,..Erit........................... 

The lessor. in  accordance with and subject to the provisions of the “Mineral Act,” doth hereby demise unto 
the lessee, for a term of twenty-one years from the date first above written, all Crown minerals available under the 
terms of the “Mineral Act” in the mining pr0pert.y herein described, and the lessee doth hereby covenant and agree 
at all times to perform, observe, and comply with the provisions of the said Act and any regulations which may from 
time to time be made under the authority thereof. 

The lessee shall keep the lessor indemnified against all actions, claims, and- demands that may be brought or  
made against the lessor by reason of anything done by the lessee, his servants, workmen, or  agents, in the exercise 
or purported exercise of the rights, powers, and privileges hereby granted. 

; Description of location: Northwest of Stewart 

Proviso;: 
the proposed route of the GrcMduc Itiinee Ltd. Stewart t o  Tide Lake road and this lease, 
therefore, exclude8 aqy porbbn of %he road cowred by this &iimral6bb. 

(I) The surface of %hie ?J?eral C l a i m  l i e s  w i t h h  a mserv~ estab3ished f o r  
7347 

.o. 

IN  WITNESS WHEREOF the lessor and lessee have hereunto set their hands and seals the day and year 

/ 
first above- written. 
,..--- //-p; 

,- .... ............................................................................................. ........ ..... ........ -----, / <--;l._.- ---.--\ -.._ ‘- .--I 
Witness. 

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

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

0 

7 



. $  

i . 
.. 2 s  f Aci-cngc ‘1 64. .......................... 2...* .............. 

/\nnual rctit:ii ............ 6.6 ..QQ 
m 

-l ........ 
(Izirst t m  yrarz, S O i  pcr acre pcr ycsr) 

Annual rcntal 8 ............ 52AO ........ 
(Ri l sncc  of twin $1.00 pcr acre pcr ycrr) 

Annual \vorli 8 .......... 2.OS.W ....... 

Annual \\vrl< %; .......... u . , ~  ....... 

(First tcn yrars $4.00 pcr acre ycr ycar) 

(balance of trim $(>.OO pcr a 2  per ycar) 

Mineral I..cnsc No. M ............... 2.3(? ....................... 

Map No .......... 4T2b$Jl.I ............................................ 

Min. Div ........ ~.kC.QM ............................................ 

D ~ ~ ~ ~ . , . ~ ~ ~ ~  OF M , ~ ~ ~  Land District ...... Ctbrtaktr ......................... 

“rM1NI~lihL AC‘I‘” 

MINERAL LEAS€ 

Name of claim (s) ........ Pachra..F~., ......................................................................................................................................... 

Record Nos ...................................................................................................................................................................................... 

Lot Nos ......................... 5.549 ......................................................................................................................................................... 

Lessee( s) ...................... . W i l l i t r d .  .I;ludleyr..Tmpson ............................................................................................................ 

Address .......................... SgS;O ......... C.. .,....e 8. .... cQ... .... i. .. 01.. .................................. 

‘ The lessor, in accordance with and subject to the provisions of the “Mineral Act,” doth hereby demise unto 
the lessee, for a term of twenty-one years from th,e date first above written, all Crown minerals available under the 
terms of the “Mineral Act” in the mining property herein described, and the lessee doth hereby covenant and agree 
at  all times to perform, observe, and comply with the provisions of the said Act and any regulations which may from 

The lessee shall keep the lessor indemnified against all actions, claims, and demands that may be brought or 
made against the lessor by reason of anything done by the lessee, his servants, workmen, or-  agents, in the exercise 
or purported exercise of the rights, powers, and privileges hereby granted. 

4 time to time be made under the authority thereof. 

Description of location: Northwest of Stewart 

for the proposed C 

his lease, tbrefore, excludes any portion of the road covered by this Jiineral 

surface of t N a  Mineral C W  Ilea within a rsserve established 
route of the Grsnduc Nines LM. Stewart to Tide ZakE Road and 

IN WITNESS WHEREOF the lessor and lessee have’hereunto set their hands and seals the day and year 
first above written. _- c7-- < ,./I- - .e 

- / -  ... ../ ............................................................................................ 
w i t h .  

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

0 



I ,’ /- I .  i’: i’ - . 
Miner;iI I..cnsc No. M ............................... :iy/-..,.... 

Map No ..... km69!I ................................................. 

,\crc;l gc.. w:. 4;: ............................ 

A n n u n i  rcnliii $ ...... 5 1 e . C ) O  ............. 

Annual rcnt;il $ ...... 102.00 ........... 

# q  

(1:irst 1t-n yr.irs, ilk pcr a c r c  pcr ycar) 

Min. Div ..... Skaena ............ .................................. 
(Ralancr o( trri i i  $1.00 per acrr per year) 

... Annual ~ v o r k  $ ....... /d?f;\.e.oO .......... r,EPAR.rMI.NT M~~~~ Land District an i a r  

Annual tvorlc $... .... & ? . , ~  .......... 

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

AND (First t rn  )’cars $4.00 per acre yer ycar) 

~ ~ ~ T : . r R O I . E U ~ 1  l<EsoURCEs 

“MINEI<AL ACT” 

Date of Icase .......... LimxA.mz..l,!i,..XJ.6E? 
(Balance of t r r m  $6.00 per acre pcr year) 

LEASE 

Name of claim (s ) ......... $.=YB3!. . RQm, ... !fWNQ... .............................................................................................................. 

Record Nos ....................................................................................................................................................................................... 

Lot Nos. ....................... 5418,. ..5kx?-.. .......................................................................................................................................... 
....... 

Lessee (s). ..................... bsillard. .. .Dudlesg... ... Tmptson ........................................................................................................ 

Address.. .................... ..3.95.9. .wi.dga..G.&L.,. ..~w&..Ya.ncQuver .,.. &itish.Columbk .................................. 

, The Icssor,,in accordancc with and subject to thc provisions of the “Mineral Act,” doth hereby demise u n t o  
5 ,  thc. Itsuc, f p r j . t c r m  of twcnty-onc ycnrs from tlic tlatc first abovc written, all Crown minerals available untlcr the 

tcrnis of tlic “h!incral Act” i n  the niining property licrcin described, and thc lcssee doth hcrcby covenant and agrcc 
at  all times to perform, observe, and comply with the provisions of the said Act and any rcgulations which may from 
time to time be made under the authority thereof. 

The lessee shall keep the lessor indemnified against all actions, claims, and demands that may be brought or  
made against the lessor by reason of anything dlone by the lessee, his servants, workmen, or agents, in the exercise 
or purported exercise of the rights, powers, and privileges hereby granted. 

Description of location: we& cue of’ S d k n  Rimr Gb&r ~. 

< . * , ’- _ ._ 1. ; . I  , ’! ’. 

, . !  

. .  

Provisos : 

IN WITNESS WHEREOF the lessor and lessee have hereunto set their hands and seals the day and year 
first above writtep. 

............. ............................................ ............. 
Witness. 

0 



I t  

7 .-_ . .  * .  ; J i  

............................... Mincrnl I,casc No. M .............................................. 
9 1 .’I 

Acrcngc 1 
/ f  ......... Map No ............... 1 $‘?/~C:q .‘r..t. .............................................. ,: r\cinunl rcnt;il $ ....... kt,r,;*.dX? . 

i (;<irst t m  ye.irs. 5 0 i  prr acrv pcr year) 
5 !I c: QZ& Min. Div ................................................................... 

. 
,411 nun  1 rent :I 1 8.. ..... . y x  .. CQ.. ....... 

. Annuai work 8 ____.. ~,?>:Jx,I _ _ _ _ _ _  

Annual \veri< ___. 5. AC;S {q.. 

-- (RJlnncr of tcrin Fl.00 per acrc per year) 

D ~ ~ , , ~ . ~ ~ , ~ ~ ~ ,  M~~~~ Land District G.QGfl.hW 

PETROI.EU~,~  I ~ E S O U R C E S  

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

AND ..I (Cirst ten years $4.00 per acrc ycr year) 

(Balance of term $6.00 pc/;r‘c”p:rYyear) 

I ;  . 
Date of lease .... :: ....,.......,,.. : ...,..... ....’.*, . ._” --. . ? ’ .  

4 “NIINI-~I<AL AC’I’” 

i’ 

Addrcss .................. 
* .  

I *_ . _ .  
. I  
,I ,.,, ... ....... ................. ..................................... .... ........... ................................................. Xt.?:.: S W  F!r:9ca  is st k u r 2  a Uest Ymcazavw a .__.: FrJtf .._.: I.... nh C o l ~ ~ & l ~  : 

, .  
The lessor, in  accordance with and subject to the provisions of the “Mineral Act,” doth hereby demise u n t o  

the lessee, for a term of twenty-one years from the date first above written, all Crown minerals available under the 
terms of the “Mineral Act” in the mining property herein described, and the lessee doth hereby covenant and agree 
at all times to perform, observe, and comply with the provisions of the said Act and any regulations which may from 
time to  time be made under the authority thereof. 

The lessee shall keep the lessor indemnified against all actions, claims, and demands that may be brought or 
made against the lessor by reason of anything done by the lessee, his servants, workmen, or  agents, in  the exercise 
or purported exercise of the rights, powers, and privileges hereby granted. 

Description of location: Northwest of Ste-1-t 

IN WITNESS WHEREOF the lessor and lessee have hereunto set their hands and seals the day and year 
first above written. 

................. ................................ ............................... :.. ............. 
Witneri. Lesser. 
















