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A DIGHEMII a i r b o r n e  electromagnetic/resistivity/ 

m a g n e t i c  s u r v e y  of  235 l i ne -km was f l o w n  i n  May, 1 9 8 2 ,  f o r  

C o r d i l l e r a n  E n g i n e e r i n g  o v e r  t h e  Way claim b l o c k  i n  t h e  

T o o t s e e  R i v e r  a r e a ,  B r i t i s h  Columbia .  

The g e o l o g i c  e n v i r o n m e n t  i n  t h e  s u r v e y  a r e a  w a s  

m o d e r a t e l y - t o - h i g h l y  c o n d u c t i v e .  The EM and r e s i s t i v i t y  

a n o m a l i e s  d e t e c t e d  o c c u r r e d  p r e d o m i n a n t l y  due  to  c o n d u c t i v e  

bed rock  f e a t u r e s .  Only a  m i n o r  p r o p o r t i o n  of  t h e  r e s p o n s e s  

were due  t o  c o n d u c t i v e  o v e r b u r d e n .  S e v e r a l  f e a t u r e s  of  

p o s s i b l e  e x p l o r a t i o n  i n t e r e s t  were l o c a t e d .  They are 

s a t e l l i t i c  to t h e  major c o n d u c t i v e  t r e n d s  of  l o n g  s t r i k e  

l e n g t h  a l o n g  t h e  e a s t e r n  boundary  o f  t h e  s u r v e y  a r e a  as w e l l  

a s  b e i n g  e n c l o s e d  w i t h i n  t h e  more r e s i s t i v e  s o u t h w e s t  p a r t  

o f  t h e  s u r v e y  b l o c k .  A l l  t h e s e  f e a t u r e s  a p p e a r  to  w a r r a n t  

g r o u n d  e x p l o r a t i o n  work. 



LOCATION MAP 

Scale 1 : 500,000 

Figure 1 The Survey A r e a  
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INTRODUCTION 

A DIGHEMII s u r v e y  o f  235  l ine -km was f l o w n  w i t h  a 

300 m l i n e - s p a c i n g  f o r  t h e  C o r d i l l e r a n  E n g i n e e r i n g ,  f rom 

May 1 3  to  May 18 ,  1982  o v e r  t h e  Way c l a i m  b l o c k  i n  t h e  

T o o t s e e  R i v e r  area,  B r i t i s h  Columbia  ( F i g u r e  1  ) .  

The C-GDEM t u r b i n e  h e l i c o p t e r  f l e w  w i t h  an  a v e r a g e  

a i r s p e e d  o f  1 2 5  km/h and EM b i r d  h e i g h t  o f  36 m. A n c i l l a r y  

e q u i p m e n t  c o n s i s t e d  o f  a Geometrics 8 0 3  magne tome te r  w i t h  

i t s  b i r d  a t  a n  a v e r a g e  h e i g h t  o f  51 m,  a S p e r r y  r a d i o  

a l t imeter ,  Geocan s e q u e n c e  camera, RMS GR-33 d i g i t a l  

g r a p h i c s  r e c o r d e r ,  and  a S o n o t e k  SDS 1200 d i g i t a l  d a t a  

a c q u i s i t i o n  s y s t e m  w i t h  a D i g i D a t a  1640 9 - t r a c k  800-bp i  

m a g n e t i c  t a p e  r e c o r d e r .  The a n a l o g  e q u i p m e n t  r e c o r d e d  f o u r  

c h a n n e l s  o f  EM d a t a  a t  a p p r o x i m a t e l y  900 H Z ,  t w o  a m b i e n t  EM 

n o i s e  c h a n n e l s  ( f o r  t h e  c o a x i a l  and c o p l a n a r  r e c e i v e r s ) ,  and  

o n e  c h a n n e l  e a c h  o f  m a g n e t i c s  and r a d i o  a l t i t u d e .  The 

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

0.20 ppm/b i t  and t h e  m a g n e t i c  f i e l d  t o  o n e  gamma/bi t .  

Appendix  A p r o v i d e s  d e t a i l s  on  t h e  d a t a  c h a n n e l s ,  t h e i r  

r e s p e c t i v e  s c a l e s ,  and  t h e  d a t a  r e d u c t i o n  p r o c e d u r e .  Noise 

l e v e l s  o f  less t h a n  2  ppm are g e n e r a l l y  m a i n t a i n e d  f o r  wind 

s p e e d s  up t o  3 5  km/h. H i g h e r  w i n d s  may c a u s e  t h e  s y s t e m  I 

t o  be  g rounded  b e c a u s e  e x c e s s i v e  b i r d  s w i n g i n g  p r o d u c e s  



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

from t h e  5 m 2  of a r e a  which is p r e s e n t e d  by t h e  b i r d  t o  

b r o a d s i d e  g u s t s .  The DIGHEM s y s t e m  n e v e r t h e l e s s  c a n  be 

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

AEM s y s t e m s .  

ELECTROMAGNETICS 

DIGHEM e l e c t r o m a g n e t i c  r e s p o n s e s  f a l l  i n t o  two g e n e r a l  

classes, d i s c r e t e  and broad .  The d i s c r e t e  c l a s s  c o n s i s t s  of  

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

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

s u l f i d e s .  The b r o a d  c l a s s  c o n s i s t s  o f  wide a n o m a l i e s  f r o m  

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

d i p p i n g  g r a p h i t e  or  s u l f i d e  s h e e t s ,  s a l i n e  w a t e r - s a t u r a t e d  

s e d i m e n t a r y  f o r m a t i o n s ,  c o n d u c t i v e  o v e r b u r d e n  and r o c k ,  and 

g e o t h e r m a l  zones .  A v e r t i c a l  c o n d u c t i v e  s l a b  w i t h  a w i d t h  

o f  1 0 0  m would s t r a d d l e  t h e s e  t w o  c l a s s e s .  

The v e r t i c a l  s h e e t  ( h a l f  p l a n e )  is t h e  most common 

model used f o r  t h e  a n a l y s i s  o f  d i s c r e t e  c o n d u c t o r s .  A l l  

a n o m a l i e s  p l o t t e d  on  t h e  e l e c t r o m a g n e t i c  map a r e  i n t e r p r e t e d  

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

Discrete c o n d u c t o r  a n a l y s i s  d e s c r i b e s  t h i s  model i n  d e t a i l ,  



i n c l u d i n g  t h e  e f f e c t  o f  u s i n g  it on a n o m a l i e s  c a u s e d  by 

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

The c o n d u c t i v e  e a r t h  ( h a l f  s p a c e )  model is s u i t a b l e  f o r  

b r o a d  c o n d u c t o r s .  R e s i s t i v i t y  c o n t o u r  maps r e s u l t  f rom t h e  

u s e  o f  t h i s  model .  A l a t e r  s e c t i o n  e n t i t l e d  R e s i s t i v i t y  

mapping d e s c r i b e s  t h e  method f u r t h e r ,  i n c l u d i n g  t h e  e f f e c t  

o f  u s i n g  it on a n o m a l i e s  c a u s e d  by d i s c r e t e  c o n d u c t o r s  s u c h  

as  s u l f i d e  b o d i e s .  

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

The EM a n o m a l i e s  a p p e a r i n g  o n  t h e  e l e c t r o m a g n e t i c  map 

are i n t e r p r e t e d  by compu te r  t o  g i v e  t h e  c o n d u c t a n c e  ( i . e . ,  

c o n d u c t i v i t y - t h i c k n e s s  p r o d u c t )  i n  mhos o f  a v e r t i c a l  s h e e t  

model .  DIGHEM a n o m a l i e s  are d i v i d e d  i n t o  s i x  g r a d e s  of  con-  

d u c t a n c e ,  a s  shown i n  T a b l e  I .  The c o n d u c t a n c e  i n  mhos is 

t h e  r e c i p r o c a l  of  r e s i s t a n c e  i n  ohms. 

T a b l e  I .  EM Anomaly G r a d e s  

Anomaly Grade  Mho Range 

6 > 100  
5  50 = 99 
4 20 - 49 
3 1 0  - 1 9  
2  5 -  9 
1 < 5  



The mho v a l u e  is a g e o l o g i c a l  p a r a m e t e r  b e c a u s e  it  is 

a c h a r a c t e r i s t i c  o f  t h e  c o n d u c t o r  a l o n e ;  it g e n e r a l l y  is 

i n d e p e n d e n t  o f  f r e q u e n c y ,  and o f  f l y i n g  h e i g h t  or  d e p t h  o f  

b u r i a l  a p a r t  f rom t h e  a v e r a g i n g  o v e r  a  g r e a t e r  p o r t i o n  o f  

t h e  c o n d u c t o r  as h e i g h t  i n c r e a s e s . '  Sma l l  a n o m a l i e s  f rom 

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

a n o m a l i e s  f rom s h a l l o w  weak c o n d u c t o r s  b e c a u s e  t h e  f o r m e r  

w i l l  have  l a r g e r  mho v a l u e s .  

Conduc t ive  o v e r b u r d e n  g e n e r a l l y  p r o d u c e s  b road  EM 

r e s p o n s e s  which a r e  n o t  p l o t t e d  on  t h e  EM maps. However, 

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

c a n  y i e l d  d i s c r e t e - l i k e  a n o m a l i e s  w i t h  a c o n d u c t a n c e  g r a d e  

( c f .  T a b l e  I )  o f  1, or e v e n  o f  2 f o r  c o n d u c t i n g  c l a y s  which  

have  r e s i s t i v i t i e s  a s  l o w  a s  50 ohm-m. I n  a r e a s  where 

ground r e s i s t i v i t i e s  c a n  be be low 1 ohm-m, a n o m a l i e s  

c a u s e d  by w e a t h e r i n g  v a r i a t i o n s  and s i m i l a r  c a u s e s  c a n  

have  any c o n d u c t a n c e  g r a d e .  The anomaly s h a p e s  f rom t h e  

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

r e c o g n i z e d ,  and t h e s e  a r e  i n d i c a t e d  by t h e  l e t t e r  S on t h e  

map. The r e m a i n i n g  a n o m a l i e s  i n  s u c h  a r e a s  c o u l d  be  bed rock  

l ~ h i s  s t a t e m e n t  is an  a p p r o x i m a t i o n .  DIGHEM, w i t h  
i t s  s h o r t  co i l  s e p a r a t i o n ,  t e n d s  t o  y i e l d  l a r g e r  and 
more a c c u r a t e  mho v a l u e s  t h a n  a i r b o r n e  s y s t e m s  h a v i n g  
a l a r g e r  co i l  s e p a r a t i o n .  



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

h i g h e r  c o n d u c t a n c e s .  Examples:  DIGHEM I s  N e w  I n s c o  c o p p e r  

d i s c o v e r y  (Noranda ,  Quebec ,  Canada)  y i e l d e d  a  g r a d e  4 

anomaly,  a s  d i d  t h e  n e i g h b o u r i n g  c o p p e r - z i n c  Magusi R i v e r  

ore body; M a t t a b i  ( c o p p e r - z i n c ,  S t u r g e o n  Lake,  O n t a r i o ,  

Canada)  and W h i s t l e  ( n i c k e l ,  Sudbury ,  O n t a r i o ,  Canada)  g a v e  

g r a d e  5;  and D I G H E M 1 s  Montcalm n i c k e l - c o p p e r  d i s c o v e r y  

(Timmins,  O n t a r i o ,  Canada)  y i e l d e d  a  g r a d e  6 anomaly.  

G r a p h i t e  and s u l f i d e s  c a n  s p a n  a l l  g r a d e s  b u t ,  i n  any  p a r -  

t i c u l a r  s u r v e y  a r e a ,  f i e l d  work may show t h a t  t h e  d i f f e r e n t  

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

S t r o n g  c o n d u c t o r s  ( i . e . ,  g r a d e s  5 and  6 )  a r e  c h a r a c t e r -  

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

( g r a d e s  3 and 4 )  t y p i c a l l y  r e f l e c t  s u l f i d e s  o f  a less  

m a s s i v e  c h a r a c t e r  or g r a p h i t e ,  w h i l e  weak bedrock  c o n d u c t o r s  

( g r a d e s  1 and  2 )  c a n  s i g n i f y  p o o r l y  c o n n e c t e d  g r a p h i t e  or 

h e a v i l y  d i s s e m i n a t e d  s u l f i d e s .  Grade  1 c o n d u c t o r s  may n o t  

r e s p o n d  t o  ground EM equipment  u s i n g  f r e q u e n c i e s  l ess  t h a n  

2000 Hz. 

The p r e s e n c e  o f  s p h a l e r i t e  or gangue  can  r e s u l t  i n  

ore d e p o s i t s  h a v i n g  weak to  m o d e r a t e  c o n d u c t a n c e s .  A s  
I 

an example ,  t h e  t h r e e  m i l l i o n  t o n  l e a d - z i n c  d e p o s i t  o f  

R e s t i g o u c h e  Mining C o r p o r a t i o n  n e a r  B a t h u r s t ,  N e w  Brunswick ,  



Canada,  y i e l d e d  a w e l l  d e f i n e d  g r a d e  1 c o n d u c t o r .  The 

10  p e r c e n t  by volume o f  s p h a l e r i t e  o c c u r s  a s  a c o a t i n g  

a round  t h e  f i n e  g r a i n e d  m a s s i v e  p y r i t e ,  t h e r e b y  i n h i b i t i n g  

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

F a u l t s ,  f r a c t u r e s  and s h e a r  z o n e s  may p r o d u c e  a n o m a l i e s  

which t y p i c a l l y  have  l o w  c o n d u c t a n c e s  ( e . g . ,  g r a d e s  1 and 

2 ) .  Conduc t ive  r o c k  f o r m a t i o n s  c a n  y i e l d  a n o m a l i e s  o f  any  

c o n d u c t a n c e  g r a d e .  The c o n d u c t i v e  m a t e r i a l s  i n  s u c h  r o c k  

f o r m a t i o n s  c a n  be  s a l t  water, w e a t h e r e d  p r o d u c t s  such  a s  

c l a y s ,  o r i g i n a l  d e p o s i t i o n a l  c l a y s ,  and c a r b o n a c e o u s  

m a t e r i a l .  

On t h e  e l e c t r o m a g n e t i c  map, t h e  a c t u a l  mho v a l u e  and a 

l e t t e r  a r e  p l o t t e d  b e s i d e  t h e  EM g r a d e  symbol.  The l e t t e r  

is t h e  anomaly i d e n t i f i e r .  The h o r i z o n t a l  rows o f  d o t s ,  

b e s i d e  e a c h  anomaly symbol ,  i n d i c a t e  t h e  anomaly a m p l i t u d e  

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

e s t i m a t e d  d e p t h .  I n  a r e a s  where a n o m a l i e s  a r e  crowded, t h e  

i d e n t i f i e r s ,  d o t s  and mho v a l u e s  may be o b l i t e r a t e d .  The EM 

g r a d e  symbols ,  however ,  w i l l  a l w a y s  be d i s c e r n i b l e ,  and t h e  

o b l i t e r a t e d  i n f o r m a t i o n  c a n  be o b t a i n e d  f rom t h e  anomaly 

l i s t i n g  appended t o  t h i s  r e p o r t .  



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

is to  p r o v i d e  a n  estimate o f  t h e  r e l i a b i l i t y  o f  t h e  conduc-  

t a n c e  c a l c u l a t i o n .  Thus ,  a c o n d u c t a n c e  v a l u e  o b t a i n e d  f rom 

a l a r g e  ppm anomaly  ( 3  o r  4 d o t s )  w i l l  t e n d  t o  be a c c u r a t e  

w h e r e a s  o n e  o b t a i n e d  f rom a small ppm anomaly ( n o  d o t s )  

c o u l d  be  q u i t e  i n a c c u r a t e .  The a b s e n c e  o f  a m p l i t u d e  d o t s  

i n d i c a t e s  t h a t  t h e  anomaly f rom t h e  c o a x i a l  c o i l - p a i r  is 

5 ppm or less on  b o t h  t h e  i n p h a s e  and q u a d r a t u r e  c h a n n e l s .  

Such small a n o m a l i e s  c o u l d  r e f l e c t  a weak c o n d u c t o r  a t  t h e  

s u r f a c e  or  a s t r o n g e r  c o n d u c t o r  a t  d e p t h .  The mho v a l u e  and  

d e p t h  e s t i m a t e  w i l l  i l l u s t r a t e  which  o f  t h e s e  p o s s i b i l i t i e s  

f i t s  t h e  r e c o r d e d  d a t a  b e s t .  

F l i g h t  l i n e  d e v i a t i o n s  o c c a s i o n a l l y  y i e l d  cases w h e r e  

t w o  a n o m a l i e s ,  h a v i n g  s im i l a r  mho v a l u e s  b u t  d r a m a t i c a l l y  

d i f f e r e n t  d e p t h  est imates,  o c c u r  close t o g e t h e r  on t h e  same 

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

c o n d u c t a n c e  measurement  w h i l e  showing  t h a t  t h e  d e p t h  e s t i -  

mate c a n  b e  u n r e l i a b l e .  T h e r e  are a number o f  f a c t o r s  which  

c a n  p r o d u c e  a n  error i n  t h e  d e p t h  estimate, i n c l u d i n g  t h e  

a v e r a g i n g  o f  t o p o g r a p h i c  v a r i a t i o n s  by t h e  a l t imete r ,  o v e r -  

l y i n g  c o n d u c t i v e  o v e r b u r d e n ,  and  t h e  l o c a t i o n  and a t t i t u d e  

of t h e  c o n d u c t o r  r e l a t i v e  t o  t h e  f l i g h t  l i n e .  Conduc to r  , 
l o c a t i o n  and a t t i t u d e  c a n  p r o v i d e  a n  . e r r o n e o u s  d e p t h  es t i -  

mate b e c a u s e  t h e  s t r o n g e r  p a r t  o f  t h e  c o n d u c t o r  may be 



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

a s h a l l o w  d i p .  A h e a v y  t ree  c o v e r  c a n  a l so  p r o d u c e  errors 

i n  d e p t h  estimates. T h i s  is b e c a u s e  t h e  d e p t h  estimate is 

computed as t h e  d i s t a n c e  o f  b i r d  f rom c o n d u c t o r ,  m inus  t h e  

al t imeter r e a d i n g .  The a l t i m e t e r  c a n  l o c k  on  t h e  t o p  o f  a 

d e n s e  f o r e s t  canopy .  T h i s  s i t u a t i o n  y i e l d s  a n  e r r o n e o u s l y  

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

estimate. 

Dip  symbo l s  are used  to  i n d i c a t e  t h e  d i r e c t i o n  o f  d i p  

o f  c o n d u c t o r s .  T h e s e  symbo l s  are u s e d  o n l y  when t h e  anomaly 

s h a p e s  are unambiguous,  which  u s u a l l y  r e q u i r e s  a f a i r l y  

r e s i s t i v e  e n v i r o n m e n t .  

A f u r t h e r  i n t e r p r e t a t i o n  is  p r e s e n t e d  o n  t h e  EM map by  

means o f  t h e  l i n e - t o - L i n e  c o r r e l a t i o n  o f  a n o m a l i e s ,  which  is 

b a s e d  o n  a c o m p a r i s o n  o f  anomaly s h a p e s  on  a d j a c e n t  l i n e s .  

T h i s  p r o v i d e s  c o n d u c t o r  a x e s  which  may d e f i n e  t h e  g e o l o g i c a l  

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

c o n d u c t o r  a x e s  i n  a n  area i m p l i e s  t h a t  a n o m a l i e s  c o u l d  n o t  

b e  c o r r e l a t e d  f rom l i n e  t o  l i n e  w i t h  r e a s o n a b l e  c o n f i d e n c e .  

DIGHEM e l e c t r o m a g n e t i c  maps are d e s i g n e d  t o  p r o v i d e  , 
a correct  i m p r e s s i o n  o f  c o n d u c t o r  q u a l i t y  by means o f  t h e  

c o n d u c t a n c e  g r a d e  symbo l s .  The s y m b o l s  c a n  s t a n d  a l o n e  w i t h  



g e o l o g y  when p l a n n i n g  a f o l l o w - u p  program.  The a c t u a l  mho 

v a l u e s  are  p l o t t e d  f o r  t h o s e  who w i s h  q u a n t i t a t i v e  d a t a .  

The anomaly ppm and  d e p t h  are i n d i c a t e d  by i n c o n s p i c u o u s  

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

w h i l e  b e i n g  h e l p f u l  t o  t h o s e  who w i s h  t h i s  i n f o r m a t i o n .  The 

map p r o v i d e s  a n  i n t e r p r e t a t i o n  o f  c o n d u c t o r s  i n  terms of 

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

(see b e l o w ) ,  and d i p .  The a c c u r a c y  is c o m p a r a b l e  to  a n  

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

t h e  same l i n e  s p a c i n g .  

An EM anomaly l i s t  a t t a c h e d  t o  e a c h  s u r v e y  r e p o r t  

p r o v i d e s  a t a b u l a t i o n  o f  a n o m a l i e s  i n  ppm, and i n  mhos 

and  e s t i m a t e d  d e p t h  f o r  t h e  v e r t i c a l  s h e e t  model .  The EM 

anomaly  l i s t  a l s o  shows t h e  c o n d u c t a n c e  i n  mhos and  t h e  

d e p t h  f o r  a t h i n  h o r i z o n t a l  s h e e t  ( w h o l e  p l a n e )  model ,  b u t  

o n l y  t h e  v e r t i c a l  s h e e t  p a r a m e t e r s  a p p e a r  on  t h e  EM map. 

The h o r i z o n t a l  s h e e t  model is s u i t a b l e  f o r  a f l a t l y  d i p p i n g  

t h i n  b e d r o c k  c o n d u c t o r  s u c h  as a s u l f i d e  s h e e t  h a v i n g  a 

t h i c k n e s s  less t h a n  1 5  m. The l i s t  a l so  shows t h e  resis- 

t i v i t y  and d e p t h  f o r  a c o n d u c t i v e  e a r t h  ( h a l f  s p a c e )  model ,  

which  is s u i t a b l e  f o r  t h . i c k e r  s l a b s  s u c h  as t h i c k  c o n d u c t i v e  

o v e r b u r d e n .  I n  t h e  EM anomaly l i s t ,  a d e p t h  v a l u e  o f  z e r o  
I 

f o r  t h e  c o n d u c t i v e  e a r t h  model ,  i n  a n  area o f  t h i c k  c o v e r ,  

w a r n s  t h a t  t h e  anomaly may b e  c a u s e d  by c o n d u c t i v e  

o v e r b u r d e n .  



Since discrete bodies normally are the targets of EM 

surveys, local base (or zero) levels are used to compute 

local anomaly amplitudes. This contrasts with the use of 

true zero levels which are used to compute true EM 

amplitudes. Local anomaly amplitudes are shown in the 

EM anomaly list and these are used to compute the vertical 

sheet parameters of conductance and depth. Not shown in 

the EM anomaly list are the true amplitudes which are used 

to compute the horizontal sheet and conductive earth 

parameters. 

X-type electromagnetic responses 

DIG HEM*^ maps contain x-type EM responses in addition 

to EM anomalies. An x-type response is below the noise 

threshold of 3 ppm, and reflects one of the following: a 

weak conductor near the surface, a strong conductor at depth 

(e .g . ,  100 to 1 2 0  m below surface) or to one side of a 

flight line, or aerodynamic noise. Those responses that 

have the appearance of valid bedrock anomalies on the flight 

profiles are mentioned in the report. The others should not 

be followed up unless their locations are of considerable 

geological interest. I 



The t h i c k n e s s  p a r a m e t e r  

DIGHEMII c a n  p r o v i d e  a n  i n d i c a t i o n  o f  t h e  t h i c k n e s s  

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

a m p l i t u d e  o f  c h a n n e l  2 4 / c h a n n e l  22  g e n e r a l l y  i n c r e a s e s  as 

t h e  a p p a r e n t  t h i c k n e s s  i n c r e a s e s ,  i .e . ,  t h e  t h i c k n e s s  i n  

t h e  h o r i z o n t a l  p l a n e  a l o n g  t h e  f l i g h t  l i n e .  T h i s  t h i c k n e s s  

is  e q u a l  t o  t h e  c o n d u c t o r  w i d t h  i f  t h e  c o n d u c t o r  d i p s  a t  

90  d e g r e e s  and  s t r i k e s  a t  r i g h t  a n g l e s  to  t h e  f l i g h t  l i n e .  

T h i s  r e p o r t  r e f e r s  t o  a c o n d u c t o r  as  t h i n  when t h e  t h i c k n e s s  

is l i k e l y  t o  be less t h a n  3 m, and  t h i c k  when i n  e x c e s s  o f  

10  m. I n  b a s e  metal e x p l o r a t i o n  a p p l i c a t i o n s ,  t h i c k  conduc-  

tors c a n  b e  h i g h  p r i o r i t y  t a r g e t s  b e c a u s e  most m a s s i v e  

s u l f i d e  ore b o d i e s  are t h i c k ,  w h e r e a s  non-economic b e d r o c k  

c o n d u c t o r s  a re  u s u a l l y  t h i n .  An estimate o f  t h i c k n e s s  

c a n n o t  b e  o b t a i n e d  when t h e  s t r i k e  o f  t h e  c o n d u c t o r  is 

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

s h a l l o w  d i p ,  when t h e  anomaly a m p l i t u d e s  a r e  small ,  or when 

t h e  r e s i s t i v i t y  o f  t h e  e n v i r o n m e n t  is be low 100 ohm-m. 

R e s i s t i v i t v  mapp ins  

Areas o f  w i d e s p r e a d  c o n d u c t i v i t y  are commonly 
I 

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

b e  g e n e r a t e d  by d e c r e a s e s  o f  o n l y  5 m i n  s u r v e y  a l t i t u d e  as 



w e l l  as  by i n c r e a s e s  i n  c o n d u c t i v i t y .  The t y p i c a l  f l i g h t  

r e c o r d  i n  c o n d u c t i v e  areas is c h a r a c t e r i z e d  by i n p h a s e  and  

q u a d r a t u r e  c h a n n e l s  which  are  c o n t i n u o u s l y  a c t i v e ;  loca l  

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

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

a p p a r e n t  r e s i s t i v i t y  p r o f i l e s  and  c o n t o u r  maps are n e c e s s a r y  

for  t h e  i n t e r p r e t a t i o n  o f  t h e  a i r b o r n e  d a t a .  The a d v a n t a g e  

of t h e  r e s i s t i v i t y  p a r a m e t e r  is t h a t  a n o m a l i e s  c a u s e d  by 

a l t i t u d e  c h a n g e s  are v i r t u a l l y  e l i m i n a t e d ,  so t h e  resis- 

t i v i t y  d a t a  r e f l e c t  o n l y  t h o s e  a n o m a l i e s  c a u s e d  by conduc-  

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

be tween  c o n d u c t i v e  t r e n d s  i n  t h e  b e d r o c k  and t h o s e  p a t t e r n s  

t y p i c a l  o f  c o n d u c t i v e  o v e r b u r d e n ,  Discrete c o n d u c t o r s  w i l l  

. g e n e r a l l y  a p p e a r  as na r row l o w s  on  t h e  c o n t o u r  map and b r o a d  

c o n d u c t o r s  w i l l  a p p e a r  a s  wide  lows. 

Channe l  40 (see Append ix )  and  t h e  r e s i s t i v i t y  c o n t o u r  

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

p s e u d o - l a y e r  (o r  b u r i e d )  h a l f  s p a c e  model  d e f i n e d  i n  F r a s e r  

(1978)~. T h i s  model  c o n s i s t s  o f  a r e s i s t i v e  l a y e r  o v e r -  

l y i n g  a c o n d u c t i v e  h a l f  s p a c e .  Channe l  41 g i v e s  t h e  

a p p a r e n t  d e p t h  below s u r f a c e  o f  t h e  c o n d u c t i v e  m a t e r i a l .  

2 ~ e s i s t i v i t y  mapping w i t h  a n  a i r b o r n e  m u l t i c o i l  
e l e c t r o m a g n e t i c  s y s t e m :  G e o p h y s i c s ,  v  43, p .  144-172. 



The a p p a r e n t  d e p t h  is s i m p l y  t h e  a p p a r e n t  t h i c k n e s s  o f  t h e  

o v e r l y i n g  r e s i s t i v e  l a y e r .  The a p p a r e n t  d e p t h  (or  

t h i c k n e s s )  p a r a m e t e r  w i l l  be  p o s i t i v e  when t h e  u p p e r  l a y e r  

is more r e s i s t i v e  t h a n  t h e  u n d e r l y i n g  m a t e r i a l ,  i n  which 

case t h e  a p p a r e n t  d e p t h  may be  q u i t e  close t o  t h e  t r u e  

d e p t h .  

The a p p a r e n t  d e p t h  w i l l  be n e g a t i v e  when t h e  u p p e r  

l a y e r  i s  more c o n d u c t i v e  t h a n  t h e  u n d e r l y i n g  m a t e r i a l ,  and 

w i l l  be  z e r o  when a homogeneous h a l f  s p a c e  e x i s t s .  The 

a p p a r e n t  d e p t h  p a r a m e t e r  must  be  i n t e r p r e t e d  c a u t i o u s l y  

b e c a u s e  it w i l l  c o n t a i n  any errors which may e x i s t  i n  t h e  

measured  a l t i t u d e  o f  t h e  EM b i r d  ( e . g . ,  a s  c a u s e d  by a d e n s e  

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

t h e  i n p h a s e  and q u a d r a t u r e  components  o f  t h e  c o p l a n a r  co i l -  

p a i r .  The o u t p u t s  a r e  t h e  a p p a r e n t  r e s i s t i v i t y  of  t h e  

c o n d u c t i v e  h a l f  s p a c e  ( t h e  s o u r c e )  and t h e  s e n s o r - s o u r c e  

d i s t a n c e .  The f l y i n g  h e i g h t  is n o t  an  i n p u t  v a r i a b l e ,  

and t h e  o u t p u t  r e s i s t i v i t y  and s e n s o r - s o u r c e  d i s t a n c e  are 

i n d e p e n d e n t  o f  t h e  f l y i n g  h e i g h t .  The a p p a r e n t  d e p t h ,  

d i s c u s s e d  above ,  is s i m p l y  t h e  s e n s o r - s o u r c e  d i s t a n c e  minus 

t h e  measured a l t i t u d e  or f l y i n g  h e i g h t .  C o n s e q u e n t l y ,  

errors i n  t h e  measured a l t i t u d e  w i l l  a f f e c t  t h e  a p p a r e n t  , 

d e p t h  p a r a m e t e r  b u t  n o t  t h e  a p p a r e n t  . r e s i s t i v i t y  p a r a m e t e r .  



The a p p a r e n t  d e p t h  p a r a m e t e r  is a u s e f u l  i n d i c a t o r  o f  

s i m p l e  l a y e r i n g  i n  a r e a s  l a c k i n g  a h e a v y  tree c o v e r .  The 

DIGHEMII s y s t e m  h a s  been  f l o w n  f o r  t h e  p u r p o s e  o f  

p e r m a f r o s t  mapping,  where  p o s i t i v e  a p p a r e n t  d e p t h s  were 

u s e d  as  a measu re  o f  p e r m a f r o s t  t h i c k n e s s .  However, l i t t l e  

q u a n t i t a t i v e  u s e  h a s  been  made o f  n e g a t i v e  a p p a r e n t  d e p t h s  

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

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

t h e r e f o r e ,  is n o t  m e a n i n g f u l  p h y s i c a l l y .  Q u a l i t a t i v e l y ,  a 

n e g a t i v e  a p p a r e n t  d e p t h  estimate u s u a l l y  shows t h a t  t h e  EM 

anomaly  is c a u s e d  by c o n d u c t i v e  o v e r b u r d e n .  C o n s e q u e n t l y ,  

t h e  a p p a r e n t  d e p t h  c h a n n e l  4 1  c a n  b e  o f  s i g n i f i c a n t  h e l p  i n  

d i s t i n g u i s h i n g  be tween  o v e r b u r d e n  and  b e d r o c k  c o n d u c t o r s .  

I n t e r p r e t a t i o n  i n  c o n d u c t i v e  e n v i r o n m e n t s  

Env i ronmen t s  h a v i n g  backg round  r e s i s t i v i t i e s  be low 

30 ohm-m c a u s e  a l l  a i r b o r n e  EM s y s t e m s  t o  y i e l d  v e r y  

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

p r o h i b i t s  t h e  r e c o g n i t i o n  o f  b e d r o c k  c o n d u c t o r s .  The 

p r o c e s s i n g  o f  DIGHEMII d a t a ,  however ,  p r o d u c e s  s i x  

c h a n n e l s  which  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  r e c o g n i t i o n  

of b e d r o c k  c o n d u c t o r s .  These  are  t h e  i n p h a s e  and q u a d r a t u r e  

d i f f e r e n c e  c h a n n e l s  ( # 3 3  and  3 4 ) ,  t h e  r e s i s t i v i t y  and d e p t q  

c h a n n e l s  ( # 4 0  and  4 1 ) ,  t h e  c o n d u c t i v i t y  c o n t r a s t  c h a n n e l  

( # 4 2 ) ,  and  t h e  p r o d u c t  o f  t h e  c o n d u c t i v i t y  c o n t r a s t  and 

d e p t h  c o n t r a s t  c h a n n e l s  ( # 4 4 ) .  



The EM difference channels (33 and 34) eliminate up to 

99% of the response of conductive ground, leaving responses 

from bedrock conductors, cultural features (e.g., telephone 

lines, fences, etc.) and edge effects. An edge effect 

arises when the conductivity of the ground suddenly changes, 

and this is a source of geologic noise. While edge effects 

yield anomalies on the EM difference channels, they do not 

produce resistivity anomalies. Consequently, the 

resistivity channel aids in eliminating anomalies due to 

edge effects. On the other hand, resistivity anomalies will 

coincide with the most highly conductive sections of 

conductive ground, and this is another source of geologic 

noise. The recognition of a bedrock conductor in a highly 

conductive environment therefore is based on the anomalous 

responses of the two difference channels (33 and 34) and the 

resistivity channel (40). The most favourable situation is 

where anomalies coincide on all three channels. 

Channel 41, which is the apparent depth to the conduc- 

tive material, also helps determine whether a conductive 

response arises from surficial material or from a conductive 

zone in the bedrock. When this channel rides above the 

zero level on the electrostatic chart paper (i.e., it is I 

negative), it implies that the EM and resistivity profiles 

are responding primarily to a conductive upper layer, i.e., 



c o n d u c t i v e  o v e r b u r d e n .  I f  c h a n n e l  4 1  is  below t h e  z e r o  

l e v e l ,  it i n d i c a t e s  t h a t  a r e s i s t i v e  u p p e r  l a y e r  e x i s t s ,  and  

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

The  c o n d u c t i v i t y  c o n t r a s t  c h a n n e l  ( # 4 2 )  h i g h l i g h t s  

local  r e s i s t i v i t y  lows. T h i s  c h a n n e l ,  and  t h e  d e p t h  

c o n t r a s t  ( # 4 3 ) ,  b o t h  y i e l d  p o s i t i v e  a n o m a l i e s  f rom conduc-  

tors a t  d e p t h .  Channe l  44 is t h e  m u l t i p l e  4 2 * 4 3  and it is 

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

o f  c h a n n e l s  4 2  a n d  4 4  h a s  t o  be  d o n e  c a r e f u l l y ,  howeve r ,  

b e c a u s e  t h e y  may a l so  r e s p o n d  i n  a s imilar  f a s h i o n  t o  a 

- local  t h i c k e n i n g  i n  t h e  c o n d u c t i v e  c o v e r  as ,  f o r  example ,  

o v e r  a b u r i e d  r i v e r  c h a n n e l .  C h a n n e l s  4 2  and  4 3  a r e  d e r i v e d  

f r o m  c h a n n e l s  40 and  4 1  u s i n g  d i g i t a l  f i l t e r  t e c h n i q u e s .  

C h a n n e l s  35, 3 6  and  4 2  are t h e  anomaly r e c o g n i t i o n  

f u n c t i o n s .  They are used  t o  t r i g g e r  t h e  c o n d u c t a n c e  

c h a n n e l  37 which i d e n t i f i e s  d i s c r e t e  c o n d u c t o r s .  I n  h i g h l y  

c o n d u c t i n g  e n v i r o n m e n t s ,  c h a n n e l  3 6  i s  d e a c t i v a t e d  b e c a u s e  

it is s u b j e c t  to  c o r r u p t i o n  by h i g h l y  c o n d u c t i v e  e a r t h  

s i g n a l s .  Some o f  t h e  a u t o m a t i c a l l y  s e l e c t e d  a n o m a l i e s  

( c h a n n e l  3 7 )  are  d i s c a r d e d  by - t h e  human i n t e r p r e t e r .  The 

a u t o m a t i c  s e l e c t i o n  a l g o r i t h m  is i n t e n t i o n a l l y  o v e r s e n s i t i v e  

t o  a s s u r e  t h a t  no m e a n i n g f u l  r e s p o n s e s  are m i s s e d .  The I 

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

s o u r c e  and e l i m i n a t e s  t h o s e  t h a t  are n o t  s u b s t a n t i a t e d  by  



t h e  d a t a ,  s u c h  a s  t h o s e  a r i s i n g  f rom g e o l o g i c  o r  ae rodynamic  

n o i s e .  

The r e s i s t i v i t y  map o f t e n  y i e l d s  more u s e f u l  in forma-  

t i o n  on  c o n d u c t i v i t y  d i s t r i b u t i o n s  t h a n  t h e  EM map. I n  

comparing t h e  EM and r e s i s t i v i t y  maps, k e e p  i n  mind t h e  

f o l l o w i n g :  

( a )  The r e s i s t i v i t y  map p o r t r a y s  t h e  a b s o l u t e  

v a l u e  o f  t h e  e a r t h ' s  r e s i s t i v i t y .  

( b )  The EM map p o r t r a y s  a n o m a l i e s  i n  t h e  e a r t h ' s  

r e s i s t i v i t y .  An anomaly by d e f i n i t i o n  is 

a change  f rom t h e  norm and so t h e  EM map 

d i s p l a y s  a n o m a l i e s ,  ( i )  o v e r  na r row,  conduc- 

t i v e  b o d i e s  and ( i i )  o v e r  t h e  boundary  zone  

be tween  t w o  wide f o r m a t i o n s  o f  d i f f e r i n g  

c o n d u c t i v i t y ' .  

The r e s i s t i v i t y  map migh t  be l i k e n e d  t o  a t o t a l  f i e l d  

map and t h e  EM map t o  a  h o r i z o n t a l  g r a d i e n t  i n  t h e  d i r e c t i o n  

o f  f l i g h t 3 .  Because g r a d i e n t  maps a r e  u s u a l l y  more s e n s i -  

t i v e  t h a n  t o t a l  f i e l d  maps, t h e  EM map t h e r e f o r e  is t o  be 

3 ~ h e  g r a d i e n t  a n a l o g y  is o n l y  v a l i d  w i t h  r e g a r d  t o  t h e  i 

i d e n t i f i c a t i o n  o f  anomalous l o c a t i o n s .  The c a l c u l a -  
t i o n  o f  c o n d u c t a n c e  is  based  on EM a m p l i t u d e s  r e l a t i v e  
t o  a l o c a l  b a s e  l e v e l ,  r a t h e r  t h a n  t o  an a b s o l u t e  z e r o  
l e v e l  a s  f o r  t h e  r e s i s t i v i t y  c a l c u l a t i o n .  



p r e f e r r e d  i n  r e s i s t i v e  a r e a s .  However, i n  c o n d u c t i v e  a r e a s ,  

t h e  a b s o l u t e  c h a r a c t e r  o f  t h e  r e s i s t i v i t y  map u s u a l l y  c a u s e s  

it t o  b e  more u s e f u l  t h a n  t h e  EM map. 

Reduc t ion  o f  g e o l o g i c  n o i s e  

G e o l o g i c  n o i s e  r e f e r s  t o  unwanted g e o p h y s i c a l  

r e s p o n s e s .  For  p u r p o s e s  o f  a i r b o r n e  EM s u r v e y i n g ,  g e o l o g i c  

n o i s e  r e f e r s  t o  EM r e s p o n s e s  c a u s e d  by c o n d u c t i v e  o v e r b u r d e n  

and  m a g n e t i c  p e r m e a b i l i t y .  I t  was men t ioned  above  t h a t  t h e  

EM d i f f e r e n c e  c h a n n e l s  ( i . e . ,  c h a n n e l  3 3  f o r  i n p h a s e  and 3 4  

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

o v e r b u r d e n .  T h i s  marked a  u n i q u e  deve lopmen t  i n  a i r b o r n e  EM 

t e c h n o i o g y ,  as DIGHEMII is  t h e  o n l y  EM s y s t e m  which y i e l d s  

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

c o n d u c t i v e  o v e r b u r d e n .  

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

i n p h a s e  c h a n n e l s  o f  a l l  EM s y s t e m s .  Rocks c o n t a i n i n g  less  

t h a n  1 %  m a g n e t i t e  c a n  y i e l d  n e g a t i v e  i n p h a s e  a n o m a l i e s  

c a u s e d  by m a g n e t i c  p e r m e a b i l i t y .  When m a g n e t i t e  is w i d e l y  

d i s t r i b u t e d  t h r o u g h o u t  a .  s u r v e y  a r e a ,  t h e  i n p h a s e  EM chan-  

n e l s  may c o n t i n u o u s l y  rise and f a l l  r e f l e c t i n g  v a r i a t i o n s  
I 

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

t h i c k n e s s .  T h i s  c a n  l e a d  t o  d i f f i c u l t i e s  i n  r e c o g n i z i n g  



deeply buried bedrock conductors, particularly if conductive 

overburden also exists. However, the response of broadly 

distributed magnetite generally vanishes on the inphase 

difference channel 33. This feature can be a significant 

aid in the recognition of conductors which occur in rocks 

containing accessory magnetite. 

EM magnetite mapping 

The information content of DIGHEMII data consists 

of a combination of conductive eddy current response and 

magnetic permeability response. The secondary field 

resulting from conductive eddy current flow is frequency- 

dependent and consists of both inphase and quadrature 

components, which are positive in sign. On the other 

hand, the secondary field resulting from magnetic 

permeability is independent of frequency and consists of 

only an inphase component which is negative in sign. When 

magnetic permeability manifests itself by decreasing the 

measured amount of positive inphase, its presence may be 

difficult to recognize. However, when it manifests itself 

by yielding a negative inphase anomaly (e.g., in the absence 

of eddy current flow), its presence is assured. In this 
i 

latter case, the negative component can be used to estimate 

the percent magnetite content. 



A magnetite mapping technique was developed for the 

coplanar coil-pair of DIGHEMII. The technique yields 

channel 50 which displays apparent weight percent magnetite 

according to a homogeneous half space model. The method can 

be complementary to magnetometer mapping in certain cases. 

Compared to magnetometry, it is far less sensitive but is 

more able to resolve closely spaced magnetite zones, as well 

as providing an estimate of the amount of magnetite in the 

rock. The method is sensitive to 1 / 4 %  magnetite by weight 

when the EM sensor is at a height of 30 m above a magnetitic 

half space. It can individually resolve steeply dipping 

narrow magnetite-rich bands which are separated by 60 m. 

The EM magnetite mapping technique provides estimates 

of magnetite content which are usually correct within a 

factor of 2 when the magnetite is fairly uniformly distri- 

buted. EM magnetite maps can be generated when magnetic 

permeability is evident as indicated by anomalies in 

channel 50. 

The EM magnetite algorithm is basically quite simple 

because a linear relatio.nship exists between volume percent 

magnetite and the negative inphase response in ppm. This , 

linear relationship is true for a fixed survey altitude when 



demagnetization effects are disregarded and when a fixed 

susceptibility-volume percent relationship is assumed. The 

technique in practice involves, first, correcting the actual 

EM response for variations in flying altitude and, second, 

calibrating the negative inphase ppms in terms of volume 

percent magnetite. 

EM magnetite mapping provides another method of 

airborne geologic mapping. It thus joins resistivity 

mapping, magnetometer mapping, spectrometry, photogeology, 

etc., as a possible means by which geologic information can 

be obtained from airborne techniques. It is not nearly as 

useful in the general sense as the other airborne mapping 

. techniques, but can be of value in cases where the magnetite 
content gives an indication of lithology. 

Like magnetometry, the EM magnetite method maps only 

bedrock features, provided that the overburden is character- 

ized by a general lack of magnetite. This contrasts with 

resistivity mapping which portrays the combined effect of 

bedrock and overburden. 



MAGNETICS 

The e x i s t e n c e  o f  a  m a g n e t i c  c o r r e l a t i o n  w i t h  an EM 

anomaly is i n d i c a t e d  d i r e c t l y  on t h e  EM map. An EM anomaly 

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

produced  by s u l f i d e s  t h a n  o n e  t h a t  is non-magnet ic .  How- 

e v e r ,  s u l f i d e  ore b o d i e s  may be  non-magnet ic  ( e - g . ,  t h e  

Kidd Creek d e p o s i t  n e a r  Timmins, O n t a r i o ,  Canada)  a s  w e l l  

a s  m a g n e t i c  ( e . g . ,  t h e  M a t t a b i  d e p o s i t  n e a r  S t u r g e o n  Lake,  

O n t a r i o ) .  

The magnetometer  d a t a  a r e  d i g i t a l l y  r e c o r d e d  i n  

t h e  a i r c r a f t  t o  a n  a c c u r a c y  o f  o n e  gamma. The d i g i t a l  

t a p e  is p r o c e s s e d  by computer  t o  y i e l d  a  s t a n d a r d  t o t a l  

f i e l d  m a g n e t i c  map which is u s u a l l y  c o n t o u r e d  a t  25  gamma 

i n t e r v a l s .  The m a g n e t i c  d a t a  a l s o  a r e  t r e a t e d  ma thema t i c -  

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

g e o l o g y ,  and an  enhanced  m a g n e t i c  map is p roduced  w i t h  a  

1 0 0  gamma c o n t o u r  i n t e r v a l .  The r e s p o n s e  o f  t h e  enhancement  

o p e r a t o r  i n  t h e  f r e q u e n c y  domain is shown i n  F i g u r e  2. The 

100 gamma c o n t o u r  i n t e r v a l  is e q u i v a l e n t  t o  a 5 gamma i n t e r -  

v a l  f o r  t h e  pas sband  components  o f  t h e  a i r b o r n e  d a t a .  T h i s  

is b e c a u s e  t h e s e  components  are a m p l i f i e d  20  times by t h e  
I 

o p e r a t o r  of F i g u r e  2. 
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Figure 2 Frequency response of mognct ic  
opcrotor 



The e n h a n c e d  map, which  b e a r s  a r e s e m b l a n c e  to  a 

downward c o n t i n u a t i o n  map, is p r o d u c e d  by d i g i t a l  b a n d p a s s  

f i l t e r i n g  t h e  t o t a l  f i e l d  d a t a .  The e n h a n c e m e n t  is e q u i v a -  

l e n t  to  c o n t i n u i n g  t h e  f i e l d  downward to  a  l e v e l  ( a b o v e  

t h e  s o u r c e )  w h i c h  is 1 / 2 0 t h  o f  t h e  a c t u a l  s e n s o r - s o u r c e  

d i s t a n c e .  

B e c a u s e  t h e  e n h a n c e d  m a g n e t i c  map b e a r s  a r e s e m b l a n c e  

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

of t r e n d s  i n  t h e  r o c k  s t r a t a  a n d  t h e  i n t e r p r e t a t i o n  o f  

g e o l o g i c a l  s t r u c t u r e .  The c o n t o u r  i n t e r v a l  o f  1 0 0  gammas 

is s u i t a b l e  f o r  d e f i n i n g  t h e  n e a r - s u r f a c e  local  g e o l o g y  

w h i l e  d e - e m p h a s i z i n g  d e e p - s e a t e d  r e g i o n a l  f e a t u r e s .  

CONDUCTORS I N  THE SURVEY AREA 

The e l e c t r o m a g n e t i c  maps show t h e  l o c a t i o n s  o f  conduc-  

tors and  t h e i r  i n t e r p r e t e d  c o n d u c t a n c e  ( i . e . ,  c o n d u c t i v i t y -  

t h i c k n e s s  p r o d u c t ) ,  d e p t h  a n d ,  o c c a s i o n a l l y ,  d i p .  T h e i r  

s t r i k e  d i r e c t i o n  and  l e n g t h  are a l so  shown when a n o m a l i e s  

c a n  be  c o r r e l a t e d  f rom l i n e  to  l i n e .  When s t u d y i r l g  t h e  

maps f o r  f o l l o w - u p  p l a n n i n g ,  c o n s u l t  t h e  anomaly  l i s t i n g s  

a p p e n d e d  to  t h i s  r e p o r t  to  e n s u r e  t h a t  none o f  t h e  

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



The g e o l o g i c  env i ronmen t  i n  t h e  s u r v e y  a r e a  was 

m o d e r a t e l y - t o - h i g h l y  c o n d u c t i v e .  A broad  semi -ova l  

r e s i s t i v e  zone c o n t a i n i n g  a  c o n d u c t i v e  c e n t r e  o c c u r s  i n  t h e  

s o u t h w e s t  p a r t  o f  t h e  s h e e t .  I n  t h e  e a s t ,  i t  is b o r d e r e d  by 

a  1.5 to  3 km wide  c o n d u c t i v e  zone which a p p e a r s  to c o n s i s t  

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

d i s p l a y  r e s i s t i v i t i e s  a s  l o w  a s  1-3 ohm-m. The g e o l o g y  of 

t h e  a r e a  is n o t  w e l l  known. F r a g m e n t a l  g e o l o g i c  i n f o r m a t i o n  

f rom t h e  n o r t h e r n  p a r t  of t h e  s h e e t  and from t h e  a r e a  of  a  

r i v e r  p a r a l l e l i n g  t h e  e a s t e r n  h a l f  of l i n e  2 2 4 0  s u g g e s t s  

t h a t  t h e  two c o n d u c t i v e  zones  i n  t h e  e a s t e r n  p a r t  o f  t h e  

s u r v e y  b l o c k  may r e f l e c t  c a r b o n a c e o u s  s h a l e s .  A number o f  

w e l l  d e f i n e d  bed rock  c o n d u c t o r s ,  of g e n e r a l l y  s o u t h w e s t  d i p ,  

a r e  a s s o c i a t e d  w i t h  t h e s e  c o n d u c t i v e  z o n e s .  Many of t h e s e  

have  a c o n s i d e r a b l e  s t r i k e  l e n g t h  which s u g g e s t s  t h a t  t h e y  

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

p o t e n t i a l .  Because  of t h e  abundance  of  c o n d u c t i v e  m a t e r i a l  

i n  t h i s  p a r t  o f  t h e  s u r v e y  a r e a ,  t h e  r e s i s t i v i t y  p a t t e r n s  

p o r t r a y  t h e  c o n d u c t i v i t y  d i s t r i b u t i o n s  b e t t e r  t h a n  t h e  EM 

map. 

I n  g e n e r a l ,  t h e  l i n e - t o - l i n e  c o r r e l a t i o n  of  EM 

a n o m a l i e s ,  which is based  on a  compar i son  of anomaly 

p r o f i l e s  and r e s i s t i v i t y  p a t t e r n s ,  is. q u i t e  r e l i a b l e .  I t  

becomes d i f f i c u l t  , however ,  when t h e  r e s i s t i v i t y  l o w s  



become b r o a d ,  and when t h e  l o c a l l y  c o n d u c t i v e  h i g h s  are 

m i s s i n g .  The b e s t  example  o f  s u c h  a  s i t u a t i o n  is t h e  

c o n d u c t i v e  zone con£ i n e d  to  a n o m a l i e s  2080C, 2090D, and 

2100C. T h i s  is a v e r y  a t t r a c t i v e  t a r g e t  which s h o u l d  b e  

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

O t h e r  t a r g e t s  o f  p o s s i b l e  i n t e r e s t ,  which  were 

s i m i l a r l y  i d e n t i f i e d  on t h e  b a s i s  of  t h e  r e s i s t i v i t y  

p a t t e r n s ,  a r e  2131D-2141E and  2151C-2200E. They a p p e a r  

to  be s a t e l l i t i c  to  t h e  l o n g  l i n e a r  c o n d u c t i v e  t r e n d s  and  

s h o u l d  be c o n s i d e r e d  i n  t h e  fo l l ow-up  program.  

One o f  t h e  m o s t  i n t r i g u i n g  f e a t u r e s  is anomaiy  

2070D-2090A. The EM r e s p o n s e s  s u g g e s t  t h a t  t h e s e  g r a d e  2  

a n o m a l i e s  b e l o n g  a l l  t o  t h e  same c o n d u c t o r .  T h i s  i n t e r -  

p r e t a t i o n  is s u p p o r t e d ,  by t h e  r e s i s t i v i t y  p a t t e r n s .  I t  is, 

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

t r e n d s  s u g g e s t i n g  t h a t  t w o  s e p a r a t e  c o n d u c t o r s  may e x i s t .  

The c o n d u c t i v e  core o f  t h e  r e s i s t i v e  zone  i n  t h e  

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

and d e p t h .  Its l a t e r a l  e x t e n t  is b e s t  i n d i c a t e d  by t h e  

r e s i s t i v i t y  p a t t e r n s .  Only  a  few EM a n o m a l i e s  a re  a s s o -  I 

c i a t e d  w i t h  t h i s  z o n e ,  e . g . ,  2160B, 2160C, a n d  2180xA. T h i s  

l a c k  of  EM a n o m a l i e s  o c c u r s  b e c a u s e  t h e  r e s i s t i v i t y  
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p a t t e r n s  a r e  b r o a d  and  t h e  EM a n o m a l i e s  c a n n o t  be r e l i a b l y  

i d e n t i f i e d .  

O t h e r  c o n d u c t i v e  z o n e s  w h i c h  a p p e a r  t o  r e f l e c t  

c o n d u c t i v e  mater ia l  a t  d e p t h  o c c u r  a l o n g  t h e  o u t e r  b o u n d a r y  

o f  t h e  main  r e s i s t i v e  z o n e ,  e . g . ,  s o u t h  o f  2130A; i n  t h e  

v i c i n i t y  o f  f i d u c i a l  2640 o n  l i n e  2100;  a l o n g  c o n d u c t o r  

2310D-2151xB w i t h  a p o s s i b l e  e x t e n s i o n  to  l i n e  2170 ,  280 m 

west o f  2170A; a n d  f u r t h e r  SSE t o  2300xA. 

The n o r t h w e s t  c o r n e r  o f  t h e  s u r v e y  area shows t h e  

p r e s e n c e  o f  c o n d u c t i v e  r o c k s .  I t  is s e p a r a t e d  f rom t h e  res t  

o f  t h e  a r e a  by a h i g h l y  r e s i s t i v e  z o n e .  The m a g n e t i c  maps 

s u g g e s t  t h a t  a  f a u l t  or a  g e o l o g i c  c o n t a c t  e x t e n d s  i n  a 

NS-to-NNE d i r e c t i o n  t h r o u g h  t h e  a r e a .  Bo th  t h e  EM and t h e  

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

t o  correla te  p r o p e r l y  on a l i n e - t o - l i n e  b a s i s .  The l i m i t e d  

g e o l o g i c  i n f o r m a t i o n  a v a i l a b l e  f o r  t h e  area s u g g e s t s  t h a t  

c o n d u c t o r  2010C-2030E, and p o s s i b l y  o t h e r  c o n d u c t o r s ,  

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

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

o u t  i n d i v i d u a l  EM r e s p o n s e s .  Only  two o b s e r v a t i o n s  a r e  made 

w h i c h  may h e l p  i n  t h e  e x p l o r a t i o n  p rogram.  F i r s t ,  t h e  
1 

n o r t h w e s t e r l y  s t r i k i n g  c o n d u c t o r s  2010A-2030A a n d  

2020A-2021A a n d  t h e  a s s o c i a t e d  l o w  r e s i s t i v i t y  zone  may 



c o n n e c t  w i t h  2040A, 2040B and s w i n g s  n o r t h  t o w a r d s  2030B i n  

a f  o l d - l i k e  f a s h i o n .  Second ,  t h e  enhanced  m a g n e t i c  anomaly ,  

which  e x t e n d s  f rom l i n e  2050 ( a b o u t  230 m e a s t  of  2050B) to  

l i n e  2030 ( a b o u t  170  m e a s t  o f  2030G) may be i n d i c a t i v e  o f  a 

f a u l t  e x t e n d i n g  f u r t h e r  n o r t h w e s t  t o w a r d s  t h e  r i v e r .  Note 

t h e  h i g h  r e s i s t i v i t y  zone  on l i n e s  2010 t o  2030 on s t r i k e  

w i t h  t h i s  anomaly.  Note a l s o  t h a t  a p o s s i b l e  f a u l t  was 

mapped a t  t h e  r i v e r  o u t s i d e  t h e  s u r v e y  bounda ry ,  r o u g h l y  on  

s t r i k e  w i t h  t h e  enhanced  m a g n e t i c  anomaly and t h e  h i g h  

r e s i s t i v i t y  zone .  

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

Z .  Dvorak 
V i c e - P r e s i d e n t  

Four  map s h e e t s  accompany t h i s  r e p o r t .  

E l e c t r o m a g n e t i c s  
R e s i s t i v i t y  
M a g n e t i c s  
Enhanced m a g n e t i c s  

1 map s h e e t  
1 map s h e e t  
1 map s h e e t  
1 map s h e e t  



A P P E N D I X  A 

THE FLIGHT RECORD AND PATH RECOVERY 

Both analog and d i g i t a l  f l i g h t  records a r e  produced. 

The analog p r o f i l e s  a r e  recorded on green c h a r t  paper i n  

t h e  a i r c r a f t  during t h e  survey. The d i g i t a l  p r o f i l e s  a r e  

generated l a t e r  by computer and p l o t t e d  on e l e c t r o s t a t i c  

c h a r t  paper a t  1:15,000 o r  a t  map s c a l e ,  whichever is 

l a r g e r .  The d i g i t a l  p r o f i l e s ,  which may be displayed,  a r e  

a s  follows: 

Channel Scale 
Number Parameter uni ts/mm 

20 magnetics 10 gamma 
21 bird height 3 m 
22 vertical coaxial coil-pair inphase (freq #1) 1 PPm 
23 vertical coaxial coil-pair quadrature (freq #l) 1 PPm 
24 horizontal coplanar coil-pair inphase (f req # 2) 1 PPm 
25 horizontal coplanar coil-pair quadrature (freq #2) 1 PPm 
26 VLF-EM total field 1 % 
27 VLF-EM vertical quadrature 1 % 
28 ambient noise monitor (coaxial receiver) 1 PPm 
29 ambient noise monitor (coplanar receiver) 1 PPm 
33 difference function inphase from channels 22 and 24 1 PPm 
34 difference function quadrature from channels 23 and 25 1 ppm 
35 first anomaly recognition function 1 PPm 
36 second anomaly recognition function 1 PPm 
37 conductance 1 mho 
40 log resistivity (at freq #2) .03 decade 
41 apparent depth or thickness (at freq #2) 3 m 
42 conductivity contrast (at freq 82) arbitrary 
43 depth contrast (at freq #2) arbitrary 
44 product 42*43 (at freq #2) arbitrary 
45 log resistivity (at freq #1) -03 decade 
46 apparent depth or thickness (at freq t l )  3 m I 

47 conductivity contrast (at freq #I) arbitrary 
48 depth contrast (at freq #1) arbitrary 
49 product 47*48 (at freq # l )  arbitrary 
50 apparent weiqht percent magnetite 0.25% 

; 



The l o g  r e s i s t i v i t y  scale o f  0.03 decade/mm means t h a t  

t h e  r e s i s t i v i t y  c h a n g e s  by a n  o r d e r  o f  m a g n i t u d e  i n  33  mm. 

The  r e s i s t i v i t i e s  a t  0 ,  3 3 ,  67  a n d  100 mm up f rom t h e  b o t t o m  

o f  t h e  c h a r t  a r e  r e s p e c t i v e l y  1 ,  1 0 ,  100  and  1000  ohm-m. 

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

p o i n t s  on t h e  g round  which  were r e c o v e r e d  f rom camera  f i l m .  

C o n t i n u o u s  p h o t o g r a p h i c  c o v e r a g e  a l l o w e d  a c c u r a t e  p h o t o - p a t h  

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

p l o t t e d  on t h e  g e o p h y s i c a l  maps t o  p r o v i d e  t h e  t r a c k  o f  t h e  

a i r c r a f t .  

The f i d u c i a l  l o c a t i o n s  on  b o t h  t h e  f l i g h t  r e c o r d s  and 

. f l i g h t  p a t h  maps were examined  by  a compu te r  f o r  u n u s u a l  

h e l i c o p t e r  s p e e d  c h a n g e s .  Such  c h a n g e s  may d e n o t e  an  error  

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

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

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

The  f o l l o w i n g  b r i e f  d e s c r i p t i o n  o f  DIGHEMI= 

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

p r o f i l e s * .  

*For  a d e t a i l e d  d e s c r i p t i o n ,  see D.c.' F r a s e r ,  G e o p h y s i c s ,  
v.44, p. 1367-1394. 



The DIG HEM^* s y s t e m  h a s  t w o  t r a n s m i t t e r  co i l s  

wh ich  are mounted a t  r i g h t  a n g l e s  t o  e a c h  o t h e r .  Both  

co i l s  t r a n s m i t  a t  a p p r o x i m a t e l y  t h e  same f r e q u e n c y .  ( T h i s  

f r e q u e n c y  is g i v e n  i n  t h e  I n t r o d u c t i o n . )  Thus ,  t h e  s y s t e m  

p r o v i d e s  two c o m p l e t e l y  i n d e p e n d e n t  s u r v e y s  a t  o n e  p a s s .  I n  

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

i n c l u d e  a n  i n p h a s e  c h a n n e l  and  a q u a d r a t u r e  c h a n n e l  wh ich  

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

o v e r b u r d e n .  A l s o ,  t h e  EM c h a n n e l s  may i n d i c a t e  w h e t h e r  t h e  

c o n d u c t o r  is  t h i n  ( e . g . ,  less t h a n  3 m ) ,  or h a s  a s u b s t a n -  

t i a l  w i d t h  (e .g . ,  g r e a t e r  t h a n  1 0  m ) .  F u r t h e r ,  t h e  EM 

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

c o n d u c t a n c e .  A minimum o f  14 EM c h a n n e l s  are p r o v i d e d .  The 

DIGHEMII s y s t e m  g i v e s  i n f o r m a t i o n  i n  o n e  p a s s  which  c a n n o t  

b e  o b t a i n e d  by a n y  o t h e r  a i r b o r n e  o r  g round  EM t e c h n i q u e .  

F i g u r e  A 1  shows a DIGHEMII f l i g h t  p r o f i l e  o v e r  a 

c o n d u c t i v e  ore body i n  A u s t r a l i a .  I t  w i l l  s e r v e  t o  i d e n t i f y  

t h e  m a j o r i t y  o f  t h e  a v a i l a b l e  c h a n n e l s .  

C h a n n e l s  2 0  and  2 1  are  r e s p e c t i v e l y  t h e  m a g n e t i c s  a n d  I 

t h e  EM b i r d  h e i g h t .  C h a n n e l s  2 2  a n d  23  are  t h e  i n p h a s e  and  

q u a d r a t u r e  o f  t h e  c o a x i a l  c o i l - p a i r .  T h i s  c o i l - p a i r  is 
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1 rrn,wl 

RECl 
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C X O  
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S I C T  
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e q u i v a l e n t  t o  t h e  s t a n d a r d  c o i l - p a i r  o f  a l l  i n p h a s e -  

q u a d r a t u r e  a i r b o r n e  EM s y s t e m s .  C h a n n e l s  24 a n d  25  are 

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

c o i l - p a i r .  

C h a n n e l s  3 3  a n d  34 are i n p h a s e  and  q u a d r a t u r e  

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

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

o f  c o n d u c t i v e  o v e r b u r d e n .  C h a n n e l  37 i s  t h e  c o n d u c t a n c e .  

The c o n d u c t a n c e  c h a n n e l  e s s e n t i a l l y  is a n  a u t o m a t i c  anomaly 

p i c k e r  c a l i b r a t e d  i n  c o n d u c t a n c e  u n i t s  o f  mhos; it is 

t r i g g e r e d  by t h e  anomaly r e c o g n i t i o n  f u n c t i o n s  shown as 

c h a n n e l s  35, 3 6 ,  and  42. 

C h a n n e l  40 is t h e  r e s i s t i v i t y ,  which  is d e r i v e d  f rom 

t h e  c o p l a n a r  c h a n n e l s . 2 4  and  25. The r e s i s t i v i t y  c h a n n e l  40 

y i e l d s  d a t a  which  c a n  be c o n t o u r e d ,  and so t h e  DIGHEMII 

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

e l e c t r o m a g n e t i c  map, a m a g n e t i c  c o n t o u r  map, and a n  enhanced  

m a g n e t i c  c o n t o u r  map. The e n h a n c e d  m a g n e t i c  c o n t o u r  map is 

s imi l a r  t o  t h e  f i l t e r e d  m a g n e t i c  map d i s c u s s e d  by F r a s e r . *  

*Cdn. I n s t .  Mng., B u l l . ,  A p r i l  1974 .  



Channe l  4 1  is t h e  d e p t h  c h a n n e l .  A d e p t h  estimate 

which  is n e g a t i v e  w i l l  o c c u r  when c o n d u c t i v e  o v e r b u r d e n  

e x i s t s .  A n e g a t i v e  d e p t h  estimate i m p l i e s  t h a t  t h e  

c o n d u c t i v e  mater ia l  o c c u r s  a b o v e  t h e  d a y l i g h t  s u r f  ace. 

T h i s  f a l s e  est imate shows t h a t  t h e  EM s y s t e m  h a s  r e s p o n d e d  

t o  t h e  c o n d u c t i v e  s u r f a c e  mater ia l  and had a l so  s e n s e d  t h e  

u n d e r l y i n g  r e s i s t i v e  r o c k .  I n  F i g .  A l ,  t h e  p o s i t i v e  d e p t h  

estimate o f  a b o u t  100  m is close to  t h e  t r u e  d e p t h  f o r  t h i s  

b e d r o c k  c o n d u c t o r .  

C h a n n e l  42 is  t h e  c o n d u c t i v i t y  c o n t r a s t  which  h i g h -  

l i g h t s  r e s i s t i v i t y  lows. C h a n n e l  43  is t h e  d e p t h  c o n t r a s t ,  

wh ich  u s u a l l y  is n o t  p l o t t e d .  Both  c h a n n e l s  42 and  43 t e n d  

' t o  y i e l d  p o s i t i v e  r e s p o n s e s  o v e r  b e d r o c k  c o n d u c t o r s  a t  

d e p t h .  Channe l  44 is  t h e  m u l t i p l e  o f  c h a n n e l s  42*43. 

C o n s e q u e n t l y ,  c h a n n e l  44 t e n d s  t o  y i e l d  l a r g e  p o s i t i v e  

r e s p o n s e s  o v e r  b e d r o c k  c o n d u c t o r s  a t  d e p t h .  The i n t e r p r e -  

t a t i o n  o f  c h a n n e l s  42 a n d  44 h a s  t o  be  done  w i t h  care,  

however ,  b e c a u s e  t h e y  may a l so  r e s p o n d  i n  a s im i l a r  f a s h i o n  

t o  a loca l  t h i c k e n i n g  i n  c o n d u c t i v e  c o v e r ,  e . g . ,  o v e r  a 

b u r i e d  r i v e r  c h a n n e l .  

C h a n n e l  SO p r o v i d e s  a n  estimate o f  t h e  p e r c e n t  by I 

w e i g h t  o f  m a g n e t i t e .  T h i s  c o m p u t a t i o n  is made wheneve r  



t h e  c o p l a n a r  i n p h a s e  c h a n n e l  24 is  n e g a t i v e .  The n e g a t i v e  

r e s p o n s e  shows t h a t  m a g n e t i c  p e r m e a b i l i t y  e x i s t s .  

Dual-f r e q u e n c y  s u r v e y i n g  

F o r  s u r v e y s  f l o w n  p r i m a r i l y  f o r  r e s i s t i v i t y  mapping,  as  

opposed  t o  EM s u r v e y i n g ,  t h e  t w o  t r a n s m i t t e r  c o i l s  may be 

e n e r g i z e d  a t  t w o  w e l l - s e p a r a t e d  f r e q u e n c i e s  ( e . g . ,  900  and  

3600  Hz) .  A p p a r e n t  r e s i s t i v i t y  maps c a n  be made i ndepen -  

d e n t l y  f o r  e a c h  f r e q u e n c y .  The i n t e r p r e t a t i o n  p r o c e d u r e  

i n v o l v e s  compar ing  t h e  a p p a r e n t  r e s i s t i v i t y  and  a p p a r e n t  

d e p t h  p a r a m e t e r s  a t  t h e  t w o  f r e q u e n c i e s .  

The u s e  o f  t w o  d i f f e r e n t  c o i l - p a i r  o r i e n t a t i o n s  ( i . e . ,  

c o a x i a l  and  c o p l a n a r )  f o r  d u a l - f r e q u e n c y  r e s i s t i v i t y  mapping 

is a n  u n o r t h o d o x  p r o c e d u r e .  However, as l o n g  as t h e  c u r r e n t  

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

o r i e n t a t i o n s  d o  n o t  i n £  l u e n c e  t h e  r e s u l t s .  Wire f e n c e s  and  

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

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

o t h e r  o f  t h e  c o i l - p a i r s .  

The d i f f e r e n c e  c h a n n e l s  3 3  a n d  34,  and t h e  anomaly  I 

r e c o g n i t i o n  c h a n n e l  35, a r e  n o t  p r o d u c e d  f o r  d u a l  f r e q u e n c e  

s u r v e y s .  T h i s  is b e c a u s e  t h e  d i v e r g e n t  f r e q u e n c i e s  o f  t h e  

t w o  c o i l - p a i r s  r e n d e r  them m e a n i n g l e s s .  
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ic survey of 282 line-km was flown in May, 1W2j1 for 

Cordilleran Engineering over the Post claim block in t$e 

Tootsee River area, British Columbia. 

The geologic environment in the survey area varied from 

highly conductive to quite resistive. The geophysical data 

appeared to show a high degree of mutual correlation. It 

also appeared to correlate well with known geology of the 

survey area. Several extensive zones were located which 

contained a number of well defined EM anomalies reflecting 

bedrock conductors. Many of the EM and resistivity features 

seem to be quite attractive and appear to warrant ground 

£01 low-up work. 
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INTRODUCTION 

A DIG HEM*^ s u r v e y  o f  282 l i n e - k m  w a s  f l o w n  w i t h  a 

300 m l i n e - s p a c i n g  f o r  C o r d i l l e r a n  E n g i n e e r i n g ,  o n  May 1 3  

a n d  May 1 9 ,  1 9 8 2 ,  o v e r  t h e  P o s t  c l a i m  b l o c k  i n  t h e  T o o t s e e  

R i v e r  a r e a ,  B r i t i s h  Columbia  ( F i g u r e  1 ) .  

The Lama C-GDEM t u r b i n e  h e l i c o p t e r  f l e w  w i t h  a n  a v e r a g e  

a i r s p e e d  o f  1 1 8  km/h a n d  EM b i r d  h e i g h t  o f  37  m. A n c i l l a r y  

e q u i p m e n t  c o n s i s t e d  o f  a G e o m e t r i c s  8 0 3  m a g n e t o m e t e r  w i t h  

its b i r d  a t  a n  a v e r a g e  h e i g h t  o f  52  m,  a S p e r r y  r a d i o  

a l t imete r ,  Geocam s e q u e n c e  c a m e r a ,  RMS GR-33 d i g i t a l  

g r a p h i c s  r e c o r d e r ,  and  a S o n o t e k  SDS 1 2 0 0  d i g i t a l  d a t a  

a c q u i s i t i o n  s y s t e m  w i t h  a D i g i D a t a  1640  9 - t r a c k  800-bp i  

m a g n e t i c  t a p e  r e c o r d e r .  The a n a l o g  e q u i p m e n t  r e c o r d e d  f o u r  

c h a n n e l s  o f  EM d a t a  a t  a p p r o x i m a t e l y  900  Hz, t w o  a m b i e n t  

EM n o i s e  c h a n n e l s  ( f o r  t h e  c o a x i a l  and  c o p l a n a r  r e c e i v e r s ) ,  

a n d  o n e  c h a n n e l  e a c h  o f  m a g n e t i c s  and r a d i o  a l t i t u d e .  The 

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

0.20 p p m / b i t  and  t h e  m a g n e t i c  f i e l d  to  o n e  gamrna/bit .  

A p p e n d i x  A p r o v i d e s  d e t a i l s  on  t h e  d a t a  c h a n n e l s ,  t h e i r  

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

Noise l e v e l s  of less  t h a n  2  ppm are g e n e r a l l y  m a i n t a i n e d  
I 

f o r  wind  s p e e d s  up t o  3 5  km/h. H i g h e r  w i n d s  may c a u s e  t h e  

s y s t e m  t o  b e  g r o u n d e d  b e c a u s e  e x c e s s i v e  b i r d  s w i n g i n g  



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

s w i n g i n g  r e s u l t s  f rom t h e  5 m 2  o f  a r e a  which is p r e s e n t e d  by 

t h e  b i r d  t o  b r o a d s i d e  g u s t s .  The DIGHEM s y s t e m  n e v e r t h e l e s s  

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

o t h e r  AEM s y s t e m s .  

ELECTROMAGNETICS 

DIGHEM e l e c t r o m a g n e t i c  r e s p o n s e s  f a l l  i n t o  two g e n e r a l  

c l a s s e s ,  d i s c r e t e  and b road .  The d i s c r e t e  c l a s s  c o n s i s t s  o f  

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

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

s u l f i d e s .  The b road  c l a s s  c o n s i s t s  of wide a n o m a l i e s  f rom 

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

d i p p i n g  g r a p h i t e  or s u l f i d e  s h e e t s ,  s a l i n e  w a t e r - s a t u r a t e d  

s e d i m e n t a r y  f o r m a t i o n s ,  c o n d u c t i v e  o v e r b u r d e n  and r o c k ,  and 

g e o t h e r m a l  zones .  A  v e r t i c a l  c o n d u c t i v e  s l a b  w i t h  a  w i d t h  

o f  1 0 0  m .would s t r a d d l e  t h e s e  two c l a s s e s .  

The v e r t i c a l  s h e e t  ( h a l f  p l a n e )  is t h e  m o s t  common 

model  u sed  f o r  t h e  a n a l y s i s  o f  d i s c r e t e  c o n d u c t o r s .  A l l  

a n o m a l i e s  p l o t t e d  on t h e  e l e c t r o m a g n e t i c  map a r e  i n t e r p r e t e d  

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

Discrete c o n d u c t o r  a n a l y s i s  d e s c r i b e s  t h i s  model i n  d e t a i l ,  



i n c l u d i n g  t h e  e f f e c t  o f  u s i n g  it on a n o m a l i e s  c a u s e d  by 

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

The c o n d u c t i v e  e a r t h  ( h a l f  s p a c e )  model is s u i t a b l e  f o r  

b r o a d  c o n d u c t o r s .  R e s i s t i v i t y  c o n t o u r  maps r e s u l t  f r om t h e  

u s e  o f  t h i s  model .  A l a t e r  s e c t i o n  e n t i t l e d  R e s i s t i v i t y  

mapping d e s c r i b e s  t h e  method f u r t h e r ,  i n c l u d i n g  t h e  e f f e c t  

o f  u s i n g  it on a n o m a l i e s  c a u s e d  by d i s c r e t e  c o n d u c t o r s  s u c h  

as  s u l f i d e  b o d i e s .  

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

The  EM a n o m a l i e s  a p p e a r i n g  on  t h e  e l e c t r o m a g n e t i c  map 

are i n t e r p r e t e d  by compu te r  t o  g i v e  t h e  c o n d u c t a n c e  ( i . e . ,  

c o n d u c t i v i t y - t h i c k n e s s  p r o d u c t )  i n  mhos o f  a v e r t i c a l  s h e e t  

model .  DIGHEM a n o m a l i e s  are d i v i d e d  i n t o  s i x  g r a d e s  of  con- 

d u c t a n c e ,  a s  shown i n  T a b l e  I .  The c o n d u c t a n c e  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. 

T a b l e  I .  EM Anomaly G r a d e s  

Anomaly Grade  Mho Range 

6 > 100  
5  50 = 99 
4 20 - 49 
3 1 0  - 1 9  
2 5 -  9  
1 < 5 



The mho v a l u e  is a  g e o l o g i c a l  p a r a m e t e r  b e c a u s e  it is 

a c h a r a c t e r i s t i c  o f  t h e  c o n d u c t o r  a l o n e ;  it g e n e r a l l y  is 

i n d e p e n d e n t  o f  f r e q u e n c y ,  and o f  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  a p a r t  f rom t h e  a v e r a g i n g  o v e r  a  g r e a t e r  p o r t i o n  o f  

t h e  c o n d u c t o r  a s  h e i g h t  i n c r e a s e s .  l Smal l  a n o m a l i e s  f rom 

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

a n o m a l i e s  f rom s h a l l o w  weak c o n d u c t o r s  b e c a u s e  t h e  f o r m e r  

w i l l  have  l a r g e r  mho v a l u e s . '  

Conduc t ive  o v e r b u r d e n  g e n e r a l l y  p r o d u c e s  b road  EM 

r e s p o n s e s  which are n o t  p l o t t e d  on  t h e  EM maps. However, 

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

c a n  y i e l d  d i s c r e t e - l i k e  a n o m a l i e s  w i t h  a c o n d u c t a n c e  g r a d e  

(cf .  T a b l e  I )  o f  1 ,  or even  o f  2 f o r  c o n d u c t i n g  c l a y s  which  

h a v e  r e s i s t i v i t i e s  a s  l o w  as 50 ohm-m. I n  a r e a s  where 

g round  r e s i s t i v i t i e s  c a n  be be low 1 ohm-m, a n o m a l i e s  

c a u s e d  by w e a t h e r i n g  v a r i a t i o n s  and s i m i l a r  c a u s e s  c a n  

have  any  c o n d u c t a n c e  g r a d e .  The anomaly s h a p e s  f rom t h e  

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

r e c o g n i z e d ,  and t h e s e  a r e  i n d i c a t e d  by t h e  l e t t e r  S on t h e  

map. The r e m a i n i n g  a n o m a l i e s  i n  s u c h  a r e a s  c o u l d  be bed rock  

l ~ h i s  s t a t e m e n t  is a n  a p p r o x i m a t i o n .  DIGHEM, w i t h  
i t s  s h o r t  co i l  s e p a r a t i o n ,  t e n d s  t o  y i e l d  l a r g e r  and i 

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



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

h i g h e r  c o n d u c t a n c e s .  Examples:  D I G H E M 1 s  N e w  I n s c o  c o p p e r  

d i s c o v e r y  (Noranda ,  Quebec ,  Canada)  y i e l d e d  a g r a d e  4 

anomaly,  a s  d i d  t h e  n e i g h b o u r i n g  c o p p e r - z i n c  Magusi R i v e r  

ore body; M a t t a b i  ( c o p p e r - z i n c ,  S t u r g e o n  Lake ,  O n t a r i o ,  

Canada)  and W h i s t l e  ( n i c k e l ,  Sudbury ,  O n t a r i o ,  Canada)  g a v e  

g r a d e  5 ;  and  D I G H E M f s  Montcalm n i c k e l - c o p p e r  d i s c o v e r y  

(Timmins,  O n t a r i o ,  Canada)  y i e l d e d  a  g r a d e  6 anomaly.  

G r a p h i t e  and s u l f i d e s  c a n  s p a n  a l l  g r a d e s  b u t ,  i n  any  p a r -  

t i c u l a r  s u r v e y  a r e a ,  f i e l d  work may show t h a t  t h e  d i f f e r e n t  

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

S t r o n g  c o n d u c t o r s  ( i . e . ,  g r a d e s  5 and  6 )  a r e  c h a r a c t e r -  

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

( g r a d e s  3 and  4 )  t y p i c a l l y  r e f l e c t  s u l f i d e s  o f  a  less 

m a s s i v e  c h a r a c t e r  or g r a p h i t e ,  w h i l e  weak bed rock  c o n d u c t o r s  

( g r a d e s  1 and  2 )  c a n  s i g n i f y  p o o r l y  c o n n e c t e d  g r a p h i t e  or 

h e a v i l y  d i s s e m i n a t e d  s u l f i d e s .  Grade  1 c o n d u c t o r s  may n o t  

r e s p o n d  t o  ground EM equipment  u s i n g  f r e q u e n c i e s  less t h a n  

2000 Hz. 

The p r e s e n c e  o f  s p h a l e r i t e  or gangue  c a n  r e s u l t  i n  

ore d e p o s i t s  h a v i n g  weak t o  m o d e r a t e  c o n d u c t a n c e s .  A s  
t 

a n  example ,  t h e  t h r e e  m i l l i o n  t o n  l e a d - z i n c  d e p o s i t  o f  

R e s t i g o u c h e  Mining C o r p o r a t i o n  n e a r  B a t h u r s t ,  N e w  Brunswick ,  



Canada, yielded a well defined grade 1 conductor. The 

10 percent by volume of sphalerite occurs as a coating 

around the fine grained massive pyrite, thereby inhibiting 

electrical conduction. 

Faults, fractures and shear zones may produce anomalies 

which typically have low conductances (e-g., grades 1 and 

2). Conductive rock formations can yield anomalies of any 

conductance grade. The conductive materials in such rock 

formations can be salt water, weathered products such as 

clays, original depositional clays, and carbonaceous 

material. 

On the electromagnetic map, the actual mho value and a 

letter are plotted beside the EM grade symbol. The letter 

is the anomaly identifier. The horizontal rows of dots, 

beside each anomaly symbol, indicate the anomaly amplitude 

on the flight record. The vertical column of dots gives the 

estimated depth. In areas where anomalies are crowded, the 

identifiers, dots and mho values may be obliterated. The EM 

grade symbols, however, will always be discernible, and the 

obliterated information can be obtained from the anomaly 

listing appended to this report. 



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

is t o  p r o v i d e  a n  estimate o f  t h e  r e l i a b i l i t y  o f  t h e  conduc-  

t a n c e  c a l c u l a t i o n .  Thus ,  a c o n d u c t a n c e  v a l u e  o b t a i n e d  f rom 

a l a r g e  ppm anomaly  ( 3  o r  4 d o t s )  w i l l  t e n d  t o  be a c c u r a t e  

w h e r e a s  o n e  o b t a i n e d  f rom a s m a l l  ppm anomaly ( n o  d o t s )  

c o u l d  b e  q u i t e  i n a c c u r a t e .  The a b s e n c e  o f  a m p l i t u d e  d o t s  

i n d i c a t e s  t h a t  t h e  anomaly from t h e  c o a x i a l  c o i l - p a i r  is 

5 ppm or less  on  b o t h  t h e  i n p h a s e  and  q u a d r a t u r e  c h a n n e l s .  

Such small  a n o m a l i e s  c o u l d  r e f l e c t  a weak c o n d u c t o r  a t  t h e  

s u r f a c e  or  a s t r o n g e r  c o n d u c t o r  a t  d e p t h .  The mho v a l u e  a n d  

d e p t h  estimate w i l l  i l l u s t r a t e  which  o f  t h e s e  p o s s i b i l i t i e s  

f i t s  t h e  r e c o r d e d  d a t a  b e s t .  

F l i g h t  l i n e  d e v i a t i o n s  o c c a s i o n a l l y  y i e l d  cases w h e r e  

t w o  a n o m a l i e s ,  h a v i n g  s imi la r  mho v a l u e s  b u t  d r a m a t i c a l l y  

d i f f e r e n t  d e p t h  estimates, o c c u r  close t o g e t h e r  on t h e  same 

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

c o n d u c t a n c e  measurement  w h i l e  showing  t h a t  t h e  d e p t h  e s t i -  

mate c a n  b e  u n r e l i a b l e .  T h e r e  are  a number o f  f a c t o r s  which  

c a n  p r o d u c e  a n  error  i n  t h e  d e p t h  estimate, i n c l u d i n g  t h e  

a v e r a g i n g  o f  t o p o g r a p h i c  v a r i a t i o n s  by t h e  a l t imete r ,  o v e r -  

l y i n g  c o n d u c t i v e  o v e r b u r d e n ,  and  t h e  l o c a t i o n  and a t t i t u d e  

o f  t h e  c o n d u c t o r  r e l a t i v e  t o  t h e  f l i g h t  l i n e .  Conduc to r  
I 

l o c a t i o n  and a t t i t u d e  c a n  p r o v i d e  an  . e r r o n e o u s  d e p t h  e s t i -  

mate b e c a u s e  t h e  s t r o n g e r  p a r t  o f  t h e  c o n d u c t o r  may be  



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

a s h a l l o w  d i p .  A heavy  t ree  c o v e r  c a n  a l s o  p r o d u c e  errors 

i n  d e p t h  e s t i m a t e s .  T h i s  is b e c a u s e  t h e  d e p t h  e s t i m a t e  is 

computed a s  t h e  d i s t a n c e  o f  b i r d  f rom c o n d u c t o r ,  minus t h e  

a l t imete r  r e a d i n g .  The a l t i m e t e r  c a n  l o c k  on  t h e  t o p  o f  a 

d e n s e  f o r e s t  canopy.  T h i s  s i t u a t i o n  y i e l d s  an e r r o n e o u s l y  

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

e s t i m a t e .  

Dip symbols  a r e  used  t o  i n d i c a t e  t h e  d i r e c t i o n  o f  d i p  

o f  c o n d u c t o r s .  These  symbols  a r e  u sed  o n l y  when t h e  anomaly 

s h a p e s  a r e  unambiguous,  which u s u a l l y  r e q u i r e s  a  f a i r l y  

r e s i s t i v e  env i ronmen t .  

A f u r t h e r  i n t e r p r e t a t i o n  is p r e s e n t e d  on t h e  EM map by 

means o f  t h e  l i n e - t o - l i n e  c o r r e l a t i o n  o f  a n o m a l i e s ,  which is  

based  o n  a  compar i son  o f  anomaly s h a p e s  on a d j a c e n t  l i n e s .  

T h i s  p r o v i d e s  c o n d u c t o r  a x e s  which may d e f i n e  t h e  g e o l o g i c a l  

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

c o n d u c t o r  a x e s  i n  an  a r e a  i m p l i e s  t h a t  a n o m a l i e s  c o u l d  n o t  

b e  c o r r e l a t e d  f rom l i n e  t o  l i n e  w i t h  r e a s o n a b l e  c o n f i d e n c e .  

DIGHEM e l e c t r o m a g n e t i c  maps a r e  d e s i g n e d  t o  p r o v i d e  
l 

a correct i m p r e s s i o n  o f  c o n d u c t o r  q u a l i t y  by means o f  t h e  

c o n d u c t a n c e  g r a d e  symbols .  The symbo l s  c a n  s t a n d  a l o n e  w i t h  



g e o l o g y  when p l a n n i n g  a f o l l o w - u p  program.  The a c t u a l  mho 

v a l u e s  a r e  p l o t t e d  f o r  t h o s e  who w i s h  q u a n t i t a t i v e  d a t a .  

The anomaly ppm and  d e p t h  are i n d i c a t e d  by i n c o n s p i c u o u s  

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

w h i l e  b e i n g  h e l p f u l  t o  t h o s e  who w i s h  t h i s  i n f o r m a t i o n .  The 

map p r o v i d e s  a n  i n t e r p r e t a t i o n  o f  c o n d u c t o r s  i n  terms o f  

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

(see b e l o w ) ,  and d i p .  The a c c u r a c y  is c o m p a r a b l e  t o  a n  

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

t h e  same l i n e  s p a c i n g .  

An EM anomaly l i s t  a t t a c h e d  t o  e a c h  s u r v e y  r e p o r t  

p r o v i d e s  a t a b u l a t i o n  o f  a n o r c a l i e s  i n  ppm, and  i n  mhos 

and  e s t i m a t e d  d e p t h  for  t h e  v e r t i c a l  s h e e t  model .  The EM 

anomaly l i s t  a l so  shows t h e  c o n d u c t a n c e  i n  mhos and  t h e  

d e p t h  f o r  a t h i n  h o r i z o n t a l  s h e e t  ( w h o l e  p l a n e )  model ,  b u t  

o n l y  t h e  v e r t i c a l  s h e e t  p a r a m e t e r s  a p p e a r  o n  t h e  EM map. 

The h o r i z o n t a l  s h e e t  model  is s u i t a b l e  f o r  a  f l a t l y  d i p p i n g  

t h i n  b e d r o c k  c o n d u c t o r  s u c h  as  a s u l f i d e  s h e e t  h a v i n g  a 

t h i c k n e s s  l ess  t h a n  15  m. The l is t  a l so  shows t h e  resis- 

t i v i t y  and  d e p t h  fo r  a c o n d u c t i v e  e a r t h  ( h a l f  s p a c e )  model ,  

which  is s u i t a b l e  f o r  t h . i c k e r  s l a b s  s u c h  as t h i c k  c o n d u c t i v e  

o v e r b u r d e n .  I n  t h e  EM anomaly l i s t ,  a d e p t h  v a l u e  o f  z e r o  
I 

f o r  t h e  c o n d u c t i v e  e a r t h  model ,  i n  a n  a r e a  o f  t h i c k  c o v e r ,  

w a r n s  t h a t  t h e  anomaly may b e  c a u s e d  by  c o n d u c t i v e  

o v e r b u r d e n .  



Since discrete bodies normally are the targets of E M  

surveys, local base (or zero) levels are used to compute 

local anomaly amplitudes. This contrasts with the use of 

true zero levels which are used to compute true EM 

amplitudes. Local anomaly amplitudes are shown in the 

EM anomaly list and these are used to compute the vertical 

sheet parameters of conductance and depth. Not shown in 

the EM anomaly list are the true amplitudes which are used 

to compute the horizontal sheet and conductive earth 

parameters. 

X-type electromagnetic responses 

DIGHEMII maps contain x-type EM responses in addition 

to E M  anomalies. An x-type response is below the noise 

threshold of 3 ppm, and reflects one of the following: a 

weak conductor near the surface, a strong conductor at depth 

(e.g., 100 to 120 m below surface) or to one side of a 

flight line, or aerodynamic noise. Those responses that 

have the appearance of valid bedrock anomalies on the flight 

profiles are mentioned in the report. The others should not 

be followed up unless their locations are of considerable 

geological interest. 



The t h i c k n e s s  p a r a m e t e r  

DIGHEMII c a n  p r o v i d e  a n  i n d i c a t i o n  o f  t h e  t h i c k n e s s  

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

a m p l i t u d e  o f  c h a n n e l  2 4 / c h a n n e l  2 2  g e n e r a l l y  i n c r e a s e s  as  

t h e  a p p a r e n t  t h i c k n e s s  i n c r e a s e s ,  i . e . ,  t h e  t h i c k n e s s  i n  

t h e  h o r i z o n t a l  p l a n e  a l o n g  t h e  f l i g h t  l i n e :  T h i s  t h i c k n e s s  

is  e q u a l  t o  t h e  c o n d u c t o r  w i d t h  i f  t h e  c o n d u c t o r  d i p s  a t  

9 0  d e g r e e s  and s t r i k e s  a t  r i g h t  a n g l e s  t o  t h e  f l i g h t  l i n e .  

T h i s  r e p o r t  r e f e r s  t o  a c o n d u c t o r  as  t h i n  when t h e  t h i c k n e s s  

is l i k e l y  t o  b e  less  t h a n  3 m r  and  t h i c k  when i n  e x c e s s  o f  

10  m. I n  b a s e  metal e x p l o r a t i o n  a p p l i c a t i o n s ,  t h i c k  conduc-  

tors  c a n  b e  h i g h  p r i o r i t y  t a r g e t s  b e c a u s e  m o s t  m a s s i v e  

s u l f i d e  ore b o d i e s  are t h i c k ,  w h e r e a s  non-economic b e d r o c k  

c o n d u c t o r s  a re  u s u a l l y  t h i n .  An estimate o f  t h i c k n e s s  

c a n n o t  b e  o b t a i n e d  when t h e  s t r i k e  o f  t h e  c o n d u c t o r  is 

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

s h a l l o w  d i p ,  when t h e  anomaly a m p l i t u d e s  are small, or  when 

t h e  r e s i s t i v i t y  o f  t h e  e n v i r o n m e n t  is be low 1 0 0  ohm-m. 

R e s i s t i v i t y  mapping 

Areas of w i d e s p r e a d  c o n d u c t i v i t y  are  commonly 

e n c o u n t e r e d  d u r i n g  s u r v e y s .  I n  s u c h  areas,  a n o m a l i e s  c a n  

b e  g e n e r a t e d  by d e c r e a s e s  o f  o n l y  5 m i n  s u r v e y  a l t i t u d e  as  



well as by increases in conductivity. The typical flight 

record in conductive areas is characterized by inphase and 

quadrature channels which are continuously active; local 

peaks reflect either increases in conductivity of the earth 

or decreases in survey altitude. For such conductive areas, 

apparent resistivity profiles and contour maps are necessary 

for the interpretation of the airborne data. The advantage 

of the resistivity parameter is that anomalies caused by 

altitude changes are virtually eliminated, so the resis- 

tivity data reflect only those anomalies caused by conduc- 

tivity changes. This helps the interpreter to differentiate 

between conductive trends in the bedrock and those patterns 

typical of conductive overburden. Discrete conductors will 

generally appear as narrow lows on the contour map and broad 

conductors will appear as wide lows. 

Channel 40 (see Appendix) and the resistivity contour 

map present the apparent resistivity using the so-called 

pseudo-layer (or buried) half space model defined in Fraser 

(1978)~. This model consists of a resistive layer over- 

lying a conductive half space. Channel 41 gives the 

apparent depth below surface of the conductive material. 

2~esistivity mapping with an airborne multicoil 
electromagnetic system: Geophysics, v 43, p. 144-172. 



The  a p p a r e n t  d e p t h  is  s i m p l y  t h e  a p p a r e n t  t h i c k n e s s  o f  t h e  

o v e r l y i n g  r e s i s t i v e  l a y e r .  The a p p a r e n t  d e p t h  (o r  

t h i c k n e s s )  p a r a m e t e r  w i l l  b e  p o s i t i v e  when t h e  u p p e r  l a y e r  

is more r e s i s t i v e  t h a n  t h e  u n d e r l y i n g  mater ia l ,  i n  which  

case t h e  a p p a r e n t  d e p t h  may be  q u i t e  close t o  t h e  t r u e  

d e p t h .  

The a p p a r e n t  d e p t h  w i l l  be  n e g a t i v e  when t h e  u p p e r  

l a y e r  is more c o n d u c t i v e  t h a n  t h e  u n d e r l y i n g  material ,  and 

w i l l  b e  z e r o  when a  homogeneous h a l f  s p a c e  e x i s t s .  The 

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

b e c a u s e  it w i l l  c o n t a i n  any  errors which  may e x i s t  i n  t h e  

measu red  a l t i t u d e  o f  t h e  EM b i r d  ( e . g . ,  as  c a u s e d  by  a d e n s e  

t ree c o v e r ) .  The i n p u t s  t o  t h e  r s s i s t i v i t y  a l g o r i t h m  are  

t h e  i n p h a s e  and  q u a d r a t u r e  components  o f  t h e  c o p l a n a r  co i l -  

p a i r .  The o u t p u t s  are t h e  a p p a r e n t  r e s i s t i v i t y  of t h e  

c o n d u c t i v e  h a l f  s p a c e  ( t h e  s o u r c e )  and  t h e  s e n s o r - s o u r c e  

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

a n d  t h e  o u t p u t  r e s i s t i v i t y  and  s e n s o r - s o u r c e  d i s t a n c e  are 

i n d e p e n d e n t  o f  t h e  f l y i n g  h e i g h t .  The a p p a r e n t  d e p t h ,  

d i s c u s s e d  a b o v e ,  is  s i m p l y  t h e  s e n s o r - s o u r c e  d i s t a n c e  minus  

t h e  measu red  a l t i t u d e  or f l y i n g  h e i g h t .  C o n s e q u e n t l y ,  

errors i n  t h e  measured  a l t i t u d e  w i l l  a f f e c t  t h e  a p p a r e n t  
I 

d e p t h  p a r a m e t e r  b u t  n o t  t h e  a p p a r e n t  . r e s i s t i v i t y  p a r a m e t e r .  



The apparent depth parameter is a useful indicator of 

simple layering in areas lacking a heavy tree cover. The 

DIGHEMII system has been flown for the purpose of 

permafrost mapping, where positive apparent depths were 

used as a measure of permafrost thickness. However, little 

quantitative use has been made of negative apparent depths 

because the absolute value of the negative .depth is not a 

measure of the thickness of the conductive upper layer and, 

therefore, is not meaningful physically. Qualitatively, a 

negative apparent depth estimate usually shows that the EM 

anomaly is caused by conductive overburden. Consequently, 

the apparent depth channel 41 can be of significant help in 

distinguishing between overburden and bedrock conductors. 

Inter~retation in conductive environments 

. Environments having background resistivities below 

30 ohm-m cause all airborne EM systems to yield very 

large responses from the conductive ground. This usually 

prohibits the recognition of bedrock conductors. The 

processing of DIGHEMII data, however, produces six 

channels which contribute significantly to the recognition 

of bedrock conductors. These are the inphase and quadrature 

difference channels (#33 and 34), the resistivity and depth* 

channels (#40 and 41), the conductivity contrast channel 

( # 4 2 ) ,  and the product of the conductivity contrast and 

depth contrast channels (#44). 



The EM d i f f e r e n c e  c h a n n e l s  ( 3 3  and 3 4 )  e l i m i n a t e  up to  

99% o f  t h e  r e s p o n s e  o f  c o n d u c t i v e  g r o u n d ,  l e a v i n g  r e s p o n s e s  

f rom bedrock  c o n d u c t o r s ,  c u l t u r a l  f e a t u r e s  ( e . g . ,  t e l e p h o n e  

l i n e s ,  f e n c e s ,  e t c . )  and e d g e  e f f e c t s .  An e d g e  e f f e c t  

a r i ses  when t h e  c o n d u c t i v i t y  o f  t h e  ground s u d d e n l y  c h a n g e s ,  

and  t h i s  is a  s o u r c e  o f  g e o l o g i c  n o i s e .  Whi le  e d g e  e f f e c t s  

y i e l d  a n o m a l i e s  o n  t h e  EM d i f f e r e n c e  c h a n n e l s ,  t h e y  do  n o t  

p r o d u c e  r e s i s t i v i t y  a n o m a l i e s .  C o n s e q u e n t l y ,  t h e  

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

e d g e  e f f e c t s .  On t h e  o t h e r  hand ,  r e s i s t i v i t y  a n o m a l i e s  w i l l  

c o i n c i d e  w i t h  t h e  most h i g h l y  c o n d u c t i v e  s e c t i o n s  o f  

c o n d u c t i v e  g r o u n d ,  and t h i s  is a n o t h e r  s o u r c e  o f  g e o l o g i c  

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

c o n d u c t i v e  env i ronmen t  t h e r e f o r e  is based  on t h e  anomalous 

r e s p o n s e s  of t h e  t w o  d i f f e r e n c e  c h a n n e l s  ( 3 3  and  3 4 )  and t h e  

r e s i s t i v i t y  c h a n n e l  ( 4 0 ) .  The most f a v o u r a b l e  s i t u a t i o n  is 

where  a n o m a l i e s  c o i n c i d e  on a l l  t h r e e  c h a n n e l s .  

Channe l  4 1 ,  which is t h e  a p p a r e n t  d e p t h  t o  t h e  conduo- 

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

r e s p o n s e  a r i s e s  f rom s u r f i c i a l  m a t e r i a l  o r  f rom a  c o n d u c t i v e  

zone i n  t h e  bed rock ,  When t h i s  c h a n n e l  r i d e s  above  t h e  

z e r o  l e v e l  o n  t h e  e l e c t r o s t a t i c  c h a r t  p a p e r  ( i . e . ,  it is 
I 

n e g a t i v e ) ,  it i m p l i e s  t h a t  t h e  EM and r e s i s t i v i t y  p r o f i l e s  

are r e s p o n d i n g  p r i m a r i l y  t o  a c o n d u c t i v e  u p p e r  l a y e r ,  i .e . ,  



c o n d u c t i v e  ove rbu rden .  I f  c h a n n e l  4 1  i s  below t h e  z e r o  

l e v e l ,  it i n d i c a t e s  t h a t  a  r e s i s t i v e  uppe r  l a y e r  e x i s t s ,  and 

t h i s  u s u a l l y  i m p l i e s  t h e  e x i s t e n c e  o f  a  bed rock  c o n d u c t o r .  

The c o n d u c t i v i t y  c o n t r a s t  c h a n n e l  ( # 4 2 )  h i g h l i g h t s  

l o c a l  r e s i s t i v i t y  lows. T h i s  c h a n n e l ,  and t h e  d e p t h  

c o n t r a s t  ( # 4 3 ) ,  b o t h  y i e l d  p o s i t i v e  a n o m a l i e s  f rom conduc- 

tors  a t  d e p t h .  Channel  44 is t h e  m u l t i p l e  42*43 and it is 

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

o f  c h a n n e l s  42 and 4 4  h a s  t o  be done  c a r e f u l l y ,  however ,  

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

local  t h i c k e n i n g  i n  t h e  c o n d u c t i v e  c o v e r  as, f o r  example ,  

o v e r  a  b u r i e d  r i v e r  c h a n n e l .  C h a n n e l s  42 and  43  a r e  d e r i v e d  

from c h a n n e l s  40 and 41 u s i n g  d i g i t a l  f i l t e r  t e c h n i q u e s .  

Channe l s  35,  36 and  42 a r e  t h e  anomaly r e c o g n i t i o n  

f u n c t i o n s .  They a r e  used  t o  t r i g g e r  t h e  c o n d u c t a n c e  

c h a n n e l  37 which i d e n t i f i e s  d i s c r e t e  c o n d u c t o r s .  I n  h i g h l y  

c o n d u c t i n g  e n v i r o n m e n t s ,  c h a n n e l  36 i s  d e a c t i v a t e d  b e c a u s e  

it is s u b j e c t  to  c o r r u p t i o n  by h i g h l y  c o n d u c t i v e  e a r t h  

s i g n a l s .  Some o f  t h e  a u t o m a t i c a l l y  s e l e c t e d  a n o m a l i e s  

( c h a n n e l  37 )  a r e  d i s c a r d e d  by t h e  human i n t e r p r e t e r .  The 

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

t o  a s s u r e  t h a t  no m e a n i n g f u l  r e s p o n s e s  a r e  mi s sed .  The 

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

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



t h e  d a t a ,  s u c h  as t h o s e  a r i s i n g  f rom g e o l o g i c  o r  ae rodynamic  

n o i s e .  

The r e s i s t i v i t y  map o f t e n  y i e l d s  more u s e f u l  i n fo rma-  

t i o n  on  c o n d u c t i v i t y  d i s t r i b u t i o n s  t h a n  t h e  EM map. I n  

compar ing  t h e  EM and r e s i s t i v i t y  maps, k e e p  i n  mind t h e  

f o l l o w i n g :  

- 
( a )  The r e s i s t i v i t y  map p o r t r a y s  t h e  a b s o l u t e  

v a l u e  o f  t h e  e a r t h ' s  r e s i s t i v i t y .  
"I 

( b )  The EM map p o r t r a y s  a n o m a l i e s  i n  t h e  e a r t h ' s  

- r e s i s t i v i t y .  An anomaly by d e f i n i t i o n  is  

a change  from t h e  norm and so t h e  EM map 

d i s p l a y s  a n o m a l i e s ,  ( i )  o v e r  na r row,  conduc- 

t i v e  b o d i e s  and ( i i )  o v e r  t h e  boundary  zone  

be tween  t w o  wide f o r m a t i o n s  o f  d i f f e r i n g  

c o n d u c t i v i t y .  

The. r e s i s t i v i t y  map migh t  be l i k e n e d  t o  a  t o t a l  f i e l d  

map and t h e  EM map t o  a  h o r i z o n t a l  g r a d i e n t  i n  t h e  d i r e c t i o n  

o f  f l i g h t 3 .  Because g r a d i e n t  maps a r e  u s u a l l y  more s e n s i -  

t i v e  t h a n  t o t a l  f i e l d  maps, t h e  EM map t h e r e f o r e  is  t o  be 

3 ~ h e  g r a d i e n t  a n a l o g y  is o n l y  v a l i d  w i t h  r e g a r d  t o  t h e  
i d e n t i f i c a t i o n  o f  anomalous l o c a t i o n s .  The c a l c u l a -  
t i o n  o f  c o n d u c t a n c e  is based  on EM a m p l i t u d e s  r e l a t i v e  
t o  a  l o c a l  b a s e  l e v e l ,  r a t h e r  t h a n  t o  an a b s o l u t e  z e r o  
l e v e l  as  f o r  t h e  r e s i s t i v i t y  c a l c u l a t i o n .  
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preferred in resistive areas. However, in conductive areas, 

the absolute character of the resistivity map usually causes 

it to be more useful than the EM map. 

Reduction of geologic noise 

Geologic noise refers to unwanted geophysical 

responses. For purposes of airborne EM surveying, geologic 

noise refers to EM responses caused by conductive overburden 

and magnetic permeability. It was mentioned above that the 

EM difference channels (i.e., channel 33 for inphase and 34 

for quadrature) tend to eliminate the response of conductive 

overburden. This marked a unique development in airborne EM 

technology, as DIGHEMII is the only EM system which yields 

channels having an exceptionally high degree of immunity to 

conductive overburden. 

Magnetite produces a form of geological noise on the 

inphase .channels of all EM systems. Rocks containing less 

than 1 %  magnetite can yield negative inphase anomalies 

caused by magnetic permeability. When magnetite is widely 

distributed throughout a survey area, the inphase EM chan- 

nels may continuously rise and fall reflecting variations 
I 

in the magnetite percentage, flying height, and overburden 

thickness. This can lead to difficulties in recognizing 



d e e p l y  b u r i e d  bed rock  c o n d u c t o r s ,  p a r t i c u l a r l y  i f  c o n d u c t i v e  

o v e r b u r d e n  a l s o  e x i s t s .  However, t h e  r e s p o n s e  o f  b r o a d l y  

d i s t r i b u t e d  m a g n e t i t e  g e n e r a l l y  v a n i s h e s  on t h e  i n p h a s e  

d i f f e r e n c e  c h a n n e l  33 .  T h i s  f e a t u r e  c a n  be a  s i g n i f i c a n t  

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

c o n t a i n i n g  a c c e s s o r y  m a g n e t i t e .  

The i n f o r m a t i o n  con ten t .  o f  DIGHEMI= d a t a  c o n s i s t s  

o f  a  c o m b i n a t i o n  o f  c o n d u c t i v e  eddy  c u r r e n t  r e s p o n s e  and 

m a g n e t i c  p e r m e a b i l i t y  r e s p o n s e .  The s e c o n d a r y  f i e l d  

r e s u l t i n g  from c o n d u c t i v e  eddy c u r r e n t  f l o w  is f r e q u e n c y -  

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

components ,  which a r e  p o s i t i v e  i n  s i g n .  On t h e  o t h e r  

hand ,  t h e  s e c o n d a r y  f i e l d  r e s u l t i n g  f rom m a g n e t i c  

p e r m e a b i l i t y  is  i n d e p e n d e n t  o f  f r e q u e n c y  and c o n s i s t s  o f  

o n l y  a n  i n p h a s e  component which is n e g a t i v e  i n  s i g n .  When 

m a g n e t i c  p e r m e a b i l i t y  m a n i f e s t s  i t s e l f  by d e c r e a s i n g  t h e  

measured amount o f  p o s i t i v e  i n p h a s e ,  i ts p r e s e n c e  may be  

d i f f i c u l t  t o  r e c o g n i z e .  However, when it m a n i f e s t s  i t s e l f  

by y i e l d i n g  a n e g a t i v e  i n p h a s e  anomaly ( @ . g o ,  i n  t h e  a b s e n c e  

o f  eddy  c u r r e n t  f l o w ) ,  i t s  p r e s e n c e  is a s s u r e d .  I n  t h i s  
I 

l a t t e r  c a s e ,  t h e  n e g a t i v e  component c a n  be used  to  e s t i m a t e  

t h e  p e r c e n t  m a g n e t i t e  c o n t e n t .  



A magnetite mapping technique was developed for the 

coplanar coil-pair of DIGHEMII. The technique yields 

channel SO which displays apparent weight percent magnetite 

according to a homogeneous half space model. The method can 

be complementary to magnetometer mapping in certain cases. 

Compared to magnetometry, it is far less sensitive but is 

more able to resolve closely spaced magnetite zones, as well 

as providing an estimate of the amount of magnetite in the 

rock. The method is sensitive to 1 / 4 %  magnetite by weight 

when the EM sensor is at a height of 30 m above a magnetitic 

half space. It can individually resolve steeply dipping 

narrow magnetite-rich bands which are separated by 60 m. 

The EM magnetite mapping technique provides estimates 

of magnetite content which are usually correct within a 

factor of 2 when the magnetite is fairly uniformly distri- 

buted. EM magnetite maps can be generated when magnetic 

permeability is evident as indicated by anomalies in 

channel .SO. 

.The EM magnetite algorithm is basically quite simple 

because a linear relationship exists between volume percent 

magnetite and the negative inphase response in ppm. This 
I 

linear relationship is true for a fixed survey altitude when 



demagnetization effects are disregarded and when a fixed 

susceptibility-volume percent relationship is assumed. The 

technique in practice involves, first, correcting the actual 

EM response for variations in flying altitude and, second, 

calibrating the negative inphase ppms in terms of volume 

percent magnetite. 

EM magnetite mapping provides another method of 

airborne geologic mapping. It thus joins resistivity 

mapping, magnetometer mapping, spectrometry, photogeology, 

etc., as a possible means by which geologic information can 

be obtained from airborne techniques. It is not nearly as 

useful in the general sense as the other airborne mapping 

techniques, but can be of value in cases where the magnetite 

content gives an indication of lithology. 

Like magnetometry, the EM magnetite method maps only 

bedrock features, provided that the overburden is character- 

ized by a general lack sf magnetite. This contrasts with 

resistivity mapping which portrays the combined effect of 

bedrock and overburden. 



MAGNETICS 

The e x i s t e n c e  o f  a m a g n e t i c  c o r r e l a t i o n  w i t h  an  EM 

anomaly is i n d i c a t e d  d i r e c t l y  on t h e  EM map. An EM anomaly 

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

p roduced  by s u l f i d e s  t h a n  one  t h a t  is non-magnet ic .  How- 

e v e r ,  s u l f i d e  ore b o d i e s  may be  non-magnet ic  ( e . g . ,  t h e  

Kidd Creek  d e p o s i t  n e a r  Timmins, O n t a r i o ,  Canada)  a s  w e l l  

a s  m a g n e t i c  ( e . g . ,  t h e  M a t t a b i  d e p o s i t  n e a r  S t u r g e o n  Lake,  

O n t a r i o ) .  

The magnetometer  d a t a  a r e  d i g i t a l l y  r e c o r d e d  i n  

t h e  a i r c r a f t  t o  a n  a c c u r a c y  o f  o n e  gamma. The d i g i t a l  

t a p e  is  p r o c e s s e d  by computer  t o  y i e l d  a  s t a n d a r d  t o t a l  

f i e l d  m a g n e t i c  map which is u s u a l l y  c o n t o u r e d  a t  25  gamma 

i n t e r v a l s .  The m a g n e t i c  d a t a  a l s o  a r e  t r e a t e d  ma thema t i c -  

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

g e o l o g y ,  and a n  enhanced  m a g n e t i c  map is p roduced  w i t h  a 

100 gamma c o n t o u r  i n t e r v a l .  The r e s p o n s e  o f  t h e  enhancement  

o p e r a t o r  i n  t h e  f r e q u e n c y  domain is shown i n  F i g u r e  2. The 

100 gamma c o n t o u r  i n t e r v a l  is e q u i v a l e n t  t o  a 5 gamrna i n t e r -  

v a l  f o r  t h e  pas sband  components  o f  t h e  a i r b o r n e  d a t a .  T h i s  

is  b e c a u s e  t h e s e  components  a r e  a m p l i f i e d  20 times by t h e  

o p e r a t o r  o f  F i g u r e  2. 



C Y C L E S  / FOOT 

Frequency response of rno g n c t  ic 
operator 



The e n h a n c e d  map, which  b e a r s  a r e s e m b l a n c e  to  a 

downward c o n t i n u a t i o n  map, is p r o d u c e d  by d i g i t a l  b a n d p a s s  

f i l t e r i n g  t h e  t o t a l  f i e l d  d a t a .  The e n h a n c e m e n t  is e q u i v a -  

l e n t  t o  c o n t i n u i n g  t h e  f i e l d  downward to  a l e v e l  ( a b o v e  

t h e  s o u r c e )  w h i c h  is 1 / 2 0 t h  o f  t h e  a c t u a l  s e n s o r - s o u r c e  

d i s t a n c e .  

B e c a u s e  t h e  e n h a n c e d  m a g n e t i c  map b e a r s  a  r e s e m b l a n c e  

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

o f  t r e n d s  i n  t h e  r o c k  s t r a t a  and  t h e  i n t e r p r e t a t i o n  o f  

g e o l o g i c a l  s t r u c t u r e .  The c o n t o u r  i n t e r v a l  o f  1 0 0  gammas 

is s u i t a b l e  f o r  d e f i n i n g  t h e  n e a r - s u r f a c e  l o c a l  g e o l o g y  

w h i l e  d e - e m p h a s i z i n g  d e e p - s e a t e d  r e g i o n a l  f e a t u r e s .  

CONDUCTORS I N  THE SURVEY AREA 

The e l e c t r o m a g n e t i c  maps show t h e  l o c a t i o n s  o f  conduc-  

t o r s  a n d  t h e i r  i n t e r p r e t e d  c o n d u c t a n c e  ( i  .e. ,  c o n d u c t i v i t y -  

t h i c k n e s s  p r o d u c t ) ,  d e p t h  a n d ,  o c c a s i o n a l l y ,  d i p .  T h e i r  

s t r i k e  d i r e c t i o n  and  l e n g t h  are a l s o  shown when a n o m a l i e s  

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

maps f o r  f o l l o w - u p  p l a n n i n g ,  c o n s u l t  t h e  anomaly  l i s t i n g s  
I 

a p p e n d e d  t o  t h i s  r e p o r t  t o  e n s u r e  t h a t  none of  t h e  

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



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

E l e c t r o m a g n e t i c s ,  r e s i s t i v i t y ,  and  to ta l  and enhanced  

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

f rom z e r o  t o  v e r y  s t r o n g .  I n  g e n e r a l ,  v e r y  good c o r r e l a t i o n  

e x i s t s  between v a r i o u s  g e o p h y s i c a l  p a r a m e t e r s .  

The r e s i s t i v i t y  map s u g g e s t s  t h a t  t h e  s u r v e y  a r e a  c a n  

be d i v i d e d  i n t o  s e v e r a l  b l o c k s  which may r e f l e c t  d i f f e r e n t  

g e o l o g i c  u n i t s .  The n o r t h w e s t  p a r t  o f  t h e  a r e a  c o n t a i n s  an  

e x t e n s i v e  h i g h l y  c o n d u c t i v e  zone ,  m a j o r  p o r t i o n s  o f  which 

a r e  c h a r a c t e r i z e d  by r e s i s t i v i t i e s  lower t h a n  10 ohm-m. 

I t  is o f  i n t e r e s t  t o  n o t e  t h a t  t h i s  zone is m a g n e t i c a l l y  

q u i e t .  The enhanced  m a g n e t i c  map, however ,  i n d i c a t e s  t h e  

p r e s e n c e  o f  two a n o m a l i e s .  One o c c u r s  on l i n e  1010,  j u s t  

w e s t  o f  1010B and  correla tes  w i t h  a  small r e s i s t i v e  zone .  

The o t h e r  m a g n e t i c  f e a t u r e  e x t e n d s  f rom 1060H t o  l i n e  1070,  

a b o u t  100 m west o f  1070J .  Closer e x a m i n a t i o n  o f  t h e  

enhanced  m a g n e t i c  map shows t h a t  t h i s  l a s t  anomaly may be  

a p a r t  o f  a  p o o r l y  d e f i n e d  l i n e a r  t r e n d  e x t e n d i n g  n o r t h  

t o w a r d s  t h e  s u r v e y  boundary.  

The n o r t h w e s t  zone t e r m i n a t e s  a b r u p t l y  i n  t h e  s o u t h .  

A l l  t h e  g e o p h y s i c a l  p a r a m e t e r s  show a  marked change  frgm 

h i g h  a c t i v i t y  t o  n e a r  z e r o  r e s p o n s e s  ( e . g . ,  EM and resis- 

t i v i t y )  or v i c e  v e r s a  ( e . g . ,  m a g n e t i c s ) ,  p r e sumab ly  b e i n g  



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

( 3 )  t o  t h e  s o u t h .  The a v a i l a b l e  g e o l o g i c  i n f o r m a t i o n  

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

r e s i s t i v i t y  zone  i n  t h e  west c o r n e r  o f  t h e  zone  e x t e n d i n g  

f r o m  t h e  a r e a  eas t  o f  f i d u c i a l  437,  l i n e  10 IOr  to  t h e  area 

w e s t  o f  f i d u c i a l  891 ,  l i n e  1040,  may be  i n d i c a t i v e  o f  

r e s i s t i v e  d o l o m i t e s  and  l i m e s t o n e s .  An assjumed c o n t a c t  w i t h  

more c o n d u c t i v e  a r g i l l i t e  and  s a n d s t o n e  c o n g l o m e r a t e  f u r t h e r  

east  may o c c u r  a l o n g  a  t r e n d  r u n n i n g  eas t  o f  c o n d u c t o r  

- 1010C-1110A. The r e s i s t i v i t y  map shows a p o o r l y  d e f i n e d  

l i n e a r  f e a t u r e  e x t e n d i n g  f rom f i d u c i a l  547 ,  l i n e  1020 ,  

t o w a r d s  f i d u c i a l  1158,  l i n e  1090 ,  which  c u t s  t h r o u g h  t h e  

most c o n d u c t i v e  p a r t  o f  t h i s  zone .  Note t h a t  t h e r e  are v e r y  

weak i n d i c a t i o n s  o f  a s imi lar  t r e n d  on t h e  enhanced  m a g n e t i c  

map. 

A number o f  w e l l  d e f i n e d  EM a n o m a l i e s  o c c u r  i n  t h i s  

n o r t h w e s t  c o n d u c t i v e  zone .  They m o s t l y  r e f l e c t  l o n g  b e d r o c k  

c o n d u c t o r s  a n d / o r  c o n d u c t i v e  t r e n d s .  U s u a l l y ,  c o n d u c t o r s  of 

s h o r t - t o - i n t e r m e d i a t e  s t r i k e  l e n g t h  a r e  t h e  most a t t r a c t i v e  

f rom t h e  e x p l o r a t i o n  p o i n t  o f  v i ew;  f o r  e x a m p l e ,  1051C- 

105OC, 105OB-107OC, e t c . ,  c o u l d  be o f  i n t e r e s t .  I t  s h o u l d  

b e  n o t e d ,  however ,  t h a t  i n  a  h i g h l y  c o n d u c t i v e  e n v i r o n m e n t  

l i k e  t h i s ,  t h e  l i n e - t o - l i n e  c o r r e l a t i o n  o f  i n d i v i d u a l  EM 

a n o m a l i e s  may n o t  b e  f u l l y  s a t i s f a c t o r y .  I t  is f o r  t h i s  

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



s t r e s s e d ,  b e c a u s e  t h e  r e s i s t i v i t y  c o n t o u r  p a t t e r n s  p r o v i d e  a 

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

t h e  EM anomaly  map. 

The c e n t r a l  v o l c a n i c  ( ? )  b e l t  is c h a r a c t e r i z e d  by h i g h  

r e s i s t i v i t i e s  a n d  a c t i v e  m a g n e t i c s .  A n o r t h w e s t e r l y  t r e n d  

c u t t i n g  t h r o u g h  t h e  e a s t e r n  p a r t  o f  t h i s  zone  is b e s t  

p o r t r a y e d  by t h e  e n h a n c e d  m a g n e t i c  map. L o c a l  i n t e r r u p t i o n s  

t o  t h i s  t r e n d ,  w h i c h  may h a v e  s t r u c t u r a l  s i g n i f i c a n c e ,  o c c u r  

on l i n e s  1 0 7 0 ,  a n d  1120-1130;  a c r o s s c u t t i n g  n o r t h - s o u t h  

t r e n d  o c c u r s  on l i n e s  1210-1270.  A w e l l  d e f i n e d  l o w  resis- 

t i v i t y  z o n e  p a r a l l e l s  t h e  m a g n e t i c  t r e n d .  T h i s  z o n e  h a s  

b e e n  c a u s e d  by a  w e l l  d e f i n e d  b e d r o c k  c o n d u c t o r  o f  a n  

e a s t e r l y  d i p ,  1100E-1130xB, w h i c h  may e x t e n d  beyond t h e  

s u r v e y  b o u n d a r y  i n  a n o r t h w e s t e r l y  d i r e c t i o n .  The conduc-  

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

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

on l i n e s  1 2 0 0 ,  a n d  1220  t o  1300 .  The EM a n o m a l i e s  a s s o c i -  

a t e d  w i t h  t h i s  zone  (1200H a n d  1220H-1300xB) i n d i c a t e  

b e d r o c k  c o n d u c t o r ,  or c o n d u c t o r s ,  o f  a n  e a s t e r l y  d i p .  A l l  

t h e s e ,  i n c l u d i n g  1100E-1130xB, s h o u l d  be i n v e s t i g a t e d  o n  t h e  

y r o u n d .  

The c e n t r a l  and  s o u t h e a s t e r n  p a r t s  o f  t h e  s u r v e y  a r e a  

c o n t a i n  a s e q u e n c e  o f  c o n d u c t i v e  z o n e s  d i s p l a . y i n g  some 



c h a r a c t e r i s t i c s  s i m i l a r  t o  t h o s e  of  t h e  n o r t h w e s t e r n  zone ;  

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

g e n e r a l ,  m a g n e t i c a l l y  i n a c t i v e .  I t  is ,  however ,  n o t i c e d  

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

l i n e s  1240 t o  1370  a l s o  d i s p l a y s  l o w  m a g n e t i c  a c t i v i t y .  

I t  is s u r m i s e d  t h a t  c o n d u c t i v e  z o n e s  i n  t h e  c e n t r a l  and  

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

( s e d i m e n t a r y ? )  l a y e r .  I f  t r u e ,  t h e  t h i c k n e s s  o f  t h i s  u p p e r  

l a y e r  may v a r y  f rom a b o u t  25 m to  close to  60 m ,  a s  

i n d i c a t e d  by t h e  a p p a r e n t  d e p t h  c h a n n e l  4 1  of t h e  r e s p e c t i v e  

l i n e  p r o f i l e s .  The enhanced  m a g n e t i c  map i n d i c a t e s  t h a t  

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

c o n d u c t o r  1170G-1230B may e x t e n d  s o u t h  o f  l i n e  1210 t o w a r d s  

l i n e  1270 ,  t a k i n g  a  s o u t h e a s t e r l y  swing a t  t h i s  l i n e .  

P o s s i b l e  c o n t i n u a t i o n  o f  t h i s  f e a t u r e  o c c u r s  a t  t h e  w e s t  

e n d s  of  l i n e s  1340  t o  1370. 

The most c o n d u c t i v e  p o r t i o n s  o f  t h e  c e n t r a l  z o n e ,  which  

are c h a r a c t e r i z e d  by r e s i s t i v i t i e s  lower t h a n  1 0  ohm-m, are 

c o n f i n e d  t o  two a r e a s  a t  t h e  west e n d s  of l i n e s  1140 t o  

1180 ,  and 1200 t o  1230 ,  r e s p e c t i v e l y .  They may r e f l e c t  t h e  

same g e o l o g y .  A g r e a t  number o f  EM a n o m a l i e s ,  o c c u r r i n g  i n  

t h a n  p a r t  o f  t h e  s u r v e y  a r e a ,  r e f l e c t  b e d r o c k  c o n d u c t o r s  o f ,  

v a r i a b l e  s t r i k e  l e n g t h .  The m o s t  a t t r a c t i v e  a n o m a l i e s  

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



t h e  zone  ( r e s i s t i v i t i e s  o f  t h e  o r d e r  o f  1 0  ohm-m or less) ,  

e g g . ,  1130xA-1160A, 1160B-1180A, 1170E,  1170H, 1170G-1201C, 

119OA-1210At 1201B-1220A, 1230A1 1310A-1320A, 1310B-1330A, 

1310C-1330xB, 1310D-1340A, o r  t o  h a v e  s h o r t  s t r i k e  l e n g t h ,  

e . g . ,  1170F ,  1290C-1300E, 1290D-1291E. 

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

i n  t h e  s o u t h e a s t e r n  c o r n e r  o f  t h e  a r e a .  The m o s t  d i s t i n -  

g u i s h i n g  c h a r a c t e r i s t i c  is t h e  i n c r e a s e d  m a g n e t i c  a c t i v i t y .  

I t  is w o r t h  n o t i n g  t h a t  t h i s  h i g h e r  m a g n e t i c  a c t i v i t y  o c c u r s  

t h r o u g h o u t  t h e  a rea ,  r e g a r d l e s s  o f  t h e  e l e c t r i c  c h a r a c t e r  o f  

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

w e l l  as r e s i s t i v e  z o n e s .  I t  s h o u l d  a l s o  be n o t e d  t h a t  t h e  

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

f r o m  w e s t - t o - n o r t h w e s t ,  which  is c h a r a c t e r i s t i c  f o r  m o s t  o f  

t h e  a r e a ,  t o  n e a r  n o r t h - t o - n o r t h e a s t ,  a l m o s t  p a r a l l e l i n g  t h e  

f l i g h t  l i n e  d i r e c t i o n ,  e . g g ,  t h e  c o n d u c t i v e  zone  a t  t h e  e a s t  

e n d  of l i n e s  1 2 9 0  a n d  1300 .  A  number o f  EM a n o m a l i e s  

r e f l e c t i n g  b e d r o c k  c o n d u c t o r s  were l o c a t e d ,  which  s h o u l d  be 

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

a l l  o f  t h e s e  a n o m a l i e s  l a c k  p r o p e r  l i n e - t o - l i n e  c o r r e l a t i o n  

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

d i r e c t i o n .  A t  t h e  same t i m e ,  t h e  r e s i s t i v i t y  p a r a m e t e r  
I 

s h o u l d  b e  u s e d  a s  t h e  g u i d i n g  i n f o r m a t i o n  b e c a u s e  it is 



d e r i v e d  from t h e  c o p l a n a r  c o i l - p a i r  d a t a  which is indepen-  

d e n t  of  t h e  f l i g h t  d i r e c t i o n .  I n  t h e  ground fo l low-up  

program, c o n s i d e r a t  i o n  s h o u l d  be g i v e n  to  t h e s e  c o n d u c t i v e  

f e a t u r e s .  

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

Z.  Dvorak 
V i c e - P r e s i d e n t  

E i g h t  map s h e e t s  accompany t h i s  r e p o r t :  

E l e c t r o m a g n e t i c s  
R e s i s t i v i t y  
Magne t i c s  
Enhanced m a g n e t i c s  

2 map s h e e t s  
2 map s h e e t s  
2 map s h e e t s  
2 map s h e e t s  



A P P E N D I X  A 

THE FLIGHT RECORD AND PATH RECOVERY 

Both  a n a l o g  and d i g i t a l  f l i g h t  r e c o r d s  a r e  produced .  

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

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

g e n e r a t e d  l a t e r  by computer  and  p l o t t e d  on e l e c t r o s t a t i c  

c h a r t  p a p e r  a t  1 :15,000 o r  a t  map s c a l e ,  wh icheve r  is 

l a r g e r .  The d i g i t a l  p r o f i l e s ,  which may be d i s p l a y e d ,  a r e  

a s  f o l l o w s :  

Channel Scale 
Number Parameter units/mm 

20 magnetics 10 gamma 
21 bird height 3 m 
22 vertical coaxial coil-pair inphase (freq #1) 1 PPm 
23 vertical coaxial coil-pair quadrature (freq $1) 1 PPm 
24 horizontal coplanar coil-pair inphase (freq #2) 1 PPm 
25 horizontal coplanar coil-pair quadrature (freq #2) 1 PPm 
26 VLF-EM total field 1 % 
27 VLF-EM vertical quadrature 1 % 
28 ambient noise monitor (coaxial receiver) 1 PPm 
29 ambient noise monitor (coplanar receiver) 1 PPm 
33 difference function inphase from channels 22 and 24 1 PPm 
34 difference function quadrature from channels 23 and 25 1 ppm 
35 first anomaly recognition function 1 PPm 
36 second anomaly recognition function 1 PPm 
37 conductance 1 mho 
40 log resistivity (at freq #2) .03 decade 
41 apparent depth or thickness (at freq #2) 3 m 
42 conductivity contrast (at freq 82) arbitrary 
43 depth contrast (at freq #2) arbitrary 
44 product 42*43 (at freq #2) arbitrary 
45 log resistivity (at freq f l )  .03 decade 
46 apparent depth or thickness (at freq 81) 3 m I 

47 conductivity contrast (at freq 81) arbitrary 
48 depth contrast (at freq #l) arbitrary 
49 product 47*48 (at freq t l )  arbitrary 
50 apparent weiqht percent magnetite 0.25% 



The l o g  r e s i s t i v i t y  s c a l e  o f  0 .03  decade/mm means t h a t  

t h e  r e s i s t i v i t y  c h a n g e s  by an  o r d e r  o f  magn i tude  i n  33  mm. 

The r e s i s t i v i t i e s  a t  0 ,  33 ,  67 and  100 mm up from t h e  bo t tom 

o f  t h e  c h a r t  a r e  r e s p e c t i v e l y  1 ,  10 ,  100 and  1 0 0 0  ohm-m. 

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

p o i n t s  on t h e  ground which were r e c o v e r e d  f rom camera f i l m .  

C o n t i n u o u s  p h o t o g r a p h i c  c o v e r a g e  a l l o w e d  a c c u r a t e  p h o t o - p a t h  

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

p l o t t e d  on t h e  g e o p h y s i c a l '  maps t o  p r o v i d e  t h e  t r a c k  of  t h e  

a i r c r a f t ,  

The f i d u c i a l  l o c a t i o n s  on b o t h  t h e  f l i g h t  r e c o r d s  and 

f l i g h t  p a t h  maps were examined by a  computer  f o r  u n u s u a l  

h e l i c o p t e r  s p e e d  c h a n g e s ,  Such changes  may d e n o t e  an error  

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

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

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

The f o l l o w i n g  b r i e f  d e s c r i p t i o n  o f  DIGHEMI* 

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

p r o f i l e s * .  

*For a  d e t a i l e d  d e s c r i p t i o n ,  see D.C. F r a s e r ,  G e o p h y s i c s ,  
v.44, p.1367-1394. 



S i n g l e - f r e q u e n c y  s u r v e y i n g  

The DIGHEMII s y s t e m  h a s  t w o  t r a n s m i t t e r  co i l s  

which  a r e  mounted a t  r i g h t  a n g l e s  t o  e a c h  o t h e r .  Both 

co i l s  t r a n s m i t  a t  a p p r o x i m a t e l y  t h e  same f r e q u e n c y .  ( T h i s  

f r e q u e n c y  is g i v e n  i n  t h e  I n t r o d u c t i o n . )  Thus ,  t h e  s y s t e m  

p r o v i d e s  t w o  c o m p l e t e l y  i n d e p e n d e n t  s u r v e y s  a t  one  p a s s .  I n  

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

i n c l u d e  an  i n p h a s e  c h a n n e l  and  a  q u a d r a t u r e  c h a n n e l  which  

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

o v e r b u r d e n .  A l s o ,  t h e  EM c h a n n e l s  may i n d i c a t e  w h e t h e r  t h e  

c o n d u c t o r  is  t h i n  ( e .g . ,  less  t h a n  3 m ) ,  or h a s  a  s u b s t a n -  

t i a l  w i d t h  ( e . g . ,  g r e a t e r  t h a n  1 0  m ) .  F u r t h e r ,  t h e  EM 

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

c o n d u c t a n c e .  A minimum o f  14 EM c h a n n e l s  a r e  p r o v i d e d .  The 

DIGHEMII s y s t e m  g i v e s  i n f o r m a t i o n  i n  one  p a s s  which c a n n o t  

b e  o b t a i n e d  by any  o t h e r  a i r b o r n e  or ground EM t e c h n i q u e .  

F i g u r e  A 1  shows a  DIGHEMII f l i g h t  p r o f i l e  o v e r  a  

c o n d u c t i v e  o r e  body i n  A u s t r a l i a .  I t  w i l l  s e r v e  t o  i d e n t i f y  

t h e  m a j o r i t y  o f  t h e  a v a i l a b l e  c h a n n e l s .  

C h a n n e l s  20 and  2 1  a r e  r e s p e c t i v e l y  t h e  m a g n e t i c s  and t 

the EM b i r d  h e i g h t .  Channe l s  2 2  and  2 3  a r e  t h e  i n p h a s e  and 

q u a d r a t u r e  of  t h e  c o a x i a l  c o i l - p a i r .  T h i s  c o i l - p a i r  is 
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e q u i v a l e n t  t o  t h e  s t a n d a r d  c o i l - p a i r  o f  a l l  i n p h a s e -  

q u a d r a t u r e  a i r b o r n e  EM s y s t e m s .  C h a n n e l s  24 a n d  25 are 

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

c o i l - p a i r .  

C h a n n e l s  3 3  a n d  34 are i n p h a s e  and q u a d r a t u r e  

d i f f e r e n c e  f u n c t i o n s  o f  t h e  c o a x i a l  'and c o p l a n a r  c h a n n e l s .  

The d i f f e r e n c e  c h a n n e l s  t e n d  to  be f r e e  f rom t h e  r e s p o n s e  

o f  c o n d u c t i v e  o v e r b u r d e n .  C h a n n e l  37 i s  t h e  c o n d u c t a n c e .  

The c o n d u c t a n c e  c h a n n e l  e s s e n t i a l l y  is an  a u t o m a t i c  anomaly  

p i c k e r  c a l i b r a t e d  i n  c o n d u c t a n c e  u n i t s  of  mhos; it is 

t r i g g e r e d  by t h e  anomaly r e c o g n i t i o n  f u n c t i o n s  shown as 

c h a n n e l s  35 ,  36,  and  42. 

C h a n n e l  40 is  t h e  r e s i s t i v i t y ,  which  is d e r i v e d  f rom 

t h e  c o p l a n a r  c h a n n e l s  24 a n d  25. The r e s i s t i v i t y  c h a n n e l  40 

y i e l d s  d a t a  which  c a n  be c o n t o u r e d ,  and  so t h e  DIGHEMII 

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

e l e c t r o m a g n e t i c  map, a m a g n e t i c  c o n t o u r  map, and an  e n h a n c e d  

m a g n e t i c  c o n t o u r  map. The enhanced  m a g n e t i c  c o n t o u r  map is 

s i m i l a r  t o  t h e  f i l t e r e d  m a g n e t i c  map d i s c u s s e d  by F r a s e r . *  

*Cdn. I n s t .  Mng., B u l l . ,  A p r i l  1974 .  



C h a n n e l  4 1  is t h e  d e p t h  c h a n n e l .  A d e p t h  estimate 

which  is n e g a t i v e  w i l l  o c c u r  when c o n d u c t i v e  o v e r b u r d e n  

e x i s t s .  A n e g a t i v e  d e p t h  est imate i m p l i e s  t h a t  t h e  

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

T h i s  f a l s e  estimate shows t h a t  t h e  EM s y s t e m  h a s  r e s p o n d e d  

t o  t h e  c o n d u c t i v e  s u r f a c e  mater ia l  and  had a l s o  s e n s e d  t h e  

u n d e r l y i n g  r e s i s t i v e  r o c k .  I n  F i g .  A l ,  t h e  p o s i t i v e  d e p t h  

estimate o f  a b o u t  100  m is close t o  t h e  t r u e  d e p t h  f o r  t h i s  

b e d r o c k  c o n d u c t o r .  

C h a n n e l  42 i s  t h e  c o n d u c t i v i t y  c o n t r a s t  wh ich  h i g h -  

l i g h t s  r e s i s t i v i t y  lows. C h a n n e l  43  is t h e  d e p t h  c o n t r a s t ,  

wh ich  u s u a l l y  is n o t  p l o t t e d .  Both  c h a n n e l s  42 and  43 t e n d  

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

d e p t h .  Channe l  44 is t h e  m u l t i p l e  o f  c h a n n e l s  42*43.  

C o n s e q u e n t l y ,  c h a n n e l  44 t e n d s  t o  y i e l d  l a r g e  p o s i t i v e  

r e s p o n s e s  o v e r  b e d r o c k  c o n d u c t o r s  a t  d e p t h .  The i n t e r p r e -  

t a t i o n  o f  c h a n n e l s  42 and  44 h a s  t o  be done  w i t h  care ,  

however ,  b e c a u s e  t h e y  may a l so  r e s p o n d  i n  a s imi l a r  f a s h i o n  

t o  a l o c a l  t h i c k e n i n g  i n  c o n d u c t i v e  c o v e r ,  e . g . ,  o v e r  a 

b u r i e d  r i v e r  c h a n n e l .  

C h a n n e l  50 p r o v i d e s  a n  e s t i m a t e  o f  t h e  p e r c e n t  by I 

w e i g h t  o f  m a g n e t i t e .  T h i s  c o m p u t a t i o n  is made wheneve r  



t h e  c o p l a n a r  i n p h a s e  c h a n n e l  24 is  n e g a t i v e .  The n e g a t i v e  

r e s p o n s e  shows t h a t  m a g n e t i c  p e r m e a b i l i t y  e x i s t s .  

Dua l - f r equency  s u r v e y i n g  

Fo r  s u r v e y s  f l o w n  p r i m a r i l y  f o r  r e s i s t i v i t y  mapping,  as  

opposed  t o  EM s u r v e y i n g ,  t h e  t w o  t r a n s m i t t e r  c o i l s  may be 

e n e r g i z e d  a t  t w o  w e l l - s e p a r a t e d  f r e q u e n c i e s  ( e . g . ,  9 0 0  and 

3600 Hz) .  A p p a r e n t  r e s i s t i v i t y  maps c a n  be made indepen-  

d e n t l y  f o r  e a c h  f r e q u e n c y .  The i n t e r p r e t a t i o n  p r o c e d u r e  

i n v o l v e s  compar ing  t h e  a p p a r e n t  r e s i s t i v i t y  and a p p a r e n t  

d e p t h  p a r a m e t e r s  a t  t h e  t w o  f r e q u e n c i e s .  

The u s e  o f  t w o  d i f f e r e n t  c o i l - p a i r  o r i e n t a t i o n s  ( i . e . ,  

c o a x i a l  and c o p l a n a r )  f o r  d u a l - f r e q u e n c y  r e s i s t i v i t y  mapping 

is a n  u n o r t h o d o x  p r o c e d u r e .  However, a s  l o n g  as t h e  c u r r e n t  

f l o w  p a t t e r n s  a r e  p r i m a r i l y  h o r i z o n t a l ,  t h e  d i f f e r e n t  co i l  

o r i e n t a t i o n s  d o  n o t  i n £  l u e n c e  t h e  r e s u l t s .  Wire f e n c e s  and 

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

b e c a u s e  t h e y  u s u a l l y  r e s p o n d  p r e f e r e n t i a l l y  to  one  or t h e  

o t h e r  o f  t h e  c o i l - p a i r s .  

The d i f f e r e n c e  c h a n n e l s  3 3  and  34,  and t h e  anomaly 

r e c o g n i t i o n  c h a n n e l  35,  a r e  n o t  p roduced  f o r  d u a l  f r e q u e n c e  

s u r v e y s .  T h i s  is b e c a u s e  t h e  d i v e r g e n t  f r e q u e n c i e s  of t h e  

t w o  c o i l - p a i r s  r e n d e r  them m e a n i n g l e s s .  
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