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INTRODUCTION 

A DIGHEMIII s u r v e y  t o t a l l i n g  920 l i ne -km was f l o w n  

w i t h  a  200 m . l i n e - s p a c i n g  f o r  P l a c e r  Development  L i m i t e d ,  

f r o m  J u l y  1 5  t o  18 ,  1983,  i n  t h e  I s k u t  R i v e r  a r e a  o f  ~ r i t i s h  

Columbia  ( F i g u r e  1 ) .  

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

a i r s p e e d  o f  9 5  km/h w i t h  a n  EM b i r d  h e i g h t  o f  a p p r o x i m a t e l y  

42 m. A n c i l l a r y  equ ipmen t  c o n s i s t e d  o f  a  S o n o t e k  PMH 5010 

magne tome te r  k i t h  i t s  b i r d  a t  a n  a v e r a g e  h e i g h t  o f  57 m ,  

a S p e r r y  r a d i o  a l t i m e t e r ,  a  Geocam s e q u e n c e  camera ,  a  

B a r r i n g e r  8 - c h a n n e l  h o t  pen  a n a l o g  r e c o r d e r ,  a S o n o t e k  SDS 

1200 d i g i t a l  d a t a  a c q u i s i t i o n  s y s t e m  and a  Dig iData  1640 

9 - t r a c k  800-bpi  m a g n e t i c  t a p e  r e c o r d e r .  The a n a l o g  

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

900 Hz, t w o  c h a n n e l s  o f  EM d a t a  a t  a p p r o x i m a t e l y  7200 Hz, 

t w o  a m b i e n t  EM n o i s e  c h a n n e l s  ( f o r  t h e  c o a x i a l  and c o p l a n a r  

r e c e i v e r s ) ,  o n e  c h a n n e l  o f  m a g n e t i c s ,  and a  c h a n n e l  of r a d i o  

a l t i t u d e .  The d i g i t a l  equ ipmen t  r e c o r d e d  t h e  EM d a t a  w i t h  a  

s e n s i t i v i t y  o f  0.20 ppm a t  900 Hz and 0.40 ppm a t  7 ,200  Hz, 

and  t h e  m a g n e t i c  f i e l d  t o  o n e  nT ( i . e . ,  o n e  gamma). 

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

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



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  w inds  

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

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

h e l i c o p t e r .  The s w i n g i n g  r e s u l t s  f rom t h e  5 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  c a n  b e  f l o w n  u n d e r  wind 

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

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 o n  t h e  

e l e c t r o m a g n e t i c  anomaly 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 "  

b e d r o c k  c o n d u c t o r s .  w ide  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 b e d r o c k  s o u r c e s ,  

may g i v e  r ise  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 .  T h e s e  may n o t  a p p e a r  o n  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 .  T h e s e  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 b e  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 r o a d  o r  f l a t - l y i n g  

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



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 

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 own  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 a r e  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 zes  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  f rom a b o u t  

4 ohm-m t o  i n  e x c e s s  o f  8 , 0 0 0  ohm-m. The lowest r e s i s t i v -  

i t i e s  o c c u r r e d  a l o n g  t h e  I s k u t  R i v e r  v a l l e y  i n  t h e  n o r t h  

p a r t  o f  s h e e t  1 .  O t h e r  w e l l  d e f i n e d  l o w  r e s i s t i v i 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 west 

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  and w e s t e r n  p a r t s  

o f  s h e e t  1. I n  c o m p a r i s o n ,  t h e  a r e a  o f  s h e e t  2  d i s p l a y s  

h i g h  r e s i s t i v i t i e s .  Only  two z o n e s  o f  lower t h a n  1 ,000  

ohm-m r e s i s t i v i t i e s  ex i s t  h e r e .  One zone  is c o n f i n e d  t o  a  

c r e e k  v a l l e y  a t  t h e  s o u t h  end o f  l i n e s  76. t o  82 ,  f e e d i n g  t h e  

S n i p p a k e r  Creek .  The o t h e r  zone  o c c u r s  close to  t h e  s u r v e y  

e a s t e r n  bounda ry ,  i n  t h e  c e n t r a l  p a r t  o f  l i n e s  1 2 6  t o  131. 



176 ISKUT RIVER 

CONDUCTOR GRADE 

TOTAL 

CONDUCTOR MODEL 

L 
? 

(BLANK) 

TOTAL 

CONDUCTANCE RANGE 

> 99 vios 
50-99 MHOS 
20-49 MHOS 
10-19 MHOS 
5- 9 MHOS 
< 5 NlnJ10S 

INDETERKINATE 

NUMBER OF 
RESPONSES 

NUMBER OF 
MOST LIKELY SOURCE RESPONSES 

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

(SEE Dl YAP 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. 



Anomal i e s  1  12xA- 11 4xB, A p a i r  o f  c o n d u c t o r s  is  i n d i c a t e d  
114A 

b y  t h e s e  x - t y p e  r e s p o n s e s  and a 

g r a d e  1  anoma ly .  The d a t a  s u g g e s t  

t h a t  t h e s e  weak c o n d u c t o r s  o c c u r  

i n  t h e  b e d r o c k .  

R e s p o n s e s  1  14xA, 1  1  6xA T h e s e  x - t y p e  r e s o n s e s  may r e f l e c t  

weak c o n d u c t o r s  i n  t h e  b e d r o c k .  

A l t e r n a t i v e l y ,  114xA c o u l d  h a v e  

b e e n  c a u s e d  b y  a e r o d y n a m i c  n o i s e .  

A n o m a l i e s  127C-129C, T h e s e  g r a d e  1  and  2 a n o m a l i e s  
128B, 130C, 
131A, 132D r e f l e c t  a se t  o f  b e d r o c k  conduc-  

tors  w h i c h  a re  c o n f i n e d  to  a w e l l  

d e f i n e d  l o w  r e s ' i s t i v i t y  z o n e  a t  

t h e  e a s t  s u r v e y  b o u n d a r y .  They 

s h o u l d  b e  i n v e s t i g a t e d  o n  t h e  

g r o u n d .  



SECTION I1 : 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 r o a d .  The d i s c r e t e  c l a s s  c o n s i s t s  o f  

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

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

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

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

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

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

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

o f  200  m would s t r a d d l e  t h e s e  t w o  c l a s s e s .  

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

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

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

b road  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  

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

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

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  t o  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  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  

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

s h a p e s  a r e  used  t o  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 compu te r  t o  g i v e  t h e  c o n d u c t a n c e  ( i . e .  , 
c o n d u c t i v i t y - t h i c k n e s s  p r o d u c t )  i n  mhos o f  a  v e r t i c a l  s h e e t  

model .  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 .  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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c honnsl CP r A 
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symbol 

P 
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Conductor :  

D = vertical dipping vortical' dipping sphere; wide S = conductive overburden Flight l ine 
line 

thin dlke thin dike thick dike thick dike horizontal horizontcl H = thick conductive cover parol la l  t o  
or near-surface wide 

E = probable disk; ribbonr conductive rock unit conductor 

conductor metalroof, lcrgefencsd G:wideconduct iverock 
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stronger one m a l l  fenced area unit buried under 

yard resisiive cover 
Rat io  o f  E =  edge effect from wide 

amplitudes conductor 

C X I / C P I  : 4 2 variable variable variable !'4 variable l / 2  <'/4 

C 

Figure g - 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  1 1 - 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  

Anomaly Grade  Mho Range 

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

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  

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 .  Sma l l  a n o m a l i e s  f rom 

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

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

C o n d u c t i v e  o v e r b u r d e n  g e n e r a l l y  p r o d u c e s  b 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 .  DIGHEM,  w i t h  i t s  
s h o r t  co i l  s e p a r a t i o n ,  t e n d s  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  1 1 - 1 )  o f  1 ,  or  e v e n  o f  2 f o r  c o n d u c t i n g  c l a y s  which  

h a v e  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  

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

. co i l s  ' o f t e n  a l l o w  s u c h  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  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  c o p p e r  d i s c o v e r y  ( N o r a n d a ,  Canada )  

y i e l d e d  a  g r a d e  4  anomaly ,  as 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)  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  c a n  s p a n  a l l  g r a d e s  b u t ,  i n  any  

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

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

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

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

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



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

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

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

2000 Hz. 

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

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

which t y p i c a l l y  h a v e  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  c a n  y i e l d  a n o m a l i e s  o f  

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

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

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

m a t e r i a l .  

On t h e  e l e c t r o m a g n e t i c  map, 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 ,  u n d e r  t h e  i n t e r p r e t i v e  symbo l ,  

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 



.L v e r t i c a l  column o f  d o t s ,  unde r  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  symbo l s  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  symbo l s ,  however ,  w i l l  a l w a y s  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  c a n  be o b t a i n e d  

f rom t h e  anomaly l i s t i n g  appended 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  o f  t h e  r e l i a b i l i t y  o f  t h e  conduc- 

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

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

c o u l d  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  
L 

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

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

Such 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 

two 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  c a n  be u n r e l i a b l e .  T h e r e  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  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  t o  t h e  

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

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

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

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

DIGHEM e l e c t r o m a g n e t i c  maps a r e  d e s i g n e d  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 of  t h e  

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

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

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

to  t h o s e  who w i s h  t h i s  i n f o r m a t i o n .  The map p r o v i d e s  an 

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  

b e l o w ) .  The a c c u r a c y  is comparab le  to a n  i n t e r p r e t a t i o n  

f rom a  h i g h  q u a l i t y  g round  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  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  (who le  p l a n e )  model ,  

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

EM map. The h o r i z o n t a l  s h e e t  model is s u i t a b l e  f o r  a  f l a t l y  

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

h a v i n g  a  t h i c k n e s s  l e s s  t h a n  10 m. The l ist 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 )  

mode l ,  which  is s u i t a b l e  f o r  t h i c k e r  s l a b s  s u c h  as t h i c k  

c o n d u c t i v e  o v e r b u r d e n .  I n  t h e  EM anoma ly  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  mode l ,  i n  a n  area o f  

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

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

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

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

l o c a l  angmaly  . 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 are  used  to  compute  t r u e  EM 

a m p l i t u d e s .  Local 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  are 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  u sed  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-type e l e c t r o m a g n e t i c  r e s p o n s e s  

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

t o  EM a n o m a l i e s .  An x - 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  o f  3 ppm, and r e f l e c t s  o n e  o f  t h e  f o l l o w i n g :  a 

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

( e . g . ,  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  a e r o d y n a m i c  n o i s e .  Those  r e s p o n s e s  t h a t  



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

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

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

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

anomaly  ( e .  g . ,  C X I  ) as t h e  a p p a r e n t  t h i c k n e s s  i n c r e a s e s ,  

i . e . ,  t h e  t h i c k n e s s  i n  t h e  h o r i z o n t a l  p l a n e .  (The  t h i c k n e s s  

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

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

T h i s  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  of 

10 m. T h i n  c o n d u c t o r s  are i n d i c a t e d  o n  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  b y  "T" . F o r  

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

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

c o n d u c t o r s  are 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 ,  whe,n 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  o f  

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

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

A r e a s  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 ,  a n o m a l i e s  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 .  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 .  F o r  s u c h  c o n d u c t i v e  

areas,  a p p a r e n t  r e s i s t i v i t y  p r o f i l e s  and c o n t o u r  maps 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  c a u s e d  by a l t i t u d e  c h a n g e s  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  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 .  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  n a r r o w  lows on t h e  c o n t o u r  map 

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

wide  l o w s ,  



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 1  f s p a c e  

model  d e f i n e d  i n  F r a s e r  ( 1 9 7 8 ) ~ .  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  

b e l o w  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  b e  p o s i t i v e  when t h e  u p p e r  l a y e r  is more 

r e s i s t i v e  t h a n  t h e  u n d e r l y i n g  mate r ia l ,  i n  which  case t h e  

a p p a r e n t  d e p t h  may b e  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  e r rors  which  may e x i s t  i n  t h e  

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

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

t h e  i n p h a s e  and q u a d r a t u r e  componen t s  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  s y s t e m :  G e o p h y s i c s ,  v .  43 ,  p .  144-172. 



L 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  

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

I 
i 

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

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

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  h e a v y  tree c o v e r .  

The DIGHEM s y s t e m  h a s  been f l o w n  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  
L 

measure  o f  p e r m a f r o s t  t h i c k n e s s .  However, l i t t l e  q u a n t i t a -  

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

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

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

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

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

be tween  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  

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  b y  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  bounda ry  z o n e  be tween  t w o  wide  

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

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

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

d i r e c t i o n  o f  f  l i g h t 3 .  Because  g r a d i e n t  maps 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  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 more u s e f u l  t h a n  t h e  EM map. 

3, 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  

Env i ronmen t s  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  f rom t h e  c o n d u c t i v e  g round .  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  D I G H E M  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  

of b e d r o c k  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  (DIFI  and  D I F Q )  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  f rom b e d r o c k  c o n d u c t o r s ,  c u l t u r a l  f e a t u r e s  ( e . g . ,  

t e l e p h o n e  l i n e s ,  f e n c e s ,  e tc .  ) and e d g e  e f f e c t s .  An e d g e  

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

c h a n g e s ,  and t h i s  is a  s o u r c e  o f  g e o l o g i c  n o i s e .  Whi le  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 r o d u c e  r e s i s t i v i t y  a n o m a l i e s  . C o n s e q u e n t l y ,  t h e  

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

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

w i l l  c o i n c i d e  w i t h  t h e  mos t  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 b a s e d  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 D I F Q )  

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 so  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 ses  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 e c t r o s t a 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  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  a r e  

b e l o w  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 a b o v e ,  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 a re  t h e  anomaly  

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

c o n d u c t a n c e  c h a n n e l  CDT wh ich  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 t 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  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 ,  s u c h  a s  t h o s e  

a r i s i n g  from g e o l o g i c  or ae rodynamic  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  I ,  
! 

n o i s e  r e f e r s  t o  EM r e s p o n s e s  c a u s e d  by c o n d u c t i v e  o v e r b u r d e n  ' 

and m a g n e t i c  p e r m e a b i l i t y .  I t  was men t ioned  above  t h a t  ; ' 

t h e  EM d i f f e r e n c e  c h a n n e l s  ( i  l . , c h a n n e l  D I F I  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  d e v e l o p m e n 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  

o f  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  less 

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

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

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

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

i 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 d  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  
i 

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  
I .  

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  o f  a  

c o m b i n a t i o n  o f  c o n d u c t i v e  eddy  c u r r e n t  r e s p o n s e  and m a g n e t i c  

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

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  componen t s ,  which  

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

f i e l d  r e s u l t i n g  f rom m a g n e t i c  p e r m e a b i l i t y  is i n d e p e n d e n t  

o f  f r e q u e n c y  and c o n s i s t s  o f  o n l y  an  i n p h a s e  component which 



is n e g a t i v e  i n  s i g n .  When m a g n e t i c  p e r m e a b i l i t y  m a n i f e s t s  

i t s e l f  by d e c r e a s i n g  t h e  measu red  amount o f  p o s i t i v e  

i n p h a s e ,  i ts  p r e s e n c e  may 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  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  

component  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  D I G H E M .  ' T h e  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  b e  complemen ta ry  t o  magne tome te r  

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

f a r  less  s e n s i t i v e  b u t  is mo're - 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  as  p r o v i d i n g  a n  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  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  magnet  i t e - r i c h  

b a n d s  which  a r e  s e p a r a t e d  by 6 0  m. U n l i k e  magne tome t ry ,  t h e  

EM m a g n e t i t e  method i s  u n a f f e c t e d  by r emanen t  magne t i sm or  

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

R e f e r  t o  F r a s e r ,  1981,  M a q n e t i t e  mapping w i t h  a  m u l t i -  
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  estimates 

of 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 c a n  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 i k e  magne tome t 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  by  a g e n e r a l  l a c k  o f  m a g n e t i t e .  T h i s  

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

combined e f f e c t  o f  b e d r o c k  and o v e r b u r d e n .  

R e c o s 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  c a u s e d  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 c a u s e d  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 a n  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  follows: 

1. C h a n n e 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 

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

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

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

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 .  

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

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

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

crosses t h e  c u l t u r a l  l i n e  a t  a h i g h  a n g l e  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 .  1 CXI/CPI) is 4.  Such a n  EM anomaly can  o n l y  b e  

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,  however ,  

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

C o n s e q u e n t l y ,  an  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  

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  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 .  



small f e n c e d  y a r d .  4 Anomal i e s  o f  t h i s  t y p e  a re  

v i r t u a l l y  c e r t a i n  t o  be  c u l t u r a l  i f  t h e y  o c c u r  i n  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 . l  Anoma l i e s  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  tr,  be c u l t u r a l  i f  t h e y  o c c u r  

i n  a n  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 ,  a re  u s u a l l y  c a u s e d  b y  c u l t u r e .  

However,  care 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  

e x a m p l e .  I n  t h i s  e x a m p l e ,  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  case # 2  

a b o v e .  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 .  

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  f rom:  ( 1 )  a  p l a n a r  
c o n d u c t o r ,  and ( 2 )  a  w i r e  which  forms 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  

e n v i r o n m e n 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  e n v i r o n m e n t  is q u i t e  c o n d u c t i v e  ( e . g . ,  less 

t h a n  100 ohm-m a t  900 Hz) ,  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  c o u p l e d  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  s u c h  c i r cum-  

s t a n c e s ,  t h e  i n t e r p r e t e r  c a n  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  a n  EM 

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

w i t h  m a g n e t i c '  c o r r e l a t i o n  h a s  a  g r e a t e r  l i k e l i h o o d  o f  

b e i n g  p roduced  by  s u l f i d e s  t h a n  one  t h a t  is non-magnet ic .  

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  Timmins,  Canada)  a s  w e l l  a s  m a g n e t i c  

( e . g . ,  t h e  ~ 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 magne tome te r  d a t a  a r e  d i g i t a l l y  r e c o r d e d  i n  

t h e  a i r c r a f t  t o  a n  a c c u r a c y  o f  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  compu te r  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 e n h a n c e  

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 r o d u c e d .  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  
1 .  

1 p a s s b a n d  - componen t s  o f  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  
I 

I a 5 nT anomaly  f o r  t h e  p a s s b a n d  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 
I 

downward c o n t i n u a t i o n  map, is p roduced  b y  t h e  d i g i t a l  

b a n d p a s s  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  t o  c o n t i n u i n g  t h e  f i e l d  downward to a  l e v e l  
1 

( 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  

1 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  

I 
\- 



CYCLES/  METRE 

Figure 1[-2 Frequency response of magnetic enhancement 
0,perator. 



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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Eight map sheets accompany this report: 

Electromagnetic Anomalies 
Resistivity 
Magnetics 
Enhanced Magnetics 

2 map sheets 
2 map sheets 
2 map sheets 
2 map sheets 

Respectfully submitted, 
DIGHEM LIMITED 

Z. Dvorak 
Vice-President 



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  b y  compu te r  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/mrn 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 f rom t h e  b o t t o m  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  a n d  10 ,000  ohm-m. 

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

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

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

r e c o v e r y  l o c a t i o n s  for 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  compu te r  f o r  u n u s u a l  

h e 1  i c o p t e r  s p e e d  c h a n g 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 uni ts/m 

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 nonitor (coplanar receiver) 1 PPm 

Computed Parameters 

D I F I  (900 Hz) difference function inphase from CXI and CPI 1 ppm 
DIFQ (900 Hz) difference function quadrature from CXQ and CFQ 1 ppm 
REC 1 first anomaly recognition function 1 PPm 
REC 2 second anomaly recognition function 1 PPm 
REC 3 third anomaly re'cognition 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% 

k 

W ZD-167 (A)  



A P P E N D I X  B 

EM ANOMALY LIST 



176 SH2 ISKUT RIVER 

COAXIAL COPLANAR COPLANAR . VERTICAL . HORIZONTRI; 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 79 (FLIGHT, 7) . * 
A 501 G 1 2 0 4 14 17 . 4% 3 .  1 55 243 2 6 --------- 
LINE 80 (FLIGHT 7)  .I 

A 405 G 0 4 0 7 24 37 . 1 1 1 39 229 14 --------- . . 
LINE 81 (FLTGHT 7) 
A 339 G 0 2 1 4 14 15. 1 0 .  1 36 245 7 --------- . 
LINE 95 (FLIGHT 5) . 
A 875 B 1549 2 0 5 $2 13 . 1 20 , 1 92 295 5 9 --------- . 
LINE 98 (FLIGHT 5) 
A 591 S? 1 1 0 1 0 3 .  1 '0 . 1 122 0280 0 --------- . 
LINE 114 (FLIGHT 10) 
A 950 B 1 2 0 2 7 3 2 :  1 13 . 1 "8 662 45 --------- 
LINE 121 (FLIGHT 8) 
A 1177 S 0 0 0 0 3 4 .  1 47 . 1 66 8002 d 

LINE 127 
C 508 B --------- 
LINE 128 
B 428 B 
C 425 B --------- 
LINE 129 
B 321 L? 
C 329 B 

(FLIGHT 
1 1 

(FLIGHT 
1 6 
1 7 

(FLIGHT 
3 1 
1 3 --------- . 

LINE 130 (FLIGHT 8) 
C 259 B 1 6 1 7 21 33 . 1 2 .  1 53 263 2 4 

LINE 131 (FLIGHT 8) . 
A 160 B 5 12 10 27 70 2 8 .  3 0 - 1 40 100 6 

---. 
-------y- 

LINE 132 (FLIGHT 8) = 
D 81 B? 0 4 0 6 17 19 . 1 8 1 57 329 26 
c-------- . 
LINE 420 (FLIGHT 13) 
A' 161 B 1 1 4 3 9 3 .  4 38 . 1 1 1 1  73 88 

7 . .L 

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



COAXIAL COPLANAR QPLANAR 
900 HZ 900 HZ 7280 Mt 

A N O ~ L Y J  REAL QUAD REAL QUAD RE= QUAD 
FID/INTERP PPM PPM PPM PPM PPN PPM --------- 

LINE 4 2 3  (FLfGHT - 1 2 )  
A '  452 8 I 1 3 1 8 6 

7- 

EARTICAL , BORIZONTAL CO~DUCTIVE 
DIKE . SHEET EARTH . 

CON0 DEPTH*. COND DEPTH RESIS DEPTH 
mas M . M O S  M OEP+M M 

,* ESTIMATED DEPTH MAY BE UMNLIABLl3 RZCAUSE THE GTPONGER PART' . 
, OF TI@ CONDUCTOR MAY BE DEEPER OR TO bQE SfDE QF THE FLIGHT . . LINE, OR BECAUSE OF A SBbtLOW DXP 0.R QVRRBURDEN B P F E C ~ ? ~ .  
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