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1. INTRODUCTION 

T h i s  r e p o r t  d e s c r i b e s  a combined h e l i c o p t e r  magne t i c  and  elec- 

t r o m a g n e t i c  s u r v e y  ca r r i ed  o u t  f o r  Tanacana Mines L i m i t e d  i n  

t h e  Wingdam area,  e a s t  of Q u e s n e l  i n  B r i t i s h  Columbia. 

The s u r v e y  w a s  f lown on A p r i l  2 7 t h ,  1 9 8 0 ,  u s i n g  an  A l o u e t t e  I11 

h e l i c o p t e r  C-FCFT o p e r a t e d  by Ken t ing  H e l i c o p t e r s  of C a l g a r y ,  

A l b e r t a .  A t o t a l  of 1 0 0  m i l e s  w e r e  f lown a l o n g  east-west  l i n e s  

spaced  a nominal  6 6 0  f e e t .  

The e l e c t r o m a g n e t i c  s y s t e m  used  w a s  a n  Aeroda t  d u a l  f r e q u e n c y  

u n i t ,  c o n s i s t i n g  of v e r t i c a l ,  c o a x i a l  c o i l s  mounted a p p r o x i m a t e l y  

7 .0  meters a p a r t  i n  a " b i r d "  towed 1 0 0  f e e t  below t h e  h e l i c o p t e r .  

1 S e p a r a t e  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  w e r e  u sed  f o r  e a c h  f r e -  

quency.  O p e r a t i n g  f r e q u e n c y  of t h e  sys t em was 9 0 0  Hz and 4 2 0 0  Hz.  

S p e c i f i c a t i o n s  of t h e  magnetometer  and  a n c i l l a r y  i n s t r u m e n t s  are 

g i v e n  i n  Appendix I.  
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2 .  SURVEY PROCEDURE 

2 . 1  G e n e r a l  -- 

The survey  was flown a t  a nominal l i n e  spac ing  of 660  

f e e t .  Survey a i r s p e e d  averaged about  4 0  mph., and t h e  

a i r c r a f t  main ta ined  an average t e r r a i n  clearance of 250 

f e e t ,  w i t h  t h e  EM b i r d  1 0 0  f e e t  below, o r  approximately 

1 5 0  f e e t  above t h e  ground. The magnetometer sensor was 

l o c a t e d  on a t o w  c a b l e  50 f e e t  below t h e  a i r c r a f t ,  and 

approximately 200  f e e t  above t h e  ground. 

Survey equipment c o n s i s t e d  of an Aerodat d u a l  frequency 

e l e c t r o m a g n e t i c  system, a Bar r inge r  AM-104 pro ton  magne- 

tome te r ,  an Aerodat-Perle  d a t a  a c q u i s i t i o n  system, a Hoff- 

man r a d a r  a l t ime te r ,  a Geocam 35 mm f l i g h t  p a t h  camera, 

and a B a r r i n g e r  8-channel analogue r e c o r d e r .  

Personnel  d i r e c t l y  involved  i n  t h e  survey  w e r e  a s  fo l lows:  

Robert  Hage - H e l i c o p t e r  p i l o t  
W.P. Boyko - Operat ions manager and equipment o p e r a t o r  
Pierre  Moisan - Equipment o p e r a t o r  
Winston Chin Quee - Data p rocess ing  
Alexander Mlcuch - Geophys ic i s t  

D a t a  P l o t t i n g  S e r v i c e s  o f  Don M i l l s  computer processed  

t h e  EM d a t a  and g r idded ,  contoured and p l o t t e d  t h e  magne- 

t i c s  on an au tomat ic  p lo t -bed  p l o t t e r .  F l i g h t  p a t h  was re- 

covered by Jumal and Assoc ia t e s  of Toronto.  
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2 . 2  F l i q h t  P a t h  P o s i t i o n i n s  

Survey  n a v i g a t i o n  w a s  b a s e d  on pho tomosa ic s  a t  a scale 

o f  1:10,000. Manual f i d u c i a l  f l i g h t  p a t h  c o n t r o l  w a s  used  

i n  f l i g h t ,  and s u b s e q u e n t l y  f l i g h t  p a t h  w a s  v e r i f i e d  u s i n g  

35 mm f i l m  a c q u i r e d  by a G e o c a m  f l i g h t  p a t h  camera o p e r a t e d  

d u r i n g  t h e  f l i g h t s .  F l i g h t  p a t h  w a s  p l o t t e d  on an uncon- 

t r o l l e d  pho tograph  mosa ic  a t  a sca le  o f  1:10,000, which 

a l s o  w a s  u sed  as  a base map f o r  p r e s e n t a t i o n  o f  su rvey  

r e s u l t s .  
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3 .  DATA PRESENTATION 

3 . 1  E l e c t r o m a a n e t i c s  

A i r b o r n e  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  a s  c i rc les  w i t h  a num- 

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

p e r  m i l l i o n  (ppm) of t h e  p r imary  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  conduc tance  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 appar -  

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  o f  a p p a r e n t  

conduc tance  t o  t r u e  conduc tance ,  which i n  t h e  case o f  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  o f  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 a p p r o x i m a t e s  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  

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

Conductance  i n  mhos is  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  i t  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  independen 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  of 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 c o n d u c t o r  s i z e  

t h a n  i s  conduc tance .  Al though 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  o f  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  o f  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 .  

Materials 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  

me ta 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  a r e  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  conduc tance  

(> 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  

modera te  c o n d u c t a n c e s  (4-15 mhos) may - o r i g i n a t e  from mass ive  

s u l p h i d e s ,  i f  t h e y  a r e  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 o f  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 .  

Also  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  Ai rborne  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 .  Al though t h e  p h a s o r  c u r v e s  are o f t e n  



3 - 3  

able  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 c o m p a r a t i v e l y  

t h i c k  and t h i n  o v e r b u r d e n ,  t h e  d e p t h  estimates are n o t  gen- 

e r a l l y  r e l i ab le .  Some of t h e  m o r e  common r e a s o n s  f o r  t h i s  

are : 

(i) t h e  c o n d u c t i v i t y  o f  t h e  body may change w i t h  
d e p t h  

(ii) t h e  c o n d u c t o r  p l u n g e s  

(iii) t h e  d i p  i s  s u b s t a n t i a l l y  less t h a n  ve r t i ca l  

( i v )  i n t e r f e r e n c e  from c o n d u c t i v e  ove rburden  o r  h o s t  
rock  h a s  d i s t o r t e d  t h e  a n o m a l i e s  

(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  r e s p o n s e .  

Any o f  t h e  c o n d i t i o n s  enumera ted  above may e f f e c t  t h e  

anomaly a m p l i t u d e s .  Some w i l l  c a u s e  r o u g h l y  p r o p o r t i o n -  

a t e  changes  i n  b o t h  p h a s e s ,  so  t h a t  t h e  d e p t h  estimates 

t e n d  t o  be more s e r i o u s l y  a f f e c t e d  t h a n  t h e  conduc tance  

e s t i m a t e s .  Appendix I11 p r o v i d e s  a l i s t i n g  of r e s p o n s e s  

t o g e t h e r  w i t h  a m p l i t u d e  ( i n  ppm), a p p a r e n t  c o n d u c t a n c e s ,  

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  and s e n s o r  h e i g h t .  

A i rbo rne  E l e c t r o m a g n e t i c  Survey  P r o f i l e  Maps show c o n t i n u -  

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

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  i n f o r m a t i o n  shown on 

t h e  E l e c t r o m a g n e t i c  Survey  Map. These p r o f i l e s  are t r a n s -  

c r i b e d  and  p l o t t e d  from magne t i c  t a p e  r e c o r d e d  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  b a s e - l e v e l  v a l u e .  P r o f i l e s  are 

p r e s e n t e d  f o r  b o t h  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  c a s e  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 i n n e r  l i n e  i s  out-of-phase.  

3 . 2  Magnet ics  

t h e  

The T o t a l  F i e l d  Magnetic Map shows con,ours of ,he to-a1 

magnet ic  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- 

er  an  E M  anomaly w i t h  a magnet ic  c o r r e l a t i o n  i s  m o r e  l i k e l y  

t o  be caused  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  of m i n e r a l i z a t i o n .  An a p p a r e n t  co inc idence  be- 

tween a n  EM and a magnet ic  anomaly may be caused  by a con- 

d u c t o r  which i s  also magnet ic ,  o r  by a conduc to r  which l i e s  

i n  close p r o x i m i t y  t o  a magnet ic  body. 

d u c t o r s  which are a l so  magnet ic  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 magne t i t e .  

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

magne 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  conductor  i s  a l s o  magnet ic ,  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  of  t h e  magnet ics .  

p e r m e a b i l i t y  of t h e  conduc t ing  body, t h e  a n p l i t u d e  of t h e  

i n p h a s e  EM r e s p o n s e  may be suppressed  o r  even r e v e r s e d  i n  

The m a j o r i t y  o f  con- 

Conductive and magnet ic  bod ie s  

Depending on t h e  magnet ic  

s i g n .  
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4 .  R E S U L T S  AND COMMENTS 

4.1 

4.2 

Genera l  O b s e r v a t i o n s  - 

Most o f  t h e  r e s p o n s e s  are of bed rock  o r i g i n  i n d i c a t e d  by  

r e l a t i v e l y  h i g h  a p p a r e n t  conduc tance .  E x c e p t i o n s  t o  t h i s  

are a l o n g  t h e  highway f o l l o w i n g  L i g h t n i n g  Creek where 

power l i n e  r e s p o n s e s  are  d i f f i c u l t  t o  d i s t i n g u i s h  from 

genu ine  bed rock  r e s p o n s e s .  

I n  g e n e r a l ,  t h e  bed rock  r e s p o n s e s  are b r o a d  and m u l t i p l e ,  

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

c a u s e .  However, p y r i t e  o r  o t h e r  c o n d u c t i v e  s u l p h i d e s  may 

o c c u r  w i t h i n  o r  a d j a c e n t  t o  t h e  c o n d u c t o r s  caused  by g r a -  

p h i t i c  s e d i m e n t a r y  r o c k s .  The area w i t h  g r e a t e s t  p o t e n t i a l  

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

h a l f  o f  t h e  area where c o n d u c t o r s  are of l o c a l  e x t e n t  and 

s t r i k e  n o r t h  t o  n o r t h e a s t .  

Conductor  - D e s c r i p t i o n  

I n t e r p r e t e d  a x e s  of c o n d u c t o r s  f a l l  i n t o  two g e n e r a l  s t r i k e  

d i r e c t i o n s .  A pronounced b r o a d ,  n o r t h w e s t  t r e n d i n g  zone o f  

c o n d u c t o r s  domina te s  t h e  s o u t h w e s t  h a l f  o f  t h e  area,  and 

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

e a s t  p a r t .  

The n o r t h w e s t  t r e n d i n g  b e l t  o f  c o n d u c t o r s  i n  t h e  s o u t h w e s t  
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p a r t  d i s p l a y  good a p p a r e n t  c o n d u c t a n c e ,  a l t h o u g h  t h e y  are 

g e n e r a l l y  b road .  G r a p h i t i c  s e d i m e n t a r y  r o c k s  o r  v o l c a n i c  

r o c k s  w i t h  c o n d u c t i v e  s a l t s  are t h e  most  p r o b a b l e  c a u s e .  

The n o r t h e a s t  boundary  o f  t h e  b e l t  t e r m i n a t e s  a l o n g  a 

n o r t h w e s t  t r e n d i n g  magne t i c  zone ,  most  l i k e l y  r e p r e s e n t i n g  

basic i n t r u s i v e  mater ia l .  D i v e r s e  s t r i k e s  on e i t h e r  s i d e  

of t h i s  d e m a r c a t i o n  l i n e  s u g g e s t  t h a t  t h e  basic i n t r u s i v e  

f o l l o w s  a m a j o r  f a u l t  s t r u c t u r e  o r  d i s c o n f o r m i t y .  

Conductors  t o  t h e  n o r t h e a s t  are o f  l o c a l  e x t e n t  and o f f e r  

a bet ter  p o s s i b i l i t y  o f  b e i n g  caused  by  s u l p h i d e s .  

(1) A zone o f  several  p a r a l l e l  c o n d u c t o r s  r u n s  a l o n g  t h e  

uppe r  r e a c h e s  o f  R a m o s  Creek.  The c o n d u c t o r s  are r a t h e r  

b r o a d ,  b u t  have  good a p p a r e n t  conduc tance .  

( 2 )  S e v e r a l  zones  o f  p a r a l l e l  c o n d u c t o r s  are l o c a t e d  i n  t h i s  

area.  Apparent  conduc tance  and c h a r a c t e r  are  i d e n t i c a l  t o  

area (1). 

( 3 )  A r e l a t i v e l y  l o n g  c o n d u c t i v e  zone r u n s  a l o n g  L i g h t n i n g  

Creek ,  e x t e n d i n g  n o r t h e a s t  o f  Wingdam. I n  p l a c e s  t h e  con- 

d u c t o r  i s  d i f f i c u l t  t o  d i s t i n g u i s h  f r o m  power- l ine  d i s t u r -  

bance ,  however,  it s h o u l d  be i n v e s t i g a t e d  on t h e  ground f o r  

p o s s i b l e  s u l p h i d e s .  

( 4 )  Broad, weak r e s p o n s e s  w i t h  good a p p a r e n t  conductance .  The 

i n t e r p r e t e d  a x e s  f o l l o w  a magne t i c  l i n e a m e n t  s u g g e s t i n g  
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a p o s s i b l e  s h e a r  zone. 

( 5 )  E x c e l l e n t  p r o f i l e  c h a r a c t e r ,  good a p p a r e n t  conduc tance ,  

and l o c a l  occu r rence ,make  t h i s  one  of t h e  be t te r  t a r g e t s .  

The c o n d u c t o r  a l so  p a r a l l e l s  a magne t i c  l i n e a m e n t .  

( 6 )  and ( 7 )  r o u g h l y  f o l l o w  a c r e e k  f l o w i n g  i n t o  E v e r t o n  

Creek. The zone i s  b r o a d ,  b u t  conduc tance  is f a i r .  Should  

be i n v e s t i g a t e d  on  t h e  ground.  

( 8 )  ( 9 )  (10 )  and  (11) a p p e a r  t o  b e  a s s o c i a t e d  w i t h  t h e  

n o r t h w e s t  t r e n d i n g  m a g n e t i c  zone ,  a l t h o u g h  t h e r e  i s  a 

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

c o n d u c t i v e  band t o  t h e  s o u t h w e s t .  Conductor  ( 8 )  a p p e a r s  

t o  f o l l o w  Wingdam Creek ,  and  migh t  r e p r e s e n t  a s h e a r  zone. 
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5. CONCLUSIONS AND RECOMMENDATIONS 

Two c o n d u c t i v e  env i ronmen t s  are i n d i c a t e d  by  t h e  su rvey .  I n  

t h e  s o u t h w e s t  h a l f  o f  t h e  area,  c o n d u c t o r s  s t r i k e  u n i f o r m l y  

n o r t h w e s t ,  and are broad, w i t h  good a p p a r e n t  c o n d u c t i v i t y .  

The c o n d u c t o r s  are most  l i k e l y  produced  by c o n d u c t i v e  rock-  

t y p e s  and no s p e c i f i c  p o s s i b l e  s u l p h i d e  t a r g e t s  c a n  b e  recog-  

n i z e d .  

Conductors  i n  t h e  n o r t h e a s t  p a r t  of t h e  s u r v e y  area are o f  

l oca l  e x t e n t  and  o f f e r  a be t te r  p o t e n t i a l  as  s u l p h i d e  t a r g e t s .  

Ground g e o l o g i c a l  e x a m i n a t i o n  i s  recommended on t h e  e l e v e n  

i n d i c a t e d  c o n d u c t i v e  zones. Conductor  ( 5 )  i s  c o n s i d e r e d  t o  

be  o f  h i g h e s t  p r i o r i t y .  
d 

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

M i s s i s s a u g a ,  O n t a r i o .  W.P. Boyko, M.Sc., P.Eng. 
June  24, 1980. 



APPENDIX I 

I n s t r u m e n t a t i o n  

Elec t romagnet ic  Ins t rumen t  

Type: Dual f requency inphase-quadra ture  in s t rumen t  

manufactured by Aerodat Limi ted ,  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  are 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 a r e  25 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: Proton 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 :  0.587 seconds.  

Sensing head des ign :  5 inch  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 s  

Hoffman Radar A l t i m e t e r  

Data Recorders 

E i g h 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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Analosue 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  Scale  
Channel  C o n s t a n t  Units/mm Noise 

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

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

3. EM 9 0 0  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 PP* 

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

6 .  Magnetometer 

7 .  6 0  H z  Moni tor  

8 .  Magnetometer 
d 

1 sec 2 .5  gamma 1 gamma 

1 sec 25 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 ,  as  f o l l o w s :  

F i  duc  i a1  --- 

6 0  h z  marker  

Occurrence  

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  b e  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 .  The beg in -  

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  
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f i d u c i a l s .  These are f o l l o w e d  by a series of unevenly-spaced 

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

o f  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 l m .  

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 t a k e n  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 ,  f o l l o w e d  by  an N o r  S are d i s p l a y e d  a t  t h e  t o p  o f  

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  o f  t h e  p a r t i c u l a r  l i n e ,  which 

i s  s u r v e y  n o r t h ,  o r  s u r v e y  s o u t h .  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 ,  are found be tween t h e  r a d a r  a l t i -  

t u d e  trace and  t h e  uppe r  i n p h a s e  EM t race.  
d 
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Anomaly L i s t i n g  





Y.4- . . 

9 . 3  
2 2- 

R 
9 3  1 1 7 - 
2 1  1 hO 

hJ 3.9  4 . 4  3 1 4 9  



L 







1 9 A  0.0 3 * 7  ? ? 127 

FSTJ M A T E 0  D E P T H  W A Y  R E  I I N R E L I A R L E  P<CAlJSE THE STRONGER PART 
I1F THF CONDIICTQH M A Y  RE DEEPFR O R  T O  ONE SJPF OF THE F L I G H T  

- _ _  _ _ _  . - - -  - -__ - -  

____ .- - L ~ I ~ I ~ ~ - Q R - ~ ~ E C A I J S L _ O F  A SHALLOW D I P  OR OVEPBUPDEN EI?FECIS.-.- _ - -  





250 5 . 3  2 . 3  13  133 1 4 3  

75F 3 . 8  8.7 1 1 154 
191 _ ____- 2 5 E  3 . 7  - 2 0  8 108 

- Ls JUAJ ED-DUJt l -P?A YLBJL U-!R EL IAB L U R E  CAU S P _ J B F I E l l h r G E R E  -. - - - 
OF THE CON?IDl lCTOR M A Y  BE DEF.P€R OR TI) ONE SIDE OF THE F L J G H T  
I .TNF,  O R  R€CAUSF OF A SHALl.Ok DJP OR ClVERHllRDEN E F F E C T S ,  





7A 10 .3  5 . 2  3 52 1 6 Z  
____-___ -. -. - _ _ ~  - _______ 

E S T I M A T E D  DEPTH M A Y  RE UNRFL TABLE HECAIJSE T H F  STRONGER P A R T  
OF THE CONDI.!CTOR 9 A Y  HE DEEPER O R  T O  CINE SIDE OF THE F L I G H T  

_- _ _ _ _ _  LIA!E,- Of? BECAUSE OF A SH4LLOW DIP- OR OVERBURDLfrL-LEE€C.TS,- __ ~ 



~. i- 7 ... 
2 

. . . __ 

1 O A  5 . 5  9 . 4  0 37  127 

E S T I V A T E D  D F P T H  M A Y  R E  U N R E L I A B L E  BECAUSE THE STRONGER P A R T  
OF Tt4k CONDliCTOR M A Y  RE DEFPER OR T O  ONE S I D E  OF THE F L I G H T  

__-_ -. - - .. - - - . - . _ _-- - - __ t 



__ __ - - -- _ - --- 
E S T I M A T E D  D F P T H  W A Y  RF  ~ J N H E C I A H L  E B E C A U S E  THE S T R O N G F R  P A R T  
nF THE C O N D U C T O R  W A Y  R E  D E E P E R  OH T O  O N E  S I D E  O f  THE F L J G H l  
I I P E ,  .OR_ BECAUSELOF A SHALLOW 01P- O R  O V E H B U R D E L E F E E C T S ,  



I -- 

- - - - - _- __ . - I- - T M F  _ANP - Y PPHASE - OIJADRAT-URF CONDIIC T O R -  KLRg - 

ANflMAL Y PPM PPM MHOS D E P T H  HE I GHT 

- -5. -5 
6 . 5  

17.1 

13 .9  
z i  .2 
32.5 
25.8 
22.2 

00.5 
31 .3  

3 . a ~  - 

- 1  7 . 2- -- - 

J 



- 1 T-NF AND- _ _  I N P H A S E  f l l l A l > R A T l J R E  C O NO1 IC T O R  R J RI) _- - 
A I JOM AL Y PPM P P M  MHOS DEPTH HF l G H T  

- . 

19A 5.1 1 7 . 9  0 0 127 

E S T I V A T E D  DFPTH M A Y  HE u N H E L I A B L F  R E C A U S E  THE STRONGER P A R T  
OF THF C Q N D I d C T O R  M A Y  RE DEEPER OR T O  O N E  S I D E  OF THE F L I G H T  
CINL,_OK_BECd.USF~__A SHALLON. DLp-. OH _tlYERBURDE_N-€fFECIS .-- - -- 

-. __  ~ _ _  _______ ________.. - __ - 







. . . . . . . . . . . . . . . . . . . . . .  
~ .~~~~ t ___ 

0. GEOLOGICAL, GEOPHYSICAL, GEOCHEMICAL 

, .  , .  . . . .  . . . . . . . . . . . .  I,._ ....... *_ .... .... . . . . . . . . . . . . . . . .  














