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1. SUMMARY AND RECOMMENDATIONS 

A DIGHEM I11 Survey c v e r  t h e  Willoughby Creek a r e a  was 

conducted  t o  e v a l u a t e  t h e  c o n t i n u i t y  and e x t e n t  o f  

s u l p h i d e - r i c h  g o l d - s i l v e r - c o p p e r  showings and t o  i d e n t i f y  

o t h e r  c o n d u c t o r s  i n  t h e  a r e a  wor th  ground fol low-up.  

The b e s t  showings ,  loca ted  a t  t h e  head of Willoughby 

Creek ,  a re  s u l p h i d e - r i c h ,  b u t  show no r e s p o n s e  on t h e  

D I G H E M  I11 Survey e i t h e r  a s  c o n d u c t o r s  o r  a s  magne t i c  

b o d i e s .  I t  must  b e  assumed t h a t  t h e  showings d o  n o t  

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

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

b e l t  on  t h e  e a s t e r n  margin  o f  t h e  Cambria I c e f i e l d  p a r a l l e l  

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

c o r r e l a t e  f a i r l y  c l o s e l y  w i t h  c a r b o n a t e  a l t e r a t i o n  

zones i n  t h e  v o l c a n i c - a r g i l l i t e  sequence ,  b u t  t h e r e  i s  

no known m i n e r a l i z a t i o n  i n  t h e s e  zones.  These  a r e  

i n t e r e s t i n g  t a r g e t s  f o r  f u r t h e r  e x p l o r a t i o n  is t h e  a r e a  

and s h o u l d  b e  checked by mapping and sampl ing .  

A weak c o n d u c t o r  c o i n c i d e s  w i t h  a n  area o f  c a r b o n a t e  

a l t e r a t i o n  and a  s h e a r  zone a t  t h e  P o r t e r  showing a t  

t h e  f o o t  o f  P o r t e r  Glacier. A l i n e a r  c o n d u c t o r  700 

metres e a s t  o f  t h e  P o r t e r  showing may b e  a s s o c i a t e d  

w i t h  t h e  c o n t a c t  between H a z e l t o n  Group v o l c a n i c s  and 

Bowser Group s e d i m e n t s .  T h i s  a r e a  i s  wor th  a  b r i e f  

examina t ion .  

-MineQuest Exploration Associates Ltd. 
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2 .  GEOLOGY 

The DIGHEM I11 s u r v e y  a r e a  c o v e r s  s t r a t a  o f  t h e  Haze l ton  

Group c o n s i s t i n g  o f  v o l c a n i c s  and s e d i m e n t s .  On t h e  

map o f  t h e  Salmon R i v e r  Area by Grove (1982), t h e  s t r a t a  

w e r e  a s s i g n e d  t o  t h e  Middle J u r a s s i c  Salmon R i v e r  and 

B e t t y  Creek Format ions  and p o s s i b l y  t h e  Lower J u r a s s i c  

Unuk R i v e r  Formation.  unpub l i shed  mapping p l a c e s  t h e  

c o n t a c t  between Haze l ton  Group and Bowser Group s t r a t a  

on t h e  e a s t e r n  margin o f  t h e  s u r v e y  a r e a .  L i t h o l o g i e s  

i n  t h e  H a z e l t o n  Group a r e  d a r k  c o l o u r e d  a n d e s i t i c  

v o l c a n i c  b r e c c i a  and t u f f  a l t e r n a t i n g  w i t h  b l a c k  

a r g i l l i t e ,  s i l t s t o n e  and s a n d s t o n e .  T h i s  a l t e r n a t i o n  h 
o f  v o l c a n i c s  and c l a s t i c s  may b e  a  d e p o s i t i o n a l  

f e a t u r e ,  b u t  may a l s o  b e  caused  by r e p e a t e d  t h r u s t  

a l o n g  e a s t - d i p p i n g  f a u l t  p l a n e s .  

Beds s t r i k e  n o r t h - n o r t h w e s t  and a r e  s t & p l y  d i p p i n g  so 

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

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

may show up a s  c o n d u c t i v e  u n i t s  e x t e n d i n g  a l o n g  s t r i k e  

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

- M~neOuest Exploration Associates Ltd. 



3 .  D I G H E M  I11 S U R V E Y  

F l i g h t  l i n e s  w e r e  o r i g i n a l l y  p lanned e a s t - w e s t  normal 

t o  r e g i o n a l  s t r i k e  a t  a  s p a c i n g  o f  300 metres w i t h  a  

l i n e  s p a c i n g  o f  200  metres o v e r  t h e  known showings.  

The ex t reme  topography o f  t h e  s u r v e y  a r e a - r e q u i r e d  

t h a t  t h e  i n i t i a l  g r i d  p l a n  be  a l t e r e d ' i n  t h e  s o u t h - e a s t  

c o r n e r  t o  a  n o r t h - s o u t h  p a t t e r n .  T h i s  d i r e c t i o n  i s  

s u b - p a r a l l e l  t o  t h e  s t r i k e  of  t h e  s t r a t a  s o  t h e  EM 

r e s p o n s e  w i l l  b e  less w e l l  d e f i n e d  t h a n  on t h e  rest 

o f  t h e  g r i d .  

On b o t h  t h e  r e g i o n a l  and d e t a i l e d  g r i d s ,  t h e  topography 

caused  t h e  i n s t r u m e n t  h e i g h t  above ground t o  v a r y  

c o n s i d e r a b l y  a l o n g  l i n e s  and between l i n e s  s o  t h a t  

c o r r e l a t i o n  of  c o n d u c t o r  r e s p o n s e s  i s  v e r y  u n r e l i a b l e .  

I n  some c a s e s ,  i d e n t i f i a b l e  c o n d u c t o r s  a r e  s e p a r a t e d  

by nu1 r e s p o n s e  on i n t e r v e n i n g  l i n e s ,  b u t  t h e  i n s t r u m e n t  

was t o o  h i g h  above ground on t h o s e  l i n e s  t o  r k c o r d  any 
bedrock c o n d u c t o r .  

I n  g e n e r a l ,  because  o f  t h e  topography,  t h e  c o n d u c t o r s  

t h a t  a r e  d e f i n e d  a r e  r e a l  and s h o u l d  b e  fo l lowed-up 

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

c o n d u c t o r s  i n  t h e  s u r v e y  a r e a  which have  n o t  responded 

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

seem t o  be  any r e a d i l y  a v a i l a b l e  method o f  d e f i n i t i o n .  

-MineOuest Exploration Associates Ltd. 
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4a. EM CONDUCTORS 

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

by t h e  s u r v e y :  

1) n o r t h - w e s t  o f  Ne l son  Creek  Glacier L i n e s  
3 0 ,  40, 50 and  p o s s i b l y  80 a n a  100  

2) e a s t  o f  t h e  P o r t e r .  C reek  showing L i n e s  
1 7 0 ,  1 8 0 ,  1 9 0 ,  200,  210 

3 )  e a s t  o f  t h e  Wilby Creek  showing L i n e s  
291,  301,  310,  320 and  330 

C o n d u c t o r  1):  T h i s  c o n d u c t o r  i s  i n  H a z e l t o n  Group 

v o l c a n i c s  and  s e d i m e n t s  i n c l u d i n g  a l i m e s t o n e  u n i t  

a c r o s s  t h e  g l a c i e r  t o  t h e  s o u t h .  I t  c o u l d  b e  c a u s e d  

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

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

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

w i t h  t h e  c o n d u c t o r  which  s u g g e s t s  t h e  p r e s e n c e  o f  

s u l p h i d e s ,  making t h e  t a r g e t  more a t t r a c t i v e .  A 

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

g l a c i e r s .  

Conduc to r  2 ) :  T h e r e  i s  a  o n e - l i n e  c o n d u c t o r  c o i n c i d e n t  

w i t h  t h e  P o r t e r  C r e e k  showing  and  t h i s  may b e  r e f l e c t i n g  

t h e  s h e a r  zone  wh ich  c o n t a i n s  some g o l d .  Seven  hundred  

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

a t  l e a s t  1.2km l o n g  which  may c o i n c i d e  w i t h  t h e  c o n t a c t  

be tween  H a z e l t o n  Group v o l c a n i c s  and  B o w s e r  Group 

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

p r o b a b l y  i s  p o o r  i n  s u l p h i d e s .  I t  may a l s o  be a  

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

L M l n e O u e s t  Exploration Associates Ltd. 



Conductor 3): This conductor is the best defined in the 

survey and coincides closely with a zone of carbonate 

alteration in Hazelton Group volcanics. The magnetic 

field is flat and the alteration zone was not notably 

rich in sulphides. The conductor is close to a known 

mineralized area and a ground check would be recommended. 

4b. WILBY CREEK SHOWINGS 

The Wilby Creek showings consist of lenses of massive 

sulphides in andesitic volcanics of the Hazelton Group. 

A unit of coralline limestone with some sulphide 

replacement is interbedded with the volcanics. Gold, 

silver and copper values have been recorded from the 

sulphides and from shear zones in the volcanics. The 

outcrop area is strongly iron-stained and apparently 

sulphide-rich. 

The showings area was covered by a detailed grid 

(flight line spacing 200 metres) and the results were 

generally flat. The only relevant response was a 

weakly defined zone of conductivity trending north-westerly 

and extending over 4km which coincides in part with 

the showing sampled in 1946. It is not well enough 

defined to provide any specific targets, but the 

outcrops that it crosses could be examined for any 

sign of alteration and mineralization. 

LMineOuest Exploration Associates Ltd. 
J 
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SUMMARY AND RECOMMENDATIONS 

A total of 291 km of survey was flown in May 1983, over 

a property held by Viscount Resources Ltd. in the Willoughby 

Creek Area, B.C. 

The survey outlined several discrete bedrock conductors 

associated with areas of low resistivity. Most of these 

anomalies appear to warrant further investigation using 

appropriate surface exploration techniques. Areas of 

interest may be assigned priorities for follow-up work on 

the basis of supporting geological and/or geochemical 

information. 



L O C A T I O N  MAP 

Figure 1 

S c a l e  1 8  500,000 
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INTRODUCTION 

A DIGHEMII* survey totalling 291 line-km was flown 

with a 200 m, 300 m, and 400 m line-spacing for Viscount 

Resources Ltd. from May 6 to May 28, 1983, in the Willoughby 

Creek area of British Columbia (Figure 1). 

The Lama CG-DEM turbine helicopter flew at an average 

airspeed of 85 km/h with an EM bird height of approximately 

46 m. Ancillary equipment consisted of a Sonotek PMH 5010 

magnetometer with its bird at an average height of 61 m, 

a Sperry radio altimeter, a Geocam sequence camera, a 

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

1200 digital data acquisition system and a DigiData 1640 

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

ment recorded four channels of EM data at approxiatately 

900 Hz, two channels of EM data at approximatelq 5'200 Hz, 

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 7200 Hz 

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

ambient EM noise channels (for one coaxial and two coplanar 

receivers) were also recorded. 

Appendix A provides details on the data channels, their 

respective sensitivities, and the flight path recovery 



procedure .  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 to  35 km/h. Higher  winds 

may c a u s e  t h e  sys tem t o  be grounded because  e x c e s s i v e  

b i r d  swinging p roduces  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 swinging r e s u l t s  from t h e  5 m2 of  a r e a  

which is p r e s e n t e d  by t h e  b i r d  t o  b r o a d s i d e  g u s t s .  The 

DIGHEM sys tem n e v e r t h e l e s s  can be f lown under  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 sys tems.  

It  s h o u l d  be  no ted  t h a t  t h e  anomal ies  shown on t h e  

E l e c t r o m a g n e t i c  Anomalies map a r e  based on a  n e a r - v e r t i c a l ,  

h a l f  p l a n e  model, which b e s t  r e f l e c t s  " d i s c r e t e "  bedrock 

c o n d u c t o r s .  Wide bedrock 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 ,  whether  from s u r f i c i a l  or bedrock s o u r c e s ,  

g i v e  rise t o  broad anomalous r e s p o n s e s  on t h e  EM p r o f i l e s ,  

b u t  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  Anomalies  map, a s  

t h e y  d o  n o t  meet t h e  c r i t e r i a  f o r  " d i s c r e t e "  c o n d u c t o r s .  

These broad c o n d u c t o r s ,  which more c l o s e l y  approx imate  a  

h a l f  s p a c e  model,  w i l l  be maximum coupled  t o  t h e  h o r i z o n t a l  

( c o p l a n a r )  co i l  p a i r  and s h o u l d  be 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 l e c t r o m a g n e t i c  Anomalies map, i n  

a r e a s  where broad or f l a t - l y i n g  c o n d u c t o r s  are c o n s i d e r e d  t o  

b e  o f  impor tance .  



It should be noted that, in areas where magnetite 

causes the inphase components to become negative, the 

apparent conductance and depth of EM anomalies may be 

unreliable. 

There are several areas where EM responses are evident 

only on the quadrature components, indicating zones of poor 

conductivity. Where these responses are coincident with 

strong magnetic anomalies, it is possible that the inphase 

component amplitudes have been suppressed by the effects 

of magnetite. Most of these poorly-conductive magnetic 

features give rise to resistivity anomalies which are 

only slightly below the theshold value. These weak features 

are evident on the Resistivity map but may not be shown on 

the Electromagnetics 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. 
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SECTION I: SURVEY RESULTS 

The s u r v e y  c o n s i s t e d  o f  two p e r p e n d i c u l a r  g r i d s  wi th  

291 km o f  f l y i n g ,  t h e  r e s u l t s  of  which a r e  shown on a  s i n g l e  

map s h e e t .  Tab le  1-1 summarizes t h e  EM r e s p o n s e s  on t h i s  

s h e e t .  The main g r i d  was f lown a l o n g  e a s t - w e s t  o r i e n t e d  

l i n e s .  The f l i g h t  l i n e s  were spaced 300 m a p a r t  i n  t h e  

n o r t h  p o r t i o n  o f  t h e  g r i d  and 400 m a p a r t  i n  i ts  s o u t h  

p a r t .  D e t a i l  f l y i n g  i n  t h e  sou thwes t  c o r n e r  o f  t h e  g r i d  was 

done w i t h  200 m l i n e  s p a c i n g .  The s m a l l e r  s e c o n d a r y  g r i d  i n  

t h e  s o u t h e a s t  p a r t  o f  t h e  s u r v e y  a r e a  was f lown a long  

n o r t h - s o u t h  l i n e s  spaced  400 m a p a r t .  

The ground 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  r a n g e s  from 

a b o u t  600 ohm-m t o  i n  e x c e s s  o f  8,000 ohm-m. The m a j o r i t y  

of t h e  low r e s i s t i v i t y  zones  r e f l e c t  c o n d u c t o r s  o f  bedrock 

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

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

(e .g . ,  on l i n e  90 between EM anomal ies  80A* and 100B; s o u t h  

o f  160xA1; or on l i n e  660 between EM a n o m a l i e s  650B and 

67 0A) , t h e s e  c o n d u c t o r s  may e x t e n d  undernea th  t h e  g l a c i e r .  

However, t h e  s a f e t y  p r e c a u t i o n s  i n  t h e  rugged t e r r a i n  

* T h i s  d e n o t e s  EM anomaly A on l i n e  80. 
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CONDUCTOR GRADE 

TOTAL 

CON WCTOR MODEL 

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

(BLANK) 

TOTAL 

CONDUCTANCE RANGE 

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

INDETERMINATE 

NUMBER OF 
RESPONSES 

NUMBER OF 
MOST LIKELY SOURCE RESPONSES 

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

(SEE EM MAP LEGEND FOR EXPLANATIONS) 
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necessitated the helicopter flying at higher than usual 

terrain clearance which resulted in weak EM signals. 

Consequently,' such areas should be investigated on the 

ground to assess this possibility. 

Magnetic field in the area shows a varied degree of 

activity. The southwestern corner of the main grid and the 

eastern slopes of Cambria icefield exhibit low magnetic 

activity. In comparison, the nothwest corner and the 

eastern half of the main grid, and the east and south parts 

of the small grid are active. North-northeast trends appear 

to be of primary importance in these parts of the area, with 

secondary northwesterly trends being present. Both of these 

trends become more apparent on the enhanced magnetic map. 

CONDUCTORS IN THE SURVEY AREA 

The Electromagnetic Anomalies 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 l i s t i n g s  appended to  t h i s  r e p o r t  t o  e n s u r e  t h a t  none 

o f  t h e  c o n d u c t o r s  a r e  over looked .  

Anomaly 1 OA, T h i s  g r a d e  1 anomaly and x-type 
Responses lOxD, 20xA 

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

a g l a c i e r  v a l l e y .  10A and 10xD 

r e f l e c t  bedrock c o n d u c t o r s  which 

may e x t e n d  below t h e  ice f low and 

beyond t h e  s u r v e y  boundary. 

The x-type r e s p o n s e  20xA is d e f i n e d  

o n l y  on  7200 Hz c h a n n e l s  and,  a s  

such ,  it r e f l e c t s  a p o o r l y  conduc- 

t i v e  t a r g e t ,  p o s s i b l y  i n  t h e  

bedrock.  

Anomalies 30B, 30C, These g r a d e  1 a n o m a l i e s  r e f l e c t  
30D-60A 

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

bedrock o r i g i n .  Anomalies  30B, 30C 

and 30D were d e t e c t e d  d u r i n g  a 

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

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

Consequen t ly ,  t h e  t h r e e  c o n d u c t o r s  

c o u l d  o c c u r  much closer t o  each - - -. -- - - _ _ .___ I -  _ . ^ _  - 

o t h e r  t h a n  a s  s u g g e s t e d  by t h e  

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



Anomal ies  80B, 100B, The r e s i s t i v i t y  d a t a  s u g g e s t s  t h a t  
lO0xA 

80B and lOOB may r e f l e c t  p a r t s  o f  

a s i n g l e  c o n d u c t o r  which e x t e n d s  

across l i n e  90. Due t o  rugged  

t o p o g r a p h y ,  t h e  EM s y s t e m ,  however,  

f l e w  h i g h  o n  l i n e  90, o u t  o f  t h e  

g round  e f f e c t  . 

Anomaly 120xA-140A T h i s  g r a d e  1 anomaly and x- type 

r e s p o n s e  are i n d i c a t i v e  o f  a 

bedrock  c o n d u c t o r  which e x t e n d s  

a c r o s s  t h r e e  l i n e s .  The r e s i s t i v -  

i t y  p a t t e r n s  and t h e  EM r e s p o n s e s  

o n  l i n e  130 c o n f i r m  t h e  c o n t i n u a -  

t i o n  o f  t h e  c o n d u c t o r  across t h i s  

l i n e .  Due t o  l a r g e  f l i g h t  a l t i t u d e  

o n  t h i s  l i n e  t h e  r e s p o n s e s  are 

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

a n  EM anomaly as a d i s c r e t e  t a r g e t  

i m p o s s i b l e .  

Responses  160xA, 160xB These  x- type  r e s p o n s e s  were classi- 

f i e d  as wide  c o n d u c t i v e  r o c k  

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

( i n t e r p r e t a t i o n  symbol G ) .  They 



Response  180xA 

occur a l o n g  t h e  s l o p e  o f  a n  e a s t -  

w e s t  g l a c i a l  v a l l e y ,  and t h e y  may 

b e  i n d i c a t i v e  o f  a b e d r o c k  conduc- 

to r  p a r a l l e l  t o  t h e  f l i g h t  l i n e ,  

i .e.,  p a r a l l e l  t o  t h e  v a l l e y  a x i s .  

A somewhat s i m i l a r  s i t u a t i o n  o c c u r s  

o n  l i n e  170 i n  t h e  v i c i n i t y  o f  

f i d u c i a l  666 where t h e  EM d a t a  

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

T h e s e  r e s p o n s e s  a p p e a r  t o  be a 

c o n t i n u a t i o n  o f  similar r e s p o n s e s  

o n  l i n e  160, n e a r  160xA1. 

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

o n  t h e  some g e n e r a l  s t r i k e  as 160xB 

and 150xA, is i n d i c a t e d  by  t h i s  

x- type r e s p o n s e .  

Responses  170xA1, 190xC Response 170xA1 is a s s o c i a t e d  w i t h  

a b r o a d  low r e s i s t i v i t y  zone  which 

e x t e n d s  across t h e  g l a c i e r  v a l l e y  

t o w a r d s  19OxC, s u g g e s t i n g  t h a t  

t h e s e  x- type r e s p o n s e s  may be 

r e l a t e d  t o  a common c o n d u c t i v e  

h o r i z o n .  



Anomaly 170xA-210xA T h e s e  g r a d e  1 a n o m a l i e s  and x- type  

r e s p o n s e s  r e f l e c t  a weak bedrock 

c o n d u c t o r  which may e x t e n d  f u r t h e r  

n o r t h ,  t owards  l i n e  150,  f i d u c i a l  

903. 

Anomaly 190A A s i n g l e - l i n e  bedrock  c o n d u c t o r  is 

i n d i c a t e d  by t h i s  g r a d e  1 anomaly. 

I t  o c c u r s  a l o n g  t h e  n o r t h  s l o p e  o f  

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

same r o c k  u n i t  a s  o t h e r  c o n d u c t o r s  

t o  t h e  n o r t h .  

Anomalies  281xA-330xD, A p a i r  o f  bedrock ,  o r  p o s s i b l e  
301xB-33OxC 

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

t h e s e  x- type  r e s p o n s e s  and a s i n g l e  

g r a d e  1 anomaly, 301A. These 

c o n d u c t o r s  have  p roduced  a n  o v a l -  

shaped  l o w  r e s i s t i v i t y  zone ,  b u t  

are c o n f i n e d  w i t h i n  t h e  magnet ic -  

a l l y  q u i e t  p a r t  o f  t h e  a r e a .  

Responses 301xA, 330xB, A l l  t h e s e  x- type r e s p o n s e s  and 
340xA, 340xB, 
350xA, 380xA, g r a d e  1 anomaly o c c u r  a l o n g  a 
390xA, 390xB, 
680xB, common p o o r l y  d e f i n e d  r e s i s t i v i t y  

Anomaly 431A 
t r e n d .  They o c c u r  i n  a d i s c o n t i n u -  

o u s  f a s h i o n ,  b u t  may be  r e l a t e d  t o  



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

are a l l  p o o r l y  d e f i n e d ,  e x c e p t  f o r  

390xA, 390xB, and 431A. The l a s t  

anomaly is d e f i n i t e l y  o f  bedrock 

o r i g i n ,  w h i l e  most o f  t h e  o t h e r s  

are  d i f f i c u l t  t o  c l a s s i f y  p r o p e r l y .  

Anomalies 6508, 670A These  g r a d e  1  a n o m a l i e s  r e f l e c t  

weak bedrock c o n d u c t o r s .  They may 

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

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

sys tem f l e w  t o o  h i g h  on  l i n e  660 so 

t h a t  a p r o p e r  l i n e - t o - l i n e  c o r r e l a -  

t i o n  c a n n o t  be made. 



SECTION 11: BACKGROUND INFORMATION 

ELECTROMAGNETICS 

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

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

s h a r p ,  we l l -de f ined  anomal ies  from 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  l e n s e s  and s t e e p l y  d i p p i n g  s h e e t s  o f  g r a p h i t e  and 

s u l f i d e s .  The broad c l a s s  c o n s i s t s  o f  wide anomal ies  from 

c o n d u c t o r s  having 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  format  i o n s ,  c o n d u c t i v e  overburden  and rock ,  and 

geothermal  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  wid th  

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  

anomal ies  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  analyzed 

accord ing  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 conduc to 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  us ing  it on anomal ies  caused by 

broad c o n d u c t o r s  such a s  c o n d u c t i v e  overburden .  

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  

broad c o n d u c t o r s .  R e s i s t i v i t y  c o n t o u r  maps r e s u l t  from t h e  



use  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 oh anomal ies  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  bod ies .  

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  shape  and d i p  of  t h e  conduc to 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  anomal ies  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  

symbols for a  v a r i e t y  of  c o n d u c t o r s .  These c l a s s i c  c u r v e  

. shapes  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 conduc to r  a n a l y s i s  

The EM anomal ies  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  analyzed by computer to  g i v e  t h e  conduc tance  ( 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 of  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  

shape  o f  t h e  conduc to 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 ,  because  t h e  computed conductance  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  of  t h e  conduc to r  i n c r e a s e s ,  r e g a r d l e s s  of  

its t r u e  shape .  DIGHEM anomal ies  a r e  d i v i d e d  i n t o  s i x  



Figure - 1 Typical DIGHEM anomaly shapes 
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g r a d e s  o f  conduc tance ,  a s  shown i n  Table  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  of  r e s i s t a n c e  i n  ohms. 

Tab le  11-1. EM Anomaly Grades 

Anomaly Grade Mho Range 

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

7 * 

The conductance  v a l u e  is a g e o l o g i c a l  pa ramete r  because  

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

is independent  of  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  from t h e  a v e r a g i n g  o v e r  a  g r e a t e r  p o r t i o n  of  

t h e  conduc to r  a s  h e i g h t  i n c r e a s e s .  Small  anomal ies  from 

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

anomal ies  from s h a l l o w  weak c o n d u c t o r s  because  t h e  former  

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

Conduct ive  overburden  g e n e r a l l y  p roduces  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  overburden 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 approximat ion .  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  conductance  v a l u e s  t h a n  a i r b o r n e  sys tems  
hav ing  a l a r g e r  c o 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  anomal ies  w i t h  a conductance  g r a d e  ( c f .  

Tab le  11-1) o f  1, or even of 2 f o r  conduc t ing  c l a y s  which 

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

ground r e s i s t i v i t i e s  can be below 10 ohm-m, anomal ies  caused 

by wea the r ing  v a r i a t i o n s  and s i m i l a r  c a u s e s  can  have any 

conductance  g rade .  The anomaly shapes  from t h e  m u l t i p l e  

co i l s  o f t e n  a l l o w  such c o n d u c t o r s  to be r e c o g n i z e d ,  and 

t h e s e  a r e  i n d i c a t e d  by t h e  l e t t e r s  S,  H I  G and sometimes E 

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

For  bedrock 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  conductances .  Examples: 

D I G H E M v s  N e w  I n s c o  copper  d i s c o v e r y  (Noranda , Canada) 

y i e l d e d  a g r a d e  4 anomaly, a s  d i d  t h e  ne ighbour ing  

copper -z inc  Magusi R i v e r  ore body; Mat tab i  ( c o p p e r - z i n c ,  

S tu rgeon  Lake, Canada) and W h i s t l e  ( n i c k e l ,  Sudbury,  

Canada) gave  g r a d e  5; and D I G H E M v s  Montcalm n icke l -copper  

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  span  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 mass ive  s u l f i d e s  or g r a p h i t e .  Moderate c o n d u c t o r s  

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

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



( g r a d e s  1 and 2 )  can  s i g n i f y  p o o r l y  connected  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  

respond to ground EM equipment us ing  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  having weak to  modera te  conduc tances .  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  

Res t igouche 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 conduc to r .  The 10 p e r c e n t  

by volume of  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  around t h e  f i n e  

g r a i n e d  mass ive  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  

conduct  ion .  

F a u l t s ,  f r a c t u r e s  and s h e a r  zones may produce  anomal ies  

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

and 2 ) .  Conduct ive  r o c k  f o r m a t i o n s  can y i e l d  anomal ies  o f  

any conductance 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  such 

r o c k  fo rmat ions  can be s a l t  w a t e r ,  weathered 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 carbonaceous  

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 of  d o t s ,  under t h e  i n t e r p r e t i v e  symbol,  

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



v e r t i c a l  column o f  d o t s ,  under  t h e  anomaly l e t t e r ,  g i v e s  t h e  

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

l e t t e r  i d e n t i f i e r s  , i n t e r p r e t i v e  symbols and d o t s  may be 

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

d i s c e r n i b l e ,  and t h e  o b l i t e r a t e d  i n f o r m a t i o n  can  be o b t a i n e d  

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

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

is to p r o v i d e  an e s t i m a t e  of  t h e  r e l i a b i l i t y  of t h e  conduc- 

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

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

whereas one o b t a i n e d  from a  s m a l l  ppm anomaly ( n o  d o t s )  

cou ld  be q u i t e  i n a c c u r a t e .  The absence  of  a m p l i t u d e  d o t s  

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

5 ppm or less on both  t h e  inphase  and q u a d r a t u r e  char .ne ls .  

Such s m a l l  anomal ies  cou ld  ref lect  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  conduc to r  a t  d e p t h .  The conductance  

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  recorded  d a t a  best.  
- 

F l i g h t  l i n e  d e v i a t i o n s  o c c a s i o n a l l y  y i e l d  c a s e s  where 

t w o  anomal ies ,  hav ing  s i m i l a r  conduc tance  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 conduc to r .  Such examples i l l u s t r a t e  t h e  

r e l i a b i l i t y  o f  t h e  conductance  measurement w h i l e  showing 

t h a t  t h e  d e p t h  e s t i m a t e  can be u n r e l i a b l e .  There  a r e  a  



number o f  f a c t o r s  which can produce 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  of  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  overburden ,  and t h e  

l o c a t i o n  and a t t i t u d e  of  t h e  conduc to r  r e l a t i v e  to  t h e  

f l i g h t  l i n e .  Conductor  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 roneous  d e p t h  e s t i m a t e  because  t h e  s t r o n g e r  p a r t  of t h e  

conductor  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 because  it has  a  s h a l l o w  d i p .  A heavy tree c o v e r  can 

a l s o  produce errors i n  dep th  e s t i m a t e s .  T h i s  is because  t h e  

dep th  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  from 

c o n d u c t o r ,  minus t h e  a 1  timeter read ing .  The a 1  timeter can 

l o c k  o n t o  t h e  t o p  of a dense  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  does  n o t  

a f  f e c t  t h e  conductance  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  of  d i p  

of conduc to r s .  These symbols a r e  used o n l y  when t h e  anomaly , 

shapes  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  envi ronment .  

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  1 ine- to-1  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 comparison of  anomaly shapes  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  conduc to r  axes  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  of  t h e  s u r v e y  a r e a .  The absence  o f  
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conduc to r  axes  i n  an  a r e a  i m p l i e s  t h a t  anomal ies  cou ld  no t  

be c o r r e l a t e d  from l i n e  to  l i n e  wi th  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  des igned  to p r o v i d e  

a correct impress ion  o f  conduc to r  q u a l i t y  by means of t h e  

conductance g r a d e  symbols.  The symbols can s t a n d  a l o n e  

wi th  geology when p l a n n i n g  a fol low-up program. The a c t u a l  

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

f o r  t h o s e  who wish q u a n t i t a t i v e  d a t a .  The anomaly ppm and 

I d e p t h  a r e  i n d i c a t e d  by inconsp icuous  d o t s  which shou ld  n o t  

d i s t r a c t  from t h e  conduc to r  p a t t e r n s ,  w h i l e  be ing  h e l p f u l  

I to t h o s e  who wish 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- - 
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  shape ,  conduc tance ,  d e p t h ,  and t h i c k n e s s  (see 

I below) .  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 igh  q u a l i t y  ground EM su rvey  having t h e  same l i n e  

spac ing .  

I 
I 

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  of  

anomal ies  i n  ppm, conduc tance ,  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 ist  a l s o  shows t h e  conductance  

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  bedrock conduc to r  such a s  a s u l f i d e  s h e e t  

having 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  for 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  such a s  t h i c k  

c o n d u c t i v e  overburden.  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 

conduc t ive  overburden.  

S i n c e  d i s c r e t e  b o d i e s  normal ly  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  base  (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  . Local  anomaly a m p l i t u d e s  a r e  shown i n  t h e  

EM anomaly l ist  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  pa ramete r s  of  conductance  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  

pa ramete 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-type EM r e s p o n s e s  i n  a d d i t i o n  

t o  EM anomal ies .  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 of  t h e  f o l l o w i n g :  a  

weak conductor  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 below s u r f a c e )  or to one s i d e  of t h e  

f l i g h t  l i n e ,  o r  aerodynamic n o i s e .  Those r e s p o n s e s  t h a t  



have t h e  appearance  of  v a l i d  bedrock anomal ies  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 

( s e e  EM map l e g e n d ) .  The o t h e r s  p r o b a b l y  do  not  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  of  t h e  t h i c k n e s s  of 

a  s t e e p l y  d i p p i n g  conduc to r .  The a m p l i t u d e  of  t h e  c o p l a n a r  

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

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

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

is e q u a l  to  t h e  conduc to r  wid th  i f  t h e  conduc to 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 . )  

Th i s  r e p o r t  r e f e r s  t o  a  conduc to r  a s  - t h i n  when t h e  t h i c k n e s s  

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

10 m. 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  

base  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  geo logy ,  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  because  many mass ive  

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

c o n d u c t o r s  a r e  o f t e n  t h i n .  The sys tem canno 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  conduc to 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  conduc to r  h a s  a  s h a l l o w  d i p ,  wh,en 



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  environment  is below 1 0 0  ohm-m. 

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

Areas o f  widespread c o n d u c t i v i t y  a r e  commonly 

encountered  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  of  o n l y  5 m i n  su rvey  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 inphase  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  . Local  

EM peaks  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  of  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 .  For such 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 advan tage  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  anomal ies  caused by a l 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  

anomal ies  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  bedrock and t h o s e  p a t t e r n s  t y p i c a l  

of conduc t ive  overburden.  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  appear  as narrow l o w s  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  appear  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  pseudo- layer  (or b u r i e d )  h a l f  s p a c e  

model d e f i n e d  i n  F r a s e r  ( 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 

dep th  channe 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 imply  t h e  a p p a r e n t  t h i c k n e s s  of  t h e  o v e r l y i n g  

r e s i s t i v e  l a y e r .  The a p p a r e n t  d e p t h  (or  t h i c k n e s s )  

pa ramete r  w i l l  be p o s i t i v e  when t h e  upper 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  c l o s e  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  upper  

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 ,  and 

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

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

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

measured a l t i t u d e  of  t h e  EM b i r d  (e .g. ,  a s  caused by a dense  

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

t h e  inphase  and q u a d r a t u r e  components o f  t h e  c o p l a n a r  

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

* R e s i s t i v i t y  mapping wi th  an a i r b o r n e  m u l t i c o i l  electro- 
magne t i c  system: Geophysics ,  v. 43, p. 144-172. 



conduc t ive  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  outpu't  r e s i s t i v i t y  and sensor - source  d i s t a n c e  a r e  

independent  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 imply  t h e  sensor - source  d i s t a n c e  minus 

t h e  measured a l t i t u d e  or f l y i n g  h e i g h t .  Consequen t ly ,  

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  

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

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

of s imple  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 cover .  

The DIGHEM sys tem h a s  been f lown f o r  purposes  of  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 as a 

measure of  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  use has  been made of  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  of t h e  n e g a t i v e  dep th  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  and,  t h e r e f o r e ,  

is n o t  meaningful  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  dep th  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  overburden.  Consequent ly ,  t h e  a p p a r e n t  

dep th  channel  can  be of  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 overburden and bedrock conduc to 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  informa- 

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



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

fo l lowing :  

( 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  anomal ies  i n  t h e  e a r t h ' s  

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

change from t h e  norm and so t h e  EM map d i s p l a y s  

a n o m a l i e s ,  ( i )  o v e r  narrow, c o n d u c t i v e  b o d i e s  and 

( i i )  o v e r  t h e  boundary zone between 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 might  be l i k e n e d  to a  t o t a l  

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

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

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

is to be p r e f e r r e d  i n  r e s i s t i v e  a r e a s .  However, i n  conduc- 

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

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

3, The g r a d i e n t  ana logy  is o n l y  v a l i d  w i t h  r e g a r d  to 
t h e  i d e n t i f i c a t i o n  of  anomalous l o c a t i o n s .  



I n t e r ~ r e t a t i o n  i n  c o n d u c t i v e  env i ronments  

~ n v i r o n m e n t s  hav ing  background r e s i s t i v i t i e s  below 

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

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

p r o h i b i t s  t h e  r e c o g n i t i o n  o f  d i s c r e t e  bedrock 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 roduces  s i x  

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

o f  bedrock conduc to r s .  These a r e  t h e  inphase  and q u a d r a t u r e  

d i f f e r e n c e  c h a n n e l s  (DIFI  and DIFQ), and t h e  r e s i s t i v i t y  and 

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

t a b l e  i n  Appendix A. 

The EM d i f f e r e n c e  c h a n n e l s  (DIFI and DIFQ) e l i m i n a t e  

up t o  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 round ,  l e a v i n g  

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

t e l e p h o n e  l i n e s ,  f e n c e s ,  e tc .)  and edge 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  of  t h e  ground s u d d e n l y  

changes ,  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  anomal ies  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  produce r e s i s t i v i t y  anomal ies .  Consequen t ly ,  t h e  

r e s i s t i v i t y  channe l  a i d s  i n  e l i m i n a t i n g  anomal ies  due  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  anomal ies  

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  ground,  and t h i s  is a n o t h e r  s o u r c e  of  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  bedrock conduc to r  i n  a  

conduc t ive  envi ronment  t h e r e f o r e  is based on t h e  anomalous 

r e s p o n s e s  of  t h e  two d i f f e r e n c e  c h a n n e l s  (DIFI  and DIFQ)  

and t h e  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 anomal ies  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  t o  t h e  

conduc t ive  m a t e r i a l ,  a l s o  h e l p  to  d e t e r m i n e  whether  a 

conduc t ive  r e s p o n s e  a r i s e s  from s u r f i c i a l  m a t e r i a l  or from a  

conduc t ive  zone i n  t h e  bedrock.  When t h e s e  c h a n n e l s  r i d e  

above t h e  z e r o  l e v e l  on t h e  e l e c t r o s t a t i c  c h a r t  paper  ( i . e . ,  

dep th  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 spond ing  p r i m a r i l y  to a  c o n d u c t i v e  upper 

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

below t h e  z e r o  l e v e l ,  it i n d i c a t e s  t h a t  a  r e s i s t i v e  upper 

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  

bedrock conduc to r .  I f  t h e  l o w  f r e q u e n c y  DP channe l  is below 

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

s u g g e s t s  t h a t  a  bedrock conduc to r  o c c u r s  benea th  c o n d u c t i v e  

cover .  

Channels  REC1, REC2, REC3 and REC4 a r e  t h e  anomaly 

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

conductance  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  

conduc to r s .  I n  h i g h l y  c o n d u c t i v e  env i ronments ,  channel  REC2 



is d e a c t i v a t e d  because  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  

conduc t ive  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  

conduc t ive  env i ronments ,  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  anomal ies  ( 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  to  a s s u r e  t h a t  no mean ingfu l  

r e s p o n s e s  a r e  missed .  The i n t e r p r e t e r  t h e n  c l a s s i f i e s  t h e  

anomal ies  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 .  

Reduction o f  g e o l o g i c  n o i s e  

Geologic  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 .  Fo r  purposes  o f  a i r b o r n e  EM s u r v e y i n g ,  g e o l o g i c  

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  overburden  

and magnet ic  p e r m e a b i l i t y .  I t  was mentioned 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 . ,  channe l  D I F I  f o r  i n p h a s e  

and DIFQ for  q u a d r a t u r e )  t end  to e l i m i n a t e  t h e  r e s p o n s e  of  

conduc t ive  overburden.  T h i s  marked a  unique  development  

i n  a i r b o r n e  EM t echno logy ,  a s  DIGHEM is t h e  o n l y  EM sys tem 

which y i e l d s  c h a n n e l s  having an  e x c e p t i o n a l l y  h igh  d e g r e e  

of immunity to c o n d u c t i v e  overburden .  



Magnet i te  produces  a  form of g e o l o g i c a l  n o i s e  on t h e  

inphase  channe l s  of a l l  EM sys tems.  Rocks c o n t a i n i n g  less 

t h a n  1 % magn'et i t e  can y i e l d  n e g a t i v e  inphase  anomal ies  

caused by magne 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 wide ly  

d i s t r i b u t e d  th roughou t  a  s u r v e y  a r e a ,  t h e  inphase  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 overburden  

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  bedrock 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  

overburden a l s o  e x i s t s .  However, t h e  r e s p o n s e  of 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  inphase  

d i f f e r e n c e  c h a n n e l  DIFI. T h i s  f e a t u r e  can be a s i g n i f i c a n t  

a i d  i n  t h e  r e c o g n i t i o n  of  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  

combinat ion  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 magnet ic  

p e r m e a b i l i t y  r e s p o n s e .  The secondary  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 requency-dependent  and 

c o n s i s t s  o f  both  inphase  and q u a d r a t u r e  components,  which 

are p o s i t i v e  i n  s i g n .  On t h e  o t h e r  hand, t h e  secondary  

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

of f requency  and c o n s i s t s  of  o n l y  an  inphase  component which 



is negative in sign. When magnetic permeability manifests 

itself by decreasing the measured amount of positive 

inphase, its presence may be difficult t.0 recognize. 

However, when it manifests itself by yielding a negative 

inphase anomaly (e.g., in the absence of eddy current flow), 

its presence is assured. In this latter case, the negative 

component can be used to estimate the percent magnetite 

content. 

A magnetite mapping technique was developed for the 

coplanar coil-pair of DIGHEM. The technique yields channel 

"FEOw ( see Appendix A )  which displays apparent weight 

percent magnetite according to a homogeneous half space 

mode1.4 The method can be complementary to magnetometer 

mapping in certain cases. Compared to magnetometry, it is 

far less sensitive but is more able to resolve closely 

spaced magnetite zones, as well as providing an estimate 

of the amount of magnetite in the rock. The method is 

sensitive to 1/4% magnetite by weight when the EM sensor is 

at a height of 30 m above a magnetitic half space. It can 

individually resolve steeply dipping narrow magnetite-rich 

bands which are separated by 60 m. Unlike magnetometry, the 

EM magnetite method is unaffected by remanent magnetism or 

magnetic latitude. 

Refer to Fraser, 1981, Magnetite mapping with a multi- 
coil airborne electromagnetic system: Geophysics, 
v. 46, 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  u n i f o r m l y  

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

magnet ic  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 anomal ies  

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

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

o n l y  bedrock f e a t u r e s ,  p rov ided  t h a t  t h e  overburden  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  wi th  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  bedrock and overburden.  

Recogn i t ion  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 anomal ies  caused by 

man-made m e t a l l i c  o b j e c t s .  Such anomal ies  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 concern  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 requency ,  a r e  a s  f o l l o w s :  

1. Channels  CXS and CPS (see Appendix A )  measure  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 normal ly  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  must be t a k e n  t o  e n s u r e  

t h a t  t h e  conduc to 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 c r o s s e s  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 ,  etc. ) y i e l d s  a center -peaked 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 igh  a n g l e  of 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) is 4. Such a n  EM anomaly can o n l y  be  

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

anomal ies  most c l o s e l y  resembl ing  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  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. 

Consequent ly ,  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  center -peaked c o a x i a l  and c o p l a n a r  anomal ies  

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  absence  o f  g e o l o g i c  b o d i e s  of  t h i s  

geometry,  t h e  most l i k e l y  conduc to r  is a meta l  roof  or 

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



smal l  fenced ya rd .  4 Anomalies o f  t h i s  type  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  a n  

a r e a  of  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 o r  

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

center -peaked c o p l a n a r  anomaly. I n  t h e  absence  of  

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

conduc to r  is a l a r g e  fenced 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 anomal ies  which c o i n c i d e  wi th  c u l t u r e ,  a s  s e e n  on 

t h e  camera f i l m ,  a r e  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  wi th  such c o i n c i d e n c e s  because  

a g e o l o g i c  conduc to r  cou ld  o c c u r  benea th  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 expec ted  

to 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  

above. I f ,  i n s t e a d ,  a  center -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 concern  t h a t  a  t h i c k  g e o l o g i c  

conduc to r  c o i n c i d e d  wi th  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  anomal ies  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  wi re  which forms a l o o p  having 
d imensions  i d e n t i c a l  t o  t h e  p e r i m e t e r  of t h e  equ iva -  
l e n t  p l a n a r  conduc to 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  coupled  to t h e  

envi ronment .  I n  t h i s  c a s e ,  t h e  anomal ies  a r i s e  from 

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

when t h e  envi ronment  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  conduc to r  may 

be c o n d u c t i v e l y  coupled  to t h e  envi ronment .  I n  t h i s  

l a t t e r  c a s e ,  t h e  anomaly shapes  tend to be governed 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  can  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  of  c u l t u r a l  anomal ies  . I n  such circum- 

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  magne 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  magne 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  

be ing  produced by s u l f i d e s  than  one t h a t  is non-magnetic.  

However, s u l f i d e  ore bod ies  may be non-magnetic ( 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  magnet ic  

(e.g. ,  t h e  Mat tab i  d e p o s i t  n e a r  S t u r g e o n  Lake, Canada) .  



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

t h e  a i r c r a f t  t o  an  accuracy  o f  one nT ( e . ,  one gamma). 

The d i g i t a l  ' t a p e  is processed  by computer t o  y i e l d  a  

t o t a l  f i e l d  magne t i c  c o n t o u r  map. When w a r r a n t e d ,  t h e  

magnet ic  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  magnet ic  r e s p o n s e  of  t h e  n e a r - s u r f a c e  geo logy ,  and an  

enhanced magne t i c  c o n t o u r  map is t h e n  produced.  The 

response  of t h e  enhancement o p e r a t o r  i n  t h e  f requency  domain 

is i l l u s t r a t e d  i n  F i g u r e  11-2. T h i s  f i g u r e  shows t h a t  t h e  

passband components o f  t h e  a i r b o r n e  d a t a  a r e  a m p l i f i e d  

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

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

a  5 nT anomaly f o r  t h e  passband components of  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 resemblance  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  of  t h e  t o t a l  f i e l d  d a t a .  The enhancement 

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

(above t h e  s o u r c e )  which is 1/20th of  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 magnet ic  map b e a r s  a  resemblance  

to  a ground magne t i c  map, it s i m p l i f i e s  t h e  r e c o g n i t i o n  

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



CYCLES/ M E T R E  

Figure 11-2 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. 



MAPS ACCOMPANYING THIS REPORT 

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

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

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

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

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



A P P E N D I X  A 

THE FLIGHT RECORD AND PATH RECOVERY 

Both  a n a l o g  and  d i g i t a l  f l i g h t  r e c o r d s  were produced .  

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

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

g e n e r a t e d  l a t e r  b y  computer  and p l o t t e d  o n  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 scale  o f  1 :20,000. 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  a n  o r d e r  

o f  m a g n i t u d e  i n  33  mm. The r e s i s t i v i t i e s  a t  0, 33,  67, 100 

and 133  mm u p  f r o m  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  

are r e s p e c t i v e l y  1 ,  1 0 ,  100,  1,000 and 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  o n  t h e  g r o u n d  which were r e c o v e r e d  f r o m  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  o n  t h e  g e o p h y s i c a l  maps t o  p r o v i d e  t h e  t r a c k  o f  t h e  

a i r c r a f t .  

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

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

h e l i c o p t e r  s p e e d  c h a n g e s .  Such 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 W m  
CXQ (900 Hz) vertical coaxial coil-pair quadrature 1 PPm 
CXS (900 Hz) ambient noise monitor (coaxial receiver) 1 FFm 
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) horixontal coplanar coil-pair inphase 1 PPm 
CPQ (7200 Hz) horizontal coplanar coil-pair quadrature 1 FPm 
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 
REC1 first anomaly recognition function 1 EFm 
REC2 second anomaly recognition function 1 PPm 
REC3 third anomaly recognition function 1 PPm 
REC4 fourth anomaly recognition function 1 EFm 
C DT 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% 



A P P E N D I X  B 

EM ANOMALY LIST 



174 WILLOUGHBY CREEK 

b COAXIAL COPLANAR COPLANAR . VERTICAL . HORIZONTAL CONDUCTIVE 
900 HZ 900 HZ 7200 HZ . DIKE . SHEET M T H  . . 

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 10 (FLIGHT 5) 
A 290 B 1 1 1 6 12 9 • 1 26 . 1 77 333 4 4 --------- . . 
LINE 30 (FLIGHT 5) • 

B 764B? 4 13 0 29 72 100. 1 0 .  1 3 669 0 
C 754 B? 2 13 1 14 48 36. 1 0 .  1 2 596 0 
D 746B3 0 25 0 33 68 142. 1 0 . 1 17 163 0 --------- . . 
LINE 40 (FLIGHT 5) . 
A 866 B 1 2 0 2  8 7 • 1 0 .  1 54 286 2 1 --------- . 
LINE 50 (FLIGHT 5) . . 
A 1 1 1 1  B 7 18 2 19 47 55 2 0 . 1 17 707 0 --------- 
LINE 60 (FLIGHT 9) . . 
A 821 B 3 7 1 6 18 16 . 2 0 .  1 79 1035 0 --------- . . 
LINE 80 (FLIGHT 5) . 
4 6 2 B  0 1 0 4 7 14 . 1 2 .  1 70 481 32 
,-------- 

L 
. 

LINE 100 (FLIGHT 4) . 
A 1761 S? 0 3 0 4 8 19 . 1 0 . 1 34 522 0 
B1779B 0 4 0 5 8 1 3 .  1 7 • 1 68 659 27 
------we- . . 
LINE 140 (FLIGHT 4) . . 
A 1100 B 0 1 0 3 6  9 1 9 • 1 76 618 34 --------- 
LINE 190 (FLIGHT 4) . . 
A 1 8 9 B  3 3 2 3 8 4 .  2 0 . 1 57 291 25 
B 173B3 1 3 1 7 13 26. 1 4 • 1 42 409 13 --------- . . 
LINE 200 (FLIGHT 5) . 
A1321B 2 3 2 3 7 14 . 1 0 . 1 71 189 4 2 --------- . 
LINE 301 (FLIGHT 7) . . 
A 362 B? 1 2 0 3 9 1 2 .  1 0 .  1 48 482 1 1  --------- . . 
LINE 431 (FLIGHT 8) . 
A 7 3 B  1 2 0 4 10 17 . 1 0 . 1 53 549 15 --------- . . 
LINE 650 (FLIGHT 10) . 
B 1 4 5 2 B  0 5 0 3 8 23 . 1 0 .  1 58 552 22 . 

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



174 WILLOUGHBY CREEK 

COAXIAL COPLANAR COPLANAR . VERTICAL . HORI ZONTAL CONDUCT I VE 
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 670 (FLIGHT 10) . . 
A 953 B? 1 0 1 1 8 4 .  2 23 . 1 62 289 31 

. . 

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