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1.0 PREFACE 

The r e p o r t  appended t o  Appendix 1 p r e s e n t s  t h e  r e s u l t s  of  a n  
a i r b o r n e  s u r v e y  flown by Dighem L t d .  i n  t h e  North Barriere area under c o n t r a c t  
t o  Noranda E x p l o r a t i o n  Company, L imi t ed .  The r e p o r t  by S .  K i l t y  of Dighem 
Ltd.  i s  quoted verbatum. 

The claims covered by t h e  a i r b o r n e  su rvey  are l i s t e d  by groups i n  
Appendix I1 and are f u l l y  d e t a i l e d  on t h e  claims map (Map 5 ) .  

L. B r a d i s h  
Div. G e o p h y s i c i s t  
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SUMMARY AND RECOMMENDATIONS 

A t o t a l  of 1 8 0  'km o f  s u r v e y  was f l o w n  i n  A p r i l  1 9 8 4 ,  

o v e r  a p r o p e r t y  l o c a t e d  n e a r  A d a m s  L a k e ,  B r i t i s h  C o l u m b i a  

f o r  Noranda  E x p l o r a t i o n  Company, L i m i t e d .  

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

a s s o c i a t e d  w i t h  a r e a s  of l o w  r e s i s t i v i t . y .  Most of t h e s e  

a n o m a l i e s  appear t o  w a r r a n t  f u r t h e r  i n v e s t i g a t i o n  u s i n g  

appropr i a t e  s u r f a c e  e x p l o r a t i o n  t e c h n i q u e s .  Areas o f  

i n t e r e s t  may b e  a s s i g n e d  p r ior i ' t i es  f o r  f o l l o w - u p  work  on  

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

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

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

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

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

L SK-236 
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INTRODUCTION 

A DIGtiEMIII survey totalling 180 line-km was flown 

with a 250 m line-spacing for Noranda Exploration Company, 

Limited on April 9, 1984,  in the Adams Lake area of British 

Columbia (Figure 1 ) . 

The Aerospatialle Lama turbine helicopter flew at an 

average airspeed of 100 km/h with an EM bird height of 

approximately 3C m. Ancillary equipment consisted of a 

Sonotek PMH 5010 magnetometer with its bird at an average 

height of 4 5  m, a Sperry radio altimeter, a Geocarn sequence 

camera, an EMS GR33 digital graphics recorder,a Sonotek 

SDS 1 2 0 0 ,  digital data acquisition system and a DigiData 

9-track 800-bpi magnetic tape recorder. The analog 

equipment recorded four channels of EM data at approximately 

900 Hz, two channels of EM data at approximately 7200 Hz,  

two ambient EM noise channels (for the coaxial and coplanar 

receivers), two channels of magnetics (coarse and fine 

count), and a channel of radio altitude. The digital 

equipment recorded the above parameters, with the EM data to 

a sensitivity of 0.2 ppm at 900 Hz and at 0.4 ppm at 7200 Hz 

and the magnetic f i e l d  to one nT (i.e., one gamma). 

Appendix A provides details on the data channels, their 

respective sensitivities, and the flight path recovery 
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p r o c e d u r e .  Noise l e v e l s  o f  l e s s  t h a n  2 ppm a r e  g e n e r a l l y  

m a i n t a i n e d  f o r  w ind  s p e e d s  up t o  35 km/h. H i g h e r  w i n d s  

may cause 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 r o m  t h e  5 m 2  of area 

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

D I G H E M  s y s t e m  n e v e r t h e l e s s  c a n  b e  f l o w n  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 .  

The  a n o m a l i e s  shown o n  t h e  e l e c t r o m a g n e t i c  a n o m a l y  map 

a re  b a s e d  o n  a n e a r - v e r t i c a l ,  h a l f  p l a n e  m o d e l .  T h i s  model  

b e s t  r e f l e c t s  " d i s c r e t e "  b e d r o c k  c o n d u c t o r s .  Wide  b e d r o c k  

c o n d u c t o r s  or f l a t - l y i n g  c o n d u ' c t i v e  u n i t s ,  w h e t h e r  f r o m  

I s u r f i c i a l  or b e d r o c k  sources,  may g i v e  r ise  t o  v e r y  b r o a d  

a n o m a l o u s  r e s p o n s e s  o n  t h e  EM p r o f i l e s .  T h e s e  may n o t  

appear o n  t h e  e l e c t r o m a g n e t i c  a n o m a l y  map i f  t h e y  h a v e  a 

r eg iona l  c h a r a c t e r  r a t h e r  t h a n  a l o c a l l y  a n o m a l o u s  

c h a r a c t e r .  T h e s e  b r o a d  c o n d u c t o r s ,  w h i c h  more c l o s e l y  

a p p r o x i m a t e  a h a l f  space m o d e l ,  w i l l  b e  maximum c o u p l e d  t o  

t h e  h o r i z o n t a l  ( c o p l a n a r )  c o i l - p a i r  and  a r e  c l e a r l y  e v i d e n t  

o n  t h e  r e s i s t i v i t y  map. The r e s i s t i v i t y  map, t h e r e f o r e ,  may 

b e  more v a l u a b l e  t h a n  t h e  e l e c t r o m a g n e t i c  a n o m a l y  map, i n  

a r eas  where  b r o a d  o r  f l a t - l y i n g  c o n d u c t o r s  a r e  c o n s i d e r e d  t o  

b e  o f  i m p o r t a n c e .  
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In areas where magnetite causes the inphase components 

to become negative, the apparent conductance and depth of EM 

anomalies may be unreliable. 

There are several areas where EM responses are evident 

only on the quadrature components, indicating zones of poor 

conductivity. Where these responses are coincident with 

strong magnetic anomalies, it is possible that the inphase 

component amplitudes have been suppressed by the effects 

of magnetite. Most of these poorly-conductive magnetic 

features give rise to resistivity anomalies which are 

only slightly below background. These weak features are 

evident on the resistivity map but may not be shown on 

the electromagnetic anomaly map. If it is expected that 

poorly-conductive sulphides may be associated with 

magnetite-rich units, some of these weakly anomalous 

features may be of interest. 

1 

L SK-263 
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SECTION I: SURVEY RESULTS 

CONDUCTORS I N  T H E  SURVEY A R E A  

The s u r v e y  c o v e r e d  a s i n g l e  g r i d  w i t h  180  km of f l y i n g ,  

t h e  r e s u l t s  o f  w h i c h  a re  shown o n  o n e  s e p a r a t e  map shee t  f o r  

e a c h  parameter. Tab le  1-1  s u m m a r i z e s  t h e  EM r e s p o n s e s  o n  

t h e  s i n g l e  s h e e t  w i t h  respect t o  c o n d u c t a n c e  grade a n d  

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

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

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

c o n d u c t a n c e  a n d  d e p t h  b e i n g  i n d i c a t e d  b y  s y m b o l s .  Direct 

I m a g n e t i c  c o r r e l a t i o n  is a l s o  shown i f  it e x i s t s .  The  s t r i k e  

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

s t u d y i n g  t h e  map s h e e t s  f o r  follow-up p l a n n i n g ,  c o n s u l t  t h e  

a n o m a l y  l i s t i n g s  a p p e n d e d  t o  t h i s  report  t o  e n s u r e  t h a t  n o n e  

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 r e s i s t i v i t y  map s h o w s  t h e  c o n d u c t i v e  p r o p e r t i e s  of 

t h e  s u r v e y  a r e a .  Some o f  t h e  r e s i s t i v i t y  lows ( i . e . ,  

c o n d u c t i v e  a r eas )  c o i n c i d e  w i t h  b e d r o c k  c o n d u c t o r s  a n d  

o t h e r s  i n d i c a t e  c o n d u c t i v e  o v e r b u r d e n .  The r e s i s t i v i t y  is 
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TABLE 1-1  

EM ANOMALY S T A T I S T I C S  OF THE NORTH BARRIERE AREA. B.C. 

CONDUCTOR 
GRADE 

!t'OTAL 

CONDUCTOR 
MODEL 

TOTAL 

CONDUCTANCE RANGE 

> 99 MHOS 
50-99 MHOS 
20-49 MHOS 
10-19 MHOS 

5- 9 MHOS 
< 5 MHOS 

INDETERMINATE 

NUMBER OF 
RESPONSES 

5 
2 

20 
40 
44 

145 
26 - 

282 - 

NUMBER OF 
MOST LIKELY SOURCE RESPONSES 

DISCRETE BEDROCK CONDUCTOR 
DISCRETE BEDROCK CONDUCTOR 
DISCRETE BEDROCK CONDUCTOR 
DISCRETE BEDROCK CONDUCTOR 
CONDUCTIVE COVER 
ROCK UNIT OR THICK COVER 
ROCK U N I T  OR THICK COVER 
EDGE OF WIDE CONDUCTOR 
CULTURE 

38 
8 
1 

108 
57 
29 
25 
12 

4 - 
282 

(SEE EM MAP LEGEND FOR EXPLANATIONS) 
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g e n e r a l l y  g r e a t e r  t h a n  300 ohm-m o v e r  t h e  c o n d u c t i v e  

o v e r b u r d e n ,  b u t  o f t e n  is b e l o w  30 ohm-m o v e r  b e d r o c k  

c o n d u c t o r s .  The r e s i s t i v i t y  p a t t e r n s  may a i d  geologic  

mapp ing  a n d  i n  e x t e n d i n g  t h e  l e n g t h  o f  known z o n e s .  

A f ew c u l t u r a l  sources ,  s u c h  a s  p o w e r l i n e s ,  metal  

f e n c e s  and  b u i l d i n g s ,  occur w i t h i n  t h e  s u r v e y  a r ea .  

T h e s e  c u l t u r a l  sources may i n f l u e n c e  t h e  r e s i s t i v i t y  a n d  

e l e c t r o m a g n e t i c  a n o m a l y  p a t t e r n s  b u t  c a n  u s u a l l y  be  

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

s i g n a t u r e s .  A separa te  b e d r o c k  c o n d u c t o r  map c a n  be 

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

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

; w h i c h  a r e  i n t e r p r e t e d  as D,  T ,  B a n d  P (see EM map l e g e n d ) .  

All o t h e r  a n o m a l i e s  a t t r i b u t e d  t o  h o r i z o n t a l  l a y e r s  

( i n t e r p r e t e d  a s  S ,  H, a n d  G )  a n d  c u l t u r a l  f e a t u r e s  ( L  a n d  C )  

are  i n t e n t i o n a l l y  d e l e t e d  from t h i s  p r e s e n t a t i o n  to  p r o v i d e  

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

The  s u r v e y  a rea  is c h a r a c t e r i z e d  b y  a number  o f  good  

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

of t h e s e  c o n d u c t o r s  a p p e a r  t o  b e  d i p p i n g  to  t h e  n o r t h e a s t .  

I n  a d d i t i o n  t o  t h e s e  s t r o n g  b e d r o c k  c o n d u c t o r s  a r e  some 

w e a k e r  r e s p o n s e s  t h a t  may or may n o t  b e  d u e  t o  b e d r o c k  

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

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

z o n e s  o n  t h e  e l e c t r o m a g n e t i c  s h e e t .  Groups 1 a n d  3 are  

areas  of l o w  m a g n e t i c  g r a d i e n t  and  may r e f l e c t  a common r o c k  

t y p e .  G r o u p  2 is  q n  a rea  o f  m o d e r a t e  to  h i g h  m a g n e t i c  

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

t h a n  t h a t  o f  groups 1 a n d  3. 

GrouD 1 

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

area.  The  a n o m a l i e s  c a n  be s u b d i v i d e d  i n t o  t w o  s u b - g r o u p s  

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

1 

A n o m a l i e s  101B-l03G,’( T h e s e  a n o m a l i e s  a l l  r e f l e c t  v e r y  
1 0 1 D- 1 04 I ,.$F 
102B-l08B, weak r e s p o n s e s  t h a t  c o u l d  be  d u e  t o  
103D-l05D, 
105B-l07B, e i t h e r  c o n d u c t i v e  r o c k  u n i t s  or t o  
1 07 D- 1 0 8A, 
109B-l16B, c o n d u c t i v e  o v e r b u r d e n .  I t  is 
llOA-1 14B 

s u g g e s t e d  t h a t  t h e s e  a n o m a l i e s  be 

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

t o  d e t e r m i n e  t h e  source o f  

c o n d u c t i v i t y .  C o n d u c t o r s  103D- 105D 

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

b e c a u s e  o f  i t s  u n u s u a l  s t r i k e  

d i r e c t i o n .  The l i n e - t o - l i n e  
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A n o m a l i e s  lOlE, 
1 0 1 F- 1 0 2F, 
101G, 
10 1 H- 10 3K, 
103F, 103H, 
105G-l10H, 
108D- 1 1 2E, 
109F-1 IlH, 
1 1  ID, 
1091-1 11L 
1 1 4F- 1 1 7A, 
114G-122xBr 
1 1  31- 1 1  6F, 
117C-l26C, 
119D-l20F, 
128B 

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

t h e  r e s i s t i v i t y  and  t o t a l  f i e l d  

m a g n e t i c  maps; n e v e r t h e l e s s ,  t h e  

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

c a u t i o n .  

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

b e d r o c k  c o n d u c t o r s  t h a t  s h o u l d  

be i n v e s t i g a t e d  o n  t h e  g r o u n d .  

G e n e r a l l y ,  t h e s e  c o n d u c t o r s  r e f l ec t  

a series of n o r t h w e s t  s t r i k i n g  

c o n d u c t o r s  t h a t  appear t o  be 

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

A n o m a l i e s  101E, lOlG, 103F, 103H, 

111D a n d  128B are  s i n g l e  l i n e  

b e d r o c k  r e s p o n s e s  t h a t  s h o u l d  be 

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

A n o m a l i e s  109F-lllH a n d  119D-120F 

are  o f  i n t e r e s t  b e c a u s e  t h e y  

r e p r e s e n t  s h o r t e r  s t r i k e  l e n g t h  

c o n d u c t o r s  l o c a t e d  a d j a c e n t  t o  

l o n g e r  f o r m a t i o n a l  t y p e  h o r i z o n s .  

The  v e r y  l a r g e  r e s i s t i v i t y  l o w  o f  

108D-112E and  109F-111H appears  t o  

r e f l e c t  a l a r g e  v o l u m e  of c o n -  

d u c t i v e  m a t e r i a l .  



- 1-6 - 

Group 2 

Anomal ies  l o c a t e d  w i t h i n  t h i s  m o d e r a t e l y  m a g n e t i c  b e l t  

are g e n e r a l l y  more c o n d u c t i v e  t h a n  t h o s e  i n  Groups  1 and  3 .  

R e s i s t i v i t i e s  i n  Groups 1 and 3 a r e  g e n e r a l l y  i n  t h e  o r d e r  

o f  50 ohm-m, w h i l e  t h o s e  i n  Group 2 are  i n  t h e  15-20 ohm-m 

r a n g e .  Anomal ies  w i t h i n  t h i s  g r o u p  t e n d  to  be v e r y  b road  

and may be r e f l e c t i n g  f l a t  l y i n g  c o n d u c t i v e  b o d i e s  a t  

d e p t h .  A v a i l a b l e  g e o l o g i c a l  maps i n d i c a t e  t h a t  t h i s  area is 

p r e d o m i n a n t l y  c o v e r e d  by g l a c i a l  till w i t h  l i t t l e  o u t c r o p .  

I t  is s u g g e s t e d  t h a t  a l l  b e d r o c k  c o n d u c t o r s  i n d i c a t e d  on t h e  

map s h e e t  s h o u l d  be  c o r r e l a t e d  w i t h  known g e o l o g y  and i f  

t h e y  s t i l l  a p p e a r  f a v o u r a b l e ,  s h o u l d  be f o l l o w e d  up. I t  is 

, a lso  i n t e r e s t i n g  t o  note  t h e  numerous n e g a t i v e  i n p h a s e  

r e s p o n s e s  ( e . g . ,  l i n e  116 ,  f i d u c i a l  1835)  i n  t h i s  G r o u p .  

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

T h i s  g r o u p  o f  c o n d u c t o r s  is  most l i k e l y  a s s o c i a t e d  w i t h  

t h e  same g e o l o g i c a l  u n i t  as  Zone 1 .  

Anomal ies  1175-1205, These  g r a d e  1 to 6 a n o m a l i e s  

122H-l125D, r e f l e c t  a series o f  b e d r o c k  

122J-l23BX, c o n d u c t o r s  s t r i k i n g  n o r t h w e s t .  

126F, 1 3 0 F  These  c o n d u c t o r s  a p p e a r  to r e f l e c t  

1 1  8K-120Kr 

1 2 2 1 - 1  24H, 

122K-1235, 
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a se r i e s  of p a r a l l e l  c o n d u c t o r s .  

A l l  a n o m a l i e s  a r e  v e r y  b r o a d  a n d  

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

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

L SK-236 
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SECTION 11: BACKGROUND INPORMATION 

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  t w o  g e n e r a l  

c lasses ,  d i s c r e t e  and b r o a d .  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  anomalies 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 road  c l a s s  c o n s i s t s  of w i d e  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  as 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  z o n e s .  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  200  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  of 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 are a n a l y z 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  sec t ion  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  of u s i n g  i t  on a n o m a l i e s  caused  b y  

broad  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  for 

broad  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  from t h e  
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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  m e t h o d  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  

of u s i n g  it o n  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  bod ie s .  

Geometric i n t e r p r e t a t i o n  

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

geometric s h a p e  a n d  d i p  of t h e  c o n d u c t o r .  T h i s  q u a l i t a t i v e  

' i n t e r p r e t a t i o n  of a n o m a l i e s  is i n d i c a t e d  o n  t h e  map by m e a n s  

of i n t e r p r e t i v e  symbols ( see  EM map l e g e n d ) .  F i g u r e  11-1 

s h o w s  t y p i c a l  D I G H E M  a n o m a l y  s h a p e s  a n d  t h e  i n t e r p r e t i v e  

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

, s h a p e s  a re  u s e d  to  g u i d e  t h e  geometric i n t e r p r e t a t i o n .  

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

T h e  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 

a re  a n a l y z e d  b y  computer 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  

m o d e l .  T h i s  i s  d o n e  r e g a r d l e s s  of t h e  i n t e r p r e t e d  geometric 

s h a p e  of t h e  c o n d u c t o r .  T h i s  is n o t  a n  u n r e a s o n a b l e  

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

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

i t s  t r u e  s h a p e .  D I G H E M  a n o m a l i e s  a r e  d i v i d e d  i n t o  s i x  
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g r a d e s  of c o n d u c t a n c e ,  a s  shown  i n  T a b l e  11-1. T h e  c o n d u c -  

t a n c e  i n  mhos is t h e  r ec ip roca l  of r e s i s t a n c e  i n  ohms .  

T a b l e  1 1 - 1 .  EM Anomaly  G r a d e s  

r I Anomaly  G r a d e  

6 
5 
4 
3 
2 
1 

Mho Range  

> 99 
5 0  - 99 
2 0  - 49 
10 - 19 

5 -  9 
< 5  

The c o n d u c t a n c e  v a l u e  is a geologica l  -parameter  b e c a u s e  

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

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

of b u r i a l  apa r t  from t h e  ave rag ing  over a g r e a t e r  p o r t i o n  of 

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 .  1 Small  a n o m a l i e s  from 

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  are  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 r o m  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  former 

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

C o n d u c t i v e  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 r o a d  EM 

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

T 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 .  D I G H E M ,  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  to  y i e l d  l a r g e r  a n d  more 
accura te  c o n d u c t a n c e  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 .  
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c a n  y i e l d  d i s c r e t 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  1 1 - 1 )  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  w h i c h  

h a v e  r e s i s t i v i t i e s  a s  l o w  . a s  5 0  ohm-m. I n  a r eas  w h e r e  

g r o u n d  r e s i s t i v i t i e s  c a n  be below 10 ohm-m, a n o m a l i e s  c a u s e d  

b y  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  causes c a n  h a v e  a n y  

c o n d u c t a n c e  g r a d e .  The a n o m a l y  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 low s u c h  c o n d u c t o r s  to  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  b y  t h e  l e t t e r s  S ,  H ,  G and  sometimes E 

o n  t h e  map ( see  EM l e g e n d ) .  

F o r  b e d r o c k  c o n d u c t o r s ,  t h e  h i g h e r  a n o m a l y  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 ' s  N e w  I n s c o  copper d i s . c o v e r y  ( N o r a n d a ,  C a n a d a )  

d y i e l d e d  a grade  4 a n o m a l y ,  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  Magus i  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  L a k e ,  C a n a d a )  a n d  W h i s t l e  ( n i c k e l ,  S u d b u r y ,  

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

d i s c o v e r y  ( T i n u n i n s ,  C a n a d a )  y i e l d e d  a g r a d e  6 a n o m a l y .  

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  a n y  

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 . p  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  of 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  of 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  w e a k  b e d r o c k  c o n d u c t o r s  
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( 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 .  G r a d e  1 c o n d u c t o r s  may n o t  

r e s p o n d  to g r o u n d  EM e q u i p m e n t  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  g a n g u e  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 to  moderate c o n d u c t a n c e s .  A s  

a n  e x a m p l e ,  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  of 

R e s t i g o u c h e  M i n i n g  C o r p o r a t i o n  n e a r  B a t h u r s t  , C a n a d a ,  

' 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 .  T h e  1 0  p e r c e n t  

b y  vo lume  o f  s p h a l e r i t e  occurs as a c o a t i n g  a r o u n d  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  

w h i c h  t y p i c a l l y  h a v e  l o w  c o n d u c t a n c e s  ( e . g . ,  grades 1 

and  2 ) .  C o n d u c t i v e  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  of 

a n y  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  s u c h  

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 ,  a n d  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, a l e t t e r  i d e n t i f i e r  and a n  

i n t e r p r e t i v e  symbol  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  s y m b o l .  

The h o r i z o n t a l  rows o f  d o t s ,  u n d e r  t h e  i n t e r p r e t i v e  s y m b o l ,  

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

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

l e t t e r  i d e n t i f i e r s ,  i n t e r p r e t i v e  s y m b o l s  a n d  d o t s  may be 

o b l i t e r a t e d .  T h e  EM g r a d e  symbols ,  h o w e v e r ,  w i l l  a l w a y s  be 

d i s c e r n i b l e ,  a n d  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 r o m  t h e  a n o m a l y  l i s t i n g  a p p e n d e d  t o  t h i s  repor t .  

The p u r p o s e  of i n d i c a t i n g  t h e  a n o m a l y  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  es t imate  of t h e  r e l i a b i l i t y  of t h e  c o n d u c -  

t a n c e  c a l c u l a t i o n .  T h u s ,  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  from 

a l a r g e  ppm a n o m a l y  ( 3  o r  4 d o t s )  w i l l  t e n d  to  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  from a smal l  ppm a n o m a l y  ( 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 .  T h e  . a b s e n c e  of a m p l i t u d e  d o t s  

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

5 ppm or less  o n  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 .  

S u c h  small  a n o m a l i e s  c o u l d  re f lec 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 .  T h e  c o n d u c t a n c e  

g rade  a n d  d e p t h  e s t i m a t e  i l l u s t r a t e s  w h i c h  of 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  bes 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 i m i l a r  c o n d u c t a n c e  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  e s t i m a t e s ,  occur close t o g e t h e r  

o n  t h e  same c o n d u c t o r .  S u c h  e x a m p l e 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  of t h e  c o n d u c t a n c e  m e a s u r e m e n t  w h i l e  s h o w i n g  

t h a t  t h e  d e p t h  e s t i m a t e  c a n  be u n r e l i a b l e .  T h e r e  a r e  a 
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number o f  f a c t o r s  wh ich  c a n  p r o d u c e  a n  error i n  t h e  d e p t h  

es t imate ,  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 i m e t e 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  to  t h e  

f l i g h t  l i n e .  C o n d u c t o 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  e s t ima te  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  to  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  i t  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  es t imates .  T h i s  is because t h e  

d e p t h  e s t i m a t e  is computed  as  t h e  d i s t a n c e  of b i r d  from 

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

l o c k  o n t o  t h e  top o f  a d e n s e  f o r e s t  c a n o p y .  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  es t imate  b u t  does n o t  

I a f f e c t  t h e  c o n d u c t a n c e  es t imate .  

D i p  s y m b o 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  s y m b o l s  a re  used  o n l y  when t h e  a n o m a l y  

s h a p e s  a r e  u n a m b i g u o u s ,  w h i c h  u s u a l l y  requires  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  EN map b y  

means  of 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 a n o m a l i e s ,  wh ich  is 

b a s e d  on  a c o m p a r i s o n  of a n o m a l y  s h a p e s  o n  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  wh ich  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  
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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  

be c o r r e l a t e d  f r o m  l i n e  to  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 .  

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

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

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

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

for 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 .  T h e  a n o m a l y  ppm a n d  

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

d i s t r a c t  from 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  of 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  a n d  

, d i p ,  geometric s h a p e ,  c o n d u c t a n c e ,  d e p t h ,  a n d  t h i c k n e s s  ( see  

below). T h e  a c c u r a c y  is comparable to  a n  i n t e r p r e t a t i o n  

from 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 .  

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

a n o m a l i e s  i n  ppm, c o n d u c t a n c e ,  a n 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  m o d e l .  The  EM a n o m a l y  l i s t  a l s o  s h o w s  t h e  c o n d u c t a n c e  

a n d  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 )  m o d e l ,  

b u t  o n l y  t h e  v e r t i c a l  s h e e t  parameters  appear o n  t h e  

EM map. The  h o r i z o n t a l  s h e e t  mode l  is s u i t a b l e  for 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  a s  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 0  m .  The l i s t  a l s o  s h o w s  t h e  
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r e s i s t i v i t y  and  d e p t h  for  a c o n d u c t i v e  e a r t h  ( h a l f  space)  

m o d e l ,  wh ich  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 a n o m a l y  l i s t ,  a d e p t h  

v a l u e  of z e r o  f o r  t h e  c o n d u c t i v e  e a r t h  m o d e l ,  i n  a n  area of 

t h i c k  c o v e r ,  w a r n s  t h a t  t h e  a n o m a l y  may b e  c a u s e d  b y  

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

S i n c e  d i s c r e t e  b o d i e s  n o r m a l l y  a r e  t h e  t a r g e t s  of 

EM s u r v e y s ,  l oca l  b a s e  (or  z e r o )  l e v e l s  a r e  u s e d  to  c o m p u t e  

local  a n o m a l y  amp1 i t u d e s  . T h i s  c o n t r a s t s  w i t h  t h e  u s e  

o f  t r u e  z e r o  l e v e l s  w h i c h  a re  u s e d  to  c o m p u t e  t r u e  EM 

a m p l i t u d e s .  Local a n o m a l y  a m p l i t u d e s  a r e  shown i n  t h e  

EM anomaly  l i s t  and t h e s e  are u s e d  to  c o m p u t e  t h e  v e r t i c a l  

,: s h e e t  parameters o f  c o n d u c t a n c e  and d e p t h .  N o t  shown i n  t h e  

EM anomaly  l i s t  a re  t h e  t r u e  a m p l i t u d e s  w h i c h  a re  u s e d  to  

compute t h e  h o r i z o n t a l  s h e e t  a n d  c o n d u c t i v e  e a r t h  

parameters.  

X-type e l e c t r o m a g n e t i c  r e s p o n s e s  

DIGHEM maps c o n t a i n  x - t y p e  EM r e s p o n s e s  i n  a d d i t i o n  

t o  EM a n o m a l i e s .  An x - t y p e  r e s p o n s e  is below t h e  n o i s e  

t h r e s h o l d  o f  3 ppm, and r e f l e c t s  o n e  o f  t h e  f o l l o w i n g :  a 

weak c o n d u c t o r  n e a r  t h e  s u r f a c e ,  a s t r o n g  c o n d u c t o r  a t  d e p t h  

( e . g . ,  1 0 0  t o  1 2 0  m below s u r f a c e )  or  to  o n e  s i d e  of t h e  

f l i g h t  l i n e ,  or  a e r o d y n a m i c  n o i s e .  T h o s e  r e s p o n s e s  t h a t  
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h a v e  t h e  a p p e a r a n c e  of v a l i d  b e d r o c k  a n o m a l i e s  on  t h e  f l i g h t  

p ro f i l e s  are i n d i c a t e d  by a p p r o p r i a t e  i n t e r p r e t i v e  symbol s  

(see EM map l e g e n d ) .  The o t h e r s  p r o b a b l y  d o  n o t  w a r r a n t  

f u r t h e r  i n v e s t i g a t i o n  u n l e s s  t h e i r  l o c a t i o n s  are  of 

c o n s i d e r a b l e  g e o l o g i c a l  i n t e r e s t .  

The t h i c k n e s s  parameter 

DIGHEM c a n  p r o v i d e  an i n d i c a t i o n  of 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 a m p l i t u d e  of t h e  c o p l a n a r  

anomaly  ( e . g . ,  CPI) i n c r e a s e s  r e l a t i v e  t o  t h e  coaxial  

anomaly  (e .  g. , CXI ) 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 .  (The  t h i c k n e s s  

is e q u a l  to  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  report  r e f e r s  t o  a c o n d u c t o r  a s  t h i n  when t h e  t h i c k n e s s  

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

10  m. Th in  c o n d u c t o r s  are  i n d i c a t e d  on  t h e  EM map by t h e  

i n t e r p r e t i v e  symbol  "D", and t h i c k  c o n d u c t o r s  by  "T". F o r  

base metal e x p l o r a t i o n  i n  s t e e p l y  d i p p i n g  g e o l o g y ,  t h i c k  

c o n d u c t o r s  can  be 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  many m a s s i v e  

s u l f i d e  ore b o d i e s  a r e  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  o f t e n  t h i n .  T h e  s y s t e m  c a n n o t  s e n s e  t h e  

t h i c k n e s s  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 
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I 

t h e  anomaly a m p l i t u d e s  a re  s m a l l ,  or when t h e  r e s i s t i v i t y  o f  

t h e  env i ronmen t  is be low 100 ohm-m. 

R e s i s t i v i t y  mapping 

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  a re  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  such  a reas ,  anomalies c a n  

be 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  a s  

w e l l  a s  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 .  Local 

EM 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  or 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 .  Fo r  s u c h  c o n d u c t i v e  

I 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  f o r  t h e  correct 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  o f  t h e  r e s i s t i v i t y  parameter 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  changes  are v i r t u a l l y  

e l i m i n a t e d ,  so t h e  r e s i s 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  caused  by c o n d u c t i v i t y  changes .  The r e s i s t i v i t y  

a n a l y s i s  a l so  h e l p s  t h e  i n t e r p r e t e r  to 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  

of c o n d u c t i v e  o v e r b u r d e n .  For  example ,  d i s c r e t e  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 n a r r o w  l o w s  o n  t h e  contour map 

and broad  c o n d u c t o r s  ( e . g . ,  o v e r b u r d e n )  w i l l  a p p e a r  a s  

wide l o w s .  
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The r e s i s t i v i t y  p r o f i l e  (see t a b l e  i n  Appendix  A )  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  (or  b u r i e d  ) ha1  f space 

model d e f i n e d  i n  Fraser  ( 1 9 7 8 ) 2 .  T h i s  model c o n s i s t s  of 

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  space.  The 

d e p t h  c h a n n e l  (see Appendix  A )  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  ma te r i a l .  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  of 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 )  

’ parameter 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  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 to  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  ma te r i a l ,  and 

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

a p p a r e n t  d e p t h  parameter 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  of t h e  EM b i r d  (e .g . ,  as c a u s e d  by a d e n s e  

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

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

c o 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  o f  t h e  

R e s i s t i v i t y  mapping w i t h  an  a i r b o r n e  m u l t i c o i l  e lectro-  
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 .  4 3 ,  p .  1 4 4 - 1 7 2 .  
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coi iduct  i v e  h a 1  f space ( t h e  source ) 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  of 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  sensor-source 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  parameter 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  parameter. 

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

o f  simple l a y e r i n g  i n  areas l a c k i n g  a heavy  t ree  c o v e r .  

The DIGHEM s y s t e m  h a s  been  f lown  for  p u r p o s e s  o f  permafrost 

mapping, where  p o s i t i v e  a p p a r e n t  d e p t h s  w e r e  u sed  as a 

' measure 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  absolute  va lue  of t h e  n e g a t i v e  d e p t h  is n o t  a measure of 

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  upper  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 

caused  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  c a n  be 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  

between o v e r b u r d e n  and bedrock  c o n d u c t o r s .  

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  o n  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  
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comparing t h e  EM and r e s i s t i v i t y  maps, keep  i n  mind t h e  

f o l l o w i n g :  

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 .  

( R e s i s t i v i t y  = l / c o n d u c t i v i t y .  ) 

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,  c o n d u c 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 .  

r e s i s t i v i t y  map m i g h t  be l i k e n e d  to  a t o t a l  

f i e l d  map and t h e  EM map to  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  of f l i g h t 3 .  Because g r a d i e n t  maps a re  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 to be p r e f e r r e d  i n  r e s i s t i v e  areas .  However, i n  conduc- 

t i v e  a reas ,  t h e  a b s o l u t e  c h a r a c t e r  of t h e  r e s i s t i v i t y  map 

u s u a l l y  causes it to  be more u s e f u l  t h a n  t h e  EM map. 

The 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  to 
t h e  i d e n t i f i c a t i o n  of anomalous l o c a t i o n s .  
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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  

Envi ronments  h a v i n g  background r e s i s t i v i t i e s  be low 

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

l a r g e  r e s p o n s e s  f rom ' t h e  c o n d u c t i v e  ground.  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  d iscrete  bedrock c o n d u c t o r s .  

The p r o c e s s i n g  of DIGHEM d a t a ,  however ,  produces 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  to  t h e  r e c o g n i t i o n  

of bedrock  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  ( D I F I  and  D I F Q ) ,  and t h e  r e s i s t i v i t y  and 

d e p t h  c h a n n e l s  (RES and D P )  for  e a c h  c o p l a n a r  f r e q u e n c y ;  see 

t a b l e  i n  Appendix A. 

The EM d i f f e r e n c e  c h a n n e l s  ( D I F I  and  D I F Q )  e l i m i n a t e  

u p  to 99% of t h e  r e s p o n s e  of 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  from 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 tc . )  and edge  effects .  An edge  

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

c h a n g e s ,  and t h i s  is a source o f  g e o l o g i c  n o i s e .  W h i l e  e d g e  

e f fec ts  y i e l d  a n o m a l i e s  on 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 roduce  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  

edge  e f f ec t s .  On t h e  o t h e r  h a n d ,  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  sect ions of 

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  source of g e o l o g i c  
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n o i s e .  The r e c o g n i t i o n  o f  a bed rock  c o n d u c t o r  i n  a 

c o n d u c t i v e  env i ronmen t  therefore 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  ( D I F I  and D I F Q )  

and t h e  two r e s i s t i v i t y  c h a n n e l s  (RES).  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  f o u r  c h a n n e l s .  

The DP c h a n n e l s ,  which g i v e  t h e  a p p a r e n t  d e p t h  to t h e  

c o n d u c t i v e  m a t e r i a l ,  a l so  h e l p  t o  d e t e r m i n e  whe the r  a 

c o n d u c t i v e  r e s p o n s e  ar ises  from s u r f i c i a l  m a t e r i a l  OK from a 

c o n d u c t i v e  zone  i n  t h e  bed rock .  when t h e s e  c h a n n e l s  r i d e  

above  t h e  zero l e v e l  on t h e  e lec t ros ta t ic  c h a r t  paper ( i - e . ,  

d e p t h  is n e g a t i v e ) ,  it implies  t h a t  t h e  EM and r e s i s t i v i t y  

p ro 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  to a c o n d u c t i v e  upper 

l a y e r ,  i . e . ,  c o n d u c t i v e  o v e r b u r d e n .  I f  b o t h  DP c h a n n e l s  are  

below t h e  zero 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  implies t h e  e x i s t e n c e  of  a 

bedrock  c o n d u c t o r .  If t h e  l o w  f r e q u e n c y  DP c h a n n e l  is be low 

t h e  z e r o  l e v e l  and t h e  h i g h  f r e q u e n c y  DP is above ,  t h i s  

s u g g e s t s  t h a t  a bedrock  c o n d u c t o r  occurs b e n e a t h  c o n d u c t i v e  

c o v e r .  

Channels  R E C 1 ,  REC2, REC3 and R E C 4  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 u s e d  to t r i g g e r  t h e  

conduc tance  c h a n n e l  CDT which i d e n t i f i e s  d i scre te  

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 v e  e n v i r o n m e n t s ,  c h a n n e l  REC2 



- 11-18 - 

is 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 .  S i m i l a r l y ,  i n  m o d e r a t e l y  

c o n d u c t i v e  e n v i r o n m e n t s ,  REC4 is d e a c t i v a t e d .  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  CDT) are d i s c a r d e d  

by t h e  g e o p h y s i c i s t .  The automatic 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  to 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 mis 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  

anomal i e s  a c c o r d i n g  to  t h e i r  source 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  from g e o l o g i c  or aerodynamic  n o i s e .  

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  refers t o  unwanted g e o p h y s i c a l  

r e s p o n s e s .  For  purposes 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  

noise refers t o  EM r e s p o n s e s  caused  by c o n d u c t i v e  o v e r b u r d e n  

and magne t i c  p e r m e a b i l i t y .  I t  was ment 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  D I F I  for i n p h a s e  

and D I F Q  fo r  q u a d r a t u r e )  t e n d  to e l i m i n a t e  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 .  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 l o g y ,  a s  DIGHEM is t h e  o n l y  EM s y s t e m  

w h i c h  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  degree 

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

i 
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M a g n e t i t e  p r o d u c e s  a form of  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  l ess  

t h a n  1 %  m a g n e t i t e  can  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  

caused  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  r i se  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 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  can  lead to  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  

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 1  y i f  c o n d u c t i v e  

o v e r b u r d e n  a lso 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  DIFI .  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  of c o n d u c t o r s  which occur 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 .  

EM m a g n e t i t e  mapping 

The i n f o r m a t i o n  c o n t e n t  o f  DIGHEM d a t a  c o n s i s t s  of a 

combina t ion  of 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 equency-dependen t  and 

consis ts  o f  bo th  i n p h a s e  and q u a d r a t u r e  components ,  which 

are 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  from 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  of  o n l y  an i n p h a s e  component which 
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i s  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 q  t h e  measured amount o f  pos i t ive  

i n p h a s e ,  i t s  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 ,  w h e n  i t  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 ( e . g . ,  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  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  t o  es t imate  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 m a g n e t i t e  mappinq t e c h n i q u e  w a s  d e v e l o p e d  f o r  t h e  

c o p l a n a r  coi l -pair  of DIGHEM.  The 

"FEO" (see Appendix A )  which d 

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

t e c h n i q u e  y i e l d s  c h a n n e l  

s p l a y s  a p p a r e n t  w e i g h t  

homogeneous h a l f  space 

model.4 The method can be complementary t o  magnetometer  

' mapping i n  c e r t a i n  cases. Compared t o  magnetometry ,  i t  i s  

f a r  l ess  s e n s i t i v e  b u t  is more a b l e  t o  reso lve  c l o s e l y  

s p a c e d  m a g n e t i t e  z o n e s ,  as w e l l  a s  p r o v i d i n g  a n  es t imate  

of t h e  amount o f  m a g n e t i t e  i n  t h e  rock. The method is  

s e n s i t i v e  t o  1 / 4 %  m a g n e t i t e  by w e i g h t  when t h e  EM s e n s o r  is 

a t  a h e i g h t  o f  30 m above  a m a g n e t i t i c  h a l f  s p a c e .  I t  c a n  

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

bands  w h i c h  a r e  s e p a r a t e d  by 60 m. U n l i k e  magnetometry ,  t h e  

EM m a g n e t i t e  method is u n a f f e c t e d  by remanent  magnet ism or 

m a g n e t i c  l a t i t u d e .  

R e f e r  t o  F r a s e r ,  1981,  M a q n e t i t e  mapping w i t h  a m u l t i -  
co i l  a i r b o r n e  e l e c t r o m a g n e t i c  sys t em:  G e o p h y s i c s ,  
V. 4 6 ,  p. 1579-1594. 
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The EM m a g n e t i t e  mapping t e c h n i q u e  p r o v i d e s  estimates 

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

factor  o f  2 when t h e  m a g n e t i t e  is f a i r l y  u n i f o r m l y  

d i s t r i b u t e d .  EM m a g n e t i t e  maps can  be g e n e r a t e d  when 

m a g n e t i c  p e r m e a b i l i t y  is e v i d e n t  a s  i n d i c a t e d  by a n o m a l i e s  

i n  t h e  m a g n e t i t e  c h a n n e l  FEO. 

Like  magnetometry ,  t h e  EM m a g n e t i t e  method maps 

o n l y  bed rock  f e a t u r e s ,  p r o v i d e d  t h a t  t h e  o v e r b u r d e n  is 

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

c o n t r a s t s  w i t h  r e s i s t i v i t y  mapping which p o r t r a y s  t h e  

combined e f f e c t  of bed rock  and o v e r b u r d e n . .  

: R e c o g n i t i o n  o f  c u l t u r e  

C u l t u r a l  r e s p o n s e s  i n c l u d e  a l l  EM a n o m a l i e s  caused by 

man-made metall ic o b j e c t s .  Such a n o m a l i e s  may be caused  by 

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

i n t e r p r e t e r  is to r e c o g n i z e  when an EM r e s p o n s e  is due  t o  

c u l t u r e .  P o i n t s  o f  c o n s i d e r a t i o n  used by t h e  i n t e rp re t e r ,  

when c o a x i a l  and c o p l a n a r  c o i l - p a i r s  a r e  o p e r a t e d  a t  a 

common f r e q u e n c y ,  are a s  follows: 

1. Channe l s  CXS and CPS (see Appendix A )  measure 50 and  

60 Hz r a d i a t i o n .  An anomaly on these  c h a n n e l s  shows 
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t h a t  t h e  c o n d u c t o r  is r a d i a t i n g  c u l t u r a l  power. Such 

an  i n d i c a t i o n  is n o r m a l l y  a g u a r a n t e e  t h a t  t h e  conduc-  

tor is c u l t u r a l .  However, care m u s t  be t a k e n  to e n s u r e  

t h a t  t h e  c o n d u c t o r  is n o t  a g e o l o g i c  body which s t r i k e s  

across a power l i n e ,  c a r r y i n g  l e a k a g e  c u r r e n t s .  

2. A f l i g h t  which crosses a l i n e  ( e .g . ,  f e n c e ,  t e l e p h o n e  

l i n e ,  e t c . )  y i e l d s  a c e n t e r - p e a k e d  c o a x i a l  anomaly 

and an  m-shaped c o p l a n a r  anomaly. When t h e  f l i g h t  

crosses t h e  c u l t u r a l  l i n e  a t  a h i g h  a n g l e  of i n t e r -  

s e c t i o n ,  t h e  ampli tude r a t i o  of c o a x i a l / c o p l a n a r  

( e . g . ,  CXI/CPI) is 4. Such a n  EM anomaly can  o n l y  b e  

caused  by  a l i n e .  The g e o l o g i c  body which y i e l d s  

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

v e r t i c a l l y  d i p p i n g  t h i n  d i k e .  Such a body, however ,  

y i e l d s  a n  a m p l i t u d e  r a t i o  o f  2 r a t h e r  t h a n  4. 

C o n s e q u e n t l y ,  a n  m-shaped c o p l a n a r  anomaly w i t h  a 

CXI/CPI a m p l i t u d e  r a t i o  o f  4 is v i r t u a l l y  a g u a r a n t e e  

t h a t  t h e  source is a c u l t u r a l  l i n e .  

3 .  A f l i g h t  which crosses a s p h e r e  or h o r i z o n t a l  d i s k  

y i e l d s  c e n t e r - p e a k e d  c o a x i a l  a n d  c o p l a n a r  a n o m a l i e s  

w i t h  a C X I / C P I  a m p l i t u d e  r a t i o  ( i . e . ,  c o a x i a l / c o p l a n a r )  

of 1 / 4 .  I n  t h e  a b s e n c e  of g e o l o g i c  b o d i e s  of  t h i s  

geomet ry ,  t h e  m o s t  l i k e l y  conduc to r  is a m e t a l  roof or  

5 See F i g u r e  1 1 - 1  p r e s e n t e d  e a r l i e r .  
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s m a l l  f e n c e d  y a r d .  4 Anomalies  o f  t h i s  t y p e  are  

v i r t u a l l y  c e r t a i n  t o  be c u l t u r a l  i f  t h e y  occur i n  a n  

a rea  o f  c u l t u r e .  

4 .  A f l i g h t  which crosses a h o r i z o n t a l  r e c t a n g u l a r  body or 

wide r i b b o n  y i e l d s  an  m-shaped c o a x i a l  anomaly and a 

c e n t e r - p e a k e d  c o p l a n a r  anomaly. I n  t h e  a b s e n c e  of 

g e o l o g i c  b o d i e s  o f  t h i s  g e o m e t r y ,  t h e  most l i k e l y  

c o n d u c t o r  is a l a r g e  f e n c e d  a r e a .  Anomal ies  of  t h i s  

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

i n  an  area of c u l t u r e .  

5. EM a n o m a l i e s  which c o i n c i d e ,  w i  h c u l  u r e ,  a s  s e e n  on  

t h e  camera f i l m ,  are u s u a l l y  c a u s e d  by  c u l t u r e .  

H O W e V e K ,  care is t a k e n  w i t h  such  c o i n c i d e n c e s  b e c a u s e  

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

example.  I n  t h i s  example ,  t h e  f e n c e  w o u l d  be expected 

to  y i e l d  a n  m-shaped c o p l a n a r  anomaly as i n  case #2 

above .  I f ,  i n s t e a d ,  a c e n t e r - p e a k e d  coplanar anomaly 

occurred, t h e r e  w o u l d  be c o n c e r n  t h a t  a t h i c k  g e o l o g i c  

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

I t  is  a c h a r a c t e r i s t i c  o f  EM t h a t  g e o m e t r i c a l l y  
i d e n t i c a l  a n o m a l i e s  a r e  o b t a i n e d  from: ( 1 )  a p l a n a r  
c o n d u c t o r ,  and ( 2 )  a wire  which forms a loop h a v i n g  
d i m e n s i o n s  i d e n t i c a l  to t h e  p e r i m e t e r  of  t h e  e q u i v a -  
l e n t  p l a n a r  c o n d u c t o r .  
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6 .  The above description of anomaly shapes is valid 

whet? the culture is not conductively coupled to the 

environment. In this case, the anomalies arise from 

inductive coupling to the EM transmitter. However, 

when the environment is quite conductive (e.g., less 

than 100 ohm-m at 900 Hz), the cultural conductor may 

be conductively coupled to the environment. In this 

latter case, the anomaly shapes tend to be governed by 

current gathering. Current gathering can completely 

distort the anomaly shapes, thereby complicating the 

identification of cultural anomalies. In such circum- 

stances, the interpreter can only reIy on the radiation 

channels CXS and CPS, and on the camera film. 

TOTAL FIELD MAGNETICS 

The existence of a magnetic correlation with an EM 

anomaly is indicated directly on the EM map. An EM anomaly 

with magnetic correlation has a greater likelihood of 

being produced by sulfides than one that is non-magnetic. 

However, sulfide ore bodies may be non-magnetic (e.g., the 

Kidd Creek deposit near Timmins, Canada) as well as magnetic 

(e.g., the Mattabi deposit near Sturgeon Lake, Canada). 
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The magnetometer  d a t a  are d i g i t a l l y  recorded i n  

t h e  a i r c r a f t  to an a c c u r a c y  o f  one nT ( i . e . ,  one 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  to  y i e l d  a 

t o t a l  f i e l d  m a g n e t i c  contour map. When w a r r a n t e d ,  t h e  

m a g n e t i c  d a t a  a l s o  may be treated m a t h e m a t i c a l l y  to enhance  

t h e  m a g n e t i c  r e s p o n s e  of  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  c o n t o u r  map is t h e n  produced. 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 i l l u s t r a t e d  i n  F i g u r e  11-2.  T h i s  f i g u r e  shows t h a t  t h e  

' passband  components  o f  t h e  a i r b o r n e  d a t a  are  ampl i f ied  

20 t imes by t h e  enhancement  operator .  T h i s  means,  fo r  

example, t h a t  a 100 nT anomaly on t h e  enhanced map ref lects  

a 5 nT anomaly for t h e  pas sband  components o f  t h e  a i r b o r n e  

d a t a .  

The enhanced  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 produced b y  t h e  d i g i t a l  

bandpass  f i l t e r i n g  o f  t h e  t o t a l  f i e l d  d a t a .  The enhancement  

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  

( above  t h e  source) which is 1/20th of t h e  a c t u a l  sensor- 

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

Because t h e  enhanced magne t i c  map b e a r s  a r e semblance  

to  a ground m a g n e t i c  map, i t  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  and t h e  i n t e r p r e t a t i o n  o f  
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geological structure. It defines the near-surface local 

geology while de-emphasizing deep-seated regional features. 

It primarily has application when the magnetic rock units 

are steeply dipping and the earth's field dips in excess 

of 60 degrees. 

L SK-236 



MAPS ACCOMPANYING TBIS REPORT 

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

E lec tromagnet i c  Anomalies 
R e  s i s t i v it y 
Magnetics 
Enhanced Magnet ics  

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  

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

S .  K i l t y  
Geophys ic i s  
Operat ions  Manager 
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A P P E N D I X  A 

THE PLIGHT RECORD AND PATA RECOVERY 

Both analog and digital flight records were produced. 

The analog profiles were recorded on chart paper in the 

aircraft during the survey. The digital profiles were 

generated later by computer and plotted on electrostatic 

chart paper at a scale of 1:10,000. The digital profiles 

are listed in Table A-1. 

In Table A-1, the log resistivity scale of 0.03 

decade/mm means that the resistivity changes by an order 

of magnitude in 33  mm. The resistivities at 0, 33, 6 7 ,  100 

and 133 mm up from the bottom of the digital flight record 

are respectively 1, 10, 100, 1,000 and 10,000 ohm-m. 

The fiducial marks on the flight records represent 

points on the ground which were recovered from camera film. 

Continuous photographic coverage allowed accurate photo-path 

recovery locations for the fiducials, which were then 

plotted on the geophysical maps to provide the track of the 

aircraft. 

The fiducial locations on both the flight records and 

flight path maps were examined by a computer for unusual 

helicopter speed changes. Such speed changes may denote 
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an error in flight path recovery. The resulting flight path 

locations therefore reflect a more stringent checking than 

is normally provided by manual flight path recovery 

techniques. 

Table A-1. The Digital Profiles 

Channel 
Name (Freq) Observed parameters 

MAG 
ALT 
cx I 
CXQ 
cxs 
CPI 
CPQ 
CPS 
CPI 
CPP 

magnetics 
bird height 

( 900 Hz) vertical coaxial coil-pair inphase 
( 900 Hz) vertical coaxial coil-pair quadrature 
( 900 Hz) ambient noise monitor (coaxial receiver) 
( 900 Hz) horizontal coplanar coil-pair inphase 
( 900 Hz) horizontal coplanar coil-pair quadrature 
( 900 Hz) ambient noise monitor (coplanar receiver) 
(7200 Hz) horizontal coplanar coil-pa.ir inphase 
(7200 Hz) horizontal coplanar coil-pair quadrature 

Computed Parameters 

DIFI ( 900 Hz) difference function inphase from CXI and CPI 
DIFQ ( 900 Hz) difference function quadrature from CXQ and CPQ 
m c  1 first anomaly recognition function 
REc2 second anomaly recognition function 
REc3 third anomaly recognition function 
REc4 fourth anomaly recognition function 
CDT conductance 
RES ( 900 Hz) log resistivity 
RES (7200 HZ) log resistivity 
DP ( 900 Hz) apparent depth 
DP (7200 Hz) apparent depth 
FEO8 ( 900 Hz) apparent weight percent magnetite 

1 
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EM ANOMALY LIST 



198-SH.l BARRIERE LAKE 

COAXIAL COPLANAR COPLANAR . VERTICAL . HORIZONTAL CONDUCTIVE 
900 HZ 900 HZ 7200 HZ . DIKE . SHEET EARTH 

ANOMALY/ REAL QUAD REAL QUAD REAL QUAD . COND DEPTH*. COND DEPTH R E S I S  DEPTH 
FID/INTERP PPM PPM PPM PPM PPM PPM . MHOS M . MHOS M OHM-M M --------- 

L I N E  101 (FLIGHT 6) 
A 327 H 2 1 2 3 4 9 .  1 0 .  1 57 94  32 
B 352 B 2 6 2 8 35 38  . 1 0 .  1 38 138 18 
D 359 D 10 10 8 15 51 27 . 8 7 .  1 54 86 19 
E 363 B 2 8 7 8 35  3 1  . 2 3 .  1 43 92  24 
F 368 B 3 7 2 2 20 20 . 3 12 . 1 69 458 5 
G 376 B 13 5 10 10 37 16 . 4 1 .  1 55 32 40 
H 377 D 13 4 10 10 37 16 . 21 1 .  1 64 63 28 

L I N E  102 (FLIGHT 6) 
A 429 H 6 4 13 7 28 20  . 16 17 . 2 61 26 34 
B 424 S 2 4 4 8 24 11 . 3 0 .  1 54 66  34 
C 407 H 3 5 2  8 26 27  . 1 0 .  1 45 89  26 
D 401 D 9 10 11 15 51 24 . 7 3 .  1 57 80 21 
F 391 S 2 5 4 6 21 23 . 1 0 .  1 46 157 22 
G 385 D 10 8 5 6 22  18 . 11 15 . 1 79 166 33 
E 379 B 8 1557 7 10 32 1574 . 1 0 .  2 65  57 29 

LINE 103 (FLIGHT 6) 
B 451 S 6 9 5 14 55 50 . 4 3 .  1 45 108 9 
D 461 D 5 6 3 12 41 44 . . 4 4 .  1 35 155 0 
E 466 B 7 13 3 17 68 67 . 3 3 .  1 37 288 0 
F 478 D 0 8 0 13 43 31 . 1 0 .  1 79 917 0 
G 487 S 2 5 3 9 34 31 . 2 0 .  1 47 122 27 
E 491 D 7 5 9 9 1 28 . 11 30  . 1 74 117 34 
J 494 D 7 6 9 9 24 34 9 17 . 1 57 110 19 
K 512 D 6 2 5 2 8  7 . 32 45  . 1 96 156 48 
L 515 B 0 3 4 3 12 13 a 1 0 .  1 71  76 50 

L I N E  104 (FLIGHT 6) 
A 592 H 4 10 5 15 36 5 1  . 3 0 .  1 41 66 10 
B 589 H 2 9 7 15 61 52 . 2 0 .  1 24 40 10 
E 581 D 6 12 11 24 85 55  . 4 0 .  1 29 104 0 
F 570 H 2 4 2 6 28 32 . 1 0 .  1 30 85 13 
G 567 E 2 5 2 11 43 28 . 3 0 .  1 43 152 20 
H 558 H 1 1 0 5 19 36 . 1 0 .  1 26 367 0 
I 549 B 3 3 2 4 12 20  . 1 1 .  1 60 243 33 
J 537 H 1 1 0 3 12 21 . 1 7 .  1 60 349 31 

LINE 105 (FLIGHT 6) 
A 615 B 9 3 8 10 63 7 . 16 0 .  5 56 7 36 
B 618 T 30 20 69 41 142 39 . 27 0 .  7 37 3 24 

--------- 

--------- 

--------- 

--------- 

.* ESTIMATED DEPTH MAY BE UNRELIABLE BECAUSE THE STRONGER PART . . OF THE CONDUCTOR MAY BE DEEPER OR "0 ONE S I D E  OF THE FLIGHT . . LINE,  OR BECAUSE OF A SHALLOW D I P  OR OVERBURDEN EFFECTS. 

. 



198-SH.l BARRIERE LAKE 

COAXIAL COPLANAR COPLANRR . VERTICAL . HORIZONTAL CONDUCTIVE 
900 HZ 900 H Z  7200 H Z  . DIKE . SHEET EARTH 

ANOMALY/ REAL QUAD REAL QUAD REAL QUAD . COND DEPTH*. COND DEPTH R E S I S  DEPTH 
FID/INTERP PPM PPM PPM PPM --------- 

L I N E  105 
D 631 D 
E 650 H 
F 688 D 
G 696 B 
H 701 B 
I 703 L 

LINE 106 
A 784 D 
B 768 E 
c 758 s 
E 718 B 
F 709 S 

L I N E  107 
B 793 B 
c 798 s 
D 803 B? 
E 819 H 
F 850 H 
G 861 D 

: I 877 s 

--------- 

--------- 
L I N E  108 
A 956 B? 
B 940 E 
D 911 D 
F 900 B 
G 887 H 

L I N E  109 
A 1014 S 
B 1036 S 
C 1046 L 
D 1059 B 
F 1062 B 
G 1067 B 
H 1075 D 
I 1084 B 

(FLIGHT 6) 
3 13 6 
2 5 3 
0 3 2 
2 2 3 
0 1 1 
4 1 1 

(FLIGHT 6) 
19 9 32 

2 3 4 
0 3 0 
4 3 4 
2 2 2 

(FLIGHT 6) 
7 9 7 
2 4 4 
4 3 2 
1 3 0 
1 1 1 
6 4 8 
0 0 1 

(FLIGHT 6) 
0 2 1 
1 1 0 
4 2 3 
4 5 9 
2 2 1 

(FLIGHT 6) 
1 6 0 
1 3 1 
4 4 2 

16 3 25 
25 4 25 
6 9 16 

12 8 11 
4 4 6 

L I N E  110 
A 1166 S? 

(FLIGHT 6) 
1 1 2 

23 
9 
8 
4 
4 
3 

19 
8 
3 
6 
5 

14 
6 
2 
5 
1 
8 
1 

3 
2 
2 

10 
3 

I 1  
5 
5 
4 
3 

12 10 

3 

5 

PPM 

49 
38 
26 
15 
14 
10 

64 
28 
13 
20 
19 

53 
28 
13 
19 

5 
26 

0 

11 
15 
14 
25 
11 

22 
7 
3 

29 
29 
59 
43 
12 

26 

PPM . MHOS 

52 . 
42 . 
19 . 
24 . 
32 - 
22 . 

22 . 
28 . 
2 2  . 
33 . 
22 . 

42 . 
1 5  . 

8 .  
32  . 

8 .  
16  . 

7 .  

16 . 
12 . 
30  . 
14 . 
20 . 

89 . 
5 5  . 
13 . 
49 . 
18 . 
25 . 
16 . 
12 . 

35 . 

2 
1 
2 
1 
1 

10 

29 
1 
1 
1 
1 

5 
3 
7 
1 
1 

11 
1 

1 
1 

21 
7 
1 

1 
1 
5 

121 
170 

5 
13 
9 

1 

M . MHOS 

0 .  
0 .  
5 .  
1 .  
0 .  
9 .  

0 .  
0 .  
0 .  
0 .  
0 .  

5 .  
13.. 
43 . 

0 .  
16 . 
25 . 

0 .  

7 .  
1 .  

45 . 
12 . 
0 .  

0 .  
0 .  

17 . 
28 . 
20 . 

7 .  
8 .  

32 . 
0 .  

1 
1 
1 
1 
1 
1 

4 
1 
1 
1 
1 

2 
1 
1 
1 
1 
1 
1 

1 
1 
1 
2 
1 

1 
1 
1 
1 
4 
1 
1 
2 

1 

38 
20 
62 
4.5 
25 

156 

52 
46 
25 
36 
52 

59 
48 
9 1  
30 
48 
81 

154 

57 
30 
94  
83 
37 

15 
18 
33 
78 
87 
47 
59 

120 

17 

90  
84 

122 
41 1 
400 

1035 

9 
85  

285 
267 
188 

46 
40 
79 

233 
73 1 
285 

6280 

212 
306 
101 

51 
736 

309 
560 
464 
110 

13 
52 

130 
38 

112 

M OHM-M M 

6 
3 

39 
16 
0 
0 

32  
26 
0 

11 
27 

29 
33 
52 

7 
13 
28 

0 

32  
3 

51 
48 

4 

0 
0 
0 

38 
64 
31 
18 
85  

0 

.* ESTIMATED DEPTH MAY BE UNRELIABLE BECAUSE THE STRONGER PART . . OF THE CONDUCTOR MAY BE DEEPER OR TO ONE S I D E  OF THE FLIGHT . . L I N E ,  OR BECAUSE OF A SHALLOW D I P  OR OVERBURDEN EFFECTS. 



198-SH.1 BARRIERE LAKE 

COAXIAL COPLANAR COPLANAR . VERTICAL . HORIZONTAL CONDUCTIVE 
900 HZ 900 HZ 7200 HZ . DIKE . SHEET EARTH 

'ANOMALY/ REAL QUAD REAL QUAD REAL QUAD . COND DEPTH*. COND DEPTH R E S I S  DEPTR 
FID/INTERP PPM PPM PPM PPM PPM PPM . MHOS M . MHOS M OHM-M M - -------- 

LINE 110 (FLIGHT 6) 
B 1165 D 2 2 1 5 26 3 1  . 4 18 . 1 45 558 0 
C 1159 B 4 4 5 7 16 21 . 6 11 . 1 41 125 3 
E 1147 S 1 3 1 5 25 26 . 1 0 .  1 32 169 11 
F 1138 B 30 12 50 19 26 9 . 47 2 .  3 92 15 67 
G 1135 T 46 12 54 26 99 10 . 64 2 .  6 56 4 40 
H 1125 D 5 9 6 12 43 34 . 4 6 .  1 53 422 2 
L 1104 S 2 3 1 4 17 22 . 1 0 .  1 42 209 16 

LINE 111 (FLIGHT 6) 
A 1188 S 0 3 0 7 7 44 . 1 0 .  1 7 1575 0 
B 1202 S? 0 3 0 4 18 41  . 1 0 .  1 17 286 0 
C 1214 B 3 5 3 7 32 32 . 2 0 .  1 31 116 12 

' D 1228 B? 5 5 2 8 32 41  . 4 27 . 1 45 531 0 
E 1236 S 1 2 1 3 9 3 0 .  1 0 .  1 29 353 6 
F 1241 B 21 2 34 2 32 32  . 405 23 . 3 111 18 84 
H 1244 B 20 1 35  2 3 1  21 . 947 10 . 7 89 4 73 
I 1249 E 2 7 4 8 33 39  . 1 0 - .  1 52 116 30 
J 1263 D 2 4 2 8 19 19 . 2 0 .  1 106 1035 0 
L 1270 D 1 3 1 5 18 15 . . 1 13  . 1 50 328 23 
M 1280 S 1 2 0  2 11 20 . 1 1 .  1 33 725 2 

LINE 112 (FLIGHT 6) 
B 1411 S? 0 1 1 1 11 9 .  1 6 .  1 44 94 24 
C 1403 B 5 4 2 4 18 10 . 6 23 . 1 68 163 23 
D 1390 S 1 4 0 4 13 27  . 1 0 .  1 29 377 2 
E 1382 D 6 6 3 5 39 21 . 7 26 . 1 53 225 10 
F 1374 E 1 2 0 3 12 30  . 1 0 .  1 40 185 19 
G 1369 S 2 2 1 3 15 14 . 1 1 .  1 39 160 17 
H 1356 B? 2 3 6 5 17 15 . 7 39 . 1 95 64 58 
I 1349 G 8 13 13 24 91 30 . 5 0 .  1 46 56 16 
J 1345 G 16 10 33 18 55 17  . 23 10 . 4 55 11 35 
L 1335 H 5 14 2 19 89 57 . 2 0 .  2 43 50 14 
M 1331 G 4 3 18 6 24 30  . 25 14 . 5 75 7 54 
N 1330 G 8 5 22 12 44 16 . 6 0 .  2 52 12  43 

LINE 113 (FLIGHT 6) 
A 1430 G 1 2 2 4 11 24 . 1 0 .  1 35 225 11 
B 1439 B 1 4 6 4 18 6 .  4 0 .  1 66 75 26 

21 C 1448 B 6 3 2 4 15 7 . 10 26 . 1 
E 1457 B 3 7 4 6 29 23 . 3 10 . 1 77 241 26 
F 1473 S 0 5 0 6 16 54 . 1 0 .  1 28 530 1 

--------- 

--------- 

69 201 

.* ESTIMATED DEPTH MAY BE UNRELIABLE BECAUSE THE STRONGER PART . . OF THE CONDUCTOR MAY BE DEEPER OR To ONE S I D E  OF THE FLIGHT . . LINE, OR BECAUSE OF A SHALLCW D I P  OR OVERBURDEN EFFECTS. 



198-SH.l BARRIERE LAKE 

COAXIAL COPLANAR COPLANAR . VERTICAL . HORIZONTAL CONDUCTIVE 
900 HZ 900 HZ 7200 HZ . DIKE . SHEET EARTH 

ANOMALY/ REAL QUAD REAL QUAD REAL QUAD . COND DEPTH*. COND DEPTH RESIS DEPTH 
FID/INTERP 

LINE 113 
G 1484 S 
H 1492 S 
I 1507 B 
J 1513 B 
K 1521 B 
L 1531 B 
N 1536 H 

LINE 114 
A 1690 S 
B 1695 B 

. D 1706 B 
E 1710 E 
F 1743 D 
G 1758 B 
A 1766 G 
I 1773 D 
J 1787 B 
K 1790 H 
M 1808 B 

LINE 115 
A 1938 G 
B 1954 B 
C 1959 B? 
D 2002 D 
E 2020 B 
F 2024 S 
G 2036 D 
H 2043 D 
J 2050 B 
K 2051 B 
L 2056 E 
M 2075 B 

LINE 116 
A 1926 H 
B 1910 B 
C 1891 D 
E 1880 T 
F 1871 B? 

--------- 

--------- 

I ------- -- 

--------- 

PPM PPM PPM PPM 

(FLIGHT 
1 5 
1 2 
4 1 
7 8 
8 9 
3 2 
6 8 

(FLIGHT 
1 4 
3 4 
5 4 
2 4 
3 6 
4 6 
2 3 
10 8 
4 2 
4 5 
4 4 

(FLIGHT 
2 4 
4 4 
2 5 
2 3 
0 3 
0 2 
3 4 
4 4 
12 5 
3 3 
4 4 
3 3 

(FLIGHT 
1 2 
2 3 
4 4 

1 1  7 
2 2 

6) 
3 8 
1 2 
1 3 
15 18 
5 12 
7 3 
6 19 

6) 
0 5 
6 4 
2 4 
1 5 
9 12 
3 6 
1 2 

1 1  9 
10 5 
9 1 1  
12 6 

6) 
2 6  
2 6 
1 7 
1 7 
3 5 
1 2 
2 2 
4 4 
20 12 
20 12 
12 1 1  
4 6 

6) 
2 3 
3 6 
2 4 
22 18 
1 3 

I :  P PM 

28 
8 
12 
50 
54 
20 
69 

15 
17 
16 
19 
49 
26 
16 
38 
14 
40 
20 

21 
25 
30 
23 
13 
7 
15 
19 
39 
39 
38 
25 

10 
26 
1 1  
60 
12 

PPM . MHOS 

28 . 
19 . 
12 . 
31 . 
18 . 
1 1  . 
1 1  . 

45 . 
7 .  
6 .  
19 . 
29 . 
24 . 
6 .  

30 . 
16 . 
26 . 
10 . 
23 . 
9 .  

25 . 
1 1  . 
9 .  
2 .  
6 .  

24 . 
33 . 
23 . 
26 . 
21 . 
12 . 
1 1  . 
10 . 
23 . 
10 * 

1 
1 
1 
8 
6 
15 
4 

1 
6 
8 
1 
5 
4 
4 
12 
15 
3 
14 

1 
4 
2 
2 
2 
5 
4 
7 

24 
14 
3 
5 

1 
4 
5 
15 
1 

M . MHOS 

0 .  
5 .  
15 . 
1 1  . 
5 .  

39 . 
0 .  

0 .  
2 .  

32 . 
3 .  
0 .  
14 . 
21 . 
11.. 
20 . 
0 .  
0 .  

6 .  
19 . 
0 .  
0 .  
0 .  
1 .  

23 . 
30 . 
13 . 
13 . 
0 .  
6 .  

1 .  
3 .  

1 1  . 
0 .  
15 . 

1 
1 
1 
2 
1 
2 
2 

1 
2 
1 
1 
2 
1 
1 
1 
2 
1 
4 

1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
1 

1 
1 
1 
3 
1 

M OHM-M 

37 
46 
56 
66 
55 
76 
42 

24 
85 
90 
63 
76 
71 
46 
75 
75 
47 
86 

53 
64 
46 
134 
61 
56 
58 
45 
55 
63 
38 

100 

75 
53 
I08 
50 
60 

119 
199 
255 
45 
129 
28 
50 

279 
33 
148 
114 
58 
106 
98 
72 
34 
63 
1 1  

154 
708 
127 

1035 
115 
62 

263 
380 
62 
21 
76 
103 

247 
81 
579 
17 
127 

M 

17 
23 
29 
35 
15 
47 
1 1  

0 
52 
43 
40 
40 
31 
27 
39 
44 
29 
63 

30 
0 

25 
0 

37 
35 
9 
0 
23 
37 
19 
54 

45 
33 
8 
27 
38 

.* ESTIMATED DEPTH MAY BE UNRELIABLE BECAUSE THE STRONGER PART . . OF THE CONDUCTOR MAY BE DEEPER OR To ONE SIDE OF THE FLIGHT . . LINE, OR BECAUSE OF A SHALLOW DIP OR OVERBURDEN EFFECTS. 



198-SH.l BARRIERE LAKE 

COAXIAL COPLANAR COPLANAR . VERTICAL . HORIZONTAL CONDUCTIVE 
900 HZ 900 HZ 7200 HZ . DIKE . SHEET EARTH 

ANOMALY/ REAL QUAD REAL QUAD REAL QUAD . COND DEPTH*. COND DEPTH RESIS DEPTA 
FID/INTERP PPM PPM PPM PPM PPM PPM . MHOS M . MEOS M OHM-M M 
--------- 
LINE 116 (FLIGHT 6) 
G 1860 D 7 8 6 7 28 15 . 8 13 . 2 83 36 51 
H 1858 B 7 8 8 7 28 .15 . 8 17 . 1 75 67  39 
I 1853 B 1 0 3 0 5 8 .  1 9 .  1 42 132 20 
J 1847 B 17 10 35 22 70 18 . 22 0 .  3 51 13 30 
K 1828 S 0 1 0 3 12 34 . 1 0 .  1 24 838 0 
L 1822 B? 2 3 3 5 19 17 . 2 5 .  1 62 81 42 

LINE 117 (FLIGHT 6) 
A 1632 B 1 1 1 2 13 7 .  2 2 .  1 84 84  61 
B 1625 D 8 9 9 16 60 29 . 6 0 .  2 65 58 30 
C 1615 B 5 8 0 4 20 21 . 3 7 .  1 88 155 41 
E 1605 B 10 6 22 19 36 22  . 3 0 .  2 35 8 28 
P 1601 B 5 11 3 13 41 24 . 3 0 .  2 53 35 26 
G 1598 B 9 13 13 19 75 28 . 6 0 .  2 57 39 28 
H 1587 B? 4 5 6 7 32 12 . 6 28 . 1 88 64 52 
I 1584 B? 4 3 7  7 24 13  . 10 16 . 2 87 6 1  49 
J 1566 B? 5 3 3 4 17 27 . 11 30 . 1 76  332 21 

LINE 118 (FLIGHT 5) 
A 2559 S 1 1 1 3 9 1 3 . .  1 7 .  1 67 245 39 
B 2572 L? 1 2 1 2 12 15 . 1 0 .  1 70 84  48 

1 C 2623 S 1 3 1 3 15 19 . 1 1 .  1 71 113 48 
D 2631 B 8 9 10 .13 51 28 . 8 5 .  2 67 56 33 
E 2637 B 4 6 5 5 4 17  . 5 4 .  1 78 111 35  
F 2652 B 15 20 18 24 87 43 . 8 0 .  2 43 33 18 
A 2656 B 10 13 23 22 85 31 . 7 0 .  1 32 16 21 
I 2666 B? 1 2 3 3 18 12 . 2 0 .  1 37 99  16 
J 2684 B 4 4 5 6 36 34  . 6 1 5  . 1 79 80  39 

--------- 

--------- 

--------- 
LINE 119 (FLIGHT 5) 
A 2558 S 1 2 1 3 11 18 . 1 0 .  1 58 274 29 

69 9 1  B 2515 D 7 3 4 2 9 5 . 25 11 . 2 138 
C 2503 B 3 5 3  5 20 16 . 4 21 . 1 109 150 59 
D 2498 B 6 6 3 5 21 16 . 6 13 . 1 79 164 31 
E 2481 B 7 7 8 12  52 13 . 7 9 .  2 67 54 33 
F 2469 B 4 6 6 7 48 31 . 3 0 .  1 35  65  19 
G 2458 S 2 4 3 6 31 14 . 4 10 . 1 47 63 30 
H 2448 E 12 3 22 7 36 7 . 15 0 .  1 33 31 19 
I 2445 B 23 22 23 42 129 36 . 10 6 .  6 69 5 53 
J 2443 B 23 22 25 42 131 6 1  . 10 0 .  2 27 29 3 - -------- 
LINE 120 (FLIGHT 5) 
A 2285 S 2 2 2 5 11 20 . 1 0 .  1 50 246 23 

.* ESTIMATED DEPTH MAY BE UNRELIABLE BECAUSE THE STRONGER PART . . OF THE CONDUCTOR MAY BE DEEPER OR To ONE SIDE OF THE FLIGHT . . LINE, OR BECAUSE OF A SHALLOW D I P  OR OVERBURDEN EFFECTS. 



198-SH.1 BARRIERE LAKE 

COAXIAL COPLANAR COPLANAR . VERTICAL . HORIZONTAL CONDUCTIVE 
900 HZ 900 HZ 7200 HZ . DIKE . SHEET EARTR 

ANOMALY/ REAL QUAD REAL QUAD REAL QUAD . COND DEPTH*. COND DEPTH R E S I S  DEPTH 
FID/INTERP PPM PPM PPM 

LINE 120 (FLIGHT 5) 
B 2295 L? 2 3 3 
C 2327 S 0 2 0 
D 2363 D 6 5 7 
E 2377 B 6 3 4 
F 2379 B 6 5 4 
G 2395 B 7 9 12 
A 2406 B? 2 5 3 
I 2412 B 8 6 13 
J 2425 B 7 10 21 
R 2426 B 7 10 21 
L 2430 S? 8 8 14 

L I N E  121 (FLIGHT 5) 
' A 2287 S 2 2 2 

B 2236 D 5 2 3  
C 2224 D 6 5 7  
D 2211 G 1 3 5 
E 2205 T 8 5 19 
G 2194 87  3 3 3 
H 2188 B 23 12 40 

--------- 

-------I 

-------- - 
f LINE 122 (FLIGHT 5) 

A 2022 S 2 2 0 
B 2029 S 1 3 1 
C 2093 D 10 7 10 
D 2105 G 3 4 5 
E 2112 T 11 4 34 
F 2122 H 1 3 2 
G 2130 T 21 12 41 
A 2146 G 6 4 13 
I 2151 G 5 3 15 
K 2159 G 3 1 5 

LINE 123 (FLIGHT 5) 
A 1950 B 4 6 4 
B 1948 B 4 4 4 
C 1941 G 1 3 3 
D 1938 G 2 3 2 
F 1929 B 13 5 16 
G 1910 T 25 12 52 
H 1896 B 23 13 33 

--------- 

PPM 

2 
2 
4 
6 
6 

15 
7 

14 
14 
14 
19 

3 
1 

10 
5 

14 
4 

26 

2 
4 

13 
6 
7 
4 

23 
8 
9 
1 

8 
6 
7 
5 
9 

25 
18 

PPM 

6 
7 

14 
19 
15 
59 
33 
46 
51 
51 
56 

9 
6 

38 
24 
44 
19 
85 

8 
16 
47 
26 
45 
27 
87 
32 
31 
10 

29 
20 
35 
24 
36 
86 
73  

PPM . MHOS 

3 .  
8 .  
7 .  

15 . 
10 . 
12 . 
22 . 

9 .  
31 . 
31 . 

9 .  

15 . 
4 .  

17  . 
17 . 
16 . 
18 . 
38 . 

8 .  
7 .  

33 . 
8 .  
8 .  

32  . 
23 . 
13 . 

6 .  
12  . 

18 . 
4 .  

37 . 
23 . 

3 .  
12 . 
12 . 

2 
1 

13 
2 
7 
7 
2 

11 
10 
10 
8 

1 
29 

8 
2 

15 
1 

26 

1 
4 

10 
6 

64 
1 

26 
4 

15 
28 

4 
12 

1 
1 

27 
36 
25 

M . MHOS 

7 .  
5 .  

14 . 
5 .  
0 .  
4 .  
0 .  

15 . 
17 . 

5 .  
0 .  

2 .  
9 .  
8 .  
3 .  
0 - .  
3 .  
2 .  

13 . 
2 5  . 

9 .  
3 .  
0 .  
0 .  
0 .  
4 .  

15 . 
38 . 

12 . 
24 . 

0 .  
12 . 
13 . 
4 .  
9 .  

1 
1 
3 
1 
1 
2 
1 
2 
3 
2 
2 

1 
2 
2 
1 
4 
1 
3 

1 
1 
1 
1 

12 
1 
7 
1 
4 
4 

1 
1 
1 
1 
2 
6 
4 

M OHM-M 

71 
74 

137 
80 
9 1  
59 
36 
69 
64 
45 
28 

56 
151 
82 
39 
49 
37 
46 

61 
71 
82  
41 
6 1  
2 1  
49 
46 
69 
96 

84 
75  
44 
46 
75  
54 
66 

68 
245 

20 
69 

131 
54 
78 
25 
16 
30 
3 1  

245 
31 
57 
54 
13 
86 
16 

160 
128 

68 
54 

1 
128 

4 
42 
10 
12 

112 
44 

124 
101 
50 

5 
10 

M 

49 
43 

105 
60 
41 
2 1  
18 
43 
42 
19 
2 

29 
112 
46 
23 
27 
19 
24 

36 
48 
45 
24 
51 

7 
34 
30 
47 
71  

41 
58 
23 
27 
42 
38 
46 

.* ESTIMATED DEPTH MAY BE UNRELIABLE BECAUSE THE STRONGER PART . . OF THE CONDUCTOR MAY BE DEEPER OR XI ONE S I D E  OF THE FLIGHT . . L I N E ,  OR BECAUSE OF A SHALLOW D I P  OR OVERBURDEN EFFECTS. 



198-SH.l BARRIERE LAKE 

COAXIAL COPLANAR COPLANAR . VERTICAL . HORIZONTAL CONDUCTIVE 
900 HZ 900 HZ 7200 HZ . DIKE . SHEET EARTH 

ANOMALY/ REAL QUAD REAL QUAD REAL QUAD . COND DEPTH*. COND DEPTH RESIS DEPTH 
FLD/INTERP PPM PPM PPM PPM PPM PPM . MHOS M . MHOS M OHM-M M -----_--- 

LINE 123 (FLIGHT 5) 
I 1892 B 29 22 60 36 108 10 . 24 0 .  6 42 5 26 
J 1884 B 11 12 33 35 98 26 . 11 0 .  2 48 28 23 

LINE 124 (FLIGHT 5) 
A 1758 S 0 1 0 1 6 6 .  1 16 . 1 79 207 51 
B 1808 G 2 1 0 2 6 3 .  2 46 . 1 99 106 75 
C 1823 G 2 2 4 3 17 15 . 1 11 . 1 47 90 28 
D 1831 D 11 8 13 10 40 2 0  . 14 6 .  1 62 60 28 
E 1839 B 4 1 3 3 11 7 . 13 48 . 1 95 143 48 
F 1852 T 19 15 37 25 86 6 . 18 0 .  4 53 10 34 
G 1867 B 26 22 63  44 150 25 . 20 0 .  3 41 13 21 
EI 1868 B 20 22 63 44 150 5 . 17 0 .  4 41 9 23 
I 1875 H 0 3 3 6 34 25 . 2 0 .  1 41 67 23 

LINE 125 (FLIGHT 5) 
A 1685 G 2 4 1 6 24 1 8  . 2 11 . 1 53 139 31 
B 1679 G 2 2 8 3 29 36 . 1 5 .  1 40 84 23 
D 1676 G 6 6 8 9 8 3 2  . 8 15.. 1 67 87  30 
F 1662 B 4 3 1 4 9 19 . 1 3 .  1 77 210 50 
G 1651 I3 3 4 3 1 28 2 6 . .  2 0 .  1 57 48 40 

--------- 

--------- 

--------- 
' LINE 1125 (FLIGHT 5) 

B 1780 B 1 3 0 4 14 10 . 1 16 . 1 150 1035 0 
C 1762 B 6 13 15 26 66  9 3  . 1 0 .  1 25 26 14  
D 1750 B 18 18 27 32 100 22 . 11 3 .  2 52  26 27 
E 1742 H 3 7 1 8 46 48 . 2 5 .  1 56 87 37 

LINE 126 (FLIGHT 5) 
A 1615 D 7 4 6 5 20 7 . 15 27 . 2 173 57 128 
C 1631 B 2 5 0 6 29 2 2  . 2 6 .  1 65  75 46 
E 1705 G 5 17 7 23 106 118 . 2 0 .  1 24 294 0 
F 1711 B 52 79 96 149 499 179 . 11 0 .  3 19 13 3 
G 1715 G 28 23 51 42 74 74 . 18 0 .  4 40 8 23 

LINE 127 (FLIGHT 5) 
A 1584 S 2 2 2 4 17 7 .  3 4 .  1 84 67 63 
B 1560 B? 3 2 2 2 7 9 .  1 0 .  1 93 139 65 
C 1501 G 4 16 5 23 101 127 . 2 0 .  1 20 73 5 
D 1495 G 20 37 64 96 332 112 . 9 0 .  2 17 27 0 
E 1491 G 67 24 150 22  377 36  . 126 0 .  8 16 2 5 

LINE 128 (FLIGHT 5) 
A 1262 S 2 4 2 5 22 13 . 3 0 .  1 29 55 13 

--------- 

--------- 

---__---- 

.* ESTIMATED DEPTH MAY BE UNRELIABLE BECAUSE THE STRONGER PART . . OF THE CONDUCTOR MAY BE DEEPER OR TO ONE SIDE OF THE FLIGHT . . LINE, OR BECAUSE OF A SHALLOW D I P  OR OVERBURDEN EFFECTS. 



198-SH.l BARRIERE LAKE 

COAXIAL COPLANAR COPLANAR . VERTICAL . RORIZONTAL CONDUCTIVE 
900 HZ 900 HZ 7200 HZ . DIKE . SHEET EARTH 

ANOMALY/ REAL QUAD REAL QUAD REAL QUAD . COND DEPTH*. COND DEPTH RESIS  DEPTH 
FID/INTERP PPM PPM PPM PPM PPM PPM . MHOS M . MHOS M OHM-M M ------- -- 

LINE 128 (FLIGHT 5) 

C 1340 B? 0 1 0 2 6 8 .  1 0 .  1 66 613 26 

LINE 1128 (FLIGHT 5) 

B 1400 S 2 3 1 4 24 19 . 2 0 .  1 46 121 24 
C 1411 G 7 6 15 11 42 8 . 13 0 .  3 60 14 36 

LINE 129 (FLIGHT 5) 
A 1257 S 2 3 1 4 16 11 . 2 4 .  1 41  70 22 
C 1188 B? 1 2 0 2 7 13 . 1 0 .  1 57 467 23 
D 1175 E 1 2 4 2 10 7 .  2 21 . 1 66 139 42 
E 1167 E 3 5 9 11 36 11 . 7 11 . 1 54 24 41 
G 1161 G 9 6 17 13 51 19  . 14 0 .  3 55 14 32 

LINE 130 (FLIGHT 5) 
B 1039 G 0 2 1 3 20 18 . 1 0 .  1 48 85 29 
D 1146 S 1 3 4 6 23 1 4  . 3 7.. 1 48 65 30 

B 1292 B 2 5 2  6 25 7 .  2 6 .  1 57 441 0 

--------- 

A 1389 B 1 2 1 6 19 11 . 1 0 .  1 74 564 0 

--------- 

--------- 

E 1151 B? 5 5 15 13 46 21 . 10 0 .  3 58 17 33 --------- . .  
LINE 131 (FLIGHT 5) 

I A 1022 R 3 5 5 7 24 5 . 12 1 .  1 44 13 34 
B 1015 H 1 3 2 . 4  16 9 .  3 19 . 1 71 38 55 -------- 
LINE 132 (FLIGHT 5) 
A 865 S 1 1 1 2 10 7 .  1 16 . 1 69 152 43 
B 901 S 2 2 0  2 9 1 8 .  1 0 .  1 38 708 3 
C 915 S 3 1 1 2 5 1 0 .  1 10 . 1 65 1104 23 

LINE 133 (FLIGHT 5) 
- ----- --- 
A 821 S 1 1 0 2 10 10 . 1 16 . 1 62 307 33 
B 797 S 0 2 1 5 12 22 . 1 0 .  1 19 280 0 

.* ESTIMATED DEPTH MAY BE UNRELIABLE BECAUSE THE STRONGER PART . . OF THE CONDUCTOR MAY BE DEEPER OR To ONE SIDE OF THE FLIGHT . . LINE, OR BECAUSE OF A SHALu)w DIP OR OVERBURDEN EFFECTS. 



APPENDIX I1 

CLAIlIs/GROUPS LISTING 



GROUP CLAIM UNITS KECORD NO. ANN. MONTH 

O'Brien-Kiwi-Nex Nex 1 
Nex 2 
NBR 3 
NBR 5 
NBR 6 
NBR 7 

O'Brien-Kiwi 

Cad 

NBR 1 
NBR 2 
NBR 4 
KIWI 1-18 

DIAL 
CAD 
CAD 1-6 
NBR 8 

RUSS 3 0 0  

1 
1 

1 2  
18 
2 0  
2 0  

20 
2 0  
1 2  
1x18 

1 5  
1 2  

1 x 6  
8 

1 5  

5221  12  
5222  1 2  
5172  1 2  
5 1 7 4  12 
5175 1 2  
5176  12 

5 1 7 0  12 
5 1 7 1  1 2  ~~ 

5173  
5 1  79 -5196  

1 2  
1 2  

5 0 3 0  11 
4937 11 

4938-4950-4954  11 
5 9 4 4  11 

5 2 2 9  12  



APPENDIX I11 

STATEMENT OF COSTS 



NORANDA EXPLORATION COMPANY, LIMITED 

STATEMENT OF COST 

DATE DECEMBER 1984 
PROJECT - NBR D I A L  CLAIMS 
TYPE OF REPORT Geophysics 

a )  Wages: 

No. of Days - 
Rate p e r  Day - 
Dates From - 
T o t a l  Wages 

b)  Food and Accommodation: 

No. of Days - 
Rate p e r  Day - 
Dates From - 
T o t a l  Cost - 

c) Transportation: 

No. of Days - 
Rate per  Day - 
Dates From - 
T o t a l  c o s t  

d )  Analys is  

e )  Cost of Preparation of Report 

Author 
D r a f t i n g  
Typing 

f )  Other: 
C o n t r a c t o r  

105.00 
105.00 
105.00 

18,900.00 

T o t a l  Cost $19,215.00 



U N I T  COSTS 

Unit Costs for Geophysics 

No. of Days - 
No. of Units - 180 Lkm 
Unit Costs - 106.75/L Km 
T o t a l  cos t  180 X 106.75 $19,215.00 



APPENDIX IV 

STATEEIENT OF QUALIFICATIONS 



STATEMENT OF QUALIFICATIONS 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

I, Lyndon Bradish of Vancouver, Province o €  British Columbia, do hereby 
certify that: 

1. 

2 .  

3 .  

4 .  

I am a Geophysicist residing at 1826 Trutch Street, Vancouver 
British Columbia. 

I am a graduate of the University of British Columbia with a 
B.Sc. (geophysics). 

I am a member in good standing of the Society of Exploration 
Geophysicists, Canadian Institute of Mining and the Prospector's 
and Developer's Association. 

I presently hold the position of Division Geophysicist with 
Noranda Exploration Company, Limited and have been in their 
employ since 1973. 

L. Bradish. 












