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SUMMARY AND RECOMMENDATIONS 

A total of 920 km of an electromagnetic/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 

information. 
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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 lfi). Access is b3 means o f  h e l i i o p h r  Arn B o  6 
Q,inn Late o n  HGhwy 37- f i e  c b i m  owned b j  Drponf of Canada 
~,plo,,).~n mod t h e  work  ~ o f i ~ ~ e d  by 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 analos 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 7200 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 .  No i se  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  w inds  

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 s w i n g i n g  r e s u l t s  f rom t h e  5 m* 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 

DIGHE14 s y s t e m  n e v e r t h e l e s s  c a n  be f lown  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  anorrtaly map 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 n  

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 t o  v e r y  b road  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  e lectro-  

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  t o  be o f  i m p o r t a n c e .  



In areas where maqnetite 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 

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 l o w n  a l o n g  t h e  n o r t h - s o u t h ,  

east-west, 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 of 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 summar i ze s  t h e  EM r e s p o n s e s  on  

t h e  two 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  area v a r i e d  f rom a b o u t  

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



1 7 6  ISKUT RIVER 

CONDUCTOR'GRADE CONDUCTANCE RANGE 

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

TOTAL 

CONDUCTOR MODEL 

D 
T 
P 
B 
E 
G 
H 
S 
R 
C 
L 
3 

(BLANK) 

TOTAL 

NUMBER OF 
RESPONSES 

NUMBER OF 
MOST LIKELY SOURCE MSPONSES 

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

(SEE EM PAP LEGEND FOR EXPLANATIONS) 



The magnetic field in the survey area ranges from about 

55,800 nT to approximately 59,500 nT, It is highly active 

and displays very complex patterns suggesting a complex 

geologic setting in the area. 

The trends prevailing in the north part of the area are 

east-west to northeast changing to north-south to north- 

northeast in the south-central and eastern parts of the 

area. North-northwest trends are prevailing in the west and 

south parts of the area. 

Negative inphase EM responses were recorded in numerous 

instances, suggesting the presence of magnetite at the 

corresponding locations. Values as hiah ,as 6% of magnetite 

by weight were observed, 

CONDUCTORS IN THE SURVEY AREA 

The electromagnetic anomaly map shows the anomaly 

locations with the interpreted conductor shape, dip, 

conductance and depth being indicated by symbols. Direct 

magnetic correlation is also shown if it exists. The strike 

direction and length of' the conductors are indicated when 

anomalies can be correlated from line to line. When 

studying the map sheets for follow-up planning, consult the 

anomaly listings appended to this report to ensure that none 

of the conductors are overlooked. 



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  two g e n e r a l  

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

s h a r p ,  w e l l - d e f i n e d  a n o m a l i e s  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 b road  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  from 

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

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

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

of 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  

anomal 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  to  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  s u c h  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  R e s i s t i v i t y  

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

o f  u s i n g  it on a n o m a l i e s  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 

of  i n t e r p r e t i v e  symbo l s  (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  c l a s s i c  c u r v e  

s h a p e s  a r e  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 

a r e  a n a l y z e d  by 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  

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 ts t r u e  s h a p e .  DIGIlEM , 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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Figure - 1 Typical DIGHEM anomaly shapes 



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  1 1 - 1 .  EM Anomaly Grades  

r 

Anomaly Grade  Mho Range 

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

n 

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 ;  it g e n e r a l l y  

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

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

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

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

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

w i l l  have l a r g e r  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  broad  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 .  DIGHEM,  w i t h  i t s  
s h o r t  coil  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  co i l  s e p a r a t i o n .  



can  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 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  low 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  caused  

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

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

co i l s  o f t e n  a l l o w  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 t  H I  G and sometimes E 

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

For 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  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  coppe 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 t  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 t  

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

d i s c o v e r y  (Timmins,  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  can  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  of  c o n d u c t o r s .  

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

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

2000 Hz. 

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

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

R e s t i g o u c h e  Mining C o r p o r a t i o n  n e a r  B a t h u r s t ,  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 1 0  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  low 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 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  can  be s a l t  w a t e r ,  wea thered  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 of d o t s ,  under the anomaly l e t t e r ,  g ives  the 

estimated depth.  I n  a reas  where anomalies a re  crowded, the  

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 do t s  may be 

o b l i t e r a t e d .  The EM grade symbols, however, w i l l  always be 

d i s c e r n i b l e ,  and the  o b l i t e r a t e d  information can be obtained 

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

The purpose of ind ica t ing  the anomaly amplitude by d o t s  

is t o  provide an es t imate  of the r e l i a b i l i t y  of the conduc- 

tance ca lcu la t ion .  T h u s ,  a  conductance value obtained from 

a  l a r g e  ppm anomaly ( 3  o r  4 d o t s )  w i l l  tend t o  be accura te  

whereas one obtained from a  small  ppm anomaly (no d o t s )  

could be q u i t e  inaccura te .  The absence of amplitude dots  

ind ica tes  t h a t  the  anomaly from ..the coaxia l  co i l -pa i r  is 

5 ppm o r  l e s s  on both the inphase and quadrature channels.  

Such small anomalies could r e f l e c t  a  weak conductor a t  the  

sur face  or  a  s t ronger  conductor a t  depth.  The conductance 

grade and depth es t imate  i l l u s t r a t e s  which of these  

p o s s i b i l i t i e s  f i t s  the recorded da ta  b e s t .  

F l igh t  l i n e  dev ia t ions  occas ional ly  y ie ld  cases where 

two anomalies, having s i m i l a r  conductance va lues  but 

dramat ica l ly  d i f f e r e n t  depth es t ima tes ,  occur c lose  together  

on the same conductor. Such examples i l l u s t r a t e  the  

r e l i a b i l i t y  of the conductance measurement while showing 

t h a t  the depth es t imate  can be unre l i ab le .  There a r e  a 



number o f  f a c t o r s  which can  p r o d u c e  an  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 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  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 .  Conduc to r  l o c a t i o n  and a t t i t u d e  can  p r o v i d e  an 

e r r o n e o u s  d e p t h  e s t i m a t e  b e c a u s e  t h e '  s t r o n g e r  p a r t  of  t h e  

c o n d u c t o r  may be d e e p e r  or to  one  s i d e  of  t h e  f l i g h t  l i n e ,  

or b e c a u s e  it h a s  a  s h a l l o w  d i p .  A heavy tree c o v e r  can  

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

d e p t h  e s t i m a t e  i s  computed a s  t h e  d i s t a n c e  o f  b i r d  f rom 

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

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

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

Dip symbols  a r e  used 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  a r e  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  of  a n o m a l i e s ,  which is 

based  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  from 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 are 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 means 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 wi sh  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  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  be ing  h e l p f u l  

t o  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 

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 

be low) .  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  

a n o m a l 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  conduc tance  

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  10  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  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  model ,  i n  an a r e a  o f  

t h i c k  c o v e r ,  warns  t h a t  t h e  anomaly may be caused  by  

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  o f  

EM s u r v e y s ,  l o c a l  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  

of t r u e  z e r o  l e v e l s  which a r e  used to  compute t r u e  EM 

amp1 i t u d e s .  Loca l  anomaly 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  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  a r e  t h e  t r u e  a m p l i t u d e s  which a r e  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  

p a r a m e t e r s .  

X-tvwe e l e c t r o m a s n e t i c  r e s w o n s e s  

DIGIIEM 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  

to  EM a n o m a l i e s .  An x- type  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  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  1 2 0  m below s u r f a c e )  o r  to  one  s i d e  o f  t h e  

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

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

T h i s  r e p o r t  r e f e r s  t o  a  c o n d u c t o r  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  t o  be less  t h a n  3 m ,  and t h i c k  when i n  e x c e s s  o f  

10  m. 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  ore b o d i e s  a r e  t h i c k ,  whe reas  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  s m a l l ,  or when t h e  r e s i s t i v i t y  of 

t h e  envi ronment  is below 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 r e  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 r e a s ,  anomal ies can  

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  a r e a s  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 a r e  c o n t i n u o u s l y  a c t i v e .  Loca 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  

a r e a s ,  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 a r e  

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  p a r a m e t e r  is 

t h a t  a n o m a l i e s  caused  by a 1  t i t u d e  changes  a r e  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 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  between 

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 .  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  a s  na r row lows on t h e  c o n t o u r  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 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  (o r  b u r i e d )  h a l f  s p a c e  

model d e f i n e d  i n  F r a s e r  (1978)~. T h i s  model c o n s i s t s  o f  

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

p a r a m e t e r  w i l l  be  p o s i t i v e  when t h e  uppe 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  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  m a t e r i a l ,  a'nd 

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

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

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

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

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  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  sys t em:  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  h a l f  s p a c e  ( t h e  s o u r c e  ) and t h e  s e n s o r - s o u r c e  

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

and t h e  o u t p u t  r e s i s t i v i t y  and s e n s o r - s o u r c e  d i s t a n c e  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 1  t i t u d e  or f l y i n g  h e i g h t .  C o n s e q u e n t l y ,  

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

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

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

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

The DIGHEM s y s t e m  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 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  because  

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  measure  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 bed rock  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  



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

f o l l o w i n g :  

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

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

( 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  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  n a r r o w ,  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  b o u n d a r y  zone  be tween  t w o  w ide  

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 are  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  condue-  

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 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  o f  anomalous  l o c a t i o n s .  



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

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  t o  y i e l d  v e r y  

l a r g e  r e s p o n s e s  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  b e d r o c k  c o n d u c t o r s .  

The p r o c e s s i n g  o f  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  a r e  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 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  IDIF1  and  DIFQ) e l i m i n a t e  

up to  99% o f  t h e  r e s p o n s e  o f  c o n d u c t i v e  g r o u n d ,  l e a v i n g  

r e s p o n s e s  f rom bedrock  c o n d u c t o r s ,  c u l t u r a l  f e a t u r e s  ( e . g . ,  

t e l e p h o n e  l i n e s ,  f e n c e s ,  e t c . )  and 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  

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 e c t s .  On t h e  o t h e r  hand ,  r e s i s t i v i t y  a n o m a l i e s  

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

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



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

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  two 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 D P  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  t o  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  m a t e r i a l  o r  f rom a  

c o n d u c t i v e  zone  i n  t h e  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  

a b o v e  t h e  z e r o  l e v e l  on t h e  e l ec t ros ta t i c  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 r o f i l e s  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  ove rbu rden :  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  of 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  

c o v e r .  

C h a n n e l s  REC1, REC2, REC3 and REC4 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 a r e  u sed  t o  t r i g g e r  t h e  

c o n d u c t a n c e  c h a n n e l  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  t o  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 of  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  mi s sed .  The i n t e r p r e t e r  t h e n  c l a s s i f i e s  t h e  

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

t h a t  a r e  n o t  s u b s t a n t i a t e d  by  t h e  d a t a ,  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  tb 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  imrnuni t y  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  r i s e  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  t o  d i f f i c u l t i e s  i n  r e c o g n i z i n g  

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  D I F I .  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  

c o m b i n a t i o n  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 e q u e n c y - d e p e n d e n t  and 

c o n s i s t s  o f  b o t h  i n p h a s e  and q u a d r a t u r e  components ,  which 

a r e  p o s i t i v e  i n  s i g n .  On t h e  o t h e r  hand ,  t h e  s e c o n d a r y  

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

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

i ts  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  

componen t  c a n  b e  u s e d  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  DIGHEM.  The  t e c h n i q u e  y i e l d s  c h a n n e l  

"FEO" ( s ee  A p p e n d i x  A )  w h i c h  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  

mode l .4  The method  c a n  b e  c o m p l e m e n t a r y  t o  m a g n e t o m e t e r  

mapping  i n  c e r t a i n  cases. compared t o  m a g n e t o m e t r y ,  i t  is 

f a r  l e s s  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 ,  as w e l l  a s  p r o v i d i n g  a n  estimate 

o f  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  b y  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 a b o v e  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  n a r r o w  m a g n e t i t e - r i c h  

b a n d s  w h i c h  are  s e p a r a t e d  by  60 m. U n l i k e  m a g n e t o m e t r y ,  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  b y  r e m a n e n t  m a g n e t i s m  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 ,  1 9 8 1 ,  M a q n e t i t e  mapping w i t h  a  m u l t i -  
c o 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  s y s t e m :  G e o p h y s i c s ,  
v. 4 6 ,  p .  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  i ln i for rn ly  

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  b e d r o c k  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 anomal 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 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 )  measu re  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- 

to 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  

a c r o s s  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 .  

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  

c r o s s e s  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 a r  

( e . g . ,  CXI/CPI) i s  4. Such a n  EM anomaly can  o n l y  be  

c a u s e d  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 i ,  

y i e l d s  an  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 S e e  F i g u r e  11-1 p r e s e n t e d  e a r l i e r .  



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  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  

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

i n  an a r e a  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 ,  a s  s e e n  on 

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

However, c a r e  is t a k e n  w i t h  such  c o i n c i d e n c e s  because  

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  an  m-shaped c o p l a n a r  anomaly a s  i n  c a s e  # 2  
X 

above .  I f ,  i n s t e a d  , a cen te r -peaked  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 .  

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 l o o p  hav ing  
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 .  



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  f rom 

i n d u c t i v e  ' c o u p l i n g  t o  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  c o n d u c t i v e  ( e . g . ,  less 

t h a n  1 0 0  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 end  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, C a n a d a ) .  



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 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  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  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  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  o f  t h e  a i r b o r n e  d a t a  are 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 i s  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 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  

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  of  



CYCLES/  METRE 

Figure TI-2 Frequency response of magnetic enhancement 
operator. 



g e o l o g i c a l  s t r u c t u r e .  I t  d e f i n e s  t h e  near - sur f  a ce  l o c a l  

geology wh i l e  de-emphasizing deep-seated  r e g i o n a l  f e a t u r e s .  

I t  p r i m a r i l y  has  a p p l i c a t i o n  when t h e  magnet ic  rock u n i t s  

a r e  s t e e p l y  d i p p i n g  and t h e  e a r t h ' s  f i e l d  d i p s  i n  e x c e s s  

of 6 0  deg ree s .  



MAPS ACCOMPANYING THIS REPORT 

.Four map sheets accompany this report: 
G3 UE 

Electromagnetic Anomalies w'tthc~ain %undwJ 1 map sheet H-3 
Resistivity I map sheet E-4 
Magnetics 1 map sheet - 5  ;.' 
Enhanced Magnetics I map sheet a - L  
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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  m a g n i t u d e  i n  33 mm. The r e s i s t i v i t i e s  a t  0 ,  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 ,060  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 .  

C o n t i n u o u s  p h o t o g r a p h i c  c o v e r a g e  a l l o w e d  a c c u r a t e  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 to  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  s p e e d  c h a n s e s .  Such s p e e d  c h a n g e s  may d e n o t e  



a n  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 CXI and CPI 1 ppm 
DIFQ (900 Hz) difference function quadrature from CXQ and CPQ 1 ppm 
REC 1 first anomaly recognition function 1 PPm 
REC2 second anomaly recognition function 1 PPm 
REC 3 third anomaly recognition function 1 PPm 
REC4 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) 
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