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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 rbo rne  e l ec t romagne t i c  and magnet ic  survey  flown 

f o r  Kidd Creek Mines Ltd. The survey a r e a  l i e s  w i t h i n  t h e  

prov ince  of ~ r i t i s h  Columbia, approximately  10 k i l o m e t r e s  e a s t  of 

t h e  Town Duncan on Vancouver I s l a n d .  The area o u t l i n e  is  

p r e s e n t e d  on t h e  fol lowing page. 

The  survey  was commissioned by Mr. P. Debancey of Kidd 

Creek Mines L t d ,  on Apr i l  26, 1984.  D. Martyn, Geophys i c i s t  f o r  

Q u e s t o r  supe rv i sed  t h e  da ta  a c q u i s i t i o n  and p r e l i m i n a r y  d a t a  

r e d u c t i o n  w h i l e  t he  au thor  completed d a t a  compi l a t i on  through t o  

t h e  complet ion of t h e  p r o j e c t  i n  ,July, 1984 .  Mr. G. Hendrickson 

of Kidd Creek Mines v i s i t e d  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  i s  t h e  d e t e c t i o n  and l o c a t i o n  of base  

meta l  s u l p h i d e  conductors  w i t h i n  mostly P a l e o z o i c  volcano- 

sed imentary  l i t h o l o g y  of t h e  Sicker Group, 

The primary survey a rea  c o n s i s t s  of 214  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 on June  11 and June 

1 2 ,  1984 us ing  Duncan a s  t h e  survey o p e r a t i o n s  base .  



SUBYEYOPE-S 

p r o i e c t  Locat ion 

A B e l l  2 0 5 A  Be1 i c o p t e r  equipped w i t h  t h e  QUESTOWBaRRINGER 

MK V I  INPUT system was u t i l i z e d  f o r  t h e  survey,  which i s  composed 

of 1 cont iguous  block.  The survey  a r e a  l i e s  a t  t h e  j unc t ion  of 

N.T.S. Maps 92B12 and 13.  

p r o d u c t i o ~  

The f l i g h t  l i n e  spac ing  over t h e  block was 200 metres.  

The t a b l e  summarizes t h e  k i l o m e t r e s  f lown du r ing  t h e  survey 

o p e r a t i o n .  

.......... Traverse  l i n e s  212 km. 

Cont ro l  l i n e s  ........... 1 6  km. 

To ta l  l i n e s  ............. 228 km. 

The survey was completed i n  two p roduc t ion  days  and t h r e e  - 

f l i g h t s .  A f u r t h e r  f l i g h t  on June  1 8  was used t o  p l a c e  f i l l - i n  

l i n e s  t o  span nav iga t ion  gaps.  No p roduc t ion  was l o s t  t o  any 

cause  du r ing  t h e  survey.  

Survev Personnel  

The survey crew was made up of exper ienced  QUESTOR and 

Trans  Canada Helicopter employees: 

Crew Manager/Geophysicist - D. Martyn 

~ i l o t / C a p t a i n  of He l i cop te r  - 8. Masson (Trans  Canada) 

Co-Pilot/Navigator - B. Smith 

INPUT Equipment Technician - D. Makos 

A i r c r a f t  Engineer - J. Caza (Trans  Canada) 





The f l i g h t  pa th  recovery was completed a t  t h e  survey base ,  

whi le  t h e  f i n a l  d a t a  compi la t ion  and d r a f t i n g  was c a r r i e d  o u t  by 

QUESTOR a t  i ts  Miss issauga,  O n t a r i o  o f f i c e .  The magnetic and 

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

and computer d r a f t e d  by DATAPLOTTING SERVICES. 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 completed by M.H. Konings, 

P. Eng. 

Mr. Grant Hendrickson, Geophys i c i s t  f o r  Kidd Creek Mines 

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  

compi l a t i on  of r e s u l t s  - a red b a l l  anomaly map - was kep t  

c u r r e n t  a t  t h e  survey base  and p re sen ted  t o  Kidd Creek Mines 

a t  t h e  complet ion of t h e  f i e l d  d a t a  a c q u i s i t i o n .  

Data  C o m ~ i l a t i o ~  

The f l i g h t  pa th  of t h e  a i r c r a f t  i s  recorded by a frame 
- 

camera on black and wh i t e  35 mm, f i l m  con t inuous ly  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 ime system of t h e  d a t a  

a c q u i s i t i o n  system s o  t h a t  p i c t u r e s  a r e  t aken  once every  2  

seconds. F i d u c i a l  numbers a r e  impr in ted  on t h e  f i l m ,  marked on to  

t h e  analogue records  and recorded d i g i t a l l y  a t  t h e  same i n s t a n t .  

The f l i g h t  l i n e  headings  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  normally flown s e q u e n t i a l l y  i n  an "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  base 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  record ing  l i n e  numbers, t ime,  t h e  f i d u c i a l  

range and o t h e r  p e r t i n e n t  f l i g h t  in format ion .  T h i s  in format ion  

comes from t h e  magnetic t a p e  a f t e r  it has  been recorded ( read-  



a f t e r - w r i t e ) .  I t  is  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  base  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  r e c o r d s  a r e  deve loped ,  e d i t e d  and checked 

a t  t h e  c o m p l e t i o n  of each f l i g h t .  Recovery of t h e  f l i g h t  t r a c k  

i s  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 mm. f i l m  t o  

t h e  t o p o g r a p h i c  f e a t u r e s  of t h e  b a s e  map. C o i n c i d e n t  f e a t u r e s  

a r e  p i c k e d  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  b a s e  

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  p i c k e d  a t  

a n  a v e r a g e  i n t e r v a l  of I k i l o m e t r e .  T h i s  c o r r e s p o n d s  t o  one 

whole f i d u c i a l  u n i t  o r  20  seconds .  The p i c k e d  p o i n t s  w i l l  n o 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 ,  on ly  t h e  f i r s t  and l a s t  whole numbers on a l i n e  are 

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  whole numbers 

a r e  marked a s  t i c k s  a l o n g  t h e  f l i g h t  pa th .  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 u n n e c e s s a r y  numbers. The 

a c t u a l  l o c a t i o n  of t h e  p i c k e d  f i d u e i a l s  is marked on t h e  f l i g h t  

p a t h  a s  a  round p o i n t ,  whose f i d u c i a l  v a l u e  i s  summarized a t  t h e  

end of t h i s  r e p o r t .  

These  p r o c e d u r e s  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 .  Ref l i g h t s  f o r  

c o v e r i n g  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  

f lown on t h e  f o l l o w i n g  day. 

The ana logue  r e c o r d s  a r e  i n s p e c t e d  f o r  coherence  w i t h  

s p e c i f i c a t i o n s ,  and anomal ies  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 c o n d u c t o r s  a r e  p o s i t i o n e d  by 



I 

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 ,  less  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 a b l i s h e d  by t h e  f l i g h t  p a t h  recovery  

p r o c e s s .  

The su rvey  r e s u l t s  a r e  p r e s e n t e d  as 4 p r o d u c t s .  There  is 

a n  INPUT anomaly map w i t h  m a g n e t i c  c o n t o u r s ,  a  magne t i c  c o n t o u r  

o v e r l a y  w i t h  f l i g h t  l i n e s  and an  E.M. anomaly map w i t h  

i n t e r p r e t a t i o n . .  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 I 

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 .  I n  a d d i t i o n ,  a c o l o u r  c o n t o u r  map is a l s o  p rov ided .  

QH 

The base  maps f o r  t h e  s u r v e y  a r e a  a r e  photomosaics  

c o n s t r u c t e d  from 1 : 6 3 , 3 5 8  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  B r i t i s h  

Columbia Map Q f f i c e  and t a k e n  i n  1982. These were  used f i r s t  f o r  

t h e  f l i g h t  s t r i p s  and l a t e r  a s  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 recovered .  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 :10 ,000.  The a r e a  was 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  ana logue  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 r e s p o n s e  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  p r imary  d a t a  a n a l y s i s .  The symbols 

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  

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



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

- conductance o r  conduc t iv i ty - th i ckness ;  

- ampli tude of channel  2 response;  

- channel  2 h a l f  ampli tude p r o f i l e  w i d t h  ( f o r  ampl i tudes  
g r e a t e r  than 75 ppm) ; 

- p o s i t i o n  and peak ampli tude of a s s o c i a t e d  magnetic 
ano~nal  i.es ; 

- where p r e s e n t ,  s u r f i c i a l ,  up-dip, poor ly  de f ined  responses  
have  been i d e n t i f i e d  w i t h  a unique symbol. 

The INPUT 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  geophysical -  

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  e l ec t romagne t i c ,  magnetic, 

g e o l o g i c a l  and physiographic  d a t a .  The pr imary survey t a r g e t  - 
bedrock conduc tors  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 ,  where 

they a r e  i n t e r p r e t a b l e .  T h e  anomalous zones  which a r e  

recomniended f o r  fol low-up have a  r e f e r e n c e  l a b e l  ass igned ,  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  Report,  fo l lowing  t h i s  s e c t i o n .  S u r f i c i a l  

response s o u r c e s  a r e  mapped o u t  by bounda 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 fo l lowing  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 conductor a x i s ,  p robab le  and p o s s i b l e ;  

- conductor  d ip ;  

- s u r f  i c i a l  conduct'or o u t l i n e s ;  

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



ETATION - GENERAL 

Regional  Geolosv 

S a l t s p r i n g  I s l a n d  is u n d e r l a i n  by most ly  Pa l eozo ic  age 

v o l c a n i c  and sedimentary rocks of t h e  S i c k e r  Group. The exposure  

of t h e s e  o l d e r  u n i t s  i n  Southern Vancouver I s l a n d  occur red  a s  a 

r e s u l t  of an event  desc r ibed  a s  t h e  Cowichan-Horne Lake U p l i f t .  

Younger Mesozoic rocks  of t h e  Nanaimo Group have been r e p o r t e d  t o  

d i r e c t l y  o v e r l i e  rocks  of t h e  S i c k e r  Group. These a r e  exposed a t  

t h e  Sansum Narrows and a t  t h e  s o u t h e a s t  co rne r  of t h e  i s l a n d .  

S p e c i f i c a l l y ,  t h e  survey a r e a  i s  dominated by t h e  Myra 

Formaation. These a r e  desc r ibed  by J.E. Muller  i n  GSC Paper 

79-30 a s  a t h i c k  succes s ion  of s c h i s t o s e ,  f o l d e d  and deformed 

rocks .  The rocks  have appa ren t ly  been d e r i v e d  from b a s i c  t o  

s i l i c i c  t u f f  and b r e c c i a  wi th  some a r g i l l i t e  and greywacke. 

I t  h a s  been r epo r t ed  t h a t  s i l ls  of meta d i a b a s e  a r e  

i n t e r c a l a t e d  w i t h  t h e  sediments.  On e a r l y  g e o l o g i c a l  r e f e r e n c e s ,  

t h e  s i c k e r  Group appea r s  t o  have been mapped a s  t h e  "Saanich 

Granod io r i t e " .  The S a l t s p r i n g  I n t r u s i v e  i n  t h e  n o r t h e r n  h a l f  of 

S a l t s p r i n g  I s l a n d  has  been i n t e r p r e t e d  a s  t h e  lower l e v e l  of a 

v o l c a n i c  c e n t r e  i n  t h e  r e f e rence .  The economic of t h e  Myra 

Formation i s  demonstra ted by t h e  Ag, AU, Cu, Pb, Zn and Cd 

m i n e r a l i z a t i o n  i n  t h e  Westrnin Depos i t s ,  p r e s e n t l y  be ing  mined. 

Gonduc t iv i tv  Analys i s  

The conduc t iv i ty - th i ckness  p roduc t s  of p l a n a 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. 

This  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  conduc t iv i ty - th i ckness  p roduc t  (TCP) is  

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  

amp1 i t u d e s  a t  t h e i r  r e s p e c t i v e  sample t imes.  

These response f u n c t i o n s  a r e  p re sen ted  i n  t h e  form of 

graphs  i n  which t h e  ampl i tudes  of t h e  6 channe l s  of INPUT 

response 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 v i t y .  The r e l a t i v e  ampl i tudes  of t h e  secondary response,  a t  any 

given c o n d u c t i v i t y ,  may be a c c u r a t e l y  r e l a t e d  t o  t h e  dep th  of a  

conductor below t h e  s u r f a c e .  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  

Palacky nomograms. These a r e  a v a i l a b l e  f o r  a  number of conductor 

geometr ies .  I t  has  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  ampli tude is u s u a l l y  unique t o  a p a r t i c u l a r  

geometry. Therefore ,  if t h e  o r i g i n  of a conduc t ive  response is  

i n  q u e s t i o n ,  a good " f i t "  of the  peak response ampl i tude  t o  one 

nomogram w i l l  d e f i n e  its 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  de te rmine  t h e  

apparen t  conductances  of t h e  responses  o b t a i n e d  from t h e  

survey.  T h i s  assumption i s  v a l i d  f o r  near  v e r t i c a l  conduc tors ,  

w i t h i n  a  d i p  range or 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 .  

Although t h e  conductor dep th  can be i n t e r p r e t e d  from 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 

conductor geometry may r e s u l t  i n  t h e  over -es t imat ion  of dep ths .  

The response shapes  a r e  i n d i c a t i v e  of shal low dep th  conduc tors  

over t h e  e n t i r e  survey a rea ,  wi th  0-50 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 system depth  c a p a b i l i t y  is 

t y p i c a l l y  200  met res  f o r  a v e r t i c a l ,  600 metre  s t r i k e  l e n g t h  by 

300 metre  dep th  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  depth 



i n c r e a s e s  f o r  a dipping t a r g e t  and d e c r e a s e s  f o r  a  sma l l e r  s i z e  

conductor .  

Depths were o n l y  determined f o r  responses  which appear 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  nea r  v e r t i c a l  p l a t e  wi th  a 

s t r i k e  l e n g t h  of g r e a t e r  than 500 metres .  p u a l i f  i c a t i o n s  f o r  

t h e s e  de t e rmina t ions  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 .  

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

each anomalous response i n  a  numerical  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 parameters ,  an  "anomaly t y p e n  c l a s s i f i c a t i o n  I 

has  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 

acco rd ing  t o  t h e  fo l lowing  t a b l e .  

BLANK bedrock conduc to r s  c i r c u l a r  

S s u r f i c i a l  (overburden diamond - 1 
o r  lakebot tom) 
c o n d u c t i v i t y  

U up-dip acces so ry  h a l f  c i r c u l a r ,  h a l f  
peak t o  main response  diamond, symbo l i ca l ly  

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

W down-dip peak same a s  above 

P poor ly  d e f i n e d  a s t e r i s k  "*" i n  
response lower l e f t  quad ran t  

C c u l t u r a l  sou rce  s q u a r e  



The "P" poorly  de f ined  response 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 rospec t ing  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 he  approximate f o r  t h e s e  i n t e r c e p t s .  



Above background e l e c t r o m a g n e t i c  r e s p o n s e s  of  t h e  

S a l t s p r i n g  I s l a n d  INPUT survey  can  be c a t e g o r i z e d  i n t o  f i v e  

c l a s s e s  : 

a )  s a l t  w a t e r  c o n d u c t i v i t y  - S a t e l l i t e  and Sansum Narrows; 

b )  g e o l o g i c a l  c o n d u c t i v i t y  enhanced w i t h  p r o b a b l e  e l e c t r o l y t i c  
s o l u t i o n s  ( s a l t  w a t e r )  ; 

c )  c u l t u r a l  r e sponses ;  

d )  weak g e o l o g i c a l  r e s p o n s e s ;  

e )  bedrock r e s p o n s e s .  

In a d d i t i o n  t o  t h e  above,  a  uni form background s e c o n d a r y  

f i e l d  was e v i d e n t  over  a lmos t  a l l  of t h e  s u r v e y .  T h i s  is 

0 undoubtedly  due  t o  a  ve ry  weak e l e c t r o l y t i c  c o n d u c t i o n  i n  s o i l s  

caused  by s a l t  on Channels  1 and 2 a s  a  v e r y  f a s t  decay,  however 

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

su rvey  a r e a ,  c l o s e  t o  t h e  w a t e r  l e v e l .  The h a l f  w i d t h  a m p l i t u d e s  

of c h a n n e l  1 a r e  v e r y  broad and e x t e n d  well i n l a n d  f o r  t h e  s a l t  

w a t e r  r e s p o n s e s .  T h i s  can be  a t t r i b u t e d  t o  h i g h e r  c o n c e n t r a t i o n s  

of s a l t  c a u s e d  by wind-borne s p r a y .  

T h i s  h a s  an  a d d i t i o n a l  e f f e c t  on t h e  c o n d u c t o r s  i n  t h e  

su rvey  a r e a .  C u r r e n t  g a t h e r i n g  o r  t h e  e f f e c t  of s u r f i c i a l  

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

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

e x a g g e r a t e d  r e s p o n s e  amp1 i t u d e s .  

a "1  S a l t  Water Responses 

Response 10380A is  t y p i c a l  of a s a l t  w a t e r  r e s p o n s e  

c o n t r a s t e d  t o  g e n e r a l l y  r e s i s t i v e  c o n d i t i o n s  nor thward  towards  



r e s p o n s e s  B,C and D. The p h y s i c a l  model f o r  s a l t  w a t e r  is a  

h o r i z o n t a l  l a y e r .  No s h i f t  of t h e  c h a n n e l  peaks  s h o u l d  o c c u r ,  

and i n  the  absence  of a l t i m e t e r  v a r i a t i o n s ,  o n l y  a  s i n g l e  peak 

w i l l  be r e g i s t e r e d .  Where t h e r e  i s  no s a l t  w a t e r  i n t r u s i o n ,  t h e  

r e s p o n s e s  w i l l  r e t u r n  t o  background l e v e l s  q u i c k l y  and 

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

v e r y  a c c u r a t e l y  d e l i n e a t e  t h e  e x t e n t  of t h e  h o r i z o n t a l  

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

S a l t  wa te r  r e s p o n s e s  a s  a  r u l e  o c c u r  a t  t h e  edge  of t h e  

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

o u t ,  p a s t  t h e  ends of t h e  f l i g h t  l i n e s .  From r e s p o n s e s  10260A 

and 10380A, t h e  h igh  conduc tances  are  c h a r a c t e r i s t i c  o f  a  s a l t  

0 w a t e r  r e sponse .  

4,2 G e o l o g i c a l  C o n d u c t i v i t y  

Although t h e  a u t h o r  had o n l y  s k e t c h y  g e o l o g i c a l  i n f o r -  

mat ion  a v a i l a b l e ,  a c r o s s  t h e  r ~ o r t b e r n  s u r v e y  boundary a  u n i t  of 

t h e  Nanaimo group of Nesozoic age s e d i m e n t s  i s  i n  c o n t a c t  w i t h  

t h e  S i c k e r  Group. W e  propose  t h a t  t h e  s o u t h e r n  e x t e n t  of t h e  

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

[ i  a r e  b road  and o r i g i n a t e  from a wide s o u r c e .  To d i s t i n g u i s h  t h i s  
L.2 

u n i t  f rom a d j a c e n t  weaker r e s p o n s e s ,  t h e y  a r e  r e p r e s e n t e d  w i t h  

i, t h e  diamond shaped symbols which we normal ly  u s e  w i t h  s u r f i c i a l  

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

A t  l e a s t  t h r e e  l i n e a r  c o n d u c t i v e  bands  can  be  t r a c e d  

I % a c r o s s  t h e  n o r t h e r n  end of t h e  a r e a .  The s o u t h e r n  h a l f  wid th  
i a 

l i m i t  s h o u l d  be a  r e l i a b l e  c o n t a c t  marker  between a  r e s i s t i v e  and 
I ' 

* 



c o n d u c t i v e  ( r e s i s t i v i t y  low) rock u n i t .  For  f l i g h t  l i n e s  

d i r e c t l y  a d j a c e n t  t o  Burgoyne Bay, INPUT r e s p o n s e s  f o r  t h i s  

h o r i z o n  show t h e  e f f e c t s  of s a l t  water i n t r u s i o n .  ~ o t h  

a m p l i t u d e s  and a p p a r e n t  c o n d u c t a n c e s  i n c r e a s e  t o  t h e  west  from 

f l i g h t  l i n e  response  i n t e r c e p t s  10340D and 10350A. T h i s  u n i t  

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

c o n t r a s t  t o  t h e  S i c k e r  g roup  v o l c a n i c s .  

Magnetic  c o n t o u r s  s u g g e s t  t h a t  t h i s  u n i t  h a s  a m a r g i n a l l y  

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

INPUT r e s p o n s e  peaks.  

We s u g g e s t  t h a t  ca rbonaceous  s e d i m e n t s  a r e  t h e  e x p l a n a t i o n  

f o r  bu lk  c o n d u c t i v i t y  where s a l t  w a t e r  i n t r u s i o n  i s  n o t  a 

problem. The main e v i d e n c e  f o r  t h i s  is t h e  c o n s i s t e n c y  of 

r e s p o n s e  shapes ,  r e sponse  a m p l i t u d e s  and a p p a r e n t  c o n d u c t a n c e s  

o v e r  v e r y  many k i l o m e t r e s .  

The i n t e r p r e t e d  conduc to r  a x i s  r e p r e s e n t s  t h e  c e n t r a l  

p o r t i o n  of t h e  conduc to r  w h i l e  t h e  h a l f  w i d t h  l i m i t s  d e f i n e  t h e  

edges ,  

. C u l t u r a l  e s p o n s e s  

Where recogn ized ,  r e s p o n s e s  a t t r i b u t e d  t o  man made 

c o n d u c t i v e  s o u r c e s  a r e  o u t l i n e d  by a  b l a c k  s q u a r e  w i t h  lower  c a s e  

l e t t e r s .  These occur  between Bruce  Peak and Hope H i l l  and e x t e n d  

d o w n h i l l  ( n o r t h w a r d )  a l o n g  f l i g h t  l i n e s  10221 and 10210. 

The power l i n e  moni tor  d i d  n o t  r e spond  b u t  t h e  shape  of 

t h e  r e s p o n s e s  and t h e i r  p o s i t i o n s  are  e x a c t l y  c o i n c i d e n t  w i t h  

roads .  The form of t h e  r e s p o n s e s  is a  d o u b l e  r e s p o n s e  peak which 



f i t s  a  v e r t i c a l  t o  nea r  v e r t i c a l  s h e e t  model. For  c u l t u r a l  

r e s p o n s e s ,  t h i s  is u s u a l l y  produced by a  grounded hydro  o r  

t e l e p h o n e  l i n e ,  sometimes by a  f e n c e  b u t  n o t  by a  b u r i e d  p i p e .  

A 1 1  of t h e  r e s p o n s e s  on f l i g h t  l i n e  10221 between c u l t u r a l  

r e s p o n s e  "A" and g e o l o g i c a l  r e s p o n s e  " C "  a r e  i n t e r p r e t e d  a s  

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

e f f e c t s  from f l y i n g  o f f s e t  and n e a r  p a r a l l e l  t o  t h e  source .  The 

same pri.ncip1e.s p robab ly  a p p l y  t o  r e s p o n s e  102lOD. 

The s h a r p n e s s  of ZONE 7A, combined w i t h  i ts  l o c a t i o n  i n  a 

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

check c o u l d  n o t  conf i rm t h i s .  S i m i l a r l y ,  t h e  s h a r p  c o n s i s t e n t  

and symmetr ic  c h a r a c t e r  of ZONE 3 7 D  l e a v e s  it s u s p e c t ;  however, 

a s  i t s  n o r t h e r n  e x t e n t  l i e s  i n  bush,  away from t h e  p o t e n t i a l  

c u l t u r a l  e f f e c t s  of Musgrave Landing,  a  bedrock s o u r c e  is 

p o s s i b l e .  

5 . 4  &ak G e o l o a i c a l  Responses 

With t h e  n o t a b l e  e x c e p t i o n s  of ZONES 7 A  and 37D ( d i s c u s s e d  

on t h e  f o l l o w i n g  s e c t i o n )  t h e  s o u t h w e s t e r n  t h i r d  of t h e  su rvey  

a r e a  h a s  a  r e s i s t i v e  c h a r a c t e r .  I t  is m o d i f i e d  by enhanced 

somewhat by c o n d u c t i v e  s o i l s ;  however, up t o  s i x  h o r i z o n s  of 

e x t r e m e l y  poor r e s p o n s e s  have  been i d e n t i f i e d .  T h e i r  g e n e r a l l y  

weak c h a r a c t e r  combined w i t h  wide p r o f i l e  w i d t h s  ( r a r e l y  d e p i c t e d  

by h a l f  w i d t h  p r e s e n t a t i o n  due t o  low a m p l i t u d e s )  l e a v e s  t h e  

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

minor c o n d u c t i v i t y  c o n t r a s t .  I n  s p i t e  of what may appear  t o  be  

l o c a l  c o n d u c t i v i t y - t h i c k n e s s  a n o m a l i e s  caused  by m o d i f i c a t i o n  by 



i n c r e a s i n g l y  conduc t ive  s o i l s  i n  t h e  prox imi ty  of t h e  

sou thwes te rn  shore ,  and t h e  a u t h o r ' s  u n c e r t a i n t y  i n  c l a s s i f y i n g  

t h e s e  responses  a s  d e f i n i t e l y  g e o l o g i c a l  t o  p o s s i b l e  bedrock, 

no f  oliow-up recommendations a r e  sugges ted .  

Two o r i g i n s  a r e  p o s s i b l e  f o r  t h e s e  ho r i zons  a s  d e p i c t e d  on 

t h e  i n t e r p r e t a t i o n  maps: 

a )  carbonaceous conduc tors ;  

b )  permeable hor izons  s u s c e p t i b l e  t o  weather ing.  

The f i r s t  s i t u a t i o n  i s  w e l l  unders tood;  however, t h e  

second p o s s i b i l i t y  would r e q u i r e  d e t a i l e d  mapping t o  

s u b s t a n t i a t e ,  We sugges t  t h a t  some of t h e  responses  could 

o r i g i n a t e  from w i t h i n  t u f f  ho r i zons ,  f o r  example, which could  be 

marg ina l ly  conduc t ive  by n a t u r a l  wea ther ing  bu t  cou ld  a l s o  be 

enhanced by in f  il t r a t i o n  of n a t u r a l  e l e c t r o l y t i c  s o l u t i o n s  - 
ground water  wi th  s a l t  sp ray ,  

The sou thern  t h i r d  of t h e  survey a r e a  is a l s o  c h a r a c t e r -  

i z e d  by f l a t  magnetic g r a d i e n t s .  A s  t h e r e  a r e  some s t r i k e  

d i s c r e p a n c i e s  between t h e  i n t e r p r e t e d  a x i a l  t r a c e s  and magnet ic  

con tou r s ,  comparisons wi th  g e o l o g i c a l  in format ion  a r e  recommended 

t o  e i t h e r  e x p l a i n  t h e  o b s e r v a t i o n  o r  modify t h e  i n t e r p r e t a t i o n ,  



INPUT E.M. Profi le Map 

26H49 
Chonnei 1 Amplitude 

1" = 2000 p.p.rn. 
Scale 1 : 52238 



Conductance 

Dip 

S t r i k e  Length -I- 400 m. 

Magnetic C o r r e l a t i o n  

Rela ted  Responses 10015B, 10021D, 10041D 

where t h e  sou thwes te rn  3/4 of t h e  survey block i s  cha rac t -  

e r i z e d  by a  r e l a t i v e l y  f l a t  magnetic background of 56300 nT, t h e  

a r e a  of profound f o r m a t i o n a l  conduc tors  has  a c o n s i s t e n t l y  h igher  

background s u s c e p t i b i l i t y .  Th i s  may have d i r e c t  r e l a t i o n  t o  t h e  

, Nanaimo u n i t .  The responses  s e l e c t e d  appear  t o  l i e  w i t h i n  t h i s  

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

s u s c e p t i b i l i t y  c o n t r a s t .  The INPUT responses  can b e s t  be 

d e s c r i b e d  a s  s u b t l e  i n f l e c t i o n s  on t h e  f l a n k  of t h e  f o r m a t i o n a l  

conduc tors ,  I t  is conce ivab le  t h a t  both  t h e  ampl i tudes  and 

conductances  a r e  enhanced by t h e  s u p e r p o s i t i o n  of h igh ampli tude 

fo rma t iona l  responses .  

The fo rma t iona l  conductor t o  t h e  n o r t h  appea r s  t o  d i p  t o  

t h e  n o r t h e a s t  on f l i g h t  l i n e s  lOOlOS and 10015s w h i l e  immediately 

t o  t h e  sou th ,  bedrock conduc tors  d i p  sou th  wi th  rio i n d i c a t i o n  f o r  

t h e  1 C  response.  

The a x i s  l o c a t i o n  f o r  t h e  s e l e c t e d  "anomalyu m u s t  be 

cons ide red  approximate;  however, t h e  v e r t i c a l  a x i s  peaks should 

c l o s e l y  approximate a  l o c a t i o n  over  t h e  conduc t ive  s h e e t  i f  i t  is 

d ipp ing .  



i lkumA?? 

Conductance 

Dip 

S t r i k e  i e n g t h  

Magnetic C o r r e l a t i o n  

Re la t ed  Responses 

The 10050B i n t e r c e p t  i s  l o c a t e d  cf o s e l y  a d j a c e n t  t o  t h e  

Nanaimo u n i t  fo rma t iona l  conduc tors ,  The response wa.s s e l e c t e d  

f o r  i ts  sharp ,  narrow p r o f i l e .  I t  is p o s s i b l e  t h a t  t h e  conductor  

may extend westward, superimposed on t h e  f l a n k s  of t h e  

f o r m a t i o n a l  zone, The a x i s  p o s i t i o n  should be cons ide red  

approximate  w h i l e  its p o s i t i o n  c l o s e  t o  a s h a r p  l o c a l  magnetic 

response  i n  an o therwise  uniform u n i t  i s  a  f a v o u r a b l e  s i t u a t i o n .  

Conductance Range 6-115 

S t r i k e  Length 3 km. 

Magnetic C o r r e l a t i o n  - 
Rela t ed  Responses 10010DE, 1.0015C, 10021C, 10030B 

10041C, 10050C, l0060E (10065C) 

The zone i s  a  c o n s i s t e n t  long  ho r i zon ,  i n v a r i e n t  i n  

amp1 i t u d e  and conductance. The responses ,  except  f o r  100IODI a r e  

up and down d i p  peaks, i n t e r p r e t e d  from t h e  s h i f t e d  peaks.  The 

v a l u e  of t h e  d i p s  i s  i n t e r p r e t e d  t o  l i e  between 4 0  and 60'. The 

s e l e c t e d  response ( i n t e r c e p t  10065C) e x e m p l i f i e s  t h e  form of t h e  

responses .  The hor izon should be i n v e s t i g a t e d  t o g e t h e r  w i th  ZONE 

6D (10060D), a s  it has  no appa ren t  s e c t i o n  of enhanced responses .  



ANOMALY 6D 

Conductance 22s  

Dip 

S t r i k e  Length 

Magnetic C o r r e l a t i o n  1 4  nT 

Re la t ed  Responses 10058D 

The 6 C  ZONE i s  unique i n  t h e  survey a r e a  because a  

magnet ic  anomaly is c o i n c i d e n t  wi th  t h e  b e s t  p a r t  of t h e  E.M. 

responses ,  Along s t r i k e ,  weak and d i f f u s e  responses  can be 

t r a c e d  a l o n g  s t r i k e  t o  t h e  NE f o r  2 km.; however, a x i s  p o s i t i o n s  

should  on ly  be cons idered  approximate.  The h a l f  width  e x t e n t  t o  

t h e  southwest  g i v e s  a b e t t e r  i n d i c a t i o n  of t h e  l a t e r a l  e x t e n t  of 

t h e  conduc tor ,  which a t  b e s t  i s  s t i l l  weak and d i f f u s e .  The low 

ampl i tudes  a r e  evidence of a non-massive sou rce  of t h e  conduct- 

i v i t y  wh i l e  t h e  "22"  Siemen va lue  p r e s e n t e d  may be somewhat 

a r t i f i c i a l  due t o  s u p e r p o s i t i o n  wi th  t h e  a d j a c e n t  conduc t ive  

ho r i zon  t o  t h e  nor th .  

The d i p  of t h e  conductor is southwest  a t  a f l a t  t o  

moderate va lue .  Th i s  i s  deduced by t h e  s h i f t  of l a t e r  t ime 

channel  peaks i n  t h e  d i r e c t i o n  of d ip .  

A h igh  p r i o r i t y  ground follow-up i s  recommended f o r  t h i s  

zone, u t i l i z  i n g  techniques  s e n s i t i v e  t o  poor conductors .  



ANOMALY 7A 

Conductance 

Dip 

S t r i k e  Length 

Magnetic C o r r e l a t i o n  

Rela ted  Responses 

Two unusual ly  sha rp  responses  occur  i s o l a t e d  from o t h e r  

conductance t r ends .  The  sha rpness  and s i n g l e  i n t e r c e p t  n a t u r e  of 

t h e  responses  can only be i n t e r p r e t e d  as  a  l i m i t e d  dimension 

h o r i z o n t a l  source ,  The responses  occur  i n  a c l e a r i n g .  I n  ground 

follow-up,  look f o r  a fence  wi th  ox wi thou t  a  ground, having s i d e  

l e n g t h s  of less than  200 x 200 metres .  

I f  c u l t u r e  cannot e x p l a i n  t h e  source ,  t hen  a h o r i z o n t a l  o r  

very  f l a t  d ipp ing  bedrock s o u r c e  w i t h  very  l i m i t e d  s u r f a c e  

p r o j e c t i o n  dimensions w i l l  be t h e  c o n d u c t i v i t y  exp lana t ion .  The 

h a l f  width  shown f o r  t h e  1007lA response  g r a p h i c a l l y  p r e s e n t s  t h e  

approximate width dimension. 



Conductance 

Dip N ?  

S t r i k e  Length 100 m, 

Magnetic C o r r e l a t i o n  1 5  NT 

R e 1  a t e d  Responses - 

The 1 3 F  response i n t e r c e p t  i s  weak i n  ampl i tude ;  however, 
- 

t h e  form of t h e  t r a n s i e n t  s u g g e s t s  t h a t  t h e  conductance has  been 

underes t imated .  The response is  d i r e c t l y  a s s o c i a t e d  w i t h  a l o c a l  

sha rp  magnet ic  peak. 

The  poor ampli tudes ,  combined w i t h  t h e  s h a r p  response 

p r o f i l e ,  a r c  no t  unusun3. fo r  a source  w i t h  l i m i t e d  dimensions  and 

t h i s  t ype  of response is a s s o c i a t e d  wi th  s p h e r i c  o r  system n o i s e  

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

The  response,  i n  s p i t e  of i t s  l i m i t e d  dimensions,  should  

be cons ide red  a f i r s t  p r i o r i t y  t a r g e t .  



Conductance 

Dip 

S t r i k e  Length 

Magnetic C o r r e l a t i o n  

Re la t ed  Responses 

A 1 1  of ZONE 37D responses  a r e  t y p i c a l  of a v e r t i c a l  s h e e t  

t a r g e t .  The h igher  ampl i tudes  of t h e  wes t e rn  i n t e r c e p t s  ( i e ,  

10331E, 10340A) r e l a t i v e  t o  t h e i r  matching r e sponses  on t h e  

0 
o p p o s i t e  s i d e  of t h e  conductor a x i s  can be a t t r i b u t e d  t o  super-  

p o s i t i o n  of background r e s i s t i v i t y  low responses .  The except-  

i o n a l  c o n s i s t e n c y  of t h e  response shapes  and ampl i tudes  is  o f t e n  

a s i g n  of c u l t u r e .  Although t h e  responses  do t r e n d  through some 

open a r e a s  nea r  Musgrave Landing, they a l s o  ex t end  northward i n t o  

a n  a r e a  of t h i c k  bush. 

If t h e  zone h a s  a c u l t u r a l  source  t hen  t h e  Low ampl i tudes  

would be a t t r i b u t e d  t o  a v e r t i c a l  r ibbon t y p e  conductor .  No 
"1 

depth i n t e r p r e t a t i o n  was a t tempted  f o r  t h i s  zone a s  t h e  low 

ampli tudes  would cause  an ove re s t ima te  of dep th  f o r  a conductor - 

whose s h a p e  i s  c h a r a c t e r i s t i c  of a shal low source .  

L. 



Although s u r f i c i a l  c o n d u c t i v i t y  is p r e s e n t  i n  t h e  survey 

a rea ,  it is  homogenous i n  n a t u r e  and does  no t  s e v e r e l y  i n t e r f e r e  

w i t h  t h e  INPUT i n t e r p r e t a t i o n s  w i t h  t h e  e x c e p t i o n  of t h e  

p re sen ted  h a l f  width e x t e n t .  These may be l o c a l l y  ove re s t ima ted ,  

e s p e c i a l l y  i n  c o a s t a l  a r e a s  t o  t h e  southwest .  

~ w r m a t i o n a l  conductors ,  wi th  t h e  excep t ion  of t h e  s t r o n g  

zone a long  t h e  n o r t h e a s t  survey boundary, may be supplemented 

wi th  r e p r e s e n t a t i v e  s e c t i o n s  of t h e  weaker ho r i zons  and t h e  

" i s o l a t e d "  r e sponses  which occur randomly th roughout  t h e  p r o j e c t  

a r e a ,  f o r  which no a x i s  i n t e r p r e t a t i o n  has  been made. The model 

t a r g e t s  f o r  t h e  survey - t h e  Westmin Depos i t s  - a r e  no t  no ted  f o r  

e l e c t r i c a l  c h a r a c t e r i s t i c s ,  e s p e c i a l l y  when d e p t h s a r e  w e l l  below 

t h e  ground s u r f a c e  and t h e  t a r g e t  s i z e  is f i n i t e .  

R e s p e c t f u l l y  submi t ted ,  

QUESTOR SURVEYS LIMITED 

\ 

Marcel H, Konings, P.Eng., 

Sen ior  Geophys i c i s t .  
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FPPENDZX A 

BARRINGER/OUESTOR MARK V I  ~ ~ ~ I J ~ = ~ e l i c o o t e r  Svstem 

The INduced P u l s e  T r a n s i e n t  (INPUT) method i s  a  sys tem 

whereby measurements  a r e  made, i n  t h e  t i m e  domain, of a  s e c o n d a r y  

e l e c t r o m a g n e t i c  f i e l d  w h i l e  t h e  p r imary  f i e l d  is between p u l s e s .  

C u r r e n t s  a r e  induced i n t o  t h e  ground by means of a p u l s e d  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  which is g e n e r a t e d  from a t r a n s m i t t i n g  l o o p  

a round  t h e  h e l i c o p t e r .  By u s i n g  h a l f - s i n e  wave c u r r e n t  p u l s e s  

( F i g u r e  A-1) and a  t r a n s m i t t e r  l o o p  of l a r g e  t u r n s - a r e a ,  a  h i g h  

s i g n a l - t o - n o i s e  r a t i o  and t h e  h i g h  o u t p u t  power needed f o r  d e e p  

p e n e t r a t i o n ,  a r e  ach ieved .  

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

e l e c t r o m a g n e t i c  f i e l d  which is d e t e c t e d  and  measured a t t e r  t h e  

t e r m i n a t i o n  of each p r imary  p u l s e .  D e t e c t i o n  of t h e  s e c o n d a r y  

f i e l d  i s  accompl ished by means of a  r e c e i v i n g  c o i l ,  wound on a n  

a i r  c o r e  form, mounted i n  a  PCV p l a s t i c  s h e l l  c a l l e d  a " b i r d "  and  

towed beh ind  and below t h e  h e l i c o p t e r  on 76 m e t r e s  ( 2 5 0  f e e t )  of  

c o a x i a l  c a b l e .  The r e c e i v e d  s i g n a l  is  p r o c e s s e d  and r e c o r d e d  by 

equipment  w i t h i n  t h e  h e l i c o p t e r .  

The a x i s  of t h e  r e c e i v i n g  c o i l  may be  v e r t i c a l  o r  

h o r i z o n t a l  r e l a t i v e  t o  t h e  f l i g h t  d i r e c t i o n .  I n  r o l l i n g  o r  h i l l y  

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

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

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

f i e l d  i s  i n  t h e  form of a decay ing  v o l t a g e  t r a n s i e n t ,  measured i n  

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

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



0 
measured in time, at the termination of the primary transmitted 

pulse. The amplitude of the transient is proportional to the 

amount of current induced into the conductor, the conductor 

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 are 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 

0 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 

difference at two successive sampling points divided by the log 

ratio of the amplitudes at this point. 



Pulse Repetition Rate 

Pulse 

Pulse Width 

Off Time 

Output Voltage 

Output Current' Peak 

Output Current Average 

180 per sec 

Half sine 

2.0 millisec 

3,56 millisec 

67 volts 

200 amperes 

46 amperes 

~lectromagnetic Field Strength (peak) 247,800 amp-turn-meter 2 

Figure A1 



Sample Gate Windows (centre positions)' 

CII 1 340 sec 
CH 2 540 
CH 3 840 
CH 4 1240 
CH 5 1740 
CH 6 2340 

Sample Interval 

~ntegration Time Constant 

~ i r d  Position behind Aircraft (at 40 kt) 

Bird Position below Aircraft (at 40 kt) 

Widths 

sec 

0.5 sec 

1.3 sec 

19 metres 

Receiver features: Power Monitor 50 ow 60 Hz 

73 metres 

50 or 60 Hz and Harmonic Filter 

VLF Rejection 

Spheric Rejection (tweak) Filter 

SAMPLING OF INPUT SIGNAL 

------ Ch.nn.1 r l d t h  

-- Channel cenl res  

Figure A2 



Sonotek SDS 1200 

9 track 800 BPI ASCII 

Includes time base Intervalometer, Fiducial System 

Geocam 75 SF 

35 mm continuous strip or frame 

TAPE_DRICYE: 

Digidata Model 1139 

Tektronix Model 305 

Honeywell Visicorder WS 4010 

Kodak Light Sensitive Pape (15cm) 

~ecording 14 Channels: 50-60 Hz Monitor, 6 INPUT Channels, 

fine and coarse Magnetics, Altimeter, vertical and horizontal 

timing lines and fiducial markers. 

_AI,aTXMETEB 

Sperry Radar Altimeter 



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 

intensitity. 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 

compensating 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 a measurement is 

only 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 seconds when no 

current pulses are induced into the transmitter coil. 



HONEYWELL ANALOQUE CHART RECORDER 

~'L~.&UW.$ i' 

. . n . .  . / .  . . 

SONOTEK DATA SYSTEM 

9 TRACK TAPE RECORDER 

36mm TRACKING CAMERA INTERFACE, OSCILLOSCOPE 8 T.C.U. 

TRANSMITTER 

RADAR ALTIMETER INPUT'EOUIPMENT INSTALLATION TOWED 'BIRD. ASSEMBLY 

QUESTORIBARRINGER MARK VI "INPUT"@SYSTEM EQUIPMENT 



Figure B1 

Manufacturer Bell Helicopter Company 

Type 205A-1 

Canadian Registration G-GLMC - present installation 
Date of INPUT Installation Flay 1982 

~odifications: 

1) Cradle and wing booms for transmitter coil mounting 

2) Camera and altimeter mounting 

3 )  Modified gasoline driven generator system 

Any BELL 205-212 airframe can support the QUESTOR Helicopter 

INPUT system. The 205 is powered by one low maintenance turbine 

engine. The configuration of the helicopter provides for easy 

installation of equipment, which can be dissasembled and crated to 

the survey base. Reassembly takes less than two days. These 

factors have proven the helicopter to be a reliable and erticient 

geophysical survey system in areas not suitable for fixed-wing 

operation. 



APPEPilDIX_C 

a) Geometry - 

The INPUT system, a time domain airborne electromagnetic 

system, has the transmitter loop located around the helicopter 

airframe while the receiver, referred to as the 'bird', 

typically is towed 19 metres behind and 73 metres below the 

helicopter at a survey airspeed of 40 knots. The actual spatial - 

position of the bird is dependent on the airspeed of the survey 

helicopter, as can be seen in Figure C1. 

(HELICOPTER) ,./ EFFECT OF AIR SPEED ON BIRD POSITION 

Born -1 Air Speed (knots) 

Figure C1 



b) The Lag Factor 

The bird's spatial position along with the time constant of 

the system introduces a lag factor (Figure C2)  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 helicopter's position for 

the map compilation process. The lag factor can becalculated 
- 

-- - 

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

of the proposed shift and is given by:us the elapsed distance 

of the proposed shift and is given by: 

Figure C2 

Lag (seconds) = time constant c 
ground speed (metres/sec] 

fer Line Monitor 

INPUT@ 

E.M. 

Channels 

1 E.M. Amplitude 

90 m. 
Radio 

120 m. 

Magnetometer 
Fine Scale 
2 0  Qemmas 

Magnetometer 

Coarse Scale 
1000 Gammas 



The time cons tant  in t roduces  a  1.3 second l a g  whi le ,  a t  an 

a i r c r a f t  v e l o c i t y  of 4 0  k t . ,  t h e  ' b i r d q a g  is 1 second. The 

t o t a l  l a g  f a c t o r  which is t o  be a p p l i e d  t o  t h e  INPUT E.M. d a t a  a t  

40 k t s .  is 2.3 seconds. I t  m u s t  be noted t h a t  t h e s e  two 

parameters  vary w i t h i n  a  small  range dependent on t h e  h e l i c o p t e r  

v e l o c i t y ,  though they a r e  app l i ed  a s  c o n s t a n t s  f o r  cons is tency.  A s  

such,  t h e  removal of t h i s  l a g  f a c t o r  w i l l  no t  n e c e s s a r i l y  p o s i t i o n  

t h e  anomalies i n  a  s t r a i g h t  l i n e  over t h e  r e a l  conductor a x i s .  

The o f f s e t  of a  conductor response peak i s  a f u n c t i o n  o t  t h e  

system and conductor geometry a s  we l l  a s  conduc t iv i ty .  

T h e  magnetic da ta  has a  1 . 0  second l a g  f a c t o r  introduced 

r e l a t i v e  t o  t h e  r e a l  time f i d u c i a l  p o s i t i o n s .  T h i s  f a c t o r  is 

sof tware  c o n t r o l l e d  w i t h  t h e  magnetic value recorded r e l a t i v e  t o  

t h e  l ead ing  edge ( l e f t  end)  of each s t e p  ' b a r 8 ,  f o r  both t h e  f i n e  

and coar se  s c a l e s .  For example, a  magnetic value pos i t ioned  a t  

f i d u c i a l  10.00 on t h e  records would be s h i f t e d  t o  f i d u c i a l  9 .95  

along t h e  f l i g h t  path.  

A l a g  f a c t o r  of 2 seconds (0 .1  f i d u c i a l )  i s  introduced t o  

c o r r e c t  50-60 Hz monitor f o r  t h e  e f f e c t s  of b i r d  p o s i t i o n  and 

s i g n a l  processing.  I n  cases  where a  50-60 Hz s i g n a l  i s  induced i n  

along format ional  conductor,  a  50-60 Hz secondary e lec t romagnet ic  

t r a n s i e n t  may be de tec ted  a s  much a s  5  km. from t h e  d i r e c t  source 

over t h e  conductive horizon. 

T h e  a l t i m e t e r  d a t a  has no l a g  introduced a s  i t  i s  recorded 

i n  r e a l  t ime r e l a t i v e  t o  t h e  f i d u c i a l  markings. 



c )  C a l i b r a t i o n  

T h e  major advance made d u r i n g  t h e  t r a n s i t i o n  from t h e  INPUT 

MK V t o  t h e  INPUT MK V I  ha s  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  

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  o u t  on an  ave rage  of once 

eve ry  6  months t o  check t h e  c o n s i s t e n c y  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  su rvey  o p e r a t i o n  t h e  

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

1) "ZEROn t h e  d i g i t a l  and r eco rd  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  g a i n ;  

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

6)  r e c o r d  background E.M. l e v e l s  a t  600 m. ;  

7) s u r v e y  f l i g h t ;  

8 )  r e c o r d  background E.M. l e v e l s  a t  600 m. 

9 )  r e c o r d  f u l l  s c a l e  INPUT r e c e i v e r  g a i n ;  

10)  r e c o r d  compensation d r i f t ;  

11) t e r m i n a t e  o r  r e p e a t  from s t e p  4 .  

T h i s  sequence of t e s t s  may be r e p e a t e d  i n  m i d f l i g h t  g i v e n  

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

T y p i c a l l y ,  t h i s  p r o c e s s  is conducted eve ry  2 hour s  of a c t u a l  

f l y i n g  t ime and a t  t h e  t e r m i n a t i o n  of eve ry  f l i g h t .  

The background l e v e l s  a r e  r eco rded  and t h e n  used t o  

de te rmine  t h e  d r i f t  t h a t  may occur i n  t h e  E.M. channe l s  du r ing  

t h e  p r o g r e s s i o n  of a su rvey  f l i g h t .  If d r i f t  h a s  occur red .  t h e  



E.M. channels are brought back to a levelled position by use of 

the linear interpolation technique during the data processing. 

The primary electromagnetic field generated by the INPUT 

system induces eddy currents in the frame of the helicopter. 

This 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 is equal in amplitude and waveform but opposite in 

polarity, is 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 'bird' motion relative to the aircraft, 

The signal applied is 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 of an under-compensation case. Normally 

this adjustment is carried out at an altitude of 6 0 0  metres in 



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  of  e x t e r n a l  g e o l o g i c a l  and 

c u l t u r a l  c o n d u c t o r s .  

Uncompensated 

F i g u r e  C3 

The magnetometer ,  a l t i m e t e r  and 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 .  With 

t h e  magnetometer ,  there  a r e  two s c a l e s ,  a c o a r s e  and 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 change  f o r  a  1 cm. 

change 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 100 gamma change w i t h  f u l l  s c a l e , 2  cm., 

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  major  d i v i s i o n  ( 7  c m . ) ,  r e a d  from 

t h e  bottom 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  nominal  f l y i n g  



h e i g h t  of INPUT s u r v e y s ,  wherever  r e l i e f  and a i r c r a f t  

pe r fo rmance  a r e  n o t  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  w i t h  300 f e e t  w h i l e  t h e  s i x t h  c o r r e s p o n d s  

w i t h  500 f e e t  i n  a l t i t u d e .  

F i g u r e  C4 

The INPUT r e c e i v e r  g a i n  is  e x p r e s s e d  i n  p a r t s  p e r  m i l l i o n  

of t h e  p r i m a r y  f i e l d  a m p l i t u d e  a t  t h e  r e c e i v e r  c o i l .  A t  t h e  

' b i r d 1 ,  t h e  p r i m a r y  f i e l d  s t r e n g t h  is 8 . 5  and  8 v o l t s  peak- 

t o - p e a k ,  f o r  t h e  v e r t i c a l  and h o r i z o n t a l  a x i s  c o i l s  r e s p e c t -  

i v e l y  o r  4 . 2  and 4 .0  v o l t s  peak a m p l i t u d e .  The c a l i b r a t i o n  

s i g n a l  i n t r o d u c e d  a t  t h e  i n p u t  s t a g e  of  t h e  r e c e i v e r  is 4.0 mV. 

E x p r e s s e d  i n  p a r t s -  p e r - m i l l i o n ,  t h i s  i n d u c e s  a  change  o f :  

4 x 10-3 x lo6 = 1 , 0 0 0  ppm ( v e r t i c a l  c o i l )  
4.2 

These  c a l i b r a t i o n  s i g n a l s  ( F i g u r e  C 5 )  c a u s e  a n  8 c m .  

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 

1 2 5  ppm/cm. f o r  t h e  v e r t i c a l  a x i s  r e c e i v e r  c o i l  sys tem.  



Power 
ch. (I 
ch. 6 
ch. 1 
ch. 3 
ch. 2 
ch. 1 

Lino 

Figure C5 

With t h e  c h a r t  speed increased  from t h e  normal 0.25 cm. 

t o  2.5 cm. per second, t h e  time c o n s t a n t  of t h e  system (Figure  * 

c6) ,  can be obtained by a n a l y s i s  of t h e  exponent ia 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 time c o n s t a n t ,  is 

defined a s  t h e  time f o r  the  c a l i b r a t e d  vo l t age  t o  b u i l d  up or  

decay t o  63.2% of its f i n a l  of i n i t i a l  value.  A longer  time 

cons tant  reduces background n o i s e  bu t  a l s o  has  t h e  e f f e c t  of 

reducing the  amplitude of t h e  s i g n a l ,  e s p e c i a l l y  f o r  near 

su r face  responses.  



Chart speed increased for calculation 
of  TI^ Constant (2.15cm = lsec) 

+ Denotes position at 63.2% Peak 
I I -- I 

-- - -- -. p- 

Calibration Amplitude I 
I --- p- 

Figure C6 

This trade-off indicates the importance of selecting an 

optimum value for the time constant. Experience and years of 

testing have indicated that a time constant of 1.3 second does 

not impede interpretation of bedrock source conductors. 



d) Depth Pene t ra t ion  C a p a b i l i t i e s  

There a r e  many f a c t o r s  which e f f e c t  t h e  depth of 

p e n e t r a t i o n .  These f a c t o r s  c o n s i s t  o f :  

1) a l t i t u d e  of t h e  h e l i c o p t e r  above the  ground; 

2 )  c o n d u c t i v i t y  c o n t r a s t  between conductor and hos t  rock; 

3 )  s i z e  and a t t i t u d e  of conductor; 

4 )  type and conduc t iv i ty  of overburden p resen t .  

Of t h e s e  f a c t o r s ,  only t h e  f i r s t  parameter can be 

c o n t r o l l e d .  Typ ica l ly ,  a survey a l t i t u d e  of 1 2 0  met res  ( 4 0 0  

f e e t )  or  l e s s  above t h e  t e r r a i n  i s  maintained. A t  t h i s  h e i g h t ,  

t h e  h e l i c o p t e r  INPUT MARK V I  system has responded t o  conductors  

loca ted  a t  a  depth of 2 0 0  metres (650  f e e t )  below t h e  su r face .  



AEPENDIX_B 

The QUESTOR designed and implemented computer software 

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 helicopter 

MARK VI INPUT. The procedures are all common, however, separate i 
subroutines are accessed which contain the unique parameters to I 

I 
I 

each system. Although-many of the routines are standard data i 
i 

manipulations such as error detection, editing and levelling, 

several innovative routines are also optionally available for the 
I 

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

(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) Levelling 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 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 10 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 ekfectively 
I - 

filtered. In resistive environments, frequency spectrum I 
1 
f 

I 

analysis and subsequent FFT (Fast Fourier Transform) filters z 

I 
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 

screen for the selection of INPUT anomalies. Anomalies are 

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

Some of the parameters of the response are manually entered 

during the picking of the response. These include the number 

of channels above background levels and the type of anomaly, 

e.g. cultural, bedrock, surficial, up-dip, etc. 
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- 
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 

surficial 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 atfected, 

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 altitude of aircraft above ground in metres and also, the 

origin of the response (ie, surficial, bedrock, cultural) . 
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, graphites, serpentinized peridotites and fault or shear 

zones. Magnetite and manganese concentrations may also yield 

INPUT responses in some circumstances. INPUT responses over 

alkalic 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 

~ixike-length zone which may not fit the explorationist's target 

model. A careful analysis of conductivities and apparent widths 

(half-peak-width), will often reveal the geometry and source. 

Syngenetic 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 1 0 0 0  m. 

The conductivity of most massive sulphide deposits may be 

attributed to the pyrrhotite and chalcopyrjite content, as both 

minerals form elongated interconnected masses which are most 



amenable to the induction of electromagnetic secondary fields. 

Pyrite normally forms cubic crystals which must be interconnected 

electrically in order to produce a response. Massive pyrite often 

produces only a moderate response which may be ditficult 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 I 

often changes in dip, conductivity, thickness and magnetization 

with respect to the regional environment, There are no rules I 
which apply universally to massive sulphide deposits. One 1 1 

observation which has consistently applled to sulphide deposits is 

that INPUT responses (amplitude and conductivity) are roughly 
L 

proportional to mineral content. i 
I 

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 wlth the 

horizontal and vertical extent of the zone. Gold deposits otten 

fall within this response classification. I 



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 baryest 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. 

Carbonaceous sediments are usually found within the 

sedimentary facies of Precambrian and Proterozoic greenstone 

belts. These represent a low energy, sedimentary environment wlth 

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. 



The conductivity of a graphite unit is a function ot two 

variables: 

a) the quality and quantity of the graphite and 

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 20 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. I 

It is not unusual to find local concentrations of sulphides 

within- graphitic sediments. These may be recognized by local 
1 

increases in apparent width, conductivity or as a conductor okfset 

from the main linear trends. 

Graphite has also been noted in fault and shear zones wnich 

may cross geological formations at oblique angles. 

Ser~entinized Peridotites 

Serpentinized peridotites are very distinguishable from 

other anomalies. Their conductivity is low and is caused 

partially by magnetite. They have a fast decay rates, large 

amplitudes and strong magnetic correlation. 



Maunetite 

INPUT anomalies over massive magnetites correlate to the 

total Fe content. Below 25-308 Fe, little or no response is 

obtained, 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, 

Surficial conductors are characterized by fast decay rates 

0 and usually have a conductivity-thickness of 1-5 siemens, These 

values will be much higher in saline conditions. Overburden 

responses are broad, more so than bedrock conductors. Anomalies 

due to surficial conductivity axe not dependent on flight 

direction. In profile form, surficial responses are symmetrical 

from llne-to-line with the Helicopter INPUT system, and are 

characterized by a single response rather than a double peak for 

dipping and vertical conductors. Conductive deposits such as clay 

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

trace and with the base maps topography. 

Cultural Conductors 

Cultural conductors are identifiable by examining the power 

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

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 relatively 

consistent from line-to-line. 
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secc~nd peak and t h e l r  channel  a m p l i t u d e s  a r e  a  f u n c t i o n  of  t h e  

c c n . : u c t ~ v i t y - t h i c k n e s s  p r o d u c t  and d e p t h  of  t h e  s o u r c e .  Anomaly A 

i n  F i g u r e  G 1  i l l u s t r a t e s  one of t h e s e  responses .  

The channel  a m p l i t u d e s  of  anomaly A can be used i n  

q t i a r t i t a t i v e  i n t e r p r e t a t i o n  i n  t h e  f o l l o w i n g  way. T h e i r  v a l u e s  a r e  

p l o t t e d  f o r  each  oE t h e  s i x  c h a n n e l s  on l o g a r i t h m i c  ( 5  c y c l e s  KtE 

~ 
46 G213) t r a c i n g  paper  i n  a  s t r a i g h t  l i n e  u s i n g  t h e  v e r t i c a l  

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

of F l g ~ r e  G 2 .  The s i x  c h a n n e l  a m p l i t u d e s  f o r  ar~omaly A, i n  ppm, 1 
a r e  2 4 0 ,  5 2 0 ,  390,  2 8 0 ,  1 8 0 ,  1 2 0 ,  r e s p e c t i v e l y .  The a m p l i t u d e s  a r e  

mearvred i n  ppin (Inn: - 30 ppm) from t h e  f l i g h t  r e c o r d s  w i t h  I 

r e f e r e n c e  t o  t h e  normal background l e v e l s  on  r e s p e c t i v e  c h a n n e l s .  ! 
I 
1 

Thosr r e s p o n s e s  which a r e  n o t  a t  l e a s t  t h r e e  c h a n n e l s  o r  whose 

f i r s t  c h a n n e l  a m p l i t u d e  is l e s s  t h a n  2 m o r  60  ppm over  t h e  normal 

ban'.- .h - rcund  should  be d i s c a r d e d  i n  t h e  p r e s e n t  a n a l y s i s .  The s i x  

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

of  t c e  v e r t ~ c a l  h a l f - p l a n e  nomogram ( F i g u r e  G2) w i t h o u t  any  

r o t a t i o n .  Ilaving accompl i shed  t h i s ,  t h e  l a t e r a l  p lacement  of t h e  1 
I 

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

s le?+.ns,  and t h e  p o s i t i o n  of t h e  1 0 , 0 0 0  ppm l i n e  on t h e  l o g a r i t h m i c  

pap?: i n d l c 3 t e s  t h e  conductor  d e p t h ,  i n  met res .  I n  t h e  example 

shcv:l ( F i g u r e  G2) , t h e  a p p a r e n t  c o n d u c t i v i t y - t h i c k n e s s  v a l u e  is 3 1  

s i e ~ c n s  and t h e  d e p t h  is  46 met res .  

The asymmetric Tx-Rx c o n f i g u r a t i o n  is v e r y  s e n s i t i v e  t o  

I 

I 

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

F i g u r e  G1 
aga iP . j t  t h e  f l i g h t  d i r e c t i o n .  I n  t h i s  c i r c u m s t a n c e ,  t h e r e  is a 

I 
~ 

chance In  t h e  magnitude of t h e  s e c o n d / f i r s t  peak r a t i o  f o r  a l l  

I 
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I An alternate method for estimating the dips of longer, 
I 

cnannels. The ratio of the amplitudes" of the two peaks is a 

fuRction of dip. The dip should be the first parameter determined tabular conductors, utilizes the peak amplitudes on adjacent llnes, I 

I see Figure G4. It is especially useful in multiple conductive I 

in the quantitative interpretation of a dipping conductor. Before 

the aynplitude is further used for an estimate of conductivity- I 
zones where the up-dip responses may be obscured or yield false 

thickness and depth, it must be normalized to a dip of 90'. This values due to the superposition of other nearby anomalies. 

Note that the depth determination is made with the 
1 

correction is performed by means of the Thin Plate Dip Estimation 

acd Amplitude Normalization Graph, Figure G3. assumption that the aircraft is at 120 metres above the ground 

surface at the time of measurement. If the aircraft is above or  I 
From the graph, it can be seen that a vertical dyke 

crrductor snould have a second/first peak ratio of approximately 6, below the altitude of 120 metres, the depth determination can be 
I 

i.e., that the first peek will have 16% of the amplitude of the corrected by respectively, subtracting or adding the difference in ! 

sccpnd peak. In the case of anomaly A, this condition is true. altitude, within limits. 1 

Tho homogeneo~s half-space, thin overburden and the dipping 
I 
i Conxfersely, should the dyke dip at 60°, the ratio will decrease' to 

I 

- 1.0. Thus, the dip of a conductor can be estimated from the peak half-plane 135O nomograms are used in the same fashion as that 

described above for the vertical half-plane. 
I I 

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

To estimate the apparent strike length of a conductor, the An example of amplitude correction determination is shown in I 
I 

I 
Pisore G3. A dipping conductor has an up-dip second-first peak ends of the conductive trend must be determined. Modelling has 

ratio of 1.0 i.e., that thc channel amplitudes of the minor first 
1 

pea1 and r-ljor second peak of channel two are equal. Taking this 

shown that the conductor ends are delineated by INPUT responses 

having channel amplitudes not less than 40% of those typical for 
i 

ratlo of 1.0 an2 applying the graph, we obtain a dip of 60' for the 

conc'uctor and an amplitude correction of approximately 1.62. 

Consequently, the correction factor is applied to the six channel 

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

thec fitted to the vertical half-plane nomogram for the 

dctcrrinat:on of its apparent conductivity-thickness value and 

dc?:h. It should be mentioned that without the dip correction, the 

depth would be overestimated. 

the conductor. Responses with less than that of 40% are I 

attributive to lateral coupling effects and are not considered as i 1 
I 

intercepts of the conductor. This is especially true for 

conductors of higher conductivity. Subsequently, the strike length i 
of a conductor is equal to the distance between those responses 

repr-se~ting the srds of the conductor. 

I 
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