
1 9 8 1  G e o p h y s i c a l  A s s e s s m e n t  R e p o r t  
e, 

T I T L E  

CLAIMS 

COMMODITY 

LOCATED 

BY 

FOR 

WORK PERIOD 

A i r b o r n e  E l e c t r o m a g n e t i c  and Magnetic 
Survey ,  Midway Property,  T o o t s e e  R i v e r  
A r e a ,  B r i t i s h  C o l u m b i a  and Yukon 

M i d  ( 1 - 1 6 0 )  - Yukon 
Way ( 1 - 2 3 ) ,  B u l l  ( 1 - 3 ) ,  B u l l  4 F r . ,  Macc 
C l i m a x  1-11, Pos t  1 - B r i t i s h  C o l u m b i a  

Pb/ Z n / A g  

9 0  k i l o m e t r e s  w e s t  of Watson Lake, Y.T. 
L a t i t u d e  6 0 ° 0 0 ' N  L o n g i t u d e  1 3 O o 1 0 ' W  
NTS 1 0 5 B / 1  and 104 0/16 
Watson Lake Mining D i s t r i c t ,  Yukon 
L i a r d  Mining D i v i s i o n ,  B r i t i s h  C o l u m b i a  

J . L .  L e B e l ,  AMAX Minerals E x p l o r a t i o n  
D i g h e m  L i m i t e d ,  T o r o n t o ,  O n t a r i o  

R e g i o n a l  R e s o u r c e s  L t d .  

May 9 ,  1 9 8 1  t o  May 2 1 ,  1981  

AMAX VANCOUVER O F F I C E  



- Tab le  of Con ten t s  

Qpendices  

Appendix A - The F l i g h t  Record and P a t h  Recovery 
B - EM Anomaly L i s t  

C - E l e c t r o m a g n e t i c s  and Magnet ics  

D - Sta t emen t  of  C o s t s  

E - Sta t emen t  of Q u a l i f i c a t i o n s  

F i s u r e s  

F i g u r e  1 - Locat ion Map-------------------- 1:250,00O---after page 2 
E l e c t r o m a g n e t i c s  S h e e t s  1,2,3---1:15,000---- i n  p o c k e t  
R e s i s t i v i t y  S h e e t s  1,2,3-------- 1:15,000---- i n  pocke t  
Magnet ics  S h e e t s  1,2,3----------1:15,000---- i n  pocke t  
Enhanced Magnet ics  S h e e t s  1,2,3-1:15,000---- i n  p o c k e t  



1 

SUMMARY 

A 7 8 2  l i n e  k i l o m e t r e  a i r b o r n e  e l e c t r o m a g n e t i c /  
magnet ic  su rvey  w a s  conducted on t h e  Midway p r o p e r t y  which 
s t r a d d l e s  t h e  B.C./Yukon b o r d e r  approximate ly  9 0  k i l o m e t r e s  
w e s t  of  Watson Lake, Y.T.  A t  t h e  t i m e  of  t h e  su rvey ,  t h e  
p r o p e r t y  c o n s i s t e d  of 1 6 0  claims (Mid 1-160) i n  t h e  Yukon 
and 39 claims (Way 1-25, B u l l  1-3,  Maec, Climax 1-11, Post  

1) and one f r a c t i o n a l  c l a i m  ( E u l l  4 F r . )  i n  B r i t i s h  Columbia. 

The p r o p e r t y  i s  u n d e r l a i n  by a sequence  o f  c l a s t i c  
sed imen ta ry  r o c k s  t h e  l o w e s t  u n i t  of which ,a  g r a p h i t i c  s h a l e ,  
h o s t s  b a r i t e  beds  and e x h a l a t i v e  c h e r t  h o r i z o n s .  A bedded 
mass ive  s u l p h i d e  h o r i z o n  i s  l o c a t e d  on t h e  B u l l  3 c l a i m  i n  
a s i m i l a r  s t r a t i g r a p h i c  p o s i t i o n .  

Of numerous e l e c t r o m a g n e t i c  anomal ies  r eco rded  by 

q, t h e  su rvey  t h e  m a j o r i t y  are caused  by wide (or  m u l t i p l e ) ,  
p robab ly  f l a t  l y i n g  c o n d u c t o r s  and none can  be r e a d i l y  a t t r i -  
b u t e d  t o  a mass ive  s u l p h i d e  r e sponse .  

A r e s i s t i v i t y  map p r e p a r e d  from t h e  e l e c t r o m a g n e t i c  
d a t a  shows t h a t  t h e  area i s  modera te ly  t o  h i g h l y  conduc t ive  
and t h a t  zones of  v e r y  h i g h  c o n d u c t i v i t y  c o r r e l a t e  w i t h  t h e  
observed  s h a l e  u n i t s .  

S e v e r a l  s m a l l  magnet ic  c l o s u r e s  associated w i t h  
conduc to r s  on t h e  east  side of t h e  p r o p e r t y  s u g g e s t  t h e  p r e s e n c e  
o f  s u l p h i d e s  a l t h o u g h  known m i n e r a l i z a t i o n  e l sewhere  i s  devoid  
of magnet ic  m i n e r a l s .  
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Qy 
INTRODUCTION 

R e s u l t s  of a 7 8 2  l i n e  k i l o m e t r e  a i r b o r n e  electro- 
magnet ic  a n d  magne t i c  s u r v e y  ( F i g u r e  1) f lown o n  t h e  M i d w a y  

p roper ty  are documented i n  t h i s  repor t .  T h e  survey  w a s  done 

by D i g h e m  L i m i t e d ,  S u i t e  7 0 1 0 ,  1 F i r s t  Canadian P l a c e ,  

T o r o n t o ,  O n t a r i o  between May 9 t h  and May 2 1 s t ,  1 9 8 1 .  B a s e  

of operat ions f o r  t h e  su rvey  w a s  a t  Rancheria ,  Y.T. 

T h e  Midway property s t raddles  t h e  B.C. /Yukon border 

approximately 9 0  k i lome t re s  w e s t  of Watson L a k e ,  Y.T. a t  
l a t i t u d e  60°00'N and l o n g i t u d e  13Oo10'W (NTS 1 0 5 B  and NTS 

1 0 4 0 ) .  

The proper ty  cons is t s  of 240 claims i n  t h e  Watson 
L a k e  Mining D i s t r i c t ,  Y.T. and 3 9  claims and one f r a c t i o n a l  
c l a i m  i n  t h e  L i a r d  Mining Div i s ion ,  B r i t i s h  C o l u m b i a .  A 

summary of t h e  c l a i m  s t a t u s  i s  s h o w n  b e l o w .  
w 

MIDWAY PROPERTY - CLAIM STATUS 

CLAIM 

M i d  1 - 1 2 8  

Mid 1 2 9 - 1 6 0  

M i d  1 6 1 - 2 2 5  

M i d  226-240 

CLAIM 

Way 1-5 
Way 6-23 

B u l l  1-3 

B u l l  4 F r .  

B u l l  5 
crr C l i m a x  1 

C l i m a x  2 & 3 

- GRANT NO. 

YA 5 6 9 7 5 - 5 7 1 0 2  

YA 5 7 1 5 5 - 5 7 1 8 6  

YA 58936-59000  

YA 6 5 8 0 1 - 6 5 8 1 5  

- RECORD NO. 

1 6 8 4 - 1 6 8 8  

1 7 2 6 - 1 7 4 3  

1 7 0 5 - 1 7 0 7  

1 7 2 5  

1 9 5 9  

1 7 1 6  

1 7 0 9 ,  1 7 1 0  

EXPIRY DATE - 
October 6 ,  1 9 8 1  

October 2 2 ,  1 9 8 1  

J u n e  1 0 ,  1 9 8 1  

J u n e  1 0 ,  1 9 8 1  

EXP I RY DATE 

October 2 0 ,  1 9 8 1  

November 2 6 ,  1 9 8 1  

November 1 2 ,  1 9 8 1  

November 2 6 ,  1 9 8 1  

J u l y  2 1 ,  1 9 8 2  

November 2 6 ,  1 9 8 1  

November 1 2 ,  1 9 8 1  
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-0 
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0 to 
.. 

MIDWAY P R O P E R T Y  
LOCATION M A P  

I1250,OOO 

FIGURE I 
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w ( c o n t  ' d) 
RECORD NO. CLAIM - 

Climax 4 - 1 1  1 7 1 7 - 1 7 2 4  

P o s t  1 1 7 0 8  

EXP I RY DATE 

November 2 6 ,  1 9 8 1  

November 12, 1981 

OWNER: AMAX of  Canada Limi ted  

Access t o  t h e  p r o p e r t y  i s  ga ined  v i a  a four-wheel 
d r i v e  road  which d e p a r t s  from t h e  A l a s k a  Highway a t  m i l e -  
p o s t  7 0 1 . 6 .  The road  e x t e n d s  approximate ly  1 3  k i l o m e t r e s  
s o u t h  of t h e  B.C./Yukon b o r d e r  t o  abou t  t h e  midpoin t  of t h e  
w e s t  s i d e  of t h e  p r o p e r t y .  From t h e r e ,  a b u l l d o z e r  t r a c k  
c o n t i n u e s  s o u t h  t o  t h e  s o u t h  end of  t h e  c l a i m  group.  

The p r o p e r t y  i s  u n d e r l a i n  by M i s s i s s i p p i a n  a r g i l -  
l i t e s ,  s a n d s t o n e s  and c o a r s e  c l a s t i c s  of t h e  Lower S y l v e s t e r  
Formation,  which l i e  s t r a t i g r a p h i c a l l y  between M c D a m e  Formation 
c a r b o n a t e s  and Upper S y l v e s t e r  Formation v o l c a n i c  rocks .  
S i l i c e o u s ,  p y r i t i c  and b a r i t i c  e x h a l i t e s ,  t hough t  t o  be d i s t a l  

e q u i v a l e n t s  t o  Pb-Zn-Ag-Ba m i n e r a l i z a t i o n  occur  w i t h i n  t h e  
a r g i l l i t e .  A s t r a t i f o r m  sphalerite-galena-pyrite showing h a s  
been i d e n t i f i e d  on t h e  B u l l  3 c l a i m  ( B . C . ) .  

qY 

The Lower S y l v e s t e r  Formation r o c k s  s t r i k e  no r thwes t  
and occupy t h e  c e n t r a l  p a r t  of a broad  n o r t h w e s t e r l y  t r e n d i n g  
s y n c l i n e .  S t r a t i g r a p h y  d i p s  a t  1 0  t o  30° n o r t h e a s t  and south-  
w e s t  toward t h e  c e n t e r  of  t h e  s t r u c t u r e .  Numerous h igh  a n g l e  
f a u l t s  c u t  s t r a t i g r a p h y ,  w i t h  v e r t i c a l  d i sp l acemen t s  of up t o  
s e v e r a l  hundred metres. A d e t a i l e d  accoun t  of p r o p e r t y  geology 
appea r s  i n  a s e p a r a t e  1981 p r o p e r t y  g e o l o g i c a l  and geochemical  
assessment  r e p o r t .  

The o b j e c t i v e s  of  t h e  electromagnetic/magnetic 
su rvey  w e r e  t o ;  1) i n v e s t i g a t e  f o r  t h e  p re sence  o f  massive 
s u l p h i d e s ,  2 )  i d e n t i f y  and trace t h e  f a v o u r a b l e  s h a l e  h o r i z o n s  
and, 3 )  map r e g i o n a l  geology and s t r u c t u r e  i n  a g e n e r a l  way 

Ir 
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t o  a s s i s t  i n  o r i e n t i n g  more d e t a i l e d  s u r f a c e  e v a l u a t i o n  work. 
QlIv 

The p r o p e r t y  i s  under o p t i o n  t o  AMAX of Canada 
from Regional  Resources  Ltd .  Work on t h e  p r o p e r t y  w a s  managed 
by C o r d i l l e r a n  Engineer ing  on Regional  Resource L t d ' s  beha l f  
w i t h  a s s i s t a n c e  g iven  by AMAX p e r s o n n e l .  
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QP 
EOUIPMENT AND PROCEDURE 

The su rvey  was carried o u t  w i t h  t h e  Dighem I1 
e l e c t r o m a g n e t i c  system. The Dighem system c o n s i s t s  of  t w o  
p a i r s  of t r a n s m i t t e r / r e c e i v e r  co i l s  o r i e n t e d  i n  c o a x i a l  
( s t a n d a r d )  and c o p l a n a r  (whale  t a i l )  c o n f i g u r a t i o n s  o p e r a t i n g  
a t  approximate ly  900 h e r t z .  The c o i l s  are mounted i n  a t e n  
metre long  b i r d  towed approximate ly  30 m e t r e s  below a h e l i -  
c o p t e r .  The h e l i c o p t e r  used f o r  t h e  su rvey  w a s  an A e r o s p a t i a l e  
Lama r e g i s t r a t i o n  number C-GDEM. A n c i l l i a r y  equipment 
c o n s i s t e d  of a Sonotek PMH-5010 magnetometer w i t h  i t s  sensor 
approximate ly  15  metres below t h e  h e l i c o p t e r ,  a S p e r r y  radio 

a l t i m e t e r ,  Geocam sequence camera,  B a r r i n g e r  8-channel hot-pen 
ana log  recorder, and a Sonotek S D S  1 2 0 0  d i g i t a l  data a c q u i s i t i o n  
system w i t h  a Digi-Data D1130 9 - t r a c k  800-bpi magnet ic  t a p e  
r e c o r d e r .  The ana log  equipment r eco rded  f o u r  channe l s  of EM 

d a t a ,  t w o  ambient  EM n o i s e  channe 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 channel  each  o f  magne 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 recorded t h e  E M  data  

w i t h  a s e n s i t i v i t y  of 0 . 2 0  ppm/bit  and t h e  magnet ic  f i e l d  t o  

one gamma/bi t. 

CII 

Line  s p a c i n g  f o r  t h e  su rvey  w a s  300 m e t r e s  f lown a t  

a n  ave rage  b i r d  h e i g h t  of 38 metres a t  an ave rage  a i r s p e e d  of  
1 0 3  k i l o m e t r e s  p e r  hour .  Nav iga t ion  w a s  ach ieved  v i s u a l l y  
u s i n g  a 1:20,000 scale a i r p h o t o  mosaic .  
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Qlr 
- DATA PROCESSING 

The d a t a  r eco rded  by t h e  survey  was s u b j e c t e d  t o  
s e v e r a l  computer p r o c e s s i n g  s t e p s  t o  improve r e c o g n i t i o n  of 
bedrock anomal ies .  

The p r o c e s s i n g  s t e p s  i n c l u d e  d i g i t a l  band p a s s  
f i l t e r i n g  of  t h e  magnet ic  d a t a  and c a l c u l a t i o n  of  e l e c t r o -  
magnet ic  d i f f e r e n c e  channe l s  t o  subdue t h e  e f f e c t s  of  conduc t ive  
overburden .  The o u t p u t s  of t h e  c o a x i a l  co i l s  are used t o  
c a l c u l a t e  t h e  conductance and d e p t h  t o  t h e  c a u s e  of each  anomaly 
u s i n g  t w o  models,  a v e r t i c a l  t h i n  s h e e t  and a h o r i z o n t a l  t h i n  
sheet and t h e  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  t o  a conduc t ive  
e a r t h .  

The o u t p u t s  of t h e  c o p l a n a r  c o i l s  a r e  used t o  calc- 
u l a t 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  ground i n  a con t inuous  
manner. The model used is  a 'pseudo h a l f - s p a c e '  t h a t  i s ,  a 

c o n d u c t i v e  h a l f - s p a c e  o v e r l a i n  by a r e s i s t i v e  l a y e r .  The 
d e t a i l s  of t h i s  and t h e  o t h e r  p r o c e s s i n g  s t e p s  and t h e  s i g -  
n i f i c a n c e  o f t h e  v a r i o u s  c a l c u l a t e d  pa rame te r s  are d i s c u s s e d  
i n  Appendix A.  

h# 

Recorded d a t a  and c a l c u l a t e d  pa rame te r s  are p l o t t e d  
i n  s t a c k e d  p r o f i l e s  a d j u s t e d  f o r  v a r i a t i o n s  i n  speed  of t h e  
h e l i c o p t e r ,  a t  a scale compa t ib l e  w i t h  t h e  a i r p h o t o  mosaic 
c o m p i l a t i o n  map. 

The computer g e n e r a t e d  p r o f i l e s ,  r a t h e r  t h a n  t h e  
o r i g i n a l  ana log  r e c o r d s ,  are used i n  t h e  e v a l u a t i o n  and 
i n t e r p r e t a t i o n  of t h e  r e s u l t s  i n  t h i s  r e p o r t .  
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PRESENTATION OF RESULTS 
cL9 

The results of the survey, electromagnetics, resis- 
tivity, magnetics and enhanced (filtered) magnetics, are 
presented in plan superimposed on a 1 : 1 5 , 0 0 0  scale airphoto 
mosaic. For convenience in handling the map is divided into 
three sheets. 

Anomalies are located on the electromagnetic 
by various symbols which depict the quality and 
additional essential characteristics. The symbols are 
labelled with an alphabetic indentifier and conductance and 
depth for the vertical thin sheet model. Amplitude of each 
anomaly, conductance and estimated depth f o r  the vertical 
thin sheet models and apparent resistivity and estimated 
depth for the conductive earth model are listed in Appendix 
B. Details of the grading and labelling system used by Dighem 
are described in Appendix C. 

(Y 

The magnetic and enhanced magnetic data are presented 
in contoured form using 25 and 100 gamma intervals respectively. 
The larger contour interval for the enhanced magnetics results 
from a 20 lines amplification imparted to the data by the 
filter operator (see discussion of magnetics in Appendix C). 

The resistivity results are contoured at logarithmic 
intervals of 1, 1 . 3 ,  1.7, 2.3, 3.1, 4.2, 5.6, 7.5, 10.0 etc to 
accommodate the large resistivity range. The data are cut-off 
at one ohm-m and 1,000 ohm-m, the low and high sensitivity limits 
of the system. Numerical labels on the contours 'point' in 
the direction of increasing resistivity. 
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e 
RESULTS 

A n  abundance of anomal ieswere  d e t e c t e d  by t h e  su rvey .  
Line  t o  l i n e  c o r r e l a t i o n  of t h e  anomal ies  t o  show s t r i k e  
l e n g t h  and d i r e c t i o n  of t h e  conduc to r s  was hampered by t h e  
v a r i a b l e  c h a r a c t e r  and numbers of t h e  anomalies  and t h e  l a c k  
of guidance  provided  by t h e  b l and  magnet ic  a c t i v i t y  i n  t h e  
a r e a .  The t r e n d s  of  t h e  conduc to r s  shown on t h e  e l e c t r o m a g n e t i c  
map w e r e  l a r g e l y  de te rmined  by u s e  of t h e  r e s i s t i v i t y  con tour  
p a t t e r n s .  Most of  t h e  conduc to r s  are long ,  wide and g e n t l y  
d i p p i n g  and a m a j o r i t y  of  them are located a t  s o m e  d e p t h  below 
t h e  s u r f a c e .  There i s  no ev idence  t h a t  conduc t ive  overburden  
c o n t r i b u t e s  t o  t h e  e l e c t r o m a g n e t i c  r e sponse  of  t h e  area. 

There  i s  minimal magnet ic  a c t i v i t y  i n  t h e  a r e a  and 
on ly  a few anomal ies  have d i r e c t  magnet ic  c o r r e l a t i o n .  

R e s i s t i v i t i e s  r ange  from one ohm-m t o  1 , 0 0 0  ohm-m. 
Most of t h e  a r e a  i s  modera te ly  t o  h i g h l y  c o n d u c t i v e ,  r e s i s t i v e  
areas g r e a t e r  t h a n  1 , 0 0 0  ohm-m a r e  r e s t r i c t e d  t o  t h e  east and 
w e s t  edges  of t h e  a r e a  and o c c a s i o n a l  s m a l l  c l o s u r e s  e l sewhere .  

I n  s e l e c t i n g  anomal ies  f o r  ground fol low-up an  EM 

conductor  and a c o i n c i d e n t  r e s i s t i v i t y  l o w  were c o n s i d e r e d  
f a v o u r a b l e  c r i te r ia .  A r e s i s t i v i t y  l o w  a l o n e  w a s  n o t  con- 
s i d e r e d  a wor thwhi le  t a r g e t  because  it cou ld  b e  caused  by 
h igh  background EM re sponse  l a c k i n g  a discrete peak. An 
example of t h i s  t y p e  of r e s p o n s e  o c c u r s  a t  t h e  w e s t  end of  
l i n e  32 on s h e e t  t w o .  S h o r t  s t r i k e  l e n g t h  w a s  a l so  c o n s i d e r e d  
a f a v o u r a b l e  c r i t e r i o n .  

Anomalies judged as wor thwhi le  t a r g e t s  are  l i s t e d  
below. 

w 
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Anomaly - 433 - A wide conductor  which c o r r e l a t e s  w i t h  an  i n t e r -  
e s t i n g  50 gamma magnet ic  anomaly. The conductor  
e x t e n d s  t o  44E and 4 2 B  b u t  magnet ic  c o r r e l a t i o n  
degrades  t o  f l a n k i n g .  

Anomaly - 45B-46A - A wide conduc to r  a s s o c i a t e d  w i t h  a discrete 
two l i n e  magnet ic  c l o s u r e .  The r e s i s t i v i t y  map 
s u g g e s t s  t h a t  t h e  conduc to r  e x t e n d s  s o u t h  
th rough  anomaly 41B.  

Anomaly 46E-48E - A w i d e  v a r i a b l e  conduc to r  on a s t e e p  magne t i c  
g r a d i e n t .  The anomaly p robab ly  e x t e n d s  t o  4 4 C  

where it correlates w i t h  a d i s t i n c t i v e  magnet ic  
anomaly. 

Anomaly 54C-56D - A good conduc to r  which correlates w i t h  a n  
i n t e n s e  r e s i s t i v i t y  l o w .  S e v e r a l  conduc to r s  
immediately t o  t h e  east  have  s i m i l a r  c h a r a c t e r -  
i s t ics .  

Anomaly 54H-56H - A conduc to r  s i t u a t e d  on t h e  east  edge of a 

r e s i s t i v i t y  l o w .  The asymmetry of t h e  r e s i s t i v i t y  
l o w  s u g g e s t s  a westward d i p p i n g  f e a t u r e .  

O the r  Anomalies - Anomalies 4 4 U ,  574, 6 1 X ,  65N and o t h e r s  
a s s o c i a t e d  w i t h  r e s i s t i v i t y  lows immediately east  
o f  t h e  1 , 0 0 0  ohm-m r e s i s t i v i t y  c o n t o u r .  

S h e e t  2 

Anomaly 1400G-157 - A s h o r t  good conduc to r  which correlates 
w i t h  a 1 0  gamma magne t i c  anomaly n o t  d i s p l a y e d  
by t h e  magne t i c  c o n t o u r  map because  o f  t h e  coarse 
c o n t o u r  i n t e r v a l  used .  
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Anomaly 251 - A highly resolved EM response on the edge of a 
large resistivity low. Anomaly 3000D has similar 
characteristics. 

Anomaly 18F - A broad but strong conductor with essentially 
no out-of-phase response. The anomaly is part 
of a long conductor which extends for several 
kilometres to Anomaly 2C on the west side of the 
area. 

Anomaly 12A-14A - Modest anomalies which reflect a 'compact' 
conductor on a well defined resistivity low. 

Other Anomalies - Other anomalies which reflect discrete con- 
ductors are 23A-25C, 28F-29C and 32D-34D. 

Sheet 3 

Anomaly 211-25E - An isolated conductor with a distinct 
resistivity low with a westerly dip. 

Anomaly 35J-35K - A pair of single weak anomalies which have 
generated a small resistivity low. 

Anomaly 28A-29B, C - Modest anomalies associated with a small 
magnetic closure. The anomalies reflect a wide 
source. 
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'cr 
D I S C U S S I O N  O F  RESULTS - 

The v a r i a t i o n s  i n  t h e  r e s i s t i v i t y  r e f l e c t  t h e  
v a r i a b l e  ca rbon  c o n t e n t  i n  t h e  sed imen ta ry  l i t h o l o g i e s .  The 
zones of l o w e s t  r e s i s t i v i t y  ( s a y  less t h a n  1 0  ohm-m), i n  
g e n e r a l ,  correlate w i t h  t h e  known g r a p h i t i c  s h a l e s  which h o s t  
t h e  ba r i t e  and e x h a l i t e  h o r i z o n s  and t h e  known mass ive  s u l p h i d e  
h o r i z o n .  The l o w  r e s i s t i v i t y  zones are c o n c e n t r a t e d  a long  t h e  
w e s t  and east  s i d e s  o f  t h e  area, i n  p a r t i c u l a r  a t  t h e  south-  
w e s t  end of  t h e  area where a b road  r e s i s t i v i t y  l o w  s u g g e s t s  
t h e  f a v o u r a b l e  s h a l e  h o r i z o n  i s  s e v e r a l  hundred metres t h i c k .  

The zones of h i g h  r e s i s t i v i t y  ( g r e a t e r  t h a n  1 , 0 0 0  
ohm-m) a t  t h e  margins  of t h e  area r e f l e c t  c a r b o n a t e  rocks. 

Isolated c l o s u r e s  e l sewhere  i n  t h e  area r e f l e c t  e i t h e r  f a u l t e d  
b l o c k s  of c a r b o n a t e s  o r  i n  some cases v o l c a n i c  r o c k s ,  t h e  

w younges t  m e m b e r  o f  t h e  S y l v e s t e r  Group. I n  many cases,espe- 
c i a l l y  a t  t h e  margins  o f  t h e  a r e a , t h e  j u x t a p o s i t i o n  of  h i g h  
and l o w  r e s i s t i v i t y  s e r v e s  t o  i d e n t i f y  t h e  l o c a t i o n  of  f a u l t s .  

Most o f  t h e  e l e c t r o m a g n e t i c  anomal ies  r e f l e c t  long,  
wide ( o r  m u l t i p l e )  conduc to r s  c h a r a c t e r i s t i c  o f  c o n d u c t i v e  
l i t h o l o g i e s .  None o f  t h e  anomal ies  d e t e c t e d  by t h e  su rvey  c a n  
b e  r e a d i l y  a t t r i b u t e d  t o  a mass ive  s u l p h i d e  conduc to r .  The 
combina t ion  of  conduc to r s  and r e s i s t i v i t y  lows o u t l i n e  t h e  m o s t  
g r a p h i t i c  s h a l e  u n i t s  and t h e r e f o r e  may assist i n  f o c u s s i n g  
ground examinat ion .  

The b l a n d  magnet ic  r e s p o n s e  o f  t h e  area i s  c o n s i s t e n t  
w i t h  t h e  l o w  magnet ic  s u s c e p t i b i l i t y  of sed imen ta ry  rocks .  
S e v e r a l  s m a l l  magnet ic  c l o s u r e s ,  emphasized by t h e  enhanced 
magne t i c s ,  a s s o c i a t e d  w i t h  t h e  c o n d u c t i v e  t r e n d s  a l o n g  t h e  eas t  
s i d e  of  t h e  area are unique  because  of  t h e  g e n e r a l  absence  o f  

w magnet ic  a c t i v i t y  e l sewhere  on t h e  p r o p e r t y .  I f  t h e s e  
anomal ies  are caused  by p y r r h o t i t e ,  t h e y  may i n d i r e c t l y  



1 2  

i n d i c a t e  t h e  p re sence  of m o r e  d e s i r a b l e  s u l p h i d e  m i n e r a l s ,  
a l t hough  t h e  known m i n e r a l i z a t i o n  i s  devoid of magnet ic  
m i n e r a l s .  

D a t e  J . L .  L e B e l  
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A P - P E N D I X  A 

THE FLIGHT RECORD AND PATH RECOVERY 

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

a n a l o g  p r o f i l e s  a re  recorded on  g r e e n  c h a r t  paper i n  t h e  a i r c r a f t  

d u r i n g  t h e  su rvey .  

computer and p l o t t e d  on g r e y  c h a r t  p a p e r  a t  a scale u s u a l l y  

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 ,  which 

may be d i s p l a y e d ,  are a s  follows: 

The  d i g i t a l  profiles are g e n e r a t e d  l a t e r  by 

20 MAG 
2 1  ALT 
22 C X I  
23 CXQ 
24 C P I  
25 CPQ 
26 VLfT 
27 VLfQ 
28 CXS 
29 CPS 
33 D I F I  
34 DIFQ 
35 RECl  
36 REC2 
37 SIGT 
40 RES 
4 1  DP 
4 5  RES2 
46 DP2 

magnetoncter 
bird height 
coaxial coil-pair inphase 
coaxial coi 1-pair quadrature 
coplanar coil-pair inphase 
coplznar coil-pair quadrature 
VLF-EM total field 
VLF-EM vertical quadrature 
ambient noise monitor (coaxial coil) 
ambient noise monitor (coplanar coil) 
difference function inpnase 
difference Sunction quadrattire 
first anomaly recognition function 
second anomaly recognition function 
con du c t an ce 
log  resistivity zt inain frequency 
apparent depth at main frequency 
log resistivity at secondary frequency 
apparent depth at secondary frequency 

Scale 
units/mm Noise 

10 garma 
30 feet 

1 PPm 
1 P P m  
1 PPm 
1 P?m 
1 %  
1 %  
1 P P m  
1 P P m  ' 

1 P P m  
1 PPm 
1 ?Pm 
1 PPm 
1 mho 

3 m  

3 m  

.03 decade 

- 0 3  decade 

2 carma 
5 feet 
1-2 ppm 
1-2 ppm 
1-2 p p m  
1-2 ppm 
1-2 % 
1-2 % 

1 P W  
1 P P m  

1 - 2  ppm 
1 - 2  p p m  
1 - 2  p p m  
1 - 2  ppm 

N o t e :  Channels 4 2  to 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  scale of 0.03 decade/mm means t h a t  

t h e  r e s i s t i v i t y  changes  by a n  o r d e r  of  magni tude  i n  33 mm. 

The r e s i s t i v i t i e s  a t  0, 3 3 ,  67 and  100  mm u p  from t h e  bot tom 

of t h e  c h a r t  are r e s p e c t i v e l y  1, 10 ,  1 0 0  and  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  

navigator .  Cont inuous  p h o t o g r a p h i c  c o v e r a g e  a l l o w e d  

accurate photo-path r e c o v e r y  locations f o r  t h e  f i d u c i a l s ,  

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

the t r a c k  of t h e  a i rcraf 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  a n d -  

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

h e l i c o p t e r  speed  changes .  Such changes  may d e n o t e  an  error 

in 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  

locations t h e r e f o r e  ref lect  a more s t r i n g e n t  c h e c k i n g  t h a n  

is prov ided  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  of D I G H E M I 1  

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  of t h e  v a r i o u s  

p r o f i l e s * .  

iFor 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 ,  Geophys ic s ,  
v.44, p.1367-1394. 



c, . .  
( i i i )  

S ing le - f r equency  s u r v e y i n g  

The D I G H E M I I  sys t em h a s  t w o  t r a n s m i t t e r  co i l s  which 

are mounted a t  r i g h t  angles  t o  e a c h  other. Both coils 

t r a n s m i t  a t  approx ima te ly  t h e  same f r equency .  ( T h i s  

f r equency  is g i v e n  i n  t h e  I n t r o d u c t i o n . )  Thus,  t h e  sys t em 

p r o v i d e s  t w o  comple te ly  independen t  s u r v e y s  a t  one pass. 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 rof i les  ( g e n e r a t e d  by 

computer)  i n c l u d e  an inphase  c h a n n e l  and a q u a d r a t u r e  

channe l  which 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  of 

conduc t ive  overburden .  Also, t h e  EM c h a n n e l s  may i n d i c a t e  

whether  t h e  conduc to 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 . ,  greater 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  of 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 conductance.  A minimum of 11 EM c h a n n e l s  are p r o v i d e d .  

The D I G H E M I I  s y s t e m  t h e r e f o r e  g i v e s  i n f o r m a t i o n  i n  one 

pass which c a n n o t  be o b t a i n e d  by any o t h e r  a i r b o r n e  or 

ground EM t echn ique .  

F i g u r e  A 1  shows a D I G H E M I I  f l i g h t  p r o f i l e  o v e r  t h e  

mass ive  p y r r h o t i t e  ore body i n  Montcalm Township, O n t a r i o .  

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

channe l s .  



F i g .  Al. Flight over Montcalm deposit, w i t h  line parallel to 
s t r i k e  



The two upper  c h a n n e l s  (numbered 2 0  and 2 1 )  are  

r e s p e c t i v e l y  t h e  magne t i c s  and t h e  radio a l t i t u d e .  Channels  

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  of t h e  

coaxial  coil-pair ,  which  is termed t h e  s t a n d a r d  coil-pair .  

. 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  coi l -pair  of 

a l l  inphase-quadra ture  a i r b o r n e  EM sys tems.  Channe l s  24 and 

25 are t h e  inphase 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 termed t h e  w h a l e t a i l  c o i l - p a i r .  

Channels 31 and  32 are 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  of 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 view of t h e  f o u r  basic c h a n n e l s  2 2  to 

25. The sum c h a n n e l s  no rma l ly  are n o t  plotted.  

Channels  33 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  of t h e  s t a n d a r d  and w h a l e t a i l  

channe l s .  The d i f f e r e n c e  c h a n n e l s  are almost free from t h e  

r e sponse  of c o n d u c t i v e  overburden .  Channel  37 is t h e  

conductance.  The conductance  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  conduc tance  u n i t s  of 

mhos; it is t r igge red  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 as c h a n n e l s  35 and 36. 

. 



Channel 4 0  is t h e  r e s i s t i v i t y ,  w h i c h  is d e r i v e d  from 

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  channe l  

40 y i e l d s  d a t a  which can  be con toured ,  and so t h e  DIGHEMI1 

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  t o  an 

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

magnet ic  contour map. The enhanced magnet ic  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  magne t i c  map d i s c u s s e d  by Fraser.* 

F i g u r e  A2 p r e s e n t s  t h e  DIGHEMII resu l t s  for a l i n e  

f lown p e r p e n d i c u l a r l y  to  t h e  Montcalm ore body. Channel 2 0  

shows t h e  175  gamma magne t i c  anomaly caused  by t h e  massive 

p y r r h o t i t e  d e p o s i t .  

p o i n t s  are of i n t e r e s t :  

For t h e  EM c h a n n e l s ,  t h e  f o l l o w i n g  

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 sponse .  The q u a d r a t u r e  

r e sponse  is almost comple t e ly  caused  by c o n d u c t i v e  

overburden  (wh ich  a lso g i v e s  a smal l  i n p h a s e  

r e s p o n s e ) .  The hachures  show t h e  EM r e s p o n s e  from t h e  

overburden.  The ove rburden  r e s p o n s e  v a n i s h e s  on t h e  
, 

fCdn. I n s t .  Mng., Bu l l . ,  A p r i l  1974. 



Fig. A2. Flight over Montcalm deposit, vith l i n e  perpendicular t o  strike. 



( v i i i )  

d i f ference EM c h a n n e l s ,  as can be s e e n  by comparing t h e  

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

p o i n t  t o  n o t e  because DIGHEMII is t h e  o n l y  EM sys t em 

which p r o v i d e s  an inphase  channe l  and a q u a d r a t u r e  

channel  which are e s s e n t i a l l y  f r e e  of  c o n d u c t i v e  

overburden  response .  

2. The w h a l e t a i l  anomaly of channe 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  has  a s u b s t a n t i a l  w i d t h .  

If the wid th  had been unde r  3 m, t h e  c o n d u c t o r  would 

have produced a weak m-shaped anonaly  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 

background of about 200 ohm-m ( c f .  c h a n n e l  4 0 ) .  A 

dipole-dipole ground r e s i s t i v i t y  su rvey  w i t h  a n  

a-spacing o f  50 m showed a s imi l a r  background,  b u t  t h e  

ore body gave  a l o w  of o n l y  5 3  ohm-m because  of  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  ground t e c h n i q u e .  

4,  The ore body h a s  a conductance  of 330 mhos a c c o r d i n g  t o  

its 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 

conductance channe l  37 s a t u r a t e s  a t  100 mhos, and so 

t h e  deposit 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 l o w n  s u b p a r a l l e l  t o  t h e  ore body. The ore body anomaly is 

small 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  2 2 )  b u t  shows u p  

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

Dual-frequency s u r v e y i n g  

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

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  coi ls  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 . 8  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  depth maps c a n  

ICJ be made independen t ly  for  e a c h  f r equency .  The i n t e r -  

p r e t a t i o n  p rocedure  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  coil-pair  o r i e n t a t i o n s  ( i .e.8 

s t a n d a r d  and w h a l e t a i l )  f o r  dua l - f r equency  r e s i s t i v i t y  

mapping is an  unorthodox p rocedure .  However, as long  as t h e  

c u r r e n t  f low p a t t e r n s  are 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 f l u e n c e  t h e  r e s u l t s ,  

acco rd ing  t o  supe rposed  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  local d e v i a t i o n s ,  

, 



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

o t h e r  of the  coi l -pairs .  

The d i f f e r e n c e  c h a n n e l s  33  and 34  are n o t  produced 

because  t h e  d i v e r g e n t  f r e q u e n c i e s  of t h e  two 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  35 to 37 

also are n o t  produced. 



A P P E N D I X  B 
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APPENDIX C 

ELECTROMAGNETICS AND MAGNETICS 



ELECTROMAGNETICS 

DIGHEM e lec t romagne t i c  responses  f a l l  i n t o  t w o  g e n e r a l  

classes, discrete and broad. The discrete class c o n s i s t s  of 

sharp ,  w e l l  de f ined  anomalies from d i s c r e t e  conductors  such 

as s u l f i d e  l e n s e s  and s t e e p l y  d ipp ing  s h e e t s  of g r a p h i t e  and 

s u l f i d e s .  The broad class c o n s i s t s  of wide anomalies from 

conductors  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 as f l a t l y  

d ipp ing  g r a p h i t e  or s u l f i d e  sheets, s a l i n e  water-saturated 

sedimentary formations, conduct ive  overburden and rock, and 

geothermal zones. A v e r t i c a l  conduct ive  s l ab  w i t h  a width 

of 100 m would s t raddle  these t w o  classes. 

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  conductors .  A l l  

anomalies 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 are i n t e r p r e t e d  

accord ing  t o  t h i s  model. The fo l lowing  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  describes 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  effect  of u s i n g  it on anomalies caused by 

broad conductors  such as c o n d u c t i v e  overburden .  

. 

The c o n d u c t i v e  ea r th  ( h a l f  space) model is s u i t a b l e  for 

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

u s e  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 describes t h e  method f u r t h e r ,  i n c l u d i n g  t h e  effect  

of u s i n g  it on  anomal i e s  caused  by discrete c o n d u c t o r s  s u c h  

as  s u l f i d e  bodies. 

Discrete c o n d u c t o r  a n a l y s i s  

The EM a n o m a l i e s  a p p e a r i n g  on t h e  e l e c t r o m a g n e t i c  map 

are i n t e r p r e t e d  by computer to g ive  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  sheet 

model. DIGHEM a n o m a l i e s  are divided i n t o  s i x  grades of con- 

d u c t a n c e ,  as shown i n  Table I. The conduc tance  i n  mhos is 

t h e  reciprocal of r e s i s t a n c e  i n  ohms. 

Table I. EM Anomaly Grades 

Anomaly Grade Mho Range 

6 
5 
4 
3 
2 
1 '  

greater 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  parameter because it is 

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

i ndependen t  of f requency ,  and o f  f l y i n g  h e i g h t  or d e p t h  of 

b u r i a l  a p a r t  from t h e  a v e r a g i n g  o v e r  a greater p o r t i o n  of 

t h e  conduc to r  as h e i g h t  i n c r e a s e s ,  Small 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  are 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  because  t h e  former 

. 

w i l l  have larger mho v a l u e s .  

Conduct ive  ove rburden  g e n e r a l l y  p r o d u c e s  broad EM 

r e s p o n s e s  which are 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  ove rburden  i n  o t h e r w i s e  resist ive areas 

c a n  y i e l d  discrete-like a n o m a l i e s  w i t h  a conduc tance  grade 

(cf. T a b l e  I )  of 1,  or even  of 2 for 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  as l o w  as 50 ohm-m. I n  areas where 

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

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

conductance  grades as h i g h  as  4. The anomaly s h a p e s  from 

t h e  m u l t i p l e  coils o f t e n  allow such  s u r f a c e  c o n d u c t o r s  to 

be r ecogn ized ,  and t h e s e  are i n d i c a t e d  by t h e  le t ter  S on 

t h e  map. The r ema in ing  anomal i e s  in such  areas c o u l d  be 

1 T h i s  s t a t e m e n t  is an  approx ima t ion ,  DIGHEM, w i t h  
its 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  larger and 
more accurate 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  conductances .  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 grade 4 

anomaly, as d i d  t h e  ne ighbour ing  coppe r -z inc  Magusi R i v e r  

ore body: Mattabi ( coppe r -z inc ,  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)  

g a v e  grade 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  

(Tinunins, O n t a r i o ,  Canada) y i e l d e d  a grade 6 anomaly. 

G r a p h i t e  and s u l f i d e s  can  s p a n  a l l  g r a d e s  b u t ,  i n  any par- 

t i c u l a r  s u r v e y  area, 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.t g r a d e s  5 and 6 )  are c h a r a c t e r -  

istic 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  

(grades 3 and 4 )  t y p i c a l l y  reflect  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 )  c a n  s i g n i f y  p o o r l y  connec ted  graphi te  or 

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

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

2000 Hz. 

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

ore deposits h a v i n g  weak to moderate conduc tances .  As 

e 

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  deposit of 

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 ,  N e w  Brunswick, 
I 



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 conduct ion. 

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. 

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

obliterated information can be obtained from the anomaly 

listing appended to this report. 

The EM 



The p u r p o s e  of i n d i c a t i n g  t h e  anomaly a m p l i t u d e  by dots 

is t o  p r o v i d e  an  estimate of t h e  r e l i a b i l i t y  of the  conduc- 

t a n c e  c a l c u l a t i o n ,  Thus,  a conduc tance  v a l u e  o b t a i n e d  from 

a large ppm anomaly ( 3  or 4 dots )  w i l l  be a c c u r a t e  whereas 

o n e  o b t a i n e d  from a small ppm anomaly ( n o  dots) c o u l d  be 

i n a c c u r a t e ,  The absence  of a m p l i t u d e  dots 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  coil-pair is 5 ppm or less 

on both 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 small  

a n o m a l i e s  c o u l d  reflect 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  depth. The mho v a l u e  and depth 

estimate w i l l  i l l u s t r a t e  which of these possibilities fits 

t h e  recorded data 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 ld  cases where 

t w o  anomal i e s ,  h a v i n g  similar mho v a l u e s  b u t  dramatically 

d i f f e r e n t  depth estimates, o c c u r  close together 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  of t h e  

conduc tance  measurement w h i l e  showing t h a t  t h e  depth esti-  

mate c a n  be u n r e l i a b l e ,  There  are a number of factors which 

c a n  p roduce  a n  error i n  the  d e p t h  estimate, i n c l u d i n g  t h e  

a v e r a g i n g  of topographic v a r i a t i o n s  by t he  altimeter, over- 

l y i n g  c o n d u c t i v e  ove rburden ,  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  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  c a n  p r o v i d e  a n  e r r o n e o u s  depth esti- 

mate because t h e  s t r o n g e r  par t  of t h e  c o n d u c t o r  may be 
I 



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

a shal low dip.  A heavy tree cover  can also produce errors 

i n  depth  estimates. T h i s  is because t h e  depth estimate is 

computed as t h e  d i s t ance  of b i rd  from conductor ,  minus t h e  

altimeter reading.  The alt imeter can lock on t h e  top of a 

dense forest 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  depth estimate b u t  does no t  a f f e c t  t h e  conductance 

estimate . 

D i p  symbols are used t o  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 conductors.  These symbols are used on ly  when t h e  anomaly 

shapes are unambiguous, which u s u a l l y  requires a f a i r l y  

r e s i s t i v e  environment. 

A f u r t h e r  i n t e r p r e t a t i o n  is p resen ted  on t h e  EM map by 

means of t h e  l i ne - to - l ine  c o r r e l a t i o n  of anomalies ,  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  provides  conductor  a x e s  which may d e f i n e  t h e  geological 

s t r u c t u r e  over  p o r t i o n s  of  t h e  survey  area. The absence of 

conductor  axes  i n  an area implies t h a t  anomalies could n o t  

be correlated from l i n e  to l i n e  w i t h  reasonable confidence.  

DIGHEM e l e c t r o m a g n e t i c  maps are des igned  to p rov ide  

a correct impression of conductor  q u a l i t y  by means of t h e  

conductance grade  symbols. The symbols c a n  s t a n d  a l o n e  w i t h  
I 



geology when p lanning  a follow-up program. The a c t u a l  mho 

v a l u e s  are p l o t t e d  for  those  who w i s h  q u a n t i t a t i v e  da t a .  

The anomaly ppm and depth are i n d i c a t e d  by inconspicuous 

d o t s  which should no t  d i s t r ac t  from t h e  conductor  p a t t e r n s ,  

whi le  being h e l p f u l  t o  t h o s e  who wish t h i s  information.  The 

map p rov ides  an i n t e r p r e t a t i o n  of conductors  i n  terms of 

l e n g t h ,  s t r i k e  d i r e c t i o n ,  conductance,  depth ,  t h i c k n e s s  

(see below), and dip.  The accuracy  is comparable to  a n  

i n t e r p r e t a t i o n  from a ground EM survey  having t h e  same 

l i n e  spacing. 

An EM pnomaly list a t t a c h e d  to each survey  report 

p rov ides  a t a b u l a t i o n  of anomalies  i n  ppm, and i n  mhos 

and e s t ima ted  dep th  f o r  t h e  v e r t i c a l  s h e e t  model. The EM 

anomaly list also shows t h e  conductance i n  mhos and t h e  

depth  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  parameters appear  on t h e  EM map. 

The h o r i z o n t a l  sheet model is s u i t a b l e  for a f l a t l y  d i p p i n g  

t h i n  bedrock conductor  such as 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  15 m. The list also shows t h e  resis- 

t i v i t y  and dep th  for a conduct ive  e a r t h  ( h a l f  space) model, 

which is s u i t a b l e  for t h i c k e r  s labs  such as t h i c k  conduct ive  

overburden. I n  t h e  EM anomaly list,  a dep th  v a l u e  of z e r o  

f o r  t h e  conduct ive  e a r t h  model, i n  an area of t h i c k  cover ,  

w a r n s  t h a t  t h e  anomaly may be caused by conduct ive  

overburden . 



Since  discrete bodies  no rma l ly  are t h e  t a r g e t s  of EM 

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

local anomaly a m p l i t u d e s .  T h i s  contrasts  w i t h  t h e  use  of 

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

ampl i tudes .  Local anomaly a m p l i t u d e s  are shown i n  t h e  

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

s h e e t  parameters of conduc tance  and dep th .  N o t  shown i n  

t h e  EM anomaly list are t h e  t r u e  a m p l i t u d e s  which are used  

t o  compute t h e  h o r i z o n t a l  sheet and c o n d u c t i v e  e a r t h  

parameters . 

x-type e l e c t r o m a g n e t i c  r e s p o n s e g  

DIGHEMII 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  of 2 ppm, and reflects one  of 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  of a 

f l i g h t  l i n e ,  or 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  of v a l i d  bedrock anomal i e s  on t h e  f l i g h t  

profiles are ment ioned  i n  t h e  report. The o t h e r s  s h o u l d  n o t  

be followed up u n l e s s  t h e i r  l o c a t i o n s  are of c o n s i d e r a b l e  

geological i n t e r e s t .  



The t h i c k n e s s  pa rame te r  

D I G H E M I I  c a n  p r o v i d e  a n  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  conductor.  The r a t i o  of 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  as  

t h e  a p p a r e n t  t h i c k n e s s  i n c r e a s e s ,  i.e., t h e  t h i c k n e s s  i n  t h e  

h o r i z o n t a l  p l a n e .  T h i s  t h i c k n e s s  is equal  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 degrees and s t r ikes  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  report refers to a 

c o n d u c t o r  as  - 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  of 10 m. I n  base metal 

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 rge ts  because  nost mass ive  s u l f i d e  orc bodies 

are t h i c k ,  whereas  non-economic bedrock  c o n d u c t o r s  are 

u s u a l l y  t h i n .  An estimate of 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  of t h e  c o n d u c t o r  is s u b p a r a l l e l  to  t h e  

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

anomaly a m p l i t u d e s  are small, or when t h e  r e s i s t i v i t y  of 

t h e  envi ronment  is below 100 ohm-m, 

R e s i s t i v i t y  mappinq 

Areas of widespread c o n d u c t i v i t y  are commonly 

encoun te red  d u r i n g  su rveys .  I n  such  areas, a n o m a l i e s  c a n  

be g e n e r a t e d  by decreases of o n l y  5 m i n  s u r v e y  a l t i t u d e  as  



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

record i n  c o n d u c t i v e  a r e a s  is c h a r a c t e r i z e d  by i n p h a s e  and  

quadra ture  c h a n n e l s  which are c o n t i n u o u s l y  a c t i v e ;  local 

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

or decreases 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  areas, 

a p p a r e n t  r e s i s t i v i t y  p r o f i l e s  and c o n t o u r  maps are n e c e s s a r y  

for t h e  i n t e r p r e t a t i o n  of t h e  a i r b o r n e  data.  The advan tage  

of t h e  r e s i s t i v i t y  parameter is t h a t  anomal i e s  caused by 

a l t i t u d e  changes  are v i r t u a l l y  e l i m i n a t e d ,  so t h e  resis- 

t i v i t y  data  reflect  o n l y  those anomalies caused  by conduc- 

t i v i t y  changes.  T h i s  h e l p s  t h e  interpreter to  d i f f e ren 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 those p a t t e r n s  

t y p i c a l  of c o n d u c t i v e  overburden .  Discrete 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 lows on t h e  c o n t o u r  map and b road  

c o n d u c t o r s  w i l l  appear as wide  l o w s .  

Channel  40 (see Appendix)  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  so-called 

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  Fraser  

(1978)2 .  

l y i n g  a c o n d u c t i v e  h a l f  space. Channel  41 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  of t h e  c o n d u c t i v e  material. 

T h i s  model c o n s i s t s  of a r e s i s t i v e  l a y e r  ove r -  

2 R e s i s t i . v i t y  mapping w i t h  a n  a i r b o r n e  m u l t i c o i l  
e l e c t r o m a g n e t i c  system: Geophys ics ,  v 43, p. 144-172. 



The a p p a r e n t  d e p t h  therefore is s i m p l y  t h e  a p p a r e n t  t h i c k -  

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

(or t h i c k n e s s )  parameter 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  material ,  i n  

which case t h e  a p p a r e n t  depth may be q u i t e  close to  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  uppe r  

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

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

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

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

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

tree c o v e r ) .  The i n p u t s  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  are 

t h e  i n p h a s e  and q u a d r a t u r e  components of t h e  c o p l a n a r  coil- 

pair .  The o u t p u t s  are 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  

c o n d u c t i v e  h a l f  space ( 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  are 

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

d i s c u s s e d  above,  is simply t h e  s e n s o r - s o u r c e  d i s t a n c e  minus  

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

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

d e p t h  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  parameter. 

clr 



The apparent depth parameter is a useful indicator of 

simple layering in areas lacking a heavy tree cover. The 

DIGHEMI1 system has been flown for the purpose of 

permafrost mapping, where positive apparent depths were 

used as a measure of permafrost thickness. However, little 

quantitative use has been made of negative apparent depths 

because the absolute value of the negative depth is not a 

measure of the thickness of the conductive upper layer and, 

therefore, is not meaningful physically. Qualitatively, a 

negative apparent depth estimate usually shows that the EM 

anomaly is caused by conductive overburden. Consequently, 

the apparent depth channel 41 can be of significant help in 

distinguishing between overburden and bedrock conductors. 

Interpretation in conductive environments 

Environments having background resistivities below 

30 ohm-m cause all airborne EM systems to yield very 

large responses from the conductive ground. This usually 

prohibits the recognition of bedrock conductors. The 

processing of DIGHEMII data, however, produces four 

channels which contribute significantly to the recognition 

of bedrock conductors. These are the inphase and quadrature 

difference channels (number 33 and 34), and the resistivity 

and depth channels (40 and 41). The EM difference channels 



e l imina te  up t o  99% o f  t h e  r e s p o n s e  of 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  fea tures  

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

An edge effect  arises when t h e  c o n d u c t i v i t y  of t h e  ground 

sudden ly  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  a n o m a l i e s  on t h e  EM difference 

c h a n n e l s ,  t h e y  do n o t  produce r e s i s t i v i t y  anomal i e s .  

Consequent ly ,  t h e  r e s i s t i v i t y  c h a n n e l  a ids  i n  e l i m i n a t i n g  

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

t i v i t y  anomal 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  of  geologic n o i s e .  The r e c o g n i t i o n  of a bedrock  

c o n d u c t o 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  of t h e  t w o  d i f f e r e n c e  

c h a n n e l s  ( 3 3  and 3 4 )  and t h e  r e s i s t i v i t y  c h a n n e 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 i e s  c o i n c i d e  on a l l  

t h r e e  channe l s .  

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

t i v e  material, a lso 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  arises from s u r f i c i a l  material 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  rides above  t h e  z e r o  

l e v e l  on t h e  g r e y  p r o f i l e  paper (i.e., it is n e g a t i v e ) ,  it 

implies t h a t  t h e  EM and r e s i s t i v i t y  prof i les  are 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  



overburden .  If  c h a n n e l  4 1  is below t h e  z e r o  l e v e l ,  it 

ind ica t e s  t h a t  a r e s i s t i v e  upper  l a y e r  exis ts ,  and t h i s  

u s u a l l y  implies t h e  e x i s t e n c e  of a bedrock conduc to r .  

Channels  3 5  and 36 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 are used t o  t r i g g e r  t h e  conduc tance  

c h a n n e l  37 which i d e n t i f i e s  discrete 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  envi ronments ,  c h a n n e l  36 may n o t  be g e n e r a t e d  

because  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  ear th  s i g n a l s .  Some of t h e  a u t o m a t i c a l l y  selected 

anomalies ( c h a n n e l  37) are d i s c a r d e d  by t h e  human i n t e r p r e -  

ter. The a u t o m a t i c  s e l e c t i o n  a lgo r i thm 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  assure t h a t  no mean ingfu l  r e s p o n s e s  are 

missed, The interpreter 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  source and e l i m i n a t e s  t h o s e  t h a t  are 

n o t  s u b s t a n t i a t e d  by t h e  data ,  such  as those r i s i n g  from 

geologic or aerodynamic n o i s e .  

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

comparing t h e  EM and r e s i s t i v i t y  maps, k e e p  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  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 portrays anomalies in the earth's 

resistivity. An anomaly by definition is 

a change from the norm and so the EM map 

displays anomalies, (i) over narrow, conduc- 

tive bodies and (ii) over the boundary zone 

between two wide formations of differing 

conductivity. 

The resistivity map might be likened to a total field 

map and the EM map to a horizontal gradient in the direction 

of flight3. 

tive than total field maps, the EM map therefore is to be 

preferred in resistive areas. However, in conductive areas, 

the absolute character of the resistivity map usually causes 

it to be more useful than the EM map. 

Because gradient maps are usually more sensi- 

Reduction of geologic noise 

Geologic noise refers to unwanted geophysical 

responses. For purposes of airborne EM surveying, geologic 

noise refers to EM responses caused by conductive overburden 

3The gradient analogy is only valid with regard to the 
identification of anomalous locations. The calcula- 
tion of conductance is based on EM amplitudes relative 
to a local base level, rather than to an absolute zero 
level as for the resistivity calculation. 



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 

overburden. This marked a unique development in airborne EM 

technology, as DIGHEMII is the only EM system which yields 

immunity to channels having an exceptionally high degree of 

conductive overburden. 

Magnetite produces a &arm of geological noLse 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. 



MAGNET I CS 

The exis tence of  a magne t i c  correlation w i t h  an EM 

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

w i t h  magnet ic  c o r r e l a t i o n  h a s  a greater 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  o n e  t h a t ’  is non-magnetic.  

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

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

as magne t i c  (e.g. ,  t h e  Mattabi 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 ) .  

How- 

The magnetometer data are d i g i t a l l y  recorded 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  of one gamma. The d i g i t a l  

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

f i e l d  magne t i c  map which is u s u a l l y  con toured  a t  25 gamma 

i n t e r v a l s .  The magnetic da t a  also are t r e a t e d  mathematic-  

a l l y  t o  enhance t h e  magne t i c  response of t h e  n e a r - s u r f a c e  

geology,  and an enhanced m a g n e t i c  map is produced  w i t h  a 

100 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  of t h e  enhancement 

operator 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  to a 5 gamma i n t e r -  

v a l  for t h e  passband components of t h e  a i r b o r n e  data. T h i s  

is because t h e s e  components are a m p l i f i e d  20 t i m e s  by t h e  

operator of F i g u r e  2. 
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The enhanced map, which  bears a resemblance  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  data.  T h e  enhancement is equiva-  

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  source) which is 1/20th  of t h e  ac tua l  s e n s o r - s o u r c e  

d i s t a n c e .  

Because t h e  enhanced m a g n e t i c  map bears a r e semblance  

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  

of t r e n d s  i n  t h e  rock 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 

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  of 100 gammas 

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

w h i l e  de-emphasizing deep-seated r e g i o n a l  features.  
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STATEMENT OF COSTS 

Midway Property - Geophysical Assessment Report 
Work Period: May 9 - May 21, 1981 

Airborne Electromagnetic Survey - Dighem Limited, Toronto 

Ferry/mobil ization $10,000.00 

Survey 778 km @ 53/km 41,234.00 

Total $51,234.00 

Contractor's invoices and disposition 
o f  costs are contained in: 1981 
Geological and Geochemical Report on 
the Midway Property. 
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STATEMENT OF OUALIFICATIONS 

NAME : J. LAURENCE LEBEL 

EDUCATION : B.Sc .  (1971) Queen's Univers i ty  - Geological Engineering - 
Geophysics Option 

M.Sc (1973) Univers i ty  of Manitoba - Geophysics 

EXPERIENCE : 

5/70-9/70 - Amax Explora t ion ,  Inc.  Vancouver, B.C.  
- conducting and compiling magnetometer surveys 

5/71-9/71 - Amax Explora t ion ,  Inc. Toronto, Ont. 
- conducting and r e p o r t i n g  on I P / r e s i s t i v i t y  surveys 

5/72-12/72- Gulf Minerals,  Toronto, O n t .  
- s e n i o r  geophys ica l  o p e r a t o r  
- conducting and r e p o r t i n g  on magnetometer 

e lec t romagnet ic  and s c i n  ti llome t e r  surveys 

3/73-12/73- S c i n t r e x  Surveys, Concord? Ont. 
- J u n i o r  Geophys ic i s t  
- conducting, s u p e r v i s i n g  of and r e p o r t i n g  on 

a i rbo rne  magnetometer and e lec t romagnet ic  surveys ,  
ground e l ec t romagne t i c  and I P / r e s i s t i v i t y  surveys  

4/74 - - AMAX o f  Canada Limited -Toronto & Vancouver 
- S t a f f  Geophys ic i s t  




