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A DIGHEMIII s u r v e y  t o t a l l i n g  235 l ine-km w a s  f l own  

w i t h  a  200 m l i n e - s p a c i n g  f o r  F a l c o n b r i d g e  L i m i t e d ,  f rom B 
k i  F e b r u a r y  14 to  March 2, 1984, i n  t h e  Labour Day Lake a r e a  o f  

0 Vancouver  I s l a n d ,  B.C. ( F i g u r e  1 ) .  

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

a i r s p e e d  o f  70 km/h w i t h  an  EM b i r d  h e i g h t  o f  a p p r o x i m a t e l y  

m 57 m. A n c i l l a r y  equipment  c o n s i s t e d  o f  a  Sono tek  PMH 5010 
& 

magnetometer  w i t h  i t s  b i r d  a t  an  a v e r a g e  h e i g h t  o f  72 m ,  
n ~ 
I 
LA a S p e r r y  r a d i o  a l t imeter ,  a  Geocam s e q u e n c e  camera ,  an  RMS 

P-7 GR 33  h o t  pen  a n a l o g  r e c o r d e r ,  a S o n o t e k  PMH 5010 d i g i t a l  

L 
d a t a  a c q u i s i t i o n  sys t em and a  D i g i D a t a  1640 9 - t r a c k  800-bpi  

iC1" 

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  equ ipmen t  r e c o r d e d  f o u r  
k d  

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 ,  two c h a n n e l s  o f  
m 
kd EM d a t a  a t  a p p r o x i m a t e l y  7200 H Z ,  two ambien t  EM n o i s e  

F? 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 ) ,  t w o  
& c h a n n e l s  o f  m a g n e t i c s  ( c o a r s e  and f i n e  c o u n t ) ,  and a  c h a n n e l  

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

d a t a  w i t h  a  s e n s i t i v i t y  o f  0.20 ppm a t  900 HZ, 0.40 ppm a t  
7 
@ 7200 Hz, and t h e  m a g n e t i c  f i e l d  t o  o n e  nT ( i .e . ,  one  gamma). 

P 

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

R-(8 r e s p e c t i v e  s e n s i t i v i t i e s ,  and t h e  f l i g h t  p a t h  r e c o v e r y  

W p r o c e d u r e .  Noise l e v e l s  o f  less t h a n  2 ppm a r e  g e n e r a l l y  

-3 m a i n t a i n e d  f o r  wind s p e e d s  up t o  35 km/h. H ighe r  winds  
kid 

may c a u s e  t h e  s y s t e m  t o  be  g rounded  b e c a u s e  e x c e s s i v e  
F7 

d 

r .n 

kd 



b i r d  swinging 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  o f  a r e a  
I 

8 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 ~ 
$ 1  

l 

id DIGHEM system 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 .  
@ 

m I t  shou ld  be noted  t h a t  t h e  a n o m a l i e s  shown on t h e  

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

fl h a l f  p l a n e  model. T h i s  model b e s t  r e f l e c t s  " d i s c r e t e "  
U 

bedrock conduc to r s .  Wide bedrock c o n d u c t o r s  or f l a t - l y i n g  
F 
ks c o n d u c t i v e  u n i t s ,  whether  from s u r f i c i a l  or bedrock s o u r c e s ,  

P 1 may g i v e  r i s e  t o  v e r y  broad anomalous r e s p o n s e s  on t h e  EM 

L d  
p r o f i l e s .  These may n o t  a p p e a r  on t h e  e l e c t r o m a g n e t i c  

r T  
anomaly map i f  t h e y  have a r e g i o n a l  c h a r a c t e r  r a t h e r  than  a 

L J  

l o c a l l y  anomalous c h a r a c t e r .  These broad c o n d u c t o r s ,  which 
w 
b more c l o s e l y  approximate  a  h a l f  s p a c e  model, w i l l  be maximum 

rn coup led  t o  t h e  h o r i z o n t a l  ( c o p l a n a r )  c o i l - p a i r  and a r e  
h 

c l e a r l y  e v i d e n t  on t h e  r e s i s t i v i t y  map. The r e s i s t i v i t y  
m 

map, t h e r e f o r e ,  may be more v a l u a b l e  t h a n  t h e  e l e c t r o -  
a 

m a g n e t i c  anomaly map, i n  a r e a s  where broad or f l a t - l y i n g  
IF -9 

d c o n d u c t o r s  a r e  c o n s i d e r e d  t o  be o f  impor tance .  

r-? 

k d I n  a r e a s  where m a g n e t i t e  c a u s e s  t h e  i n p h a s e  components 

F-3 
t o  become n e g a t i v e ,  t h e  a p p a r e n t  conduc tance  and d e p t h  of EM 

u a n o m a l i e s  may be u n r e l i a b l e .  

Ir There  a r e  s e v e r a l  a r e a s  where EM r e s p o n s e s  a r e  e v i d e n t  

m o n l y  on t h e  q u a d r a t u r e  components,  i n d i c a t i n g  zones  o f  poor 

iu 

6 
-- -- -- - - -  -- 



c o n d u c t i v i t y .  Where t h e s e  r e s p o n s e s  a r e  c o i n c i d e n t  w i t h  

s t r o n g  magne t i c  anomal ies ,  it is p o s s i b l e  t h a t  t h e  i n p h a s e  

component a m p l i t u d e s  have been s u p p r e s s e d  by t h e  e f f e c t s  ~ 
F 
U I 

of m a g n e t i t e .  Most o f  t h e s e  p o o r l y - c o n d u c t i v e  magne t i c  I 

f e a t u r e s  g i v e  r ise to  r e s i s t i v i t y  a n o m a l i e s  which a r e  

o n l y  s l i g h t l y  below background. These  weak f e a t u r e s  a r e  
6 
U e v i d e n t  on t h e  r e s i s t i v i t y  map b u t  may n o t  be shown on 

a1 t h e  e l e c t r o m a g n e t i c  anomaly map. I f  it is expec ted  t h a t  
tit.& 

poor ly -conduc t ive  s u l p h i d e s  may be a s s o c i a t e d  w i t h  

p m a g n e t i t e - r i c h  u n i t s ,  some o f  t h e s e  weakly anomalous 
L 1 

f e a t u r e s  may be o f  i n t e r e s t .  
F 7 

e d 

m I n  some p o r t i o n s  o f  t h e  s u r v e y  a r e a ,  t h e  e x t r e m e l y  
CA . rugged topography f o r c e d  t h e  p i l o t  t o  exceed normal t e r r a i n  

m c l e a r a n c e  f o r  r e a s o n s  o f  s a f e t y .  I t  is p o s s i b l e  t h a t  some 
k 

weak c o n d u c t o r s  may have escaped  d e t e c t i o n  i n  a r e a s  where 
m 
h t h e  b i r d  h e i g h t  exceeded 1 2 0  m. I n  d i f f i c u l t  a r e a s  where 

""ai n e a r - v e r t i c a l  c l i m b s  were n e c e s s a r y ,  t h e  forward  speed of 
9 t h e  h e l i c o p t e r  was reduced t o  a l e v e l  which p e r m i t t e d  

F 7  e x c e s s i v e  b i r d  swinging.  T h i s  problem,  combined w i t h  t h e  
kid 

s e v e r e  s t r e s s e s  t o  which t h e  b i r d  was s u b j e c t e d ,  gave  rise 
'7 

kd t o  aerodynamic n o i s e  l e v e l s  which a r e  s l i g h t l y  h i s h e r  t h a n  

""1 normal.  S e v e r a l  r e f l i g h t s  were c a r r i e d  o u t  t o  minimize 

t h e s e  a d v e r s e  e f f e c t s .  
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SECTION I: SURVEY RESULTS 

n 
id 

CONDUCTORS I N  THE SURVEY AREA 

P 
The s u r v e y  c o v e r e d  a s i n g l e  g r i d  w i t h  235 km o f  

P, f l y i n g ,  t h e  r e s u l t s  o f  which are shown on  t h e  map s h e e t s  
id 

accompanying t h i s  r e p o r t .  T a b l e  1-1 summar izes  t h e  EM 

rn r e s p o n s e s  i n  t h e  a r e a  w i t h  r e s p e c t  t o  c o n d u c t a n c e  g r a d e  and 
&A 

i n t e r p r e t a t i o n .  
m 
1, 
IPg The e l e c t r o m a g n e t i c  anomaly  map shows t h e  anomaly 
S 

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

W 
I c o n d u c t a n c e  and  d e p t h  b e i n g  i n d i c a t e d  by symbols .  Direct u 

m a g n e t i c  c o r r e l a t i o n  is a lso  shown i f  it e x i s t s .  The s t r i k e  
m 
Id d i r e c t i o n  and  l e n g t h  o f  t h e  c o n d u c t o r s  are i n d i c a t e d  when 

a n o m a l i e s  c a n  b e  c o r r e l a t e d  f rom l i n e  to  l i n e .  When 

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

3 anomaly  l i s t i n g s  appended to  t h i s  r e p o r t  to  e n s u r e  t h a t  none 

of t h e  c o n d u c t o r s  a r e  o v e r l o o k e d .  
Fv4 

d 

17 T h e r e  are numerous EM a n o m a l i e s  which e x h i b i t  t h e  

k45 
c h a r a c t e r i s t i c s  o f  b road ,  f l a t - l y i n g  z o n e s ,  some o f  which 

'"1 

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

'grl 

z o n e s  o f  weak c o n d u c t i v i t y .  A l though  t h e  d i f f e r e n c e  

b c h a n n e l s  (DIF I and DIF Q) a r e  e x t r e m e l y  v a l u a b l e  i n  

r 
CI 



TABLE 1 

EM ANOMALY STATISTICS OF THE LABOUR DAY LAKE AFEA 

m 
$;Zd 

CONDUCTOR NUMBER OF rn GRADE CONDUCTANCE RANGE RESPONSES 

6 > 99 MHOS 0 
P I  5 50-99 MHOS 0 

4 20-49 MHOS 0 
3 10-19 MHOS 0 

rn 2 5- 9 MHOS 4 

LA 
1 C 5 MHOS 48 
X INDETERMINATE 38 

l- TOTAL 9 0 
LA 

m 

CONDUCTOR NUPilBER OF 

A""I MODEL MOST LIKELY SOURCE RESPONSES 

k, 
B DISCRETE BEDROCK CONDUCTOR 5 1 
H ROCK UNIT OR THICK COVER 3 9 

TOTAL 9 0 

3 
Rll 

(SEE EN MAP LEGEND FOR EXPLANATIONS) 
k d  

r -1 

k 4  

r- 

b 

G 
P 
G 
--- 
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d i s t i n g u i s h i n g  between n e a r - v e r t i c a l  and f l a t - l y i n g  

b e d r o c k  c o n d u c t o r s  w i t h  s h a l l o w  d i p s  may n o t  y i e l d  c l e a r l y  

d e f i n e d  a n o m a l i e s  on t h e s e  c h a n n e l s .  Such s h a l l o w  d i p p i n g  fl 
f e a t u r e s ,  however ,  s h o u l d  be  e v i d e n t  on  t h e  r e s i s t i v i t y  I 
map. I f  t h e  g e o l o g i c a l  u n i t s  i n  t h e  a r e a  e x h i b i t  r e l a t i v e l y  I 
s h a l l o w  d i p s ,  some o f  t h e  a n o m a l i e s  w i t h  an "H" c l a s s i f  i c a -  

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

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

I 

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

complex g e o l o g y  which s t r i k e s  n o r t h w e s t - s o u t h e a s t  i n  t h e  

n o r t h e r n  p o r t i o n  o f  t h e  s u r v e y  a r e a .  S o u t h  o f  l i n e  1900,  

$111 
h i g h e r  m a g n e t i c  v a l u e s  a r e  e v i d e n t .  The 56,500 nT m a g n e t i c  

b c o n t o u r  o u t l i n e s  a  major p l u g - l i k e  f e a t u r e  a p p r o x i m a t e l y  

3 km i n  d i a m e t e r ,  c e n t e r e d  i n  t h e  v i c i n i t y  o f  anomaly  

28xB1. E a s t  o f  t h i s  f e a t u r e ,  t h e r e  a r e  t w o  o t h e r  m a g n e t i c  
m 
u u n i t s  which s t r i k e  north-northwest/south-southeast t h r o u g h  

m a n o m a l i e s  26xB1 and 28G. A f o u r t h ,  i n c o m p l e t e  m a g n e t i c  
I 

anomaly  is s i t u a t e d  beyond t h e  e a s t e r n  e n d s  o f  l i n e s  1  

"a, 
I t h r o u g h  9. The r o c k  u n i t s  which g i v e  rise to  t h e s e  s t r o n g e r  

L d 
a n o m a l i e s  a l l  e x h i b i t  core m a t e r i a l  c o n t a i n i n g  more t h a n  1 %  

0- 7 

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

7 
c l e a r l y  e v i d e n t  on t h e  p r o f i l e s  f o r  l i n e s  2400 t h r o u g h  31. 

U 

IF R e s i s t i v i t i e s  i n  t h e  s u r v e y  a r e a  are g e n e r a l l y  h i s h ,  

L 
w i t h  o n l y  a  few i s o l a t e d  a r e a s  e x h i b i t i n g  v a l u e s  o f  less 

m 

t 
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t h a n  1 ,000  ohm-m. Most o f  t h e  i n t e r e s t i n g  EM a n o m a l i e s  a r e  

a s s o c i a t e d  w i t h  t h e s e  z o n e s  o f  m o d e r a t e  to  l o w  r e s i s t i v i t y .  

I 

w Anomal i e s  3xC-7A, Anomal i e s  i n  t h i s  g r o u p  are 
300B-4xA, 

fl 300A, 8A c o n t a i n e d  w i t h i n  a  zone  o f  m o d e r a t e  
L.4 

to  l o w  r e s i s t i v i t y  which e x t e n d s  i n  

[ a s o u t h e a s t e r l y  d i r e c t i o n  from 

m anomaly  1OOA. With  t h e  e x c e p t i o n  

d o f  anomaly  300C, which e x h i b i t s  a  

mi weak 20 nT m a g n e t i c  c o r r e l a t i o n ,  
u 

t h e  a n o m a l i e s  f o r m i n g  c o n d u c t o r  
dill 
1 
kd 

a x i s  3xC-7A a r e  a s s o c i a t e d  w i t h  a  

Fi 
r e l a t i v e  m a g n e t i c  d e p r e s s i o n .  The 

L .  CXI/CPI r a t i o  o f  anomaly  300C 

i""i s u g g e s t s  a p a r a l l e l  or o f f - l i n e  
h$ 

s o u r c e  which  may i n d i c a t e  t h a t  t h e  

f""i 
L n o r t h w e s t  e x t e n t  o f  t h i s  c o n d u c t o r  

o c c u r s  a t ,  or s o u t h  o f ,  l i n e  300. 
F 
kd The b r o a d  n a t u r e  o f  a n o m a l i e s  5A-7A 

-3 
I and  t h e  a p p a r e n t  n e g a t i v e  d e p t h  
u 

b o t h  t e n d  to  s u g g e s t  o v e r b u r d e n  a s  
-9 

a p o s s i b l e  c a u s e  o f  t h i s  c o n d u c t o r ;  
kb 

CP" -7 however ,  t h e  weak d i f f e r e n c e  

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

i n  CPI-CXI p e a k s  s u g g e s t  

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

a  p r o b a b l e  
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Anomaly 300B-4xA r e f l e c t s  a  poor  

c o n d u c t o r  o f  l i m i t e d  s t r i k e  l e n g t h  

aflJ which may be  p a r t i a l l y  due t o  over -  

U burden.  The s h a r p n e s s  o f  anomaly 

rn 300B, however,  s u g g e s t s  a  p o s s i b l e  
4 

bedrock c o n d u c t o r .  Anomaly 300A 

W 
b e x h i b i t s  c h a r a c t e r i s t i c s  s i m i l a r  t o  

n 300B, and is l o c a t e d  a b o u t  200 m t o  

bi t h e  s o u t h w e s t .  I ts  r e l a t i o n s h i p  t o  

,? a weak m a g n e t i c  l o w  s u g g e s t s  t h i s  
d 

anomaly c o u l d  be due  t o  a  weakly 
674 

Lr c o n d u c t i v e  f a u l t .  Anomaly 8A is a  

W weak, p o o r l y - d e f i n e d  r e s p o n s e  which 

b may a l s o  be due  to  t h i c k  c o n d u c t i v e  

overburden .  

Anomalies 

c o n s i d e r e d  

w i t h  t h e  

"7 300C and 
a _ &  

a s s o c i a t e d  

i n  t h i s  g roup  a r e  

to  be o f  l o w  p r i o r i t y  

e x c e p t  i o n  o f  anomal ies  

7A, b o t h  o f  which a r e  

w i t h  r e s i s t i v i t y  lows o f  - 
L 1 less t h a n  250 ohm-m. 

"7 
I '  

Anomalies 6A-7xA, Anomalies 6A-7xA and 15A-16A bo th  
1  5A- 16A 

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

b 
o f  l i m i t e d  s t i k e  l e n g t h .  The 

- - 
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f o r m e r  o c c u r s  on  t h e  n o r t h e r n  f l a n k  

o f  a d i k e - l i k e  m a g n e t i c  anomaly 

which e x t e n d s  f rom f i d u c i a l  975 on 
1 
U l i n e  1 t h r o u g h  f i d u c i a l  833 on 

v l i n e  10. The enhanced  m a g n e t i c  map 
kw 

s u g g e s t s  t h i s  n a r r o w  m a g n e t i c  u n i t  

a 
b may e x t e n d  s o u t h e a s t  t o  f i d u c i a l  

161 on  l i n e  2000 where it merges  p 
b w i t h  a s imilar  f e a t u r e  which 

9"4 e x t e n d s  f r o m  f i d u c i a l  573 on  
L;i 

1 i n e  3,  c o n t i n u i n g  s o u t h e a s t  
F 7 

t h r o u g h  f i d u c i a l  2290 on l i n e  25. 
L9 

Anomaly 15A-16A is l o c a t e d  on t h e  \? - 
U w e s t e r n  c o n t a c t  o f  t h e  same 

m a g n e t i c  u n i t  which h o s t s  anomaly 
I 
td 

6A-7xA. Al though  b o t h  c o n d u c t o r s  

&d c o n s i s t  o f  weak, p o o r l y  d e f i n e d  

a n o m a l i e s ,  t h e y  may r e f l e c t  weakly  

m i n e r a l i z e d  c o n t a c t s  which c o u l d  be 

": o f  i n t e r e s t .  
L d  

r " 

*A Anomal ies  1100B, 1300A A b r o a d  c o n d u c t i v e  u n i t  is 

'-7 
c o n s i d e r e d  to  b e  a  l i k e l y  c a u s e  o f  

U anomaly 1  100B. The d i f f e r e n c e  

i""l c h a n n e l  r e s p o n s e s  a s s o c i a t e d  w i t h  
U 

anomaly 1300A a r e  f a i r l y  f l a t ,  

0 
C 



s u g g e s t i n g  a  s i m i l a r  broad 

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

of 1300A t e n d s  t o  i n d i c a t e  a  
R 

p r o b a b l e  b u r i e d  bedrock f e a t u r e ,  

n Both a n o m a l i e s  a r e  c o n s i d e r e d  to  

d be o f  m o d e r a t e l y  l o w  p r i o r i t y ,  

fl a l t h o u g h  t h e y  a r e  a s s o c i a t e d  wi th  a 
t 

s u b t l e  r e s i s t i v i t y  l o w .  
if! 
u 
Bq Anomalies 1900A, 2200A An i n t e r e s t i n g  c o n d u c t o r  of  l i m i t e d  

k r e x t e n t  is i n d i c a t e d  by anomaly 

m 1900A. T h i s  i s o l a t e d  f e a t u r e  is 
L A  

s i t u a t e d  on t h e  n o r t h e r n  edge of a  
9 
b s t r o n g  m a g n e t i c  anomaly and 

rn p r o b a b l y  r e f l e c t s  m i n e r a l i z a t i o n  

id a s s o c i a t e d  w i t h  a  g e o l o g i c a l  

c o n t a c t .  T h i s  anomaly w a r r a n t s  

f u r t h e r  work. 

Anomaly 2200A r e f l e c t s  a  modera te ly  

b road ,  weak c o n d u c t o r .  A 1  though 
r"l 

t h e  anomaly is l o c a t e d  i n  a 
k 9 

r e l a t i v e l y  non-magnetic a r e a  
' 7  

b (be tween  t w o  prominent  magne t i c  

pll a n o m a l i e s ) ,  t h e  i n p h a s e  s u p p r e s s i o n  

u s u g g e s t s  t h i s  anomaly is a s s o c i a t e d  

rn 
u 

- -- 



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

m a g n e t i t e .  Both  a n o m a l i e s  1 9 0 0 ~  

and  2200A are a s s o c i a t e d  w i t h  

s u b t l e  l o w  r e s i s t i v i t y  a n o m a l i e s  

which t e n d  t o  e n h a n c e  t h e i r  R 
u s i g n i f i c a n c e .  

F 
kb 

Anomal ies  23A-25A, Anomaly 23A-25A r e f l e c t s  a b e d r o c k  
2400B, 
27A-29A, c o n d u c t o r  w i t h  a s t r i k e  l e n g t h  of 
31A 

a b o u t  1 km. T h i s  c o n d u c t o r  a p p e a r s  

t o  b e  f a i r l y  b r o a d  (o r  f l a t  l y i n g )  

F 7 i n  t h e  v i c i n i t y  o f  anomaly 23A, 
b,ii 

g r a d i n g  to  a n a r r o w  (or s t e e p l y -  
F-3 

L3 
d i p p i n g )  zone  t o w a r d s  t h e  e a s t .  

m T h i s  c o n d u c t o r  is a s s o c i a t e d  w i t h  a 

b m o d e r a t e l y  l o w  r e s i s t i v i t y  zone  

q which is p a r a l l e l e d  by  a n o r t h w e s t  
u 

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

7 
U a b o u t  400 meters to  t h e  n o r t h e a s t .  

"7 
Anomaly 2400B r e f l e c t s  a p o s s i b l e  

LA b e d r o c k  c o n d u c t o r  a s s o c i a t e d  w i t h  

r 7 

t h e  n o r t h e r n  c o n t a c t  o f  t h i s  
J 

cad 

m a g n e t i c  u n i t .  The f o r m e r  conduc- 
P^li 

to r ,  23A-25A, is a s s o c i a t e d  w i t h  a 

m o d e r a t e  l y  l o w  r e s i s t i v i t y  anomaly.  
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Anomaly 27A-29A r e f l e c t s  a  bedrock 

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

F s o u t h e r n  c o n t a c t  o f  a  m o d e r a t e l y  

h i  
s t r o n g  i s o l a t e d  m a g n e t i c  anomaly. 

fl T h i s  c o n d u c t o r  s h o u l d  be  fo l lowed  
b 

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

anomaly 28A which y i e l d s  a  d i r e c t  

R m a g n e t i c  c o r r e l a t i o n  o f  200 nT. 

b 

fl 
The b road ,  p o o r l y  d e f i n e d  anomal ies  

d 30A and 31A may a l s o  be r e l a t e d  to  

r t h e  same g e o l o g i c a l  h o r i z o n  a s  

$iil 
i n d i c a t e d  by t h e  m a g n e t i c  c o n t o u r s  

iaa; 

k;Jii 
i n  t h e  a r e a .  

p Anomalies 28xB-31B, Anomalies i n  t h i s  g r o u p  a r e  r e l a t e d  
25D-28xB ' , 
25B, 27xAn, to  a  s t r o n g  m a g n e t i c  anomaly which 

fl 30E 
& may r e f l e c t  an i n t r u s i v e  p lug .  

F A l l  a n o m a l i e s  a r e  a f f e c t e d  by 

m a g n e t i t e ,  a s  ev idenced  by t h e  

"Ti 
I n e g a t i v e  i n p h a s e  r e s p o n s e s ,  which 
b 

F 7 

p r e c l u d e s  a c c u r a t e  r e s i s t i v i t y  

e s t i m a t e s .  (The n e g a t i v e  inphase  

'.a g i v e s  rise to  e r r o n e o u s l y  h igh  

kd r e s i s t i v i t i e s . )  The c o n d u c t o r s  
P-3 

b 
g e n e r a l l y  a p p e a r  t o  f l a n k  t h e  

s t r o n g e r  m a g n e t i c  p e a k s  s u g g e s t i n g  

- - - -- - -- -- 
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that the mineralized zones are 

associated with the contacts of the 

magnetite-rich units. Exceptions 

are anomalies 25B, 25D and 31B, 

which exhibit direct magnetic 

correlation. The broad rock unit 
W 
L i  which hosts these conductors 

fl appears to contain between 1 %  to 

2.5% magnetite. (See FEO channels 

Fa for lines 25 to 31.) 
il 

b-3 

$4 All conductors in this area appear 

%3 to warrant follow-up. 

U 

P Anomaly 2400xA-26xB Anomaly 2400xA-26xB reflects a 
U 

bedrock conductor associated with 
ps ,J a well defined magnetic unit 

lrn containing about 1 % magnetite. 
b 

r 3  
Anomalies 23xA, 25xA, All anomalies in this group are 

LJ 26xB1-28E 

' 9 
28D, 31E, associated with a moderately broad 
29E-30xC ' 

d magnetic anomaly outlined by the 

p-8 56,500 nT contour. This unit 

W strikes northwest/southeast along 

s the axis of conductor 26xB1-28E 

which is associated with peak a 
3 
- - - - - ---- - -- - ~~~~~ - 
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m a g n e t i c  v a l u e s  o f  more t h a n  

e 57,000 nT. 

fl 
W Anomaly 29E-30xC1, which may be an 

rn o f f s e t  c o n t i n u a t i o n  o f  conduc to r  
u 

26xBr-28E, y i e l d s  p o s i t i v e  inphase  

n 
id r e s u l t s  on t h e  h i g h  f r e q u e n c y  o n l y ,  

m s u g g e s t i n g  t h a t  t h i s  p o r t i o n  e i t h e r  

Li c o n t a i n s  less  m a g n e t i t e  or is more 

77 h i g h l y  c o n d u c t i v e .  (Although t h e  
kiJ 

e f f e c t s  o f  m a g n e t i t e  a r e  indepen- 
F Y  

LA d e n t  o f  f r e q u e n c y ,  t h e  7200 Hz 

~ " i  
which can  d e t e c t  p o o r l y  c o n d u c t i v e  

~i zones  y i e l d s  a  p o s i t i v e  inphase  

C r e s p o n s e ,  i .e.,  t h e  e f f e c t s  o f  

conduc tance  exceed t h e  n e g a t i v e  

3 e f f e c t s  o f  magne t i c  p e r m e a b i l i t y  

i"$ 
a t  t h e  h i g h e r  f r equency .  ) T h i s  

k i  phenomenon is e x e m p l i f i e d  by 

=-a 
comparing anomal ies  23xA and 31E, 

k d  

b o t h  o f  which e x h i b i t  d i r e c t  
r > 

LA m a g n e t i c  c o r r e l a t i o n .  The p o s i t i v e  

i"-s i n p h a s e  a s s o c i a t e d  w i t h  anomaly 31E 

b g i v e s  r ise t o  a  l o w  r e s i s t i v i t y  

$"i anomaly w h i l e  23xA d o e s  n o t .  
& 

B 
g 
- -- - - - pp - 
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A l l  anomal ies  i n  t h i s  a r e a  a r e  

r e l a t e d  to  p o o r l y  c o n d u c t i v e  zones 

n of m a g n e t i t e  and s h o u l d  be i n v e s t i -  
L 

g a t e d ,  p a r t i c u l a r l y  i f  it is l i k e l y  

m t h a t  t h e  magne t i c  ( i n t r u s i v e ? )  h o s t  
kd 

may have i n f l u e n c e d  m i n e r a l  
n 
hi d e p o s i t i o n  i n  t h e  a r e a .  

ig%l 
&d Anomaly 26C Anomaly 26C r e f l e c t s  a  bedrock 

f 
c o n d u c t o r ,  p r o b a b l y  o f  1 i m i t e d  

I 
L 4 s t r i k e  l e n g t h ,  which is c o n s i d e r e d  

t-7 t o  be  one  o f  t h e  more a t t r a c t i v e  
oj 

t a r g e t s  i n  t h e  Labour Day Lake 
FS 

I .  

u a r e a .  The h i s h  CPI/CXI r a t i o  

s u g g e s t s  t h a t  t h e  anomaly is due t o  
W 
h a t h i c k ,  m o d e r a t e l y  s t r o n g  conduc- 

3 tor  or a  na r rower  c o n d u c t o r  which 
u 

is p a r a l l e l  or t o  one  s i d e  of  t h e  
P 

s u r v e y  l i n e .  T h i s  c o n d u c t o r  y i e l d s  

F 7 
t h e  s t r o n g e s t  l o w  r e s i s t i v i t y  

u anomaly i n  t h e  s u r v e y  a r e a .  

" 7 

LD I t  is s t r o n g l y  recommended t h a t  

r~ f u r t h e r  work be c a r r i e d  o u t  t o  

U d e t e r m i n e  t h e  s t r i k e  d i r e c t i o n ,  

l e n g t h  and c a u s a t i v e  s o u r c e  of t h i s  

i n t e r e s t i n g  bedrock c o n d u c t o r .  
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Anomaly 30G-31F A b r o a d , .  weak b e d r o c k  c o n d u c t o r  is 

i n d i c a t e d  b y  anomaly  30G-31 F. T h i s  

f e a t u r e  may b e  o p e n  t o  t h e  s o u t h -  

b east .  

R 
kd 

Anomal i e s  26xD, 28G, Anoma l i e s  i n  t h i s  g r o u p  c o n s i s t  o f  
p 30xE 
e i s o l a t e d  r e s p o n s e s  which  are 

5 r e l a t e d  t o  a m a j o r  m a g n e t i c  u n i t  

L i  which  s t r i k e s  n o r t h w e s t / s o u t h e a s t  

PBal t h r o u g h  anoma ly  28G. A l l  a n o m a l i e s  
r i  

are d u e  t o  p o o r l y  c o n d u c t i v e  z o n e s  
B -4 

kY o f  m a g n e t i t e .  

,m 
I 
k d  I n  t h e  g e n e r a l  area s o u t h  o f  l i n e  2400, t h e r e  are 

A% s e v e r a l  b r o a d  q u a d r a t u r e  r e s p o n s e s  which  o c c u r  i n  areas 
kd 

w h e r e  m a g n e t i t e  h a s  s u p p r e s s e d  t h e  r e l a t i v e  i n p h a s e  

r e s p o n s e s .  T h e s e  h a v e  n o t  b e e n  p i c k e d  as  EM a n o m a l i e s  as  

ml t h e y  d o  n o t  meet t h e  c r i t e r i a  f o r  " d i s c r e t e "  b o d i e s .  The 
I 

U e x t e n t  and  u n i f o r m i t y  o f  t h e  m a g n e t i c  u n i t s  which  h o s t  t h e s e  

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

e n v i r o n m e n t .  Some o f  t h e s e  s u b t l e  f e a t u r e s  may a lso b e  o f  
VT 

1 

L 4 i n t e r e s t  i f  t h e  " m a g n e t i t e  a s s o c i a t e d "  a n o m a l i e s  d e s c r i b e d  

f-l h e r e i n  p r o v e  t o  b e  r e l a t e d  to  economic  m i n e r a l i z a t i o n .  

b 

PAS- 59 



SECTION 11: BACKGEPOUND INFORMATION 

P 
ELECTROMAGNETICS 

m 
u 

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

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

s h a r p ,  we l l -de f ined  anomal ies  from d i s c r e t e  c o n d u c t o r s  such 

a s  s u l f i d e  l e n s e s  and s t e e p l y  d i p p i n g  s h e e t s  o f  g r a p h i t e  and 
aP711 

I$ iir 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 anomal ies  from 

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

d i p p i n g  g r a p h i t e  o r  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  

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

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  width  
m 
u o f  200 m would s t r a d d l e  t h e s e  t w o  c l a s s e s ,  

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

'9 model used f o r  t h e  a n a l y s i s  o f  d i s c r e t e  c o n d u c t o r s .  A 1 1  
;%si 

anomal ies  p l o t t e d  on t h e  e l e c t r o m a g n e t i c  map a r e  analyzed 
" 7 

l d  a c c o r d i n g  t o  t h i s  model. The f o l l o w i n g  s e c t i o n  e n t i t l e d  

- Discrete conduc to r  a n a l y s i s  d e s c r i b e s  t h i s  model i n  d e t a i l ,  

k- d i n c l u d i n g  t h e  e f f e c t  o f  u s i n g  it on anomal ies  caused by 

'-7 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 .  

n 
U 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  

F"i 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  

U 



use  o f  

mapping 

t h i s  model. 

d e s c r i b e s  t h e  

A l a t e r  s e c t i o n  e n t i t l e d  

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

Resistivity 

t h e  e f f e c t  

p 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 

F 
as s u l f i d e  bod ies .  

&d 

n Geometric i n t e r p r e t a t i o n  
b 

!I 
b 

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

g e o m e t r i c  shape and d i p  of  t h e  conduc to r .  T h i s  q u a l i t a t i v e  rn 
b 1  i n t e r p r e t a t i o n  of  anomal ies  is i n d i c a t e d  on t h e  map by means 

IP 11 of i n t e r p r e t i v e  symbols (see EM map l e g e n d ) .  F i g u r e  11-1 
W 

shows t y p i c a l  DIGHEM anomaly shapes  and t h e  i n t e r p r e t i v e  
n 
U 

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

s h a p e s  a r e  used to g u i d e  t h e  g e o m e t r i c  i n t e r p r e t a t i o n .  

Discrete conduc to r  a n a l y s i s  

m 
I 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 

e3 

1" 1 
are ana lyzed  by computer t o  g i v e  t h e  conduc tance  ( i . e .  , 

LA 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  

1 model. T h i s  is done r e g a r d l e s s  of  t h e  i n t e r p r e t e d  g e o m e t r i c  
1 

h i  
s h a p e  o f  t h e  conduc to r .  T h i s  is n o t  a n  u n r e a s o n a b l e  

r %l 

b 
p r o c e d u r e ,  because  t h e  computed conductance  i n c r e a s e s  a s  t h e  

e l e c t r i c a l  qua1 i t y  of  t h e  conduc to r  i n c r e a s e s ,  r e g a r d l e s s  of 

G its t r u e  shape .  D I G H E M  anomal ies  a r e  d i v i d e d  i n t o  s i x  

9 

U 
P 
U 

- - -- --- - - pppppp p- pp p--p 





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

g r a d e s  o f  c o n d u c t a n c e ,  as shown i n  T a b l e  11-1. The  conduc-  

t a n c e  i n  mhos is t h e  r e c i p r o c a l  of r e s i s t a n c e  i n  ohms. 

1 u 
T a b l e  11-1. EM Anomaly G r a d e s  

A 

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

n 

i"l 

m 

Ld 
t h e  c o n d u c t o 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  f rom 

F 

A- Mho Range 

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

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  c o n f u s e d  w i t h  small 

!& 

R The c o n d u c t a n c e  v a l u e  is a g e o l o g i c a l  parameter b e c a u s e  

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  
@ .  

a n o m a l i e s  from s h a l l o w  weak c o n d u c t o r s  b e c a u s e  t h e  f o r m e r  
v 
u w i l l  h a v e  l a r g e r  c o n d u c t a n c e  v a l u e s .  

"7 
U C o n d u c t i v e  o v e r b u r d e n  g e n e r a l l y  p r o d u c e s  b r o a d  EM 

'1 
d 

r e s p o n s e s  which  a r e  n o t  p l o t t e d  o n  t h e  EM maps, However,  

p a t c h y  c o n d u c t i v e  o v e r b u r d e n  i n  o t h e r w i s e  r e s i s t i v e  a r e a s  
$T 
u 

P T h i s  s t a t e m e n t  is a n  a p p r o x i m a t i o n .  D I G H E M ,  w i t h  i t s  

& s h o r t  co i l  s e p a r a t i o n ,  t e n d s  to  y i e l d  l a r g e r  and more 
a c c u r a t e  c o n d u c t a n c e  v a l u e s  t h a n  a i r b o r n e  s y s t e m s  

r'q 
h a v i n g  a l a r g e r  coil  s e p a r a t i o n .  

b 



can y i e l d  d i s c r e t e  anomal ies  w i t h  a  conduc tance  g r a d e  ( c f .  

T a b l e  11-1) o f  1, o r  even o f  2 f o r  c o n d u c t i n g  c l a y s  which 
n 

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

g ground r e s i s t i v i t i e s  can be below 1 0  ohm-m, anomal ies  caused 
tu 

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

n 
@ 

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

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

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

on t h e  map (see EM l egend  ) . 

rn For  bedrock c o n d u c t o r s ,  t h e  h i g h e r  anomaly g r a d e s  

i n d i c a t e  i n c r e a s i n g l y  h i g h e r  conduc tances .  Examples: 
a 
b D I G H E M ' s  New I n s c o  copper  d i s c o v e r y  (Noranda , Canada ) 

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

u copper -z inc  Magusi R ive r  ore body; M a t t a b i  ( c o p p e r - z i n c ,  

S t u r g e o n  Lake, Canada) and W h i s t l e  ( n i c k e l ,  Sudbury,  

Canada) gave  g rade  5;  and D I G H E M 1 s  Montcalm n i c k e l - c o p p e r  
rn 
d d i s c o v e r y  (Tirnrnins, Canada) y i e l d e d  a  g r a d e  6  anomaly. 

I 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 

k9 p a r t i c u l a r  s u r v e y  a r e a ,  f i e l d  work may show t h a t  t h e  
r 7 

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 - - ~ . - - ' - - -  

S t r o n g  conduc to 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  o r  g r a p h i t e .  Moderate c o n d u c t o r s  

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

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

- - - - - 



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

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

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

4 2000 Hz. 

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

ore d e p o s i t s  hav ing  weak t o  modera te  conduc tances .  A s  

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

Res t igouche  Mining C o r p o r a t i o n  n e a r  B a t h u r s t  , Canada, 

y i e l d e d  a  w e l l  d e f i n e d  g r a d e  1 c o n d u c t o r .  The 10 p e r c e n t  

lp"l by volume of  s p h a l e r i t e  o c c u r s  a s  a  c o a t i n g  around t h e  f i n e  
b 

g r a i n e d  mass ive  p y r i t e ,  t h e r e b y  i n h i b i t i n g  e l e c t r i c a l  

conduc t ion .  

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

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

and 2 ) .  Conduct ive  rock  f o r m a t i o n s  can y i e l d  anomal ies  of  
fl 
W any conductance  g r a d e .  The c o n d u c t i v e  m a t e r i a l s  i n  such  

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

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

U On t h e  e l e c t r o m a g n e t i c  map, a  l e t t e r  i d e n t i f i e r  and an 

rF-q 
i n t e r p r e t i v e  symbol a r e  p l o t t e d  b e s i d e  t h e  EM g r a d e  symbol,  

la I 
U The h o r i z o n t a l  rows of d o t s ,  under  t h e  i n t e r p r e t i v e  symbol,  

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

. - - . . - 



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

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

4 
U l e t t e r  i d e n t i f i e r s ,  i n t e r p r e t i v e  symbols and d o t s  may be 

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

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

m 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  of t h e  conduc- 

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

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

whereas one o b t a i n e d  from a  s m a l l  ppm anomaly ( n o  d o t s )  
M 
b cou ld  be q u i t e  i n a c c u r a t e .  The absence  of  a m p l i t u d e  d o t s  

P 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 

u 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 .  

3 Such s m a l l  anomal ies  could  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 conductance  
m 
u g r a d e  and d e p t h  e s t i m a t e  i l l u s t r a t e s  which o f  t h e s e  

BT 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 .  

ad 

'?; F l i g h t  l i n e  d e v i a t i o n s  o c c a s i o n a l l y  y i e l d  c a s e s  where  
h ii 

t w o  anomal ies ,  having s i m i l a r  conduc tance  v a l u e s  b u t  
1-7 

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



A number o f  f a c t o r s  which can produce  an  error i n  t h e  d e p t h  

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

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

l o c a t i o n  and a t t i t u d e  o f  t h e  c o n d u c t o r  r e l a t i v e  t o  t h e  
m 
&J f l i g h t  l i n e .  Conductor l o c a t i o n  and a t t i t u d e  can p r o v i d e  an 

IF e r r o n e o u s  d e p t h  e s t i m a t e  because  t h e  s t r o n g e r  p a r t  of  t h e  

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

rn or because  it has  a  s h a l l o w  d i p .  A heavy t ree cover  can  
t@ 

a l s o  produce e r r o r s  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  
P 
ka 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 

: -l c o n d u c t o r ,  minus t h e  a1  t i m e t e r  r e a d i n g .  The a 1  timeter can 
kj l o c k  o n t o  t h e  t o p  of  a  dense  f o r e s t  canopy. T h i s  s i t u a t i o n  

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

a f f e c t  t h e  conductance  e s t i m a t e .  
m u 
R Dip symbols a r e  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  

ki o f  c o n d u c t o r s .  These symbols a r e  used o n l y  when t h e  anomaly 

s h a p e s  a r e  unambiguous, which u s u a l l y  r e q u i r e s  a  f a i r l y  

r e s i s t i v e  envi ronment .  
rii 

b-4 

F - 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 
r" 

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 .  
b i  

T h i s  p r o v i d e s  conduc to 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  
Far 

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

r 
U 



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

be c o r r e l a t e d  from l i n e  to  l i n e  w i t h  r e a s o n a b l e  c o n f i d e n c e ,  

P 
DIGHEM e l e c t r o m a g n e t i c  maps are d e s i g n e d  to  p r o v i d e  

u a correct i m p r e s s i o n  of  c o n d u c t o r  q u a l i t y  by  means o f  t h e  

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

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

n 
M c o n d u c t a n c e  v a l u e s  are p r i n t e d  i n  t h e  a t t a c h e d  anomaly l ist  

m 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  

PP d i s t r a c t  f rom 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  
b 

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

a i n t e r p r e t a t i o n  o f  c o n d u c t o r s  i n  terms o f  l e n g t h ,  s t r i k e  and 

d i p ,  g e o m e t r i c  s h a p e ,  c o n d u c t a n c e ,  d e p t h ,  and t h i c k n e s s  (see 
A u b e l o w ) .  The a c c u r a c y  is comparab le  to  an  i n t e r p r e t a t i o n  

7 f rom a h i g h  q u a l i t y  ground EM s u r v e y  h a v i n g  t h e  same l i n e  u 
s p a c i n g ,  

% 
d 

The a t t a c h e d  EM anomaly l i s t  p r o v i d e s  a  t a b u l a t i o n  o f  

LB a n o m a l i e s  i n  ppm, c o n d u c t a n c e ,  and d e p t h  f o r  t h e  v e r t i c a l  

'9 s h e e t  model .  The EM anomaly list a l s o  shows t h e  c o n d u c t a n c e  
k d 

and d e p t h  f o r  a  t h i n  h o r i z o n t a l  s h e e t  (whole  p l a n e )  model ,  I 

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

EM map. The h o r i z o n t a l  s h e e t  model is s u i t a b l e  f o r  a  f l a t l y  1 
p 
b d i p p i n g  t h i n  b e d r o c k  c o n d u c t o r  s u c h  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  10 m ,  The l i s t  a l s o  shows t h e  



r e s i s t i v i t y  and dep th  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  

iBg c o n d u c t i v e  overburden.  I n  t h e  EM anomaly l i s t ,  a d e p t h  

fl v a l u e  o f  z e r o  f o r  t h e  c o n d u c t i v e  e a r t h  model,  i n  an  a r e a  o f  
W 

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

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

F 
d S i n c e  d i s c r e t e  b o d i e s  normal ly  a r e  t h e  t a r g e t s  o f  

R EM s u r v e y s ,  l o c a l  base  ( o r  z e r o )  l e v e l s  a r e  used to  compute 
L 

l o c a l  anomaly amp1 i t u d e s  . T h i s  c o n t r a s t s  w i t h  t h e  u s e  
P 
b of t r u e  z e r o  l e v e l s  which a r e  used t o  compute t r u e  EM 

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

L 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  

fl s h e e t  p a r a m e t e r s  o f  conductance  and d e p t h .  N o t  shown i n  t h e  
b 

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 to  

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

p a r a m e t e r s .  : 
"I' 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  
J 

r 7 

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

w n l  t o  EM anomal ies .  An x-type r e s p o n s e  is below t h e  n o i s e  

t h r e s h o l d  o f  3 ppm, and r e f l e c t s  one o f  t h e  f o l l o w i n g :  a  

weak conduc to r  nea 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 )  o r  to one s i d e  of t h e  
&R"I 
I 

U 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  

m 

b 
- 



E h a v e  t h e  a p p e a r a n c e  o f  v a l i d  b e d r o c k  a n o m a l i e s  on t h e  f l i g h t  
kJ4 

p r o f i l e s  a r e  i n d i c a t e d  by a p p r o p r i a t e  i n t e r p r e t i v e  symbo l s  

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

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

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

rn 
d 

The t h i c k n e s s  p a r a m e t e r  

m 

m DIGHEM can  p r o v i d e  an  i n d i c a t i o n  o f  t h e  t h i c k n e s s  o f  
I 

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

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

anomaly ( e . g . ,  CXI) 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 ,  

P 
L 

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

is e q u a l  to  t h e  c o n d u c t o r  w i d t h  i f  t h e  c o n d u c t o r  d i p s  a t  
fl 
U 90 d e g r e e s  and s t r i k e s  a t  r i g h t  a n g l e s  to t h e  f l i g h t  l i n e . )  

T h i s  report r e f e r s  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  
d 

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

3 1 0  m. Thin  c o n d u c t o r s  a r e  i n d i c a t e d  on  t h e  EM map by t h e  

i n t e r p r e t i v e  symbol "Dm , and t h i c k  c o n d u c t o r s  by "T". F o r  
F? 

lkd b a s e  m e t a l  e x p l o r a t i o n  i n  s t e e p l y  d i p p i n g  g e o l o g y ,  t h i c k  

r 3  c o n d u c t o r s  c a n  be h i g h  p r i o r i t y  t a r g e t s  b e c a u s e  many m a s s i v e  

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

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

t h i c k n e s s  when t h e  s t r i k e  o f  t h e  c o n d u c t o r  is s u b p a r a l l e l  t o  
v 
u t h e  f l i g h t  l i n e ,  when t h e  c o n d u c t o r  h a s  a  s h a l l o w  d i p ,  when 



n t h e  anomaly ampl i tudes  a r e  s m a l l ,  or when t h e  r e s i s t i v i t y  of  
W 

t h e  environment  is below 1 0 0  ohm-m. 

R e s i s t i v i t y  mapping 
F 
hd4 

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

encoun te red  d u r i n g  s u r v e y s .  I n  such a r e a s ,  anomal ies  can 

R 
kd 

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  

w e l l  a s  by i n c r e a s e s  i n  c o n d u c t i v i t y .  The t y p i c a l  f l i g h t  
F 
b r e c o r d  i n  c o n d u c t i v e  a r e a s  is c h a r a c t e r i z e d  by i n p h a s e  and 

m q u a d r a t u r e  c h a n n e l s  which a r e  c o n t i n u o u s l y  a c t i v e .  Local  

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

J e a r t h  or d e c r e a s e s  i n  s u r v e y  a l t i t u d e .  For  such c o n d u c t i v e  
d - 

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

n e c e s s a r y  f o r  t h e  c o r r e c t  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  

@T d a t a .  The advan tage  o f  t h e  r e s i s t i v i t y  p a r a m e t e r  is 
U 

t h a t  anomal ies  caused by a l t i t u d e  changes  a r e  v i r t u a l l y  

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

m 
a n o m a l i e s  caused by c o n d u c t i v i t y  changes .  The r e s i s t i v i t y  I 

a n a l y s i s  a l s o  h e l p s  t h e  i n t e r p r e t e r  t o  d i f f e r e n t i a t e  between 

rn c o n d u c t i v e  t r e n d s  i n  t h e  bedrock and t h o s e  p a t t e r n s  t y p i c a l  
LA 

of  c o n d u c t i v e  overburden.  For example,  d i s c r e t e  c o n d u c t o r s  

w i l l  g e n e r a l l y  appear  a s  narrow lows on t h e  c o n t o u r  map 
k4 

and broad c o n d u c t o r s  ( e - g . ,  o v e r b u r d e n )  w i l l  a p p e a r  a s  
r7 

U wide l o w s .  



The r e s i s t i v i t y  p r o f i l e  (see ' t a b l e  i n  Appendix A )  and 

t h e  r e s i s t i v i t y  con tour  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  

fl u s i n g  t h e  s o - c a l l e d  pseudo- layer  (or b u r i e d )  h a l f  s p a c e  

bd 
model d e f i n e d  i n  F r a s e r  ( 1 9 7 8 ) ~ .  T h i s  model c o n s i s t s  of 

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

d e p t h  channel  ( s e e  Appendix A )  g i v e s  t h e  a p p a r e n t  d e p t h  
v 
b below s u r f a c e  o f  t h e  c o n d u c t i v e  m a t e r i a l .  The a p p a r e n t  

fl d e p t h  is s imply  t h e  a p p a r e n t  t h i c k n e s s  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  than  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  
n I 

a p p a r e n t  dep th  may be q u i t e  c l o s e  to  t h e  t r u e  d e p t h .  

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

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

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

b a p p a r e n t  dep th  pa ramete r  must be i n t e r p r e t e d  c a u t i o u s l y  1 I 
b ecause  it w i l l  c o n t a i n  any e r r o r s  which may e x i s t  i n  t h e  3 measured a l t i t u d e  of  t h e  EM b i r d  ( e . g . ,  a s  caused by a dense  

F-4 
I tree c o v e r ) .  The i n p u t s  to t h e  r e s i s t i v i t y  a l g o r i t h m  a r e  

ed 
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  

7 
I 

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



7 c o n d u c t i v e  ha1 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  
W 

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  a n  i n p u t  v a r i a b l e ,  

fl 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  
kd 

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 ,  
9 
LS d i s c u s s e d  above,  is s imply  t h e  s e n s o r - s o u r c e  d i s t a n c e  minus 

P t h e  measured a 1  t i t u d e  o r  f l y i n g  h e i g h t .  Consequen t ly ,  
!a& 

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  

P d e p t h  pa ramete r  b u t  no 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 .  
kd 

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

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

The DIGHEM system h a s  been f lown f o r  p u r p o s e s  of  p e r m a f r o s t  
6 1 

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

t i v e  use  has  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  

m 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  of  t h e  c o n d u c t i v e  upper  l a y e r  and,  t h e r e f o r e ,  

m 
d is n o t  meaningful  p h y s i c a l l y .  Qua1 i t a t i v e l y ,  a  n e g a t i v e  

a p p a r e n t  dep th  e s t i m a t e  u s u a l l y  shows t h a t  t h e  EM anomaly is 
rn 

kid caused by c o n d u c t i v e  overburden ,  Consequen t ly ,  t h e  a p p a r e n t  

P- q d e p t h  channel  can be of s i g n i f i c a n t  h e l p  i n  d i s t i n g u i s h i n g  

hd between overburden and bedrock c o n d u c t o r s .  

The r e s i s t i v i t y  map o f t e n  y i e l d s  more u s e f u l  informa- 
'P" 
b 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, keep i n  mind t h e  

f o l l o w i n g :  

9 
k i i  

( 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  

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

P ( R e s i s t i v i t y  = l / c o n d u c t i v i t y . )  

u 
( b )  The EM map p o r t r a y s  anomal ies  i n  t h e  e a r t h ' s  

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

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

F1? anomal ies ,  ( i ) o v e r  narrow, c o n d u c t i v e  b o d i e s  and 
d ( i i )  o v e r  t h e  boundary zone between t w o  wide 

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

,m 
I 
U The r e s i s t i v i t y  map might  be l i k e n e d  to a  t o t a l  

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

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

ql more s e n s i t i v e  than  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  
U 

is to be ' p r e f e r r e d  i n  r e s i s t i v e  a r e a s .  However, i n  conduc- 

is 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 

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

W 

r- 
J 

The g r a d i e n t  analogy is o n l y  v a l i d  w i t h  r e g a r d  to 
b t h e  i d e n t i f i c a t i o n  of anomalous l o c a t i o n s .  

m 

b 
m 

L 



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  env i ronments  

8 Environments having background r e s i s t i v i t i e s  below u 
30 ohm-m cause  a l l  a i r b o r n e  EM s y s t e m s  t o  y i e l d  v e r y  

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

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

The p r o c e s s i n g  o f  DIGHEM d a t a ,  however,  p roduces  s i x  

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

of bedrock conduc to 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  
lrq 

LJ 
d i f f e r e n c e  c h a n n e l s  (DIFI  and D I F Q ) ,  and t h e  r e s i s t i v i t y  and 

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

~d t a b l e  i n  Appendix A. 

P 
U 

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

i" 
M up to  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  g round ,  l e a v i n g  

9 
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 . ,  

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

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

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 
fs 33 

e f f e c t s  y i e l d  anomal ies  on t h e  EM d i f f e r e n c e  c h a n n e l s ,  t h e y  

d o  n o t  produce r e s i s t i v i t y  anomal ies .  Consequen t ly ,  t h e  

tr d r e s i s t i v i t y  channe l  a i d s  i n  e l i m i n a t i n g  a n o m a l i e s  due  t o  

F V  

I edge  e f f e c t s .  On t h e  o t h e r  hand,  ' r e s i s t i v i t y  anomal ies  
U 

w i l l  c o i n c i d e  w i t h  t h e  m o s t  h i g h l y  c o n d u c t i v e  s e c t i o n s  o f  
tp".? 

cond u c t i v e  ground , and t h i s  is a n o t h e r  s o u r c e  of g e o l o g i c  



F n o i s e .  The r e c o g n i t i o n  o f  a  bedrock c o n d u c t o r  i n  a  
u 

c o n d u c t i v e  environment  t h e r e f o r e  is based on t h e  anomalous 

m 
hi 

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  (DIFI  and DIFQ) 

and t h e  t w o  r e s i s t i v i t y  c h a n n e l s  (RES). The m o s t  f a v o u r a b l e  m 
d s i t u a t i o n  is where anomal ies  c o i n c i d e  on a l l  f o u r  c h a n n e l s .  

The DP c h a n n e l s ,  which g i v e  t h e  a p p a r e n t  d e p t h  t o  t h e  

c o n d u c t i v e  m a t e r i a l ,  a l s o  h e l p  to  d e t e r m i n e  whether  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  
rn 
d c o n d u c t i v e  zone i n  t h e  bedrock.  When t h e s e  c h a n n e l s  r i d e  

~2 above t h e  z e r o  l e v e l  on t h e  e l e c t r o s t a t i c  c h a r t  p a p e r  ( i . e . ,  
u 

d e p t h  is n e g a t i v e ) ,  it i m p l i e s  t h a t  t h e  EM and r e s i s t i v i t y  

4 b .  p r o f i l e s  a r e  responding p r i m a r i l y  to  a  c o n d u c t i v e  upper 

l a y e r ,  i .e . ,  conduc t ive  overburden .  I f  b o t h  DP c h a n n e l s  a r e  
P 
U below t h e  z e r o  l e v e l ,  it i n d i c a t e s  t h a t  a  r e s i s t i v e  upper 

P""Bi l a y e r  e x i s t s ,  and t h i s  u s u a l l y  i m p l i e s  t h e  e x i s t e n c e  of a  
kl 

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

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

s u g g e s t s  ' t h a t  a  bedrock conduc to r  o c c u r s  b e n e a t h  c o n d u c t i v e  
Fm 

LA cover .  

'3 

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

erq 

I 

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

conductance  channe l  CDT which i d e n t i f i e s  d i s c r e t e  
$"fl 

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

F-? 

U 

@-= 
I 
U 

I 
- -.. - 



fl is d e a c t i v a t e d  because it is s u b j e c t  to c o r r u p t i o n  by h i g h l y  

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

8 c o n d u c t i v e  env i ronments ,  REC4 is d e a c t i v a t e d .  Some of t h e  
u 

a u t o m a t i c a l l y  s e l e c t e d  anomal ies  ( c h a n n e l  CDT) a r e  d i s c a r d e d  
rn 
Ld by t h e  g e o p h y s i c i s t .  The a u t o m a t i c  s e l e c t i o n  a l g o r i t h m  is 

W i n t e n t i o n a l l y  o v e r s e n s i t i v e  t o  a s s u r e  t h a t  no mean ingfu l  
$.h 

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

fl anomal ies  accord ing  to  t h e i r  s o u r c e  and e l i m i n a t e s  t h o s e  
id 

t h a t  a r e  n o t  s u b s t a n t i a t e d  by t h e  d a t a ,  such a s  t h o s e  
fl 
d a r i s i n g  from g e o l o g i c  or aerodynamic n o i s e .  

i%i" 

Reduc t ion  o f  g e o l o g i c  n o i s e  

fl 
W 

Geolog ic  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"" I 

W r e s p o n s e s .  For purposes  of  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  

P n o i s e  r e f e r s  t o  EM r e s p o n s e s  caused by c o n d u c t i v e  overburden  
W and magne t i c  p e r m e a b i l i t y .  I t  was mentioned above t h a t  

Ff t h e  EM d i f f e r e n c e  c h a n n e l s  ( e .  , c h a n n e l  DIFI f o r  i n p h a s e  u 
and DIFQ f o r  q u a d r a t u r e )  t end  to e l i m i n a t e  t h e  r e s p o n s e  o f  

$r31 

i d  c o n d u c t i v e  overburden.  T h i s  marked a  un ique  development  

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

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

p'9 

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

r 
hi 
p 

G 
%P 

U 

I 



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

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

fl t h a n  1 %  m a g n e t i t e  can y i e l d  n e g a t i v e  i n p h a s e  anomal ies  a 
caused by magne t i c  p e r m e a b i l i t y .  When m a g n e t i t e  is w i d e l y  

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

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

b i n  t h e  m a g n e t i t e  p e r c e n t a g e ,  f l y i n g  h e i g h t ,  and overburden  

t h i c k n e s s .  T h i s  can l e a d  to  d i f f i c u l t i e s  i n  r e c o g n i z i n g  

d e e p l y  b u r i e d  bedrock c o n d u c t o r s ,  p a r t i c u l a r l y  i f  c o n d u c t i v e  
- 

A71 

Ld 
overburden  a l s o  e x i s t s .  However, t h e  r e s p o n s e  o f  b r o a d l y  

FS d i s t r i b u t e d  m a g n e t i t e  g e n e r a l l y  v a n i s h e s  on t h e  i n p h a s e  

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

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

EM m a g n e t i t e  mapping 

The i n f o r m a t i o n  c o n t e n t  o f  DIGHEM d a t a  c o n s i s t s  of  a  
Ld 

combinat ion  of  c o n d u c t i v e  eddy c u r r e n t  r e s p o n s e  and magne t i c  
rn 

k d  
p e r m e a b i l i t y  r e s p o n s e .  The secondary  f i e l d  r e s u l t i n g  from 

-1 
c o n d u c t i v e  eddy c u r r e n t  f l o w  is f requency-dependent  and 

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

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

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

o f  f r e q u e n c y  and c o n s i s t s  of o n l y  an inphase  component which 

BF: 

b 

0 

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

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

rn i n p h a s e ,  its p r e s e n c e  may b e  d i f f i c u l t  t o  r e c o g n i z e .  
tb 

However, when it m a n i f e s t s  i t s e l f  b y  y i e l d i n g  a  n e g a t i v e  

4 
QO 

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

i t s  p r e s e n c e  is a s s u r e d .  I n  t h i s  l a t t e r  case, t h e  n e g a t i v e  
R 
b component  c a n  b e  used  t o  e s t i m a t e  t h e  p e r c e n t  m a q n e t i t e  - 

fl c o n t e n t .  
@La 

Fq A m a g n e t i t e  mapping t e c h n i q u e  w a s  d e v e l o p e d  f o r  t h e  
I* i c o p l a n a r  c o i l - p a i r  o f  DIGHEM. The t e c h n i q u e  y i e l d s  c h a n n e l  

?' " 
"FEO" (see Appendix A )  which d i s p l a y s  a p p a r e n t  w e i g h t  

b 

p e r c e n t  m a g n e t i t e  a c c o r d i n g  t o  a homogeneous h a l f  s p a c e  
r=" 

&La model.4 The method c a n  b e  complementary  t o  magnetometer  

F9 mapping i n  c e r t a i n  c a s e s .  Compared t o  magne tome t ry ,  i t  is 

L f a r  less  s e n s i t i v e  b u t  is  more a b l e  t o  r e s o l v e  c l o s e l y  

i s p a c e d  m a g n e t i t e  z o n e s ,  as w e l l  a s  p r o v i d i n g  a n  e s t i m a t e  

o f  t h e  amount o f  m a g n e t i t e  i n  t h e  r o c k .  The method is 
rn 

s e n s i t i v e  t o  1/4% m a g n e t i t e  by  w e i g h t  when t h e  EM s e n s o r  is  

rr 74 a t  a  h e i g h t  o f  30 m above  a  m a g n e t i t i c  h a l f  s p a c e .  I t  can  

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

F=l b a n d s  which  a r e  s e p a r a t e d  by  60  m. U n l i k e  magne tome t ry ,  t h e  
ad  

EM m a g n e t i t e  method is u n a f f e c t e d  by  r e m a n e n t  magnet i sm or  
r? 

I 

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



P 
The EM m a g n e t i t e  mapping t e c h n i q u e  p r o v i d e s  e s t i m a t e s  

GAS o f  m a g n e t i t e  c o n t e n t  which a r e  u s u a l l y  c o r r e c t  w i t h i n  a  

9 f a c t o r  o f  2 when t h e  m a g n e t i t e  is f a i r l y  u n i f o r m l y  

d i s t r i b u t e d .  EM m a g n e t i t e  maps can  be g e n e r a t e d  when 
m 
L magne t i c  p e r m e a b i l i t y  is e v i d e n t  a s  i n d i c a t e d  by anomal ies  

i n  t h e  m a g n e t i t e  channe l  FEO. 
Y 
k4 

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

o n l y  bedrock f e a t u r e s ,  p rov ided  t h a t  t h e  overburden  is 
F3 

kg1 
c h a r a c t e r i z e d  by a  g e n e r a l  l a c k  o f  m a g n e t i t e .  T h i s  

P-Y c o n t r a s t s  wi th  r e s i s t i v i t y  mapping which p o r t r a y s  t h e  

combined e f f e c t  of  bedrock and overburden .  

PR& 

b 
R e c o g n i t i o n  o f  c u l t u r e  

C 
m C u l t u r a l  r e s p o n s e s  i n c l u d e  a l l  EM anomal ies  caused by 

kd man-made m e t a l l i c  o b j e c t s .  Such anomal ies  may be caused by 

Fal i n d u c t i v e  c o u p l i n g  or c u r r e n t  g a t h e r i n g .  The concern  of t h e  I 
i n t e r p r e t e r  is to r e c o g n i z e  

c u l t u r e .  P o i n t s  

when an  EM r e s p o n s e  is due to  

o f  c o n s i d e r a t i o n  used by t h e  i n t e r p r e t e r ,  

P 1 when c o a x i a l  and c o p l a n a r  c o i l - p a i r s  a r e  o p e r a t e d  a t  a  

k d common f requency ,  a r e  a s  f o l l o w s :  

r- 

k d  
1. Channels  CXS and CPS ( s e e  Appendix A )  measure  5 0  and 

b 60 Hz r a d i a t i o n .  An anomaly on t h e s e  c h a n n e l s  shows 

F-= 

U 

rq 

U 
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t h a t  t h e  c o n d u c t o r  is r a d i a t i n g  c u l t u r a l  power.  Such 

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

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

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

across a  power l i n e ,  c a r r y i n g  l e a k a g e  c u r r e n t s .  

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

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

and  an  m-shaped c o p l a n a r  a n ~ m a l y . ~  When t h e  f l i g h t  
P-7 

L A crosses t h e  c u l t u r a l  l i n e  a t  a h i g h  a n g l e  o f  i n t e r -  

p- 7 s e c t i o n ,  t h e  a m p l i t u d e  r a t i o  o f  c o a x i a l / c o p l a n a r  

i s  4. Such a n  EM anomaly can  o n l y  

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

a n o m a l i e s  most c l o s e l y  r e s e m b l i n g  a l i n e  is t h e  
@I 
d v e r t i c a l l y  d i p p i n g  t h i n  d i k e .  Such a body,  however ,  

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

U C o n s e q u e n t l y ,  a n  m-shaped c o p l a n a r  anomaly  w i t h  a 

"r?i19 CXI/CPI a m p l i t u d e  r a t i o  o f  4 is v i r t u a l l y  a g u a r a n t e e  
& 

t h a t  t h e  s o u r c e  is a c u l t u r a l  l i n e .  
r-? 

d 

P 1 3 .  A f l i g h t  which crosses a s p h e r e  or h o r i z o n t a l  d i s k  

hd y i e l d s  c e n t e r - p e a k e d  c o a x i a l  and c o p l a n a r  a n o m a l i e s  
f- ?i 

w i t h  a  CXI/CPI a m p l i t u d e  r a t io  ( i - e . ,  c o a x i a l / c o p l a n a r )  

of 1/4. I n  t h e  a b s e n c e  o f  g e o l o g i c  b o d i e s  of t h i s  
I- 
I 
b g e o m e t r y ,  t h e  most l i k e l y  c o n d u c t o r  is a m e t a l  r o o f  or 

C 5 S e e  F i g u r e  11-1 p r e s e n t e d  ea r l i e r .  

P 
b 

I 
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small f e n c e d  y a r d . 4  Anoma l i e s  o f  t h i s  t y p e  are 

d v i r t u a l l y  c e r t a i n  t o  be  c u l t u r a l  i f  t h e y  o c c u r  i n  a n  

fl area o f  c u l t u r e .  
id 

m 
w 4. A f l i g h t  which c r o s s e s  a h o r i z o n t a l  r e c t a n g u l a r  body or 

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

c e n t e r - p e a k e d  c o p l a n a r  anomaly .  I n  t h e  a b s e n c e  o f  

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

c o n d u c t o r  is a l a r g e  f e n c e d  area. Anoma l i e s  o f  t h i s  
F-7 
' I  

1 J t y p e  are v i r t u a l l y  c e r t a i n  to be  c u l t u r a l  if t h e y  o c c u r  

FT 
i n  a n  area o f  c u l t u r e .  

I 

LA 

P 5. EM a n o m a l i e s  which c o i n c i d e  w i t h  c u l t u r e ,  as s e e n  o n  bijii' 
t h e  camera f i l m ,  are u s u a l l y  c a u s e d  b y  c u l t u r e .  

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

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

example .  I n  t h i s  example ,  t h e  f e n c e  would be e x p e c t e d  i 
to y i e l d  a n  m-shaped c o p l a n a r  anomaly  as  i n  case #2 

abov'e. I f ,  i n s t e a d ,  a c e n t e r - p e a k e d  c o p l a n a r  anomaly  

i " i  
b o c c u r r e d ,  t h e r e  would be  c o n c e r n  t h a t  a t h i c k  g e o l o g i c  

r- c o n d u c t o r  c o i n c i d e d  w i t h  t h e  c u l t u r a l  l i n e .  

al 

m 

* I t  is a c h a r a c t e r i s t i c  o f  EM t h a t  g e o m e t r i c a l l y  
i d e n t i c a l  a n o m a l i e s  a r e  o b t a i n e d  from: ( 1 )  a p l a n a r  
c o n d u c t o r ,  and ( 2 )  a wire which  f o r m s  a l o o p  h a v i n g  
d i m e n s i o n s  i d e n t i c a l  t o  t h e  perimeter o f  t h e  e q u i v a -  
l e n t  p l a n a r  c o n d u c t o r .  

B"P 

LJ 
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6. The above description of anomaly shapes is valid 

when the culture is not conductively coupled to the 

0 
u environment. In this case, the anomalies arise from 

inductive coupling to the EM transmitter. However, 
m 
ih when the environment is quite conductive (e.g., less 

than 100 ohm-m at 900 Hz), the cultural conductor may 

be conductively coupled to the environment. In this 

latter case, the anomaly shapes tend to be governed by 

current gathering, Current gathering can completely 
A 

distort the anomaly shapes, thereby complicating the 

a identification of cultural anomalies. In such circum- 
&if4 stances, the interpreter can only rely on the radiation 

e channels CXS and CPS, and on the camera film. 

n 
iSIivii 

TOTAL FIELD MAGNETICS 

I 

The existence of a magnetic correlation with an EM 

d anomaly is indicated directly on the EM map. An EM anomaly 

l- with magnetic correlation has a greater likelihood of 
li 

being produced by sulfides than one that is non-magnetic. 
r! 
L d  

However, sulfide ore bodies may be non-magnetic (e.g., the 

Kidd Creek deposit near Timrnins, Canada) as well as magnetic 
7 

kd (e.g., the Mattabi deposit near Sturgeon Lake, Canada). 

r- 
I 
U 

C 
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F 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  
ka 

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

fl The d i g i t a l  t a p e  is p r o c e s s e d  by  compu te r  to y i e l d  a 
u 

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

m a g n e t i c  d a t a  a l s o  may be t r e a t e d  m a t h e m a t i c a l l y  to enhance  

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

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

n 
b 

r e s p o n s e  o f  t h e  enhancement  o p e r a t o r  i n  t h e  f r e q u e n c y  domain 

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

d 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  are  a m p l i f i e d  

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

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

a 5 nT anomaly f o r  t h e  pas sband  components  o f  t h e  a i r b o r n e  

The enhanced map, which b e a r s  a r e s e m b l a n c e  to  a 

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

17 
u b a n d p a s s  f i l t e r i n g  o f  t h e  t o t a l  f i e l d  d a t a .  The enhancement  

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

hi ( a b o v e  t h e  s o u r c e )  which is 1/20th o f  t h e  a c t u a l  s e n s o r -  I 
- .  

i"s S O U L , ,  ,, 

k 
-PO s t a n c e .  I 

Because  t h e  enhanced  m a g n e t i c  map b e a r s  a r e s e m b l a n c e  

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

of t r e n d s  i n  t h e  r o c k  s t r a t a  and t h e  i n t e r p r e t a t i o n  o f  
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P 
ad STATEMENT OF QUALIFICATIONS 

a 
& 

I ,  P a u l  A. Smi th ,  o f  t h e  C i t y  o f  T o r o n t o ,  P r o v i n c e  o f  
5 O n t a r i o ,  d o  h e r e b y  c e r t i f y  t h a t :  
$d 

n 1. I a m  a g e o p h y s i c a l  t e c h n i c i a n ,  r e s i d i n g  a t  6 5  Dogwood 
k& C r e s c e n t ,  Sca rbo rough ,  O n t a r i o  M1P 3N5. 

fl 2. I h a v e  g r a d u a t e d  from DeVry T e c h n i c a l  I n s t i t u t e ,  

U T o r o n t o  ( E l e c t r o n i c s  - 1962)  and t h e  Nova S c o t i a  Land 
S u r v e y  I n s t i t u t e ,  ( C a r t o g r a p h y  - 1 9 6 6 ) .  

m 3.  I h a v e  been  a c t i v e l y  engaged  i n  g e o p h y s i c a l  e x p l o r a t i o n  
e~ s i n c e  1962. 

m 4. I a m  p r e s e n t l y  employed by Dighem L i m i t e d .  
I 

kaa 
5. The s t a t e m e n t s  made i n  t h i s  r e p o r t  r e p r e s e n t  my b e s t  

P o p i n i o n  and judgment.  
b 

Dated a t  T o r o n t o  t h i s  22nd d a y  o f  March, 1984. 

F! 
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W 
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U mad P a u l  A.  S m i t h  

iF Ti 
G e o p h y s i c a l  I n t e r p r e t e r  
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A P P E N D I X  A 

p THE FLIGHT RECORD AND PATH RECOVERY 
L 

Roth  a n a l o g  and d i g i t a l  f l i g h t  r e c o r d s  were p roduced .  

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

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

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

c h a r t  p a p e r  a t  a  s c a l e  o f  1: 15,000.  The d i g i t a l  p r o f i l e s  

9 a r e  l i s t e d  i n  T a b l e  A-1. 
!id 

p-% 

d I n  T a b l e  A-1, t h e  l o g  r e s i s t i v i t y  s c a l e  o f  0.03 

decade/mm means t h a t  t h e  r e s i s t i v i t y  c h a n g e s  by an  o r d e r  
F 
h o f  m a g n i t u d e  i n  33 mm. The r e s i s t i v i t i e s  a t  0, 33, 67 ,  100 

Y and  133  mm up f rom t h e  bo t tom o f  t h e  d i g i t a l  f l i g h t  r e c o r d  
id 

are r e s p e c t i v e l y  1 ,  10,  100, 1 ,000  and  10,000 ohm-m. 

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

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

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

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  of  t h e  

a i r c r a f t ,  
1 
U 

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

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

P" 
h e l i c o p t e r  s p e e d  c h a n g e s .  Such s p e e d  c h a n g e s  may d e n o t e  

h 
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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  

p 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 q e n t  c h e c k i n u  t h a n  
L 

is n o r m a l l y  p r o v i d e d  b y  manual  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 .  

n T a b l e  A-1. The D i g i t a l  P r o f i l e s  
Id 

1 

fl 
G' 

m 
d 

m 

rn 
d 

fl 
b 

d 
eal 

d 

w-7 

Channel Scale 
Name (Freq) Observed parameters units/mm 

MAG magnetics 10 nT 
ALT bird height 3 m 
CXI ( 900 Hz) vertical coaxial coil-pair inphase 1 PPm 
CXQ ( 900 Hz) vertical coaxial coil-pair quadrature 1 PPm 
CXS ( 900 Hz) ambient noise monitor (coaxial receiver) 1 PPm 
CPI ( 900 Hz) horizontal coplanar coil-pair inphase 1 PPm 
CPQ ( 900 Hz) horizontal coplanar coil-pair quadrature 1 PPm 
CPS ( 900 Hz) ambient noise monitor (coplanar receiver) 1 PPm 
CPI (7200 Hz) horizontal coplanar coil-pair inphase 1 PPm 
CPQ (7200 Hz) horizontal coplanar coil-pair quadrature 1 PPm 

Computed Parameters 

DIFI ( 900 Hz) difference function inphase from CXI and CPI 1 PPm 
DIFQ ( 900 Hz) difference function quadrature from CXQ and CPQ 1 ppm 
REC 1 first anomaly recognition function 1 PPm 
REC2 second anomaly recognition function 1 PPm 
REC3 third anomaly recognition function 1 PPm 
REC4 fourth anomaly recognition function 1 PPm 
CDT conductance 1 grade 
RES ( 900 Hz) log resistivity -03 decade 
RES (7200 Hz) log resistivity .03 decade 
DP ( 900 Hz) apparent depth 3 m 
DP (7200 Hz) apparent depth 3 m 
FEO% ( 900 Hz) apparent weight percent magnetite 0.25% 

1 

&A 

"7 

k i  

r-7 

L 





- - 

F 
Li 

1 9 5 LABOUR DAY LAKE 

E3 
COAXIAL COPLANAR COPLANAR . VERTICAL . HORIZONTAL CONDUCTIVE 

v 900 HZ 900 HZ 7200 HZ . DIKE SHEET EARTH 

u ANOMALY/ REAL QUAD REAL QUAD REAL QUAD . COND DEPTH*. COND DEPTH RESIS DEPTH 
FID/INTERP PPM PPM PPM PPM PPM PPM , MHOS M . MHOS M OHM-M M 

R --------- . 
L.8 LINE 100 (FLIGHT 10) . . 

A 1 5 2 6 H  2 2 1 3 12 1 3  . 1 0 .  1 29 232 1 
fl ---me---- * 

kd 
LINE 300 (FLIGHT 10) . 
A 1416 B 1 4 0 8 22 58 . 1 0 .  1 21 388 0 

p B 1412 B 1 4 0 8 26 66 . 1 0 .  1 24 173 3 

Id C 1402 B 1 3 4 4 11 21 . 5 17  . 1 69 135 24 --------- 
LINE 5 (FLIGHT 10) . 
A 1705 B 1 3 1 6 22 16 . 2 0 * 1 23 125 --------- 0 

Ld . . 
LINE 6 (FLIGHT 10) . 

83 A 1860 B? 0 1 0 1 7 6 .  1 0 .  1 96 170 6 4 
ld B 1911 B 2 4 2 9 36 25 . 2 0 .  1 24 65  --------- 5 

F LINE 7 (FLIGHT 11) 
A 2 7 0 B  2 11 4 23 67 9 4 .  1 0 .  1 19 7 8 4 

kd --------- 
LINE 8 (FLIGHT 11) . 

P A 512 B? 0 1 2 4 11 9 .  1 0 .  1 27 101 2 
b B 534 H 1 2 3 4 16 7 .  3 0 1 51 128 --------- 2 7 

4 LINE 10 (FLIGHT 11) . 
id B 843 H 0 1 0 2 8 7 . 1 0 .  1 59 165 3 2 --------- . 
m LINE 1100 (FLIGHT 8)  . 
U 

A 1 4 3 9 H  0 1 0 2 6 9 1 0 .  1 44 796 3 
B 1475 B? 1 3 1 6 22 1 1 .  3 0 .  1 55  59 3 6 
C 1 5 3 2 H  0 2 0 2 10 7 . 2 0 .  1 47 172 18 

F --------- . 
& LINE 12 (FLIGHT 8) . 

A 1276 H 1 1 1 2 7 3 .  3 0 .  1 5 3  100 --------- 27 
m . 
kd LINE 1300 (FLIGHT 8) . 

A 1142 B 1 6 1 11 33 7 7 .  1 0 .  1 21 215 0 
I 
I 

VFV B 1154 H 1 2 1 4 3 1 5 .  1 0 .  1 4 2 --------- 77 20 

b 
. 

LINE 14 (FLIGHT 8) . 
A 885 H 1 1 1 2 6 4 .  2 0 1 

p-ai 
19 270 0 --------- . 

b LINE 15 (FLIGHT 8)  
A 731 B? 0 1 0 2 7 7 1 0 .  1 45 470 8 

F- . 
b * *  ESTIMATED DEPTH MAY BE UNRELIABLE BECAUSE THE STRONGER PART . . OF THE CONDUCTOR MAY BE DEEPER OR TO ONE SIDE OF THE FLIGHT . 
Fa 

LINE, OR BECAUSE OF A SHALLOW DIP OR OVERBURDEN EFFECTS. 

b 

---- - - --- - - - 



195 LABOUR DAY LAKE 

n 
id COAXIAL COPLANAR COPLANAR . VERTICAL . HORIZONTAL CONDUCTIVE 

900 HZ 900 HZ 7200 HZ . . DIKE . SHEET EARTH 

6 ANOMALY/ REAL QUAD REAL QUAD REAL QUAD . coND DEPTH*. coND DEPTH R E s I s  DEPTH 
FID/INTERP PPM PPM PPM PPM PPM PPM . MHOS M . MHOS M OHM-M M --------- . 

LINE 16 (FLIGHT 4) 
A 1016 B? 0 1 0 3 8 17 . 1 0 .  1 32 474 0 
B 1085 H 0 1 1 2 6 8 .  1 1 1  . 1 113 159 8 3 --------- . 
LINE 1900 (FLIGHT 4) e 

A 482 B 0 3 0 8 38 29 . 2 0 .  1 25 121 4 
m --------- 
d LINE2000 (FLIGHT 6) . 

A 149 H 0 2 0 3 7 22 . 1 0 1 10 1103 0 
B 179H 0 1 0 2 10 8 .  1 0 1 55 307 2 3 
--em----- . 
LINE 2200 (FLIGHT 6) 
A 548 B 

1 
2 2 0 6 1 1  36. 1 0 .  1 36 458 7 --------- . 

ki i  LINE 23 (FLIGHT 3) . 
A 715 B 2 3 2 7 17 40. t 0 .  1 36 278 1 1  

a t  B 725 H I 2 2 3 10 23. 1 0 .  1 61 153 35 
u C 761 H 1 0 1 2 7 1 1  . 1 4 .  1 57 522 23 --------- 
P LINE 2400 (FLIGHT 3) . 
b A 563 B 1 5 2 1 1  39 38. 2 0 .  1 34 117 14 

B 547 B? 0 3 0 2 3 18 , 1 0 .  1 1 2638 0 --------- 
m LINE 25 (FLIGHT 1) 
I&& A 2262 B 0 3 0 6 25 52 , 1 0 .  1 26 388 1 

B 2294 B? 0 0 0 0 0 4 .  1 0 .  1 114 8280 0 
?T D 2316 B? 0 1 0 1 0 4 .  1 0 .  1 87 7422 0 
6 --------- . . 

LINE 26 (FLIGHT 1) 
C 1996 B 2 2 6 4 1 5  5 , 8 18 . 3 118 18 88 --------- 
LINE 27 (FLIGHT 1) . a 

A 1745 B 1 4 1 7 30 49 . 1 0 .  1 24 279 0 --------- 
i ?j LINE 28 (FLIGHT 1) . 

A 1700 B 0 4 0 2 8 19 . 1 0 .  1 28 1006 0 
PT D 1582 B? 0 1 0 1 0 13 . 1 0 .  1 1 1  5367 0 
k 84 

E 1557 B? 3 2 0 2 1 13 . 7 55 . 1 173 1035 0 
G 1505 B? 0 1 0 1 1 10 . 1 0 1 78 8112 0 

- 7 
--------- 

kid 
LINE 29 (FLIGHT 1) . 
A 1272 B 1 2 0 2 7 25 . 1 0 .  1 26 1440 0 

r .* ESTIMATED DEPTH MAY BE UNRELIABLE BECAUSE THE STRONGER PART . 
kd OF THE CONDUCTOR MAY BE DEEPER OR TO ONE SIDE OF THE FLIGHT . 

LINE, OR BECAUSE OF A SHALLOW DIP OR OVERBURDEN EFFECTS. 
r$-n 

li 

C 



i r  195 LABOUR DAY LAKE 

n a 
COAXIAL COPLANAR COPLANAR . VERTICAL . HORIZONTAL CONDUCTIVE 

900 HZ 900 HZ 7200 HZ . DIKE . SHEET EARTH 
R 

ANOMALY/ REAL QUAD REAL QUAD REAL QUAD . COND DEPTH*. COND DEPTH R E S I S  DEPTH 
FID/INTERP PPM PPM PPM PPM PPM PPM . MHOS M . MHOS M OHM-M M --------- . . 

L I N E  29 (FLIGHT 1)  . 
B 1 3 0 7 B ?  0 2 0 3 12 17  . 1 0 .  1 118 1035 0 
E 1401 B? 0 3 0 6 12 5 3 .  1 0 .  1 14 776 0 --------- . 
L I N E  30 (FLIGHT 1) • 

A 1179 H 0 2 1 4 11 2 9 .  1 0 .  1 37 772 6 
C 1130 B? 0 1 0 2 9 1 4 .  1 0 .  1 176 1035 0 
E 11OOB? 0 0 0 0 0 3 .  1 0 .  1 68 6999 0 
G 1023 B? 0 3 0 5 7 4 2 .  1 0 .  1 11 1288 0 
-em------ . . 
L I N E  31 (FLIGHT 1) . 
A 732 B? 1 1 2 3 10 3 .  5 2 3  . 1 115 9 8 8 9 
B 764 B? 0 1 0 0 1 9 . 1 0 . 1 32 5567 0 
C 795 H 0 1 0 1 2 5 .  1 9 .  1 33 6093 0 
E 8 3 3 B ?  0 1 0 2 11 1 3 .  1 8 .  1 37 470 7 
F 861 B? 0 3 0 5 15 2 6 .  1 0 .  1 32 270 8 
G 895 H 1 1 0 1 7 7 .  1 26 . 1 106 492 68 


