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SUMMARY 
- 

- 

A total of 350 line-km of survey was flown in May 1984, for 
Noranda Exploration Company Limited. The G North and GN ~ineral 
claims, collectively known as the G North Property, are held by 
Ezekiel Exploration Ltd. and were included in the survey area. 

1 

The survey outlined several coincident EM and Magnetic t 
anomalies which were considered to be primary priority targets. - j 

Secondary priority targets were defined as having a distinct shape 
(width) improvement in a long stratigraphic conductor. Tertiary 
priority targets are amplitude-conductance improvement along a 
conductive horizon but are usually too wide to be distinct anomalies. 0 All three priorities warrant follow-up work. 
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1. INTRODUCTION 

T h i s  r e p o r t  c o n t a i n s  our 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  on 

an INPUT MK V I  a i r b o r n e  e l ec t romagne t i c  and magnet ic  survey  flown 

f o r  Noranda E x p l o r a t i o n  Company Limited.  The survey a r e a  l i e s  

w i t h i n  t h e  Province  of B r i t i s h  Columbia, epproximately  160 

k i l o m e t r e s  NNW of t h e  Town of P r ince  George. The a r e a  o u t l i n e s  

a r e  p r e s e n t e d  on t h e  fo l lowing  pages. 

The survey  was commissioned by Mr. John Harvey of Noranda 

E x p l o r a t i o n  Company Limited on January  20, 1984. The a u t h o r  

supe rv i sed  t h e  d a t a  compi la t ion  and i n t e r p r e t a t i o n  th rough  t o  t h e  

complet ion of t h e  p r o j e c t  i n  J u l y ,  1984. Noranda g e o l o g i s t s  and 

g e o p h y s i c i s t s  were p r e s e n t  a t  t h e  survey base  t o  review r e s u l t s  

and produc t ion .  

The survey  o b j e c t i v e  is t h e  d e t e c t i o n  and l o c a t i o n  of base  

metal '  s u l p h i d e  conduc tors  w i t h i n  assumed P a l e o z o i c  volcano- 

sedimentary l i t h o l o g y .  

I The pr imary survey a r e a  c o n s i s t s  of 350 k i l o m e t r e s  of 

t r a v e r s e  and c o n t r o l  l i n e s .  These were flown between t h e  d a t e s  

of May 25 and May 27, 1984 using P r i n c e  George a s  t h e  survey 
\ 

o p e r a t i o n s  base .  



0 SURVEY OPERATIONS 

2a. -13 LocatFQll 

A S h o r t  B r o t h e r s  Skyvan a i r c r a f t  equ ipped  w i t h  t h e  

QUESTOR/BARRINGER MK V I  INPUT sys tem was u t i l i z e d  f o r  t h e  s u r v e y ,  

t h e  r e s u l t s  a r e  p r e s e n t e d  on 1 map s h e e t .  The s u r v e y  a r e a  l i e s  

w i t h i n  N.T.S. Map 93514. 

2b. P r o d u c t i o n  \ 

The f l i g h t  l i n e  s p a c i n g  o v e r  t h e  b l o c k  was 400 m e t r e s .  

The .  t a b l e  summarizes t h e  k i l o m e t r e s  f lown d u r i n g  t h e  s u r v e y  

o p e r a t i o n .  

T r a v e r s e  l i n e s  .......... 306.7 km. 

........... C o n t r o l  l i n e s  32.4 km. 

T o t a l  l i n e s  ............. 339.1  km. 

The s u r v e y  was comple ted  i n  1 1 /2  p r o d u c t i o n  f l i g h t s .  One 

day was l o s t  d u r i n g  t h e  survey t o  e x c e s s i v e  m a g n e t i c  d i u r n a l  

a c t i v i t y  on May 26. 

2c. Survev P e r s o n n e l  

The s u r v e y  crew was made up of e x p e r i e n c e d  QUESTOR 

employees:  

Crew ~ a n a g e r / ~ a t a  T e c h n i c i a n  - K .  Sherk  

P i l o t / C a p t a i n  of A i r c r a f t  - L. Gowler 

C o - P i l o t / N a v i g a t o r  - F. C l a r k e  

INPUT Equipment T e c h n i c i a n  - D. B o r s o i  

A i r c r a f t  Eng inee r  - P. Melen 

The f l i g h t  p a t h  recovery  was comple ted  a t  t h e  s u r v e y  base ,  

w h i l e  t h e  f i n a l  d a t a  c o m p i l a t i o n  and d r a f t i n g  was c a r r i e d  o u t  by 



lo QUESTOR a t  i t s  M i s s i s s a u g a ,  O n t a r i o  o f f i c e .  The m a q n e t i c  and 
I 

- 

e l e c t r o m a g n e t i c  p r o c e s s i n g  was c a r r i e d  o u t  u s i n g  QUESTOR s o f t w a r e  
@ 

I 
I I 

and computer  d r a f t e d .  The INPUT i n t e r p r e t a t i o n  and r e p o r t i n g  was 

1 comple ted  by M.H. Konings. 

Mr. Lyndon B r a d i s h ,  ~ i s t r i c t  P r o j e c t  G e o p h y s i c i s t  f o r  

Noranda E x p l o r a t i o n  was t h e  t e c h n i c a l  a u t h o r i t y  f o r  t h e  p r o j e c t .  

A p r e l i m i n a r y  c o m p i l a t i o n  of r e s u l t s  - a  r e d  b a l l  anomaly map - 
was p r e s e n t e d  t o  Noranda r e p r e s e n t a t i v e s  a t  t h e  c o m p l e t i o n  of t h e  

f i e l d  d a t a  a c q u i s i t i o n .  

2d. D a t a  C o m p i l a t i o n  

The f l i g h t  p a t h  of t h e  a i r c r a f t  is r e c o r d e d  by a  s t r i p  

camera on b l a c k  and w h i t e  35 mm. f i l m  c o n t i n u o u s l y  d u r i n g  f l i g h t .  

The camera i s  c o n t r o l l e d  by t h e  f i d u c i a l  t i m e  sys tem of t h e  d a t a  

a c q u i s i t i o n  system. F i d u c i a l  numbers a r e  i m p r i n t e d  on t h e  f i l m  

e v e r y  2  s e c o n d s ,  marked o n t o  t h e  a n a l o g u e  r e c o r d s  e v e r y  20 

s e c o n d s  and r e c o r d e d  d i g i t a l l y  e v e r y  h a l f  second.  

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

which a r e  normal ly  f lown s e q u e n t i a l l y  i n  a n  "S" p a t t e r n .  The 

n a v i g a t i o n  r e f e r e n c e s  a r e  f l i g h t  s t r i p s  a t  a  s c a l e  of 1:20,000 

which a r e  made from t h e  b a s e  maps. The equipment  o p e r a t o r  l o g s  

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

r ange  and o t h e r  p e r t i n e n t  f l i g h t  i n f o r m a t i o n .  T h i s  i n f o r m a t i o n  

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

0 
and v e r i f i e d  a f t e r  i t  h a s  been r e c o r d e d  ( r e a d - a f t e r - w r i t e ) .  I t  

- 
i s  compared t o  t h e  f i l m ,  ana logue  r e c o r d s  and t h e  m a g n e t i c  b a s e  

s t a t i o n  r e c o r d i n g  a t  t h e  comple t ion  of  t h e  s u r v e y  f l i g h t .  



The f i l m  and a l l  records  a r e  developed,  e d i t e d  and checked 

a t  t h e  complet ion of each f l i g h t .  Recovery of t h e  f l i g h t  t r a c k  
@' 

is  c a r r i e d  o u t  by comparing t h e  n e g a t i v e  of t h e  35 mrn. f i l m  t o  
I 

t h e  t opograph ic  f e a t u r e s  of t h e  base  map. Co inc iden t  f e a t u r e s  

a r e  picked and p l o t t e d  on e x a c t  c o p i e s  of t h e  s t a b l e  mosaic base  

map on which t h e  f i n a l  r e s u l t s  a r e  d r a f t e d .  P o i n t s  a r e  picked a t  

an average  i n t e r v a l  of 1 k i l o m e t r e  which cor responds  approximate- 

l y  t o  one whole f i d u c i a l  u n i t  o r  20 seconds.  The picked p o i n t s  

w i l l  no t  n e c e s s a r i l y  f a l l  on whole f i d u c i a l  numbers, b u t  on t h e  

f i n a l  p r e s e n t a t i o n ,  only  t h e  f i r s t  and l a s t  whole f i d u c i a l  

numbers on a  l i n e  a r e  marked on each f l i g h t  l i n e .  By i n t e r -  

p o l a t i o n ,  t h e  o t h e r  whole numbers a r e  marked a s  t i c k s  a long  t h e  

f l i g h t  path .  T h i s  keeps t h e  anomaly and i n t e r p r e t a t i o n  maps f r e e  

of unnecessary numbers. 

These procedures  a r e  performed d a i l y  s o  t h a t  t h e  d a t a  

q u a l i t y  and p r o g r e s s  may be measured o b j e c t i v e l y .  R e f l i g h t s  f o r  

cover ing  n a v i g a t i o n a l  gaps and o t h e r  d e f i c i e n c i e s  a r e  u s u a l l y  

flown on t h e  fo l lowing  day. 

The analogue r eco rds  a r e  i n s p e c t e d  f o r  coherence wi th  

s p e c i f i c a t i o n s ,  ahd anomalies a r e  s e l e c t e d  f o r  c l a s s i f i c a t i o n  and 

p l o t t i n g .  ' S e l e c t e d  anomalous conduc to r s  a r e  p o s i t i o n e d  by 

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

C ) .  These r e s u l t a n t  p o s i t i o n s  a r e  l o c a t e d  by i n t e r p o l a t i n g  

between f i d u c i a l  p o i n t s  e s t ab l ' i shed  by t h e  f l i g h t  pa th  recovery 

process .  

The survey r e s u l t s  a r e  p r e s e n t e d  a s  3 produc t s .  There is  

an INPUT anomaly map wi th  i n t e r p r e t a t i o n ,  and a  magnet ic  contour  

over lay .  The summary d e s c r i b e s  t h e  i n t e r p r e t a t i o n  of INPUT 



r e s u l t s  and p r e s e n t s  recommendations f o r  ground fo l low-up  
@ 

s u r v e y s .  A c o l o u r  p r e s e n t a t i o n  of  t h e  m a g n e t i c  c o n t o u r s  and a 
5 

"sun shadown c o l o u r  magne t i c  r e p r e s e n t a t i o n  was a l s o  i n c l u d e d  a s  

a  s t a n d a r d  p r o d u c t ,  

3 .  INPUT DATA PRESENTATIOliJ 

The b a s e  maps f o r  t h e  su rvey  a r e a  a r e  pho tomosa ics  

I c o n s t r u c t e d  f rom 1 :40,000 a i r  p h o t o g r a p h s  s u p p l i e d  by t h e  ~ r i t i s h  

Columbia Department  of Environment and t a k e n  i n  1977. The 

pho tomosa ic  was used t o  c o n s t r u c t  t h e  n a v i g a t i o n  f l i g h t  s t r i p s  

m and i t  is a l s o  t h e  b a s e  o n t o  which t h e  f l i g h t  p a t h  was r e c o v e r e d .  

The m o s a i c s  a r e  u n c o n t r o l l e d  a t  a  s c a l e  of 1 :20 ,000.  The s u r v e y  

L r e s u l t s  a r e  p r e s e n t e d  on 1 s h e e t  which is p a r t i t i o n e d  a s  

i l l u s t r a t e d  on t h e  l o c a t i o n  map. 

The INPUT anomaly map p r e s e n t s  t h e  i n f o r m a t i o n  e x t r a c t e d  

from t h e  a n a l o g u e  r e c o r d s .  T h i s  c o n s i s t s  c h i e f l y  of t h e  peak 

anomaly p o s i t i o n s  and response  c h a r a c t e r i s t r i c s ,  s u r f i c i a l  

r e s p o n s e s ,  up-dip  r e s p o n s e s ,  and m a g n e t i c  anomaly l o c a t i o n s .  I n  

e f f e c t ,  t h e s e  r e p r e s e n t  t h e  pr imary  d a t a  a n a l y s i s .  The symbols  

1 a r e  e x p l a i n e d  i n  t h e  map l e g e n d ,  b u t  t h e  f o l l o w i n g  o b s e r v a t i o n s  

I a r e  p r e s e n t e d :  

- p o s i t i o n  of  peak anomaly; 

I - c o n d u c t a n c e  o r  c o n d u c t i v i t y - t h i c k n e s s ;  

- a m p l i t u d e  of c h a n n e l  2 r e s p o n s e ;  
I 

- p o s i t i o n  and peak a m p l i t u d e  of a s s o c i a t e d  m a g n e t i c  
a n o m a l i e s ;  

- where p r e s e n t ,  s u r f i c i a l ,  up-dip,  p o o r l y  d e f i n e d  r e s p o n s e s  
have  been i d e n t i f i e d  w i t h  a  unique  symbol. 



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

g e o l o g i c a l  i n t e r p r e t a t i o n  of t h e  INPUT e l e c t r o m a g n e t i c ,  magne t i c ,  @ 

I g e o l o g i c a l  and p h y s i o g r a p h i c  d a t a .  Bedrock c o n d u c t o r s  have  a x i s  , 
l o c a t i o n s  and d i p  d i r e c t i o n s ,  when t h e y  a r e  i n t e r p r e t a b l e .  The 

I anomalous z o n e s  which a r e  recommended f o r  fo l low-up  have  a  

r e f e r e n c e  l a b e l  a s s i g n e d ,  t o  which a d d i t i o n a l  comments and 

recommendations a r e  d i r e c t e d  i n  t h e  I n t e r p r e t a t i o n  s e c t i o n  of 

t h i s  r e p o r t .  S u r f i c i a l  r e sponse  s o u r c e s  a r e  mapped o u t  by 

b o u n d a r i e s  showing t h e i r  i n t e r p r e t e d  l a t e r a l  e x t e n t .  The 

f o l l o w i n g  l i s t  summarizes t h e  i n t e r p r e t a t i o n  p r e s e n t a t i o n :  

- bedrock  c o n d u c t o r  a x i s ,  p r o b a b l e  and p o s s i b l e ;  

- c o n d u c t o r  d i p ;  

- s u r f i c i a l  c o n d u c t o r  o u t l i n e s ;  

- anomalous c o n d u c t o r s  s e l e c t e d  f o r  ground e v a l u a t i o n  w i t h  
r e f e r e n c e  number. 



Rocks i n  t h e  survey a r e a  span an age range from Lower 
I 

Cambrian th rough  J u r a s s i c  a s  d e p i c t e d  on GSC Map 1204A; t h e  only  

g e o l o g i c a l  r e f e r e n c e  a v a i l a b l e  t o  t h e  au thor .  I n  g e n e r a l  terms,  

i t  d e p i c t s  o l d e r  rocks  t o  t h e  west and younger rocks  t o  t h e  e a s t .  

Dips a r e  presumed t o  be t o  t h e  n o r t h e a s t  i n  a range of 35-75O E. 
' I  

w i th  t o p s  t o  t h e  e a s t  r epo r t ed  f o r  Pa l eozo ic  rocks  of t h e  S l i d e  I /  

Mountain Group ( l i m e s t o n e s  wi th  some i n t e r c a l a t e d  v o l c a n i c s )  and 1 1  
t h e  Caribou Group ( q u a r t z i t e s  and p h y l l i t e s ) .  I n  t h e  nor th-  

wes te rn  e x t r e m i t y  of t h e  survey a rea ,  g r a n i t e ,  g n e i s s  and o t h e r  

metamorphic rocks  of t h e  Wolverine Group have more complex d i p s  

and s t r i k e s .  

Although a  number of f a u l t s  a r e  i n d i c a t e d  on Map 1204A. 

t h e s e  may have been i n t e r p r e t e d  from o l d e r  high a l t i t u d e  

aeromagnet ics  and s u b j e c t  t o  e r r o r ,  e s p e c i a l l y  t hose  i n  t h e  NE 

d i r e c t i o n .  S u r f i c i a l  sediments  obscure  t h e  geology of much of 

t h e  a r e a  t o  an unknown depth.  

4b. Conduc t iv i tv  Analvsig  

The c o n d u c t i v i t y -  t h i c k n e s s  p roduc t s  of p l ana r  h o r i z o n t a l  

and t h i n ,  s t e e p l y  d ipp ing  conduc tors  a r e  p r o p o r t i o n a l  t o  t h e  t ime 

c o n s t a n t  of t h e  secondary f i e l d  e l e c t r o m a g n e t i c  t r a n s i e n t  decay. 

Th i s  t r a n s i e n t  may be c l o s e l y  approximated by an exponen t i a l  

f u n c t i o n  f o r  which t h e  c o n d u c t i v i t y - t h i c k n e s s  p roduc t  (TCP) is 

0 i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  l o g  d i f f e r e n c e  of two channel  

ampl i tudes  a t  t h e i r  r e s p e c t i v e  sample t imes.  



I I 
These  r e s p o n s e  f u n c t i o n s  a r e  p r e s e n t e d  i n  t h e  form of i 

g r a p h s  i n  which t h e  a m p l i t u d e s  of  t h e  6 c h a n n e l s  of  INPUT @ 
r e s p o n s e  a r e  p l o t t e d  on a  l o g a r i t h m i c  s c a l e  a g a i n s t  conduct -  

I 
I 
! 

i v i t y .  The r e l a t i v e  a m p l i t u d e s  of t h e  secondary  r e s p o n s e ,  a t  any i 
I 

g i v e n  c o n d u c t i v i t y ,  may b e  a c c u r a t e l y  r e l a t e d  t o  t h e  d e p t h  of a  ! 
I 

c o n d u c t o r  below t h e  s u r f  ace .  These a r e  t y p i c a l l y  r e f  e r r e d  t o  a s  

Pa lacky  nomograms. These a r e  a v a i l a b l e  f o r  a  number of c o n d u c t o r  

g e o m e t r i e s .  I t  h a s  been found t h a t  t h e  shape  of t h e  decay 

t r a n s i e n t  and i t s  a m p l i t u d e  is u s u a l l y  u n i q u e  t o  a  p a r t i c u l a r  

geometry.  T h e r e f o r e ,  i f  t h e  o r i g i n  of a  c o n d u c t i v e  r e s p o n s e  is 

i n  q u e s t i o n ,  a  good " f i t "  of t h e  peak r e s p o n s e  a m p l i t u d e  t o  one 

nomogram w i l l  d e f i n e  i t s  o r i g i n .  

The 90' nomogram was u t i l i z e d  e x c l u s i v e l y  t o  d e t e r m i n e  t h e  

a p p a r e n t  c o n d u c t a n c e s  of t h e  r e s p o n s e s  o b t a i n e d  f rom t h e  

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

w i t h i n  a  d i p  r a n g e  o r  45-135', r e l a t i v e  t o  t h e  a i r c r a f t  f l i g h t  

d i r e c t i o n .  

Al though t h e  conduc to r  d e p t h  c a n  b e  i n t e r p r e t e d  f rom t h e  

nomograms, t h e  s h o r t  s t r i k e  l e n g t h s  and t h e  v a r i a b i l i t y  of  

c o n d u c t o r  geometry may r e s u l t  i n  t h e  o v e r - e s t i m a t i o n  of  d e p t h s .  

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

o v e r  t h e  e n t i r e  su rvey  a r e a ,  w i t h  10-40 metre d e p t h s  i n t e r p -  

r e t e d  f o r  most s e l e c t e d  zones .  The INPUT sys tem d e p t h  c a p a b i l i t y  

is t y p i c a l l y  200 m e t r e s  f o r  a  v e r t i c a l ,  600 m e t r e  s t r i k e  l e n g t h  

by 300 m e t r e  d e p t h  e x t e n t  t a r g e t .  The e f f e c t i v e  p e n e t r a t i o n  

0 d e p t h  i n c r e a s e s  f o r  a  d i p p i n g  t a r g e t  and d e c r e a s e s  f o r  a  s m a l l e r  

i 
s i z e  c o n d u c t o r .  



Depths  were  on ly  d e t e r m i n e d  f o r  r e s p o n s e s  which a p p e a r  t o  

f i t  t h e  i n t e r p r e t a t i o n  model - a t h i n  n e a r  v e r t i c a l  p l a t e  w i t h  a  @ 
s t r i k e  l e n g t h  of g r e a t e r  t h a n  500 metres. Q u a l i f i c a t i o n s  f o r  I 

t h e s e  d e t e r m i n a t i o n s  a r e  summarized i n  t h e  i n t e r p r e t a t i o n  

s e c t i o n .  

The d e p t h s  f o r  5 and 6 c h a n n e l  a n o m a l i e s  were  c o r r e c t e d  

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

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

d e v i a t i o n s  from a  f l i g h t  a l t i t u d e  of 120 metres. 

An anomaly l i s t i n g  a t  t h e  back o f  t h i s  r e p o r t  summarizes 

e a c h  anomalous r e s p o n s e  i n  a  numer ica l  sequence .  I n  a d d i t i o n  t o  

t h e  s t a n d a r d  anomaly p a r a m e t e r s ,  an  "anomaly t y p e n  c l a s s i f i c a t i o n  

h a s  been added. The, l e t t e r s  c o r r e l a t e  w i t h  t h e  p l o t t e d  symbols  

a c c o r d i n g  t o  t h e  f o l l o w i n g  t a b l e .  

ANOMALY TYPE RESPONSE; SOURCE SYMBOL 

BLANK bedrock c o n d u c t o r s  c i r c u l a r  

S s u r f  i c i a l  ( o v e r b u r d e n  diamond 
o r  l a k e b o t  tom) 
c o n d u c t i v i t y  

U up-dip  a c c e s s o r y  h a l f  c i r c u l a r ,  h a l f  
peak t o  main r e s p o n s e  diamond, s y m b o l i c a l l y  

" p o i n t i n g "  i n  d i p  
d i r e c t i o n  

P p o o r l y  d e f i n e d  
r e s p o n s e  

c u l t u r a l  s o u r c e  
( n o t  a p p l i c a b l e  f o r  

t h i s  s u r v e y )  

a s t e r i s k  "*"  i n  
lower  l e f t  q u a d r a n t  

s q u a r e  

The " P n  p o o r l y  d e f i n e d  r e s p o n s e  may n o t  y i e l d  s i g n a t u r e s  

d i a g n o s t i c  of  a  d i s c r e t e  bedrock anomaly t o  s t a n d a r d  

e l e c t r o m a g n e t i c  p r o s p e c t i n g  equipment .  I n t e r p r e t e d  a x i s  

l o c a t i o n s  may b e  approx imate  f o r  t h e s e  i n t e r c e p t s .  



0 " G "  North Block 

The "G" Nor th  s u r v e y  a r e a  i s  c h a r a c t e r i z e d  by two u n i q u e  @' 

g e o p h y s i c a l  zones  which c a n  b e  r e c o g n i z e d  by b o t h  t h e i r  m a g n e t i c  

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

b l o c k  h a s  r e l a t i v e l y  i n a c t i v e  m a g n e t i c s  and  i s  f a i r l y  r e s i s t i v e .  

Weak c o n d u c t o r s  i n  t h e  decay c h a n n e l s  1 t o  3 r a n g e  

h a v e  been i n t e r p r e t e d  p a r a l l e l  t o  a n t i c i p a t e d  b e d r o c k  t r e n d s .  

Conduc tances  a r e  c o n s i s t e n t l y  less t h a n  1 siemen a l t h o u g h  s e v e r a l  

i s o l a t e d  r e s p o n s e s  show h i g h e r  c o n d u c t a n c e s .  These a r e  i n t e r p r e t e d  

t o  b e  bedrock c o n d u c t o r s ;  however tno  g e n e r a l  d i p  d i r e c t i o n  c o u l d  

b e  a t t r i b u t e d  t o  t h e  u n i t .  Magnet ic  p a t t e r n s  a r e  b r o a d  and 

complex,  h a v i n g  no c o r r e l a t i o n  t o  t h e  i n t e r p r e t e d  a x e s .  No 

fo l low-up  recommendations a r e  s u g g e s t e d  f o r  t h i s  r e s i s t i v e  u n i t  

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

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

The m a g n e t i z a t i o n  f o r  t h i s  u n i t  i s  h i g h e r  by  50-75 

n a n o ~ e s l a s ,  and  can  b e  t r a c e d  by a  s t e p  s h a p e d  p r o f i l e  between 

c o n t r o l  l i n e s  3910 and 3930 i n  t h e  w e s t e r n  p a r t  o f  t h e  a r e a .  

  he c o n t a c t  w i t h  t h e  c o n d u c t i v e  u n i t  which  d o m i n a t e s  t h e  e a s t e r n  

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

n o r t h w e s t e r n  t e r m i n a t i o n  o f  t h e  bedrock  c o n d u c t o r s .  The non- 

l i n e a r  t r a c e  o f  t h e  i n t e r p r e t e d  c o n t a c t  i s  good e v i d e n c e  f o r  a  

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

and v a r i a b l e  i n  conduc tance .  A l l  classes o f  c o n d u c t o r s  a r e  

p r e s e n t  i n  t h e  e a s t e r n  u n i t ,  which o f t e n  combines b o t h  e x t r e m e l y  

0 h i g h  a m p l i t u d e s  and e x c e p t i o n a l  c o n d u c t a n c e s .  These  may b e  t r a c e d  



with great difficulty (due to the wide traverse line spacing and 

profile shape variability). Solid axis traces on the interpret- 

ation map depicts probable axial traces while the dashed lines f l  
will relate to conductors whose presence is certain but whose J 

I strike and exact axis positioning is approximate. 

I - 5a. Relation of Geophysical Results to Geology 

At-this time it is worthwhile reviewing the relation of 

the geophysical evidence to the regional scale geology. 

No evidence is present for the existence of crosscutting 

NNE faults (GSC Map 1204A) while other subparallel strike faults 

may exist within the northern zone. Some minor magnetic dykes may 

be seen crosscutting the regional magnetic high contours 

at the northern corner of the survey area. From regional mapping, 

persistent northeast dips are reported, dipping at 35-75O. These 

cannot be directly substantiated by INPUT dip interpretations. 

The resistive unit in the western portion has been described 

in GSC mapping as predominantly quartzite, which is usually derived 

from high energy sedimentary processes. The absence of graphitic 

conductors is consistent with the geological observations. The 

eastern part of the survey block mapped as the Slide Mountain Group 
I 

has been reported to contain both basic volcanic rocks and associated 

I sediments. This includes argillite, chert and greywacke. The 

multiple, long trend nature of the conductors leadsthe interpreter 

I to believe that numerous conductive units are present. Minor 

4 exceptions occur in the southern corner of the survey area and 

straddling the northwestern part of control line 3922. 



I 
5b. - INPUT Response C h a r a c t e r i s t i c s  

The n a t u r e  o f  t h e  INPUT c o n d u c t o r s  i s  e x t r e m e l y  complex and 

v a r i a b l e .  Al though mapped g e o l o g i c a l  s t r u c t u r e s  imply  a  c o n s i s t e n c y  

i n  n o r t h e a s t w a r d  i n c l i n e d  bedding d i p s  and t o p s ,  t h e  INPUT s u r v e y  @ 

1 r e s u l t s  do  n o t  imply  such  s i m p l i c i t y .  Up-dip t y p e  r e s p o n s e s  are J 

I r a r e l y  r e c o g n i z e d  due t o  numerous m u l t i p l e  c o n d u c t o r s .  A 

s t a g g e r i n g  of  amp l i t ude  peaks  i n  t h e  d i r e c t i o n  o f  d i p  f o r  t h e  

l a t t e r  decay  t i m e s  doe s  n o t  y i e l d  c o n s i s t e n t  d i p  i n d i c a t i o n s  i n  1 
1 

t h i s  su rvey .  The e x p l a n a t i o n s  o f f e r e d  f o r  t h e  l a c k  o f  d e f i n i t i v e  
1 
i 
1 

d i p  i n f o r m a t i o n  a r e  complex s m a l l  s c a l e  f o l d i n g  and h o s t  r ock  con- 

d u c t i v i t y  which may produce c u r r e n t  g a t h e r i n g  e f f e c t s  i n  conduc to r s .  , I 
1 

F o r  many h o r i z o n s  t h e r e  i s  a c o n s i s t e n c y  i n  t h e  peak skew from 

none t o  a  pronounced e f f e c t  i n  one  d i r e c t i o n ;  t h i s  s h o u l d  b e  

i n t e r p r e t e d  a s  a  s i g n  o f  a  v e r t i c a l  t o  modera te  d i p  i n  t h e  

d i r e c t i o n  o f  skew. Where skew o c c u r s  i n  b o t h  f l i g h t  d i r e c t i o n s ,  

c o n d u c t o r  w i d t h  and c u r r e n t  g a t h e r i n g  may b e  dominant  f a c t o r s .  

5c .  Anomaly S e l e c t i o n  C r i t e r i o n  

- S e l e c t i n g  o f  e x p l o r a t i o n  t a r g e t s  which are un ique  i n  t e r m s  

o f  anomalous c h a r a c t e r i s t i c s  i s  n o t  a  s t r a i g h t f o r w a r d  t a s k  i n  

t h e  "G" Nor th  Block.  Magnetic  anoma l i e s  a r e  r a r e ,  and where 

p r e s e n t ,  have  no d i r e c t  r e l a t i o n s h i p  t o  e i t h e r  r e s p o n s e  amp l i t ude  

o r  decay  c h a r a c t e r i s t i c s .  

The o n l y  remain ing  c h a r a c t e r i s t i c s  which may b e  used t o  

se lect  c o n d u c t o r s  a r e :  

- F i n i t e  s t r i k e  l e n g t h  

- High conductance  

- Narrow p r o f i l e  shape  



T h e s e  p a r a m e t e r s  a r e  b a s e d  on  t h e  f i n i t e  s i z e  a n d  h i g h  

C, c o n d u c t a n c e  t h a t  s u l p h i d e  d e p o s i t s  show i n  c o n t r a s t  t o  c a r b o n a c e o u s  

d e p o s i t s  w h i c h  are o f t e n  v e r y  w i d e ,  l o n g  a n d  c o n s i s t e n t  i n  
@" 

I 

a p p a r e n t  c o n d u c t a n c e .  From t h e  s m a l l  scale p r o f i l e  map o f  t h e  

s u r v e y  a r e a ,  it may b e  o b s e r v e d  t h a t  h i g h  a m p l i t u d e  anomaly t r e n d s  

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

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

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

z o n e s  it i s  n o t  p o s s i b l e  t o  r e s o l v e  more t h a n  t h e  p e a k s  d u e  t o  

s u p e r p o s i t i o n  of f l a n k i n g  r e s p o n s e s .  

F o r  t h i s  r e a s o n ,  w e  h a v e  c h o s e n  t o  g r o u p  t h e  r e s p o n s e s  

i n  t w o  l o c a l i t i e s  ( Z O N E S  A a n d  B) t o g e t h e r  r a t h e r  t h a n  t o  a n a l y z e  

e v e r y  h o r i z o n  i n d i v i d u a l l y .  A s  t h e r e  are  a  l a r g e  number o f  

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

g e o c h e m i s t r y )  s h o u l d  b e  u t i l i z e d  t o  f u r t h e r  s c r u t i n i z e  t h e s e  

c o n d u c t o r s .  



SELECTED TARGETS 

ZONE A 

- I n c l u d e s  a t  l e a s t  e i g h t  i n d i v i d u a l  c o n d u c t i v e  h o r i z o n s  which 

a l l  have s e c t i o n s  w i th  c x c c p t i o n a l  c l c c t r o m a g n e t i c  c h a r a c t e r i s t i c s ;  

- a x i s  i n t e r p r e t a t i o n  i s  probable  r a t h e r  t h a n  d e f i n i t e  a s  t h e  

v a r i a b i l i t y  o f '  r esponse  shapes  from l i n e - t o - l i n e  does  n o t  a l l ow 

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

p rocedures .  

- A magnet ic  c o r r e l a t i o n  i s  e i t h e r  f l a n k i n g  on t h e  n o r t h  s i d e  o r  

o r  d i r e c t l y  c o i n c i d e n t  w i t h  t h e  westward e x t e n s i o n  of  ZONE 3135, 

t h e  o n l y  s e r i e s  of  responses  w i t h  c o n s i s t e n t  p r o f i l e  shape 

c h a r a c t e r i s t i c s .  A magnetic anomaly p r e s e n t  a long  t h e  

t r e n d  e a s t  o f  i n t e r c e p t  30040G, i s  s h a r p  ( o r i g i n a t e s  from a  

sha l low n e a r  v e r t i c a l  sou rce )  b u t  does  n o t  appea r  t o  have any 

r e l a t i o n s h i p  t o  e l e c t r o m a g n e t i c  response .  

- With t-he e x c e p t i o n  of  theaforement ioned  h o r i z o n  which c o u l d  be  

i n v e s t i g a t e d  f o r  g o l d ,  no s p e c i f i c  recommendations a r e  sugges ted  

f o r  t h e  n o r t h e r n  conduc tors .  

- Geochemistry,  geology and r e s u l t s  from zones 312B-312~ may a i d  i n  

p r i o r i t i z i n g  and s e l e c t i n g  vanomal ies"  from t h i s  zone o f  i n t e n s e  

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



0 
ZONE B 

- I n  o v e r a l l  s h a p e ,  a r e a l  e x t e n t  and number o f  c o n d u c t i v e  h o r i z o n s  

it i s  remarkab ly  s i m i l a r  t o  ZONE A. 

- However, a x i a l  t r a c e s  have  been d e l i n e a t e d  w i t h  more c o n f i d e n c e ,  

and " i s o l a t e d "  conduc to r s  may b e  p r e s e n t  among t h e  u b i q u i t o u s  

f o r m a t i o n a l  c o n d u c t o r s  - presumably g r a p h i t i c  i n  o r i g i n .  

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

i n c o n s i s t e n t .  Magnet ic  e x p r e s s i o n s  a r e  weak b u t  s h a r p  peaks  

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

h o r i z o n s ,  seldom r e c o g n i z a b l e  f o r  more t h a n  t w o  f l i g h t  l i n e s .  

- These l o c a t i o n  i n t e r c e p t s  a r e  l i s t ed  below: 

30010F, 30030L, 30042F, 30041E, 30050M, 30060HMN?, 30071K, 

30100M, 30110E. 

- These  i n t e r c e p t s  a r e  recommended a s  s t a r t i n g  p o i n t s  i n  fo l low-up 

e x p l o r a t i o n  i n  t h e  absence  o f  any o t h e r  p r i o r i t i z a t i o n  f a c t o r s .  

- I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  ZONE B ,  a s  a  whole u n i t ,  f a l l s  

w i t h i n  a  l i n e a r  magne t ic  low o f  50-100nT. Low s u s c e p t i b i l i t y  

combined w i t h  f o r m a t i o n a l  c o n d u c t i v i t y  i s  a  s ed imen ta ry  

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



ANOMALY 3 0 2 J 

TYPe Isolated 

Conductance 38s 

Associated Magnetics 10-15 nT 

Related Responses 30010J 

Response Characteristics - very wide 

Priority 1 

- additional weaker zone may be positioned 
north of axis 

- conductor axis extends northwest off 

the survey boundary 



0 ANOMALY 310K Priority 1 

Type Isolated? 

Conductance Range 19-36s 

Associated Magnetics 20 nT 

Related Responses 30090N, 30102C, 30110H, 30121E, 30122K 

Response Characteristics - Consistently wide 
- Response 30121E has peak skew southward 

- Consistent amplitudes and shape in 

both flight directions implies steep 

dip 

Priority 2 ANOMALY 311G 

Type Isolated? 

Conductance 36s 

Horizon Conductance Range 9-14s 

~ssociated Magnetics - 

Related Responses 30122J, 30130J 

Response Characteristics - Response 30311G may have peak shift 
south 

- Abrupt strike termination between 

30121E-F appears unrealistic 

- Probable strike extensions in ZONE B 



ANOMALY 311R 

Type 

Conductance 

Strike Length 

Magnetic Coincidence 

Related Responses 

Shape Characteristics 

ANOMALY 312B 

TY pe 

Conductance 

Strike Length 

~ a ~ n e t i c  Coincidence 

Related Responses 

Shape Characteristics 

Formational 

30s 

2000 m 

- 

Priority 3 

30071B1, 30080E, 30090Y, 30100E, 30120E 

- consistently wide responses originate 

from a source which is widest at 30110R 

- peak shift south for the strongest 
response suggests a steep southward dip 

- probable graphitic source 

Priority 3 

Formational 

- Narrow profiles are typical of this 

horizon 

- Response shapes are symmetrical but 

peak skew to south on 30120B implies 

southward dip and/or width greater than 

- The horizon probably extends into ZONE A 

at response 30090CC 



ANOMALY 312C 

Type 

Conductance 

Strike Length 

Magnetic Coincidence 

Related Responses 

Shape Characteristics 

ANOMALY 313G,H 

T Y P ~  

Conductance Range 

Priority 3 

Formational 

34s 

- The prime response target is superimposed 

on 30120D 

- Conductance is underestimated because I 

of superposition by 313s anomaly on 

early channels 

- Responses along strike to west are very 

subtle inflections on flanks of stronger 

responses 

- The horizon probably extends into ZONE A 

through 30090BB 

Priority 2 

Formational? 

32-41s 

Associated Magnetics - J t 
Related Responses 30122H, 30141A 

Response Characteristics - Both responses are in reality probably part 

of adjacent longer conductive horizons; i 
however, line 30141s was flown at a high I 

I 

terrain clearance and cannot be effectively I 
interpreted. 1 

- Intercept "G" has a possible isolated source. 

- Responses on lower channels are integrated I 
together and lack individual character. Fror 

sharpness of ch 1-2, depth should be shallow 
for both. 

-- .- ----.- ---  - - -  .?- 



?\NOi~i%Ll' 313s 

Type 

Conductance 

S t r i k e  Length  

Magnetic  Coinc idence  

R e l a t e d  Responses 

Shape C h a r a c t e r i s t s  

ANOMALY 315E 

Conductance 

S t r i k e  Length 

Magnet ic  Coinc idence  

R e l a t e d  Responses 

Shape C h a r a c t e r i s t i c s  

P r i o r i t y  3  

Fo rma t iona l  

a t  313s = 45s ;  r a n g e  9-23s 

+ 6000 m 

- Responses a r e  p e r s i s t e n t  a l o n g  s t r i k e  

t h r o u g h  ZONE A. 

- A s s o c i a t e d  m a g n e t i c s  compliment  r e s p o n s e s  

300902 and 30080G o n l y .  

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

conduc t ance  improvement.  

- Peak skew nor thward  i n f e r s  n o r t h  ( ? )  d i p ;  

0 however,  it s h o u l d  b e  n e a r  90 . 
P r i o r i t y  1 

" I s o l a t e d "  

23s  

400 m 

- 

3930H, 30160N? 

- Wide p r o f i l e ,  peak s h i f t  n o r t h  i n f e r s  

s o u r c e  w i d t h  and /or  n o r t h  d i p .  

- S t r i k e  e x t e n s i o n s  t o  e a s t  are u n c e r t a i n  

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

con f i rm  i t s  a m p l i t u d e  and conduc tance  

improvement r e l a t i v e  t o  a d j a c e n t  

c o n d u c t o r s .  



Type 

Conductance 

S t r i k e  Length  

Magnet ic  Co inc idence  

R e l a t e d  Responses  

Shape C h a r a c t e r i s t i c s  

ANOMALY 318M 

Type 

Conductance 

S t r k k e  Length  

Magnet ic  Coinc idence  

R e l a t e d  Responses  

Shape C h a r a c t e r i s t i c s  

P r i o r i t y  1 

" I s o l a t e d "  

- 6 Channel  r e s p o n s e  w i t h  p rofound  n o r t h -  I 
ward peak s h i f t .  

- Could be  e x p l a i n e d  a s  a n  up-dip peak o f  

30180H, s u g g e s t i n g  a  f l a t  (30-45O) 

nor thward  d i p .  

- S u p e r p o s i t i o n  from 30180H and r e l a t e d  

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

and r e l a t i v e  conduc t ances .  1 

P r i o r i t y  3  

Fo rma t iona l ?  

- Response M h a s  appea rance  o f  a n  up-dip  

r e sponse  (peak  s h i f t e d  sou thward ) .  

- The l ong  t r a n s i e n t  decay  i s  a n  improvement 

o v e r  r e s p o n s e s  a l o n g  s t r i k e ;  however, t h i s  

c anno t  be  con f i rmed  by c o n t r o l  l i n e  
I 

I 

i n t e r s e c t i o n .  



ANOMALY 319L 

Type 

Conductance 

Strike Length 

Magnetic Coincidence 

Related Responses 

Shape Characteristics 

ANOMALY 3205 

Type 

Conductance 

Strike Length 

Magnetic Coincidence 

Related Responses 

Shape Characteristics 

Priority 3 

Formational 

24s 

+6000m 

- beyond selected intercepts for follow-up, 

exact conductor strike is uncertain 

(ie., axis may extend to 30210N instead 

of M as interpreted). 

- along strike are other intercepts with 
similar long transients. 

- peak shifts are consistently in the 

direction of flight, an indicator of source 

width (+50m) and near vertical dip. 

Priority 3 

Formational 

- in profile, response shapes are broad 
and lack real character. 

I 

- transient improvements over formational 

trends are moderate. 

- follow-up is recommended only in 

conjunction with adjacent zones. 



ANOMALY 320P 

Conductance 

Strike Length 

Magnetic Coincidence 

Related Responses 

Shape Characteristics 

ANOMALY 321F 

Type 

Conductance 

Strike Length 

Magnetic Coincidence 

Related Responses 

Shape Characteristics 

Formational 

24s 

+2000m 

Priority 3 

30170E, 30180T, 3910B, 30210G, 30210E 

- transient may have been artificially 
enhanced by superposition of the 30200R 

up-dip response. 

- can not be recognized in northward flight 
direction on line 30200 unless it is 

represented by response "Dm. 

Priority 3 

Formational 

14s 

+2000m 

-- 

30201D, 30190C, 30200R, S. I 

- peak shifts are northward only on north 
direction flight lines. A steeply 

dipping, wide tabular conductor is 

interpreted. 

- all responses are somewhat wide. 

- the 30200R response is interpreted as 

an 'up-dip' accessory response. 

- westward strike extent is terminated 

by an interpreted fault. 



ANOMALY 321L 

Type 

Conductance 

Strike Length 

Magnetic. Coincidence 

Related Responses 

Shape Characteristics 

ANOMALY 322C 

Type 

Conductance 

Strike Length 

Magnetic Coincidence 

Related Responses 

Shape Characteristics 

Formational 

20s 

+4000m 

-- 

Priority 2 

- horizon axis situated on a wider magnetic 

high (10-25nT) which is interpreted as 

stratigraphic in origin. 

- responses are typically narrow and sharp, 
with no indication of dip. 

- consistent response amplitudes on adjacent 

lines confirm a uniform steep dip. 

- other responses along strike to the south 

are similar (ie., 30230N, 30241K). 

Priority 1 

Isolated? 

24s 

800m 

- an isolated conductance and amplitude 

improvement on a horizon which potentially 

extends westward in an irregular 

distribution. 

- part of apparent amplitude improvement 

originates from superposition of higher 

amplitude responses to the south. This 

results in an underestimate of apparent 



1 ANOMALY 322P P r i o r i t y  3  

I Conductance  

I S t r i k e  Length  

Magnet ic  C o i n c i d e n c e  

I R e l a t e d  Responses  

I Shape C h a r a c t e r i s t i c s  

ANOMALY 32 3R 

Conductance  

S t r i k e  Length  

Magne t i c  C o i n c i d e n c e  

R e l a t e d  Responses  

Shape C h a r a c t e r i s t i c s  

1 

F o r m a t i o n a l  i 

1 3 s  (background c o n d u c t a n c e  1 -9s )  @ 

30230M 

- r e s p o n s e s  s e l e c t e d  f o r  t h e i r  l o n g e r  

t r a n s i e n t  d e c a y s .  

- p r o f i l e  w i d t h  and peak s h i f t  o f  b o t h  

30210K and 30220P i n t e r p r e t e d  a s  a  s i g n  

o f  c o n d u c t o r  w i d t h ,  however less t h a n  

mass ive  s o u r c e  f o r  t h e  c o n d u c t o r  e x i s t s  

b e c a u s e  a m p l i t u d e s  a r e  o n l y  modera te .  I 
P r i o r i t y  1 

I s o l a t e d  

- Response 30220K i s  s h i f t e d  n o r t h ,  

s u g g e s t i n g  a  nor thward  d i p  w i t h  

c o n d u c t o r  a x i s  l o c a t i o n  p o t e n t i a l l y  

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

- Response 30230R i s  s h i f t e d  t o  n o r t h ,  

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

d e c a y  c h a r a c t e r i s t i c s  and  a m p l i t u d e .  



ANOMALY 323WY 

TY pe 

Average Conductance 

Strike Length 

Magnetic Coincidence 

Related Responses 

Shape Charac-teristics 

Priority 3 

2 similar parallel formational horizons 

3 5 s  ( 2 0 - 5 5 )  @ 
+3200 m I 

- 

- Extremely high response amplitudes 

are characteristics of this set of two 

similar horizons. 

- Similarities are such that possibility 

of folding should not be overlooked. 

- Northern horizon has highest amplitude, 

longest strike length. 

- Width of these massive conductors on 
individual horizons may be up to 300  m. 

- Ground follow-up is recommended for 

only a short segment, probably in 

conjunction with the 324C group. 



ANOMALY 3 2  3BB 

Type 

Conductance 

S t r i k e  Length 

Magnet ic  Coinc idence  

R e l a t e d  Responses 

Shape C h a r a c t e r i s t i c s  

ANOMALY 324C 

Conductance 

S t r i k e  Length 

P r i o r i t y  2  

Fo rma t iona l  ( ? )  

20s  

1600 m 

- 

30220B, 30241B, 30250BB 

- Zone o f  wide  r e s p o n s e s  w i t h  l o n g  

decay t r a n s i e n t s .  

- Local  conduc tance  improvement i n  

s h o r t  segment o f  a  h o r i z o n  which may 

ex t end  t o  w e s t  t h r o u g h  30200C and t o  

e a s t  by 30250CC. 

- S t r i k e  change a t  w e s t  end o f  conduc to r  

l e a v e s  i t s  t r u e  a x i s  p o s i t i o n  (and  

d i r e c t i o n )  i n  q u e s t i o n .  

P r i o r i t y  2 

Fo rma t iona l  

32s  

+ 4000 m 

Magnet ic  Coinc idence  - 

R e l a t e d  Responses 30210T, 30220D, 3922LM, 302302 

Shape C h a r a c t e r i s t i c s  - Zone r e s p o n s e s  t y p i c a l l y  have  v e r y  

h i g h  a m p l i t u d e  p e a k s ,  however,  w i t h  

improving conduc tance  t o  t h e  e a s t ,  

a m p l i t u d e s  d e c r e a s e .  
I 

- P r o f i l e  s h a p e s  a l s o  c h a r a c t e r i s t i c  o f  1 

n a r rower  s o u r c e s  t o  t h e  e a s t .  

- S t r i k e  e x t e n t  e a s t  o f  30250AA i s  

u n c e r t a i n ,  a s  i s  i t s  a x i s  l o c a t i o n .  



Type I s o l a t e d ?  

Conductance  

S t r i k e  Length 

P r i o r i t y  1 

5 
Magne t i c  C o i n c i d e n c e  10 nT 

R e l a t e d  Responses  30270P, 30281H 

Shape C h a r a c t e r i s t i c s  - The pr ime i n t e r c e p t  h a s  a  p o s s i b l e  
I 

common a x i s  w i t h  3286 - t h i s  s h o u l d  n o t  I 

be c o n s i d e r e d  a  n e g a t i v e  f a c t o r .  Fol low- 

up s h o u l d  b e  i n  c o n j u n c t i o n  w i t h  3286. 

- The minor m a g n e t i c  c o i n c i d e n c e  may b e  a  

f l a n k i n g  f e a t u r e .  I t  c o n t i n u e s  e a s t w a r d  

and  i s  n o t  d i r e c t l y  r e l a t e d  t o  c o n d u c t a n c e .  
1 

Type 

Conductance  

S t r i k e  Leng th  

P r i o r i t y  2  

F o r m a t i o n a l ?  

26s  

+ 1600 m 

~ a g n ' e t i c  C o i n c i d e n c e  - 

R e l a t e d  Responses  30262H?, 30270R 

Shape C h a r a c t e r i s t i c s  - P r o f i l e s  o f  b o t h  p r ime  i n t e r c e p t s  a r e  

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

w i t h  h i g h  a p p a r e n t  c o n d u c t a n c e .  

I - The w i d t h  p o t e n t i a l  i s  conf i rmed  by t h e  

l e a d i n g  peak  p o s i t i o n s  r e l a t i v e  t o  t h e  

i n t e r p r e t e d  a x i s .  

- The s i m i l a r i t y  o f  t h e  302625 r e s p o n s e  

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

o f  a  common a x i s .  
I 



CONCLUSIONS AND RECOMMENDATIONS 

A s  a  g e n e r a l  comparison w i t h  o t h e r  a r e a s ,  t h e  number of  

anomal ies  and t h e i r  h igh  a p p a r e n t  conductances  make t h i s  p r o j e c t @  

a r e a  somewhat unique.  T h i s ,  however, does  c r e a t e  a  s e l e c t i o n  I 

and p r i o r i t i z a t i o n  problem. The u s u a l l y  unique h i g h  conductance 

q u a l i t y  normal ly  r e l a t e d  w i t h  massive  s u l p h i d e  conduc to r s ,  

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

Magnetic r e sponses  a r e  seldom of  t h e  s t r e n g t h ,  shape  and d i r e c t  

a x i s  co inc idence  t o  i n f e r  a  p y r r h o t i t e  s o u r c e ,  a long  any s e c t i o n  

o f  conduc to r s  i n  t h i s  a r e a .  I t  i s  recommended t h a t  any and a l l  

o t h e r  geosc i ence  in format ion  be i n t e g r a t e d  w i t h  o u r  t a r g e t  

s e l e c t i o n  t o  f u r t h e r  e v a l u a t e  t h e  p r i o r i t i e s  f o r  follow-up. A 

f i r s t  p r i o r i t y  ranking  may have e i t h e r  an " i s o l a t e d "  l o c a t i o n  o r  

a  d i r e c t  magnet ic  c o r r e l a t i o n .  Second p r i o r i t y  s e l e c t i o n s  a r e  

t y p i c a l l y  a  d i s t i n c t  shape (wid th)  improvement i n  a  l ong  s t r a t i -  

g r a p h i c  conduc tor  wh i l e  t h i r d  p r i o r i t y  t a r g e t s  a r e  an ampli tude-  

conductance improvement a long  a  conduc t ive  h o r i z o n ,  b u t  very 

wide.  The fo l lowing  summary exc ludes  ZONES A-B which w a r r a n t  

independant  e v a l u a t i o n s :  

P r i o r i t y :  1 2  3  

302J 311G 311R 

310K 313GH 312B 

315E 323BB 312C 

318G 324C 313s 

322C 328G 318M 

323R 319L 
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0 APPENDIX A 

NGER/OUESTOR MARK VI  INPUT(^) ~ v s t e m  @ 
The INduced Pulse Transient (INPUT) method is a system 1 

whereby measurements are made, in the time domain, of a secondary 

electromagnetic field while the primary field is between pulses. 

Currents are induced into the ground by means of a pulsed primary 

electromagnetic field which is generated from a transmitting loop 

around the aircraft. By using half-sine wave current pulses 

(Figure A-1) and a transmitter loop of large turns-area, a high 

signal-to-noise ratio and the high output power needed for deep 

penetration, are achieved. 

Induced current in a conductor produces a secondary 

electromagnetic field which is detected and measured after the 

termination of each primary pulse. Detection of the secondary 

field is accomplished by means of a receiving coil, wound on a 

ferrite rod, mounted in a fibreglass shell called a "bird" and 

towed behind and below the aircraft on 120 metres (400 feet) of 

coaxial cable. The received signal is processed and recorded by 

equipment within the aircraft. 

The axis of the receiving coil is horizontal and parallel to 

the flight direction. This optimizes the discrimination between 

flat lying surficial conductors and bedrock conductors. The 

secondary field is in the form of a decaying voltage transient, 



measured in time, at the termination of the primary transmitted 

pulse. The amplitude of the transient is proportional to the @ 

amount df current induced into the conductor, the conductor 5 

dimensions, conductivity and the depth beneath the aircraft. 

The rate of decay of the transient is inversely proportional 

to conductance. By sampling the decay curve at six different time 

intervals and recording the amplitude of each sample, an estimate 

of the relative conductance can be obtained. Transients due to 

strong conductors such as sulphides and graphite, usually exhibit 

long decay curves and arc therefore commonly recorded on all six 

channels. Sheet-like surface conductive materials, on the other 

hand, have short decay curves and will normally only show a 

response in the first two or three channels. 

For homogeneous conditions, the transient decay will be 

exponential and the time constant of decay is equal to the time 

I difference at two successive sampling points divided by the log 
- 
d 

ratio o f  the amplitudes at this point. 



s P- 

Pulse Repetition Rate 180 per sec @' 
Pulse Shape 

Pulse Width 

Off Time 

Output Voltage 

Output Current 

Output Cur rent Average 

Half-sine I 

2.0 millisec 

3 -56 millisec 

75 volts 

27 5 amperes 

54 amperes 

Coil Area 
2 

186 m O 2  (2,001 ft. ) 

Coil Turns 6 

~lectromagnetic Field Strength (peak) 267,840 amp-turn-meter 2 

Figure A1 



RECEIVER SPECIFICATIONS 

sample Gate- Windows (centre positions) Widths 

300 P sec 
500 
800 
1200 
1700 
2300 

200 P sec 
200 
400 
400 
600 
600 

Sample Interval 0.5 sec 

Integration Time Constant 1.1 sec 

Bird Position behind Aircraft (110 kt) 93 metres 

~ i r d  Position below Aircraft (110 kt) 69 metres 

~eceiver features: Power Monitor 50 or 60 Hz 

50 or 60 Hz and Harmonic Filter 

VLF Rejection 

Spheric Rejection (tweak) Filter 

8 A U ~ L l U O  Of INPUT 8IONAL 

F i g u r e  A2 - - Chmnnol c.~~,. .  



GEOMETRICS MODEL G-803 PROTON MAGNETOMETER 

The airborne magnetometer is a proton free precession 

sensor which operates on the principle of nuclear magnetic 

resonance to produce a measurement of the total magnetic 

intensify. It has a sensitivity of 1 gamma and an operating range 

of 20,000 gammas to 100,000 gammas. The sensor is a solenoid 

type, oriented to optimize results in a low ambient magnetic 

field. The sensor housing is mounted on the tip of the nose boom 

supporting the INPUT transmitter cable loop. A 3 term compen- 

sating coil and perma-alloy strips are adjusted to counteract the 

effects of permanent and induced magnetic fields in the aircraft. 

Because of the high intensity electromagnetic field 

produced by the INPUT transmitter, the magnetometer and INPUT 

results are sampled on a time share basis. The magnetometer head 

- is energized while the transmitter is on, but the read-out is 

obtained during a short period when the transmitter is off. Using 

this technique the sensor head is energized for 0.80 seconds and 

subsequently the precession frequency is recorded and converted to 

gammas during the following 0.20 second when no current pulses are 

induced into the transmitter coil. 
# 



4 
Sonotek SDS 1200 @ 

9 track 800 BPI ASCII 5 

Includes time base Intervalometer, Fiducial System 

Geocam 75 SF 

35 mm continuous strip or frame 

TAPE D R I V E  

Digidata Model 1139 

O S C I  JtTlOSCOPE 

Tektronix Model 305 

ANALOG RECORDER 

RElS INSTRUMENTS GR33 Graphic Recorder 

Kodak Light Sensitive Paper (l5cm) 

Recording 14 Channels: 50-60 Hz Monitor, 6 INPUT Channels, fine 

and coarse Magnetics, Altimeter, vertical and horizontal timing 

lines and fiducial markers. 

Sperry Radar Altimeter 



.. - 
SONOTEK DATA SYSTEM 

J 

9 TRACK TAPE RCCORDER 

1 1 

RADAR ALTIMCTCR 

35mm TRACKING CAMERA 

- 
TRANSMITTER 

INPUT EOUIPMENT INSTALLATION 

I 

MK V1 INPUT RECEIVER 

'DIRO' WINCH 

QUESTORIBARRINGER MARK VI "INPUT" SYSTEM EQUIPMENT 



APPENDIX B 

The Survey A i r c r a f t  

F igure  B-1 

Manufacturer 

Type 

Shor t  Brothers  Ltd. ,  

SHORT SKYVAN 

Model SH-7 S e r i e s  7  

Canadian R e g i s t r a t i o n  C-FQSL 

Date of INPUT I n s t a l l a t i o n  ' January 1971 

Modif ica t ions :  

1) Nose, t a i l  and wing booms f o r  c o i l  mountina --. 2 

2) Long range cabin f u e l  tank: 8 hours of a i r  time 

3 )  Winch, camera and a l t i m e t e r  p o r t s  

4 )  A i m  8 0 0  model - Slave d i r e c t i o n a l  gyro 

5 )  Capable of spectrometry 

6 )  Modified hydrau l i c  dr iven  genera to r  system 

The SKYVAN is a  s h o r t  take-off  and landing  a i r c r a f t .  I t  i s  

powered by two low maintenance t u r b i n e  engines.  The conf igura t ion  - 

of t h e  a i r c r a f t  provides f o r  easy i n s t a l l a t i o n  of equipment and 

0 e x t r a  f u e l  c a p a b i l i t y .  These f a c t o r s  have proven t h e  SKYVAN t o  .be 

a  r e l i a b l e  and e f f i c i e n t  geophysical  survey a i r c r a f t .  



APPENDIX C 

INPUT System Characteristics 

a) Geometry 
I 

The INPUT system, a time domain airborne electromagnetic I 

I 
I 
I 

system, has the transmitter located on the aircraft while the 1 
recei'ver, referred to as the 'bird1, typically is towed 93 

metres behind and 68 metres below the aircraft at a survey 

airspeed of 110 knots. The actual spatial position of the bird 1 
is dependent on the airspeed of the survey aircraft, as can be I 
seen in Figure C1. For the Skyvan and Trislander, air speed 1 

1 

average 120 and 110 knots, respectively. 

Figure C1 EFFECT OF AIR SPEED ON BIRD POSITION 1 
t 

- 8 0  kt .  

A l r  8 p e o d  

loom - 

- 

120m I I I I I I I 1 I I 1 
20m 40m 60m 80m 1QQm 120 metres 



b) The Lag Factor @' 
The bird's spatial position along with the time constant of 

I 

the system introduces a lag factor (Figure C 2 )  or shift of the 

response past the actual conductor axis in the direction of the 

flight line. This is due to fiducial markers being generated 

and imprinted on the film in real time and then merged with E.M. 

data which has been delayed due to the two aforementioned 

parameters. This lag factor necessitates that the receiver 

response be normalized back to the aircraft's position for the 

map compilation process. The lag factor can be calculated by 

considering it in terms of time, plus the elapsed distance of 

the proposed shift and is given by: 

Lag (seconds) = time constant t bird lag (metres) 

ground speed (metres/sec) 

Figure 



The time constant introduces a 1.1 second lag while, at an 

aircraft velocity of 110 kt., the 'bird' lag is 1.7 seconds.  he@ 
total lag factor which is to be applied to the INPUT E.M. data at r 

110 kts. is 2.8 seconds. It must be noted that these two 

parameters vary within a small range dependent on the aircraft 

velocity, though they are applied as constants for consistency. As 

such, the removal of this lag factor will not necessarily position 

the anomalies in a straight line over the real conductor axis. The 

offset of a conductor response peak is a function of the system and 

conductor geometry as well as conductivity. 

The magnetic data has a 1.0 second lag factor introduced 

relative to the real time fiducial positions. This factor is 

software controlled with the magnetic value recorded relative to 

the leading edge (left end) of each step 'bar', for both the fine 

and coarse scales. For example, a magnetic value positioned at 

fiducial 10.00 on the records would be shifted to fiducial 9 . 9 5  

along the flight path. 

A lag factor of 2 seconds (0.1 fiducial) is introduced to 

correct 50-60 Hz monitor for the effects of bird position and 

signal processing. In cases where a 50-60 Hz signal is induced in 

along formational conductor, a 50-60 Hz secondary electromagnetic 

transient may be detected as much as 5  km. from the direct source 

over the conductive horizon. 

The altimeter data has no lag introduced as it is recorded 

in real time relative to the fiducial markings. 



C a l i b r a t i o n  

The major advance made dur ing  t h e  t r a n s i t i o n  from t h e  I N P m  

MK V t o  t h e  INPUT MK V I  has  been t h e  a b i l i t y  t o  c a l i b r a t e  t h e i  

equipment a c c u r a t e l y  and c o n s i s t e n t l y .  F i e l d  t e s t s  a t  

e s t a b l i s h e d  t e s t  s i t e s  a r e  c a r r i e d  ou t  on an average of once 

every 6 months t o  check t h e  cons i s t ency  of t h e  INPUT 

i n s t a l l a t i o n s  a v a i l a b l e  from QUESTOR. 

To c a l i b r a t e  t h e  equipment f o r  a  survey opera t ion  t h e  
L 

fo l lowing t e s t s  a r e  used: 

1) "ZERO" t h e  d i g i t a l  and record background E.M. l e v e l s ;  

2 )  magnetometer s c a l e  c a l i b r a t i o n s ;  

3 )  a l t i m e t e r  c a l i b r a t i o n ;  

4 )  c a l i b r a t i o n  of INPUT r e c e i v e r  ga in ;  

5 )  a i r c r a f t  compensation; 

6) record  background E.M. l e v e l s  a t  600 m . ;  

7 )  survey f l i g h t ;  

8)  record  background E.M. l e v e l s  a t  600 m. 
I 

9 )  record  f u l l  s c a l e  INPUT rece ive r  ga in ;  I 

1 

1 

10) record  compensation d r i f t ;  I 

, 
11) te rmina te  or repeat  from s t e p  4 .  1 

! 

This  sequence of t e s t s  may be repeated  i n  m i d f l i g h t  given \ 
! 

t h a t  t h e  d u r a t i o n  of the  f l i g h t  is s u f f i c i e n t l y  long. Typ ica l ly ,  

t h i s  process  i s  conducted every 3 hours of a c t u a l  f l y i n g  time and 

a t  t h e  te rminat ion  of every f l i g h t .  

The background l e v e l s  a r e  recorded and then used t o  

determine t h e  d r i f t  t h a t  may occur i n  t h e  E.M. channels  during t h e  



C) progression of a survey flight. If drift has occurred, the E.M. 

channels are brought back to a levelled position by use of the @ 
linear interpolation technique during the data processing. 

I 

The primary electromagnetic field generated by the INPUT 

system induces eddy currents in the frame of the aircraft. This 
I 

! 
spurious secondary field is a significant source of noise which 

needs to be taken account of before every survey flight is : 

initiated. , 

Compensation is the technique by which the effects of this 

spurious secondary field are eliminated. A reference signal, which 
i 

is equal in amplitude and waveform but opposite in polarity, is 1 
obtained from the primary field voltage in the receiver coil and 

applied to each channel of the receiver. The compensation signal 

is not a constant value due to coupling differences induced by I 

'bird' motion relative to the aircraft. The signal applied is 1 
I 

proportional to the inverse cube of the distance between the 'bird' 

and aircraft. Figure C3 displays the effect of compensation. 

Typically, channel 5 is selected for compensation because 

it is not affected by geological noise due to its sampling location 

in the transient and then coupling changes are induced by 

precipitating 'bird' motion. Phase considerations of channel 5, 

relative to the remaining channels, dictates whether sufficient 

compensation has been applied. If the remaining channels are in- 

phase to channel 5 during this procedure, an over-compensated 

situation is indicated, whereas, out-of-phase would be indicative 

0 of an under-compensation case. Normally this adjustment is carried 



o u t  a t  a n  a l t i t u d e  of  600 m e t r e s  i n  o r d e r  t o  e l i m i n a t e  t h e  

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

p o w e r  I#"# power lms 5 

ch 8 Ch 8 

ch. 4 ch 4 

Ch. 3 Ch 3 

ch. 2 ch. 2 

Ch 1 Ch. 1 

Ch. 5 
ch. 8 

Uncompensated Compensa ted  

F i g u r e  C3 

The magne tome te r ,  a l t i m e t e r  a n d  INPUT r e c e i v e r  g a i n  a r e  

a l s o  c a l i b r a t e d  a t  t h e  i n i t i a t i o n  o f  e v e r y  s u r v e y  f l i g h t .  Wi th  t h e  

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

f i n e  s c a l e  i n d i c a t e s  a  1 0  gamma c h a n g e  f o r  a  1 c m .  c h a n g e  i n  

a m p l i t u d e  ( F i g u r e  C 2 ) .  The c o a r s e  s c a l e  moves 2  mm. ( o r  1 

d i v i s i o n )  f o r  a  1 0 0  gamma c h a n g e  w i t h  f u l l  s c a l e , 2  c m . ,  i n d i c a t i n g  

a  1000  gamma s h i f t .  

The a l t i m e t e r  ( F i g u r e  C 4 ) ,  is  c a l i b r a t e d  t o  i n d i c a t e  400 

f e e t  a l t i t u d e  a t  t h e  s e v e n t h  ma jo r  d i v i s i o n  ( 7  c m . ) ,  r e a d  f rom t h e  

bo t tom of  t h e  a n a l o g  r e c o r d .  T h i s  i s  t h e  n o m i n a l  f l y i n g  h e i g h t  o f  



INPUT surveys ,  wherever r e l i e f  and a i r c r a f t  performance a r e  no w 
l i m i t i n g  f a c t o r s .  The e i g h t h  major d i v i s i o n  c o r r e l a t e s  wi th .300  

I 

f e e t  while  t h e  s i x t h  corresponds w i t h  500 f e e t  i n  a l t i t u d e .  

F igure  C4 

Power Lone 
monolor 

C h  6 

Ch.  6 
C h .  4 

C h .  3 

C h .  2 

C h .  1 

I 
i The INPUT rece ive r  ga in  is expressed i n  p a r t s  per m i l l i o n  1 

of t h e  primary f i e l d  amplitude a t  t h e  r e c e i v e r  c o i l .  A t  t h e  I 
' b i r d ' ,  t h e  primary f i e l d  s t r e n g t h  is  2.1  v o l t s  peak-to-peak, or  

1.05 v o l t s  peak amplitude.  The c a l i b r a t i o n  s i g n a l  introduced a t  t h e  I 
input  s t a g e  of t h e  r ece ive r  is 4.0 mV. Expressed i n  p a r t s -  I 
per-mi l l ion ,  t h i s  induces a  change o f :  I 

4 x 10-3 x  l o 6  = 3800 ppm 

1 .05  
These c a l i b r a t i o n  s i g n a l s  (F igure  C5) cause an 8 cm. 

d e f l e c t i o n  of a l l  6 t r a c e s  which t r a n s l a t e s  t o  a  s e n s i t i v i t y  of 475  



Power 
ch. 8 
ch. 6 
ch. 4 

ch. 3 
ch. 2 
ch. 1 

Line 

Figure  C5 

With t h e  c h a r t  speed inc reased  from t h e  normal 0.25' cm. 

t o  2.5 cm. per second, t h e  t ime c o n s t a n t  of t h e  system ( F i g u r e  C6) ,  

can be obtained by a n a l y s i s  of t h e  exponen t i a l  r i s e  of t h e  

c a l i b r a t i o n  s i g n a l  f o r  a l l  6 t r a c e s .  The t ime c o n s t a n t ,  is  d e f i n e d  

a s  the  time f o r  t h e  c a l i b r a t e d  v o l t a g e  t o  b u i l d  up o r  decay t o  

63.2% of i t s  f i n a l  of i n i t i a l  value.  A longer  t ime c o n s t a n t  

reduces background noise  but  a l s o  has  t h e  e f f e c t  of reducing t h e  

a m p l i t u d e  of t h e  s i g n a l ,  e s p e c i a l l y  f o r  near s u r f a c e  responses.  



+ Denote8 positkm at 63.2% Peak 
Calbatkm AmplHude F I I 

I 
I 

Figure C6 

This  t rade-off  i n d i c a t e s  t h e  importance of s e l e c t i n g  an 

optimum value fo r  t h e  time cons tan t .  Experience and y e a r s  of 

t e s t i n g  have ind ica ted  t h a t  a  time c o n s t a n t  of 1.1 second does 

impede i n t e r p r e t a t i o n  of bedrock source conductors .  

no t  



0 d) Depth Penetration Capabilities 

There are many factors which effect the depth of 

penetration. These factors consist of: 

1) altitude of the aircraft above terrain; 

2) conductivity contrast between conductor and host rock; 

3) size and attitude of conductor; 

4) type and conductivity of overburden present. 

Of these factors, only the first parameter can be 

controlled. Typically, a survey altitude of 120 metres (400 

feet) or less above the terrain is maintained. At this height, 

the INPUT MARK VI system has responded to conductors located at 

a depth of 300 metres (1,000 feet) below the surface. 



- 
PUT Data Process- @ 

The QUESTOR designed and implemented computer software I 

routines for automatic interactive compilation and presentation, 

may be applied to all QUESTOR INPUT Systems. The software is 

compatible with the fixed-wing MARK VI INPUT, and the high power 

MARK VI INPUT. The procedures are all common, however, separate 

subroutines are accessed which contain the unique parameters to 

each system. Although many of the routines are standard data 

manipulations such as error detection, editing and levelling, 

several innovative routines are also optionally available for the 

reduction of INPUT data. The flow chart on the following page 

(Figure Dl) illustrates some of the possibilities. Software and 

procedures are constantly under review to take advantage of new 

developments and to solve interpretational problems. 

a) INPUT Data Entry and Verification 

During the data entry stage, the digital data range is 

compared to the analog records and film. The raw data may be 

viewed on a high-resolution video graphics screen at any 

desirable scale. This technique is especially helpful in the 

identification of background level drift and instrument 

problems. 

b) ~evelling Electromagnetic Data 

Instrument drift, recognized by viewing compressed data from 

several hours of survey flying, is corrected by an interactive 



levelling program. Although only two or three calibration 

sequences are normally recorded, the QUESTOR technique permits @ 

the use of multiple non-anomalous background recordings to 
I 

divide a possible problematic situation into segments. All 6 

INPUT channels are levelled simultaneously, yet independently. 

The sensitivity of the levelling process is normally better than 

15 ppm on-data with a peak-to-peak noise level of 30 ppm. 

c) Data Enhancement 

Normal INPUT processing does not include the filtering of 

electromagnetic data. The residual high frequency variations 

often apparent on analog INPUT data, is due almost wholly to 

"spherics", atmospheric static discharges. In conductive 

environments, spherics are apparently grounded and effectively 

filtered. In resistive environments, frequency spectrum 

analysis and subsequent FFT (Fast Fourier Transform) filters 

have been applied to data to reduce the noise envelope. 

d) Selection of EM Anomalies 

The levelled data may be viewed sequentially on a graphics I 
screen for the selection of INPUT anomalies. Anomalies are 

selected by aligning a cursor to the position of the peaks. I 

Some of the parameters of the response are manually entered 

during the picking of the response. These include the number of 

channels ab~ve~background levels and the type of anomaly, e.g. - 

cultural or natural. 
I 
i 
I 
I 



OUESTOR INPUT DATA PROCESSING 

MAGNETIC PROCESSING . 
I 

GRID INTERPOLATION AND DEVELOPMENT 

DISPLAY 

ARCHIVING 



0 APPENDIX E; 

UT I W P R E T A T I O N  PROCEDURES. @ 
The INPUT system is dependent upon a definite resistivity 

contrast and is most suitable for highly conductive massive 

sulphides. Differentiation is possible between flat-lying surface 

conductors and bedrock conductors. 

The selection of anomalies is based on their characteristics 

and interpretation is sometimes enhanced by analyzing the 

magnetics. Spherics, due to atmospheric static discharges and 

lightning storms, are distinguishable from conductive anomalies. 

In the analysis of each conductor anomaly, the following parameters 

may be considered: anomaly shape with the conductor pattern, 

topography, corresponding magnetic features, anomaly decay rate, 

the number of channels affected, geological environment and strike 

direction and the interpreted dip relative to structural features. 

For each anomaly selected, the following are recorded: 

location by fiducial, channel amplitudes in parts per million, 

number of channels, conductivity-thickness in siemens, 

corresponding magnetic association in gammas, magnetic fiducial 

location and altitude of aircraft above ground in metres. Also, 

the origin of the response (ie. surficial, bedrock, cultural) and 

the dip corrected depth for selected bedrock responses is listed. 

Conductive responses are categorized into three main groups. 

These are bedrock, surficial and cultural. 

Bedrock conductors can be sorted into conductive sources ' which are commonly encountered on INPUT surveys: massive sulphides, 



0 graphites, serpentinized peridotites and fault or shear zones. 

Magnetite and manganese concentrations may also yield INPUT @ 
responses in some circumstances. INPUT responses over alkalic 

I 

intrusives and weathered basic volcanics have been well documented 

by Macnae (1979) and Palacky (1979). 

Massive sulphides occur as both syngenetic and stratified 

deposits and as vein infilling deposits. Nickel deposits often 

occur as magmatic injections of massive sulphides. Kuroko-type 

syngenetic copper-zinc massive sulphides usually occur at an 

interface of felsic intermediate rocks. In this environment, there 

are seldom any significant formations of carbonaceous sediments on 

the same horizon. Often, these deposits are overlain by a 

silicious zone which may contain stingers of continuous sulphides, 

which change to disseminated sulphides away from the main deposit. 

These often give a deposit the appearance of a long strike-length 

zone which may not fit the explorationist's target model. A E 

careful analysis of conductivities and apparent widths (half-peak- I 
1 
1 

width), will often reveal the geometry and source. Syngenetic I 

deposits of base metal sulphides of up to 2 km strike length are 

not unknown, although most sizeable deposits have strike lengths 

between 500 and 1000 m. 

The conductivity of most massive sulphide deposits may be 

attributed to the pyrrhotite and chalcopyrite content, as both 
I 

0 minerals form elongated interconnected masses which are most 1 



amenable to the induction of electromagnetic secondary fields. 

Pyrite normally forms cubic crystals which must be interconnected@ 

electrically in order to produce a response. ~assive pyrite o f t e ~  

produces only a moderate response which may be difficult to 

distinguish from graphite. The in-situ conductivity of massive 

sulphides, although very high for individual crystals, often falls 

in the range of 5 to 20 S/m. 

Sulphide conductive zones are rare in nature; economic 

sulphides are even more scarce. Long formational sulphide zones 

are known, but are not common. More often, sulphide concentrations 

may occur within formational graphitic zones. 

The geometry of many syngenetic and injected sulphide 

deposits may fall within broad classifications of size, 

conductivity and magnetization but most of these bodies are 

anomalous within their local geological environment. There are 

often changes in dip, conductivity, thickness and magnetization 

with respect to the regional environment. There are no rules which 

apply universally to massive sulphide deposits. One observation 

which has consistently applied to sulphide deposits is that INPUT 

responses (amplitude and conductivity) are roughly proportional to 

mineral content. 

The INPUT system is capable of detecting disseminated 

sulphides within zones of resistivity changes. These may have low 

conductivities and responses will normally be restricted to 

channels 1 through 4. The response amplitudes will vary with the 

horizontal and vertical extent of the zone. Gold deposits often 



fall within this response classification. 

The magnetic response of a sulphide deposit is the most @ 

deceiving information available to the explorationist. Although 

many large economic deposits have a strong direct magnetic 

association, some of the largest base metal deposits have no 

magnetic association. An isolated magnetic anomaly caused by 

oxidation conditions at a volcanic vent flanking a conductor, may 

have more significance than a body which has a uniform magnetic 

anomaly along its strike length. Differing geochemical 

environments often results in the zoning of minerals so that 

non-homogeneous conductivities and magnetic responses may be 

favourable parameters. 

Graphitic Carbonaceous Conductors 

Carbonaceous sediments are usually found within the 

sedimentary facies of Archean greenstone belts. These represent a 

low energy, sedimentary environment with good bedding planes and 

little or no structural deformation. Graphites are often located 

in basins of the sub-aqueous environment, producing the same body 

shape as sulphide concentrations. Most often however, they form 

long, homogeneous planar sequences. These may have thicknesses 

from a metre to hundreds of metres. The recognition of graphites 

in this setting is normally straightforward. 

Conductivities and apparent widths may be very consistent 

along strike. Strike lengths of tens of kilometres are common for 

individual horizons. 



0 The conductivity of a graphite unit is a function of two 

variables: @' 
a) the quality and quantity of the graphite and 5 

b) the presence of pyrrhotite as an accessory conductive mineral 

Pyrite is the most common sulphide mineral which occurs 

within carbonaceous beds. It does not contribute significantly to 

the overall conductivity as it will normally be found as 

disseminated crystals. Greenschist facies metamorphosis will often 

be sufficient to convert carbonaceous sediments to graphitic beds. 

Likewise, pyrite will often be transformed to pyrrhotite. 

Without pyrrhotite, most graphitic conductors have less than 

10 S conductivity-thickness value as detected by the INPUT system 

or 1 to 10 S/m conductivity from ground geophysical measurements. 

With pyrrhotite content, there may be little difference from 

sulphide conductors. 

It is not unusual to find local concentrations of sulphides 

within graphitic sediments. These may be recognized by local 

increases in apparent width, conductivity or as a conductor offset 

from the main linear trends. 

Graphite has also been noted in fault and shear zones which 

may cross geological formations at oblique angles. 

Serpentinized peridotites are very distinguishable from I 
I 

other anomalies. Their conductivity is low and is caused partially 1 - ' by magnetite. They have a fast decay rates, large amplitudes and 

strong magnetic correlation. 

I 
1 

----- -- - - 
I 



INPUT anomalies over massive magnetites correlate to the total Fe f l  
content. Below 25-30% Fe, little or no response is obtained. J 

However, as the Fe percentage increses, strong anomalies result 

with a distinguished rate of decay that usually is more pronounced 

than those for massive sulphides. 

Contact zones are often predicted when anomaly trends 

coincide with lines of maximum gradient along a flanking magnetic 

anomaly. 

I Surflclal C 
. . onductors 

Surficial conductors are characterized by fast decay rates 

1 and usually have a conductivity-thickness of 1-5 siemens. This 

I 
value is much higher in saline conditions. Overburden responses 

are broad, more so than bedrock conductors. Anomalies due to 

I surficial conductivity are dependent on flight direction. This 
I 

causes a staggering effect from line-to-line as the INPUT response 

is much stronger for the leading edge of the flat lying surface 

materials than for the trailing edge. Conductive deposits such as 

clay beds, may lie in valleys which can be checked on the altimeter 

trace and with the base maps. 

1 
I 

Cultural Conductors 

Cultural conductors are identifiable by examining the power 

I line monitor and the film to locate railway tracks, power lines, L 

Y buidings, fences or pipe lines. Power lines produce INPUT 



anomalies of high conductivity that are similar to bedrock 

responses. The strength of cultural anomalies is dependent on the 

grounding of the source. INPUT anomalies usually lag the power 

line monitor by 1 second, which should be consistent from 

line-to-line. If this distance between the INPUT response and the 

power line monitor differs between lines, then there is the 

possibility of an additional conductor present. The amplitude and 

conductivity-thickness of anomalies should be consistent from 

line-to-line. 



- - @ 
To t h e  i n t e r p r e t e r ,  one of t h e  main a d v a n t a g e s  o f  t h e  INPUT* 

sys tem geomet ry  is t h e  v a r i a t i o n  of  t h e  s e c o n d a r y  r e s p o n s e  w i t h  

c o n d u c t o r  s h a p e ,  s i z e ,  d e p t h  and c o n d u c t i v i t y  ( P a l a c k y  1976,  1 9 7 7 ) .  

When w e  d i s c u s s  t h e  r e c o g n i t i o n  p a r a m e t e r s ,  one of  t h e  

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

main p e a k s  i n  o p p o s i t e  f l i g h t  d i r e c t i o n s  on a d j a c e n t  l i n e s .  I n  

many c a s e s ,  t h e  r e s p o n s e s  may a p p e a r  s i m i l a r ,  b u t  t h e  p l o t t i n g  

p o s i t i o n s  w i l l  show s i g n i f i c a n t  d i f f e r e n c e s .  These  s i t u a t i o n s  w i l l  

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

A t h i r d  conduc to r  i d e n t i f i c a t i o n  f a c t o r  is t h e  INPUT decay 

t r a n s i e n t  f o r  t h e  main r e s p o n s e  peak.  The d e c a y s  may b e  used t o  
I 

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

r e s p o n s e  which is dependent  on t h e  mutua l  c o u p l i n g .  

Model and P h y s i c a l  Conductors  

Economic c o n d u c t i v e  m i n e r a l  d e p o s i t s  have  no un ique  f e a t u r e  

which would make t h e i r  i d e n t i f i c a t i o n  a  s t r a i g h t f o r w a r d  p r o c e s s .  

Most o r e  b o d i e s  do have c o n d u c t i v i t y  c o n t r a s t s  and a t  l e a s t  one 

d imens ion  which is  s i g n i f i c a n t l y  s m a l l .  A c o n d u c t i v i t y  c o n t r a s t  i s  

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

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

e l e c t r o m a g n e t i c  f i e l d  (West and Macnae 1 9 8 2 ) .  The r e c o g n i t i o n  of 

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

e n c o u n t e r e d  i n  a n  u p d i p  f l i g h t  d i r e c t i o n  ( F i g u r e  F l ) .  A h o r i z o n t a l  



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

t h e  h o r i z o n t a l  s h e e t  model a l s o  a p p l i e s  t o  c o n d u c t i v e  overburden  @ 
and l a t e r i t i c  s o i l s .  The t h e o r e t i c a l  s h a p e s  may be  matched t o  i 

p h y s i c a l - g e o l o g i c a l  s i t u a t i o n s  a s  h a s  been done i n  t h e  f o l l o w i n g  

summary: 

a )  THIN DIPPING SHEET OR PLATE: 

economic - s t r a t i f o r m  t a b u l a r  o r e  body, dyke ,  v e i n ,  

f a u l t ,  f r a c t u r e  m i n e r a l i z a t i o n ;  

non economic - g r a p h i t i c - c a r b o n a c e o u s  s h a l e s ,  b a r r e n  s u l p h i d e s  

c u l t u r a l  - some grounded power l i n e s ,  f e n c e s  

b )  SPHERE - CYLINDER: 

economic - compact mass ive  orebody;  h o r i z o n t a l  p ipe-shaped 

c o n d u c t o r  

c u l t u r a l  - some p i p e l i n e s  

c)  HORIZONTAL SHEET: 

economic - some s t r a t a b o u n d  m a s s i v e  s u l p h i d e s  

non economic - overburden ,  l a t e r i t i c  s o i l s  

- weathered  rock  

- s e a  w a t e r  o r  s a l i n e  f o r m a t i o n s  

- g r a p h i t i c  m e t a s e d i m e n t s  



economic 

and 

non economic - rarely encountered in nature 

cultural - grounded hydro lines, lightning arrestor lines, 

fences 

e) HORIZONTAL STRIP (RIBBON) 

economic - some stratabound massive sulphides 
non economic - some syngenetic mineral deposits 

geological - weathering of narrow basic rock units with a high 
amphibolite content 

cultural - grounded and interconnected fences, pipes 



THE THIN DIPPINQ PLATE RESPONSE 

FLIQHT DIRECTION 

ANOMALY MAP PRESENTATION 

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

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

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

d i r e c t i o n ) .  



THE SPHERE OR CYLINDER RESPONSE 

FLIGHT DIRECTION . 4 
+' 

ANOMALY MAP PRESENTATION 

REVERSE FLIGHT DIRECTION 
0 
\ft 
- 

The response of a cylinder may be quite difficult to 

recognize from a thin strip. A cylinder or spherical model does 

not show a pronounced negative or upward peak following the main 

response. Due to the effect of the time constant of the INPUT 

receiver, the negative peaks which follow the theoretical response 

do not appear on the INPUT records (Mallick 1972, Morrison et a1 

1973). As the illustrations show, the sphere-cylinder response is 

perfectly symmetrical, but not centered over the body. The 

plotting position of the main peak leads the actual axis location 

because the most favourable mutual coupling occurs just before the 

transmitter coil passes the conductive body. The amplitude of the 

responses will be similar in both flight directions for a perfect 

cylinder. 



THE HORIZONTAL SHEET 

FLIGHT DIRECTION 

c3 

ANOMALY MAP PRESENTATION 

I 
i The horizontal conducting sheet has many variations but it ! 

3 

is essentially simple to recognize. The amplitudes of the earlier I 
I 

i 
channels may reach 30,000 ppm where saline solutions are present, 

however, horizontal sheet responses of channels 4, 5 and 6 

attenuate, much faster than for a vertical or steeply dipping 

I 
plate. 

The edge effect is a common interpretational problem where i 

the conductive layer has low resistivities. A secondary peak may 1 
occur as the receiver coil crosses the far sheet edge. These r 
responses are always very sharp and often have very high apparent 1 

1 

conductivities. 



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

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

of t h e  p r o f i l e .  

The v a r i a t i o n s  i n  p l o t t i n g  p o s i t i o n s  o b s e r v e d  f o r  d i p p i n g  

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

I t  is n o t  u n u s u a l  t o  s e e  a  s h i f t  i n  t h e  p e a k s ,  w i t h  t h e  

l a t t e r  c h a n n e l s  m i g r a t i n g  towards  a  s e c t i o n  of  improved conduc tance  

and/or  i n c r e a s i n g  t h i c k n e s s .  Another  c h a r a c t e r i s t i c  of  p o o r l y  

c o n d u c t i n g  s h e e t s  which respond o n l y  on c h a n n e l s  1 t h r o u g h  4 is t h e  

i n v e r s i o n  of r e s p o n s e s  on c h a n n e l s  5 and 6 .  T h i s  i s  a  r e a c t i o n  of 

t h e  compensa t ion  c i r c u i t s  t o  changes  i n  t h e  p r i m a r y  f i e l d  i n  t h e  

presenCe of a  s t r o n g  conduc to r  and it s e r v e s  no p r a c t i c a l  end 

e x c e p t  a s  a  r e c o g n i t i o n  a i d .  

The h o r i z o n t a l  s h e e t  model a l s o  a p p l i e s  t o  r e s i d u a l  s o i l s  o r  

l a t e r i t e  a s  well a s  c o n d u c t i n g  rock u n i t s .  A s  t h e  t h i n  o v e r b u r d e n  

s i t u a t i o n  changes  t o  a  t h i c k  overburden  o r  two l a y e r  c a s e  and  

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

r e s p o n s e s  a l s o  v a r y .  The l a t t e r  c a s e s  w i l l  have  p r o g r e s s i v e l y  

b r o a d e r  r e s p o n s e s  which would seldom be  m i s t a k e n  f o r  t r u e  d i s c r e t e  

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

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

s h e e t ,  a n  asymmet r i c  m i r r o r  image r e s p o n s e  o c c u r s  when t h e  s h e e t  i s  

uni form.  I f  t h e r e  a r e  v a r i a t i o n s  i n  t h e  geometry  o r  conduc tance  

a c r o s s  t h e  s h e e t ,  it may b e  n e c e s s a r y  t o  compare r e s p o n s e s  w i t h  a  

s h a l l o w  d i p p i n g  s h e e t  conduc to r  t o  d e t e r m i n e  t h e  e f f e c t s ,  which 

would n o t  be  s i m i l a r  when compared w i t h  a d j a c e n t  l i n e s .  



THE HORIZONTAL STRIP (RIBBON) RESPONSE 

FLIGHT DIRECTION 

________) 
+ 

+' 
REVERSE FLIGHT DIRECTIOY 

d 
Lo-- 

ANOMALY MAP PRESENTATION 

The plotting positions of the responses could easily be 

mistaken for a vertical plate conductor, however, careful 

consideration must be given to the line direction. The horizontal 

ribbon is a degeneration of the horizontal conducting sheet. It 

can be easily distinguished from a sphere or cylindrical body by - 

0 its peak asymmetry, whereas the sphere model has a single symmetric 

main response . 



THE VERTICAL STRIP (RIBBON) RESPONSE 

FLIGHT DIRECTION 

______B 
Q 

Q" 

REVERSE FLIGHT DIRECTION 

0 @ 

ANOMALY MAP PRESENTATION 

Due to the fact that this type of response is most commonly 

caused by fences, lightning protection lines and grounded power 

lines, the customary cultural presentation is a square symbol. 

 hi-s cultural response symbol may or may not have a power monitor 

(50-60 cycle) response but these will normally follow pipelines, 

fences, power lines, roads, railroads and other man made 

structures. The amplitude and apparent conductivity of such 

responses varies with the ground conductivity. In residual aoils 

or conductive overburden, it is often possible to see a positive 

(up-dip type) peak followed by a small negative immediately before 

the main conductive response. The presence and amplitudes of such 

responses is normally very consistent. The cause of auch responses 

is interpreted to be current gathering within the surficial 

sediments (West and Macnae 1982). 



Q) APPE;NDIX G 

tive I n t e r ~ r e t a t i o n  

The q u a n t i t a t i v e  i n t e r p r e t a t i o n  of  t h e  INPUT d a t a  is  

n o r m a l l y  accompl i shed  by comparing t h e  r e s u l t a n t  r e s p o n s e s  w i t h  

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

s t u d i e s  and a c t u a l  f i e l d  measurements .  A v a r i e t y  of  r e s u l t s  a r e  

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

sys tem c o n f i g u r a t i o n s  ( s e e  Ghosh 1972 ,  P a l a c k y  1974 ,  Becker e t  a l . ,  

1972 ,  Lodha 1977 ,  Ramani 1 9 8 0 ) .  They a l s o  examined t h e  e f f e c t s  of  

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

d e p t h  e x t e n t .  T h e i r  approach  h a s  been s u c c e s s f u l l y  a p p l i e d  i n  

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

The nomograms which a r e  c u r r e n t l y  a v a i l a b l e  f o r  t h e  INPUT 

sys tem a r e  t h e  V e r t i c a l  Ha l f -P lane ,  Homogeneous Half-Space,  Thin  

Overburden and 135  Dipping Ha l f -P lane  nomograms. The f i r s t  is  

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

cond"c to r s  f r e q u e n t l y  found i n  t h e  Precambr ian  S h i e l d  t y p e  

env i ronments .  I n  t h e  c a s e  of a  t h i c k ,  homogeneous, f l a t - l y i n g  

( l e s s  t h a n  30 d i p )  s o u r c e ,  t h e  Homogeneous Half -Space  nomogram 

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

wea the red  rock env i ronment ,  t h e  Thin  Overburden nomogram may b e  

r e f e r e n c e d  t o  d e t e r m i n e  t h e  d e p t h  and c o n d u c t a n c e  of  t h e  overburden  

( ~ a l a c k y  and Kadekaru,  1979) . 
A s  a n  example,  INPUT a n o m a l i e s  due t o  v e r t i c a l  d y k e - l i k e  

c o n d u c t o r s ,  a r e  asymmetr ic  and i n d e p e n d e n t  of  t h e  f l i g h t  d i r e c t i o n .  

0 T h e i r  s h a p e  is c h a r a c t e r i z e d  by a  minor f i r s t  peak a n d  a  major  



C) second peak and their channel amplitudes are a function of the 

conductivity-thickness product and depth of the source. Anomaly A f l  
in Figure G1 illustrates one of these responses. A , 

I 
I 

The channel amplitudes of anomaly A can be used in 
I I 

quantitative interpretation in the following way. Their values are 

plotted for each of the six channels on logarithmic (5 cycles K+E 

46 6213) tracing paper in a straight line using the vertical 

logarithmic scale in parts per million as given on the right side 

of Figure G2. The six channel amplitudes for anomaly A, in ppm, 

are 840, 540, 390, 280, 180, 120, respectively. The amplitudes are 

measured in ppm (lmm - 30 ppm) from the flight records with 
reference to the normal background levels on respective channels. 

Those responses which are not at least three channels or whose I 
first channel amplitude is less than 2 mm or 60 ppm over the normal 

background should be discarded in the present analysis. The six 

points on the semi-logarithmic paper are then fitted to the curves 

of the vertical half-plane nomogram (Figure G2) without any 

rotation. Having accomplished this, the lateral placement of the 

plot indicates the apparent conductivity-thickness value, in I 
siemens, and the position of the 10,000 ppm line on the logarithmic I 
paper indicates the conductor depth, in metres. In the example 

shown (Figure G2), the apparent conductivity-thickness value is 31 

siemens and the depth is 46 metres. 

The asymmetric Tx-Rx configuration is very sensitive to 

changes of dip, particularly in the case of conductors dipping 

C) against the flight direction. In this circumstance, there is a 

change in the magnitude of the second/first peak ratio for all 
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0 channels. The ratio of the amplitudes of the two peaks is a 

function of dip. The dip should be the first parameter determined f l  

in the quantitative interpretation of a dipping conductor. Before I 

the amplitude is further used for an estimate of conductivity- 

thickness and depth, it must be normalized to a dip of 90'. This 

correction is performed by means of the Thin Plate Dip Estimation 

and Amplitude Normalization Graph, Figure G3. 

From the graph, it can be seen that a vertical dyke 

conductor should have a second/first peak ratio of approximately 6, 

i.e., that the first peek will have 16% of the amplitude of the 

second peak. In the case of anomaly A, this condition is true. 

Conversely, should the dyke dip at 60°, the ratio will decrease to 

1.0. Thus, the dip of a conductor can be estimated from the peak 

ratios of channel two by using the graph in Figure G3. 

An example of amplitude correction determination is shown in 

Figure G3. A dipping conductor has an up-dip second-first peak 

ratio of 1.0 i,e., that the channel amplitudes of the minor first 

peak and major second peak of channel two are equal. Taking this 

ratio of 1.0 and applying the graph, we obtain a dip of 60° for the 

conductor and an amplitude correction of approximately 1.62. 

Consequently, the correction factor is applied to the six channel 

amplitudes of the associative down-dip response. This response is 

then fitted to the vertical half-plane nomogram for the 

determination of its apparent conductivity-thickness value and 

depth. It should be mentioned that without the dip correction, the 

0 depth would be overestimated. 



An a l t e r n a t e  method f o r  e s t i m a t i n g  t h e  d i p s  of  l o n g e r ,  

t a b u l a r  c o n d u c t o r s ,  u t i l i z e s  t h e  peak a m p l i t u d e s  on a d j a c e n t  l i n e s ,  f l  
s e e  F i g u r e  G 4 .  I t  is e s p e c i a l l y  u s e f u l  i n  m u l t i p l e  c o n d u c t i v e  J 

zones  where t h e  up-dip r e s p o n s e s  may b e  o b s c u r e d  o r  y i e l d  f a l s e  

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

Note t h a t  t h e  d e p t h  d e t e r m i n a t i o n  is made w i t h  t h e  

a s s u m p t i o n  t h a t  t h e  a i r c r a f t  is a t  120 m e t r e s  above t h e  ground 

s u r f a c e  a t  t h e  time of measurement.  I f  t h e  a i r c r a f t  i s  above o r  

below t h e  a l t i t u d e  of 120 m e t r e s ,  t h e  d e p t h  d e t e r m i n a t i o n  can  b e  

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

a l t i t u d e ,  w i t h i n  l i m i t s .  

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

h a l f - p l a n e  135O nomograms a r e  used  i n  t h e  same f a s h i o n  a s  t h a t  

d e s c r i b e d  above  f o r  t h e  v e r t i c a l  h a l f - p l a n e .  

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

ends  of  t h e  c o n d u c t i v e  t r e n d  m u s t  b e  d e t e r m i n e d .  Mode l l ing  h a s  

shown t h a t  t h e  c o n d u c t o r  ends  a r e  d e l i n e a t e d  by INPUT r e s p o n s e s  

h a v i n g  c h a n n e l  a m p l i t u d e s  n o t  l e s s  t h a n  40% o f  t h o s e  t y p i c a l  f o r  

t h e  c o n d u c t o r .  Responses  w i t h  l e s s  t h a n  t h a t  of 40% a r e  

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

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

c o n d u c t o r s  of h i g h e r  c o n d u c t i v i t y .  S u b s e q u e n t l y ,  t h e  s t r i k e  l e n g t h  

of  a  c o n d u c t o r  is e q u a l  t o  t h e  d i s t a n c e  between t h o s e  r e s p o n s e s  

r e p r e s e n t i n g  t h e  e n d s  of t h e  c o n d u c t o r .  

Q 
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J O E 1  NO: 2~L lO ; t  
l N F ' U 1  EM 

F 1 D U C l f i L  
------- - - - - * - - -  -- 



JOE NO:26007C 
It4FUT EM At4OHALY F'FGA RLSF'ONSE AflPLI'I UIrCS i F'F'h) i l i kLT hkbrdt ' 

L I N E  F I D U C I A ?  TYPE CHS C t i l  CH2 C H 3  CH4 C H 5  CH6 ' 5 ;  t i !  T I I ' U C l A L  '! 



JOB NO:26007C 
INPUT EH ANOMALY 

LINE FILlUCIAL TYPE CHS 
............................. 

0 300401 189,547 6 
3004OC 189 8 976 6 
30040D 190,195 6 
30040E 1YOt452 6 
30040F 190,658 6 
30040G 190 1886 5 
30040H 192,508 6 
30040J 192,824 6 

F'Ekh RESPONSE AHFLITUIlES (FPf l )  TCF' ALT MAGNETIC 
CHI CH2 CH3 CH4 CHS CH6 ( S )  ( M )  FIDUCIAL VALUE 

--.----------------------------------------------------------- 
5467 3003 1581 7'70 395 279 1 8  145 - 
5720 1042 2437 1334 672 387 27  156 - 
6102 4096 24YJ 1460 881 586 38  1 3 1  - - 

@ 
4062 2811 1736 1054 643 386 4 1  146 
3529 2.351 13.53 7Y3 411 182 24 164 190.75 J 12 
4213 1863 639 263 4 5 - 7 132 - 
4778 3192 1856 1012 582 351  27  160 - 
3984 2863 1885 1101  763 533 54  154 1?3,15  8 

179 + 254 4 1121 431 1 8 1  4 3 - - 7 162 
179,431 4 1009 440 135 &. '? 7 -- - 5 145 
179,783 P 4 1153 445 113 - - ,-j c 

L J 5 1 3 1  
1 8 0 + 1 0 0  F' 3 1217 472 134 - - - 5 148 
180,760 9 1259 395 6 3 3 2 - - 4 143 
131.10~7 3 731  201 12  - - - 1 129 
182,769.  4 704 367 135 5 8 - - 8 159 
1 8 3 , 9 b l  6 3427 2351 145'5 PSO 4 332 45 142 
183,734 6 3363 2556 1675 1 0 9 t  576 369 48 145 
l E 4  ,003 6 2599 1885 1185 804 510  345 52  180 
124,328 6 4041 2515' 15'83 1313 356 556 6 1  112 
184,  b 5 t  6 4652 3049 1626 606 309 150 17  143 
134 + 1734 6 6702 4547 2715 1,511 859 503 32 161. 



JOB NU:26007C 
INPU1 EH 

LINE FIIlUCIAL 
------------------ 
30050P 195,047 
30050R 185.253 
30050s 185.514 
3005OT 106,587 
30050W 186.825 
30050Y 187.208 
300502 187,364 
30050AA 187.646 
30050BE 187,949 
30050CC 188 357 

AI4OMALY 
TYPE CHS 

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

F 5 
6 
6 
6 
6 
6 
6 

PEAK RtSPONSE AMPLITUDES 
OH1 CH2 CH3 CH4 CH5 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

6037 4204 2645 1637 9 / 8  
4D05 3123 1728 937 508 
5052 2315 Y O 1  303 9 3 
1191 383 111 4 3 2 0 
2383 1652 Y82 579 507 
2995 2222 1386 842 516 
3299 2398 1525 1009 652 
7035 5266 3666 2461 1626 

108Y5 7299 4322 2403 1199 
5061 3489 2147 1298 830 

TCF 
( S  

--- -- 
4 6 
2 3 

8 
7 

3 1 
4 2 
52 
6 8 
2 6 
4 2 

6 0 
6 5 
5 1 
5 6 
4 3 
2 1 
14 

7 
6 1 

' 54 
5 8 
7 1 
2 7 
4 2 
16 
5 
7 
C 
J 
C 
J 

4 
5 

N C 
10 
2 

10 
7 
3 
6 
4 
8 
4 

5 
c 
J 

7 
7 

hhGNE1 IC 
FlDUCIAL VhLUC 

---- ------ -----. 



JOB NO:26007C 
INPUT  EM 

FIDUCIAL fiL!!F 
ANOMALY PEAK RESPONSE AMPLITUUES 

TYPE CHS CHI CH? CH3 CH4 CW5 
- - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - . - - -  

4 582 263 8 1 2 'I - 
4 1412 661 313 121 - 
6 1235 997 647 318 220  
6 1344 1046 696  461 290  

( F P H )  TCP kLT MAGIiETIC 
CH6 ( 5 )  ( H I  F I l l U C I A L  V A L U L  



JOB ND:?6007C 
INF 'UT  EH ANOtlALY PEAK 

F I D U C I A L  TYPE CHS C H I  
RtSPONSE k h F L I T U l r t  S ( F ' I ' M  1 TCP L L T  
CH2 C H 3  CH4 C H 5  CH6 ( S )  ( M I  

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



JOB NO:?6007C 
INPUT Efl ANOMALY PEAK RLSF'ONSE AHPLllU11ES (PPM) TCP ALT 

LINE FIllUCIAL TYPE CHS CHI CH2 UH3 CH4 C H 5  CH6 5 (?I) 
____------------------------------------------------------.------------------- 

0 30102E 86 ,439  6 1750 1016 t 2 J  520 182 11U 25  204 
30102F 8 6  . 540  F' 4 1698 980 508 219 - - 13  196 

301026 t39 o 909 P 3 1776 415 121 - - - 5 150 

PIAGNETIC 
FIDUCIkL VALUE 



JOE N O : 2 t O G 7 C  
It.IPUT EM ANOMALY FEAt' RLSF'ONSE CIHF'L 11 IJDES P P  TLF ALT 

L I N E  F I D U C I A L  TYPE CHS C H I  CH2 CH3 CH4 C H S  CH6 ( S ,  ( M ,  



JOE N O : 2 6 0 0 7 C  
lNPUT EM ANOMALY PEAk KLSPONSE AMPLI1 UllES (FPM) TCP ALT MAGNETIC 

LINE F IDUCIAL TYPE CHS CHI CHL' CH3 CHS CH5 CH6 ( $ 1  ( M )  FIIIUCIAL VALUE .......................................................................................... 
30141C 75 , 469 P 4 452 222 105 5 0 - - 11  275 - 
30141D 75 688  P 3 383 203 4 6 - - - 4 2611 - @  



JOE NO:26007C 
INPUT EM ANOMALY PEAK RtSF'ONSE AHPLITUrlES ( F ' F ' M )  

LINE FIDUCIAL TYPE CHS CHI CH2 CH3 CH4 CH5 CH6 
................................................................. 
30161K 75,520 P 3 1293 5 1 1  147 - - - 
301 61L 75  , 689  4 2155 8 9 5  230 5 2 - - 
30161M 75 * 1370 5 2167 1216 5 / 6  219 52  - 

I 
1 1  

TCF '  ALT MC;GI.IETI C 
( S )  ( M I  FIDUCIAL Uf+LbE 

5 

NC; 160 - 
5 115 - 

, 5 167 - 
9 148 - 

13 99  - 
NC 126 34 137 31 1 

6 128 .. 
5 107 - 

10 141  - 
9 144 - 

11 124 - 
9 174 - 

29 192 - 

-- "A", 



JOB NO:26007C 
Ir4PUT Ell ANOtiALY F'EAK FitSF'ONSE AMF'LITUDES (F'F'Mi TCP ALT r;ilGI.:tTIC 

LINE FITIUCIAL TYPE CHS CtI1 CH2 CH3 CH4 CH5 CH6 ( 5 )  ( f l )  F I I ~ U C I F I L  '!IiLIJI- _ _ _ _ _ _ _  -__-----__ _ _ _ _ _ _ -  ___-  _ ~ ~ _ ~ ~ ~ ~ ~ ~ ~ ~ _ ~ L ~ ~ ~  - - -  

f ? L O F  23 , 777  P 4 682 203 2 1 15 - - 3 122 - 
301806 24,311 6 1673 1007 583 332 145 110 25 157 - 

30180H 24.476 P 6 1095 516 257 8 9 7 3 33  14 173 - 

30180J 24 * 900  6 2585 1585 900  4Y2 238 129 22 115 - 
30180K 25 a 350 3 1366 435 9 3 - - - 4 131 
30180L 25 * 5 8 1  4 1510 498 183 9 8 - _ 8 122 - 

30180H 25,906 5 1660 702 3 / 1  201 110 - 17 127 - 
30180N 26 078  5 2063 838 315 115 2 2 - 8 113 - 
30180P 26.478 P 2 409 15 - - - - NC 121 - 

30180R 26 t 886  P 3 463 210 9 5 - - - 9 162 - 
C 6 7 - 30180s 27  t 437 P J 950 453 175 3 0 8 160 27645 3 L, 

30180T 274710 -'4 1632 842 373 121  - - 9 137 - 

30180W 27 , 5'00 P 3 1715 684 212 
r, - _ - 5 l t 4  28605 7 

30180Y 28 , 206 3 944 274 4 9 - - - 3 186 - 

301802 28.321 P 3 534 137 1 9  - - - 3 177 - 

30180AA 28 , 930 Y 2 135 38 - - - - NC 167 - 
30180BE 29,570 P 3 563 153 42 - - - 5 173 - 
301 80CC 30 t 125 P 4 569 219 h 9 4 9 - - 8 195 - 

30190A 1054076 5 2954 1160 379 7 0 42 _ 6 126 - 

30190B 105,750 4 1644 670 238 2 7 - - 5 146 - 
30190C 106,036 6 1824 765 361 132 6 3 13  11 136 - 
301 90D 106,637 P 2 872 182 - - - - NL 153 1 0 1 + 5 7  6 8 

30190E 106,843 P 3 695 266 1J6  - - - 12 142 - 
301 90F 107,436 P 4 1358 391 127 2 ;! - - 5 134 - 
301906 107,689 P 5 1242 490 184 100 6 t3 _ 10  127 1 0 7 + 8 8  ? 

30190H 107,971 6 1059 579 287 147 7 2 59 1 7  143 - 
30190J 1 0 8 * 3 2 5  4 1155 486 167 3 Y - 6 145 - - 
30190K 108,808 5 1403 705 356 153 7 6 - 1 3  134 - 
30190L 109,060 6 1586 918 568 309 191  JO 24 131  - 
30 190M 109,401 6 1567 1018 638 333 244 1 2 1  37 l i 3  - 
30190N 109.616 3 738 352 126 - - - 6 162 - 
30190Y 109.994 5 596 308 150 7 4 5 3 - 15 136 - 
30190R 130,524 I 164 - - - - - I4C 129 

301 90s  110,961 F' 2 324 105 - - - - NL: 134 - 

30190T 111,597 P 3 409 143 3 3 - - - 4 107 - 

502OOA 95 * 035  F' 2 4 5 1 6 8 - - - - NC' 127 - 

30200E 95,481 F' 2 391 3 0 - - - - NC 138 - 
30200C 96.382 P 3 180 5 3 4 8 - - - 18 157 - 
30200D 5'6 727 3 1127 447 1 0 1  - - - 4 112 - 
30200E 96,855 5 2079 930 380 107 4 8 - 8 117 - 
30200F 97,118 P . 6  748 545 172 115 5 5 53 24 159 - 
30200G 97.38 1 6 2069 1211 757 457 2 i 8  124 39 162 
30200H 97 t 755 6 3180 1522 719 311 122 57 12 111  - 

30200J 5'8.534 6 1570 754 384 180 8 3 60 15 128 51172 9 
('$3~~ 98 + 828 5 !777 817 361 135 8 4 - 10 127 -. 

3 4 11 - 99 ,031  4 1267 277 - 3 1 5 1  - 
99 + 405 P 30200H 2 358 C C 

LI .I - - - - t4C 133 - 
-.- - -  



JOE NO:26007C 
INF'UT Ef l  ANOHALY PEAK RtSPONSE AHF'L ITUDES (F'PM) C A L T  MAGNETIC 

L I N E  F I I I U C I A L  TYPE CHS C H I  CH2 CH3 CH4 LH5 CH6 (S) ( F I I l U C I A L  VIIL.UL: 



J I I E  NO: 2 t  G 0 7 E  
I N P U T  E M  

L  I N E  F I LtUC I AL 
ANOMALY 

TYPE CHS 
PEAK RESPONSE 
C H I  CH2 Cti3 

At lF 'L I IUDES (F'PM) TCP ALT K A S I ~ E ~  1 c 
Cli4 CH5 CH6 ( S )  (/'I) F I I l l JC l f iL  '!ALIJI- 



JUE NO:26007C 

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

ANOMALY PEA/\ R tSF 'ONSE AHF'LI  1Ul l tS  (Ff'M) 1 C f '  ALT MAGNET I C 
T Y P E  CHS CHI CH2 CH3 CHI C H 5  CH6 ( S )  ( M i  F I D U C I A L  VnLUC 

. - - - - - - - - -r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - -* - - -  

6 3 4 2 4  2074 10d4 514 221 100 15 132 - 
b 2770 1225 5 244 105 64 12 153 - 
4 1218 382 103 3  7 - - b 135 - @ 
I 968 - - - - - NC 151 - 
6 3131 1617 814 395 156 57 14 146 - I 

3 1236 311 19 - - - 1 112 - 
P 4 1728 525 188 4 5 - - 6 156 - 

4 1705 591 215 c- 1 )  J L - - 6 142 - 
4 2035 824 302 YO - - 7 118 - 

P 3 839 314 7 6 - - - 4 163 - 
5 1455 706 345 175 4 0 - 12 118 - 

-' P 3 1036 427 146 - - - 6 13b - 
P 3 732 236 6 1 -. - - 5 171 - 



-- - 
- -- - 

Job NO:?6007C 
INF'UT EM A N O M A L Y  PEAK RtSFONSE kMt'L I TULILS ( PPM TCF 4L1 h A G f i E i I C  

L I N E  FI[IUCIAL TYPE CHS CHI CHZ CH3 C H 4  CH5 C H t  ! S )  ! M )  F I T ~ U C I A ,  '!:is: 
_ _ C _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -----.. ---------------------.----. -.-- -..------------- ---------- - -- - 

0 6 2 H  37 , 923 4 148L 631 232 103 - 8 135 - - 
38 284 3 1252 443 105 - - - 4 160 3Ci262N - 
38,541 4 1543 521 174 5 7 - - 6 151 302628 - 

30262H 38,755 4 803 273 124 3 0 - - 8 113 - 
39,180 3 1407 440 195  - - - 9 131 - 302626 

8 
30262T 39 ,328  4 1837 628 174 2 3 - - 5 126 - 

4 766 170 39 2 7 - - 6 136 - 30262U 39 * 997 
J 

40 4 359 4 837 351 149 101 - - 11 135 - 30262Y 
401691 5 938 420 176 04 5 8 - 10 130 302622 - 

I 

30262AA 40,939 3 920 366 125 - - - b 138 - 
302628B 41 e 469 4 615 171 8 8 1' 4 - - 10 126 

j0262CC 42.079 4 Y28 325 80 3 4 - - 5 173 - 

30270A 19.842 4 795 317 112 4 5 - - 7 116 - 
4 917 260 8 5 66 - - 8 144 - 30270B 20.435 
4 961 415 155 - - 7 105 - 30270C 20 4 721 52  
4 1397 589 273 7 9 - - 9 104 30270D 21.079 - 
4 1069 325 9 3  - - - 30270E 21.378 2 1 5 121 

30270F 22 093 3 544 143  42 - - - 5 123 - 
- - - 5 124 - 302706 22 , 396 3 818 174 4 5 - 30270H 22 699 5 1416 629 278 7 3 35' 9 128 - - - 30270 J 22.997 4 1335 4Yt 201 8 3  8 133 - 

3027011 23 948 5 2236 746 268 90 36 - 8 106 - 
5 1209 513 248 134 ' 62 - 14 123 - 30270L 24,137 

30270H 24 9 549 5 1775 738 304 124 33 - 9 126 - 
- - 8 144 - 30270N 25.033 4 954 358 135 4 8 

3 749 211 4 7 - - - 4 138 - 30270P 25 . 429 - 30270R 25 ,733  6 2720 1451 768 432 206 101 19 141 
302706 26,196 5 1167 607 311 137  76 - 14 149 - 

30270T 26,671 5 6458 2787 1062 321 4 4 - 7 98  - 
27.328 3 703 206 8 5  - - - 8 124 - 30270kl 

'28.161 6 6749 4659 2888 1743 1009 613 40 128 - 30270Y 

11 505 6 1119 729 442 237 123  54 25 214 - 30281A 
11 ,991  4 441 184 7 1 1 3  - - 7 253 30281 B - 

30281C 12.330 3 670 244 3 7 - - - 3 192 - 
c 741 258 123 5 7 2 8 - 1 3  169 - 30281 D 12,532 .I 

30281E 12 ,848  4 739 382 172 4 6 - 8 155 - - 
13*258  6 1830 95'4 582 327 149 97 25 120 - 30281F 
13.601 6 2659 1411 848 422  252 127 26 139 - 302816 
14 + 055 6 1565 795 399 172 86  46 15 139 - 

- JO281H 
14,278 5 2385 1028 427 130 3 0 - 8 1 2 3  - 30281 J 
14.468 5 4409 2398 1096 432 140 - 10 131 - 30231K 
14.783 4 2476 1040 317 158 - 6 146 - - L I 30281L 
15,137 3 1374 356 4 7 - - - 3 147 - : i 30231M - i I 

30281N 1 5 + 3 8 0  4 1287 330 87 3 6 - - 6 102 I I 

15,977 F' 4 1225 516 193  8 1 - - a 1 3 s  30181F - 
4 1526 590 242 5 2 - - 7 109 - 30281R 16,217 

16.575 3 800 l t 9  36 - - - 4 145 - 20281s 
___________________------------------------------------------------------------------------- 










