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I INTRODUCTION 

The NAP C l a i m  Group w a s  s t a k e d  i n  1973 t o  cover 

a s t a i n  zone on t h e  east  s i d e  o f  Napier Lake. The s t a i n  

zone w a s  found t o  be caused by a sheared  s i l i c e o u s  rock 

c o n t a i n i n g  1 t o  1 0 %  d i s semina ted  p y r i t e .  Copper and z i n c  

geochemical anomalies occur  i n  t h e  area o f  p y r i t e  minera l -  

i z a t i o n .  N o  base  metal s u l p h i d e s  w e r e  observed w i t h  t h e  

p y r i t e ,  b u t  overburden obscures  m o s t  of  t h e  zone 

( R e b a g l i a t i ;  J u l y  31, 1973) .  

I n  1973, a program o f  pe rcuss ion  d r i l l i n g  w a s  

under taken  t o  e x p l o r e  f o r  copper-zinc m i n e r a l i z a t i o n  

w i t h i n  t h e  known p y r i t i c  zone and t o  determine t h e  e x t e n t  

o f  t h e  zone. The d r i l l i n g  l o c a t e d  an area o f  low-grade 

copper  m i n e r a l i z a t i o n  ( R e b a g l i a t i ;  November 3 0 ,  1973) .  

The widely spaced ,  s h o r t  pe rcuss ion  h o l e s  

demonstrated t h a t  e x t e n s i v e  areas o f  commercial mineral-  

i z a t i o n  do n o t  occur  a s s o c i a t e d  wi th  t h e  p y r i t i c  zone. 

However, t h e  p o s s i b i l i t y  e x i s t s  t h a t  narrower zones o f  

economic grade  minera1izat i .cn could  occur  p a r a l l e l  t o  

t h e  east-west s c h i s t o s i t y ,  and t h i s  p o s s i b i l i t y  w a s  n o t  

thoroughly i n v e s t i g a t e d  by t h e  widely spaced h o l e s  o f  

t h e  1973 program. Such m i n e r a l i z a t i o n  could  be d e t e c t e d  

by an electromagnetometer .  An EM survey  w a s  done i n  t h e  

p e r i o d  from June 6 t o  June  11 and t h i s  r e p o r t  w a s  p repared  

June 1 4  t o  June 1 6 ,  1 9 7 7 .  

, 
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I1 LOCATION 

The NAP C l a i m  Group i s  2 1  m i l e s  sou th  of  Kamloops 

The p rope r ty  i s  on N.T.S. i n  t h e  Kamloops Mining Div i s ion .  

Shee t  92-1-8 a t  l a t i t u d e  50°25'N, l o n g i t u d e  1 2 O o 1 7 ' W .  

I11 ACCESS 

Highway #5 l i e s  j u s t  w e s t  o f  t h e  wes tern  edge o f  

t h e  p rope r ty .  A g r a v e l  road  branches  from Highway # 5  a t  

t h e  n o r t h  end o f  Napier Lake, and ex tends  t o  t h e  n o r t h e a s t  

c o r n e r  of t h e  p r e s e n t  claim group. 

I V  CLAIMS 

The NAP C l a i m  Group c o n s i s t s  of C l a i m s  NAP 3-8 

i n c l u s i v e  wi th  Record Numbers 1258646-69G i n c l u s i v e .  

V TOPOGRAPHY AND VEGETATION 

Napier Lake i s  a t  an e l e v a t i o n  of 2 ,371 f e e t  i n  

a f a i r l y  s t eep - s ided  v a l l e y  about  300 f e e t  deep. E a s t  of 

t h e  v a l l e y ,  t h e  count ry  rises i n  g e n t l y  r o l l i n g  t e r r a c e s  

which are covered by g r a s s  and a few f i r s ,  p i n e s  and 

p o p l a r s .  The trees a r e  conf ined  t o  smal1,moist  dep res s ions  

and narrow water  c o u r s e s ,  a l l  o f  which are dry  a t  s u r f a c e  

i n  t h e  summer. 

, 
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ELECTROMAGNETIC SURVEY 

The p i c k e t  l i n e s  e s t a b l i s h e d  i n  1973 were re- 

e s t a b l i s h e d  a t  t h e  beginning  o f  t h e  survey.  I n  t h e  a r e a  

o f  the d isseminated  p y r i t e ,  a l l  t h e  p i c k e t s  had been 

knocked down ove r  t h e  y e a r s .  The area o f  t h e  claim 

group which i s  u n d e r l a i n  by t h e  p y r i t e  zone was t e s t e d  

by u s i n g  a Sharpe SE 200  e lectromagnetometer .  

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

and a h o r i z o n t a l  loop r e c e i v e r  (see Appendix). I n  areas of  

good v i s i b i l i t y ,  a c e n t r a l  t r a n s m i t t e r  s t a t i o n  w a s  used,  and 

t h e  r e c e i v e r  w a s  moved f o r  each reading .  

l i n e  t r a v e r s i n g  w a s  done wi th  bo th  t h e  t r a n s m i t t e r  and 

receiver moving a long  t h e  same l i n e  200  f e e t  a p a r t .  The 

eas t e rnmos t  l i n e ,  Line 59E, was read by t r a n s m i t t i n g  from 

Line 57E and moving bo th  t r a n s m i t t e r  and r e c e i v e r  f o r  each 

reading .  

The SE 2 0 0  

I n  o t h e r  areas, i n -  

V I I  RESULTS O F  SURVEY 

The r e s u l t s  are p l o t t e d  on 1" = 4 0 0 '  scale i n  

o r d e r  t o  be  compat ib le  wi th  data  c o l l e c t e d  d u r i n g  1973. 

I t  w a s  found t h a t  t h e r e  are no areas of  h igh  

c o n d u c t i v i t y  w i t h i n  t h e  d i s semina ted  p y r i t e  zone (see 

map i n  p o c k e t ) .  One area o f  weak c o n d u c t i v i t y  w a s  found 

i n  t h e  area n o r t h  o f  t h e  zone, b u t  t h i s  area co inc ided  w i t h  

marshy ground and i s  judged t o  b e  o f  no i n t e r e s t .  



VIII CONCLUSIONS 

The electromagnetometer  d i d  n o t  r e v e a l  t h e  

p re sence  o f  conduct ive  bod ies  w i t h i n  t h e  d i s semina ted  

p y r i t e  zone. I f  it i s  dec ided  t o  i n v e s t i g a t e  f u r t h e r  

t h e  low-grade copper m i n e r a l i z a t i o n  r evea led  by t h e  

p e r c u s s i o n  d r i l l i n g  program, it would be  necessa ry  t o  

c a r r y  o u t  an induced p o l a r i z a t i o n  survey on s e v e r a l  

l i n e s  which cross t h e  d isseminated  p y r i t e  zone. 

IX RECOMMENDATIONS 

It  i s  recommended t h a t  t h e  r e s u l t s  o f  t h e  

electromagnetometer  survey  be a p p l i e d  as assessment  

work t o  ho ld  t h e  ground u n t i l  a d e c i s i o n  i s  made 

about  f u r t h e r  work on t h e  p rope r ty .  
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APPENDIX FIELD OPERATION 

I I NTR ODUC T I  ON 

Elec t romagnet ic  p r o s p e c t i n g  for h i g h l y  conduct ive  m i n e r a l i z a t i o n  
" k 

has  l o n g  been recognized  as a f a s t ,  e f f i c i e n t ,  c o u n t e r p a r t  of magnetic 

I 

p r o s p e c t i n g .  Numerous conduct ive  m i n e r a l  d e p o s i t s  are r e l a t i v e l y  non- 

magnet ic  and w i l l  be overlooked by a magnet ic  survey.  Other e l e c t r i c  

p r o s p e c t i n g  methods r e q u i r e  probes i n  c o n t a c t  w i t h  t h e  ground o r  l o n g  

s t r a n d s  of e l e c t r i c a l  c a b l e  t o  be  dragged or l a i d  o u t  in'xthe surveyed 

a r e a .  A s  no w i r e s  connect  t h e  t r a n s m i t t e r  t o  t h e  r e c e i v e r  and t h e  

a 

d i s t a n c e  between o p e r a t o r s  i s  n o n d c r i t i c a l  t h e  SE-200 e l ec t romagne t i c  

", method i s  i d e a l  f o r  r econna i s sance  s e a r c h  through rough count ry .  

The u l t r a  l i g h t  weight  t r a n s i s t o r i z e d  SE-200 has  made p o s s i b l e  a 

new dimension of f reedom i n  e l e . c t ronagne t i c  p r o s p e c t i n g .  I n  t h e  p a s t  

25,000 t o  50,000 c.p.3. s i g n a l s  were used i n  o r d e r  t o  make t r a n s m i t t e r s  

p o r t a b l e .  These low r a d i o  f r equency  s i g n a l s  were no t  e f f e c t i v e  t o  

. d e p t h s  g r e a t e r  t h a n  25 f e e t .  To e x p l o r e  t o  dep ths  of a few hundred f e e t  

low a u d i o  f r e q u e n c i e s  were employed. However, t h e  t r a n s m i t t e r s  r e q u i r e d  

weighed a lmost  one hundred pounds and were n o t  p o r t a b l e  d u r i n g  o p e r a t i o n .  

The SE-200 t r a n s m i t t e r  i s  t h e  u l t i m a t e  answer t o  b o t h  t h e s e  problems. 

The weight  of t h e  SE-200 t r a n s m i t t e r  i s  t e n  pounds.and t h e  f r equency  of 

1,200 C.P.S.  i s  chosen a s  the most e f f e c t i v e  for s u l p h i d e  e x p l o r a t i o n  

t o  d e p t h s  of  200 f s e t .  

The SE-200 i s  equipped t o  per form b o t h  h o r i z o n t a l  t r a n s m i t t e r  l o o p  

and v e r t i c a l  t r a n s m i t t e r  l oop  e l e c t r o m a g n e t i c  surveys .  The use  of a 

combinat ion su rvey  of t h e  h o r i z o n t a l  and v e r t i c a l  t r a n s m i t t e r  l oop  method 

a f f o r d s  twice t h e  i n f o r m a t i o n  normal ly  o b t a i n a b l e  f o r  de t e rmin ing  t h e  

. *  a t t i t u d e  of conduct ing  bodies  ( i . e .  f l a t - l y i n g ,  v e r t i c a l ,  d i p p i n g  60° 

wes t ,  e t c . ) .  I n  Canadian e x p l o r a t i o n  t h i s  w i l l  a s s i s t  g r e a t l y  i n  d i s -  

* c r i m i n a t i n g  f l a t - l y i n g  conduct ive  c l a y  d e p o s i t s  f rom deeper  and u s u a l l y  

v e r t i c a l  bod ie s  of s u l p h i d e  m i n e r a l i z a t i o n .  .. 
- 1 -  
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F u r t h e r ,  t he  use  of t h e  h o r i z o n t a l  t r a n s m i t t e r  loop method is  

advantageous i n  d e t e r m i n i n g  t h e  wid th  of conduct ive  zones w h i l e  t h e  

use  of t h e  v e r t i c a l  t r a n s m i t t e r  l o o p  method has  been wide ly  used f o r  

l o c a t i n g  t h e  c e n t r a l  ax i s  of v e r t i c a l  conduct ive  bodies .  

Rapid e x p l o r a t i o n  methods .with g r e a t e r  r e s o l u t i o n  t h a n  p r e v i o u s l y  

p r a c t i c a l  a r e  made p o s s i b l e  w i t h  t h e  l i g h t  weight  SE-200 t r a n s m i t t e r  

u n i t .  TRese new methods and t h e i r  a p p l i c a t i o n  a r e  d e s c r i b e d  i n  d e t a i l  

on Pages 1 6  t o  18. 

Accura te  dep th  t o  t o p  of conductor  d e t e r m i n a t i o n  has r e l i e d  i n  t h e  

p a s t  upon e m p i r i c a l  i n t e r p r e t a t i o n  of  i d e a l i z e d  e l ec t romagne t i c  p r o f i l e  

t raverses . .  -On Page 19  a d i r e c t  approach t o  t h i s  problem made p r a c t i c a l  

by  t h e  development of  t h e  SE-200 i s  o u t l i n e d .  
.. 

Another of t h e  many new a p p l i c a t i o n s  of t h e  SE-200 i s  t h e ' p r a c t i c a l  

o p e r a t i o n  of  bo th  t h e  t r a n s m i t t e r  and r e c e i v e r  f r o m  l i g h t  w a t e r c r a f t ,  

even 'canoes .  I n  t h e  p a s t  e l e c t r o m a g n e t i c  e x p l o r a t i o n  over l a k e  covered 

a r e a s - h a d  t o  be performed i n  w i n t e r  months when t h e  g e o l o g i s t  was g r e a t -  

l y  hampered. Now it  i s  p r a c t i c a l  t o  perform a s imul taneous  g e o l o g i c a l  

and geophys ica l  r econna i s sance  of l a k e  covered a r e a s  w i t h  a g r e a t  s a v i n i  
! .  

' i n  t ime and c o s t .  

We a r e  c e r t a i n  t h e  mining i n d u s t r y  w i l l  a p p r e c i a t e  t h e  new p o s s i -  

b i l i t i e s  made p r a c t i c a l  w i th  t h e  development of t h e  SE-200 and undoubt- 

e d l y  many new a p p l i c a t i o n s  w i l l  be  r e a l i z e d  b y - . i t s  u s e r s .  In- t h i s  

r e s p e c t  we will be p l e a s e d  t o  r e c e i v e  comments from our customers  S ~ O  

t h a t  new knowledge and s u g g e s t i o n s  may b e  made a v a i l a b l e  ' t d  t h e  advantage 

of t h e  whole mining i n d u s t r y .  
. .  

" l a -  
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i PR'INCIPLES OF ELECTROMAGNETIC PROSPECTING 

Any v a r i a b l e  magnetic f i e l d  w i h  induce e l e c t r i c a l  eddy-cur ren ts  i n  

the medium through which it  passes .  

is propor t iona l  t o  t h e  e l e c t r i c a l  conduc t iv i ty  of  the  medium mul t ip l i ed  

The i n t e n s i t y  of t hese  eddy c u r r e n t s  

' .  
by the  r a t e  of change of t h e  magnetic f i e l d  i n t e n s i t y .  If a source 

( t r a n s m i t t e r )  of an a l t e r n a t i n g  magnetic f i e l d  i s  loca t ed  near p. meta l  

d e p o s i t ,  then anomalously s t r o n g  eddy pur ren t s  w i l l  be induced i n  the  

d e p o s i t  due t.o t h e  m e t a l ' s  high e l e c t r i c a l  conduct iv i ty .  Since a l l  

e l e c t r i c a l  c u r r e n t s  w i l l  produce magnetic f i e l d s  p ropor t iona l  t o  t h e i r  

i n t e n - i t y  of  c u r r e n t  flow., t h e r e f o r e ,  anomalous t r a n s i e n t  magnetic f i e l d s  

w i l l  be found i n  the  v i c i n i t y  of t h i s  s t r o n g  concen t r a t ion  of eddy 

c u r r e n t s .  

If t h e  t r a n s m i t t e r  c o i l  b roadcas ts  a n e a r l y  pure s i g n a l  o f  only one 

f'requency, then  the'se induced eddy c u r r e n t s  w i l l  a l s o  r eb roadcas t  s i g n a l s  

of t h e  same frequency b u t  no t  necessar i l -y  t h e  same phase. A r e c e i v e r  

c o i l  tuned t o  t h e  chosen t r a n s m t t t e r  s i g n a l  f requency  w i l l  then  p i c k  up 
I 

simultaneously b o t h  t h e  d i r e c t l y  t r ansmi t t ed  s i g n a l  and the  eddy c u r r e n t  

s i g n a l .  These s i g n a l s  a r e  then compared i n  ampli tude and phase i n  order  

t o  determine the  l o c a t i o n  of t h e  anomalous/ eddy c u r r e n t s r  
r 

b 

Afte? . p l o t t i n g  t h e  r e s u l t s  on a p l a n  map or i n  p r o f i l e  t h c  a x i s  
) 

( c e n t r e  l i n e )  and s t r ' i k e  l eng th  of t h e  anomalous conductive body i s  

e a s i l y  determined by inspec t ion .  However, r e l i a b l e  i n t e r p r e t s t i o n  a s  

t o  t h e  depth t o  which the  conductor i s  bu r i ed  beneath the  s u r f a c e  and t o  

t h e  width and d i p  of the  conductor r e q u i r e s  t h e  a s s i s t a n c e  of a geo- 

phys i c  i s  t . 
I n  the  n u l l  t i l t  method of t h e  SE-200 system the  r e l a t i v e  s t r e n g t h  

of anomalous eddy c u r r e n t  s i g n a l s  compared t o  the  s i g n a l s  r e c s i v e d  

d i r e c t l y  from t h e  t r a n s m i t t e r  i s  determined by the  amount of t i l t  i n  

degrees  the  combined s i g n a l  has f r o m  t h e  v e r t i c a l  or h o r i z o n t a l .  ( i . e .  

i f  t h e  t r a n s m i t t e r  c o i l  be h o r i z o n t a l  i n  t he  f i r s t  in s t ance  o r  v e r t i c g l  

i n  t h e  second i n s t a n c e ) .  The magnitude of these  eddy c u r r e n t s  w i l l  
- 2 -  
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of course  be i n d i c a t i v e  of t h e  amount 'or degree of anomalous a b c t r i c a l  

conduc t iv i ty  which is p r e s e n t ,  . 
The ' o u t  of phase! s i g n a l  ( i . c .  degree  of s i g n a l  p o l a r i z a t i o n )  i s  

ind ica t ed  by anomalously l a r g e r  n u l l  widths  of s i g n a l .  

Paragraph 2 ,  a l s o  Paragraph d e s c r i b i n g  quadra tu re  on Page 1 4 ) ;  

The measure of ' o u t  of phase '  s i g n a l  i s  i n d i c a t i v e  of t h e  gener,al 

(See Page 9 ,  

a 

s p e c i f i c  conduct iv iby  of t h e  anomalously conduct ive medium. This makes 

i t  p o s s i b l e  t o  determine i f  t h e  cause of the  e lec t romagnet ic  anomaly 1s: 

a good c o n d u c t o p l i k e  massive s u l p h i d e s  as opposed to .moderate  conductors 

such a s  d isseminated  su lph ide  and c l a y  d e p o s i t s .  

Electromagnet ic  systems d e t e c t  a l l  forms of anomalous e l e c t r i c a l  

c o n d u c t i v i t y  i n  t h e  subsur face .  Therefore ,  a l l  anomalies a r e  n o t  

n e c e s s a r i l y  meta l  d e p o s i t s .  A l i s t  i n  o rde r  of expected response of' ' 

n a t u r a l  conductors i s  as f o l l o w s :  

- -  Graphi te  

- G r a p h i t i c  shear  zones  

- Massive su lphjdes  

- S p e c u l a r i t e  Hematite massive 

- Conti.nuous c l a y  conductors  t r a v e r s e d  1200 f e e t  from t r a n s m i t t e r  

- Disseminated su lph ides  (10% m i n e r a l i z a t i o n  o r  b e t t e r )  except  

- Serpen t in i zed  u l t r a  b a s i c  rocks  

. 

SPHALERITE which i s  r e l a t i v e l y  poor conductor 

- S a l i n e  water  

- Continuous c l a y  conductors  t r a v e r s e d  400 f e e t  from t r a n s m i t t e r  

- A n t h r a x a l l t e  

- P y r o l u s i t e  
, 

' -  'Magnetite or  o t h e r  s t r o n g l y  magnetic m a t e r i a l s  w i l l  g ive  moderate 
r e v e r s e  c o n d u c t i v i t y  e f f e c t s .  

, 

' - 3 -  



SE-200 RECEIVER MK. I1 

This r e c e i v e r  a m p l i f i e r  i s  of  a modified design. I t  w i l l  be noted 

t h a t  w i t h  the  SE-100 r e c e i v e r ,  grounding con tac t  was p o s s i b l e  through t h e  

s t a f f .  

t o  avoid poss ib l e  e l e c t r i c a l  i n s t a b i l i t y ,  it has been necessary t o  supply 

A s  the  SE-200 r e c e i v e r  has no s t a f f ,  bu t  a l s o  r e q u i r e s  'grounding1 

a means of making e l e c t r i c a l  contac t  w i t h  t h e  opera tor .  If t h e  w r i s t  

band suppl ied i s  worn i n  a s i m i l a r  manner t o  a watchband i n  4 con tac t  w i th  

the w r i s t  of t h e  r e c e i v e r  ope ra to r ,  t hen  s u f f i c i e n t  grounding i s  a t t a i n e d .  

We would recommend t h a t  t h e  s o u n d i n g  l e a d  be worn i n s i d e  t h e  s h i r t  s leeve  

and coa t ,  i n  order  t o  avoid tanglement i n  t h e  bush. 

grouriding lead  i s  t o  be plugged i n  t h e  smal le r  jack r e c e p t a c l e  - 

the  a m p l i f i e r .  The l a r g e r  jack r e c e p t a c l e  i s  f o r  t h e  headphones. 

The f r e e  end o f  the 

on t o p  of 

Although t h e r e  was i n i t i a i  success  wi th  our prototype instruments  i n  

the  f i e l d ,  it has been found that, b o t n  tun ing  ar,d feedback adjustment a r e  

c r i t i c a l  and dependent. on the  frequency o u t p u ~  by the  t r a n s m i t t e r ,  

The e a r l y  model had e x t e r n a i  adjustment  f o r  frequency tuning  only. 

It  has been noted t h a t  frequency output  by t h e  t r a n s n i t t e r  decreases  

s l i g h t l y  wi th  a drop i n  b a t t e r y  v o l t a g e ,  Therefore ,  when a r e c e i v e r  i s  

c r i t i c a l l y  s e t  f o r  feedback a t  ou r  la3 dur ing  warm weather t he  frequency 

o f  the  t r a n s m i t t e r  output  mag be s l i g h t l y  high compared. t o  frequency o f  

the  t r a n s m i t t e r  output  i n  cooler  n o r t h e r n  weather.  

possible .  i n s t a b i l i t y  w h i s t l e  i n  t h e  r e c e i v e r  a m p l i f i e r .  

The outcome i s  a 

To avoid t h i 3  problem an e x t e r i o r  adjustment for feedback c o n t r o l  

has been added t o  t h e  Nark I1 a m p l i f i e r ,  

A broader rahge of t un ing  has also been made poss ib l e  by p rov i s ion  
-. 

of two tuning cont&ls',  one coarse  and. one f i n e .  

t r a n s m i t t e r  output  s i g n a l  w i t h  b a t t e r y  vol tage  w i l l  be no more t h a n  2 30 

The va r i ance  of t h e  

c .p . s ,  

tuning i n  a range of 2 150 c o p . s O ,  s o  t h a t  t h i s  r e c e i v e r  w i l l  be s u i t a b l e  

f o r  work i n  conjunct ion wi th  a l l  a v a i l a b l e  l O O C  cyFle t r a n s m i t t e r  

However, t he  tun ing  rznge of t h e  cca r se  ad jus tment  a l lows f o r  

-. 

equipment. - - 
, 



FINE TUNING PROCEDURE 

1 

I 

If t h e  rece iver - t ransmi t . te r  spread i s  l e s s  than  400 f e e t ,  f i n e  

tun ing  w i l l  not  be r e q u i r e d  i n  order  t o  o b t a i n  a s u f f i c i e n t l y  loud s i g n a l .  

For t r ansmi t t e r - r ece ive r  spreads g r e a t e r  than  400 f e e t  t h e  fo l lowing  

procedure i s  recommended once each morning and af ternoon:  

( c  1. ,. 

Locate r e c e i v e r  between 400 and 500 f e e t  f r o m  t r a n s m i t t e r .  

Assemble r e c s i v e r  sys  tem 

( i )  Put on w r i s t l e t  ( p r e f e r a b l y  running wire  up t h e  in s ide  
of  s l eeve  and through f r o n t  of  s h i r t  o r  j a c k e t ) .  

Plug i n  w r i s t l e t  jack r e c e p t a c l e .  

( i i)  Plug i n  a m p l i f i e r  t o  c o i l .  

(iii) Plug i n  headphones t o  phone jack r e c e p t a c l e  on 
a m p l i f i e r  u n i t .  

Turn volume c o n t r o l  on t o  f u l l  (maximum clockwise) .  

Turn feedback c o n t r o l  t o  minimum (maximum counter clockwise) 
(Feedback c o n t r o l  i s  d i a l  d i r e c t l y  under and on same s h a f t  a s  
volume c o n t r o l ) .  

When s i g n a l  opera tor  s t a r t s  t r a n s m i t t i n g  tilt  r e c e i v e r  u n t i l  

Maintaining p o s i t i o n  ( d )  t u r n  c o i l  tun ing  c o n t r o l  u n t i l  maximum 
loudness of  s i g n a l  i s  heard.  

Repeat procedure ( d )  and ( e )  wi th  coarse  and f i n e  tun ing  c o n t r o l s  
on ampl i f i e r  . 
Move feedback c o n t r o l  clockwise u n t i l  s i g n a l  s t r e n g t h  i s  
s u f f i c i e n t .  However, l i m i t i n g  s i g n a l  loudness i s  c o n t r o l l e d  
by i n s t a b i l i t y  i f  feedback c o n t r o l  i s  s e t  t o o  f a r  clockwise. 
( A  s teady  w h i s t l e  i n s t ead  of i n t e r r u p t e d  s i g n a l  w i l l  i n d i c a t e  
i n s t a b i l i t y ) .  

S igna l  s t r e n g t h  i s  most  a c c u r a t e l y  judged by reading  d i p  angles  
no t ing  t i l t  angles  i n  degrees  t o  e i t h e r  s i d e  of n u l l  p o s i t i o n  
where t h e  s i g n a l  may be d iscerned .  If no conductors a r e  p re sen t  
optimum performance i s  2 2 0  on e i t h e r  s i d e  of n u l l  w i th  a t r a n s -  
m i t t e r  t o  r e c e i v e r  separation1 of  400 f e e t  o r  2 40 w i t h  a 500 f o o t  
s epa ra t ion .  If a good conductor i s  p re sen t  the  n u l l  widths w i l l  
be sharper .  If a moderate conductor such a s  c l a y  or disseminated 
sulphides  i s  p re sen t  t he  n u l l  widths w i l l  be broader .  

s i g n a l  i s  j u s t  audib le .  * 

' -  5 -  
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The SE-200 leqds. i t se l f  t o  four  b a s i c  t ransmit ter-receiver  configurat ions 

and ?our f i e l d  survey methods. These permit a choice of s ix teen  poss ib le  

, f i e l d  procedures. 

Configuration ' A '  IHethod I I1 I11 IV 
11  I 1  It  I' 11 f B  f I' 

I I  1' I' ' I  I I  'D' 11 

O f  these procedures Configuration t A f  method I has been ividely used i n  

Canadian mining. 

The o ther  methods have o n l y  become p r d c t i c a l  t d t h  t h e  development of t h e  

SE-200. i5ethods I1 and I11 a r e  twice as r a n i d  as the  conventional method 

and explore the surveyed a r e a  more thoroughly. 

detect ing conductors.of s h o r t  stri];e length  and has anique 'depth t o  

Method IV i s  r a p i d  i n  

conductor' determination p o t e n t i a l i t i e s .  

Although method I1 and I11 are r a p i d  and thorough they s t i l l  r e q u i r e  

conventional checking of i n t s r e s t i n p  conductors by Configuration 'A ' 
pethod I with t h e  t ransmi t te r  set on the  apparent conductor a x i s .  This 

enables t h e  i n t e r p e t e r  t o  take  advantage of t h e  empirical  q u a n t i t a t i v e  

i n t e r p r e t i v e  data accumulated over many p a r s  of ex?erience i n  e lec t ro-  

magnetic prospectifig. As th'e back-log of experience grows r i t h  method 11, 

I11 and IV t h i s  l a t t e r  s t e p  i n  the ,program may be circumvented. 

To those who awe r e l a t i v e l y  inexperienced i n  electromagnetic prospecting 

vre would recommend t h e  use of Configuration I A '  method I1 f o r  reconnairjsance 

followed by checkwork using Configuration ' A '  method I i n  which the t a n s -  

mitter i s  l o c a t e 2  on t h s  conductor axis. 



METHOD I CONFIG-mATION ‘A * 
‘Inis i s  t h e  conven t iona l  procedure  u s i n g  Conf igu ra t ion  ‘A). It i s  r e l -  

a t i v e l y  s e l e c t i v e  i n  t h a t  i t  g i v e s  a s t r o n g  r e sponse  on ly  t o  the con- 

d u c t o r s  i n  t h e  immediate v i c i n i t y  of t h e  t r a n s m i t t e r .  

TJsing C o n f i g u r a t i o n  ‘ A 1  ( s e e  diagram Page 10) t h e  t r a n s m i t t e r  o p e r a t o r  

isemains s t a t i o n a r y  whi le  t h e  r e c e i v e r  o p e r a t o r  t a k e s  a r e a d i n g  a t  each  

s t a t i o n  on p a r a l l e l  l i n e s  i n  t h e  v i c i n i t y  of t h e  t r a n s m i t t e r .  

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

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

through t h e  r e c e i v e r  s ta t ion , ,  The r e c e i v e r  o p e r a t o r  a t  each s t a t i o n  w i l l  

hold h i s  r e c e i v e r  c o i l  h o r i z o n t a l  and r o t a t e  t h e  c o i l  about  a n  ax is  pass- 

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

:-,oted, 

c l i n o m e t e r  a t  two p o i n t s  o f  e q u a l  s i g n a l  i n t e n s i t y  and on o p p o s i t e  s i d e s  

I 

. 
For  each  

I t  i s  customary t o  r e c o r d  t h e  d i p  a n g l e  r e a d i n g  of t h e  r e c e i v e r  . 

2: t h e  n u l l  s i g n a l  p o s i t i o n .  The ave rage  of  t h e s e  two a n g l e s  i s  t h e n  

.‘.i?l:’uted a s  t h e  n u l l - t i l t  ang le .  
-I- ___ T h e i r  d i f f e r e n c e  i s  computed as t h e  

nu?-?- wid th .  This  same procedure i s  u s e d . b y  t h e  r e c e i v e r  o p e r a t o r  f o r  .- 

7 j t a i n i n g  n u l l - t i l t  a n g l e s  f o r  311 methods u s i n g  C o n f i g u r a t i o n  * A ’ .  
.. 

On e i t h e r  s i d e  of a conductor  t h e  n u l l - t i l t -  a n g l e s  w i l l  be of o p p o s i t e  

ZTgn, s u c h  t h a t  t h e  p l ane  of t h e  r e c e i v e r  c o i l  f a c e s  d-ownward toward t h e  

c o ~ d u c t o r  ax i s , ,  

s i g n  (pass  through z e r o  a n g l e )  i s  c a l l e d  t h e  c ros sove r  o r  conductor  axis.  

The s t a t i o n  where t h e  computed n u l l - t i l t  ang le s  change 

I t  i s  t o  be  noted  t h a t  i f  t h e  p l a n e  of t h e  r e c e i v e r  c o i l  when n u l l e d ,  
- - -_ -- ------ 

poTn.>; downward away f r o m  t h e  c r o s s o v e r  t h e n  t h e  c rossover -  is-termed a 

r e v e r s e  c r o s s o v e r  and - -  i s  not  a -__-- c o n d u c t i v g s x - i s .  

s t a t i o n s  a r e  u s u a l l y  chosen w i t h i n  1000 f e e t  of each  o t h e r  f o r  recon-  

n d i s s a n c e  work o r  on a suspec ted  conductor  a x i s  f o r  d e t a i l  work. The 

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

th;13 p l a n  map or p r o f i l e .  

-- -- --- - 
T r a n s m i t t e r  s e t -up  

However, w i t h  t h i s  p l o t  t h e  cor responding  t r a n s -  

m i t t e r  l o c a t i o n  should be i d e n t i f i e d .  D i f f e r e n t  v a l u e s  w i l l  of c o u r s e . b e  

~ 3 t a i n e d  f o r  t h e  same s t a t i o n  i f  Q d i f f e r e n t  t r a n s m i t t e r  l o c a t i o n  i s  used. 
- 9- 



INTERPRETATION 

Conf igura t ion  I.4' Method I 

, .Plan V.iew; 

TRAVERSE 
L I N E  

Readings a r e  taken  a t  100 f o o t  i n t e r v a l s  a long  t r a v e r s e  l i n e  
c r o s s i n g  conductor Note t h a t  t r a n s m i t t e r  o p e r a t o r  aims t r a n s m i t t e r  
c o i l  a t  r e c e i v e r ' o p e r a t o r ,  a l s o  r e c e i v e r  operator '  f a c e s  t r a n s m i t t e r  
oppera tor  f o r  each n u l l  t i l t  d i p  angle  de t e rmina t ion .  ( i ' e .  r e c e i v e r  
c o i l  i s  r o t a t e d  about  an  a x i s  pas s ing  throclgh t r a n s m i t t e r  l o c a t i o n ) .  

VERTICAL VIE'iJ FACING NORTH 
. 
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The f o l l o w i n g  performifrice c h a r a e t e r i s t i c s  of t he  v e r t i c a l  loop  

E.M. sys'tem have been compiled from f i e l d  expe r i ence  and modal s t u d i e s .  

They a r e  designed t o  show what t h e  equigment can  do ,  how it w i l l  perform 

under  v a r i o u s  c o n d i t i o n s ,  and what t h e  s i g n i f i c a n t  measurements a r e .  

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

F i g u r e  1 shows t h e  response  from a massive s u l p h i d e  body,  b u r i e d  

by 20 - 30 f e e t  of overburden. Note t h a t  t r a n s m i t t e r  i s  i d e n t i f i e d  for 

each  d i p  a n g l e  p r o f i l e ,  a l s o  t h a t  conduct, ive ax is  fo l lows  t h e  s t e e p e s t  

s l o p e  of p r o f i l e  and no t  n e c e s s a r i l y  t h e  e x a c t  p o i n t s  o f  c r o s s o v m  from 

p o s i t i v e  - t o  n e g a t i v e  d i p  ang le s .  
- -- __ 

_- - # 

50" 25O O3 25O SO0 0 100mxx)400~~ 
L I I I I I 1 
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Figure  2 shows t h e  response of long t h i n  s h e e t  conductors i n  

- 40 
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var ious  a t t i t u d e s  and a t  var ious apex depths .  The cross-over d i sp l ace -  

ment f o r  t he  d ipping  conductors i s  noteworthy, as w e l l  a s  the curve 

s lopes  and magnitudes. T i l t  magnitudes a r e  a l m o s t  optimum s i n c e  the  

geometric l o c a t i o n  of the  c o i l  w i th  r e s p e c t  t o  t he  conductor i s  very 

/ 

favourable .  
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T A G  I M F ' O R ~ A I J T  GEOMETRIC FACTORS A R E  AS FOLLOWS : 

C O U P L I N G :  Depends on t h e  a n g l e  a t  which t h e  t r a n s m i t t e d  s i g n a l  p e n e t r a t e s  

t h e  f a c e  o r  p l ane  o f  t h e  conductor .  If p e n e t r a t i o n  i s  a t  r i g h t  a n g l e s  

(90')  t h e  eddy c u r r e n t s  produced w i l l  be maximum and t h e r e f o r e  t h e  eddy 

c u r r e n t  f i e l d s  and magnitude of r e sponse  w i l l  a l s o  be  maximum.' The degree  

of c o u p l i n g  i s  u s u a l l y  termed a s  100% x c o s i n e  of t h e  a n g l e  between t h e  

s t r i k e  o f  t h e  conductor  a x i s  and t h e  o r i e n t a t i o n  of t h e  p l ahe  of  t h e  t r a n s -  

m i t t e r  c o i l ,  Coupling i s  i n e f f i c i e n t  when t h i s  a n g l e  exceeds 60'. ( i . e c  

. .. 

1 ,  

when p e n e t r a t i o n  i s  a t  a n  a n g l e  l e s s  t h a n  30° ) .  

-. D I P  OF CONDUCTOR: Has s n a l l  e f f e c t  on magnitude of  r e sponse  u n t i l  d i p  i s  

l e s s  t h a n  30° f ron  h o r i z o n t a l .  F l a t - l y i n g  conductors  produce c ross -overs  

at e a c h  edge, and i f  t h e s e  a r e  e x t e n s i v e  conductors  l i k e  c l a y  l a y e r s ,  x a ; -  

mey s h i e l d  t h e  e f f e c t s  f r o m  deeper  conduc to r s .  I n  t h e  l a t t e r  c a s e ,  

effective p e n e t r a t i o n  d e p t h  may be  reduced' b y  a s  much as 50%. 

-'T A ,D SFFECTS: A t t e n u a t i o n  of anomalous s i g n a l s  over  t h e  end of cor2ucLo-L -- 
i s  E p p r e c i a b l e ,  (See F igu re  1) .  Reverse c r o s s - o v e r s  a r e  p o s s i b l e  if tk? 

geometry i s  s u i t a b l e .  ( e . g .  if t h e  t r a n s m i t t e r  l i e s  bstween t h e  concCc.c;c 

a x d  r e c e i v e y  t r a v e r s e )  

I~T,TTPLY COXDTJCTORS: I\ / lult iple conductors  r e a c t  a s  a s i n g l e  conductoi. v;hsn - 
c t o s e l y  spaced and w i l l  produce rn-J l t iple  peaks when s e p a r a t e d  by 100 i'eet 

CL' rncree Idu l t ip l e  c ross -overs  occur i f  s e p a r a t i o r ?  i s  l a r g e .  Dip angle?  

i>r' one condccto:, w i l l  dominate i f  t r a n s m i t k e r  i s  n e a r e s t  t o  5 t *  Somet1r.cj.s 

123 a c t u a l  c ross -over  occurs  a t  second conductor  b u t  on ly  a s t r o n g  p o s i % i v e  

s l o p s  l i 1  p r o f i l e .  

3 E P T 3  OF' COITDUCTOR: Q u a l i t a t i v e  d e p t h s  can  be e s t i m a t e d  f r o m  magnitudes,  

- l o p e ,  r g v e r s e  s l o p e ,  and b r e a d t h  of anomaly. These e s t i m a t e s  r e l y  l a r g e -  

::; on e m p i r i c a l  r e s u l t s .  Large c ~ n d u c t o r s  c a n  be  d e t e c t e d  a t  250 - 405 

f e e t  d e p t h ,  depending on t h e  e l e c t r i c a l  p r o p e r t i e s  o f  t h e  coun t ry  rocks ,  

Scr,ductor s i z e  and degree  of c o n d u c t i v i t y  become i n c r e a s i n g l y  importar,'; 

:ifi%n d e p t h .  

-. 
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However, a t  s u r f a c e  a massive s h e e t l i k e  s u l p h i d o  v e i n  ono inch  t h i c k  and 

s t r i k e  l e n g t h  s e v e r a l  hundred f e e t  can  g i v e  a s t r o n g  r e sponse ,  sometimes 

a s  g r e a t  a s  2 20 degrees .  A t  200 f e e t  d e p t h  o f  t o p  below s u r f a c e  a mass- 

i v e  s h e e t l i k e  s u l p h i d e  v e i n  w i l l  have t o  have a t h i c k n e s s  o f  20 o r  more 

f e e t  t o  g ive  a s i m i l a r  response.  k d i s semina ted  s u l p h i d e  s h e e t  may r e -  

q u i r e  200 f e e t  t h i c k n e s s  a t  d e p t h  or 50 f e e t  t h i c k n e s s  a t  s u r f a c e  t o  

o b t a i n  t h e  same magnitude of r e sponse  e s t i m a t e d  f o r  t h e  above rrassive 
a 

s u l p h i d e  v e i n s .  

SIGNIFICAYT FROFILE CURVE ?ARAi~,TTTFRS A R E  A S  FOLLOWS : - 
YAGNITTJDE: 1'Iaximum peak t o  peak change i n  d i p  a n g l e s  caused by conductor .  

I n  t h e  above example ( F i g u r e  2 ,  Page 10) t h e  magnitude i s  200 + 160 = Z 6 O .  

SLOPE: The s l o p e ,  measured i n  deg rees  p e r  hundred f e e t  of  p r o f i l e ,  of t h e  

p l o t t e d  anomaly b o t h  from t h e  c ross -over  p o i n t  ( c e n t r e  of p o s i t i v e  s l o p e )  

and p a s t  t h e  peak va lues  ( r e v e r s e  s l o p e ) .  

on t h e  f o o t w a l l  s i d e  o f ' n e a r  s u r f a c e  conductors .  The conductor  a x i s  

u s u a l l y  u n d e r l i e s  the  c e n t r e  of  t h e  s t e e p e s t  p o s i t i v e  s lope .  

Both s l o p e s  a r e  u s u a l l y  s t e e p e r  

ASSYTJJTETRY: Depar tu re  of d i p  a n g l e  p r o f i l e  from approximat ing  i d e n t i c a l  
.- 

s l o p e s  on e i t h e r  s i d e  of t h e  conductor  a x i s .  

of t h e  conductor  when t r a n s m i t t e r  i s  l o c a t e d  on conduct ive  axis .  

when t h e  t r a n s m i t t e r  i s  l o c a t e d  a few hun'dreh f e e t  o r  more o f f  t h e  con- 

d u c t i v e  a x i s  t h e  assymmetry w i l l  b e  l a r g e  even f o r  a v e r t i c a l  conduct.or. 

Q'IJADRATURE: The ' o u t  of phase! componknt i n d i c a t e d  by t h e  wid th  of t h e  

' n u l l  ( s e e  Page 9,  Paragraph 2 ) .  

over over  good conductors  (e .g .  massive s u l p h i d e s ) ,  b u t  a r e  b r o a d e s t  

d i r e c t l y  over moderate conductors  (e .g .  d i s semina ted  s u l p h i d e s ) .  Sharpe 

h symmetry i n d i c a t e s  t h e  d i p  

However, 
7 

Nul ls  'broaden on b o t h  s i d e s  of t h e  c r o s s -  

. .  

n u l l s  o r  a minimum of q u a d r a t u r e  a r e  found d i r e c t l y  over  good conductors .  

- i  
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A s  t h e  s t r e n g t h  of t he  s i g n a l  broadcast  by the t r a n s m i t t m  weakens r ap id -  

l y  w i t h  d i s t a n c e ,  i t  w i l l  be noted t h a t  n u l l  widths normally increase  i n  

width p r o p o r t i o n a l l y  t o  t h e  cube of t h e  d i s t a n c e  of  t he  r e c e i v e r  from t h e  

t r a n s m i t t e r  provided no anomalously conductive m a t e r i a l  i s  present .  If 

the  t r a n s m i t t e r  and r e c e i v e r  remain on the  a x i s  of  a long conductive zone, 

t he  n u l l  widths w i l l  be found t o  increase  approximately a s  t h e a s q u a r e  of 

the  d i s t a n c e  of the  t r a n s m i t t e r  from receiveF.  Therefore,  good s i g n a l  

s t r e n g t h  ( smal l  n u l l  wid ths)  may be obtained 2000 f e e t  f r o m  the t r a n s -  

m i t t e r  a long t h e  s t r i k e  of a continuous conductor.  

: 
a 

MISORIENTATION: If t h e  t r a n s m i t t e r  i s  not a c c u r a t e l y  o r i en ted  i n  t h e  

d i r e c t i o n  o f  t h e  r e c e i v e r  c o i l  spur ious  n u l l  t i l t  d i p  angles  w i l l  occur . 

i f  r e c e i v e r  opera tor  i s  e i t h e r  u p h i l l  or downhill  f r o m  t h e  t r a n s m i t t e r .  

For moderate e r r o r  i n  o r i e n t a t i o n  t h e  n u l l  t i l t  d i p  angle  e r r o r  can b e  

c a l c u l a t e d  f r o m  t h e  fo l lowing  formula: 

Transmi t te r  Angle i n  degrees 
liL*nYI n~ null ti l t  - Misor i en ta t ion  i n  degrees x Operator is-above or 

below t r a n s m i t t e r  - 
, a n - - - - "  

U I  I - V I  VI 

angle  i n  UG&i -GC?D 

(Divided by 20) 

FURTHER NOTES: X m t r  must be kept 500 f e e t  or more f r o m  power o r  telephone 

l i n e s  which w i l l  a c t  a s  X m t r s  by induct ion  and w i l l  cause spurious c ross -  

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

Model s t u d i e s  g e n e r a l l y  have employed t a b u l a r  or shee t  conductors. 

Spheres and c y l i n d e r s  w i l l  produce e s s e n t i a l l y  the  same r e s u l t s  bu t  over 

a s h o r t e r  s t r i k e  length .  E.M. t i l t s  a r e  not  d i a g n o s t i c  of conductor 

shape. Cross-overs occur on t h e  s i d e  of t he  conductor n e a r e s t  the  X m t r  

l o c a t i o n .  They a r e  d i sp l aced  downdip a small  d i s t a n c e  ( s l i g h t l y  more down 

d i p  when t h e  Xmtr-Rcr geometry i s  askew) and up-dip when conductor i s  very. 

deep. 

I 

-- 
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METHOD I1 COiWIGURATION 'A 1 

Llethod I1 i s  used f o r  t raverse  l i n e s  t h a t  are more o r  less perpendicular 

t o  t h e  reg iona l  geological  s t r i k e .  
_ - .  

In  t h e  second method the t ransmi t te r  operator  moves simultaneously wi th  

t h e  rece iver  operator  f o r  each s t a t i o n  reading. It i s  des i rab le  f o r  the  

rece iver  operator  t o  be d i r e c t l y  opposite t h e  t r a n s m i t t e r  operdtor on a . 

l i n e  400 f e e t  away and p a r a l l e l  t o  the  t r a n s m i t t e r  opera5or 's  l i n e .  The 

transmitter operator  then need only o r i e n t  h i s  c o i l  perpendicular t o  t h e  

t r a v e r s e  l i n e  f o r  each reading without being concerned about changing 

o r i e n t a t i o n  angles.  

super ior  f o r  reconnaissance survey purposes, i n  t h a t ,  if no conductor i s  

This method i s  twice as  r a p i d  as method I and i s  

present  i t  i s  r a p i d l y  determined and proven more conclusively.  -(Situations 

have occurred where a f a i r ly  shor t  conductor lzy between two t r a n s m i t t e r  
. -  

set-ups i n  method I and thereby was not detected.  Iriethod I1 i s  not prone 

t o  t h i s  e r r o r ) .  However, i f  a conductor i s  present  i t  will always be de- 

t e c t e d  by method 11, but t h e  shape of tne  p r o f i l e  form may show considerable 

d i s t o r t i o n  uhen t h e  results a r e  p lo t ted ,  i .e.  i f  t h e  conductor i s  not per- 

p e d i c u l a r  t o  t h e  t r a v e r s e  l i nes  the  ca lcu la ted  n d l - t i l t  angles v r i l l  be 

l a r g e r  on one s i d e  of t h e  crossover than  on t h e  o ther  s i d e .  Therefore, 

f o r  q n a n t i t a t i v e  in te rpre ta t ion .purposes  i t  i s  a l ~ n y s  bet ter  after completinq 

method 11, i f  t h e  t r a n s m i t t e r  be 'set-up' on crossovers determined by method 

I1 s o  t h a t  they  may be d e t a i l e d  by method I. 

is 'more than 30 degrees o f f  Amrpendicul.ar t o  the  t r a v e r s e  l i n e s  then a 

If t h e  s t r i k e  of t h e  conductor 

maximum tilt angle  w i l l  be observed when the  t ransmi t te r  i s  loca ted  on t h e  

conductor axis. 

, 



KETHOD I11 COIFIGUiZ!\TION ' A f  

Method I11 i s  used f o r  t raverse  l i n e s  t h a t  are s i n g u l a r  such as roads o r  

t r a i l s  or  when traverse l i nes  are more or less p a r a l l e l  t h e  regional  geological 

s t r i k e .  

In the  t h i r d  method the  t ransmi t te r  operator and receiver  operator move s h u l -  

taneously along t h e  same t raverse  l i n e .  It should be noted however, t ha t  t h e  

results wi .11  de-oend on the d i rec t ion  i n  which the  configuration i s  moving. 'One 

way crossovers1 may be expected as the d ip  angles recorded v r i l l  be very large on 

one s ide  of t he  conductor a x i s  and qui te  small  on the  other  s ide .  

d ip  angle srill be observed when the  t ransmi t ie r  i s  loca ted  on the  conductor d s .  

T h i s  means t h a t  t he  s ide  of the  conductor a x i s  on which t h e  l a r g e s t  d ip  angles  

are observed vrill depend on whether the  rece iver  operator i s  ahead o r  behind t h e  

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

t o  t he  t r ave r se  l i n e  no n u l l - t i l t  angle w i l l  be observed with Configuration I A f .  

Therefore, i t  is  suggested t h a t  both Configuration l A f  and Configuration IC' be- 

The m a x i m u m  

I n - t h e  instance t h a t  t h e  conductor axis i s  perpendicular 

read simultaneously i n  Iiethod 111. This i s  possible when t h e  f i r s t  f i f t e e n  

seconds of transmission a r e  used f o r  Configuration ! A r  a t  any one locat ion.  
L 

The 

receiver  operator  may then record this reading while t h e  t r ansmi t t e r  operator i s  

preparing f o r  tra&mission of Configuration ' C f  some seve ra l  seconds l a t e r .  Then, 

upon transmission and recording of both Configurations t h e  t ransmi t te r  and re- 

ceiver operators  move simultaneously onto t h e i r  next s t a t i o n s .  33-200-field 

crews have averaged one minute per 100 foot  s t a t i o n  reading two Configurations 

when using method I1 and 111. 

-\I- -. 



METHOD IV COITIIGURATION ' A t  

In  method I V  the conventional ro le  of the transmitter and receiver is reversed 

i n  t h a t  the receiver operator remains s ta t ionary  while the transmitter operator 

explores. 

. -  

Conductors 200 f e e t  i n  s t r i k e  length or less a r e  very d i f f i c u l t  t o  discover 

with normal1000 cycle EM equipment unless the transmitter happens t o  be located 

very close t o  t h e  conductor . Although, conventional airborne E l l  equipment ~vih 
detect these shorter  conductors they are  of ten missed by ground checkwork since 

4 

t he  d r e m l y  kigh density of t ransmit ter  set-up locat ions required normally is 

time consuming and tedious. 

f o r  the t ransmit ter  operator t o  move through the  bush with the same freedom and 

independence t o  which the rece ivw operator was accustomed. 

least a very high density of transmitter set-up locations i s  a t  l a s t  pract ical  

s ince t ransmit ter  se t -up  time is less than f ive  seconds f o r  each Configuration. 

For method IV observed nu l l - t i l t  angles t r i l l  increase t o  a maximum u n t i l  trans- 

mitter is d i r e c t l y  over the conductor. Once a s ignif icant  or maximum dip angle 

i s  noted by the  receiver operator he w i l l  s igna l  .the t ransmit ter  operator t o  

remain s ta t ionary  while the conductor axis i s  determined by conventional. 

Now with the ul t ra- l ight  SE-200 u n i t  it i s  possible 

Continuous or a t  

traverses.  However, i n  the case of very short  conductors o f  high conductivity 

(massive mineralization) large dip angles may be obtained by method IV and y e t  

no crossover i s  obtainable vrhen the receiver operator c a r r i e s  out conventional 

traverses.  

immediately beside it o r  below it and ef fec t ive ly  the primary s igna l  i s  being 

broadcast frorn.the combination of the conductor and transmitter.  

I n  this instance the t ransmit ter  has coupled with the conductor 

* 
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E P T H  TO'  CONDUCTOR IElTEti X N A T I O N  

A second use of method IV is a fairly direct approach to determination 

of depth to the top of -a conductor below surface. iiaily model curves 

have been worked out for depth datermina5ion u s i n g  method I Configuration 

' A t ,  

ideal of conditions. 

However, these generally prove sstisfactory only under tfle most 

A more direct approach to depth determination is to fix the location of 

the receiver 200 feet off the conductor axis and 4.00 feet along strike 

from the transmitter traverse. 

the transmitter inoving at 50 foot intervals along a traverse running 

200 feet either side of the conductor axis.  If the conductor is wi th in  

50 feet of the surface then null-tilt angles corresponding to transmitter 

locations on o r  within 50 feet of conductor ax is  r i i l l  be considerably 

, Null-tilt reactings are then recorded fop 

larger than null-tilt angles corresponding to transmitter locations 

200 feet off the conductor axis. 

angles on or  off the conductor indicate depth o f  200 feet o r  more. 

Similarly a sr.?all change in observed 

As 

empirical results of such depth determinations become available Sharpe 

Instruments Ltd, expects that this method vsill prove to be extremely 

reliable. 
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C O W I G T J R A T I O N  I B f  

F i e l d  in fo rma t ion  ob ta ined  by use  of Conf igu ra t ion  ' B t  i s  a t  p r e s e n t  

s c a r c e .  The f o l l o w i n g  comments may r e q u i r e  r e v i s i o n  when model studJ.es 

a r e  completed. 

For C o n f i g u r a t i o n  I B f  o p e r a t i o n ,  t h e  t r a n s m i t t e r  i s  h e l d  h o r i z o n t a l -  

l y  and t h e r e f o r e  r e q u i r e s  no o r i e n t a t i o n .  This means t h a t  one man 
I 

o p e r a t i o n  of' t h e  SE-200 i s  p o s s i b l e  f o r  I\lethod I if t h e  t r a k m i t t e r  i s  

taped  ( e l e c t r i c  t a p e )  w i t h  t h e  t r a n s m i t t i n g  b u t t o n  depres sed  and t h e  c o i l  

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

r e a d i n g s  from t h e  v e r t i c a l  w i th  t h e  r e c e i v e r  c o i l  axis o f  r o t a t i o n  pass -  

i n g  through t h e  t r a n s m i t t e r  c o i l  l o c a t i o n .  The r e s u l t s  w i l l  show con- 

s i d e r a b l e  s i m i l a r i t y  t o  C o n f i g u r a t i o n  f A '  p r o f i l e  r e s u l t s .  However, t h e  

f o l l o w i n g  d i s t i n c t i v e  c h a r a c t e r i s t i c s  w i l l  be p r e s e n t :  

Magnitude of' n u l l  t i l t  a n g l e s  w i l l  be  g r e a t l y  a c c e n t u a t e d  a t  con- 

duc to r  edges e s p e c i a l l y  f o r  f l a t  l y i n g  conductors .  

"Slope" and "magnitude" of d i p  a n g l e  p r o f i l e  w i l l  be  g r e a t e s t  f o r  

t r a n s m i t t e r  l o c a t e d  on down d i p  s i d e  of  conductor  a x i s ;  

Magnitudes w i l l  be approximate ly  50% l a r g e r  for f l a t  l y i n g  conduators  

and approx ima te ly  30% s m a l l e r  f o r  v e r t i c a l  conductors  when t r a n s m i t t e r  

l o c a t e d  n e a r  conductor  a x i s .  ( A s  compared t o  Method l A 1 ) .  

For C o n f i g u r a t i o n  IBt c o u p l i n g  and hence magnitude will be v e r y  poor 

for t h i n  v e r t i c a l  conduc to r s  when t r a n s m i t t e r  i s  l o c a t e d  d i r e c t l y  on t o p  

of conduc t ive  a x i s .  However, c o u p l i n g  w i l l  improve g r e a t l y  as t r a n s m i t t e r  

i s  moved 50 o r  100 f'.eet t o  e i t h e r  s i d e  of  t he  conductor  a x i s .  For  t h i c k  

. .  

v e r t i c a l  conductors  improvement i n  magnitude w i l l  be moderate and should 

n o t  be expected u n t i l  t r a n s m i t t e r  i s  50 or 100 f e e t  o u t s i d e  t h e  edges 

of t h e  conductor .  T h e r e f o r e ,  s u c c e s s i v e  t r a n s m i t t e r  s e t u p s  a c r o s s  t h e  

zonductor  a x i s  u s i n g  C o n f i g i n a t i o n  13' may be used t o  i n d i c a t e  t h e  wid th  

or narrowness o f  v e r t i c a L  conduc t ive  zones.  -. 
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Coupling a n t e n u a t e s  v e r y  q u i c k l y  when t h e  t r a n s m i t t e r  i s  removed 

more than  a few hundred f c e t  f rom conductor  ax is ,  The re fo re ,  Configura-  

t i o n  ' B t  w i l l  d i s c r i m i n a t e  advantageous ly  a g a i n s t  a second conductor  a 

few hundred f e e t  away. (Twice a s  e f f e c t i v e l y  as C o n f i g u r a t i o n  ' A 1 ) .  

C o n f i g u r a t i o n  IBI i s  no t  dependent  upon a c c u r a t e  o r i e n t a t i o n  o f  
- .  

. ,  

t r a n s m i t t e r  c o i l  a s  i s  C o n f i g u r a t i o n  I k f .  Also, i t  i s  r e l 2 t i v e l y  f r e e  

of t opograph ica l  e r r o r s  due t o  e l e v a t i o n  of  r e c e i v e r  above or below 

t r a n s m i t t e r .  However, i n  t h e  l a t t e r  c a s e  t h e  r e c e i v e r  o p e r a t o r  will be 

r e q u i r e d  t o  judge c a r e f u l l y  t h e  d i r e c t i o n  i n  which t h e  t r a n s m i t t e r  l i e s  

and should  t i l t  t h e  ax is  of r o t a t i o n  of t h e  r e c e i v e r  c o i l  u p h i l l  or down- 

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

CONFIGURATION ' C '  

I n  C o n f i g u r a t i o n  ' C '  t h e  a x i s  of t h e  t r a n s m i t t e r  c o i l  i n s t e a d  of t h e  

p lane  of  t h e .  t r a n s m i t t e r  c o i l  i s  aimed a t  t h e  r e c e i v e r  o p e r a t o r .  The 

r e c e i v e r  c o i l  measures n u l l  t i l t  a n g l e s  from t h e  h o r i z o n t a l  about  a n  a x i s  

pe rpend icu la r  t o  t h e  l i n e  j o i n i n g  t r a n s m i t t e r  and r e c e i v e r .  ( i . e .  t i l t  

ang le s  a r e  t aken  t o  and from t h e  t r a n s m i t t e r  d i r e c t i o n ) .  If a conductcr  

l i e s  between t r a n s m i t t e r  and r e c e i v e r  t h e  n u l l  t i l t  a n g l e s  w i l l  be  away 

f r o m  t h e  t r a n s m i t t e r  such  t h a t  t h e  p l a n e  of t h e  r e c e i v e r  c o i l  when nu l l ed  

s l o p e s  downward away f r o m  t h e  t r a q s m i t t e r  c o i l .  If t h e  conductor  i s  on 

t h e  f a r  s - - '  of t h e  r e c e i v e r  o p e r a t o r  t h e  n u l l  t i l t  a n g l e s  w i l l  ti,lt 

towards t h e  t r a n s m i t t e r .  

WARNING:  S i n c e  t h e  r e c e i v e r  o p e r a t o r  w i l l  be on a n  a n g l e  u p h i l l  o r  

downhi l l  from t h e  t r a n s m i t t e r  t h i s  a n g l e  will be added t o  t h e  anomalous 

n u l l  t i l t  a n g l e .  T h e r e f o r e ,  i t  w i l l  be of t h e  utmost  importance t h a t  t h e  

r e c e i v e r  o p e r a t o r  r e c o r d  whether  he i s  moving u p h i l l  or downhi l l .  I t  

w l l l  t h e n  be p o s s i b l e  t o  e l i m i n a t e  t h e  more obvious topograph ica l  e f f e c t s  

d u r i n g  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 ,  
-. 
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C o n f i g u r a t i o n  f C f coup les  b e s t  w i t h  v e r t i c a l  conductors  s t r i k i n g  
,? 

perpend icu la r  t o  t h e  l i n e  j o i n i n g  t r a n s m i t t e r  and r e c e i v e r  o r  s h o r t  con- 

d u c t o r s  of u n c e r t a i n  s t r i k e  l e n g t h  l y i n g  between or i n  t h e  v i c i n i t y  of 

t h e  t r a n s m i t t e r  o p e r a t o r  and r e c e i v e r  o p e r a t o r .  These .conductors prob- 

a b l y  would remain unde tec t ed  by a su rvey  u s i n g  C o n f i g u r a t i o n  ' A 1  only.  

I n  t h e  case  o f  a broad conductor  u n d e r l y i n g  b o t h  t h e  t r a n s m i t t e r  
4 

and r e c e i v e r  t h e  t i l t  a n g l e s  w i l l  l i k e w i s e  d i p  towards t h e  t r a n s m i t t e r  

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

c onduc t i v  e med ium. 

Under i d e a l  c o n d i t i o n s  t h i s  d i p  a n g l e  may be d i a g n o s t i c  of t h e  

* s p e c i f i c  c o n d u c t i v i t y  of a broad nea r  s u r f a c e  conductor .  

It  should be noted  t h a t  a maximum d i p  a n g l e  and n o t  a c ross -over  

occurs  o p p o s i t e  or over a conductor .  

CONFIGURATION ID l 

In  C o n f i g u r a t i o n  1 D f  t h e  t r a n s m i t t e r  i s  h e l d  h o r i z o n t a l l y  a s  i n  l B I ,  

However, n u l l  t i l t  d i p  a n g l e s  a r e  r e a d  i n  deg rees  f rom v e r t i c a l  about  an  

a x i s  p e r p e n d i c u l a r  t o  t h e  l i n e  j o i n i n g  t r a n s m i t t e r  and r e c e i v e r  (1.e.  

t ilt  a n g l e s  ape r e a d  w i t h  t h e  r e c e i v e r  c o i l  r o t a t i n g  such  t h a t  t h e  t o p  

and bot tom a r e  moving towards and away from t h e  t r a n s m i t t e r ) .  & a h ,  as 

i n  C o n f i g u r a t i o n  ' C t  t h e  n u l l  t i l t  a n g l e s  w i l l  i n c l u d e  t h e  a n g u l a r  d i r -  

placement u p h i l l  or downhi l l  of t h e  r e c e i v e r  o p e r a t o r  w i t h  r e s p e c t  t o  

t h e  . t r a n s m i t t e r .  T h e r e f o r e ,  t h e  r e c e i v e r  o p e r a t o r  should  r e c o r d  

n o t a t i o n s  of  h i s  approximate-  e l e v a t i o n  f o r  each r e a d i n g  or a t  l e a s t  

whether he i s  moving u p h i l l  o r  downh i l l  on h i s  t r a v e r s e .  

Maximum c o u p l i n g  w i l l  be ob ta ined  for h o r i z o n t a l  conductors  l y i n g  

under t h e  t r a n s m i t t e r .  For l a r g e  s h e e t l i k e  f l a t l y i n g  conduc to r s  e f f e c t i v e  

d e p t h  of e x p l o r a t i o n  may be 50% g r e a t e r  t h a n  t h e  sp read  between t r a n s -  

m i t t e r  and r e c e i v e r .  
, 
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However, a maximum of e f f e c t i v e  d e p t h  of e x p l o r a t i n n  i s  reached when 

t h e  t r a n s m i t t e r  - r e c e i v e r  s e p a r a t i o n  approaches 400 f e e t .  For Csd ' ig -  

u r a t i o n  'A1 t h e  maximum e f f e c t i v e  d e p t h  of e x p l o r a t i o n  i s  o b t a i n e d  over  

v e r t i c a l  s h e e t l i k e  d e p o s i t s  w i t h  a t r a n s m i t t e r  - r e c e i v e r  s e p a r a t i o n  of 

approximate ly  600 f e e t .  I n  t h e  l a t t e r  c a s e  l i m i t i n g  d e p t h  of e x p l o r a t i o n  

i s  cons ide red  t o  be 400 t o  500 f e e t  f o r  i d e a l  'orebodi.es '  and a minimum 

of conduc t ive  overcover  
a 

For C o n f i g u r a t i o n  a nd i n  t h e  c a s e  of  f l a t l y i n g  o r  sha l low d i p p i n g  

conductors  when t h e  t r a n s m i t t e r  i s  d i r e c t l y  over t h e  conductor  n u l l  t i l t  

a n g l e s  w i l l  be s m a l l  and s l i g h t l y  n k g a t i v e  ( t o p  of r e c e i v e r  C o i l  away from 
. .  

. t h e  t r a n s m i t t e r )  a s  l o n g  a s  r e c e i v e r  a l s o  remains over  t h e  conductor .  
, I  

Once t h e  r e c e i v e r  i s  o u t s i d e  t h e  ' conduc t ive  a r e a '  t h e  n u l l  t i l t  a n g l e s  

w i l l  change t o  p o s i t i v e  a n g l e s  ( t o p  of r e c e i v e r  c o i l  towards t r . a n s m i t t e r )  

and w i l l  b u i l d  up t o  a maximum p o s i t i v e  a n g l e  w i t h i n  a f e w  hundred f e e t  

o u t s i d e  t h e  conductor  edge. For t h e  more deep ly  b u r i e d  conductors  t h i s  

maximum p o s i t i v e  n u l l  t i l t  ang le  w i l l  be found t o  b e  c o n s i d e r a b l y  f a r t h e r  

o u t s i d e  t h e  conduc t ive  boundary. 

For  f l a t  l y i n g  o r  sha l low d i p p i n g  conductors  which t h e  t r a n s m i t t e r  

does n o t  o v e r l i e ,  t h e  n u l l  t i l t  a n g l e s  w i l l  be n e g a t i v e  f o r  t h e  r e c e i v e r  

l o c a t e d  between t h e  t r a n s m i t t e r  and conductor .  P o s i t i v e  n u l l  t i l t  a n g l e s  

w i l l  b e  ob ta ined  for t h e  r e c e i v e r  l o c a t e d  on t h e  f a r  s i d e  of t h e  f l a t  

l y i n g  conductor  .- from t h e  t r a n s m i t t e r .  With t h e  r e c e i v e r  l o c a t e d  over  t he  

f l a t  l y i n g  conduc t ive  s h e e t  s m a l l  p o s i t i v e  n u l l  t ilt  a n g l e s  may be p re -  

dominate over  t h e  most o f  t h e  ' conduc t ive  a r e a ' .  

For  s t e e p l y  d i p p i n g  s h e e t l i k e  conductors  t h e '  n e g a t i v e  n u l l  t i lt  d i p  

a n g l e s  w i l l  i n  g e n e r a l  predominate  i n  t h e  v i c i n i t y  of t h e  conduc t ive  a x i s .  

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

over s h e e t l i k e  conductors  d i p p i n g  s t e e p l y  away f r o m  t h e  t r a n s m i t t e r .  
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The p o s i t i v e  n u l l  t i l t  d i p  a n g l e s  w i l l  be  accen tua ted  by s h e e t l i k e  

d e p o s i t s  d ipp ing  s t e e p l y  towards t h e  t r a n s m i t t e r .  However, f o r  a l l  t ypes  

of conductors  t h e  n u l l  t i l t  d i p  a n g l e s  w i l l  i n  g e n e r a l  change from 

n e g a t i v e  ( t o p  of r e c e i v e r  c o i l  away from t h e  t r a n s m i t t e r )  t o  p o s i t i v e  

( t o p  of  r e c e i v e r  c o i l  towards t h e  t r a n s m i t t e r )  as  conductor  i s  t r a v e r s e d  

i n  a d i r e c t i o n  t r a v e l l i n g  away from t h e  t r a n s m i t t e r .  The re fo re ,  i f  

n e g a t i v e  o r  s t r o n g  p o s i t i v e  n u l l  t i l t  a n g l e s  a r e  encountered  i n  t h e  

normal course  of a survey  u s i n g  C o n f i g u r a t i o n  f D 1  t h e n  f o r  d e t a i l i n g  

purposes  r a d i a l  t r a v e r s e  l i n e s  should be r u n  from t h e  t r a n s m i t t e r  th rough 

t h e  l o c a t i o n  where t h e  h i g h  n u l l  t i l t  d i p  ang le s  were r e a d .  I n  t h i s  way 

t h e  a t t i t u d e  and l o c a t i o n  of t h e  conductor  may be  more p r e c i s e l y  d e t e r -  

mined. 

C A U T I O N :  Naver o p e r a t e  r e c e i v e r  c l o s e r  t h a n  50 f e e t  from t h e  t r a n s m i t t e r  

t o  avoid ove r load ing  and p o s s i b l y  damaging t h e  t r a n s i s t o r s  i n  t h e  r e -  

c e i v e r  a m p l i f i e r .  
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