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1. TRODUCTION 

Th i s  r e p o r t  d e t a i l s  t h e  o p e r a t i o n  and i n t e r p r e t a t i o n  of a 

H e 1  i c o p t e r  INPUT e lec t romagnet ic  and magnet ic  survey.  The survey 

was commissioned on October 5 ,  1984 by Ornni Resources Inco rpo ra t ed  

of Vancouver, B r i t i s h  Columbia. The survey a r e a  i s  l o c a t e d  i n  t h e  

v i c i n i t y  of t h e  Adams P la teau  a r e a  of B r i t i s h  Columbia, j u s t  west 

of Adams Lake, a s  o u t l i n e d  on t h e  l o c a t i o n  map a t  t h e  end of t h i s  

r e p o r t .  

The e lec t romagnet ic  system u t i l i z e d  f o r  t h e  survey was t h e  

~ a r r i n g e r / ~ u e s t o r  MK V I  INPUT system wi th  r e c e i v e r  and t r a n s m i t t e r  

s p e c i f i c a t i o n s  a s  descr ibed  i n  Appendix A of t h i s  r epo r t .  

The survey Hel icopte r  (C-GLMC) a r r i v e d  i n  B a r r i e r e ,  B r i t i s h  

Columbia on June 2 2 ,  1984. The survey commenced on June 25, and 

was completed on June 26, with r e f l i g h t s  being completed on June  

3 0 ,  1984. I n  t o t a l ,  50 l i n e  k i lome t r e s  were flown f o r  t h e  survey.  

The f i e l d  o p e r a t i o n s  were conducted from B a r r i e r e ,  B r i t i s h  Columbia 

and communication regarding t h e  o p e r a t i o n s  were overseen by J. 

Bergvinson of Omni Resources Inc. of Vancouver. 



2 .  SURVEY OPERATIONS 

2a. Survev  Procedure 

During t h e  survey,  t h e  He l i cop te r  mainta ined a t e r r a i n  

c l e a r a n c e  a s  c l o s e  t o  122 metres  a s  p o s s i b l e ,  wi th  t h e  r e c e i v e r  

c o i l  ( b i r d )  a t  approximately 45 met res  above t h e  ground s u r f a c e .  

I n  a r e a s  of s u b s t a n t i a l  topographic  r e1  i e f  , t h e  He1 i c o p t e r  h e i g h t  

may exceed 1 2 2  metres f o r  s a f e t y  reasons .  The h e i g h t  of t h e  b i r d  

above t h e  ground i s  a l s o  in f luenced  by t h e  H e l i c o p t e r ' s  a i r  speed  

( s e e  f i g u r e  C-1 i n  Appendix C ) ,  which was mainta ined a t  an  average  

of 6 0  knots ,  whi le  on survey.  

The survey t r a v e r s e  l i n e s  f o r  t h e  survey a r e a  were f lown i n  

t h e  fo l lowing  manner: 

BLOCK LINE DIRECTION SPACING BETWEEN LINES 

A Nor theast-Southwest  200  met res  

Whenever poss ib l e ,  t h e  t r a v e r s e  l i n e s  were flown i n  

a l t e r n a t e  f l i g h t  d i r e c t i o n s  ( i e :  n o r t h e a s t  then  southwest)  

f a c i l i t a t i n g  t h e  i n t e r p r e t a t i o n  of d ipp ing  conductors.  When t h e  

t r a v e r s e  l i n e  spacing exceeded 50% t h e  normal spac ing  i n t e r v a l  

over a k i lome t r e  d i s t ance ,  t h e  gap was f i l l e d  w i th  an 

a p p r o p r i a t e l y  spaced f i l l - i n  l i n e  a t  a  l a t e r  da te .  

The d e t a i l s  of each f l i g h t  a r e  documented on t h e  f l i g h t  

l o g s  by t h e  equipment t echnic ian .  The l o g s  i nc lude  t h e  survey 

times, l i n e  numbers and f i d u c i a l  i n t e r v a l s ,  a s  w e l l  a s  a r eco rd  

of equipment i r r e g u l a r i t i e s  and a tmospher ic  cond i t i ons .  One may 

r e f e r  t o  t h e s e  l o g s  i n  o rder  t o  r e l a t e  t h e  f l i g h t  pa th  f i l m  t o  

t h e  geophys ica l  da ta .  



2b. P roduc t ion  

The fol lowing t a b l e  summarizes t h e  produc t ion  du r ing  t h e  

survey ope ra t ions :  

FL T NON PRODUCTIOfJ 
DATE KL PRODUCTION PX EOPT SFERICS MAG 

WX - weather 

EQ PT - equipment problems 

SFERICS - atmospher ic  no ise  ( tweaks) 

MAG - magnetic storm 

Arr ived i n  
B a r r i e r e .  

Other work. 

Other work 

And o t h e r  
work. 

T i e - l i n e  
compl e ted .  
Departed 
B a r r i e r e .  



Ecju ipment 

The survey equipment and He l i cop te r  used f o r  t h e  survey 

a r e  summarized i n  Appendices A and B,  r e s p e c t i v e l y .  B r i e f l y ,  t h e  

fo l lowing  equipment was u t i l i z e d  f o r  t h e  survey: '  

a )  B e l l  205A-1 He1 i c o p t e r  (Canadian R e g i s t r a t i o n  C-GLMC) ; 

b)  ~ a r r i n g e r / Q u e s t o r  Mark V I  INPUT E.M. System; 

c )  Geometries Model 803 Proton P reces s ion  Magnetometer ; 

d )  Sonotek Acqu i s i t i on  System; 

e )  RMS Analog Recorder; 

f )  Geocam 3 5 m .  f rame/s t r ip  camera; 

g )  Sperry  Radar Al t imete r ;  

h )  D ig ida t a  D i g i t a l  Recorder. 

The equipment, such a s  t h e  INPUT system, magnetometer and 

r ada r  a l t i m e t e r  were r egu la r ly  c a l i b r a t e d  a t  t h e  beginning and end of 

each survey f l i g h t  as we l l  as i n  mid- f l igh t ,  whenever necessary.  

D e t a i l s  of t h e  c a l i b r a t i o n  procedures  a r e  given i n  Appendix C. 

The cont inuous c h a r t  speed of t h e  RMS recorder  was set a t  4 

ins/min. or  10 cm./min. 

Survev Personne l  

The survey crew was made up of t h e  fo l lowing  exper ienced  

Ques to r  and Trans Canada employees: 

Geophys ic i s t  Dan Martyn 

P i l o t  Bob Masson (Trans Canada) 

Navigator B i l l  Smith 

Operator Dan Makos 

Engineer John Caza (Trans Canada) 



2e. Magnet ic  D i u r n a l  

D i u r n a l  v a r i a t i o n s  i n  t h e  e a r t h ' s  magne t i c  f i e l d  had been 

r e c o r d e d  u s i n g  a base  s t a t i o n  equ ipped  w i t h  a  Geometries Model 

826 P r o t o n  P r e c e s s i o n  Magnetometer. I t  was moni to red  

p e r i o d i c a l l y  d u r i n g  t h e  day f o r  s e v e r e  d i u r n a l  changes  (magne t i c  

s t o r m s ) .  A v a r i a t i o n  of g r e a t e r  t h a n  20nT over  a  5 minute  t i m e  

p e r i o d  was c o n s i d e r e d  t o  be a  magne t i c  s torm. During such an 

e v e n t ,  t h e  su rvey  would normal ly  have  been d i s c o n t i n u e d  o r  

pos tponed and t h e  survey d a t a  would h a v e  been scrubbed.  

The base  s t a t i o n  was set up a t  t h e  Y-Motel i n  B a r r i e r e ,  

B r i t i s h  Columbia. 

S e v e r a l  c o n t r o l  l i n e s  were  f lown over  t h e  l a r g e r  su rvey  

b l o c k s ,  a t  approx imate ly  r i g h t  a n g l e s  t o  t h e  t r a v e r s e  l i n e  

d i r e c t i o n s .  For t h o s e  t r a v e r s e  l i n e s ,  c r o s s e d  by one o r  more 

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

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

t a b u l a t e d  t h e  magnet ic  v a l u e s  and g r a d i e n t s .  

The d i f f e r e n c e s  were a n a l y s e d  and a c o r r e c t i o n  was 

a p p l i e d ,  where r e q u i r e d ,  t o  t h e  magne t i c  f i e l d  i n  t h e  form of a 

l i n e a r  s l o p i n g  datum a long  t h e  t r a v e r s e  l i n e .  

2 f .  Recovery 

The f l i g h t  p a t h  of t h e  H e l i c o p t e r  by a f r ame  camera on 

b l a c k  and w h i t e ,  125  ASA, 3 5 m .  f i l m .  The a p e r t u r e  s e t t i n g  on 

1$1 
E t h e  camera can  be manually a d j u s t e d  by t h e  o p e r a t o r  d u r i n g  

f l i g h t ,  a s s u r i n g  t h e  proper  e x p o s u r e  of t h e  f i l m .  The camera i s  

f i t t e d  w i t h  a  wide a n g l e  1 8 m .  l e n s .  



Recovery of t h e  f l i g h t  pa th  i s  performed by comparing t h e  

n e g a t i v e  of t h e  f i l m  t o  t h e  topographic  f e a t u r e s  of t h e  recovery 

mosaic. Coincident  f e a t u r e s  a r e  picked and p l o t t e d  on t h e  

mosaic. They a r e  annotated w i t h  a f i d u c i a l  number ( t iming  mark) 

which is p r i n t e d  on t h e  f i lm.  P o i n t s  a r e  picked a t  an  average 

i n t e r v a l  of one per k i lomet re  whenever poss ib l e .  On t h e  f i n a l  

p r e s e n t a t i o n s ,  t h e  picked p o i n t s  a r e  i n d i c a t e d  on t h e  f l i g h t  -pa th  

by means of a dot .  Major f i d u c i a l s  a r e  marked a s  t i c k s  a long  t h e  

f l i g h t  l i n e ,  and t h e  f i r s t  and l a s t  t i c k s  on a l i n e  a r e  numbered. 

These f i d u c i a l  marks a r e  i n t e r p o l a t e d .  A l is t  of t h e  picked 

p o i n t s  a r e  given a t  t h e  end of t h e  r e p o r t ,  accord ing  t o  l i n e  

number. 

The process ing  of t h e  f i l m  and recovery of t h e  f l i g h t  

pa th  a r e  performed i n  t h e  f i e l d  by t h e  d a t a  t echn ic i an .  The 

recovery is  kept up on a d a i l y  b a s i s  a s s u r i n g  proper  f l i g h t  l i n e  

coverage of t h e  job and immediate i n t e r p r e t a t i o n  of t h e  INPUT 

r e s u l t s .  

The completed f l i g h t  pa th  is d i g i t i z e d  a c c u r a t e l y  on a 

f l a t - b e d  d i g i t i z e r  a t  QUESTOR us ing  t h e  picked p o i n t  

co-ord ina tes .  The recovery is then  r o u t i n e l y  v e r i f i e d  by a 

computer program speed checkv , which f l a g s  any a b n o r m a l i t i e s  i n  

t h e  d i s t a n c e  per  f i d u c i a l  u n i t  between picked p o i n t s  on a 

t r a v e r s e  l i n e .  A s  a  f i n a l  check, t h e  rough magnetic contour  maps 

a r e  examined f o r  contour i r r e g u l a r i t i e s  t h a t  could be a t t r i b u t e d  

t o  recovery e r r o r s .  



3. DATA PRESENTATION 

3a. MaD Compilat ion 

I n  p r e p a r a t i o n  f o r  t h e  survey,  a l l  necessary  topographic  
- 

maps and a i r  photographs were secured  from B.C. Maps, Min is t ry  of 

t h e  Environment and prepared f o r  n a v i g a t i o n a l  and f l i g h t  pa th  

recovery purposes  by QUESTOR SURVEYS LIMITED. 

The photomosaic used i n  t h e  f i e l d  f o r  t h e  f l i g h t  s t r i p s  

and f l i g h t  pa th  recovery was pho tog raph ica l ly  en l a rged  from a 
- 

c o n t r o l l e d  or  tho-photographic mosaic, which was c o n s t r u c t e d  from 

1982, 1:50,000 photographs. Th i s  photomosaic was a t  a s c a l e  of 

1:50,000. The f i n a l  d a t a  p r e s e n t a t i o n  is  on a sc reened  c r o n a f l e x  

photomosaic base map a t  a s c a l e  of 1:10,000. The f l i g h t  pa th  

recovery was done on a s t a b l e  unscreened photomosaic mylar base.  

The e l ec t romagne t i c  and magnetic d a t a  was computer processed a t  

QUESTOR and p l o t t e d  by DATAPLOTTING SERVICES INC. , Toronto, Ont. 

3b. Products  

The fol lowing produc ts  a r e  supp l i ed :  

i a c o n t r o l l e d  or tho-photographic  mosaic base  

map using 1982 a e r i a l  photography a t  a scale 

of 1:10,000; 

ii) a photomosaic base map showing f l i g h t  l i n e s ,  

Elect romagnet ic  anomal ies, and i n t e r p r e t a t i o n  

a t  a s c a l e  of 1:10,000; 

iii) white p r i n t s  of t h e  above; 

i v )  Xerox cop ie s  of t h e  f l i g h t  l og ;  

V )  anomaly d a t a  s h e e t s  ; 



v i )  a photomosaic base map showing combined 

Electromagnet ic  and Magnetometer r e s u l t s  w i t h  

f l i g h t  l i n e s  a t  a s c a l e  of 1:10,000; 

v i i )  a  c l e a r  Cronaf lex ove r l ay  showing con tou r s  of 

t h e  magnetic t o t a l  f i e l d  a t  10 gamma i n t e r v a l s  

a t  a  s c a l e  of 1:10,000; 

v i i i )  computer gene ra t ed  analogue p r o f i l e s  a t  a  

s c a l e  of 1:10,000; 

i x )  an Applicon r e g u l a r  co lou r  and shadow p l o t  of 

t h e  magnetics t o  cover t h e  e n t i r e  survey a r e a  

a t  a  s c a l e  of 1:50,000 with  major topography 

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

X) b r i e f  i n t e r p r e t a t i v e  r epo r t .  

4. GEOLOGICAL PERSPECTIVE 

The e n t i r e  survey block i s  covered wi th  Devonian rock 

u n i t s  and i n  some a reas ,  may even be o l d e r  rock types .  The 

bedding of t h e  i nd iv idua l  rock u n i t s  a r e  q u i t e  t h i c k ,  anywhere 

from 1200 metres  t o  2500 metres. 

Beginning a t  t h e  nor th  end of t h e  survey block,  near  

Johnson Lake, a t h i ck  l a y e r  of medium t o  dark green ca l ca reous  

c h l o r i t e  s c h i s t  and f ragmental  s c h i s t  de r ived  l a r g e l y  from ma£ i c  

t o  i n t e r m e d i a t e  v o l c a n i c  and v o l c a n i c l a s t i c  rocks;  l e s s e r  amounts 

of l imes tone  and dolostone;  minor amounts of q u a r t z  i t e ,  grey 

p h y l l i t e ,  and s e r i c i t e - q u a r t z  p h y l l i t e .  S t r a t i g r a p h i c a l l y  below 

t h i s  u n i t  is a t h i ck  l a y e r  of Tsh inak in  l imestone.  I t  i s  

e s t i m a t e d  t o  be upwards t o  1400 met res  t h i c k ,  and cove r s  t h e  



middle h a l f  of t h e  survey block. Below t h i s  u n i t  i s  another  

l a y e r  of ca l ca reous  c h l o r i t e  s c h i s t .  The l a y e r  i s  q u i t e  t h i c k  

and ex tends  beyond t h e  sou thern  boundary of t h e  survey a rea .  

I f  one r e f e r s  t o  t h e  geology map, ~ r e l i m l n a r y  Map No. 56 ,  

it w i l l  be noted t h a t  a  major nor th-south f a u l t  zone t r a v e r s e s  

through t h e  e a s t e r n  edge of t h e  block. East  of t h i s  f a u l t  zone,  

towards t h e  sou theas t  edge of t h e  block,  t h e r e  e x i s t s  a l a y e r  of 

dark t o  l i g h t  grey s i l i c e o u s  and/or g r a p h i t i c  p h y l l i t e ,  

c a l c a r e o u s  p h y l l i t e ,  l imestone,  c a l c - s i l  i c a t e ,  che r ty  q u a r t z  i t e .  

S t r i k e  d i r e c t i o n  tends  t o  be east-west  a l though  i n  

i s o l a t e d  a r e a s ,  a  nor thwest-southeast  d i r e c t i o n  occurs .  

D i r e c t i o n  of d ip ,  i n  r e f e r r i n g  t o  t h e  geology map, is  toward t h e  

n o r t h  or n o r t h e a s t  wi th  a t t i t u d e s  i n  t h e  range of 35' t o  50'. 

Overburden i s  considered t o  be g e n e r a l l y  r e s i s t i v e  w i th  a 

few i s o l a t e d  l o c a t i o n s  being p o s s i b l y  conduct ive .  These would be 

i n  a r e a s  where one channel and some two channel anomalies have 

been p l o t t e d .  

INPUT INTERPRETATIOW 

A l l  i n t e r p r e t e d  n a t u r a l  E.M. anomal ies  have been 

s e l e c t e d .  They a r e  p l o t t e d  as t o  t h e i r  f l i g h t  l i n e  l o c a t i o n s  and 

anomaly-type c l a s s i f i c a t i o n  on t h e  i n t e r p r e t a t i o n  map. Two t y p e s  

of anomalies have been d i s t i n g u i s h e d  and they a r e  bedrock and 

s u r f i c i a l .  There a r e  no c u l t u r a l  (man-made) conduc tors  i n  t h e  

survey a rea .  
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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 

a l l  s e l e c t e d  anomalous r e s p o n s e s  i n  numer ica l  sequence ,  The 

1 i s t i n g  i n c l u d e s  t h e  f o l l o w i n g  s p e c i f i c a t i o n s  f o r  each anomaly : 

anomaly number, f i d u c i a l  l o c a t i o n ,  anomaly t y p e ,  " channe l  

c l a s s i f i c a t i o n ,  ampl i tude  of c h a n n e l s  one t o  s i x  i n  

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

a s s o c i a t e d  magne t i c  peak l o c a t i o n ,  i n t e n s i t y  of magne t i c  anomaly 

i n  nT and a l t i t u d e  of a i r c r a f t  above t h e  ground s u r f a c e  i n  

metres. The anomaly l a b e l  is comprised of f o u r  e l ements ,  f o r  

exampl e : 

20200A 

2 - f i r s t  d i g i t  s i g n i f i e s  t h e  b lock  (BLOCK B ) ;  

020 - n e x t  t h r e e  d i g i t s  s i g n i f y  t h e  f l i g h t  l i n e  number 

( l i n e  2 0 ) ,  c o n t r o l  l i n e s  a r e  d i f f e r e n t i a t e d  by 

having a number 9 i n  t h e  f i r s t  p o s i t i o n ;  

0  - £ i f  t h  d i g i t  i n d i c a t e s  t h e  number of f l i g h t  

a t t e m p t s ;  

A - a  l e t t e r  i s  a s s i g n e d  t o  each anomaly, which 

cor responds  t o  t h e  anomaly' s s e q u e n t i a l  o r d e r  

a l o n g  t h e  f l i g h t  l i n e .  N a t u r a l  a n o m a l i e s  a r e  i n  

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

smal l  l e t t e r s .  

Q u e s t o r ' s  a l p h a b e t  i s  as f o l l o w s :  

ABCDEFGHJKLMNPRSTWYZ . 



I n  a d d i t i o n  t o  t h e  s t anda rd  anomaly parameters ,  an 

"anomaly t y p e n  c l a s s i f i c a t i o n  has  been added. The l e t t e r s  

c o r r e l a t e  w i th  t h e  p l o t t e d  symbols accord ing  t o  t h e  fo l lowing  

t a b l e :  

Anomalv T v ~ e  Response Source Svmbol 

( s e e  map l egend)  

Blank 

s 

bedrock conductor c i  r c u l  a r  

s u r f i c i a l  (overburden diamond 
o r  l a k e  bottom) 

up-dip, accessory  h a l f  c i r c l e  and h a l f  
peak t o  main response diamond, t h e  diamond 

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

poorly de f ined  
response 

a s t e r i s k  "*" i n  
lower l e f t  quad ran t  

C c u l t u r e  squa re  
Responses c l a s s i f i e d  a s  "P" a r e  poor ly  de f ined  bedrock 

anomal ies  which e x h i b i t  r e l a t i v e l y  weak INPUT s i g n a t u r e s .  

P o t e n t i a l l y ,  responses  of t h i s  weak n a t u r e  could be t h e  r e s u l t  of 

a  deeply b u r i e d  bedrock conductor o r  conduc t ive  overburden. 

I n  a d d i t i o n  t o  t h e  p l an  p r e s e n t a t i o n s  of t h e  INPUT 

anomalies,  l i s t e d  i n  Sec t ion  3 ( a ) ,  a  s c a l e d  p r o f i l e  map of t h e  

E.M. channel  1 ampli tudes  have been p l o t t e d .  No f i l t e r  has  been 

a p p l i e d  t o  t h e  raw da ta .  The p r o f i l e  is provided i n  t h i s  r e p o r t .  

I t  i n t r o d u c e s  a  v i s u a l  comparison of consecu t ive  responses  w i t h  

r e s p e c t  t o  t h e i r  response c h a r a c t e r i s t i c s  (ampl i tude  and wid th )  

and t h e i r  s p a t i a l  p o s i t i o n  t o  one another .  

The survey a r e a  c o n t a i n s  a  b e l t  of fo rmat iona l - type  

bedrock conductors ,  which occupy t h e  e a s t e r n  s i d e  of t h e  block. 

They have been re fe renced  on t h e  i n t e r p r e t a t i o n  map by numbers 8 a  



t o  8  j and 9a  t o  9d. They co inc ide  w i t h  a  prominant N-S f a u l t  

system. The f a u l t  system has d i s r u p t e d  t h e  fo rma t iona l  

conductors ,  which is ev iden t  by t h e  o f f s e t  of conduc tors  8 a  and 

8b w i t h  t hose  of 8 f  and 89 and t h e  ab rup t  t e r m i n a t i o n  of 

conduc tors  9a  t o  9d a long t h e  f a u l t .  Th i s  would sugges t  t h a t  t h e  

f a u l t i n g  occur red  a f t e r  t he  format ion of t h e s e  conductors .  

Conductors 9 a  t o  9d appear a s  d i s c r e t e  conduc tors  bu t  i n  a c t u a l  

f a c t  they a r e  p a r t  of a  much longer  conduc t ive  t r e n d  of 

fo rma t iona l  conductors  j u s t  o u t s i d e  t h e  block. The fo rma t iona l  

conduc tors  gene ra l ly  e x h i b i t  moderate conduc t iv i ty - th i ckness  

v a l u e s  and channel  ampli tudes i n d i c a t i n g  near -sur face  o r i g i n s .  

Conductor dep ths  have been e s t ima ted  f o r  a  few s e l e c t  anomalies.  

They a r e  p l o t t e d  on t h e  i n t e r p r e t a t i o n  map. 

Normally, fo rmat iona l  conduc tors  a r e  taken t o  be of no 

economic importance because most a r e  mine ra l i zed  w i t h  g r a p h i t e  

and/or i r o n  su lph ides .  However, i n  t h i s  reg ion ,  they may have 

some s i g n i f i c a n c e  because of t h e i r  d i r e c t  o r  i n d i r e c t  

r e l a t i o n s h i p s  w i th  c o n t a c t  zones  and s h e a r  zones. For example 

t h e  Kamad S i l v e r  occurrence is s i t u a t e d  i n  h igh ly  p y r i t i c  q u a r t z  

s e r i c i t e  s c h i s t  a long t h e  nor th  s i d e  of Sinmax Creek Val ley .  Its 

m i n e r a l i z a t i o n  occurs  along shea r  zones,  which i n t e r s e c t s  t h e  

hos t  a t  a  smal l  angle.  The Adams S i l v e r  occur rences  near  t h e  

head of Spil lman Creek on t h e  p l a t e a u  a r e  l o c a l i z e d  a t  

volcanic-sedimentary c o n t a c t s  t h a t  a r e  f r e q u e n t l y  a s s o c i a t e d  w i t h  

format iona l - type  conductors. 



Conductors 7a and 7c have been i n t e r p r e t e d  a s  a r i s i n g  

from conduc t ive  surf  i c i a l  sediments,  The l o c a l  topography may 

have encouraged t h e  depos i t i on  of conduc t ive  sediments  i n t o  t h i c k  

r ibbon- l ike  depos i t s .  These d e p o s i t s  g i v e  r i s e  t o  p a r t i c u l a r l y  

d e c e p t i v e  responses ,  which o f t e n  e x h i b i t  qu i ck  decay r a t e s ,  e a r l y  

channel  d e t e c t i o n  and broad amp1 i t u d e s .  On t h e  otherhand,  

c o n t a c t  and shear  zones t h a t  a r e  poor ly  mine ra l i zed  w i t h  

g r a p h i t e / i r o n  su lph ides  have been known t o  g i v e  s i m i l a r  weak 

responses .  A qu ick  ground survey u t i l i z i n g  a  VLF i n s t rumen t  

would a i d  i n  r e so lv ing  t h e  source  of t h e s e  t h r e e  conductors.  

A s  a  persona l  p re fe rence ,  I have chosen 6 t a r g e t s ,  which - 
I cons ide r  t o  be high p r i o r i t y  follow-up t a r g e t s .  They show good 

promise of o r i g i n a t i n g  from massive s u l p h i d e  m i n e r a l i z a t i o n .  The 

p rev ious ly  mentioned format iona l  conduc tors  a r e  a s s igned  medium 

p r i o r i t y  s t a t u s e s .  While t h e  remaining randomly s i t u a t e d  

i n t e r c e p t s  i n  t h e  survey a rea  a r e  low p r i o r i t y  t a r g e t s  due t o  

t h e i r  very weak na ture .  A b r i e f  summary of t h e  s i x  t a r g e t s  

fo l lows :  

CONDUCTOR 1 

I n t e r c e p t  : 2053 1 M  

I n t e r c e p t  20531M i s  a  weak t h r e e  channel  anomaly whose 

channel  ampli tudes  and r a t i o  i n d i c a t e  a bedrock source  of 

moderate conduc t iv i ty  t o  be s i t u a t e d  sub-surface.  The overburden 

cover i n  t h e  survey i s  non-conductive. Therefore ,  maximum 

p e n e t r a t i o n  of t h e  system is l i k e l y  and good d i s c r i m i n a t i o n  of 

weak conduc tors  such a s  20531M a r e  p o s s i b l e ,  The conductor i s  

l o c a t e d  j u s t  no r th  of a  long fo rma t iona l  conductor (8e)  . 



A t  t h e  p r e s e n t  time, it is f e l t  t h a t  CONDUCTOR 1 is  an i s o l a t e d  

conductor and no t  p a r t  of conductor 8e. T h i s  is  based on 

d i s s i m i l a r  response s i g n a t u r e s  between t h e  two conduc tors  and t h e  

f a c t  t h a t  CONDUCTOR 1 does  no t  e x a c t l y  correspond t o  t h e  N-S 

s t r i k e  of CONDUCTOR 8e. 

I n t e r c e p t s :  20451A, 20462A, 20471A. 

CONDUCTOR 2  appears  t o  be a  weak bedrock conductor t h a t  

has  a  s t r i k e  l e n g t h  of approximately 500 metres.  It ex tends  j u s t  

o u t s i d e  t h e  western  survey boundary t o  a  weak i n t e r c e p t  on f l i g h t  

l i n e  20442N. The conductor e x h i b i t s  a  weak conductance,  which 

e x p l a i n s  t h e  apparent  s t agge r  of t h e  i n t e r c e p t  p o s i t i o n s  on 

e i t h e r  s i d e  of t h e  i n t e r p r e t e d  conductor a x i s .  The conductor is  

s i t u a t e d  a long  t h e  southwestern  f l a n k  of a  l a r g e  magnet ic  high.  

Th i s  a s s o c i a t i o n  sugges t s  t h a t  t h e  sou rce  of c o n d u c t i v i t y  may 

perhaps  a r i s e  a s  a  r e s u l t  of a  mine ra l i zed  con tac t .  

CONDUCTOR 3 

I n t e r c e p t  : 20402A 

I n t e r c e p t  20420A i s  an excep t iona l  INPUT response.  Its 

response c h a r a c t e r i s t i c s  and d i s c r e t e  l o c a t i o n  away from any 

fo rma t iona l  conductors  makes it a  prime cand ida t e  f o r  a high 

p r i o r i t y  ground i n v e s t i g a t i o n .  The channel  ampl i tudes  of i ts  

response a r e  smal l  and broad i n d i c a t i n g  t h a t  it o r i g i n a t e s  from a  

deep bedrock source ,  perhaps i n  t h e  neighbourhood of 75 met res  

below t h e  su r f ace .  I ts channel r a t i o s  r evea l  a  h igh ly  conduc t ive  

source  of 17 siemens. This  high c o n d u c t i v i t y  could  a l s o  mean 

t h a t  t h e  conductor i s  of s i g n i f i c a n t  s i z e  and mass. 



Magnet ical ly ,  t h e r e  appears  t o  be no d i r e c t  magnetic 

a s s o c i a t i o n  wi th  t h e  i n t e r c e p t .  I f  t h e r e  had been a smal l  

magnetic c o r r e l a t i o n  (5  t o  50nT),  p y r r h o t i t e  m i n e r a l i z a t i o n  would 

have been suspected.  - 
I n t e r c e p t :  20402B 

I n t e r c e p t  20402B i s  p a r t  of a conduc t ive  t r e n d  t h a t  

con t inues  some 600 metres beyond t h e  n o r t h e r n  survey boundary i n  

a nor thwest  d i r e c t i o n .  The conductor is  s i t u a t e d  by i t s e l f  and 

does  no t  appear  t o  belong t o  any major b e l t  of fo rma t iona l  

conductors .  The conductor a t  i n t e r c e p t  20402B is  very  conduc t ive  

and i s  b u r i e d  i n  t h e  v i c i n i t y  of 50 t o  75 met res  below t h e  

s u r f a c e .  A c l o s e  look a t  i n t e r c e p t  20402B on t h e  analogue 

r eco rds  r e v e a l s  t h a t  i t s  response i s  asymmetrical  i n  shape. T h i s  

asymmetry is  a t t r i b u t e d  t o  a s h e e t - l i k e  conductor,  which is  

d ipp ing  t o  t h e  southwest.  

CONDUCTOR 5 

I n t e r c e p t :  20422B 

CONDUCTOR 5 is an i s o l a t e d  zone of c o n d u c t i v i t y ,  which i s  

be l i eved  t o  o r i g i n a t e  from w i t h i n  t h e  bedrock. Due t o  t h e  weak 

n a t u r e  of t h e  response a s  we l l  a s  i t s  shape,  it can be s a i d  t h a t  

t h e  source  is  l o c a t e d  f a i r l y  c l o s e  t o  t h e  su r f ace .  I t  war ran t s  a 

h igh  p r i o r i t y  ground check because of i ts  d i s c r e t e n e s s  and 

p robab le  bedrock o r i g i n .  Its source  may be of l i m i t e d  s i z e  and 

dep th  e x t e n t  bu t  i s  s u f f i c i e n t l y  conduc t ive  t o  be coupled w i t h  an 

a i r b o r n e  e l ec t romagne t i c  system. 



CONDUCTOR 6 

I n t e r c e p t s :  20450L, 20462C 

The conductor has  been i n t e r c e p t e d  by two anomalies 

w i t h i n  t h e  survey block and by another  of s i m i l a r  q u a l i t y  on l i n e  

20442, immediately o u t s i d e  t h e  n o r t h e r n  boundary. The s t r i k e  

d i r e c t i o n  of t h e  conduc to r ' s  a x i s  a g r e e s  w e l l  wi th  t h e  f l a n k  of a  

l o c a l  magnetic high. This  sugges t s  t h a t  t h e  conductor may have 

formed i n  a  geo log ica l  con tac t .  A s  t o  its depth,  an  e s t i m a t e  of 

75 met res  has  been determined assuming t h e  conductor i s  s t e e p l y  

d ipp ing ,  o therwise  t h i s  va lue  would be an ove re s t ima t ion .  

I n  terms of o rde r ,  t h e  o t h e r  f i v e  t a r g e t s  should  be 

i n v e s t i g a t e d  p r i o r  t o  CONDUCTOR 6  simply because they show b e t t e r  

promise of o r i g i n a t i n g  from massive su lph ides .  

CONCLUSIONS AND RECOMMENDATIOM 

The INPUT survey has r evea l ed  6  zones of bedrock 

c o n d u c t i v i t y ,  which shows good promise of massive sulphide-  

bea r ing  conductors.  The conductors  have been b r i e f l y  d e s c r i b e d  

i n  t h e  r e p o r t  and a r e  ass igned  high p r i o r i t y  ground follow-up 

s t a t u s e s .  

Numerous format ional-  type  conduc tors  have been 

i n t e r c e p t e d  i n  t h e  survey. These conduc tors  should be f u r t h e r  

examined by t h e  P r o j e c t  Geologis t  w i th  t h e  a i d  of a v a i l a b l e  f i e l d  

geophysics ,  geology and geochemical in£ ormation t o  e v a l u a t e  t h e i r  

i n d i v i d u a l  s i g n i f i c a n c e  i n  terms of c o n t a i n i n g  concealed massive  

su lph ide  mine ra l i za t ion .  



If a  d e t a i l e d  a i r b o r n e  magnet ic  i n t e r p r e t a t i o n  h a s  n o t  

a l r e a d y  been done i n  t h e  survey a r e a ,  it  would be w e l l  worth t h e  

e f f o r t .  

P r o j  ect Geophys i c i s t .  
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APPENDIX A 

+~elicoDter Sv BARRINGER/OUESTOR MARK VI INPU stem 

The INduced Pulse Transient (INPUT) method is a system 

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 helicopter. 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 atter the 

termination of each primary pulse. Detection of the secondary 

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

air core form, mounted in a PCV plastic shell called a "bird" and 

towed behind and below the helicopter on 76 metres (250 feet) of 

coaxial cable. The received signal is processed and recorded by 

equipment within the helicopter. 

The axis of the receiving coil may be vertical or 

horizontal relative to the flight direction. In rolling or hilly 

terrain the standard or horizontal coil axis is preferred, 

although in steep terrain, the vertical axis coil optimizes 

coupling with horizontal or dipping stratigraphy. 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 of 



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 t'he 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 

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 

~alf* sine 

2.0 millisec 

3.56 millisec 

67 volts 

200 amperes 

46 amperes 

Coil Area 177 m.2 (1,904 fto2) 

Coil Turns 4 

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

INPUT SIGNAL 

Figure A1 



Sample Gate Windows (centre positions) Widths 
Q 

CII 1 
CH 2 
CH 3 
CH 4 
CH 5 
CH 6 

Sample Interval 

340 sec 
540 
840 
1240 
1740 
2340 

200 sec 
200 
400 
400 
600 
600 

0.5 sec 

Integration Time Constant 1.3 sec 

Bird Position behind Aircraft (at 40 kt) 19 metres 

Bird Position below Aircraft (at 40 kt) 73 metres 

Receiver features: Power Monitor 50 or 60 Hz 

50 or 60 Hz and Harmonic Filter 

VLF Rejection 

Spheric Rejection (tweak) Filter 

SAMPLING OF INPUT SIGNAL 

-- Channel c.n(r.a 

Figure A2 



DATA ACOUISITION SYSTEM 

Sonotek SDS 1200 

9 track 800 BPI ASCII 

Includes time base Intervalometer, Fiducial System 

CAMERA 

Geocam 75 SF 

35 mm continuous strip or frame - 
Digidata Model 1139 

OSCILLQSCOPE 

Tektronix Model 305 

Honeywell Visicorder WS 4010 

Kodak Light Sensitive Pape (15cm) 

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

fine and coarse Magnetics, Altimeter, vertical and horizontal 

timing lines and fiducial markers. 

AJJTIMETER 

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 sensot 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. 



HONEYWELLANALOQUE CHARTRECORDER 

SONOTEK DATA SYSTEM 

0 TRACK TAPE RECORDER 

36mm TRACKINQ CAMERA INTERFACE. OSCILLOSCOPE 6 T.C.U. 

TRANSMITTER 

R A D A R  ALTIMETER INPUT@EQUIPMENT INSTALLATION TOWED 'BIRD' ASSEMBLY 

QUESTORIBARRINGER MARK VI "INPUT"@SYSTEM EQUIPMENT 



Figure B1 

Manufacturer 

Type 

Bell Helicopter Company 

205A-1 

Canadian Registration C-GLMC - present installation 
Date of INPUT Installation May 1982 

Modifications: 

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. 



UT Svstem C h a r a c t e r i s t i c 6  

a )  Geometry - 

The INPUT sys tem,  a  t i m e  domain airborneeelectromagnetic 

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

a i r f r a m e  w h i l e  t h e  r e c e i v e r ,  r e f e r r e d  t o  a s  t h e  ' b i r d 1 ,  

t y p i c a l l y  i s  towed 1 9  m e t r e s  beh ind  and 73 metres below t h e  

h e l i c o p t e r  a t  a  s u r v e y  a i r s p e e d  of  4 0  k n o t s .  The a c t u a l  s p a t i a l  

p o s i t i o n  of  t h e  b i r d  i s  dependen t  on t h e  a i r s p e e d  o f  t h e  s u r v e y  

h e l i c o p t e r ,  a s  can  be  s e e n  i n  F i g u r e  C 1 .  

(HELICOPTER) 
EFFECT OF AIR SPEED ON BIRD POSITION 

30m 40m metres 

10m - 

5Om 

60m 
70 

6 0 

70m 
5 0  

CABLE 40 

80m Air Speed (knots) 

F i g u r e  C 1  



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 be calculated 

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: 

Lag (seconds) = time constant + rd 1au (metres) 
ground speed (metres/sec) 

- - - . . P - --- 

Figure C2 
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, 

The time c o n s t a n t  i n t r o d u c e s  a 1 . 3  second l a g  w h i l e ,  a t  a n  

a i r c r a f t  v e l o c i t y  of 40 k t . ,  t h e  ' b i r d '  l a g  is 1 second.  The - 

t o t a l  l a g  f a c t o r  which is t o  b e  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 ;  i s  2.3 seconds .  I t  must be  n o t e d  t h a t  these two 

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

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

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

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

The o f f s e t  of a  conductor  r e s p o n s e  peak is a f u n c t i o n  o t  t h e  

sys tem and conduc to r  geometry a s  well a s  c o n d u c t i v i t y .  

The magne t i c  d a t a  h a s  a  1.0 second  l a g  f a c t o r  i n t r o d u c e d  

r e l a t i v e  t o  t h e  r e a l  t ime  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  i s  

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

t h e  l e a d i n g  edge ( l e f t  end)  of  e a c h  s t e p  ' b a r ' ,  f o r  b o t h  t h e  f i n e  

and c o a r s e  s c a l e s .  For example, a  m a g n e t i c  v a l u e  p o s i t i o n e d  a t  

f i d u c i a l  10.00 on t h e  r e c o r d s  would be s h i f t e d  t o  f i d u c i a l  9.95 

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

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

c o r r e c t  50-60 Hz moni tor  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  p r o c e s s i n g .  I n  c a s e s  where a  50-60 Hz s i g n a l  is i n d u c e d  i n  

a l o n g  f o r m a t i o n a l  c o n d u c t o r ,  a  50-60 Hz secondary  e l e c t r o m a g n e t i c  

t r a n s i e n t  may be  d e t e c t e d  a s  much a s  5 km. from t h e  d i r e c t  s o u r c e  

over  t h e  c o n d u c t i v e  h o r i z o n .  

The a l t i m e t e r  d a t a  h a s  no l a g  i n t r o d u c e d  a s  i t  is  r e c o r d e d  

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



c) Calibration 

The major advance made during the transition from the INPUT 

MK V to the INPUT MK VI has been the ability to calibrate the 

equipment accurately and consistently. Field tests at 

established test sites are carried out on an average of once 

every 6 months to check the consistency of the INPUT 

installations available from QUESTOR. 

To calibrate the equipment for a survey operation the 

following tests are used: 

1) "ZEROn the digital and record background E.M. levels; 

2) magnetometer scale calibrations; 

3) altimeter calibration; 

4) calibration of INPUT receiver gain; 

5) aircraft compensation; 

6) record background E.M. levels at 600 m.; 

7) survey flight; 

8) record background E.M. levels at 600 m. 

9) record full scale INPUT receiver gain; 

10) record compensation drift; 

11) terminate or repeat from step 4. 

This sequence of tests may be repeated in midflight given 

that the duration of the flight is sufficiently long. 

Typically, this process is conducted every 2 hours of actual 

flying time and at the termination of every flight. 

The background levels are recorded and then used to 

determine the drift that may occur in the E.M. channels during 

the progression of a survey flight. If drift has occurred, the 
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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 framedo£ 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 600 metres in 



order to eliminate the influence of external geological and 

cultural conductors. 
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The magnetometer, altimeter and INPUT receiver gain are 

also calibrated at the initiation of every survey flight. With 

the magnetometer, there are two scales, a coarse and a fine 

scale. The fine scale indicates a 10 gamma change for a 1 cm. 

change in amplitude (Figure C2). The coarse scale moves 2 mm. 

(or 1 division) for a 100 gamma change with full scale,2 cm., 

indicating a 1000 gamma shift. 

The altimeter (Figure C 4 ) ,  is calibrated to indicate 400 

feet altitude at the seventh major division (7 cm.), read from 

the bottom of the analog record. This is the nominal flying 



height of INPUT surveys, wherever relief and aircraft 

performance are not limiting factors. The eighth major 

division correlates with 300 feet while the sixth corresponds 

with 500 feet in altitude. 

Power Line 
monilor 

Ch. 6 

ch. 6 
ch. 4 
ch. 3 

ch. 2 

Altimeter 

Magnelometel 

F ~ n e  Scale 

Coarse Scale 

Figure C4 

The INPUT receiver gain is expressed in parts per million 

of the primary field amplitude at the receiver coil. At the 

'bird', the primary field strength is 8.5 and 8. volts peak- 

to-peak, for the vertical and horizontal axis coils respect- 

ively or 4.2 and 4.0 volts peak amplitude. The calibration 

signal introduced at the input stage of the receiver is 4.0 mV. 

Expressed in parts- per-million, this induces a change of: 

4 x 1 0 3 x l . Q  - = 1,000 ppm (vertical coil) 
4.2 

These calibration signals (Figure C5) cause an 8 cm. 

deflection of all 6 traces which translates to a sensitivity of 

125 ppm/cm. for the vertical axis receiver coil system. 



Figure C5 
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with t h e  cha r t  speed increased from t h e  normal 0.25 cm. 

t o  2.5 cm, per second, t h e  time cons tan t  of t h e  system (Figure  

c 6 ) ,  can be obtained by a n a l y s i s  of t h e  exponent ial  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 cons tan t ,  is 

defined a s  t h e  time f o r  the  c a l i b r a t e d  vol tage  t o  b u i l d  up o r  

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

cons tant  reduces background noise  but  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,  



Denotes position at 63.2% Peak 
Calibration Amplitude 

F i g u r e  C6  

T h i s  t r a d e - o f f  i n d i c a t e s  t h e  impor tance  of s e l e c t i n g  a n  

optimum v a l u e  f o r  t h e  time c o n s t a n t .  Exper ience  and y e a r s  of 

t e s t i n g  have i n d i c a t e d  t h a t  a  time c o n s t a n t  of 1.3 second  d o e s  

n o t  impede i n t e r p r e t a t i o n  of bedrock s o u r c e  c o n d u c t o r s .  



1 d) Depth Penetration Capabilities 

There are many factors which effect the depth of 

penetration. These factors consist of: 

1) altitude of the helicopter above the ground; 

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 helicopter INPUT MARK VI system has responded to conductors 

located at a depth of 200 metres (650 feet) below the surface. 



APPENDIX D 

INPUT Data Processing 

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 

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) Levelling Electromagnetic Data 

I 
Instrument drift, recognized by viewing compressed data 

from several hours of survey flying, is corrected by an 



i n t e r a c t i v e  l e v e l l i n g  program. Although on ly  two o r  t h r e e  

c a l i b r a t i o n  sequences a r e  normally recorded,  t h e  QUESTOR 

technique  permi t s  t h e  use  of m u l t i p l e  non-anomalous background 

r eco rd ings  t o  d i v i d e  a p o s s i b l e  p r o b l e m a t i c a s i t u a t i o n  i n t o  

segments. A l l  6 INPUT channe ls  a r e  l e v e l l e d  s imul taneous ly ,  

y e t  independent ly .  The s e n s i t i v i t y  of t h e  l e v e l l i n g  p roces s  i s  

normally b e t t e r  than  10 ppm on d a t a  w i th  a peak-to-peak n o i s e  

l e v e l  of 30 ppm. 

c )  Data Enhancement 

Normal INPUT process ing  does  n o t  i nc lude  t h e  f i l t e r i n g  of 

e l ec t romagne t i c  da t a .  The r e s i d u a l  h igh f requency v a r i a t i o n s  

o f t e n  apparen t  on analog INPUT d a t a ,  is  due a lmost  wholly t o  

" s p h e r i c s " ,  atmospheric s t a t i c  d i s cha rges .  I n  conduc t ive  

environments,  s p h e r i c s  a r e  a p p a r e n t l y  grounded and e t f e c t i v e l y  

f i l t e r e d .  I n  r e s i s t i v e  environments,  f requency spectrum 

a n a l y s i s  and subsequent FFT ( F a s t  Four i e r  Transform) f i l t e r s  

have been a p p l i e d  t o  d a t a  t o  reduce t h e  n o i s e  envelope.  

d )  S e l e c t i o n  of EM Anomalies 

The l e v e l l e d  d a t a  may be viewed s e q u e n t i a l l y  on a g r a p h i c s  
I 

s c r e e n  f o r  t h e  s e l e c t i o n  of INPUT anomalies.  Anomalies a r e  

s e l e c t e d  by a l i g n i n g  a cu r so r  t o  t h e  p o s i t i o n  of t h e  peaks. 

Some of t h e  parameters  of t h e  response a r e  manually e n t e r e d  

du r ing  t h e  p ick ing  of t h e  response.  These inc lude  t h e  number 
- 

- 

of channe ls  above background l e v e l s  and t h e  t ype  of anomaly, 

e.g. c u l t u r a l ,  bedrock, s u r f i c i a l ,  up-dip, e t c .  
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INPUT INTERPRETATION PROCEDURES 

The INPUT system is dependent upon a  d e f i n i t e  r e s i s t i v i t y  

c o n t r a s t  and i s  most s u i t a b l e  f o r  h i g h l y  conduc t ive  massive 

s u l p h i d e s .  D i f f e r e n t i a t i o n  i s  p o s s i b l e  between f l a t - l y i n g  

s u r f i c i a l  conductors  and bedrock conductors .  

The s e l e c t i o n  of anomalies i s  based on t h e i r  

c h a r a c t e r i s t i c s  and i n t e r p r e t a t i o n  is sometimes enhanced by 

ana lyz ing  t h e  magnetics. Sphe r i c s ,  due t o  a tmospher ic  s t a t i c  

d i s c h a r g e s  and l i g h t n i n g  s to rms ,  a r e  d i s t i n g u i s h a b l e  from 

conduc t ive  anomalies. I n  t h e  a n a l y s i s  of each conductor anomaly, 

t h e  fo l lowing  parameters  may be cons idered :  anomaly shape wi th  

t h e  conductor p a t t e r n ,  topography, corresponding magnet ic  

f e a t u r e s ,  anomaly decay r a t e ,  t h e  number of channe ls  a f f e c t e d ,  

g e o l o g i c a l  environment and s t r i k e  d i r e c t i o n  and t h e  i n t e r p r e t e d  

d i p  r e l a t i v e  t o  s t r u c t u r a l  f e a t u r e s .  

For each anomaly s e l e c t e d ,  t h e  fo l lowing  a r e  recorded: 

l o c a t i o n  by f i d u c i a l ,  channel  ampl i tudes  i n  p a r t s  pe r  m i l l i o n ,  

number of channe ls ,  conduc t iv i ty - th i ckness  i n  siemens,  

corresponding magnetic a s s o c i a t i o n  i n  gammas, magnetic f i d u c i a l  

l o c a t i o n  a l t i t u d e  of a i r c r a f t  above ground i n  met res  and a l s o ,  t h e  

o r i g i n  of t h e  response ( i e .  s u r f i c i a l ,  bedrock, c u l t u r a l ) .  

Conductive responses  a r e  c a t e g o r i z e d  i n t o  t h r e e  main 

groups.  These a r e  bedrock, s u r f i c i a l  and c u l t u r a l .  

Bedrock conductors  can be s o r t e d  i n t o  conduc t ive  sou rces  

which a r e  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) . 

passive Sulahideq 

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 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 1000 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 bedditficult 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 applled 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 wlll vary wlth the 

horizontal and vertical extent of the zone. Gold deposits otten 

fall wlthin 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. 

Gra~hitic Carbonaceous Conductors 

Carbonaceous sediments are usually found within the 

sedimentary facies of Precambrian and Proterozoic 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. 



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. 

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 otfset 

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 Peridotitea 
. . 

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. 



anetite 

INPUT anomalies over massive magnetites correlate to the 

total Fe content. Below 25-30% 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. 

. . rficial Conductors 

Surficial conductors are characterized by fast decay rates 

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 are not dependent on flight 

direction. In profile form, surficial responses are symmetrical 

from line-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. 

w 
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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