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SUMMARY AND RECOMMENDATIONS 

A total of 920 km of an electroma~netic/resistivity/ 

magnetic survey was flown in July 1983, over a property held 

by Placer Development Limited in the Iskut River/Skyline 

area, British Columbia. 

The survey outlined several anomalous features 

reflecting discrete bedrock conductors and wide buried 

conductive units associated with areas of low resistivity. 

Most of these anomalies appear to warrant further investiga- 

tion using appropriate surface exploration techniques. 

Areas of interest may be assigned priorities for follow-up 

work on the basis of the present airborne work and 

supporting geologic, geochemical and/or other geophysical 

informat ion. 

The most attractive targets occur on the west slopes of 

Jekill River, south and west of Bronson Creek, 
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INTRODUCTION 

A DIGHEMIII survey totalling 920 line-km was flown 

with a 200 m line-spacing for Placer Development Limited, 

from July 15 to 18, 1983, in the Iskut River area of British 

Columbia (Figures l+Z) .Accos is by means ofhel;cop+erCrom ~ o b  Quinn 

L a k c  on H6hwcy.37. The clo'tms were s t ~ k e d  f o r  Skjl;ne E ~ ~ / ~ F ~ , O O  

perlbhera\ +o +he Reg clkims . The 1903 w o r k  was msngped bS. Placer, 

The CG-DEM Lama turbine helicopter flew at an average 

airspeed of 95 km/h with an EM bird height of approximately 

42 m. Ancillary equipment consisted of a Sonotek PMH 5010 

magnetometer with its bird at .  'an average height of 57 m, 

a Sperry radio altimeter, a Geocam sequence camera, a 

Barringer 8-channel hot pen analog recorder, a Sonotek SDS 

1200 digital data acquisition system and a DigiData 1640 

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 720Q Hz, 

two ambient EM noise channels (for the coaxial and coplanar 

receivers), one channel of magnetics, and a channel of radio 

altitude. The digital equipment recorded the EM data with a 

sensitivity of 0.20 ppm at 900 Hz and 0.40 ppm at 7,200 Hz, 

and the magnetic field to one nT (i.e., one gamma). 

Appendix A provides details on the data channels, their 

respective sensitivities, and the flight path recovery 



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 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  wind s p e e d s  up t o  35 km/h. H ighe r  winds  

may c a u s e  t h e  s y s t e m  t o  b e  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 swing ing  r e s u l t s  f rom t h e  5 m2 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  can  be  f l own  unde 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 .  

I t  s h o u l d  b e  n o t e d  t h a t  t h e  a n o m a l i e s  shown on  t h e  

e l e c t r o m a g n e t i c  a n o n a l y  map1 a r e  b a s e d  on a n e a r - v e r t i c a l ,  

h a l f  p l a n e  model.  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 rom s u r f i c i a l  or bed rock  s o u r c e s ,  

may g i v e  rise to  v e r y  broad  anomalous r e s p o n s e s  on t h e  EM 

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

anomaly map i f  t h e y  have  a  r e g i o n a 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  anomalous c h a r a c t e r .  These  b road  c o n d u c t o r s ,  which 

more c l o s e l y  a p p r o x i m a t e  a  h a l f  s p a c e  model ,  w i l l  be 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  on 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 be  more v a l u a b l e  t h a n  t h e  electro- 

m a g n e t i c  anomaly map, i n  a r e a s  where b road  or 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  to  be  o f  i m p o r t a n c e .  



In areas where magnetite causes the inphase components 

to become negative, the apparent conductance and depth of EM 

anomalies may, be unreliable. 

Areas, in which EM responses are evident only on the 

quadrature components, indicate 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 

c. 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. 



SECTION I: SURVEY RESULTS 

The s u r v e y  c o v e r e d  an  i r r e g u l a r l y  shaped  a r e a  

c o n t a i n i n g  s e v e r a l  g r i d s  f lown a l o n g  t h e  n o r t h - s o u t h ,  

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

o f  920 km o f  f l y i n g ,  t h e  r e s u l t s  o f  which are p r e s e n t e d  on 

t w o  map s h e e t s .  T a b l e  1-1 s u n m a r i z e s  t h e  EM r e s p o n s e s  on  

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

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

R e s i s t i v i t y  i n  t h e  s u r v e y  a r e a  v a r i e d  from a b o u t  

4 ohm-m t o  i n  e x c e s s  o f  8 ,000  ohm-m. 

O t h e r  w e l l  d e t l n e a  l o w  r e s l s t i v l t y  z o n e s  

were d e t e c t e d  s o u t h w e s t  o f  Bronson C r e e k ,  and e a s t  and w e s t  

o f  t h e  J e k i l l  R i v e r  v a l l e y  i n  t h e  c e n t r a l  a n d  w e s t e r n  partc  

o f  s h e e t  1 .  

- .  . 



176 ISKUT RIVER 

CONDUCTOR GRADE 

TOTAL 

CONDUCTOR MODEL 

D 
T 
P 
B 
E 
G 
H 
s 
R 
C 
L 
? 

(BLANK ) 

TOTAL 

CONDUCTANCE RANGE 

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

5- 9 MHOS 
< 5 MHOS 

INDETERMINATE 

NUMBER OF 
FtESPONSES 

NUMBER OF 
MOST LIKELY SOURCE RESPONSES 

DISCRETE BEDROCK 
DISCRETE BEDROCK 
DISCRETE BEDROCK 
DISCRETE BEDROCK 
BEDROCK OR EDGE EFFECT 
ROCK OR COVER 
ROCK OR COVER 
COVER 
CULTURE 
CULTURE 
CULTURE 
QUESTIONABLE 

(SEE FN YAP LEGEND FOR EXPLANATIONS) 



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

55,800 nT to  a p p r o x i m a t e l y  59,500 nT. I t  is h i g h l y  a c t i v e  

and d i s p l a y s  v e r y  complex p a t t e r n s  s u g g e s t i n g  a  complex 

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

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

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

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

a r e a .  Nor th -no r thwes t  t r e n d s  a r e  p r e v a i l i n g  i n  t h e  west and 

s o u t h  p a r t s  o f  t h e  a r e a .  

N e g a t i v e  i n p h a s e  EM r e s p o n s e s  were r e c o r d e d  i n  numerous 

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

c o r r e s p o n d i n g  l o c a t i o n s .  V a l u e s  a s  h i a h  , a s  6% o f  m a g n e t i t e  

by w e i g h t  were o b s e r v e d .  

CONDUCTORS I N  THE SURVEY AREA 

The e l e c t r o m a g n e t i c  anomaly map shows t h e  anomaly 

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  s h a p e ,  d i p ,  

c o n d u c t a n c e  and d e p t h  b e i n q  i n d i c a t e d  by symbols .  Direct 

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  and l e n g t h  o f '  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 rom 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  fo l low-up  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  appended 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 .  



Group 1 These grade 1 to 3 anomalies 

and associated x-type responses 

reflect a suite of bedrock 

conductors and buried conductive 

rock units which are confined to 

the Craig River valley and to 

the west slopes of the Jekill 

River valley. The magnetic map 

indicates that these valleys may 

be fault controlled. The most 

attractive conductor of this group 

is 8A-13xA which has produced a 50 

to 250 ohm-m resistivity low. The 

resistivity map suggests that 1xB 

may be indicative of an attractive 

target. (Using a new three-layer 

inversion technique now available 

on the DIGHEM VAX computer, the 

EM data at fiducial 125, line 1 

was inverted yielding a 120 m 

layer of 5,200 ohm-m resistivity 

underlain by a 6 ohm-m half 

space.) The EM and resistivity 

anomalies of group 1 should be 

investigated on the ground. 



Anomal i e s  2xE, 6A-8xA, T h e s e  g r a d e  1  a n o m a l i e s  and x - t y p e  
10xB- 13B, 
15A-20C, 27xA, r e s p o n s e s  r e f l e c t  p o s i b l e  or weak 
30xA 

b e d r o c k  c o n d u c t o r s  which o c c u r  

a l o n g  a na r row,  b r o k e n  c o n d u c t i v e  

t r e n d  p a r a l l e l i n g  t h e  g r o u p  1  

Anomaly 19B-21xB 

Anoma 

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

15A-20C may e x t e n d  f u r t h e r  s o u t h -  

eas t  t o w a r d s  27xA and 30xA. 

A p o s s i b l e  or weak b e d r o c k  

c o n d u c t o r  is  i n d i c a t e d  by t h e s e  

g r a d e  1  a n o m a l i e s .  

l i e s  15B, 17xB, 18D, T h e s e  g r a d e  1  and  2  a n o m a l i e s  and 
19D-21xDp 21xE, 
23D-26A, 27xD, x - type  r e s p o n s e s  r e f l e c t  b e d r o c k  
2  6B 

and  p o s s i b l e  b e d r o c k  c o n d u c t o r s .  

Anoma l i e s  20D, 23D and 24B are 

w e l l  d e f i n e d  and d e f i n i t e l y  o f  

b e d r o c k  o r i g i n .  They 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 .  I t  is 

o f  i n t e r e s t  to  n o t e  t h a t  a l l  t h e s e  

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

f a u l t ( ? )  e x t e n d i n g  a p p r o x i m a t e l y  

f rom 15B t o w a r d s  22xR. 



Group 2 The grade 1 to 4 anomalies and 

x-type responses of this grouping 

reflect a suite of bedrock 

conductors which are con£ ined 

within one of the most conductive 

parts of the survey area. The 

lowest resistivities recorded 

in group 2 were between 4 and 

8 ohm-m, indicating highly conduc- 

tive material to occur. 

The group consists of two distinct 

parts. The west part of the group 

contains conductors 19G-27K, 

191-28H, 19J-261, 25L-26H, and 

26xA-27M which appear to strike at 

a general northwest direction. In 

the west, they appear to terminate 

at about the 3,600 foot level on 

the west slopes of Mt. Johhny, 

whereas in the east, they abut 

against a north-northeast running 

valley. These anomalies appear to 

warrant ground follow-up work. 



Anomal ies  3B, 4A, 5A 

The east  p a r t  o f  t h e  g r o u p  

c o n t a i n s  a n  i n t r i g u i n g  and 

i n t e r e s t i n g  s e t  o f  a n o m a l i e s  which  

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

a p p e a r  to  b e  a r r a n g e d  i n  a r i n g -  

1 i k e  f a s h i o n .  They are  h i g h  

p r i o r i t y  t a r g e t s .  

The g r o u p  c o n t a i n s  s e v e r a l  weake r  

a n o m a l i e s  which a r e  l o c a t e d  a t ,  or 

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

14B-19F, 21E, 501A, 28xC, 28G, 

29xA, 302E, 302F, 303H, 35B-304F, 

26xD-305xB, 301B, 24L. They 

r e f l e c t  d e f i n i t e  and p o s s i b l e  

b e d r o c k  c o n d u c t o r s  which may o c c u r  

a l o n g  t h e  bounda ry  o f  t h e  g r o u p .  

T h e s e  c o n d u c t o r s  c o n s t i t u t e  l o w  

p r i o r i t y  t a r g e t s .  

T h e s e  g r a d e  1  a n o m a l i e s ,  which a r e  

c o n f i n e d  t o  a 1 ,200-2,000 ohm-m 

zone ,  may r e f l e c t  weak b e d r o c k  

c o n d u c t o r s .  



Group 3 The g r a d e  1 to  3 a n o m a l i e s  and 

x- type  r e s p o n s e s  o f  t h i s  g r o u p i n g  

r e f l e c t  b e d r o c k  c o n d u c t o r s ,  and 

c o n d u c t i v e  r o c k  u n i t ,  which o c c u r  

on  t h e  n o r t h e a s t  s l o p e s  o f  t h e  

Bronson Creek  v a l l e y .  The most 

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

is 306D-3O7B which may e x t e n d  

t o w a r d s  l i n e  305. I t  s h o u l d  be  

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



Anomalies 45xB, 4 5 B  T h i s  x-type response and a grade 1 

anomaly appear to  r e f l e c t  weak 

bedrock conductors which are 

located on the slopes west of 

Bronson Glacier. 



SECTION 11: BACKGROUND INFORMATION 

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 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  from 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 broad  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 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  such  a s  f l a t l y  

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

Discrete conductor analysis  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  caused  by 

broad  c o n d u c t o r s  such  a s  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 road  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  



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  Resistivity 

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  caused  by d i s c r e t e  c o n d u c t o r s  such  

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

g e o m e t r i c  s h a p e  and d i p  o f  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 ' o f  a n o m a l i e s  is i n d i c a t e d  on t h e  map by means 

o f  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 

shows t y p i c a l  DIGHEM anomaly s h a p e s  and t h e  i n t e r p r e t i v e  

symbols  f o r  a  v a r i e t y  o f  c o n d u c t o r s .  These  classic c u r v e  

s h a p e s  are used to  g u i d e  t h e  g e o m e t r i c  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 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 a n a l y z e d  by computer  to  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.  T h i s  is done  r e g a r d l e s s  o f  t h e  i n t e r p r e t e d  g e o m e t r i c  

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

e l e c t r i c a l  q u a l i t y  o f  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  o f  

i t s  t r u e  s h a p e .  DIGHEM . 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  o f  c o n d u c t a n c e ,  a s  shown i n  T a b l e  11-1. The conduc- 

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  11-1. EM Anomaly Grades  

- 
Anomaly Grade  Mho Range 

6 > 99 
5 50 - 99 
4 20 - 49 
3 10 - 19 
2  5 -  9  
1 < 5 

1 

The c o n d u c t a n c e  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 ;  i t  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 of  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  from 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 .  Smal l  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  a r e  n o t  c o n f u s e d  w i t h  small 

a n o m a l i e s  from 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  c o n d u c t a n c e  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 1  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  

T 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 .  D I G H E M ,  w i t h  i ts  
s h o r t  coi 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  and more 
a c c u r a t e  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 .  



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  11-1) 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 

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  can be be low 10 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 a n y  

conduc tance  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  such  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  by t h e  l e t t e r s  S ,  H I  G and sometimes E 

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

For  bed rock  c o n d u c t o r s ,  t h e  h i g h e r  anomaly 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  c o p p e r  d i s c o v e r y  (Noranda  , 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, Canada)  and W h i s t l e  ( n i c k e l ,  Sudbury ,  

Canada)  gave  g r a d e  5 ;  and 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  (Timrnins, 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 ic  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 .  Modera te  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 )  can  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 spond  to  ground EM equipment  u s i n g  f r e q u e n c i e s  l e s s  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  modera t e  c o n d u c t a n c e s .  A s  

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 ,  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  zones  may p roduce  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 ) .  C o n d u c t i v e  r o c k  f o r m a t i o n s  can  y i e l d  a n o m a l i e s  o f  

any  conduc tance  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  can  be s a l t  w a t e r ,  wea the red  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, a l e t t e r  i d e n t i f i e r  and an  

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  symbol.  

The h o r i z o n t a l  rows o f  d o t s ,  unde r  t h e  i n t e r p r e t i v e  symbol ,  

i n d i c a t e  t h e  anomaly a m p l i t u d e  on 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 ,  under  t h e  anomaly l e t t e r ,  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  

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  symbols  and d o t 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 lways  b e  

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  can  be o b t a i n e d  

from t h e  anomaly l i s t i n g  appended to 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  an  e s t i m a t e  of 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  from 

a l a r g e  ppm anomaly ( 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  

whereas  one  o b t a i n e d  from a  s m a l l  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 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 bo th  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 s m a l l  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 c o n d u c t a n c e  

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

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 ,  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 examples  i l l u s t r a t e  t h e  

re1 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 m a t e  can  be u n r e l i a b l e .  The re  a r e  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  

e s t i m a t e ,  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 ime te 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  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  an  

e r r o n e o u s  d e p t h  estimate 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 heavy  tree 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  a1 timeter r e a d i n g .  The a1 t imeter  c a n  

l o c k  o n t o  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. 

D i p  symbols  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 .  These  symbols  are used 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  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  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 

b a s e d  on 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  

be c o r r e l a t e d  f rom 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 .  

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  to  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 mear.s o f  t h e  

conduc tance  g r a d e  symbols .  The symbols  can  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  fo l low-up  program. The a c t u a l  

conduc tance  v a l u e s  a r e  p r i n t e d  i n  t h e  a t t a c h e d  anomaly l i s t  

f o r  t h o s e  who wish  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  a r e .  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 rom 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  be ing  h e l p f u l  

I to  t h o s e  who wi sh  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  and 
)I 

d i p ,  g e o m e t r i c  s h a p e ,  c o n d u c t a n c e ,  d e p t h ,  and t h i c k n e s s  (see 

- b e l o w ) .  The a c c u r a c y  is comparable  to  an  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  ground 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 anomaly l i s t  p r o v i d e s  a  t a b u l a t i o n  o f  

anomal i e s  i n  ppm, c o n d u c t a n c e ,  and 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  

and 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  (whole  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  such  a s  a  s u l f i d e  s h e e t  

hav ing  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  shows t h e  



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

t h i c k  c o v e r ,  wa rns  t h a t  t h e  anomaly  may be  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  are  t h e  t a r g e t s  o f  

EM s u r v e y s ,  local  b a s e  (or z e r o )  l e v e l s  a r e  used  to  compute  

l o c a l  anomaly 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  which are used  to  compute  t r u e  EM 

amp1 i t u d e s  . L o c a l  anomaly a m p l i t u d e s  are shown i n  t h e  

EM anomaly l i s t  and t h e s e  a r e  used  to  compute  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  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  are t h e  t r u e  a m p l i t u d e s  which  are used  'to 

compute  t h e  h o r i z o n t a l  s h e e t  and 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 - type  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 - type  r e s p o n s e  is be low t h e  n o i s e  

t h r e s h o l d  of 3 ppm, and r e f l e c t s  one  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 . ,  100 t o  120 m be low s u r f a c e )  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 ae rodynamic  n o i s e .  Those r e s p o n s e s  t h a t  



have  t h e  a p p e a r a n c e  o f  v a l i d  bed rock  a n o m a l i e s  on t h e  f l i g h t  

p r o f i l e s  a r e  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  symbols  

(see EM map 1 ,egend) .  The o t h e r s  p r o b a b l y  do  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  a r e  o f  

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  p a r a m e t e r  

DIGHEM can  p r o v i d e  an 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 a m p l i t u d e  o f  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  to  t h e  c o a x i a l  

anomaly ( e . g . ,  C X I )  a s  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  £ 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  to  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  o f  

10  m. Thin c o n d u c t o r s  a r e  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" . For  

b a s e  m e t a l  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  o r e  b o d i e s  a r e  t h i c k ,  whereas  non-economic bed rock  

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



t h e  anomaly a m p l i t u d e s  a r e  smal l ,  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 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 

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  

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  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 .  L o c a l  

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 .  i or 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  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  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  b y  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  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  c a u s e d  by c o n d u c t i v i t y  c h a n g e s .  The r e s i s t i v i t y  

a n a l y s i s  a l s o  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  

o f  c o n d u c t i v e  o v e r b u r d e n .  Fo r  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  lows 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  ( 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  lows. 



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 )  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 .  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  

be low 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 .  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  w h ~ n  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 c a s e  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  b e  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  mate r ia 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  mus t  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 . ,  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 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  

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  of  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  r n 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 .  43 ,  p. 144-172. 



c o n d u c t i v e  ha1  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  a r e  

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  

of 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  heavy  tree c o v e r .  

The DIGHEM sys t em h a s  been f lown  f o r  p u r p o s e s  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 used  a s  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 se  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  measu re  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  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  e s t i m a t e  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  can  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  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, keep  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  

of 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 . )  

( 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  

- c h a n g e  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,  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  two 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 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  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 to  be 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  conduc-  

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 to  be mqre 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  o f  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 c a u s e  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  from 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 i s c r e t e  bed rock  c o n d u c t o r s .  

The p r o c e s s i n g  o f  DIGHEM 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  to  t h e  r e c o g n i t i o n  

o f  bed rock  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  (DIFI  and  DIFQ), 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 DP) f o r  each  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  (DIFI  and  DIFQ) e l i m i n a t e  

up to  9 9 %  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  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 t c . )  and edge  e f f e c t s .  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  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 .  While  edge  

e f f e c t s  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  

d o  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 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 round ,  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 

c o n d u c t i v e  e n v i r o n m e n t  t h e r e f o r e  is based  on t h e  anoma lous  

r e s p o n s e s  o f  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 DIFQ) 

and t h e  t w o  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 s o  h e l p  t o  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  material  or  f rom a 

c o n d u c t i v e  zone  i n  t h e  b e d r o c k .  When t h e s e  c h a n n e l s  r i d e  

above  t h e  z e r o  l e v e l  on  t h e  e lec t ros ta t ic  c h a r t  p a p e r  ( i . e . ,  

d e p t h  is 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 rof i les  a r e  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  u p p e r  

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  

be low 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 .  I f  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 b e d r o c k  c o n d u c t o r  o c c u r s  b e n e a t h  c o n d u c t i v e  

s 
c o v e r .  

C h a n n e l s  REC1, REC2, REC3 and REC4 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 are  used  to  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  CDT 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 v e  e n v i r o n m e n t s ,  c h a n n e l  REC2 



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) a r e  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 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  a r e  m i s s e d .  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  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 ,  such  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 .  

R e d u c t i o n  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  caused  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 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  ( e .  c h a n n e l  DIFI f o r  i n p h a s e  

and DIFQ f o 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  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 l o g y ,  a s  DIGHEM 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  an  e x c e p t i o n a l l y  h i g h  d e g r e e  

of immunity to  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  l e s s  

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  

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  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 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  l e a d  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  b e d r o c k  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  DIFI. T h i s  f e a t u r e  can  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 .  

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  o f  c o n d u c t i v e  eddy  c u r r e n t  respor l se  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 

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 

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  o f  o n l y  an  i n p h a s e  component which 



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 g  t h e  measured  amount o f  p o s i t i v e  

i n p h a s e ,  i t s  p r e s e n c e  may b e  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 ( 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  case, t h e  n e g a t i v e  

component c a n  b e  used  t o  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 m a g n e t i t e  mapping t e c h n i q u e  was d e v e l o p e d  f o r  t h e  

c o p l a n a r  c o i l - p a i r  o f  D I G H E M .  The t e c h n i q u e  y i e l d s  c h a n n e l  

''FEO" ( see Appendix A )  which d i s p l a y s  a p p a r e n t  w e i g h t  

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  homogeneous h a l f  s p a c e  

model.4 The method c a n  be  complementary t o  magnetometer  

mapping i n  c e r t a i n  c a s e s .  Compared t o  magnetomet ry ,  i t  is 

f a r  less s e n s i t i v e  b u t  is  more a b l e  t o  r e s o l v e  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 ,  a s  w e l l  a s  p r o v i d i n g  an  e s t i m a t e  

of t h e  amount o f  m a g n e t i t e  i n  t h e  r o c k .  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  can  

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  n a r r o w  m a g n e t i t e - r i c h  

bands  which a r e  s e p a r a t e d  by 60 m. U n l i k e  magnetomet ry ,  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 i sm or 

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

4 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. 46,  P O  1579-1594. 



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  e s t i m a t e s  

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  

f a c t o r  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. 

L ike  magnetomet ry ,  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  ' b y  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  o f  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 m e t a l l i c  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  o f  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 to  

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 r p r e 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 ,  a r e  a s  f o l l o w s :  

1. Channe l s  CXS and CPS (see Appendix A )  m e a s u r e  50 and 

60 Hz r a d i a t i o n .  An anomaly on t h e s e  c h a n n e l s  shows 



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- 

t o r  is c u l t u r a l .  However, c a r e  must  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 c r o s s e s  a  l i n e  ( e g 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.5 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  o f  i n t e r -  

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

( e g g . ,  CXI/CPI) i s  4. Such an  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  most 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, howeve'r, 

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  s o u r c e  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  and c o p l a n a r  a n o m a l i e s  

w i t h  a CXI/CPI 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 )  

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

geomet ry ,  t h e  most l i k e l y  c o n d u c t o r  is a  m e t a l  r o o f  or 

5 See  F i g u r e  11-1 p r e s e n t e d  e a r l i e r .  



small f e n c e d  y a r d ,  4 Anomal ies  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  to  be c u l t u r a l  i f  t h e y  o c c u r  i n  a n  

a r e a  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  a n  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  o f  

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  o f  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  to  be c u l t u r a l  i f  t h e y  o c c u r  

i n  an  area o f  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 t h  c u l t u r e ,  as 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 .  

However, c a r e  is t a k e n  w i t h  s u c h  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 ,  f o r  

example .  I n  t h i s  example ,  t h e  f e n c e  would be e x p e c t e d  

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

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

o c c u r r e d ,  t h e r e  would 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 .  

It 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  are 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 fo rms  a l o o p  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  o f  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 .  



6. The above  d e s c r i p t i o n  o f  anomaly s h a p e s  is v a l i d  

when t h e  c u l t u r e  is n o t  c o n d u c t i v e l y  c o u p l e d  to  t h e  

env i ronmen t .  I n  t h i s  c a s e ,  t h e  a n o m a l i e s  a r i s e  from 

i n d u c t i v e  c o u p l i n g  to  t h e  EM t r a n s m i t t e r .  However, 

when t h e  env i ronmen t  is q u i t e  conduct iv ,e  ( e . g . ,  less 

t h a n  100 ohm-m a t  900 H z ) ,  t h e  c u l t u r a l  c o n d u c t o r  may 

be  c o n d u c t i v e l y  coup led  to t h e  e n v i r o n m e n t .  I n  t h i s  

l a t t e r  c a s e ,  t h e  anomaly s h a p e s  t e n d  to be gove rned  by 

c u r r e n t  g a t h e r i n g .  C u r r e n t  g a t h e r i n g  c a n  c o m p l e t e l y  

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

i d e n t i f i c a t i o n  o f  c u l t u r a l  a n o m a l i e s .  I n  such  c i rcum-  

s t a n c e s ,  t h e  i n t e r p r e t e r  can  o n l y  r e l y  on t h e  r a d i a t i o n  

c h a n n e l s  CXS and CPS, and on t h e  camera f i l m .  

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  one  t h a t  is non-magnet ic .  

However, 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  Timrnins, 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, Canada ) .  



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  an  a c c u r a c y  o f  one nT ( i f  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  c o n t o u r  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 t r e a t e d  ma thema t i ca l . l y  to 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  c o n t o u r  map is t h e n  p roduced .  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  

pas sband  components  of t h e  a i r b o r n e  d a t a  a r e  a m p l i f i e d  

20 times by t h e  enhancement  o p e r a t o r .  T h i s  means,  f o r  

example,  t h a t  a 100 nT anomaly on t h e  enhanced map r e f l e c t s  

a 5 nT anomaly 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 .  

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  by  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  s o u r c e )  which is 1/20th 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 .  

Because t h e  enhanced 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  

to  a ground 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  



CYCLES/  METRE 

Figure a-2 Frequency response of magnetic enhancement 



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. 
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F O U ~  map s h e e t s  accompany t h i s  r e p o r t :  
fig'u-re 

E l e c t r o m a q n e t  i c  Anomal ies w'lth Claim 8o~nd&ry I map s h e e t  It- 3 
R e s i s t i v i t y  I map sheet  JI-4 
Magne t i c s  r map s h e e t  f L - 5  
Enhanced M a g n e t i c s  I map s h e e t  r - 6  

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  



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  were p roduced .  

The a n a l o g  p r o f i l e s  were r e c o r d e d  on 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  were 

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  a  s c a l e  o f  1: 15,000. The d i g i t a l  p r o f i l e s  

a r e  l i s t e d  i n  T a b l e  A-1. 

I n  T a b l e  A-1, t h e  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 ,  100 

and 133 mm up from t h e  bo t tom o f  t h e  d i g i t a l  f l i g h t  r e c o r d  

a r e  r e s p e c t i v e l y  1 ,  10, 100, 1,000 and  10,000 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  from camera f i l m .  

Con t inuous  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  pho to -pa th  

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  computer  f o r  u n u s u a l  

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



II 
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 .  

T a b l e  A-1. The D i g i t a l  P r o f i l e s  

Channel Scale 
Name (Freq) Observed parameters units/mm 

MAG magnetics 10 nT 
ALT bird height 3 m 
CXI (900 Hz) vertical coaxial coil-pair inphase 1 PPm 
CXQ (900 Hz) vertical coaxial coil-pair quadrature 1 PPm 
CXS (900 Hz) ambient noise monitor (coaxial receiver) 1 PPm 
CPI (900 HZ) horizontal coplanar coil-pair inphase 1 PPm 
CPQ (900 Hz) horizontal coplanar coil-pair quadrature 1 PPm 
CPS (900 Hz) ambient noise monitor (coplanar receiver) 1 PPm 
CPI (7200 Hz) horizontal coplanar coil-pair inphase 1 PPm 
CPQ (7200 Hz) horizontal coplanar coil-pair quadrature 1 PPm 
CPS (7200 Hz) ambient noise monitor (coplanar receiver) 1 PPm 

Computed Parameters 

DIFI (900 Hz) difference function inphase from C X I  and CPI 1 ppm 
DIFQ (900 Hz) difference function quadrature from CXQ and CPQ 1 ppm 
REC 1 first anomaly recognition function 1 PPm 
REC 2 second anomaly recognition function 1 PPm 
REC 3 third anomaly recognition function 1 PPm 
REC 4 fourth anomaly recognition function 1 PPm 
CDT conductance 1 grade 
RES (900 Hz) log resistivity .03 decade 
RES (7200 Hz) log resistivity -03 decade 
DP (900 Hz) apparent depth 3 m 
DP (7200 Hz) apparent depth 3 m 
FEO% (900 Hz) apparent weight percent magnetite 0.25% - 

W ZD-167 (A) 



A P P E N D I X  B 

EM ANOMALY LIST 



176 SH1 ISKUT RIVER 

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 PPM PPM PPM PPM PPM PPM . MHOS M . MHOS M OHM-M M 

LINE 1 (FLIGHT 2) . . 
A 1 6 6 D  3 '2 2 3 5 3 .  7 33 . 1 188 1035 0 
C 155B 2 3 3 7 14 16 . 1 0 .  1 62 340 28 --------- . . 
LINE 3 (FLIGHT 2) . . 
A 330 G 0 3 0 4 10 2 .  7 48 . 1 60 366 28 
B 273 B? 1 3 1 5 20 12. 3 ' 5 .  1 45 134 24 --------- . . 
LINE 4 (FLIGHT 2) . . 
A 416 B 0 1 1 3 5 5 .  1 8 .  1 103 259 68 --------- . . 
LINE 5 (FLIGHT 2) . . 
A 433 B? 1 2 0 4 1 1  13 . 1 21 . 1 78 288 4 6 --------- . . 
LINE 6 (FLIGHT 2) . . 
A 577 B? 1 2 0 2 6 3 .  2 41 . 1 94 282 63 --------- . . 
LINE 8 (FLIGHT 2) . . 
A 758 B 0 1 4 3 7 5 . 1 17 . 1 72 183 4 5 --------- . . 
LINE 9 (FLIGHT 2) . 
A 975 D 3 2 9 5 12 5 . 13 45 . 2 104 34 73 --------- . . 
LINE 10 (FLIGHT 2) . . 
A 1 0 6 7 B  2 2 4 5 13 4 .  5 10 . '1 6 0 44 4 2 --------- . . 
LINE 1 1  (FLIGHT 2) . . 
A 1242 B? 1 3 3 7 22 16. 2 15 . 1 78 126 54 --------- . . 
LINE 12 '(FLIGHT 2) . 
A 1351 B 1 2 2 2 1 1  12 . 1 28 . 1 82 287 5 1 
B 1 3 5 6 H  2 1 1 2 5 13 . 7 55 . 1 112 1035 0 
C 1416 B 1 3 3 7 20 12. 2 16 . 1 74 117 50 

LINE 13 (FLIGHT 2) . . 
A 1624 B? 1 1 1 2 7 8 .  1 21 . 1 76 334 43 
B 1557 B? 0 2 1 4 13 14 . 1 16 . 1 82 202 5 6 --------- . . 
LINE 14 (FLIGHT 2) . . 
A 1688 B? 1 2 0 4 9 18. 1 16 . 1 54 695 2 1 
B 1810 B 1 3 3 5 15 9 .  2 28 . 1 80 224 5 2 --------- . . 
LINE 15 (FLIGHT 2) . . 
A 1975 B? 1 1 0 4 12 16 . 1 10 . 1 71 410 35 . . 

.* 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 SIIALLOW DIP OR OVERBURDEN EFFECTS. • 



176 SHl ISKUT RIVER 

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 PPM PPM PPM PPM PPM PPM . MHOS M . MHOS M OHM-M M --------- . . 

LINE 15 (FLIGHT 2) . . 
B 1944 B? 0 2 0 1 7 11 . 1 20 . 1 69 821 2 9 
C 1908 B? 1 2 0 3 8 9 . 1 27 . 1 68 495 32 

LINE 16 (FLIGHT 2) 
A 2108 B? 1 1 2 2 9 1 0 .  1 25 . 1 76 346 42 
B 2 1 7 3 B  0 1 1 3 9 1 1 .  1 1 3  . 1 53 565 18 --------- . . 
LINE 17 (FLIGHT 2) . . 
A 2302 B? 1 4 1 7 21 21 . 1 2 . 1 49 194 2 3 --------- . . 
LINE 18 (FLIGHT 3)  . . 
A 133 B? 3 2 0 5 17 2 4 .  1 11 . 1 61 204 3 5 
B 89 B 3 10 2 11 34 3 7 .  2 0 .  1 38 456 0 
D 61 B? 0 1 0 2 7 1 8 .  1 1 .  1 55 565 20 
F 35  B? .O 5' 0 10 24 51 . 1 0 .  1 25 329 0 
G 1 5 B  0 4 0 3 9 1 8 .  1 12 . 1 52 395 2 1 

LINE 19 
A 2 1 9 S ?  
B 222 B 
C 257 B 
D 275 D 
E 308 H? 
F 321 B? 
G 334 B 
H 336 D 
I 337 D 
J 3 4 1 B ?  --------- 
LINE 20 
A 478 B? 
C 458 B 
F 442 D 
G 417 S 
I 405 H 
J 399 H? 
K 388 T --------- 
LINE 21 
B 627 S 
C 668 S? 

(FLIGHT 
1 5 
1 4 
4 11 
1 6 
0 2 
1 8 
7 23 

29 27 
28 58 

1 3 

(FLIGHT 
0 5 
6 28 

15 25 
0 5 
0 11 
0 4 

39 64 

(FLIGHT 
1 2 
0 1 3  . 

.* 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. . 



176 SHI ISKUT RIVER 

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 N S I S  DEPTH 
FID/INTERP PPM PPM PPM PPM PPM PPM . MHOS M . MHOS M OHM-M M --------- 

LINE 21 
D 670 S 
E 679 B? 
F 687 H? 
G 696 E? 
I 700 B? 
J 704 D 
K 707 D 
L 714 T 

LINE 22 
A 812 S 
C 805 S 
D 798 G? 
E 792 S? 
F 787 G? 
G 775 B 
H 766 B 
J 764 B 
M 758 G? --------- 
LINE 23 
D 1061 D 
E 1063 G? 
H 1092 S 
I 1099 S 
J 1104 D 
R 1108 D 
L 1111 T? 
M 1118 D 

--------- 
LINE 24 
A 1374 S? 
B 1351 D 
C 1349 S? 
D 1315 S? 
E 1310 B 
F 1305 D 
G 1303 T 
H 1300 T 
I 1291 D 

(FLIGHT 
0 3 
0 6 
0 2 
1 18 
1 2 
5 3 
6 25 
6 26 
2 4 

(FLIGHT 
8 19 
0 4 
0 17 
2 14 

14 7 
16 19 
74 70 
3 7 

(FLIGHT 
1 4 
7 15 
3 6 
2 9 
6 9 
6 7 
4 15 

15 21 
4 25 . . 

.* 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. • 



176 SHI ISKUT RIVER 

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 PPM PPM PPM PPM PPM PPM . MHOS M . MHOS M OHM-M M 

LINE 24 
L 1256 B 
, . 
--------- 
LINE 25 
B 1650 D 
C 1651 G? 
D 1663 G? 
F 1677 S 
G 1686 S? 
I 1690 B 
J 1692 B 
K 1695 D 
L 1700 B? 
M 1703 D 

(FLIGHT 
7 13 

(FLIGHT 
1 1 1  
0 1 1  
0 5 
0 12 
5 19 

47 44 
53 33 
86 91 
2 18 
16 37 --------- . . 

LINE 26 (FLIGHT 3) . 
A 1975 B? 1 8 0 6 17 38. 1 0 . 1 59 1006 0 
B 1966 B? 1 5 3 10 29 22. 2 3 .  1 46 179 2 1 
C 1959 S 1 2 0 4 9 24 . 1 1 .  1 34 937 1 
D 1 9 5 0 S  0 2 0 3 10 19 . 1 0 . 1 27 684 0 
E 1937B? 2 1 1  8 17 58 67. 2 0 .  1 21 142 1 
F 1934 D 56 46 67 63 162 82 . 20 0 .  3 32 16 1 1  
G 1931 B 100 76 168 126 328 86 . 30 0 .  7 2 2 3 1 1  
H 1 9 2 5 T  26 36 31 55 130 83. 8 1 .  2 3 5 35 10 
I 1921 B 6 12 14 19 46 34 . 2 0 .  1 32 68 16 
J 1908 G 1 5 0 4 17 31. 1 2 .  1 42 238 16 
L 1 8 8 7 3  4 6 1 2 10 1 1 .  1 1 1  . 1 59 174 3 4 
M 1 8 8 1 B  4 6 1 8 16 16 . 3 2 .  1 43 408 0 - 
--------- . . 
LINE 27 (FLIGHT 3) • • 

B 2161 G? 0 2 0 3 9 16. 1 6 .  1 42 377 12 
D 2 1 6 8 H  0 2 0 9 22 47 . 1 0 .  1 69 1021 0 
G 2 2 1 3 S ?  0 12 0 20 39 103 . 1 0 . 1 20 669 0 
H 2216 S 2 9 0 6 12 54. 1 2 .  1 13 663 0 
I 2220 S 2 15 1 33 128 102. 1 0 .  1 0 453 0 
J 2224 S 3 20 3 44 143 152. 1 0 .  1 0 454 0 
K 2 2 2 9 E ?  9 25 17 3 106 116. 6 15 . 1 32 146 0 
L 2231 B 17 20 15 17 56 56 . 9 13 . 1 3 4 6 9 7 
M 2233 B? 5 12 14 14 45 62 . 5 15 . 1 42 74 12 . 

.* 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. . 



176 SH1 ISKUT RIVER 

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 PPM PPM PPM PPM PPM PPM . MHOS M . MHOS M OHM-M M --------- . . 
LINE 27 (FLIGHT 3) . . 
N 2 2 4 0 D  1 1  26 10 30 34 39. 4 0 . 1 3 1 86 1 --------- 
LINE 28 
B 2530 G? 
E 2474 S 
F 2472 E 
G 2469 B 
H 2463 D 
I 2456 S? 
J 2454 D 
K 2446 B 
L 2441 D 
M 2433 B? --------- 
LINE 29 
A 154 G? 
D 70 E? 
E 64 S 
F 59 H? 
G 54 B 
H 50 B? --------- 
LINE 30 
A 2467 D 
B 2469 D 
C 2472 B --------- 
LINE 31 
A 2520 D 
B 2518 D 
D 2513 B 
E 2502 B? --------- 
LINE 32 
A 2074 D 
B 2071 D 
C 2069 D 

(FLIGHT 
1 2 
0 23 
4 14 
18 60 
8 8 
3 17 
4 22 
4 9 
8 9 
5 8 

(FLIGHT 
1 2 
2 5 
3 12 
1 12 
4 7 
4 8 

(FLIGHT 
43 50 
34 45 
15 39 

(FLIGHT 
45 53 
21 53 
6 13 
2 2 

(FLIGHT 
37 41 
17 20 
9 21 --------- . . 

LINE 33 (FLIGHT 9) . . 
B 919P? 5 21 40 45 113 44. 6 0 .  3 2 3 18 1 
C 9 1 1 D  34 44 63 91 203 99. 1 1  0 .  2 17 23 0 . . 

.* ESTIMATED DEPTH MAY BE UNRELIABLE BECAUSE TIE 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. 



176 SH1 ISKUT RIVER 

COAXIAL COPLANAR COPLANAR . 
900 HZ . .  900 HZ 7200 HZ 

ANOMALY/ REAL QUAD REAL QUAD REAL QUAD . 
FID/INTERP PPM PPM PPM PPM PPM PPM . --------- . 

LINE 35 (FLIGHT 9) • 

A 1 2 0 7 D  4 7 4 5 10 10  . 
B 1187 B 5 7 4 10 29 25 . --------- . 
LINE 45 (FLIGHT 9 )  
B 2136 B 0 4 1 4 8 23 . --------- . 

VERTICAL . HORIZONTAL CONDUCTIVE 
DIKE . SHEET EARTH 

COND DEPTH*. COND DEPTH RESIS DEPTH 
MHOS M . MHOS M OHM-K M . . 

4 2 .  1 83 247 2 6 
4  0 . 1 53 192 6 

. 
1 0 .  1 62 452  2 6 . 

. 

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



176 SH1 ISKUT RIVER 

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 PPM PPM PPM PPM PPM PPM . MHOS M . MIIOS M OIIM-M M --------- . 
LINE 301 (FLIGHT 11) . . 
A 827 G? 1 4 1 7 13 2 5 .  1 0 .  1 46 321 15 
B 832 S 1 2 0 6 13 3 8 .  1 0 .  1 25 360 0 
D 845 B? 2 4 5 7 22 25 . 1 0 .  1 35 103 16 
E 850 B 2 4 6 11 35 2 0 .  3 0 .  1 38 68 3 
F 860 B 3 4 8 12 28 1 1 .  5 14 . 1 52 143 12 
G 8 6 4 D  12 19 33 40 72 5 3 .  8 0 .  3 29 18 7 
I 889 E? 2 4 0 7 11 2 8 .  1 ' 6 .  1 55 776 2 0 
-me------ . 
LINE 302 
A 578 G? 
B 619 B 
C 633 D 
D 641 B? 
E 650 B 
F 656 B --------- 
LINE 303 
C 397 G? 
D 410 B 
E 419 B 
F 430 B? 
H 440 B --------- 
LINE 304 
B 212 H? 
C 222 B? 
D 230 B 
E 232 B 
F 241 B? --------- 
LINE 305 
A 78 G 
B 94 S 

(FLIGHT 
0 1 
2 4 

19 21 
2 6 
0 1 
3 4 

(FLIGHT 
0 3 
5 8 
2 3 
0 3 
3 5 

(FLIGHT 
1 2 
2 2 
5 10 
6 15 
0 1 

(FLIGHT 
1 2 
0 4 

LINE 306 (FLIGHT 11) . . 
A 118 G? 3 5 5 8 29 30 . 1 8 .  1 46 143 24 
B 114 G? 3 21 6 40 117 147 . 1 0 .  1 21 200 0 
C 111 B? 5 15 2 10 31 6 0 .  2 0 .  1 48 150 10 
D 105 B 11 5 10 12 27 18 . 14 5 .  3 6 4 2 5 38 --------- 
LINE 307 (FLIGHT 11) 
A 2 9 2 E ?  1 2 0 4 12 15 . 1 0 .  1 47 277 16 . 

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



1 7 6  SH1 ISKUl' RIVER 

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

ANOMALY/ REAL QUAD REAL QUAD 
FID/INTERP PPM PPM PPM PPM 

LINE 307 (FLIGHT 1 1 )  
B 2 8 3  D 7 10, 1 3  1 6  

LINE 308 (FLIGHT 1 1 )  

. 
REAL QUAD . 

PPM PPM . 
. 

COND DEPTH*. COND DEPTH RESIS DEPTH 
MHOS M . MHOS M OHM-M M 

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



176 SH1 ISKUT RIVER 

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 PPM PPM PPM PPM PPM PPM . P!OS M . MHOS M OHM-M M 

I*r 

h 

IL- 

LINE 501 
A 2728 B? --------- 
LINE 504 
A 208 S --------- 
LINE 507 
A 481 S 

(FLIGHT 13) . 
0 1. 0 3 8 9 .  1 

(FLIGHT 14) 
0 2 0 4 2 25 . 1 

(FLIGHT 14) 
0 1 0 3 3 1 6 .  1 

. 

.* ESTIMATED DEPTH MAY FE UKRELIABLE BECAUSE TEE 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. . 
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