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1. INTRODUCTION 

A combined helicopter electromagnetic and magnetic survey, 

totalling 297 line miles, was carried out for Mattagami Lake 

Exploration Limited on Weir Mountain to the northeast of 

Atlin British Columbia. The survey was flown on June loth, 

12th and 13th, 1 9 8 0 .  

The survey was flown at a nominal spacing of 1 / 8  mile with a 

bird height of 120 feet, using an Astar 350 helicopter CF- 

GRGC operated by Maple Leaf Helicopters Ltd. of Kelowna, B.C. 

Survey airspeed averaged about 70 mph. 

The electromagnetic system used was an Aerodat dual frequency 

unit, consisting of vertical, coaxial coils mounted approxi- 

mately 7.0 metres apart in a "bird" towed 100 feet below the 

helicopter. Separate transmitting and receiving coils were 

used for each frequency. Operating frequency of the system 

was 9 0 0  Hz and 4200 Hz. Additional equipment included a 

Barringer Research AM-104 proton magnetometer, a Hoffman radar 

altimeter, a Geocam 35 mm flight path camera, a Barringer 

8-channel hot pen recorder. In addition to analogue recording, 

data was also recorded on magnetic tape using an Aerodat-Perle 

data acquisition system. 

Specifications of the instruments are given in Appendix I, and 

Appendix I1 provides details on the analogue recorder channels. 
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2 .  DATA PRESENTATION __ 

2 . 1  E l e c t r o m a q n e t i c s  

A i rbo rne  E l e c t r o m a g n e t i c  Survey  I n t e r p r e t a t i o n  Map shows 

i n t e r p r e t e d  a x e s  of c o n d u c t i v e  r e s p o n s e s  on t h e  lower  f r e -  

quency. The r e s p o n s e s  are i n d i c a t e d  as  c i rc les  w i t h  a num- 

ber o u t s i d e  t h e  c i rc le  g i v i n g  t h e  i n p h a s e  ampl i tude  i n  p a r t s  

p e r  m i l l i o n  (ppm) of t h e  p r i m a r y  f i e l d  s t r e n g t h ,  and a num- 

ber w i t h i n  t h e  c i r c l e  g i v i n g  t h e  a p p a r e n t  conductance  r a n g e  

on a t e n  d i v i s i o n  scale shown on t h e  map l e g e n d .  The appa r -  

e n t  conduc tance  i s  d e t e r m i n e d  by  a p p l y i n g  t h e  i n p h a s e  and 

q u a d r a t u r e  anomaly a m p l i t u d e s  t o  a p h a s o r  d i ag ram f o r  t h e  

v e r t i c a l  h a l f - p l a n e  model. The r e l a t i o n s h i p  of a p p a r e n t  

conduc tance  t o  t r u e  c o n d u c t a n c e ,  which i n  t h e  case of nar row,  

s l a b - l i k e  b o d i e s  i s  t h e  p r o d u c t  of t h e  e l ec t r i ca l  conduc- 

t i v i t y  and a v e r a g e  t h i c k n e s s ,  depends  upon how c l o s e l y  t h e  

body approx ima tes  t h e  s h e e t - l i k e  form, and upon how n e a r l y  

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

o f  t h e  a i r c r a f t .  

Conductance i n  mhos i s  t h e  r e c i p r o c a l  o f  r e s i s t a n c e  i n  

ohms and i s  a g e o l o g i c  p a r a m e t e r  b e c a u s e  it i s  c h a r a c t e r -  

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

of f r e q u e n c y  and f l y i n g  h e i g h t  (o r  d e p t h  o f  b u r i a l )  and re- 

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

and  d i p ,  and i s  more s t r o n g l y  a f f e c t e d  by conduc to r  s i z e  

t h a n  i s  conduc tance .  Although t h e  conduc tances  p r e s e n t e d  

are  a p p a r e n t  o n l y ,  t h e y  are  most u s e f u l  f o r  compara t ive  

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

Most o v e r b u r d e n s  have  a p p a r e n t  c o n d u c t a n c e s  which f a l l  i n -  

t o  t h e  l o w e s t  r a n g e  on t h e  scale (< 2 mhos) , whereas  con- 

d u c t i v e  c l a y s  may have  a p p a r e n t  c o n d u c t a n c e s  i n  t h e  n e x t  

r a n g e  ( 2 - 4  mhos) . The h i g h e r  r a n g e s  i n  t h e  scale (> 4 mhos) 

i n d i c a t e  t h a t  a s i g n i f i c a n t  f r a c t i o n  of t h e  e l e c t r i c a l  con- 

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

Mater ia l s  which c o n d u c t  e l e c t r o n i c a l l y  are l i m i t e d  t o  t h e  

m e t a l l i c  s u l p h i d e s  and t o  g r a p h i t e .  Thus,  t h e  h i g h e r  appar -  

e n t  conduc tance  c a t e g o r i e s  are g e n e r a l l y  l i m i t e d  t o  g r a p h i t e  

and  t o  s u l p h i d e - b e a r i n g  r o c k s .  A s t r o n g  conductance  

(> 1 5  mhos) i n d i c a t e s  w e l l - c o n n e c t e d  m i n e r a l i z a t i o n  ex tend-  

i n g  t h r o u g h o u t  a f a i r l y  l a r g e  r e g i o n ,  and t h i s  o f t e n  sug- 

g e s t s  e i t h e r  g r a p h i t e  zones  o r  mass ive  s u l p h i d e s .  Poor t o  

moderate conduc tances  (4-15 mhos) may - o r i g i n a t e  from massive 

s u l p h i d e s ,  i f  t h e y  are n o t  w e l l  i n t e r c o n n e c t e d  o r  i f  t h e y  

are of a p o o r l y  c o n d u c t i n g  v a r i e t y  such  as  g a l e n a .  

A l s o  d e t e r m i n e d  from t h e  p h a s o r  c u r v e s  b u t  n o t  shown i n  

t h e  A i r b o r n e  E l e c t r o m a g n e t i c  Survey  are t h e  a p p a r e n t  d e p t h s  

t o  t h e  c o n d u c t o r s .  Although t h e  p h a s o r  c u r v e s  are  o f t e n  
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a b l e  t o  d i s t i n g u i s h  between c o n d i t i o n s  of compara t ive ly  

t h i c k  and t h i n  overburden,  t h e  depth  estimates a r e  n o t  gen- 

e r a l l y  r e l i a b l e .  Some of t h e  more common reasons  f o r  t h i s  

are : 

(i) t h e  c o n d u c t i v i t y  of  t h e  body may change w i t h  
dep th  

(ii) t h e  conductor  plunges 

(iii) t h e  d i p  i s  s u b s t a n t i a l l y  less than  v e r t i c a l  

( i v )  i n t e r f e r e n c e  from conduct ive  overburden o r  h o s t  
rock has  d i s t o r t e d  t h e  anomalies 

(v )  t h e  body h a s  t o o  s h o r t  a s t r i k e  l e n g t h  t o  g i v e  
a good h a l f - p l a n e  response.  

Any of t h e  c o n d i t i o n s  enumerated above may e f f e c t  t h e  

anomaly ampl i tudes .  Some w i l l  cause roughly propor t ion-  

a te  changes i n  b o t h  phases ,  so t h a t  t h e  depth  estimates 

t end  t o  be more s e r i o u s l y  a f f e c t e d  than  t h e  conductance 

estimates.  Appendix I11 prov ides  a l i s t i n g  of  responses  

t o g e t h e r  w i t h  ampl i tude  ( i n  ppm), appa ren t  conductances,  

appa ren t  dep ths  t o  t h e  conductor  and s e n s o r  h e i g h t .  

Airborne Elec t romagnet ic  Survey P r o f i l e  Maps show cont inu-  

ous  r eco rd  of inphase  and quadra tu re  EM responses  a long  

t h e  f l i g h t  l i n e s  i n  a d d i t i o n  t o  t h e  in fo rma t ion  shown on 

t h e  Elec t romagnet ic  Survey Map. These  p r o f i l e s  a r e  t r a n s -  

c r i b e d  and p l o t t e d  from magnetic t a p e  recorded i n  f l i g h t ,  

a f t e r  a s s i g n i n g  a s u i t a b l e  base - l eve l  va lue .  P r o f i l e s  a r e  

p re sen ted  f o r  both t h e  9 0 0  and 4 2 0 0  f r e q u e n c i e s  s e p a r a t e l y .  
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I n  e a c h  case t h e  h e a v i e r  l i n e  r e p r e s e n t s  i n p h a s e ,  and t h e  

t h i n n e r  l i n e  i s  ou t -o f -phase .  

2 . 2  Magne t i c s  

The T o t a l  F i e l d  Magnet ic  Map shows c o n t o u r s  of t h e  t o t a l  

m a g n e t i c  f i e l d ,  u n c o r r e c t e d  f o r  r e g i o n a l  v a r i a t i o n .  Wheth- 

e r  a n  EM anomaly w i t h  a magne t i c  c o r r e l a t i o n  i s  more l i k e l y  

t o  be c a u s e d  by a s u l p h i d e  d e p o s i t  t h a n  one  w i t h o u t  depends 

on t h e  t y p e  o f  m i n e r a l i z a t i o n .  An a p p a r e n t  c o i n c i d e n c e  be- 

tween a n  EM and a magne t i c  anomaly may b e  caused  by a con- 

d u c t o r  which i s  a l s o  magne t i c ,  o r  by a c o n d u c t o r  which l i e s  

i n  close p r o x i m i t y  t o  a magne t i c  body. The m a j o r i t y  o f  con- 

d u c t o r s  which are a l s o  magne t i c  are s u l p h i d e s  c o n t a i n i n g  

p y r r h o t i t e  and/or  m a g n e t i t e .  

i n  close a s s o c i a t i o n  can  be, and o f t e n  are ,  g r a p h i t e  and 

m a g n e t i t e .  I t  i s  o f t e n  v e r y  d i f f i c u l t  t o  d i s t i n g u i s h  be- 

tween t h e s e  cases. I f  t h e  c o n d u c t o r  i s  a l s o  magne t i c ,  it 

w i l l  u s u a l l y  produce  and EM anomaly whose g e n e r a l  p a t t e r n  

resembles t h a t  o f  t h e  magne t i c s .  Depending on t h e  magne t i c  

p e r m e a b i l i t y  of t h e  c o n d u c t i n g  body,  t h e  a m p l i t u d e  o f  t h e  

i n p h a s e  EM r e s p o n s e  may b e  s u p p r e s s e d  o r  even  r e v e r s e d  i n  

s i g n .  

Conduc t ive  and magne t i c  b o d i e s  
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3 .  GENERAL OBSERVATIONS 

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

A t o t a l  of 5 0 8  r e s p o n s e s  have  been r e c o r d e d  i n  t h e  s m a l l  

a rea ,  an  u n u s u a l l y  h i g h  number. Of t h e s e  2 6 1  are i n  t h e  

0 c a t e g o r y  of c o n d u c t i v i t y  ( t h a t  i s  from 0 t o  2 mhos) 

and c o u l d  no rma l ly  be e l i m i n a t e d  a s  ove rburden .  However, 

i n t e r e s t i n g  m i n e r a l i z a t i o n  i s  known t o  o c c u r  i n  t h e  area 

t h a t  c o n s i s t s  c h i e f l y  of s p h a l e r i t e  i n  v e i n s  and s t r i n g e r s .  

N o  r e s p o n s e  i s  o b t a i n e d  o v e r  t h e s e  zones  w i t h  c o n v e n t i o n a l  

ground u n i t s  b u t  h i g h  f r e q u e n c y  equipment  s u c h a s V L F  and 

EM-31 h a s  g i v e n  wor thwhi l e  d a t a .  L a b o r a t o r y  t e s t s  have  

shown t h e  z i n c - r i c h  mater ia l  t o  have  a r e s i s t i v i t y  of 

a b o u t  200  ohm f e e t  and  c a l c u l a t i o n s  show t h a t  it s h o u l d  

r e spond  t o  t h e  h e l i c o p t e r  sys t em,  p a r t i c u l a r l y  on t h e  4 1 7 5  

Hz q u a d r a t u r e  t race.  

F o r  ease o f  d i s c u s s i o n  t h e  area w i l l  be d i v i d e d  i n t o  t h e  

A l p i n e  and  V a l l e y  Regions as i n d i c a t e d  by t h e  E-b7 t r e n d i n g  

l i n e  a c r o s s  t h e  s o u t h  p a r t  o f  t h e  area. N o t e  t h a t  t h e  

A l p i n e  r e g i o n  c o v e r s  n e a r l y  9 0 %  o f  t h e  area and t h e  V a l l e y  

r e g i o n  a b o u t  1 0 % .  Each r e g i o n  w i l l  be d i s c u s s e d  s e p a r a t e l y  

b e l o w .  

3 . 2  A l p i n e  Region 

The A l p i n e  Region i s  u n d e r l a i n  c h i e f l y  by c r y s t a l l i n e  

A l a s k i t e  i n  t h e  form of a n  i n t r u s i o n .  S l o p e s  are s t e e p ,  
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and ou tc rop  i s  abundant ove r  most of  t h e  a r e a .  Poorly 

conduct ive  z o n e s ,  such a s  o u t l i n e d  above should be recog- 

n i z a b l e  from t h e  r e s i s t a n t  bedrocks.  However, t h e r e  a r e  

a few l a k e s  and a l l u v i a l  f i l l e d  v a l l e y s  t h a t  may g i v e  r ise  

t o  overburden type  responses .  

Where p o s s i b l e ,  t h e  i n d i v i d u a l  anomalies  have been grouped 

i n t o  zones f o r  ease of d i s c u s s i o n .  However, because of 

t h e  abundance of i s o l a t e d  response  many have n o t  been in -  

c luded a s  f i r s t  p r i o r i t y  t a r g e t s  o r  d i s c u s s e d  i n  t h e  t e x t .  

These should  be r e e v a l u a t e d  when t h e  tests of  t h e  s t r o n g e r  

zones h a s  been completed. 

I n  g e n e r a l ,  t h e  anomalies  a r e  numbered consecu t ive ly  f o r  

t h e  f i r s t  l i n e  on which they  appear .  

- 1. 

2. - 

- 3. 

- 4 .  

- 5. 

- 6 .  

- 7 .  

- 8. 

moderate i s o l a t e d  conductor  - second p r i o r i t y .  

a d e f i n i t e  zone c o r r e l a t i n g  wi th  l a k e  - p o s s i b l y  

l a k e  bottom - second p r i o r i t y .  

Doublet  w i t h  s t r o n g  h i - f r e q .  quadra tu re  - f i r s t  

p r i o r i t y .  

NW t r e n d i n g  zone h i g h  conductance on l e v e l  2 - 

f i r s t  p r i o r i t y .  

long  NE zone - second p r i o r i t y .  

weak zone - t h i r d  p r i o r i t y .  

Shows 15  mhos on l i n e  9 - f i r s t  p r i o r i t y .  

Three unusa l  r e sponses  - t h i r d  p r i o r i t y .  
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- 9. 

1 0 .  - 

11. - 

1 2 .  - 

1 3 .  - 

14. - 

15 .  - 

1 6 .  - 

1 7 .  - 

18. - 

1 9  & 2 0  

2 1 .  - 

I s o l a t e d  response  f a i r  ampli tude - t h i r d  p r i o r i t y .  

Conductances of 8 & 9 mhos on l i n e  9 - f i r s t  p r i o r i t y .  

Large group of m u l t i p l e s  - s t r o n g  v a l u e s  on 1 2  sou th  

- needs t r a v e r s i n g  - 2nd p r i o r i t y .  

Modest t r i p l e t  - t h i r d  p r i o r i t y .  

S t rong  i s o l a t e d  response  - f i r s t  p r i o r i t y .  

Group of s t r o n g  anomalies  w i t h  NE t r e n d  - f i r s t  

p r i o r i t y .  

Broad moderate response  sugges t  NW zone. North end 

n e a r  known m i n e r a l i z a t i o n  - f i r s t  p r i o r i t y .  

S h o r t  moderate zone - second p r i o r i t y .  

Correlates c l o s e l y  w i t h  ground Zone E - f i r s t  p r i o r i t y .  

Modest zone b u t  n o t e  a s s o c i a t i o n  wi th  zones 2 1  & 23 

- t h i r d  p r i o r i t y .  

Modest zones - t h i r d  p r i o r i t y .  

Modest zone c o r r e l a t e s  w i t h  broad magnetic l o w  - 

t h i r d  p r i o r i t y .  

2 2 .  - Four anomalies i n  an a r e a  of broad responses  - 

t h i r d  p r i o r i t y  

23 .  - Moderate zone on t h e  f l a n k  of  a magnetic anomaly, 

may fo l low c o n t a c t  - f i r s t  p r i o r i t y .  

2 4 .  - Moderate zone  w i t h  ca t egory  3 anomaly on e a s t  - 

second p r i o r i t y .  

25 & 2 6  Two s i m i l a r  zones t h a t  bo th  d i s p l a y  h i g h e r  conduc- 

t i v i t y  on l i n e  2 7 2  - second p r i o r i t y .  

2 7  & 2 8  I n d i v i d u a l  responses  w i t h  h igh  c o n d u c t i v i t y .  Zone 

28 i s  s t r o n g e s t  - f i r s t  p r i o r i t y .  
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29 .  - NW zone w i t h  t w o  c o n d u c t i v i t y  i n d i c a t i o n s  - f i r s t  

p r i o r i t y .  

30. - Modest NE t r e n d  w i t h  a s s o c i a t e d  broad c o n d u c t i v i t y  - 

t h i r d  p r i o r i t y .  

31. - S h o r t  zone w i t h  a ca t egory  2 response  - second 

p r i o r i t y .  

32. - S h o r t  zone w i t h  c o n d u c t i v i t y  of 3 mhos - second 

p r i o r i t y  . 
33. - W e l l  developed zone t h a t  c o r r e l a t e s  w i th  l a k e  - 

conductance o f  1 0  on l i n e  34 - second p r i o r i t y .  

3 4 .  - I r r e g u l a r  zone t h a t  may be r e l a t e d  t o  g e n t l e  mag- 

n e t i c  h igh  - second p r i o r i t y .  

35 & 36 Two s h o r t  zones w i t h  improved c o n d u c t i v i t i e s  of 

3 mhos and 5 mhos r e s p e c t i v e l y  - second p r i o r i t y .  

37. - A s h o r t  zone w i t h  a conductance of 5 mhos - f i r s t  

p r i o r i t y .  

38 & 39 Two moderate zones of  p o s s i b l e  i n t e r e s t  - second 

p r i o r i t y .  

40 .  - A well-formed zone w i t h  a conductanceof 5 mhos - 

f i r s t  p r i o r i t y .  

4 1 .  - A weaker zone. t h i r d  p r i o r i t y .  

4 2 .  - A l i n e a r  zone w i t h  t w o  ca t egory  2 c o n d u c t i v i t i e s  - 

f i r s t  p r i o r i t y .  

43. - Weak zone, on s t r i k e  w i t h  zone 36 - t h i r d  p r i o r i t y .  

4 4 .  - Modest z o n e ,  remote from known m i n e r a l i z a t i o n  - 

t h i r d  p r i o r i t y .  
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3 . 3  V a l l e y  Reqion 

The V a l l e y  Region i s  known t o  be u n d e r l a i n  c h i e f l y  by 

s e d i m e n t s  o f  t h e  Cache Creek group.  Broad,  s t r o n g  r e s p o n s e s ,  

( u p  t o  2 m i l e s )  are e v i d e n t  on m o s t  of t h e  l i n e s  i n  t h e  

r e g i o n .  Superimposed on t h e s e  b r o a d  r e s p o n s e s  are a series 

of h i g h e r  a m p l i t u d e ,  s h a r p e r  r e s p o n s e s :  t h e  s t r o n g e s t  of 

which have  been  i n d i c a t e d  and l e t t e r e d  as Zones A t o  H 

i n c l u s i v e .  These s u g g e s t  a ser ies  of e n  e c h e l o n  zones  

p r o b a b l y  due  t o  g r a p h i t e  o r  p y r i t e  w i t h i n  t h e  s e d i m e n t a r y  

f o r m a t i o n s .  The conduc tance  o f  Zones A t o  H i s  between 1 0  

t o  30 mhos b u t  a t  p r e s e n t  t h e y  are  n o t  r e g a r d e d  as  e x p l o r a -  

t i o n  t a r g e t s .  N o  a t t e m p t  h a s  b e e n  made t o  c o r r e l a t e  t h e  

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

a complex s y s t e m  o f  p a r a l l e l  o r  s u b - p a r a l l e l  s t r u c t u r e s .  

Such a t a s k  would a p p e a r  t o  be beyond t h e  scope  of t h e  

a i r b o r n e  da t a  and s p a c i n g .  

I f  t h e  V a l l e y  Region becomes o f  economic i n t e r e s t  a re- 

e v a l u a t i o n  of t h e  a i r b o r n e  r e s u l t s  may be p o s s i b l e  b u t  t h e  

area would a p p e a r  t o  r e q u i r e  d e t a i l e d  ground s u r v e y i n g  t o  

s e p a r a t e  t h e  m u l t i t u d e  o f  c o n d u c t o r s .  
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4 .  SUMMARY AND RECOMMENDATIONS 

A t o t a l  of 5 0 8  c o n d u c t i v e  i n t e r c e p t s  w e r e  found i n  t h e  s u r v e y .  

For  ease o f  d i s c u s s i o n  t h e  area h a s  been  d i v i d e d  i n t o  t h e  

A l p i n e  and t h e  V a l l e y  Regions.  

A l p i n e  Region 

Most o f  t h i s  area i s  u n d e r l a i n  by c r y s t a l l i n e  A l a s k i t e  and i s  

c o n d u c t i v e l y  i n e r t  e x c e p t  f o r  l a k e s  and  areas of v a l l e y  f i l l .  

Ground s u r v e y s  have  shown t h a t  p o o r l y  c o n d u c t i v e  a n o m a l i e s  

( b e l o w  t h e  r a n g e  o f  s t a n d a r d  ground e l e c t r o m a g n e t i c  methods) 

are o f  economic impor t ance .  T e s t s  show t h e s e  zones  t o  f a l l  i n  

t h e  lower  c o n d u c t i v i t y  r a n g e  of t h e  h e l i c o p t e r  sys tem.  

F o r t y - f o u r  c o n d u c t i v e  zones have  been  i n t e r p r e t e d  from t h e  d a t a  

and t w o  of t h e s e  ( z o n e s  1 5  & 1 7 )  a g r e e  c l o s e l y  w i t h  known ground 

anomal i e s  and m i n e r a l i z a t i o n .  

I n  a l l ,  1 4  zones  have  been  awarded a f i r s t  p r i o r i t y  r a t i n g .  

Zones 3 ,  4 ,  7 ,  10 ,  1 3 ,  1 4 ,  1 5 ,  1 7 ,  23, 2 7 ,  28,  29 ,  37 & 4 0 .  The 

r ema in ing  zones  and  i n d i v i d u a l  r e s p o n s e s  s h o u l d  be r e a s s e s s e d  

on t h e  bas i s  of t h e s e  r e s u l t s .  

V a l l e y  Region 

The s t r o n g  r e s p o n s e s  i n  t h e  V a l l e y  Region a r e  b e l i e v e d  t o  be due 

t o  g r a p h i t e  o r  p e r h a p s  s u l p h i d e s  i n  t h e  Cache Creek f o r m a t i o n s .  

N o  fo l low-up i s  s u g g e s t e d  a t  p r e s e n t .  Should  t h e  area become of 

economic i n t e r e s t  d e t a i l e d  ground g e o p h y s i c s  w i l l  be r e q u i r e d  t o  

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

bands .  
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APPENDIX I 

Ins t rumen ta t ion  

E lec t romasne t i c  Ins t rumen t  

Type: Dual f requency inphase-quadrature  ins t rument  

manufactured by Aerodat Limited,  Toronto. 

Co i l s :  The t r a n s m i t t i n g  and r e c e i v i n g  c o i l s  a r e  l o c a t e d  i n  

a " b i r d "  towed 1 0 0 '  below t h e  h e l i c o p t e r .  The c o i l s  

a r e  c o a x i a l  and are 2 5  f e e t  a p a r t .  The c o i l  a x i s  i s  

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

Frequency: 9 0 0  Hz and 4 2 0 0  Hz. 

Noise Level:  1 - 2  ppm a t  0 . 1  second t i m e  c o n s t a n t .  

Magnetometer 

Type: Pro ton  p r e c e s s i o n  model AM-104 manufactured by 
B a r r i n g e r  Research Limited,  Toronto. 

Cycl ing t i m e :  1 . 1 3  seconds.  

P o l a r i z i n g  t i m e :  0 . 5 8 7  seconds.  

Sensing head des ign :  5 i nch  d iameter  Toroid.  

Hor i zon ta l  P o s i t i o n i n g  

Geocam 35 mm f l i g h t  p a t h  camera and i n t e r v a l o m e t e r .  

V e r t i c a l  P o s i t i o n i n u  

Hoffman Radar A l t i m e t e r  

Data Recorders 

E igh t  channel  B a r r i n g e r  analogue pen r eco rde r .  

Aerodat DAC-NAV magnet ic  t a p e  d i g i t a l  a c q u i s i t i o n  system. 
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Analogue Tape 

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

f o l l o w s :  

T i m e  S c a l e  
Channel  C o n s t a n t  Units/mm Noise 

1 sec 1 0  f ee t  1 0  f e e t  1. Radar A l t i t u d e  

2 .  EM 9 0 0  i n p h a s e  0 . 1  sec 2 PPm 1 PPm 

3. EM 900 Q u a d r a t u r e  0 . 1  sec 2 PPm 1 PPm 

4 .  EM 4200 i n p h a s e  0 . 1  sec 2 PPm 1 PPm 

5. EM 4200 q u a d r a t u r e  0 . 1  sec 2 PPm 1 PPm 

6 .  Magnetometer 1 sec 2 . 5  gamma 1 gamma 

7. 60  Hz Moni to r  

8.  Magnetometer 1 sec 2 5  gamma 1 gamma 

I n  a d d i t i o n ,  t h r e e  f i d u c i a l  marke r s  are used  between t h e  

c h a n n e l s ,  a s  f o l l o w s :  

F i  duc  i a1 Occurrence  - - ~  

60 h z  marker  o c c u r s  o n l y  o v e r  power l i n e s .  

C a m e r a  f i d u c i a l s  o c c u r s  r e g u l a r l y  a t  5 second i n t e r v a l s  
on e v e r y  l i n e .  

N a v i g a t o r  f i d u c i a l s  o c c u r s  d i s c o n t i n u o u s l y  on e v e r y  l i n e .  

The 6 0  h z .  f i d u c i a l  i d e n t i f i e s  a n o m a l i e s  g e n e r a t e d  by power 

l i n e s ,  a l l o w i n g  them t o  be d e l e t e d  from t h e  EM map. 

The n a v i g a t o r  f i d u c i a l  marks r e p r e s e n t  p o i n t s  on t h e  ground 

which w e r e  r e c o g n i z e d  by t h e  a i r c r a f t  n a v i g a t o r .  

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

The begin-  
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f i d u c i a l s .  These a r e  fol lowed by a series of unevenly-spaced 

f i d u c i a l s  moving r igh t -wards  a long  t h e  t a p e ,  which i s  t h e  d i -  

r e c t i o n  o f  f l i g h t .  The end of t h e  l i n e  i s  f l agged  by a s t r i n g  

of t h r e e  n a v i g a t o r  f i d u c i a l  marks. 

The camera f i d u c i a l  marks i n d i c a t e  p o i n t s  on t h e  s t r i p  f i lm .  

The f l i g h t  l i n e  numbers and anomaly l e t t e r s  as  marked on t h e  

maps are taken  d i r e c t l y  from t h e  f l i g h t  t a p e s .  The l i n e  

numbers, fol lowed by an N o r  S a r e  d i s p l a y e d  a t  t h e  t o p  of 

t h e  t a p e  above t h e  r a d a r  a l t i t u d e  t r a c e .  The N o r  S c o r r e s -  

ponds t o  t h e  f l i g h t  d i r e c t i o n  of  t h e  p a r t i c u l a r  l i n e ,  which 

i s  survey  n o r t h ,  o r  survey south.  The anomaly l e t t e r s ,  i n  

a l p h a b e t i c  o r d e r  by l i n e ,  a r e  found between t h e  r a d a r  a l t i -  

tude  trace and t h e  upper inphase  EM t r a c e .  



A P P E N D I X  I11 

Anomaly Listing 
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STATEMENT OF COSTS 

Helicopter-borne Electromagnetic and Magnetic Survey 

Contractor Fees $ 20,000.00 

Preparation Costs 

5 mandays 483.20 
M i  scel 1 aneous Charges (Postage, Telephone , etc. ) I 96.36 

$ 20,579.56 

Breakdown o f  Mandays: 

J. Biczok: 1 day (3 $ 72.92/day = $ 72.92 
W. Mercer: 4 days@ $102.57/day = $ 410.28 

. . . . . . . . . . 










