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INTRODUCTION 

A DIGHEMI= s u r v e y  o f  946 1 i n e - k i l o m e t r e s  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  t h e  U n i t e d  Keno H i l l  Mines  

L i m i t e d ,  f r o m  May 27  t o  J u n e  6 ,  1981 i n  t h e  M i n t o  a r e a ,  

Yukon T e r r i t o r y  ( F i g u r e  1  ) . 

The Lama C-GDEM j e t  h e l i c o p t e r  f l e w  w i t h  a n  a v e r a g e  

a i r s p e e d  o f  115  km/h and  EM b i r d  h e i g h t  o f  36  m. A n c i l l a r y  

equipment  c o n s i s t e d  o f  a S o n o t e k  PMII-5010 magne tome te r  w 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  51 m,  a  S p e r r y  r a d i o  

a l t i m e t e r ,  Geocam s e q u e n c e  camera ,  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 ,  and a  Sono tek  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  w i t h  a  D i g i  D a t a  DPS 1100 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  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 ) ,  and  - 

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

d i g i t a l  e q u i p m e n 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 .25 ppm/bi t  and  t h e  m a g n e t i c  f i e l d  t o  one  garnrna/bit. 

SURVEY PROCEDURES 

Dur ing  t h e  c o u r s e  o f  t h e  s u r v e y  t h e  f o l l o w i n g  d a t a  were 

r e c o r d e d :  



( e l  

Da ta  

DIGHEMII e l e c t r o m a g n e t i c  r e s u l t s  r e p r e s e n t e d  by 

f o u r  EM c h a n n e l s  and t w o  e n v i r o n m e n t a l  m o n i t o r  EM 

c h a n n e l s .  

One c h a n n e l  o f  t h e  t e r r a i n  c l e a r a n c e  p r o v i d e d  by 

t h e  r a d a r  a l t i m e t e r .  

One c h a n n e l  o f  t h e  t o t a l  m a g n e t i c  f i e l d  p r o v i d e d  

by t h e  magnetometer .  

A p h o t o g r a p h i c  r e c o r d  of t h e  t e r r a i n  p a s s i n g  below 

t h e  a i r c r a f t  o b t a i n e d  f rom t h e  35 nun camera.  

T i m e  marks i m p r e s s e d  s y n c h r o n o u s l y  on t h e  f i l m ,  

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

p o s i t i o n i n g  on t h e  f i n a l  maps. 

l i s t e d  u n d e r  i t e m s  a ,  b  and c were r e c o r d e d  b o t h  

i n  t h e  a n a l o g  and d i g i t a l  fo rms .  

PROCESSING AND PRESENTATION O F  DATA 

EM d a t a  r e c o r d e d  by t h e  DIGHEMI* s y s t e m  d u r i n g  t h e  

s u r v e y  were  p r o c e s s e d  and i n t e r p r e t e d  by a  computer  on t h e  

b a s i s  o f  t h e  f o l l o w i n g  models :  

( a )  V e r t i c a l  t h i n  s h e e t  c o n d u c t o r  y i e l d i n g  c o n d u c t a n c e  

and d e p t h .  



( b )  H o r i z o n t a l  s h e e t  y i e l d i n g  c o n d u c t a n c e  and  d e p t h .  

( c )  C o n d u c t i v e  e a r t h  y i e l d i n g  a p p a r e n t  r e s i s t i v i t y  and 

d e p t h .  

The t o t a l  m a g n e t i c  f i e l d  d a t a  were l e v e l l e d  and  a 

c o n t o u r e d  m a g n e t i c  map was p roduced .  

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

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

and t o  de-emphas ize  d e e p - s e a t e d  r e g i o n a l  f e a t u r e s .  

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

f o l l o w s :  

( a )  Compute r -gene ra t ed  p r o f i l e s  of e a c h  l i n e  

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

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

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

c h a n n e l  o f  m a g n e t i c s ,  one  c h a n n e l  o f  EM b i r d  

a l t i t u d e ,  and t w o  e n v i r o n m e n t a l  EM m o n i t o r  

c h a n n e l s .  

( b )  The m a s t e r  pho tomosa ic  w i t h  e l e c t r o m a g n e t i c  

i n f o r m a t i o n  shown t h e r e o n .  



( c )  A t r a n s p a r e n t  p r i n t  o f  t h e  pho tomosa ic  w i t h  

c o n t o u r e d  t o t a l  m a g n e t i c  f i e l d  i n f o r m a t i o n  shown 

t h e r e o n .  

( d )  A t r a n s p a r e n t  p r i n t  o f  t h e  pho tomosa ic  w i t h  

c o n t o u r e d  enhanced  m a g n e t i c  f i e l d  i n f o r m a t i o n  

shown t h e r e o n .  

( e )  A t r a n s p a r e n t  p r i n t  o f  t h e  pho tomosa ic  w i t h  

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

( f )  Two w h i t e  p a p e r  p r i n t s  o f  e a c h  map l i s t e d  i n  ( b ) ,  

( c ) ,  ( d )  and ( e )  above .  

( g )  Two c o p i e s  o f  a  b r i e f  i n t e r p r e t a t i v e  r e p o r t .  

SURVEY CHARGES 

The s e r v i c e s  p r o v i d e d  by DIGHEM i n c l u d e :  

( a )  P r e p a r a t i o n  o f  m o s a i c s  and o t h e r  d a t a  p r i o r  t o  

f l y i n g .  

( b )  The f l y i n g  i t e s e l f  and a l l  s u p e r v i s i o n .  

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

( d )  The p r e p a r a t i o n  and d e l i v e r y  of  t h e  s u r v e y  r e p o r t  

and  s u r v e y  maps. 



Charges for the above sevices are as follows: 

(a) Ferry and mobilization charges $ 4,600.00 

(b) Survey charges, 946 line-km 
@ $52.80/line-km 

(c) Total of (a) and ( b )  

Respectfully submitted, 
DIGHEM LIMITED 

Z. Dvorak 
Geophysicist 
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INTRODUCTION 

A DIGHEMII s u r v e y  was f lown w i t h  a  200 m l i n e - s p a c i n g  

f o r  Uni ted  Keno H i l l  Mines L imi ted ,  from May 2 6 ,  1981 t o  

J u n e  18,  1981, i n  t h e  Carmacks a r e a ,  Yukon ( F i g u r e  1 ) .  

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

a i r s p e e d  o f  106 km/h and EM b i r d  h e i g h t  o f  3 3  m. A n c i l l a r y  

equipment  c o n s i s t e d  o f  a  Sonotek  PMH-5010 magnetometer  w 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  48 m,  a  S p e r r y  r a d i o  

a l t i m e t e r ,  Geocam sequence  camera,  B a r r i n g e r  8-channel  h o t  

pen a n a l o g  r e c o r d e r ,  and a  Sonotek  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  w i t h  a Dig iDa ta  Dl130 9 - t r a c k  800-bpi 

magne t i c  t a p e  r e c o r d e r .  The a n a l o g  equipment  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 H Z ,  t w o  ambien 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 ) ,  and 

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

d i g i t a l  equipment  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/bit  and t h e  m a g n e t i c  f i e l d  t o  one gamrna/bit. 

The ~ p p e n d i x  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  n o i s e  l e v e l s ,  and t h e  d a t a  r e d u c t i o n  

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

f o r  wind s p e e d s  up  t o  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  swing ing  



produces  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 m 2  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.  

ELECTROMAGNETICS 

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

c l a s s e s ,  d i s c r e t e  and 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 ,  w e l l  d e f i n e d  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  of  wide a n o m a l i e s  from 

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

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

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

geo the rmal  zones .  A v e r t i c a l  c o n d u c t i v e  s l a b  w i t h  a  w i d t h  

o f  1 0 0  m would s t r a d d l e  t h e s e  two 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  m o s t  common 

model used f o r  t h e  a n a l y s i s  of  d i s c r e t e  c o n d u c t o r s .  A l l  

- - 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  i n t e r p r e t 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  

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



i n c l u d i n g  t h e  e f f e c t  of  u s i n g  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  of  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 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  b o d i e s ,  

D i s c r e t e  c o n d u c t o r  a n a l v 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  i n t e r p r e t e d  by computer t o  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, DIGHEM anomal ies  a r e  d i v i d e d  i n t o  s i x  g r a d e s  of con- 

d u c t a n c e ,  a s  shown i n  T a b l e  I .  The conduc tance  ' 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  I ,  EM Anomaly Grades  

Anomaly Grade Mho Range 

g r e a t e r  t h a n  99 
50 - 99 
20 - 49 
10 - 19 

5 -  9 
less t h a n  5  



The mho 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  because  it is 

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

independen t  o f  f r equency ,  and o f  f l y i n g  h e i g h t  or d e p t h  o f  

b u r i a l  a p a r t  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  of  

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 .  l  Smal l  a n o m a l i e s  from 

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

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

Conduct ive  overburden  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  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  

c a n  y i e l d  d i s c r e t e - l i k e  a n o m a l i e s  w i t h  a  conduc tance  g r a d e  

( c f .  T a b l e  I )  o f  1,  or even o f  2 f o r  c o n d u c t i n g  c l a y s  which 

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

ground r e s i s t i v i t i e s  can be a s  l o w  a s  1 ohm-m, anomal ies  

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

conduc tance  g r a d e s  a s  h igh  a s  4. The anomaly s h a p e s  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  s u r f a c e  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 on 

t h e  map. The remain ing  anomal ies  i n  such  a r e a s  cou ld  be 

I ~ h i s  s t a t e m e n t  is an approx imat ion .  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  t o  y i e l d  l a r g e r  and 
more a c c u r a t e  mho 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  hav ing  
a  l a r g e r  coi l  s e p a r a t i o n .  



bedrock c o n d u c t o r s .  The h i g h e r  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  conduc tances .  Examples: D I G H E M ' s  N e w  I n s c o  copper  

d i s c o v e r y  (Noranda,  Quebec ,  Canada) y i e l d e d  a  g r a d e  4 

anomaly, a s  d i d  t h e  n e i g h b o u r i n g  copper -z inc  Magusi R i v e r  

o r e  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,  O n t a r i o ,  

Canada) and W h i s t l e  ( n i c k e l ,  Sudbury,  O n t a r i o ,  Canada)  

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

(Timmins, O n t a r i o ,  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 pa 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  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  o f  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  7 and 2 )  c a n  s i g n i f y  p o o r l y  connec ted  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 t o  ground EM equipment  u s i n g  f r e q u e n c i e s  less t h a n  

2000 Hz. 

The p r e s e n c e  of  s p h a l e r i t e  or gangue can r e s u l t  i n  

ore d e p o s i t s  h a v i n g  weak t o  modera te  conduc tances .  A s  - - 
an example,  t h e  t h r e e  m i l l i o n  t o n  l e a d - z i n c  d e p o s i t  o f  

R e s t i g o u c h e  Mining C o r p o r a t i o n  n e a r  B a t h u r s t ,  N e w  Brunswick, 



Canada, yielded a well defined grade 1 conductor. The 

10 percent by volume of sphalerite occurs as a coating 

around the fine grained massive pyrite, thereby inhibiting 

electrical conduction. 

Faults, fractures and shear zones may produce anomalies 

which typically have low conductances (e.g., grade 1 and 2). 

Conductive rock formations can yield anomalies of any con- 

ductance grade. The conductive materials in such rock 

formations can be salt water, weathered products such as 

clays, original depositional clays, and carbonaceous 

material. 

On the electromagnetic map, the actual mho value and a 

letter are plotted beside the EM grade symbol. The letter 

is the anomaly identifier. The horizontal rows of dots, 

beside each anomaly symbol, indicate the anomaly amplitude 

on the flight record. The vertical column of dots gives the 

estimated depth. In areas where anomalies are crowded, the 

identifiers, dots and mho values may be obliterated. The EM 

grade symbols, however, will always be discernible, and the 

obliterated information can be obtained from the anomaly 

listing appended to this report. - - 



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  or 4 d o t s )  w i l l  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  from a  s m a l l  ppm anomaly ( n o  d o t s )  c o u l d  be 

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

t h e  anomaly from t h e  c o a x i a l  c o i l - p a i r  is 5 ppm or less 

on 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 mho v a l u e  and d e p t h  

e s t i m a t e  w i l l  i l l u s t r a t e  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  cases where  

two a n o m a l i e s ,  h a v i n g  s imi l a r  mho 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  r e l i a b i l i t y  o f  t h e  

conduc tance  measurement  w h i l e  showing t h a t  t h e  d e p t h  est i-  

mate can  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 

can p r o d u c e  an error i n  t h e  d e p t h  e s t i m a t e ,  i n c l u d i n g  t h e  

a v e r a g i n g  o f  t o p o g r a p h i c  v a r i a t i o n s  by t h e  a l t imeter ,  ove r -  

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

o f  t h e  c o n d u c t o r  r e l a t i v e  to  t h e  f l i g h t  l i n e .  Conduc to r  - - 
l o c a t i o n  and a t t i t u d e  can  p r o v i d e  an e r r o n e o u s  d e p t h  es t i -  

mate 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 t o  one s i d e  o f  t h e  f l i g h t  l i n e ,  or because  it h a s  

a s h a l l o w  d i p .  A heavy t ree  c o v e r  can  a l s o  p roduce  errors 

i n  d e p t h  e s t i m a t e s ,  T h i s  is because  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  of  b i r d  from 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  can  l o c k  on 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  d o e s  n o t  a f f e c t  t h e  conduc tance  

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  

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 

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 of  t h e  l i n e - t o - l i n e  c o r r e l a t i o n  of a n o m a l i e s ,  which is 

based on a comparison 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  of t h e  s u r v e y  a r e a ,  The absence  o f  

conduc to r  a x e s  i n  an a r e a  i m p l i e s  t h a t  anomal ies  cou ld  n o t  

be c o r r e l a t e d  from 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 c o r r e c t  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  

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



geology when p l a n n i n g  a  fo l low-up program. The a c t u a l  mho 

v a l u e s  a r e  p l o t t e d  f o r  t h o s e  who wish  q u a n t i t a t i v e  d a t a .  

The anomaly ppm and d e p t h  a r e  i n d i c a t e d  by i n c o n s p i c u o u s  

d o t s  which s h o u l d  n o t  d i s t r a c t  from t h e  c o n d u c t o r  p a t t e r n s ,  

w h i l e  b e i n g  h e l p f u l  t o  t h o s e  who 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  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  d i r e c t i o n ,  conduc tance ,  d e p t h ,  t h i c k n e s s  

(see be low) ,  and d i p .  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 ground EM s u r v e y  hav ing  t h e  same 

l i n e  s p a c i n g .  

An EM anomaly l i s t  a t t a c h e d  to  each  s u r v e y  r e p o r 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, and i n  mhos 

and e s t i m a t e d  d e p t h  f o r  t h e  v e r t i c a l  s h e e t  model. The EM 

anomaly l i s t  a l s o  shows t h e  conduc tance  i n  mhos and t h e  

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 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  less t h a n  15 m. The l ist  a l s o  shows t h e  resis- 

t i v i t y  and d e p t h  f o r  a  c o n d u c t i v e  e a r t h  ( h a l f  s p a c e )  model, 

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

warns t h a t  t h e  anomaly may be caused  by c o n d u c t i v e  

overburden.  



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

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

l o c a l  anomaly a m p l i t u d e s .  T h i s  c o n t r a s t s  w i t h  t h e  u s e  o f  

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

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

EM anomaly l i s t  and t h e s e  a r e  used  to  compute t h e  v e r t i c a l  

s h e e t  p a r a m e t e r s  o f  c o n d u c t a n c e  and d e p t h .  N o t  shown i n  

t h e  EM anomaly l ist  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 

t o  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  

DIG HEM*^ maps c o n t a i n  x- type EM r e s p o n s e s  i n  a d d i t i o n  

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

t h r e s h o l d  o f  2 ppm, and r e f l e c t s  one  o f  t h e  f o l l o w i n g :  a 

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

(e .g. ,  100 t o  120 m below s u r f a c e )  or to  one  s i d e  o f  a 

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  a p p e a r a n c e  o f  v a l i d  bedrock  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 ment ioned  i n  t h e  r e p o r t .  The o t h e r s  s h o u l d  n o t  

be  f o l l o w e d  up 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  - 

DIGHEMII 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  conduc to r .  The r a t i o  o f  t h e  anomaly 

a m p l i t u d e  o f  c h a n n e l  24/channel  22 g e n e r a l l y  i n c r e a s e s  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 .  T h i s  t h i c k n e s s  is e q u a l  t o  t h e  c o n d u c t o r  

w i d t h  i f  t h e  c o n d u c t o r  d i p s  a t  90 d e g r e e s  and s t r i k e s  a t  

r i g h t  a n g l e s  t o  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  to  be less 

t h a n  3m, and t h i c k  when i n  e x c e s s  o f  10 m. I n  b a s e  m e t a l  

e x p l o r a t i o n  a p p l i c a t i o n s ,  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  most 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  

u s u a l l y  t h i n .  An e s t i m a t e  o f  t h i c k n e s s  canno t  be o b t a i n e d  

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 , w h e n  t h e  conduc to 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  env i ronment  is below 100 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 - - 
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  of  o n l y  5 m i n  s u r v e y  a l t i t u d e  a s  



well as by increases in conductivity. The typical flight 

record in conductive areas is characterized by inphase and 

quadrature channels which are continuously active; local 

peaks reflect either increases in conductivity of the earth 

or decreases in survey altitude. For such conductive areas, 

apparent resistivity profiles and contour maps are necessary 

for the interpretation of the airborne data. The advantage 

of the resistivity parameter is that anomalies caused by 

altitude changes are virtually eliminated, so the resis- 

tivity data reflect only those anomalies caused by conduc- 

tivity changes. This helps the interpreter to differentiate 

between conductive trends in the bedrock and those patterns 

typical of conductive overburden. Discrete conductors will 

generally appear as narrow lows on the contour map and broad 

conductors will appear as wide lows. 

Channel 40 (see Appendix) and the resistivity.contour 

map present the apparent resistivity using the so-called 

pseudo-layer (or buried) half space model defined in Fraser 

(1978)~. This model consists of a resistive layer over- 

lying a conductive half space. Channel 41 gives the 

apparent depth below surface of the conductive material. 

- 
2~esistivity mapping with an airborne multicoil 
electromagnetic system: Geophysics, v 43, p. 144-172. 



The a p p a r e n t  d e p t h  t h e r e f o r e  is s imply  t h e  a p p a r e n t  t h i c k -  

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

(or  t h i c k n e s s )  p a r a m e t e r  w i l l  be  p o s i t i v e  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  t o  t h e  

t r u e  dep th .  

The a p p a r e n t  d e p t h  w i l l  be n e g a t i v e  when t h e  u p p e r  

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

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

t ree 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  o f  t h e  

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

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

and t h e  o u t p u t  r e s i s t i v i t y  and s e n s o r - s o u r c e  d i s t a n c e  a r e  

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

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

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

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



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

s i m p l e  l a y e r i n g  i n  a r e a s  l a c k i n g  a heavy t ree c o v e r .  The 

DIGHEMII s y s t e m  h a s  been  f l o w n  f o r  t h e  p u r p o s e  o f  

p e r m a f r o s t  mapping, where  p o s i t i v e  a p p a r e n t  d e p t h s  were 

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

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

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

measure o f  t h e  t h i c k n e s s  o f  t h e  c o n d u c t i v e  u p p e r  l a y e r  and,  

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

n e g a t i v e  a p p a r e n t  d e p t h  estimate u s u a l l y  shows t h a t  t h e  EM 

anomaly is c a u s e d  by c o n d u c t i v e  ove rburden .  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  4 1  c a n  b e  o f  s i g n i f i c a n t  h e l p  i n  

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

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

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

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

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

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

p r o c e s s i n g  o f  DIGHEMII d a t a ,  however,  p r o d u c e s  f o u r  

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  t o  t h e  r e c o g n i t i o n  

o f  bedrock  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  (number 3 3  and 3 4 ) ,  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  ( 4 0  and  4 1 ) .  The EM d i f f e r e n c e  c h a n n e l s  



e l i m i n a t e  up  t o  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  ground,  

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

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

An edge e f f e c t  a r i s e s  when t h e  c o n d u c t i v i t y  of  t h e  ground 

suddenly  changes ,  and t h i s  i s  a  s o u r c e  o f  g e o l o g i c  n o i s e .  

While edge  e f f e c t s  y i e l d  a n o m a l i e s  on t h e  EM d i f f e r e n c e  

c h a n n e l s ,  t h e y  d o  n o t  p roduce  r e s i s t i v i t y  anomal ies .  

Consequent ly ,  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  

anomal ies  due  t o  edge  e f f e c t s .  On t h e  o t h e r  hand, resis- 

t i v i t y  a n o m a l i e s  w i l l  c o i n c i d e  w i t h  t h e  most h i g h l y  conduc- 

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  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  bedrock 

conduc to r  i n  a  h i g h l y  c o n d u c t i v e  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  o f  t h e  two d i f f e r e n c e  

c h a n n e l s  ( 3 3  and 34)  and t h e  r e s i s t i v i t y  channe l  ( 4 0 ) .  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  

t h r e e  c h a n n e l s .  

Channel  41, which is t h e  a p p a r e n t  d e p t h  t o  t h e  conduc- 

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

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

zone i n  t h e  bedrock.  When t h i s  c h a n n e l  r i d e s  above t h e  z e r o  

l e v e l  on t h e  o r a n g e  p r o f i l e  p a p e r  ( i . e . ,  it 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  t o  a  c o n d u c t i v e  upper  l a y e r ,  i . e . ,  c o n d u c t i v e  



o v e r b u r d e n .  I f  c h a n n e l  4 1  is be low t h e  z e r o  l e v e l ,  it 

i n d i c a t e s  t h a t  a r e s i s t i v e  u p p e r  l a y e r  e x i s t s ,  a n d  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 .  

C h a n n e l s  3 5  and  3 6  are  t h e  anomaly  r e c o g n i t i o n  

f u n c t i o n s .  They a re  u s e d  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  3 7  w h i c h  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 n g  e n v i r o n m e n t s ,  c h a n n e l  3 6  may n o t  be g e n e r a t e d  

b e c a u s e  it is  s u b j e c t  t o  some c o r r u p t i o n  by  h i g h l y  conduc-  

t i v e  e a r t h  s i g n a l s ,  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  3 7 )  are  d i s c a r d e d  by t h e  human i n t e r p r e -  

t e r ,  The a u t o m a t i c  s e l e c t i o n  a l g o r i t h m  is i n t e n t i o n a l l y  

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

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

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

n o t  s u b s t a n t i a t e d  by t h e  d a t a ,  s u c h  a s  t h o s e  r i s i n g  f r o m  

g e o l o g i c  or a e r o d y n a m i c  n o i s e .  

T h e  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 f o r m a -  

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

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 .  



( b )  The EM map p o r t r a y s  a n o m a l i e s  i n  t h e  e a r t h ' s  

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

a change  f rom t h e  norm and s o  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  nar row,  conduc- 

t i v e  b o d i e s  and ( i i )  o v e r  t h e  boundary  zone 

be tween t w o  wide  f o r m a t i o n s  o f  d i f f e r i n g  

c o n d u c t i v i t y  . 

The r e s i s t i v i t y  map migh t  b e  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 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 t o  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  c o n d u c 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 t o  b e  more u s e f u l  t h a n  t h e  EM map. 

Reduc t ion  o f  g e o l o q 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 .  F o r  p u r p o s e s  o f  a i r b o r n e  EM s u r v e y i n g ,  g e o l o g i c  

n o i s e  r e f e r s  t o  EM r e s p o n s e s  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  

3 ~ h e  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  t o  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 .  The c a l c u l a -  

t i o n  o f  c o n d u c t a n c e  is based  on  EM a m p l i t u d e s  r e l a t i v e  
t o  a l o c a l  b a s e  l e v e l ,  r a t h e r  t h a n  t o  a n  a b s o l u t e  z e r o  
l e v e l  a s  f o r  t h e  r e s i s t i v i t y  c a l c u l a t i o n .  



and magnetic polarization. It was mentioned above that the 

EM difference channels (i.e., channel 33 for inphase and 34 

for quadrature) tend to eliminate the response of conductive 
1 

overburden. This marked a unique development in airborne EM 

technology, as DIGHEMII is the only EM system which yields 

channels having an exceptionally high degree of immunity to 

conductive overburden. 

Magnetite produces a form of geological noise on the 

inphase channels of all EM systems. Rocks containing less 

than 1 %  magnetite can yield negative inphase anomalies 

caused by magnetic polarization. When magnetite is widely 

distributed throughout a survey area, the inphase EM chan- 

nels may continuously rise and fall reflecting variations 

in the magnetite percentage, flying height, and overburden 

thickness. This can lead to difficulties in recognizing 

deeply buried bedrock conductors, particularly if conductive 

overburden also exists. However, the response of broadly 

distributed magnetite generally vanishes on the inphase 

difference channel 33. This feature can be a significant 

aid in the recognition of conductors which occur in rocks 

containing accessory magnetite. 



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  

produced by s u l f i d e s  t h a n  one  t h a t  is non-magnet ic .  How- 

e v e r ,  s u l f i d e  ore b o d i e s  may b e  non-magnet ic  ( e g g . ,  t h e  

Kidd Creek d e p o s i t  n e a r  Timmins, O n t a r i o ,  Canada)  as  w e l l  

a s  m a g n e t i c  ( e . g . ,  t h e  M a t t a b i  d e p o s i t  n e a r  S t u r g e o n  Lake,  

O n t a r i o ) .  

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

t h e  a i r c r a f t  t o  a n  a c c u r a c y  o f  one  gamma. The d i g i t a l  

t a p e  i s  p r o c e s s e d  by computer  t o  y i e l d  a  s t a n d a r d  t o t a l  

f i e l d  m a g n e t i c  map which is u s u a l l y  c o n t o u r e d  a t  25  gamma 

i n t e r v a l s .  The m a g n e t i c  d a t a  a l s o  a r e  t r e a t e d  mathemat ic -  

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

geo logy ,  and a n  enhanced m a g n e t i c  map is p roduced  w i t h  a 

1 0 0  gamma c o n t o u r  i n t e r v a l .  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 shown i n  F i g u r e  2. The 

100 gamma c o n t o u r  i n t e r v a l  is e q u i v a l e n t  t o  a  5  gamma i n t e r -  

v a l  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 .  T h i s  

i s  b e c a u s e  t h e s e  components  a r e  a m p l i f i e d  20 t i m e s  by t h e  
- - 

o p e r a t o r  o f  F i g u r e  2. 
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Figure 2 Frequency response of moqnef ic 
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The enhanced map, which b e a r s  a  r e semblance  t o  a 

downward c o n t i n u a t i o n  map, is  produced by d i g i t a l  bandpass  

f i l t e r i n g  t h e  t o t a l  f i e l d  d a t a .  The enhancement is equ iva -  

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 t o  a  l e v e l  ( above  

t h e  s o u r c e )  which is 1 /20 th  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 magne t i c  map b e a r s  a  r e s e m b l a n c e  

t o  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  

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

g e o l o g i c a l  s t r u c t u r e .  The c o n t o u r  i n t e r v a l  o f  100 gammas 

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

w h i l e  de-emphasizing deep-sea ted  r e g i o n a l  f e a t u r e s .  

CONDUCTORS I N  THE SURVEY AREA 

The e l e c t r o m a g n e t i c  maps show t h e  l o c a t i o n s  o f  

c o n d u c t o r s  and t h e i r  i n t e r p r e t e d  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 )  and d e p t h .  T h e i r  s t r i k e  

d i r e c t i o n  and l e n g t h  a r e  a l s o  shown when a n o m a l i e s  can  be 

c o r r e l a t e d  from l i n e - t o - l i n e .  When s t u d y i n g  t h e  maps f o r  

fol low-up p l a n n i n g ,  c o n s u l t  t h e  anomaly l i s t i n g s  appended t o  
- - 

t h i s  r e p o r t  t o  e n s u r e  t h a t  none o f  t h e  c o n d u c t o r s  a r e  

over looked.  



The s u r v e y  d a t a  be tween l i n e s  325 and 385  i n c l u s i v e  are 

p r e s e n t e d  on o n e  map s h e e t  which c o v e r s  t h e  a s s e s s m e n t  

a r e a .  The amount f l o w n  o n  t h e s e  l i n e s  t o t a l s  450 line-km. 

The EM map i n d i c a t e s  which a n o m a l i e s  are  b e l i e v e d  t o  be  

caused  by s u r f i c i a l  s o u r c e s .  G e n e r a l l y ,  s u c h  a n o m a l i e s  a r e  

n o t  commented on  below as  t h e  d i s c u s s i o n s  are d i r e c t e d  to  

i d e n t i f y i n g  bedrock  f e a t u r e s .  

A m o d e r a t e l y  l a r g e  r e s i s t i v i t y  l o w  encompasses  t h e  

g r a d e  1 EM anomaly 329A and t h e  a s s o c i a t e d  x- type  r e s p o n s e s  

on  t h e  west end  o f  l i n e s  330 and 331. W e l l  d e f i n e d  EM 

a n o m a l i e s  were n o t  g e n e r a t e d  by t h i s  r e s i s t i v i t y  l o w .  The 

l o w  r u n s  o f f  t h e  s u r v e y  area. I t  may s t r i k e  p a r a l l e l  t o  t h e  

f l i g h t  l i n e s  and it h a s  a s u b s t a n t i a l  a c r o s s - l i n e  h o r i z o n t a l  

w id th .  I t  r e f l e c t s  b r o a d l y  d i s t r i b u t e d  c o n d u c t i v e  m a t e r i a l  

w e l l  below t h e  d a y l i g h t  s u r f a c e .  

A r e s i s t i v i t y  l o w  r u n s  t h r o u g h  341xA. The t o t a l  f i e l d  

magne t i c  map a l so  shows t h a t  t r e n d s  e x i s t  p a r a l l e l  to  t h e  

f l i g h t  l i n e  a t  t h i s  p o i n t .  

Anomaly 325B is p a r t  o f  a l o n g ,  weakly  c o n d u c t i v e  zone 

which s t r i k e s  NW, r u n n i n g  o f f  t h e  s u r v e y  area. I t  e x t e n d s  

SE t o  329xC a s  c a n  b e  s e e n  on  t h e  EM map. T h i s  c o n d u c t i v e  



h o r i z o n  a p p e a r s  t o  c o n t i n u e  S E ,  s t r i k i n g  t h r o u g h  347C, 

365xC, e tc .  a s  is i n d i c a t e d  by t h e  r e s i s t i v i t y  c o n t o u r  

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

weakly c o n d u c t i v e  f o r m a t i o n  (which is b e s t  shown by t h e  

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

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

a r e  325B, 327E, 337xG, 347C and 349B. 

A l o n g  c o n d u c t i v e  zone r u n s  t h r o u g h  378xF t o  384xD. I t  

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

zone may be r e l a t e d  t o  t h e  l o n g  c o n d u c t i v e  zone d e s c r i b e d  

immedia te ly  above. 

Note t h e  r e s i s t i v i t y  low a t  t h e  e a s t  s i d e  o f  t h e  map 

from l i n e s  333 t o  342. T h i s  is mentioned because  it might  

be  o v e r l o o k e d  inasmuch a s  t h e  r e s i s t i v i t y  c o n t o u r s  a r e  n o t  

c l o s e d  o f f  t o  t h e  e a s t .  The bedrock c o n d u c t o r  339A-3423 is 

caused by t h i s  c o n d u c t i v e  zone. 

A number o f  non-magnetic,  s i n g l e - l i n e  o r  s h o r t  g r a d e  1 

EM anomal ies  e x i s t ,  e .g . ,  325A, 342A, 348B, 348E, 350A, 

351A, 353A, etc. The more a t t r a c t i v e  o f  such a n o m a l i e s  a r e  

t h o s e  which y i e l d  l o c a l  r e s i s t i v i t y  l o w s ,  e.g.  348B, 350A, 
- - 

353A. N o t e  a l s o  359xF-362xE and 363xC-365xC. These a r e  

bedrock c o n d u c t o r s  which have  w e l l  d e f i n e d  r e s i s t i v i t y  lows. 

The l a t t e r  is v e r y  s l i g h t l y  magnet ic .  



A l a r g e  number o f  EM a n o m a l i e s  o c c u r s  on t h e  w e s t  s i d e  

o f  t h e  map between l i n e s  360 a n d  385. Many o f  t h e s e  may 

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

i n t e r p r e t a t i o n  symbo l s  S and  S ?  (see map l e g e n d ) .  O t h e r s  

p r o b a b l y  i n d i c a t e  b e d r o c k  c o n d u c t o r s ,  e .g .  , 371A-372A, 378A, 

and  t h e  o t h e r s  which  a r e  n o t  downgraded by S or S ?  

R e s p e c t f u l l y  s u b m i t t e d ,  
D I G H E M  LIMITED 

D.  C. F r a s e r  
P r e s i d e n t  

T h r e e  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 s  
R e s i s t i v i t y  
Magne 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  



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  a r e  p r o d u c e d .  The  

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

computer  and p l o t t e d  on o r a n g e  c h a r t  p a p e r  a t '  a s c a l e  i d e n t i c a l  

t o  t h e  g e o p h y s i c a l  maps. The d i g i t a l  p r o f i l e s ,  w h i c h  may be 

d i s p l a y e d ,  a r e  a s  f o l l o w s :  

HAG 
ALT 
CX I 
CXQ . 
CP I 
CPQ 
V L F T  
VLFQ 
cxs 
C P  S 
D I F I  
D l  FQ 
REC 1 
RECZ 
SIGT  
RES 
D P  
R E S 2  
DP 2 

magne tomete r  
b i r d  h e i g h t  
c o a x i a l  c o i l - p a i r  i n p h a s e  
c o a x i a l  c o i l - p a i r  q u a d r a t u r e  
c o p l a n a r  c o i l - p a i r  i n p h z s e  
c o p l z n a r  c o i l - ? a i r  q u a d r a t u r e  
VLF-E>i t o t a l  f i e l d  
VLF-EH v e r t i c a l  q u a d r a t u r e  
a m b i e n t  n o i s e  m o n i t o r  ( c o a x i a l  c o i l )  
arcbient  n o i s e  m o n i t o r  ( c o p l a n a r  c o i l )  
d i f f e r e n c e  f u n c t i o n  i n p h a s e  
d i f f e r e n c e  f u n c t i o n  q u a e r a t u r e  
f i r s t  anoinaly r e c o g n i t i o n  f u n c t i o n  
s e c o n d  anomaly r e c o g n i t i o n  f u n c k i o n  
c o n d u c t a n c e  
l o g  r e s i s t i v i t y  a t  main f r e q u e n c y  
a p p a r e n t  d e p t h  a t  main f r e q u e n c y  
l o g  r e s i s t i v i t y  a t  s e c o n d a r y  f  r c q u c n c y  
a p p a r e n t  d e p t h  a t  s e c o n d a r y  f r e q u e n c y  

Scale 
u n i  ts/mm 

10 gamma 
10 f e e t  
1 PPm 
J PPm 
1 PPm 
1 PPm 
1. % 
1 % 
1 PPm 
1 PPm 
1 PPm 
1 PPm 
'I PPm 
1 PPm 
1 mho 

.03 d e c a d e  
3 m 

- 0 3  d e c a d e  
3 m 

Ncise 

2 car rna  
5 f e e t  
1-2 ppm 
1-2 ppn 
1-2 ppx 
1-2 pprn 
1-2 % 
1-2 % 

1 p p m  
1 P?n 

1-2 ppm 
1-2 ppm 
1-2 ppm 
1-2 ppn 

Note: C h a n n e l s  4 2  t o  4 4  are e x p e r i m e n t a l .  



(ii) 

The 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  magn i tude  i n  3 3  mm. 

The r e s i s t i v i t i e s  a t  0 ,  3 3 ,  67 a n d  1 0 0  mm up f r o m  t h e  bot tom 

of t h e  c h a r t  a r e  r e s p e c t i v e l y  1, 1 0 ,  1 0 0  a n d  1000  ohm-m. 

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

p o i n t s  on t h e  ground which were r e c o g n i z e d  by t h e  a i r c r a f t  

n a v i g a t o r .  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 1  lowed 

a c c u r a t e  pho to -pa th  r e c o v e r y  l o c a t i o n s  f o r  t h e  f i d u c i a l s ,  

which were t h e n  p l o t t e d  on t h e  g e o p h y s i c a l  maps t o  p r o v i d e  

t h e  t r a c k  o f  t h e  a i r c r a f t .  

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

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

h e l i c o p t e r  s p e e d  changes .  Such 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 .  

The f o l l o w i n g  b r i e f  d e s c r i p t i o n  o f  DIGHEMII 

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

p r o f i l e s * .  - - 

 or a d e t a i l e d  d e s c r i p t i o n ,  see D.C. F r a s e r ,  G e o p h y s i c s ,  
v .44,  p.1367-1394. 



( i i i )  

S i n g l e - f r e q u e n c y  s u r v e y i n g  

The DIGHEMII s y s t e m  h a s  t w o  t r a n s m i t t e r  c o i l s  which  

a r e  mounted a t  r i g h t  a n g l e s  t o  e a c h  o t h e r .  Both  coi ls  

t r a n s m i t  a t  a p p r o x i m a t e l y  t h e  same f r e q u e n c y .  ( T h i s  

f r e q u e n c y  is g i v e n  i n  t h e  I n t r o d u c t i o n . )  T h u s ,  t h e  s y s t e m  

p r o v i d e s  t w o  c o m p l e t e l y  i n d e p e n d e n t  s u r v e y s  a t  o n e  p a s s .  I n  

a d d i t i o n ,  t h e  d i g i t a l  f l i g h t  c h a r t  p r o f i l e s  ( g e n e r a t e d  by 

c o m p u t e r )  i n c l u d e  an  i n p h a s e  c h a n n e l  and a q u a d r a t u r e  

c h a n n e l  wh ich  e s s e n t i a l l y  are f r e e  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  o v e r b u r d e n .  A l s o ,  t h e  EM c h a n n e l s  may i n d i c a t e  

w h e t h e r  t h e  c o n d u c t o r  is t h i n  ( e .g . ,  less t h a n  3 m ) ,  or h a s  

a  s u b s t a n t i a l  w i d t h  ( e .g . ,  g r e a t e r  t h a n  1 0  m ) .  F u r t h e r ,  t h e  

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

and  c o n d u c t a n c e .  A minimum o f  11 EM c h a n n e l s  are p r o v i d e d .  

The DIG HEM*^ s y s t e m  t h e r e f  ore g i v e s  i n £  o r m a t i o n  . i n  one  

p a s s  which  c a n n o t  be o b t a i n e d  by a n y  o t h e r  a i r b o r n e  or 

g round  EM t e c h n i q u e .  

F i g u r e  A 1  shows a DIGHEMII f l i g h t  p r o f i l e  o v e r  t h e  

m a s s i v e  p y r r h o t i t e  ore body i n  Montcalm Township ,  O n t a r i o .  

I t  w i l l  s e r v e  t o  i d e n t i f y  t h e  m a j o r i t y  o f  t h e  a v a i l a b l e  

- - c h a n n e l s .  



Fig. Al. Flight over Montcalm deposit, with line parallel to 
strike 



The t w o  u p p e r  c h a n n e l s  (numbered  20 and  2 1 )  a r e  

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

22 and 23 are r e s p e c t i v e l y  t h e  i n p h a s e  and  q u a d r a t u r e  o f  t h e  

c o a x i a l  c o i l - p a i r ,  wh ich  is t e r m e d  t h e  s t a n d a r d  c o i l - p a i r .  

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

a l l  i n p h a s e - q u a d r a t u r e  a i r b o r n e  EM s y s t e m s .  C h a n n e l s  24 and  

25 are t h e  i n p h a s e  and  q u a d r a t u r e  o f  t h e  a d d i t i o n a l  c o p l a n a r  

c o i l - p a i r  which  is t e r m e d  t h e  w h a l e t a i l  c o i l - p a i r .  

C h a n n e l s  3 1  a n d  32  a r e  i n p h a s e  and q u a d r a t u r e  sum 

f u n c t i o n s  o f  t h e  s t a n d a r d  and  w h a l e t a i l  c h a n n e l s ;  t h e y  

p r o v i d e  a  condensed  v i ew o f  t h e  f o u r  b a s i c  c h a n n e l s  22 t o  

25. The sum c h a n n e l s  n o r m a l l y  a r e  n o t  p l o t t e d .  

C h a n n e l s  3 3  and  34 are 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  f u n c t i o n s  o f  t h e  s t a n d a r d  and  w h a l e t a i l  

c h a n n e l s .  The d i f f e r e n c e  c h a n n e l s  a r e  almost f r e e  f rom 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 .  C h a n n e l  3 7  is t h e  

c o n d u c t a n c e .  The c o n d u c t a n c e  c h a n n e l  e s s e n t i a l l y  is an  

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

mhos; it is t r i g g e r e d  by t h e  anomaly  r e c o g n i t i o n  f u n c t i o n s  

shown a s  c h a n n e l s  3 5  a n d  36. 
- - 



Channe l  40 is t h e  r e s i s t i v i t y ,  which  is d e r i v e d  f rom 

t h e  w h a l e t a i l  c h a n n e l s  24 and  25. The r e s i s t i v i t y  c h a n n e l  

40 y i e l d s  d a t a  which c a n  be c o n t o u r e d ,  and so t h e  DIGHEMI* 

s y s t e m  y i e l d s  a r e s i s t i v i t y  c o n t o u r  map i n  a d d i t i o n  to  an  

e l e c t r o m a g n e t i c  map, a m a g n e t i c  c o n t o u r  map, and an  enhanced  

m a g n e t i c  c o n t o u r  map. The enhanced  m a g n e t i c  c o n t o u r  map is 

s i m i l a r  to  t h e  f i l t e r e d  m a g n e t i c  map d i s c u s s e d  by F r a s e r . *  

F i g u r e  A2 p r e s e n t s  t h e  DIGHEMII r e s u l t s  f o r  a l i n e  

f l o w n  p e r p e n d i c u l a r l y  t o  t h e  Montcalm ore body. Channe l  20 

shows t h e  1 7 5  gamma m a g n e t i c  anomaly c a u s e d  by t h e  m a s s i v e  

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

p o i n t s  a r e  o f  i n t e r e s t :  

1. On c h a n n e l s  22-25 and  31-34, t h e  ore body e s s e n t i a l l y  

y i e l d s  o n l y  an i n p h a s e  r e s p o n s e .  The q u a d r a t u r e  

r e s p o n s e  is a l m o s t  c o m p l e t e l y  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  (which  a l s o  g i v e s  a s m a l l  i n p h a s e  

r e s p o n s e ) .  The h a c h u r e s  show t h e  EM r e s p o n s e  f rom t h e  

o v e r b u r d e n .  The o v e r b u r d e n  r e s p o n s e  v a n i s h e s  on t h e  

*Cdn. I n s t .  Mng., B u l l . ,  A p r i l  1974.  

- - 
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Fig .  A2. F l i g h t  o v e r  Montcalm d e p o s i t ,  w i t h  line perpendicular to s t r i k e .  



( v i i i )  

d i f f e r e n c e  EM c h a n n e l s ,  as c a n  b e  s e e n  by c o m p a r i n g  t h e  

q u a d r a t u r e  c h a n n e l s  2 5  a n d  34.  T h i s  is a n  i m p o r t a n t  

p o i n t  t o  n o t e  b e c a u s e  DIGHEMII is t h e  o n l y  EM s y s t e m  

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

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

o v e r b u r d e n  r e s p o n s e .  

2. The  w h a l e t a i l  anomaly  of c h a n n e l  24 h a s  a s i n g l e  peak .  

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

I f  t h e  w i d t h  had  b e e n  u n d e r  3  m,  t h e  c o n d u c t o r  would 

h a v e  p r o d u c e d  a weak m-shaped anoma ly  on c h a n n e l  24. 

3 .  The ore body y i e l d s  a r e s i s t i v i t y  o f  5  ohm-m i n  a 

b a c k g r o u n d  o f  a b o u t  200 ohm-m ( c f .  c h a n n e l  4 0 ) .  A 

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

a - s p a c i n g  o f  50  m showed a s imi l a r  b a c k g r o u n d ,  b u t  t h e  

ore body g a v e  a l o w  o f  o n l y  5 3  ohm-m b e c a u s e  o f  t h e  

a v e r a g i n g  e f f e c t  i n h e r e n t  i n  t h e  g r o u n d  t e c h n i q u e .  

4. The ore body h a s  a c o n d u c t a n c e  o f  330  mhos a c c o r d i n g  t o  

i ts  EM r e s p o n s e  on t h i s  p a r t i c u l a r  f l i g h t  l i n e .  The  

c o n d u c t a n c e  c h a n n e l  37  s a t u r a t e s  a t  1 0 0  mhos,  and so 

- - t h e  d e p o s i t  is i n d i c a t e d  by a 100-mho s p i k e .  



F i g u r e  A 1  i l l u s t r a t e s  t h e  DIGHEMII r e s u l t s  f o r  a  l i n e  

f lown s u b p a r a l l e l  t o  t h e  o r e  body. The ore body anomaly is 

s m a l l  on t h e  s t a n d a r d  c o i l - p a i r  ( c h a n n e l  22)  b u t  shows up 

s t r o n g l y  on t h e  w h a l e t a i l  c o i l - p a i r  ( c h a n n e l  2 4 ) .  

For  s u r v e y s  f lown p r i m a r i l y  f o r  r e s i s t i v i t y  mapping, a s  

opposed t o  EM s u r v e y i n g ,  t h e  t w o  t r a n s m i t t e r  co i l s  may be 

e n e r g i z e d  a t  t w o  w e l l - s e p a r a t e d  f r e q u e n c i e s  ( e g g . ,  900  and 

3600 Hz).  Apparent  r e s i s t i v i t y  and a p p a r e n t  d e p t h  maps c a n  

be  made i n d e p e n d e n t l y  f o r  e a c h  f r e q u e n c y .  The i n t e r -  

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

r e s i s t i v i t i e s  and a p p a r e n t  d e p t h s  a t  t h e  t w o  f r e q u e n c i e s .  

The u s e  of t w o  d i f f e r e n t  c o i l - p a i r  o r i e n t a t i o n s  ( i . e . ,  

s t a n d a r d  and w h a l e t a i l )  f o r  d u a l - f r e q u e n c y  r e s i s t i v i t y  

mapping is a n  unor thodox p r o c e d u r e .  However, a s  l o n g  a s  t h e  

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

d i f f e r e n t  co i l  o r i e n t a t i o n s  do  n o t  i n £  l u e n c e  t h e  r e s u l t s ,  

a c c o r d i n g  t o  superposed  d i p o l e  t h e o r y .  Wire f e n c e s  and 

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



because  t h e y  u s u a l l y  r espond  p r e f e r e n t i a l l y  to one  or t h e  

o t h e r  of  t h e  c o i l - p a i r s .  

The d i f f e r e n c e  c h a n n e l s  3 3  and 34 a r e  n o t  p roduced  

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

r e n d e r s  them m e a n i n g l e s s .  I n  a d d i t i o n ,  c h a n n e l s  3 5  t o  37 

a l s o  a r e  n o t  produced.  



A P P E N D I X  B 



SC:X :: L CC3L$N:F; . V E P T I t b L  - i 0 9 7 L G ? J T a L  C C h D U C T I V E  
C C l L  C C Z L  . C i K ,  0 S H E E T  E A R T Y  

L::\F 5 LZC, h J t 2  P E A L  GJP3 . COYiC J E ? T i * -  C3t i3  G E P T H  F E S I S  3 E P T 3  
f : c y j L y  P P ~  5 p y  ?p:! p . 4 h j S  F E E T  . Y - i C S  F E E T  CHK-M F E E T  





C C A X I A L  C C ? L A l i k F ,  V E R T I C A L  -iC?IZC!JTAL CGUCUCTI  V E  

2 C I L  L'r I L  C i K S  S F S E T  E A R T H  

L i t ; :  & RSPL C J k 3  A C ' J f 3  CONE 2 E ? T ! i I .  C3N9 C f P T H  R Z S I S  3 E P T H  
F , . ~ " C L Y  P F 4  3 P Y  P F Y  .'F:? . ,414:s F E E T  . VdOS F E E T  C 3 M - H  F E E T  



V 5 R T I C A L  . H C E I  ZOIJTAL CDhDLJCTIVE 
D I K E  . S k E E T  EARTH . 

COND i Y E ? T H s .  C 3 K D  C f P T H  RESXS D E P T H  
YH3S F Z E T  a M H D S  F E E T  C A N - M  F E E T  



C C  3 Y  IE .L  TC?L :tvAF. . V E R T I C A L  Y C 2 I Z G ; i T A L  C O U D U C T I V E  
LC I L  C i l i L  . C i K E  . S H E E T  Z A R T H  . , 

L 2 t . E  5 K E C ,  C g P 3  E f k t  C 3 J 3  . SPND D E F T d * .  C3N3 DEFTH RfSIS 3 E P T Y  
& ' J C f E ~ \  ?F;? F P A  PPE ? F +  . ! 4 H 3 S  F E E T ,  P q O S  F E E T  CHI.;-M F E E T  



APPENDIX C 

CERTIFICATE 

I, Douglas C. Fraser, of the City of Mississauga, Ontario, 

Canada do hereby certify that: 

1. I am a geophysicist residing at 3191 Cedartree Cres., 

Mississauga, Ontario. 

2. I am a graduate of the University of New Brunswick with 

a B.A. Sc. degree (1957) and a M.A. Sc3 degree (1960) in 

Geology, and of the University of California with a 

Ph.D. degree (1966) in Geophysics. 

3. I have been practising my profession since January 1966. 



APPENDIX C 

DOUGLAS C. FRASER 

Douglas C. Fraser obtained a Bachelor's and Master's degree 

in geology at the University of New Brunswick and, in 1966, 

a Ph.D. degree in geophysics at the University of California 

at Berkeley. He has published papers on copper geochemistry, 

electromagnetics, VLF-EM, induced polarization, ground and 

airborne resistivity, digital filtering and correlation 

techniques, and on the design of new interpretation methods. 

He has been responsible for the design and development of 

the DIGHEM airborne electromagnetic system. 

Dr. Traser has been employed in geological mapping and 

geophysical exploration in both the mining and petroleum 

industries, and in geochemical prospecting for base metals. 

He is president of Dighem Limited and Fraser Consultants Inc., 

and is a member of the Association of Professional Engineers 

of Ontario, the Society of Exploration Geophysicists, the 

European Association of Exploration Geophysicists, the 

Canadian Institute of Mining, and is a member and past-president 

of the Canadian Exploration Geophysical Society. 



APPENDIX D 

Dishem Limited 
P.O. BOX 178, SUITE 7010, 1 FIRST CANADIAN PLACE 

TORONTO, ONTARIO, CANADA M5X 1C7 
TEL.: (416) 862-7568 TELEX:  GEOPHYSICS TOR 06-219566 

AUSTRALIA 
133-135 ALEXANDER STREET 
P.O. BOX 57 
CROWS NEST, N.S.W. 2065 
TEL.: (02) 439-5488 
TELEX: SECCO AA25468 October 21, 1981 

TO WEOM IT MIY CONCERN 

~iqhem Limited did undertake and complete an airborne electromagnetic/resistivity/ - 
magnetic survey of 3,696 line-km for United Keno Hill Mines in the 
Yukon. The field work was carried out in May and June of 1981. 

The following is the list of Dighem's personnel who worked on this 
stages. 

I. CONTRACT NEGOTIATIONS 

Name 

D.C. Fraser 

M.M. Steiner 

Z. Dvorak 

I1 FIELD WORK 

W.R. Blight 

R. Morrow 

G. Charbonneau 

B. Carruthers 

R. Eichmanis 

S. Arstad 

Position-Function 

President 

vice-president 

Chief Geophysicist 

Operation Supervisor 

Pilot 

Pi lot 

~avigator-operator 

~avigator-operator 

Navigator-operator 

Home Address 

3191 Cedartree Cres. 
Mississauga L4Y 3G3 
15 Quincy Cres. 
Willowdale M2J 1C5 
I46 Three Valleys Rd. 
Don Mills M3A 3B9 

62 Henley Cres. unit 18 
Rexdale M9W 2x3 
R.R. #Ir Bath 
Ontario 
R.R. #I, Pembroke 
Ontario 
R.R. #2, Stayner 
Ontario 
2355 Lakeshore Blvd W. 
#508,Toronto M8V 1B9 
R.R. #2 
Parry Sound P2A 2W9 

Carmacks area, 

job at various 

Home Telephone 
Number 

ELECTROMAGNETICS/RESIST/ VlTY/MAGNETICS 
for metal ore, gravel, permafrost, soils 
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I11 COMPUTER PREPARATION & ANALYSIS OF DATA 

P.W. Strandberg Geophysicist- 
Computer Manager 

E. Swanborough Data Processing 
Supervisor 

J. Parsonage Data Compilation 
Technician 

W. Novak Data processor 

IV INTERPRETATION OF DATA 

D.C. Fraser 
Z. Dvorak 
S . Ver gos 
T. Urquhart 

V DRAFTING 

R. Jessup 

R. Purcell 

E. Janiec 

VI REPORT TYPING 

E. Friday 

B. Senov 

D. Jeffreys 

President 
Chief Geophysicist 
Geophysicist 

Geophysicist 

Drafting Supervisor 

Draftsman 

Draftsman 

Draftsman 

Word Processing 
Operator 
Word Processing 
Operator 
Engineering Secretary 

The above was prepared by S. Vergos upon 

DIGHEM LIMITED 

84 Pugsley Ave. 
Richmond Hill L4G 1Z9 (416) 883-5810 
6225 Judique Rd., #24 
Mississauga L5N 2G4 (416) 821-2632 
75 Edgar Ave. 
Thornhill L4J IS8 (416) 881-1879 
1423 Mississauga Valley Rd. 
#823, Mississauga L5A 3R8 (416)275-5764 

As shown above 
As shown above 
281 Humberside Ave. 
Toronto M6P 1K9 (416) 766-0132 
134 Divadale Dr. 
Toronto M4G 2P4 (416) 425-3639 

1250 Canborough Cres. 
Pickering L1V 301 (4 16) 839-5469 
235 Brookbanks Dr. 
Don Mills M3A 2T7 (416) 449-6392 
108 Henderson Dr. 
Aurora (1) 727-1503 
110 St. Clair Ave. W. 
Toronto M4V IN4 (4 16) 924-6386 

655 Broadview Av. #I308 
Toronto M4V 2P3 (416) 469-3938 
30 Charles St. W. #811 
Toronto M4Y 1R6 (41 6) 968-7723 
2170 Sherobee Rd. #I405 
Mississauga (416) 270-51 08 

request of United Keno Hill Mines. 

S: Vergos 
Geophysicist 
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LOGISTICS REPORT 

F I L  CLAIM BLOCK, MINT0 AREA, 
YUKON TERRITORY 

FOR 

Toronto, Ontario 
June 11, 1981 

UNITED KENO HILL MINES LIMITED 

BY 

DIGHEM LIMITED 

Z ,  Dvorak 
Geophysicist 
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SCALE 1:250,000- 

Figure 1. - Survsy area. 



h DIGHEMII survey o f  946  l i n e - k i l o m e t r e s  was f i o w n  

w i t h  a  200 m l i n e - s p a c i n g  f o r  t h e  U n i t e d  Keno H i l l  M i n e s  

L i m i t e d ,  f r o m  May 2 7  t o  J u n e  6 ,  1 9 8 1  i n  t h e   into a rea ,  

Yukon T e r r i t o r y  ( F i g u r e  1 ) .  

The Lama C-GDEM j e t  h e l i c o p t e r  f l e w  w i t h  a n  a v e r a g e  

a i r s p e e d  of 1 1 5  km/h a n d  EM b i r d  h e i g h t  o f  3 6  m. ~ n c i l l a r y  

equ ipmen t  c o n s i s t e d  of a S o n o t e k  PMII-5010 m a g n e t o m e t e r  w i t h  

i ts  b i r d  a t  a n  a v e r a g e  h e i g h t  of 51 m, a  S p e r r y  r a d i o  

a l t i m e t e r ,  Geocam s e q u e n c e  camera, B a r r i n g e r  8 - c h a n n e l  h o t  

p e n  a n a l o g  r e c o r d e r ,  and  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  w i t h  a D i g i  D a t a  DPS 1100  9 - t r a c k  800-bp i  

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  of 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  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  a n d  c o p l a n a r  r e c e i v e r s ) ,  a n d  -. 

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

d i g i t a l  e q u i p m e n 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  of 

0 .25  ppm/b i t  a n d  t h e  m a g n e t i c  f i e l d  t o  o n e  gamma/bi t .  

SURVEY PROCEDURES 

D u r i n g  t h e  c o u r s e  of t h e  s u r v e y  t h e  f o l l o w i n g  d a t a  were 

r e c o r d e d :  



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

f o u r  EM c h a n n e l s  and  t w o  e n v i r o n m e n t a l  m o n i t o r  EM 

c h a n n e l s .  

One c h a n n e l  o f  t h e  t e r r a i n  c l e a r a n c e  p r o v i d e d  by 

t h e  r a d a r  a l t i m e t e r .  

One c h a n n e l  o f  t h e  t o t a l  m a g n e t i c  f i e l d  p r o v i d e d  

by t h e  m a g n e t o m e t e r .  

A p h o t o g r a p h i c  r e c o r d  o f  the t e r r a i n  p a s s i n g  below 

t h e  a i r c r a f t  o b t a i n e d  f r o m  t h e  35 mm c a m e r a .  

Time m a r k s  i m p r e s s e d  s y n c h r o n o u s l y  on t h e  f i l m ,  

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

p o s i t i o n i n g  on  t h e  f i n a l  maps. 

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

i n  t h e  a n a l o g  a n d  d i g i t a l  f o r m s .  - ._ 

PROCESSING AND PRES,ENTATION O F  DATA 

EM d a t a  r e c o r d e d  by t h e  DIGHEMII s y s t e m  d u r i n g  t h e  

s u r v e y  were p r o c e s s e d  and  i n t e r p r e t e d  by a c o m p u t e r  on  t h e  

b a s i s  of t h e  f o l l o w i n g  models :  

( a )  V e r t i c a l  t h i n  s h e e t  c o n d u c t o r  y i e l d i n g  c o n d u c t a n c e  

a n d  d e p t h .  



( b )  H o r i z o n t a l  s h e e t  y i e l d i n g  c o n d u c t a n c e  and  d e p t h .  

( c )  C o n d u c t i v e  e a r t h  y i e l d i n g  a p p a r e n t  r e s i s t i v i t y  and 

d e p t h .  

The t o t a l  m a g n e t i c  f i e l d  d a t a  were l e v e l l e d  a n d  a 

c o n t o u r e d  m a g n e t i c  map was p r o d u c e d .  

The m a g n e t i c  d a t a  was a l s o  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 ,  

a n d  t o  de-emphas ize  d e e p - s e a t e d  r e g i o n a l  f e a t u r e s .  

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

f o l l o w s :  

(a) C o m p u t e r - g e n e r a t e d  p r o f i l e s  of e a c h  l i n e  . 
c o n t a i n i n g  f o u r  c h a n n e l s  o f  EM d a t a ,  t w o  EM 

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

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

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

a l t i t u d e ,  and  t w o  e n v i r o n m e n t a l  EM m o n i t o r  

c h a n n e l s .  

( b )  The m a s t e r  p h o t o m o s a i c  w i t h  e l e c t r o m a g n e t i c  

i n f o r m a t i o n  shown t h e r e o n .  



( c )  A tranr,parent print of the photomosaic with 

contoured total xiagnetic field information shown 

thereon. 

(d) A transparent print of the photomosaic with 

contoured enhanced magnetic field information 

shown thereon. 

(el A transparent print of the photomosaic with 

contoured resistivity information shown thereon. 

(f) Two white paper prints of each map listed in (b), 

( c ) ,  (d) and (e) above. 

(4) Two copies of a brief interpretative report. 

SURVEY CHARGES 

The services provided by DIGHEM include: 

(a) Preparation of mosaics and other data prior to 

flying. 

(b) The flying iteself and all supervision. 

(c) Brief interpretation of the results of the survey. 

( d )  The preparation and delivery of the survey report 

and survey maps. 



Charges for the above sevices are as follows: 

( a )  Ferry a n d  mobilization charges $ 4,600.00 

(b) Survey c-barges, 946 line-km 
@ $52.80/line-km 49,948.80 

( c )  Total of (a) a n d  ( b )  $54,548.80 

Respectfully submitted, 
DIGHEM LIMITED 

Z. Dvorak 
Geophysicist 










	090850
	Dighem Survey
	Table of Contents
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	Appendix E
	Pocket Maps

