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Summary 

I n  November 1984, Apex Airborne f lew an aeromagnetic survey over  t h e  Cass ia r  
Mine t o  g a t h e r  d a t a  t o  be analyzed by t h e  CompuDepth computer a n a l y s i s  of EG 
& G Geometrics.  The purpose of t h e  a n a l y s i s  was t o  a t tempt  t o  determine t h e  
s i z e  depth and a t t i t u d e  of t h e  u l t r amaf i c  bodies  t h a t  a r e  hos t  t o  t h e a s b e s t o s  
o r e ,  and of o t h e r  magnetic f e a t u r e s .  The CompuDepth was done us ing  fou r  l i n e s  
of magnetic p r o f i l e s  which were flown a t  bo th  a  cons t an t  h e i g h t  above t h e  sur -  
f a c e  and a t  a  cons t an t  e l eva t ion .  I n  a d d i t i o n  a  r e c t a n g u l a r  a r e a  of 25km2 was 
flown a t  cons t an t  a l t i t u d e  t o  compare wi th  a  cons t an t  t e r r a i n  c l ea rance  survey 
flown i n  1983. 

The CompuDepth a n a l y s i s  generated a  s e r i e s  of s p o t  depths  t o  magnetic f e a t u r e s  
along t h e  magnetic p r o f i l e s .  These were compiled by Geometrics i n t o  an i n t e r -  
p r e t i v e  ske t ch .  Subsequent i n t e r p r e t a t i o n s  of s p e c i f i c  p a r t s  of t h e  magnetic 
anomalies ,  which were no t  f u l l y  s a t i s f i e d  by CompuDepth, were done by R.She1- 
drake and R.  Woolham. 

Locat ion and Access 

The Cass i a r  Mine i s  loca t ed  i n  no r the rn  B r i t i s h  Columbia, 80 k i lome te r s  south  
of t h e  Yukon Border ( F i g . l )  Watson Lake, 157km by road from Cass i a r ,  i s  t h e  
n e a r e s t  town wi th  scheduled a i r  s e r v i c e .  The aeormagnetic survey covered an 
a r e a  of approximately 25 km2 centered 4 km n o r t h  of t h e  town. The t e r r a i n  
i s  mountainous and rugged with a  r e l i e f  of approldmately 800m. 





P r o p e r t y  

The McDane Group c o n s i s t s  o f  t h e  f o l l o w i n g  c l a i m s ,  crown g r a n t e d  c l a i m s  and 
mining leases : 

(See F i g u r e  2 )  

McDane 1 
McDane 2 
McDane 3 
Garbage 

Crown Granted C l a i m s  

M i s t  f r .  
Rugged f r .  
Asbes tos  1 
Asbes tos  2 
Asbes tos  3 
Asbes tos  4 
Mist 2 
Vale f r .  
L a s t  f r .  

/' 
( 

Rugged 7 
\, , L a s t  

Rugged 2 
M i s t  1 
Rugged 4 
H i l l  
D e l l  
Axe 
Rugged 8 
Rugged 9 
Rugged 10 
Rugged 14 
Lookout 1 
Lookout 2 
Goat 3 
Goat 4 
Goat 5 
Sheep f r .  
Ta lus  f r .  
Cirque 1 
Cirque 2 

Record No. U n i t s  Record Date  

5 S e p t  1980  
5 Sep t  1980  
5 Sept  1980  

24 S e p t  1984  

Mining Leases  

M 4  L6774  

Mining Lease  No. 4 316 1 

T o t a l  a p p r o x i m a t e l y  9 2  u n i t s .  

The Aeromagnetic Survey cover- 
ed  a l l  o f  t h e s e  c l a i m s  e x c e p t  

- 

f o r  t h e  Garbage and MiningLease  
No. 4 .  





Geophysical Survey 

The h e l i c o p t e r  borne survey was flown under t h e  d i r e c t i o n  of R. Sheldrake,  
and A. Rybaltowski of Apex Airborne Surveys Ltd .  For CompuDepth Geometrics 
r eques t ed  one f l i g h t l i n e  p a r a l l e l  t o  t h e  s t r i k e  of u l t r a m a f i c  body (N.W. - 
S.E.) and t h r e e  p a r a l l e l  l i n e s  a c r o s s  t h e  c e n t r e  of t h e  d e p o s i t  (N.E.-S.W.), 
t h e  l i n e s  ex tending  w e l l  beyond t h e  a r e a  of anomaly d i s tu rbance .  These l i n e s  
t o t a l  46km l i n g  and were flown us ing  both  a mean t e r r a i n  c l ea rance  of 122m 
(4001)(MTC l i n e s )  and a cons tan t  baromet r ic  a l t i t u d e  of 2,040m (6,700 ' )  (CBA 
l i n e s ) .  I n  a d d i t i o n  a c e n t r a l  a r e a  of 25km2 was flown a s  a cont inuous su r -  
vey b lock  of 150 l i n e a r  km, c o n s i s t i n g  of 24 t r a v e r s e s  a t  200m spac ing  and 
3 t i e  l i n e s ,  a t  t h e  cons tan t  baromet r ic  a l t i t u d e  of  2,040m. 

A Geometrics G803 t o t a l  f i e l d  magnetometer suspended 18m below t h e  h e l i -  
c o p t e r  was used f o r  t h e  survey. It measures f i e l d  s t r e n g t h  w i th  a s e n s i t i v -  
i t y  of 1 gamma. A i r c r a f t  p o s i t i o n i n g  was c o n t r o l l e d  by a 1:10,000 photo- 
mosiac map supp l i ed  by McElhanney Surveying and Engineer ing Ltd.  of  Vancouver, 
B .C .  and a 1:10,000 topographic  map supp l i ed  by Brinco.  A r a d a r  a l t i m e t e r  re -  
corded t h e  t e r r a i n  c l ea rance  when i t  was less t h a n  600m. D e t a i l s  of t h e  geo- 
p h y s i c a l  equipment used f o r  t h e  survey a r e  g iven  i n  Appendix 3 .  A d e s c r i p t i o n  
of t h e  i n - f l i g h t  record and f l i g h t  p a t h  recovery  p roces s  i s  i n  Appendix 4.  

The Geophysical  d a t a  was forwarded t o  E G & G  Geometrics f o r  p roces s ing  by t h e  
CompuDepth a n a l y s i s .  The method i s  desc r ibed  i n  t h e i r  r e p o r t  " I n t e r p r e t a t i o n  
Report f o r  Brinco Mining Ltd." Appendix 1. The results were p re sen t ed  on a 
sheaf  of computer p r i n t o u t  p r o f i l e s  w i th  p e n c i l  n o t e s  a t  1:20,000 s c a l e  and 

f '  an I n t e r p r e t i v e  over lay  map a t  1:6,000 s c a l e .  The computer p r o f i l e s  have been 

\ reduced t o  1:60.000 and bound wi th  t h e  r e p o r t  f o r  e a s e  of hand l ing ,  however 
cop ie s  of t h e  computer generated raw t r a c e s  are i n  pocke ts  w i th  Appendix 1. 

Apex Airborne Ltd. prepared an aeromagnetic contour  map, w i th  contour  i n t e r v a l  
of 10 gammas, of t h e  BCA survey b lock  (Fig.  3 ) .  It i s  on a Topographic base  
map a t  a s c a l e  of 1:10,000 and shows t h e  t o t a l  magnet ic  f i e l d ,  co r r ec t ed  f o r  
d i u r n a l  v a r i a t i o n  but  n o t  f o r  r e g i o n a l  g r a d i e n t .  

Geology 

Most of  t h e  survey  a r e a  was over rocks  of t h e  S y l v e s t e r  Group. These a r e  a 
t h i c k  sequence of Devono-Mississ ippian c l a s t i c  sediments  and i n t e r m e d i a t e  t o  
b a s i c  v o l c a n i c  rocks of oceanic  o r i g i n .  Regiona l ly  w i t h i n  t h e  Group are u l t r a -  
b a s i c  i n t r u s i v e s  of p e r i d o t i t e ,  d u n i t e ,  py roxen i t e ,  and s e r p e n t i n i t e .  Two ad- 
j a c e n t ,  r e l a t i v e l y  s m a l l ,  s e r p e n t i n i t e  bodies  c o n t a i n  t h e  a s b e s t o s  minera l iza-  
t i o n  a t  t h e  mine. They a r e  s t r o n g l y  magnetic.  The sur rounding  rocks  a r e  non- 
magnet ic  except  f o r  t h e  minor occurance of some v o l c a n i c s .  

The S y l v e s t e r  Group i s  considered t o  be  an  a l l och thonous  k l i p p e  t h a t  was 
emplaced on t o  t h e  underlying Devonian and o l d e r  carbonate  and c l a s t i c  rocks 
between t h e  T r i a s s i c  t o  Mid-Cretaceous p e r i o d s .  Before and du r ing  emplace- 
ment t h e  Group underwent cons ide rab l e  t h r u s t  r e l a t e d  deformation.  Af t e r  
emplacement, dur ing  t h e  Cretaceous,  t h e  autochthonous rocks  were i n t r u d e d  by 
g r a n o d i o r i t e  b a t h o l i t h s .  This caused c o n t a c t  metamorphism and metasomatism 
of t h e  ad j acen t  carbonates  and s h a l e s .  The extreme wes te rn  l i n e s  of t h e  

/ survey  were over  t h e  authochthonous rocks  and g r a n o d i o r i t e .  
L.J 



D i s c u s s i o n  of  R e s u l t s  
K'\ 
f ,  Appendix 1 c o n s i s t s  o f  t h e  i n t e r p r e t i v e  r e p o r t  s u p p l i e d  t o  Br inco  by EG&G 

Geomet r i c s  L td .  It d e s c r i b e s  t h e  t r e a t m e n t  o f  t h e  a e r o m e g n e t i c  d a t a ,  t h e  
t h e o r y  o f  a n a l y s i s  and  i n t e r p r e t a t i o n  o f  r e s u l t s .  

The CompuDepth a n a l y s i s  s u g g e s t s  t h a t  t h e  m a g n e t i c  s o u r c e  (McDame U l t r a m a f i c )  
i s  t r i a n g u l a r  shaped  w i t h  i t s  base  (abou t  1 . 8  km wide)  t o  t h e  s o u t h e a s t  and 
w i t h  s i d e  l e n g t h s  o f  abou t  2km. The apex  i s  a t  t h e  o u t c r o p  i n  Cassiar p i t  
and i t  was shown as p l u n g i n g  t o  a p p r o x i m a t e l y  1 ,300m ( 4 , 3 0 0 ' )  above s e a  l e v e l  
(400m below s u r f a c e )  a l o n g  t h e  s o u t h e a s t  s i d e .  It t u r n e d  o u t  t h a t  t h e  f l i g h t  
l i n e s  w e r e p o o r l y l o c a t e d  w i t h  r e s p e c t  t o  t h e  m a g n e t i c  g r a d i e n t  and t h e  as- 
sumpt ions  b u i l t  i n t o  t h e  CompuDepth program and s o  t h e  s o u t h e r n  l i m i t s  and 
d e p t h  t o  t h e  U l t r a m a f i c  could  n o t  b e  a c c u r a t e l y  d e t e r m i n e d .  An e s t i m a t e  o f  
t h e  s o u t h e r n  e d g e  a t  1,700m ASL ( 5 , 6 0 0 ' )  s e e m s  t o o  s h a l l o w  compared t o  ex- 
t r a p o l a t i o n s  based  on o t h e r  work. The U l t r a m a f i c  a l s o  seems t o  b e  i n t e r p r e t -  
e d  t o o  l a r g e  as i t  e x t e n d s  i n  t h e  s o u t h e r n  p a r t ,  w e s t  o f  t h e  mapped l i m i t s  
o f  t h e  S y l v e s t e r  Group. A  p o s s i b l e  E-W f a u l t  was i n t e r p r e t e d  i n  l i n e  w i t h  
s e c t i o n  21500N (DDH 84-1). Th i s  f a u l t  i s  a p p a r e n t l y  most p rominen t  i n  t h e  
w e s t e r n  p a r t  o f  t h e  U l t r a m a f i c ,  down d r o p p i n g  t h e  s o u t h e r n  s i d e .  The d e p t h  
i n t e r p r e t a t i o n s  were  done p r i m a r i l y  on t h e  MTC p r o f i l e s  and t h e  CBA p r o f i l e s  
u s e d  as checks .  The anomal ies  were more s u b t l e  on t h e  CBA p r o f i l e s  and t h e r e -  
f o r e  n o i s e  i n  t h e  d a t a  had a  g r e a t e r  e f f e c t .  

I n  c o n c l u s i o n  t h e  r e s u l t s  of t h e  a n a l y s i s  were  d i s a p p o i n t i n g  and d i d  n o t  mate- 
r i a l l y  i n c r e a s e  o u r  knowledge of t h e  McDame U l t r a m a f i c .  

( R. S h e l d r a k e  o f  Apex Ai rborne  Surveys  reviewed t h e  Geomet r i c s  r e p o r t  and a g r e e d  
\ t h a t  i s  was less t h a n  s a t i s f a c t o r y  and somewhat u n r e a l i s t i c .  He d i d  a  s e p e r a t e  

" i n t u i t i v e "  i n t e r p r e t a t i o n  o f  t h e  u l t r a m a f i c  u s i n g  t h e  CBA map. He i n t e r p r e -  
t e d  t h a t  t h e  body c o u l d  b e  o v a l  shaped ,  a p p r o x i m a t e l y  l k m  x  1 . 8 k m  t r e n d i n g  
s o u t h e a s t e r l y  and  p l u n g i n g  t o  1 ,300m ( 4 , 3 0 0 ' )  ASL a t  t h e  s o u t h e a s t  end. T h i s  
would b e  from 300 t o  700m below t h e  s u r f a c e .  It d i d  n o t  a p p e a r  t o  be  c l o s e  
t o  t h e  s u r f a c e  anywhere, e x c e p t  o f  c o u r s e  t h e  n o r t h e r n  end  o f  t h e  anomaly i n  
t h e  p i t .  

On t h e  c o n t o u r e d  CBA map (F ig .  3 )  t h e r e  i s  a d i f f u s e  m a g n e t i c  f e a t u r e  on t h e  
east s i d e  o f  t h e  main anomaly. P r e v i o u s  s u r v e y s  h a d  d e t e c t e d  t h i s  f e a t u r e ,  
known as Anomaly 5 .  Mapping had l o c a t e d  m a g n e t i c  b a s a l t s  o n  t h e  s u r f a c e  i n  
t h e  v i c i n i t y  o f  t h e  anomaly ( see  geology map w i t h  CompuDepth r e p o r t  Appendix 
1, F i g .  11)  b u t  i t  was n o t  c e r t a i n  i f  t h e  anomaly was e n t i r e l y  due  t o  t h i s  
c a u s e .  A  ground m a g n e t i c  survey d e t e c t e d  t h e  b a s a l t  i n  one  l o c a t i o n  o n l y ,  and 
t h i s  was o f f s e t  from t h e  peaks of t h e  a e r o m a g n e t i c  a n o m a l i e s .  The CompuDepth 
s p o t  d e p t h  d i d  n o t  d e a l  d i r e c t l y  w i t h  t h e  area, t h e r e f o r e  f o r  f u r t h e r  c l a r i f i -  
c a t i o n  o f  a p o s s i b l e  s o u r c e ,  a l l  t h e  i n f o r m a t i o n  t h a t  we had a v a i l a b l e  was f o r -  
warded t o  R. Woolham, G e o p h y s i c i s t  w i t h  Der ry  M i t c h n e r ,  Booth and Wahl i n  
T o r o n t o .  H i s  r e p o r t  i s  p r e s e n t e d  i n  Appendix 2 .  It c o n c l u d e s  t h a t  a magne t i c  
s o u r c e ,  n o t  p r e s e n t l y  e x p l a i n e d  by t h e  geo logy ,  u n d e r l i e s  t h e  Anomaly 5  area. 
The s o u r c e  cou ld  p o s s i b l y  b e  c o n s i d e r a b l e  t h i c k e n e d  b a s a l t  o r  e l s e  a  n e a r  
v e r t i c a l  i n t r u s i v e  p l u g  hav ing  an e l l i p t i c a l  s h a p e  i n  p l a n .  



Conclusions  and Recommendat i o n s  
f' 
\ ,  The u s e  of t h e  CompuDepth a n a l y s i s  t o  d e t e r m i n e  t h e  s i z e  and s h a p e  o f  t h e  

Asbes tos  b e a r i n g  U l t r a m a f i c s  a t  Cassiar was n o t  comple te ly  s u c c e s s f u l  be- 
cause  t h e  o r i e n t a t i o n  o f  t h e  ae romagne t ic  l i n e s  w i t h  r e s p e c t  t o  t h e  magne- 
t i c  g r a d i e n t s  d i d  n o t  comply w i t h  assumpt ions  b u i l t  i n t o  t h e  computer pro- 
gram. However b o t h  t h e  CompuDepth and R. S h e l d r a k e ' s  i n t e r p r e t a t i o n s  sug- 
g e s t  t h a t  t h e  u l t r a m a f i c  e x t e n d s  a t  least  t w i c e  as f a r  as h a s  s o  f a r  been 
d e f i n e d  by d r i l l i n g ,  b u t  nowhere i s  i t  n e a r  enough t o  t h e  s u r f a c e  t o  mine 
by s u r f a c e  methods. Due t o  t h e  rugged topography o v e r  t h e  body f u r t h e r  
d e f i n i t i o n  d r i l l i n g  from t h e  s u r f a c e  would have t o  b e  wide spaced  deep 
(500m +) h o l e s .  As an  underground d r i l l i n g  programme i s  b e i n g  implement- 
ed  t h e  s u r f a c e  d r i l l i n g  i s  n o t  war ran ted  a t  t h i s  t i m e .  

F u r t h e r  work shou ld  be  done on  Anomaly 5  t o  de te rmine  i f  t h e r e  i s  a n e a r  
s u r f a c e  u l t r a m a f i c  body. The ground magne t ic  su rvey  s h o u l d  be  redone  and 
ex tended  and a 200m diamond d r i l l  program i m p l e m e n t e d t o i n v e s t i g a t e  t h e  
magne t ic  t a r g e t s .  
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INTERPRETATION REPORT FOR-BRINCQ-MI.NLNG-zIMITED 

INTRODUCTION 

This  r e p o r t  i s  submitted i n  f a l f i l m e n t  of t h e  agreement between EGhG 
Geometrics and Brinco Mining Limited t o  perf  orm a n  i n t e r p r e t a t i o n  of 
aeromagnetic da ta  acquired  by Apex Airborne Surveys LTD. 

The r e p o r t  - cons i s t s  - of t h i s  w r i t t e n  r e p o r t ,  a n  i n t e r p r e t a t i o n  map, 
e i g h t n t t e p r e t e h  CompuDepkhu- p r o f i l e &  w i t h  i n t e r p r e t e r ' s  p e n c i l  no tes ,  . 
and p r o f i l e s  of va r ious  in te rmedia te  d a t a  process ing.  

DATA PROCESSING 

The d i g i t a l  d a t a  acquired by Apex on 26-27 November a r r i v e d  a t  
Geometrics on 10 December a s  d i g i t a l  t a p e s  recorded on an  Urtec  Data 
System. A s  no programs t o  reformat d a t a  t a p e s  from t h a t  kind of 
recording system were a v a i l a b l e ,  a  s p e c i a l  program had t o  be w r i t t e n .  
Once t h e  program was w r i t t e n  and debugged, t h e  e i g h t  l i n e s  of d a t a  were 
read  onto t h e  Prime -750 computer system. -The=raw d a t a  were p l o t t e d  o n  
a n  q l e c t r o s t a t i c  p l o t t e r  ( s e e  enclosed- r a w  t r a c e s )  and examined f o r  
d a t a  q u a l i t y .  There were two obvious c h a r a c t e r i s t i c s  of t h e  d a t a  t h a t  
had t o  be d e a l t  w i t h - p r i o r  t o  doing t h e  magnet ic- invers ion .  The f i r s t  
had t o  do w i t h  t h e  unequally spaced sample i n t e r v a l s ;  e s p e c i a l l y  f o r  
t h e  t e r r a i n  draped data .  This  could n o t  be  l e f t  a l o n e  a s  t h e  i n v e r s i o n  
program demands equal ly  spaced da ta .  So a second program was devised 
t o  resample t h e  d a t a  a t  equa l ly  spaced i n t e r v a l s .  The second problem 
was t h e  sample-to-sample moise c h a r a c t e r i s t i c s  of t h e  da ta .  When 
examining the-raw p r o f i l e s  n o t i c e  t h a t  approximately 5 gammas of n o i s e  - 

with--periods-ofabout-3 s a m p l s - a r e - p r e s e n t .  Amplitude s p e c t r a  of 
t y p i c a l  l i n e s  were generated and examined; i t  was decided t o  f i l t e r  t h e  
d a t a  so a s  t o  zero  any wavelengths l e s s  than  5 sample i n t e r v a l s .  Th i s  
was done and t h e  p r o f i l e s  were then ready f o r  t h e  CompuDepthm a n a l y s i s .  
(See  enclosed f i l t e r e d ,  resampled p r o f i l e s . )  



CompuDep th" Analy s i s  

I n  o rde r  t o  run t h e  CompuDepth" program, t h e  only parameter t h a t  muet 
be e s t ima ted  ahead of time i s  t h e  maximum expected depth  t o  be sought 
a f t e r .  For t h i s  survey the  d r i l l  ho le  in fo rmat ion  from t h e  ho le  marked 
DDH 84-1, w i t h  a  depth t o  the  top of t h e  s e r p e n t i n i t e  a t  1248 f e e t  
below ground l e v e l ,  provided one es t imate .  A second e s t i m a t e  f o r  the  
maximum--expected depth  w a s - c a l c u l a t e d f  r onramp--ud~pepera: of t h e  - - 

north-south l i n e s  flown a t  6700 f e e t  cons tan t  barometr ic  a l t i t u d e  and 
flown a t  400 f e e t  mean t e r r a i n  c learance .  (The two s p e c t r a  accompany 
t h i s  r e p o r t . )  The maximum average depth  c a l c u l a t e d  f o r  t h e  cons tan t  
barometr ic  l i n e  was approximately 1 k i lomete r ,  wh i l e  t h e  average depth  
f o r  t h e  mean t e r r a i n  c learance  l i n e  was approximately 360 meters .  
T r i a l  CompuDepth" runs using t h e  1 k i lomete r  depth  f o r  t h e  cons tan t  
barometr ic  a l t i t u d e  p r o f i l e s  proved reasonably s u c c e s s f u l .  However, 
f o r  t h e  mean t e r r a i n  c learance  p r o f i l e s ,  t h e  maximum va lue  computed 
from t h e  s p e c t r a  seemed much too  shal low and i t  was doubled, g iv ing  
much more s a t i s f a c t o r y  r e s u l t s .  

It must--be d e a r l y -  unders  tood;exac~y. -=hat_  t h e  mathema t i c a l  model i s  
f o r  t h e  CompuDep th" a n a l y s i s .  (See Appendix f o r  a  d e t a i l e d  d i s c u s s i o n  
of CompuDep thm .-)- Essent  ial-ly , - - t h i s -  prof-iAe analysis--{ and-any-other-- 
p r o f i l e  analys-is  program)- assumes t h a t  t h e  c o n t r a s t  being sought f o r  
extends i n f i n i t e l y  perpendicular  t o  t h e  p r o f i l e .  I n  p r a c t i c e  t h i s  
means t h a t  a n  anomaly of around 3 t o  5 t imes  t h e  -flight-line-sepa~atian~- 
adequately s a t i s f i e s  t h i s  assumption. However, i t  must be emphasized 
t h a t  t h e  only way t o  know whether t h e  assumption i s  v a l i d  i s  t o  examine 

i '  
a  contour map. For t h i s  p r o j e c t ,  t h e  topographic map provided by Apex 
was over l a id  on t h e  magnetic contour_map_datedJune,11983. It was 
noted- t h a t  t h e  southern-most f l i g h t  l i n e s , -  l ines -9999  and 8888, l i e  
almost  p a r a l l e l  t o  and on-t-he-southern--flank of -the major anomaly. 
Even-~hough=these p r o f i l e s  were run-thr6ugh f h e  CompuDepth" program, 
t h e  r e s u l t s  a r e  most c e r t a i n l y  i n v a l i d  a s  f a r -  a s  -the g o a l  of t h i s  
p r o j e c t  i s  concerned. 

The-accompanying CompuDepthm p r o f i l e s  con ta in  two l o g i c a l  formats. The 
upper block d i s p l a y s  t h e  observed magnetic p r o f i l e ,  a f t e r  resampling 
and low-pass f i l t e r i n g ,  a s  a  s o l i d  l i n e  and t h e  computed magnetic 
p r o f i l e  de r ived  from t h e  depths d isplayed on t h e  lower ha l f  of t h e  
p r o f i l e  a s  a  dashed l i n e .  The v e r t i c a l  numbers spaced 50 a p a r t  through 
t h e  middle- of t h e -  d i sp lay-a re  t h e  new--f-idudala--after--resampl4-~g ,-and- 
t h e r e f o r e  do no t  correspond t o  t h e  o r i g i n a l  f i d u c i a l s  a s  recorded 
aboard t h e  h e l i c o p t e r .  The lower ha l f  of t h e  p r o f i l e s  d i s p l a y s  t h e  
depths  c a l c u l a t e d  by t h e  CompuDepthm program. The z e r o  l e v e l  
corresponds t o  t h e  l o c a t i o n  of t h e  a i r c r a f t  i t s e l f  f o r  both t h e  CBA and 
MTC flying.- For t h e  CBA p r o f i l e s  t h i s  has a n  a b s o l u t e  va lue  of 
approximately 6700 f e e t  above s e a  l e v e l ,  wh i l e  f o r  t h e  mean t e r r a i n  
p r o f i l e s ,  t h i s  r ep resen t s  t h e  l o c a t i o n  of t h e  a i r c r a f t  r e l a t i v e  t o  a  
varying t e r r a i n ;  t h e  s t r a i g h t  l i n e  i s  very decep t ive  and must be 
examined r e l a t i v e  t o  a  topographic map. The curved l i n e  l i e i n g  



K-') 
\ anywhere from a few hundred t o  two thousand f e e t  below t h e  a i r c r a f t  

i s  a t r a c e  of t h e  r a d a r  a l t i m e t e r .  Two d i f f e r e n t  dep th  
s c a l e s  were chosen f o r  t h e  p r o f i l e s ;  t h e  6700 f e e t  c o n s t a n t  ba rome t r i c  
p r o f i l e s  have a v e r t i c a l  s c a l e  app rox ima te ly  tw ice  t h a t  of t h e  mean 
t e r r a i n  c l e a r a n c e  p r o f i l e s .  T h i s  was done i n  o r d e r  t o  maximize t h e  
d e t a i l  t h a t  may be p r e s e n t  i n  t h e  d raped  p r o f i l e s .  

The computed d e p t h s  a r e  d i sp l ayed  as a  s m a l l  box w i t h  a v e r t i c a l  b a r  
above and below i t .  The number d i r e c t l y  above t h e  v e r t i c a l  b a r  
i n d i c a t e s  t h e  number of depths  t h a t  were averaged  t o g e t h e r  i n  t h a t  
r e g i o n  f o r  d i s p l a y  purposes.  The l e n g t h  of t h e  v e r t i c a l  b a r  i n d i c a t e s  
t h e  average mathemat ica l  u n c e r t a i n t y  of t h o s e  dep ths .  The number t o  
t h e  r i g h t  of t h e  box w i t h  a  p r e c e n t  s i g n  i n d i c a t e s  t h e  p e r c e n t  of t h e  
t o t a l  v a r i a n c e  of t h e  b a c k f i t  t h a t  t h i s  dep th  accounted f o r .  The 
pe rcen t  can  be thought  of a s  ana logous  t o  t h e  r e l a t i v e  magne t i za t ion  
c o n t r a s t  between t h e  two magnet ic  s o u r c e s  a t  t h a t  l o c a t i o n .  

INTERPRETATION RESULTS 

I n  -order- t o  unders tand  t h e  geometry u f  t h e  dep th  e s t i m a t e s  computed by 
CompuDepthm, a n  en la rged  f l i g h t  l i n e  mapa t - apprmxima te ly  1: 6,000 w a s  
de r ived  t o  o v e r l a y  on t h e  1:6,000 s c a l e  geology map of t h e  o r e  d e p o s i t . ,  
The enlarged-map was  -ad jus ted  -to t he -geo log ic -map-By  t r a n s f e r r i n g  
picked r ecove ry  p o i n t s ,  as s e e n  on t h e  topograph ic  map, t o  t h e  g e o l o g i c  
map. Note t h a t  t h e  match i s  n o t  p e r f e c t ,  which r e f l e c t s  t h e  i n a b i l i t y  
t o  t r a n s f e r  t h e  p o i n t s  e x a c t l y  as w e l l  a s  s l i g h t l y  d i f f e r i n g  s c a l e s  of 
t h e  paper  maps. 

Depths d i s p l a y e d  on t h e  no r thwes t - sou theas t  l i n e s ,  LN 1111 and LN 2222, 
g i e e s s e n t i a l l y  t h e  s a m e - r e s u l t s l n  t h e  nor thwes t ;  t h e  s o u r c e  of t h e  
anomalies  i s  at t h e  s u r f  a c e  and i s  - c e r t a i n l y  marking- the-  approximate 
con tac t -  between _the s e r p e n t i n i t e ,  u n i t  9 ,  and t h e  S y l v e s t e r  Group, u n i t  
8. To t h e  s o u t h e a s t ,  t h e  s i n g l e  deepe r  e s t i m a t e  d e p i c t e d  on LN 1111 
could  not be  r e so lved  on the  draped p r o f i l e  d a t a ,  LN 2222. T h i s  may be  
p a r t l y  due t o  t h e  n o i s e  t h a t  i s  s t i l l  l e f t  i n  t h e  d a t a ,  even  a f t e r  
f i l t e r i n g .  For  t h e  mean t e r r a i n  c l e a r a n c e  d a t a  a much more s e v e r e  
f i l t e r  would t end  t o  des t roy  l e g i t i m a t e  anomal ies  f u r t h e r  t o  t h e  n o r t h  
where t h e  magnet ic  sou rces  a r e  much n e a r  t h e  surface.-As a test a more 
severe- f  ilt e r  w a s  a p p l i e d  -to . the_CBkpr of i l e ,  -LN 1 ill--XompuDepthm- 
r e r u n  and e s s e n t i a l l y  t h e  same r e s u l t s  ob ta ined .  T h i s  s i n g l e  e s t i m a t e  
a t  t h e  sou the rn  end of t h e  p r o f i l e s  must b e  cons ide red  t h e  southern-  
most e x t e n t  of t h e  s e r p e n t i n i t e .  

As i n d i c a t e d  on t h e  1:6,000 map, t h e  i n t e r p r e t e r  h a s - i n f e r r e d - t h e  
e x i s t e n c e  of a v e r t i c a l  d i s c o n t i n u i t y  on  t h e  wes t  s i d e  of t h e  anomaly 
t h a t  may be  a f a u l t  o r  "f au l t - l i ke* '  f e a t u r e  d i s p l a c i n g  t h e  magnet ic  
body down t o  t h e  south .  The e x t e n t  o r  e x i s t e n c e  of t h i s  f a u l t  t o  t h e  
east i s  pu re ly  s p e c u l a t i v e ,  b u t  p a r t i a l  ev idence  t o  s u p p o r t  t h i s  might  
be  t h e  v e r t i c a l  s c a t t e r  on t h e  d e p t h  estimates on LN 6666. However, 
t h i s  would r e q u i r e  ex t ens ive  modeling t o  unde r s t and  what i s  t h e  cause .  

r The depth e s t i m a t e s  on LN 5555 s u g g e s t  a body t h a t  d i p s  ea s tward  t o  a 
k-1' 



dep th  of approximate ly  4250 f e e t  above s e a  l e v e l .  T h i s  deep dep th  on 

6- l, 
t h e  e a s t  s i d e  of t h e  LN 5555 i s  i n  approximate agreement w i t h  d r i l l  
h o l e  DDH 84-1. There i s  a l s o  a n o t e  on t h e  C a s i a r  p i t  g e o l o g i c a l  map 
s t a t i n g  "p lunging" ,  which t h e  i n t e r p r e t e r  assumes means t h e  s t r u c t u r e  
i s  plunging i n  t h e  same s e n s e  a s  t h e  magnet ic  i n t e r p r e t a t i o n  
i n d i c a t e s .  

The boundary of t h e  s e r p e n t i n i t e  between l i n e s  7777/12 and 6666/5555 i s  
a  problem. The r ea son  i s  t h a t  t h e r e  a r e  two p o s s i b l e  l o c a t i o n s  f o r  
t h i s  boundary a s  i n d i c a t e d  by d e p t h s  on t h e  n o r t h e r l y  l i n e s .  The 
e x i s t e n c e  of t h e  was te  dump i n  t h i s  r e g i o n  c o n s i s t i n g  of 200-300 f e e t  
of mixed a r g i l l i t e  and g r e e n s t o n e  p r e s e n t s  a  problem i n  t h a t  
g r e e n s t o n e ,  i n  t h e  i n t e r p r e t e r ' s  expe r i ence ,  c a n  be  magnet ic .  

A s  mentioned e a r l i e r ,  t h e  southern-most of t h e  eas t -wes t  t r e n d i n g  
p r o f i l e s  a r e  e s s e n t i a l l y  no h e l p  t o  t h e  d e t e r m i n a t i o n  of t h e  eas t -wes t  
s e r p e n t i n i t e  c o n t a c t s  a s  they  a r e  g e n e r a l l y  s u b - p a r a l l e l  t o  t h e  s t r o n g  
s o u t h e r n  g r a d i e n t  of t h e  anomaly a s  d e p i c t e d  on t h e  c o n t o u r  map. 

Summa ry 

The edges of and d e p t h s  t o  t h e  i n f e r r e d  s e r p e n t i n i t e  s u g g e s t  a  
t r i angu la r - shaped  body w i t h  i t s  b a s e  t o  t h e  s o u t h e a s t ,  ou t c ropp ing  i n  
t h e  nor thwes t  and p lunging  s o u t h e a s t  t o  approximate ly  4300 f e e t  above C 

s e a  l e v e l .  The body i s  p o s s i b l y  f a u l t e d  down on t h e  w e s t e r n  p e r i m e t e r  
by a n  eas t -wes t  t r e n d i n g  f a u l t ,  and has  a  s o u t h e r n  l i m i t  a s  on t h e  

f s o u t h  a t  a  d e p t h  of 500 f e e t  below t h e  s u r f a c e .  Examinat ion of t h e  
, ,  contour  map s u g g e s t s  t h a t  a  series of p r o f i l e s  flown nor thwes t -  

s o u t h e a s t  would have g i v e n  a  much b e t t e r  chance a t  d e f i n i n g  t h e  
s o u t h e r n  boundary of t h e  i n t r u s i v e .  I n  g e n e r a l ,  a  d i f f e r e n t  c h o i c e  of 
t h e  - o r i e n t a t i o n s  and l o c a t i o n s  of t h e  p r o f i l e s  would have  a s s i s t e d  i n  
ach i ev ing  t h e  g o a l s  of t h e  p r o j e c t  more s o  t h a n  t h e  p r o f i l e s  a s  
flown. 

The r e s u l t s  of t h i s  i n t e r p r e t a t i o n  a r e  encouraging enough t o  war ran t  
f u r t h e r  c o n s i d e r a t i o n  of magnet ic  d a t a  a n s l y s i s ,  e s p e c i a l l y  i f  a  
comprehensive d r i l l i n g  program i s  envis ioned .  F u r t h e r  a n a l y s i s  of t h e  
June  1983 d a t a  could  be  a t t empted ,  a s  w e l l  as a  s t a r t  on a  thorough 
t h r e e  d imens iona l  magnet ic  model i n c o r p o r a t i n g  d r i l l  h o l e  d a t a ,  under- 
ground geology from a d i t s ,  and t h e  CompuDepthm r e s u l t s .  



APPENDIX 

COMPUDEPTH" 

I n t r o d u c t i o n  

T h i s  do cum en^-is a  descr ip t ion- -of  theXompuDepth" program and i t s  u s e  i n  
t h e  i n t e r p r e t a t i o n  of magnetic and g r a v i t y  d a t a .  S ince  i n t e r p r e t a t i o n  
g o a l s  and d a t a  c h a r a c t e r i s t i c s  va ry  wide ly  from p r o j e c t  t o  p r o j e c t ,  t h e  
i n f o r m a t i o n  presented  h e r e  i s  n e c e s s a r i l y  g e n e r a l .  I n  t h i s  S e c t i o n  
( I n t r o d u c t i o n ) ,  t h e  o b j e c t i v e s  and l i m i t a t i o n s  of CompuDepth" a r e  
d i scussed  and compared wi th  t h o s e  of o t h e r  t echn iques .  P a r t s  of t h e  
t h e o r y  under ly ing  CompuDepth" which a r e  e s s e n t i a l  t o  unders tanding  t h e  
r e s u l t s  a r e  presented  i n  S e c t i o n  2. S e c t i o n  3 c o n t a i n s  some g u i d e l i n e s  
f o r  i n t e r p r e t i n g  CompuDep th" r e s u l t s  . 

What i s  CompuDepth"? 

CompuDepthm i s  a n  i n v e r s i o n  program des igned  f o r  r a p i d ,  q u a n t i t a t i v e  
i n t e r p r e t a t i o n  -of i a r g e  blocks--of -g rav i ty  -or m a g n e t i c - - p r o f i l e .  data71 The - 
program a u t o m a t i c a l l y  computes t h e  - l o c a t i o n s  of  and- depth-s t o  t h e  
s o u r c e s  of complex anomalies , -  such as t h o s e  produced by a  weakly 
magnet ic  c r y s t a l l i n e  basement o v e r l a i n  by h i g h l y  magnet ic  sou rces .  ~t - 

h a s  a l s o  been used a s  a n  independent  check f o r  C u r i e  p o i n t  a n a l y s i s .  

,' \ 

(i CompuDepthm a n a l y s i s  has  been s u c c e s s f u l l y  used t o  p rov ide  a  p re l imina ry  
i / 

p i c t u r e  of Lhe geo log ic  s t r u c t u r e  f o r  e x p l o r a t i o n  programs, bo th  
petroleum and minera l ,  va ry ing  from r e g i o n a l  s i z e  ( thousands  of squa re  
k i l o m e t e r s - t o  -de t a i l ed  surveys-of only-tens-mf f t i h m e t e r s .  

The program has  proven u s e f u l  i n  such d i v e r s e  g e o l o g i c a l  s e t t i n g s - - a s  t h e  
s a l t  dome province - of o f f s h o r e  Gabon, t h e  Precambr ian  -uranium d e p o s i t s  
i n  Northern T e r r i t o r y ,  A u s t r a l i a ,  and t h e  l e a d  mining d i s t r i c t s  of 
Missouri .  

L ike  a l l  au tomat ic  i n v e r s i o n  programs, CompuDepthm c o n t a i n s  c e r t a i n  
assumptions.  F i r s t ,  i t  i s  assumed t h a t  t h e  s o u r c e s  of t h e  anomalous 
p o t e n t i a l  f i e l d  along a  p r o f i l e  a r e  caused by a  f i n i t e  number of bod ie s  
of  uniform- magnet iza t ion  --or - d e n s i t y  - bounded by -p l ana r  edges  o r i e n t e d  
p e r p e n d i c u l a r  t o  t h e  p r o f i l e  d i r e c t  i o n ,  and i n f i n i t e l y  extended 
p e r p e n d i c u l a r  t o  t h e  p r o f i l e  d i r e c t i o n .  

Second, t h e  inpu t  d a t a  must have r easonab ly  low n o i s e  l e v e l s  i n  t h e  
wavelengths of geologic  i n t e r e s t  and- the-  d a t a  must  have reasonably-  equa l  
sample sepa ra t ion .  



I n t e r p r e t a t i o n  of r e s u l t s  produced by CompuDepthm (d i scussed  i n  Sect ion  
6 3) r e q u i r e s  c a r e f u l  examination of t h e  e x t e n t  t o  which the  above 
\ / assumptions a r e  v a l i d .  Experience has  shown t h a t  t h e  program can 

produce e x c e l l e n t  r e s u l t s  ( s e e  Gunn, 1979). 

Al t e rna t ive  Depth t o  Source Methods 

There a r e  a  number of a l t e r n a t i v e  approaches t h a t  have been developed 
f o r  t h e  de terminat ion  of source-edge l o c a t i o n s  and depths  from p o t e n t i a l  
f i e l d  da ta .  One simple method c o n s i s t s  of matching, e i t h e r  by t r i a l  and 
e r r o r ,  o r  by leas t -squares  f i t t i n g ,  i n d i v i d u a l  anomalies t o  t h e  f i e l d s  
of model sources .  This  approach r e q u i r e s  ex tens ive  manual i n t e r v e n t i o n ,  
i s  very t i m e  consuming, and i s  of l i t t l e  use  f o r  a n a l y s i s  of l a r g e  d a t a  
sets. 

Algorithms f o r  model comparison methods have been developed by v a r i o u s  
i n v e s t i g a t o r s  ( f o r  example,-_Corbato, 1965 and Johnson, 1969). These 
programs a r e  designed t o  f i t ,  by l eas t - squares  methods, combinations of 
simple sources  t o  t h e  observed p o t e n t i a l  f i e l d .  The most s i g n i f i c a n t  
drawback t o  t h i s  approach - i s  - t h a t  i n i t i a l  es t ima tes  of t h e -  source  
d i s t r i b u t i o n s  a r e  requi red  a s  a  s t a r t i n g  po in t  f o r  t h e  c a l c u l a t i o n s .  I n  
genera l ,  d i f f e r e n t  i n i t i a l - - e s t i m a t e s  l e a d  - t o  d i f f e r e n t = - ~ e s u l t s  .-=- Thus, - 

some-a pr  i o r i  knowledge regarding sources ,  t y p i c a l l y  unava i l ab le ,  i s  
required t o  produce c r e d i b l e  r e s u l t s .  These modeling methods a r e  more 
s u i t a b l e  f o r  t h e  d e t a i l e d  a n a l y s e s  t h a t  a r e  r equ i red  f o r  developing 
mining s i t e s .  

/ 

\ 
Another approach t o  depth  de te rmina t ion  uses  F o u r i e r  a n a l y s i s  
techniques. Each source-edge produces a s i g n a l  whose F o u r i e r  t ransform 
decreases exponent ia l ly  wi th  f r e q u e n c y  a t  a  r a t e  determined by i t s  depth  
(Spector  and Grant,  1970). Theore t i ca l ly ,  i t  - i s  p o s s i b l e  t o  f i t  a  
s u p e r p o s i s i o ~ o f  exponent ia l  f unctions-- to t h e  ,spectrum-of t h e  - p o t e n t i a l  
f i e l d  - along. a  p r o f i l e .  From- t h e  - c o e f f  icients-of  A h i s  f i t ,  one  could 
then ,= in  pr  incip1e;- determine s o u r  ce-edge-locat ions and dep ths .  

Unfortunately,  depths t o  edges a long a p r o f i l e  t y p i c a l l y  a r e  of s i m i l a r  
magnitudes. The r e s u l t i n g  spectrum h a s  t h e  form of t h e  sum of a  few 
exponential  terms which decay a t  a n  average r a t e ,  making t h e  exponent ia l  
c o e f f i c i e n t s  of i n d i v i d u a l  source-edges poorly determined. Th i s  
averaging e f f e c t  i s  extremely u s e f u l  i f  average l o c a t i o n s  o f ,  and 
depths t o ,  sources  a r e  of i n t e r e s t ,  but  prevents  r e s o l u t i o n  of 
ind iv idua l  edges. 

Advantages of CompuDep thm 

The CompuDepthm algor i thm t a k e s  advantage of t h e  s i m p l i c i t y  of 
exponential  behavior _ i n  t h e  frequency domain, whi le  minimizing the-' 
averaging e f f e c t s ,  t o  e f f e c t i v e l y  r e s o l v e  m u l t i p l e  sources  a t  d i f f e r i n g  
depths i n  a  s i n g l e  pass  through t h e  d a t a .  This  i s  achieved by 
performing c a l c u l a t i o n s  p a r t l y  i n  t h e  frequency domain and p a r t l y  i n  t h e  

/ \ s p a t i a l  domain. 
-1 



Only one i n i t i a l  e s t ima te  concerning t h e  source  bodies i s  necessary - t h e  approximate maximum depth. The a lgor i thm i s  i n s e n s i t i v e  t o  
remanent magnetizat ion;  modeling methods a r e  not .  

It is ve ry  f a s t  and can e f f e c t i v e l y  process  l a r g e  d a t a  s e t s  - t h e r e  i s  a 
l i m i t a t i o n  of 4096 samples pe r  p r o f i l e ,  b u t  any number of p r o f i l e s  may 
be  -proeeseed-tn-e- single--run . - 

2. Theory 

The same program can be used t o  process  both  magnetic and g r a v i t y  d a t a  
through Poisson 's  theorem, which r e l a t e s  t h e  magnetic f i e l d  of a body t o  
i t s  g r a v i t a t i o n a l  f i e l d :  

where Tm and Tg a r e  t h e  magnetic and g r a v i t a t i o n a l  f i e l d s  r e s p e c t i v e l y ,  
k i s  t h e  magnetic s u s c e p t i b i l i t y  of t h e  body,-G i s  the  u n i v e r s a l  
g r a v i t a t i o n a l 7  cons tant ,  p i s  t h e  d e n s i t y  of t h e  body, and i- i s  - a u n i t  
vec to r  i n  t h e  d i r e c t i o n  of magnetizat ion.  

I n  o r d e r - f o r  t h e  edges '  h o r i z o n t a l  l o c a t i o n s  a n d  depths  t o  bede te rmined  - 

uniquely ,  a few - - theore t i ca l  -assumptions--about-the-source. - bodies  .ars. - 
requi red .  

F i r s t ,  because t h e  program opera tes  on p r o f i l e  d a t a ,  a magnetic body's 
magnetizat ion o r  g r a v i t y  body's d e n s i t y  i s  assumed t o  be homogeneous and 
i n f i n i t e  a long s t r i k e  (two-dimensional) on =both  s i d e s  of - t h e - p r o f i l e .  
This  assumption i s  reasonable f o r  many geologTcal  f e a t u r e s ,  such a s  
d ikes ,  f a u l t s ,  and fo lds .  

Second, source  boundaries - a r e  assumed t o  be o r i e n t e d  -pe rpend icu la r  t o  
t h e  p r o f i l e ( t h a t  is ,  cross-sec t ions  of t h e  source  bodies a r e  assumed t o  
be p a r a l l e l - t o  the  p r o f i l e ) ,  I n  p r a c t i c e ,  good r e s u l t s  a r e  obta ined i f  
t h e  two-dimensional anomalies do no t  d ive rge  more than  f i f t e e n  t o  twenty 
degrees from perpendicular  t o  t h e  p r o f i l e .  

Thi rd ,  the  sources '  c ross-sec t ions  a r e  assumed t o  be polygonal. In  
principle.,  t h i s  not  a l i m i t a t i o n ,  s i n c e  an  a r b i t r a r y  shape can always be 
approximated by a polygon of s u f f i c i e n t l y  many s i d e s .  P r a c t i c a l l y ,  t h e  
number-of .polygonal edges which can - be reso lved  depends -on the  - s i z e  of 
t h e  source  r e l a t i v e  t o  the  p r o f i l e  l eng th ,  t h e  sample i n t e r v a l  along the  
p r o f i l e ,  and t h e  depth of i n d i v i d u a l  source-edges below t h e  height  of 
observat ion .  

Since t h e  anomalous f i e l d  i s  caused by polygonal  bodies of uniform 
magnetizat ion -or d e n s i t y ,  t h e  s o u r c e s  -of - the-hor izonta l - -der iva t ivee  of - 

t h e  magnetic f i e l d ,  o r  the  h o r i z o n t a l  d e r i v a t i v e  of the  v e r t i c a l  
d e r i v a t i v e  of the  g r a v i t y  f i e l d ,  a r e  t h e  r eg ions  of magnetizat ion o r  
d e n s i t y  c o n t r a s t  - t h a t  i s ,  t h e  p lana r  boundaries between the  bodies.  
These sources  may be decomposed i n t o  s h e e t s  of i n f i n i t e  depth. The 
l o c a t i o n s  and depths of the  tops  of t h e  s h e e t  sources  a r e  ca lcu la ted  by 
t h e  Compu~epth" program. 



For a s h e e t  source ,  i n f i n i t e  i n  dep th ,  and having a t o p  edge a t  l o c a t i o n  
x, and d e p t h  to,. t h e  t o t a l .  f i e l d  observed a t  l o c a t i o n  x and dep th  z e r o  
may be w r i t t e n  

zo X - X  
0 

+ K2 
2 2 

(x - xo) +Zo (x - xo) 2 + zo 2 

where K1 and K2 a r e  c o n s t a n t s  depending on t h e  magne t i za t i on  of t h e  
shee t .  

The F o u r i e r  t ransform of f i e l d  (1) i s  

T (u) = (Kl-i sgn (u)K2)e 2~ luiz o e -2 n iux 0 .  

Up t o  numer ica l  f a c t o r s ,  t h i s  F o u r i e r  t r ans fo rm i s  a n  e x p o n e n t i a l  
f u n c t i o n  of f requency wi th  a decay  -constant-whose ~ e a l  p a r t  i s  t h e  d e p t h  
of t h e  edge and whose imaginary  p a r t  i s  t h e  l o c a t i o n .  The ~ o u r i e ;  
t ransform of t h e  f i e l d  due t o  a number of s h e e t  s o u r c e s  i s  a  sum of 
terms of t h i s  form, and t h e  problem of f i n d i n g  edge l o c a t i o n s  and 
depths ,  i n  p r i n c i p l e ,  r educes  t o  f i t t i n g  a  sum of e x p o n e n t i a l s  t o  t h e  
spectrum of t h e  observed ( d e r i v a t i v e )  f i e l d .  

I n  p r a c t i c e ,  two m o d i f i c a t i o n s  t o  t h i s  p rocedure  a r e  r equ i r ed .  F i r s t ,  
because f i t t i n g  e x p o n e n t i a l s  i s  a  n o n l i n e a r  p rocedure ,  t h i s  s t e p  i s  
broken i n t o  two p a r t s .  No t i ce  t h a t , -  i f  t h e  s p e c t r u m  i s  a sum of M - 

exponen t i a l s ,  t he - r e l a t i on  

M 
, u > o  

m = l  

M 
1 A m T  ( u - m s )  . u < o  

m = l  

holds ,  where t h e  k ' s  are s u i t a b l y  chosen complex c o n s t a n t s  and s i s  any 
p o s i t i v e  number. The A m ' s  may be  determined by l i n e a r  l e a s t - s q u a r e s  
methods. The e x p o n e n t i a l  f a c t o r s  a r e  t hen  determined by t h e  polynomial  
equa t ion  



6 - x  The kf r o o t e  yk, k = 1, ..., M, a r e  g iven  by 
d , 

where zk and  xk a r e  t h e  depth and l o c a t i o n  of t h e  t o p  of t h e  k t h  edge. 
The r o o t s  n, may be found once t h e  have been de te rmined ,  u s ing  
s t a n d a r d  complex polynomial s o l u t i o n  methods. The n o n l i n e a r i t y  of t h e  
e x p o n e n t i a l  f i t  i s  t h u s  reduced t o  s o l v i n g  a  polynomial.  

The more fundamenta l  mod i f i ca t i on  a r i s e s  because s o l v i n g  e q u a t i o n s  (3)  
and ( 4 )  i n  t h e  f requency  domain i s  i m p r a c t i c a l .  I n  t y p i c a l  s i t u a t i o n s ,  
t h e  s o u r c e s  a l o n g  a p r o f i l e  have dep ths  which g roup  i n t o  a  few very 
s i m i l a r  c l a s s e s .  - -  T h i s  means t h a t  an  e x p o n e n t i a l  f i t  i n  t h e  frequency 
domain cou ld  have t o  r e so lve  -many e x p o n e n t i a l s  w i t h  n e a r l y  i d e n t i c a l  
decay-cons t a n t s .  I n  t h a t  - case- the  advantage-of  - s p a t i a l  s e p a r a t i o n  i s  
l o s t .  

The s o l u t i o n - t o  t h i s  problem -is . to  d e f i n e  new Four ie r - t ransformed f i e l d s  - 

by 

7 ( U  + ms)  , u  > o  , 
i ( u - m s )  , u < o  

These new f i e l d s  a r e  ob ta ined-  by -"s h i f  t i n g W -  t h e  F o u r i e r  - t ransfom--ms 
u n i t s  toward DC.- I n  terms of t h e  new f i e l d s ;  Equa t ion  (3) t a k e s  t h e  

The new f i e l d s  may now be back-transformed, and Equa t ion  (7 )  w r i t t e n  
i n  terms of s p a t i a l  e q u i v a l e n t s :  

T ( x )  = + [ (Re Am) Tm ( x )  + ( I m  Am) H Tm ( x )  -1. 
m = l  

w h e r e x -  is Xhemean  v a l u e  -of -T(x-) -along-the p r o f i l e ,  and H i s  the-- 
H i l b e r t  t r a n s f o r m  o p e r a t o r ,  whose f requency  domain form i s  



Equat ion (8) may be s o l v e d  f o r  segment8 (windows) of t h e  p r o f i l e ,  u s i n g  
a l i m i t e d  number. of coef f i c i e n t e .  The s o l u t i o n s  o b t a i n e d  i n  any windav 
are g e n e r a l l y  dominated by - edge8 l o c a t e d  i n  o r  n e a r  t h a t  window. 
Sweeping t h e  window a long  t h e  l i n e  produces  a f u l l  s u i t e  of edge dep ths  
and l o c a t i o n s .  

C. Using Compu~epth" 

Normally compuDepthm i s  t h e  l a s t  program used  on a  magnet ic  o r  g r a v i t y  . 

d a t a  set. A l l  t h e  u s u a l  c o r r e c t i o n s  ( such  as d i u r n a l  c o r r e c t i o n s )  have 
been appl-led i n  compi la t ion ,  and p r o f i l e  p l o t s  and a contour  map of t h e  
d a t a  made. Th i s  map-is c r u c i a l  f o r  d e c i d i n g  which p o r t i o n s  of t h e  d a t a  
are s u f f i c i e n t l y  two-dimensional t o  u s e  CompuDepth9. It w i l l  a l s o  be 
use£ u i - d n  selecting -the 'best3--edgesxnd;- e x c e p t f o r -  o f f  set-profii-es-s - - 
t h e  only-_tool  for- c o m p u t i n g s t r i k e -  c o r r e c t i o n s ,  _ _  - 

The p r o f i l e s  and con tou r  map must be  examined t o  de t e rmine  i f  
~ o m ~ u D e p t h "  w i l l  be u s e f u l  f o r  t h e  g e o l o g i c  _problem a t  hand. I f  t h e  
d a t a  a r e  e x c e s s i v e l y  no isy ,  o r  t h e  anomal ies  of i n t e r e s t  are notcg 
reasonably  l i n e a r ,  o r  i f  they  a re - - la rge  compared -to - the  l i n e  -length, o r  
v e r y  c l o s e  t o  t h e  ends  of t h e  survey  l i n e s ,  Compu~epthm - shou ld  - n o t  be  

i used. I f  - the anomalies  of - i n t e r e s t  are l i n e a r ,  b u t n o t  p e r p e n d i m l a r  t o  
\ t h e  s u r v e y - l i n e s ,  p r o f i l e s  may - b e  e x t r a c t e d  from t h e  g r i d d e d  d a t a  used 

t o  make t h e  contour  uap. 

~ a c k -  Compu~epth" p r o f i l e  i s  pro-duced by _ _-_the CDSTRP - program. Inpu t  
parameters  i n c l u d e :  The p r o f i l e  d a t a  and _c lus t e r ed  d e p t h f i l e - f r o m  t h e -  
~ompuDepth"   run^- The p r o f i l e s  are-=-composed-of --two-logi-cal-dis plays.  -- 

(See enc losed  example.) The upper  d i s p l a y  c o n t a i n s  t h e  i n p u t  magnet ic  
o r  g r a v i t y  t r a c e  as a s o l i d  l i n e  and a  dashed l i n e  r e p r e s e n t i n g  t h e  
mathematical  back- f i t  due t o  t h e  edges  p i cked  by t h e  CompuDepth' 
a n a l y s i s .  The lower d i s p l a y  c o n t a i n s  t h e  depshs  t o  sou rces :  t h e  
v e r t i c a l  s c a l e  i s  i n  thousands of f e e t  be lov  sea l e v e l .  Each l i t t l e  box 
r e p r e s e n t s  t h e  t op  of t h e  edge of a  po lygonal  body. The v e r t i c a l  b a r  
above and be lov  each box r e p r e s e n t s  t h e  mathemat ica l  u n c e r t a i n t y  f o r  
t h a t  e s t i m a t e .  The number d i r e c t l y  above t h e  v e r t i c a l  b a r  i s  t h e  number 
o f  sou rces  found w i t h i n  a  predetermined s e a r c h  r a d i u s  i n  t h a t  r eg ion  and 
averaged  t o g e t h e r  f o r  t h e  d i s p l a y .  The number w i t h  a pe rcen t  s i g n  t o  
t h e  r i g h t  of t h e  box r e p r e s e n t s  t h e  p e r c e n t  of t h e  v a r i a n c e  of t h e  
back-f i t  accounted  f o r  by t h a t  p a r t i c u l a r  edge. 



'1 
For t h i s  p a r t i c u l a r  survey o t h e r  d i s p l a y  informat ion  was inc luded,  a l s o  

/ shown on t h e  example. The CDSTRP program uses  t h e  r a d a r  and barometr ic  
a l t i m e t e r s  t o  compute t h e  t e r r a i n  f o r  magnetic d a t a ,  which was d i sp layed  
i n s i d e  t h e  top  d i v i s i o n  of t h e  depth-to-sources d i s p l a y .  Also, by us ing  
t h e  a l t i m e t e r  da ta  f o r  magnetics o r  t e r r a i n  d a t a  f o r  g r a v i t y ,  t h e  
c l u s t e r e d  depths  were converted from depth  below t h e  survey a l t i t u d e  t o  
depth  below s e a  l e v e l .  

The next s t e p  i s  t o  make an  approximate de terminat ion  of t h e  depths  t o  
t h e  sources  of i n t e r e s t .  Any informat ion ,  such a s  borehole d a t a  o r  
geo log ica l  maps (even e x t e r n a l  t o  t h e  survey),  can  be very  v a l u a b l e ,  
both  a t  t h i s  s t age  and i n  prepar ing  a  f i n a l  i n t e r p r e t a t i o n .  Depth 
es t imates  should be  obta ined from t h e  d a t a  - from p r o f i l e  o r  
two-dimensional power s p e c t r a ,  o r  by s l o p e  measurement of p r o f i l e  o r  
contoured anomalies. A low-pass f i l t e r e d  o r  reduced t o  t h e  magnetic  
po le  contour map can be  h e l p f u l  h e r e ,  and a t  l a t e r  s t a g e s ,  f o r  
d e l i n e a t i n g  major s t r u c t u r e s .  

Once-prel iminary depth e s t i m a t e s  have been ob ta ined ,  t e s t  runs of 
CompuDepthU =- should-  be  made - u s i n g  p r o f i l e s  t y p i c a l - a f  t h e  a a g n e t i c  or 
g r a v i t y  - c h a r a c t e r  of t h e  e n t i r e  d a t a  block. - S e t  t h e  parameters  a s  
indTcated-by x h e  estimates,, For test runs,  __the expanded l i s t  f i l e  must 
b e  examined-caref u l l y  . -- It ems t o  be  checked include:  

C 

A)  Are almost  a l l  t h e  edges f o r  t h e  s o l u t i o n s  of t h e  s m a l l e s t  o r  
l a r g e s t  al lowable number of s o l u t i o n s  being r e j e c t e d ?  I n  t h i s  
case ,  overhead can be saved and ext raneous  depths  e l imina ted  by 
changing t h e  a l lowab le  number. 

B) Are t h e  edges picked reasonably  c o n s i s t e n t  wi th  t h e  i n i t i a l  depth  
es t ima tes?  I f  no t ,  e i t h e r  some f e a t u r e s  i n  t h e  d a t a  have been . . 
overlooked, o r  g r o s s l y  _ i n c o r r e c t  parameter  va lues  have been used i n  
s e t t i n g  -up _CompuDepthm. When t h e  geology of a n  a r e a  i s  no t  w e l l  
understood,-=the magnetic7ar g r a v i t y -  s t r u c t u r e  *zan-ke q u i t e  d i f f e r e n t  
from t h a t  = expected. But i f  independent e s t i m a t e s  from t h e  d a t a  
themselves (e.g.,  from power s p e c t r a )  d i s a g r e e  g r o s s l y  wi th  t h e  
r e s u l t s  from CompuDepthm, a  d e c i s i o n  must be  made about where t h e  
e r r o r  l i e s .  

C)  Does t h e  back-fi t  match t h e  v a r i a t i o n s  i n  t h e  d a t a  a t  t h e  wave- 
l e n g t h s  of A n t e r e s t ?  - I f  : n o t ,  some parameter adjustment may be  
c a l l e d  f o r ;  but  i t  i s  p o s s i b l e  t h a t  t h e  back-f i t  i s  poor f o r  
e s s e n t i a l l y  spur ious  reasons  and should be  d iscarded.  Examine t h e  
edges used i n  t h e  back-f i t  t o  determine i f  unreasonable s e l e c t i o n s  
have been made. 



D) Does t h e  c l u s t e r i n g  seem reasonable?  To determine  t h i s ,  examine 
6"' \ t h e  unc lus te red  depths  by running CDSTRP aga in .  I f  t h e  c l u s t e r i n g  
t\ / i s  not  reasonable,  i t  may be  p o s s i b l e  t o  a d j u s t  t h e  r e s o l u t i o n  t o  

o b t a i n  b e t t e r  groupings. I f  no t ,  t h e  raw edge p icks  may have t o  be 
used,  and c l u s t e r i n g  done by hand. 

E) Do some of t h e  depths i n  t h e  v i c i n i t y  of t h e  l i n e a r  f e a t u r e s  d i sp lay  
coherence-from - l i n e  t o  l i n e ?  I f  no t ,  something i s  wrong. Probably 
a n  i n c o r r e c t  e s t i m a t e  of t h e  depth t o  those  s o u r c e s  i s  ind ica ted .  

A f t e r  examination of t h e  r e s u l t s  of t h e  t e s t  run, i t  may be adv i sab le  t o  
perform f u r t h e r  t e s t s .  For example, i f  some unsuspected,  very deep 
sources  a r e  ind ica ted  by CompuDepthU, a run wi th  t h e  parameters  ad jus ted  
t o  r e s o l v e  t h e s e  may be i n  order .  Occasionally t h e s e  sources  a r e  picked 
a t  a  much t o o  shailow depth  when t h e  parameters a r e  n o t  s e t  t o  r e so lve  
them, and deep p icks  i n  t h e  f i n a l  r e s u l t s  may have t o  be regarded wi th  
susp ic ion .  Questions of t h i s  type  should be s e t t l e d  i n  advance, i f  
pos s i b l e .  

When s a t i s f a c t o r y - . r e s u l t s  have -been obta ined-on- the  -test l i n e s ,  t h e  f u l l -  
d a t a  s e t  c a n  b e  processed,-  and f i n a l  CompuDepth" p r o f i l e s  made. F i n a l  
i n t e r p r e t a t i o n  can then begin. _ 

Begin w i t h  t h e  best-defined and most two-dimensional anomalies. S e r i e s  
of  p r o f i l e s ,  a  few a t  a  time, may be o v e r l a i d  t o  l o c a t e  t h o s e  edges wi th  ' 
t h e  s t r o n g e s t  c o n t i n u i t y  from l i n e  t o  l i n e .  Discard  depths  a s soc ia ted  
w i t h  anomalies p resen t  on only one o r  a  few p r o f i l e s  and obviously 

\ s p u r i o u s  edges. 

Very shal low edges w i t h  smal l  s t andard  d e v i a t i o n s  a r e  t y p i c a l l y  produced 
when a "model" conta in ing more than t h e  a c t u a l  number of r e so lvab le  
edges i s  f i t  t o  t h e  d a t a .  Such edge p i c k s  a r e  n o t  d i f f i c u l t  t o  
d i s t i n g u i s h  from r e a l  sources  a t , - o r  n e a r ,  t h e  s u r f a c e .  The l a t t e r  ( i f  
two-dimensional) w i l l  c o r r e l a t e  from - l i n e  t o  -line,--whereas :Zhe spur ious-  - 
p i c k s  w i l l  be q u i t e  random. 

Any a v a i l a b l e  e x t e r n a l  informat ion  w i l l  be h e l p f u l  a t  t h i s  s tage .  Edges 
i n  good agreement with borehole d a t a  can  he lp  e s t a b l i s h  t h e  v a l i d i t y  of 
s i m i l a r  p a t t e r n s  nearby. Known f a u l t s  w i l l  o f t e n  b e  c l e a r l y  r e f l e c t e d  
i n  t h e  CompuDepth" r e s u l t s ,  and edge c l u s t e r s  having a s i m i l a r  
d i s t r i b u t i o n - - t o  those  along known f a u l t s  should  be  examined f o r  t h e  
p resence  of f u r t h e r  f a u l t i n g  . 
C o r r e l a t i o n s  wi th  topographic f e a t u r e s  should be  cons idered .  Prominent 
t e r r a i n  i s  a n  example, b u t  l e s s  obvious f e a t u r e s  such a s  major dra inages  
may a l s o  be important.  The guiding p r i n c i p l e  i s  accord  wi th  geologic  
f a c t  - does t h e  s t r u c t u r e  suggested by CompuDepth" make sense  i n  t h e  
c o n t e x t  of t h e  geology of t h e  a r e a ?  



-'\ 
I The program ZPLOT t h e n  p l o t s  t h e  dep th  f i l e  i n  a  survey  l i n e  map form, 

l a b e l i n g  t h e  d e p t h s  a long  each p r o f i l e .  Once t h e  s p u r i o u s  edges have 
been i d e n t i f i e d ,  t h e  c l u s t e r e d  dep th  f i l e  can  b e  e d i t e d  t o  remove them. 
I f  more t h a n  one l a y e r  of magnet ic  o r  g r a v i t y  s t r u c t u r e  appea r s  i n  t h e  
CompuDepthm o u t p u t ,  i t  may b e  u s e f u l  t o  make s e p a r a t e  maps f o r  each  
ho r i zon -n f  i n t e r e s t .  

Dra f t i ng  of t h e  i n t e r p r e t a t i o n  map can  be  done on a  l a r g e  s h e e t  of 
vellum. F i r s t  t r a c e  known major  s t r u c t u r a l  f e a t u r e s  on to  t h e  
i n t e r p r e t a t i o n  map. These can  be used a s  a  gu ide  throughout  t h e  
d r a f t i n g .  Begin w i t h  t h e  a r e a s  showing t h e  b e s t  r e s o l v e d  and most 
two-dimensional f e a t u r e s  ( u s u a l l y  t h e  deepes t  depth  e s t i m a t e s ) ,  l a y i n g  
down contour  l i n e s  where t h e s e  a r e  c l e a r l y  de f ined  by t h e  picked edges.  

S t r i k e  c o r r e c t i o n s ,  i f  i n d i c a t e d ,  shou ld  b e  a p p l i e d  a t  t h i s  s t a g e .  I f  
t h e  f e a t u r e -  s t r i k e s  a t  a n  a n g l e  t o  t h e  p e r p e n d i c u l a r  . to - t h e  p r o f i l e s ,  
dep ths  shou ld  be  m u l t i p l i e d  by c o s  . S t r i k e  c o r r e c t i o n s  should n o t  be  
used f o r  a n g l e s  over-30".  B e t t e r  dep th  - e s t i m a t e s  may b e  ob ta ined  by 
e x t r a c t i n g  a  few p r o f i l e s  from g r i d d e a - d a t a  ove r  t h e  -a rea .  

I f  dep ths  f  rom---borehole - - d a t a  - a r e  - -cons is ten t ly  g r e a t e r  - t h a n  - those-  
suggested by CompuDepthm;- i t  may b e  a d v i s a b l e  t o  b i a s  downward a l l  
depths  picked by t h e  program i n  t h a t  a r e a  by a n  amount growing rough lyc  
l i n e a r l y  w i t h  depth.  However, such  a  s i t u a t i o n  u s u a l l y  r e f l e c t s  a  
less- than-opt imal  cho ice  of parameters  f o r  CompuDepth". Cons ide ra t ion  

I' should b e  g i v e n  t o  redoing  s e l e c t e d  p o r t i o n s  of t h e  p roces s ing  w i t h  
\ parameters  b e t t e r  adapted t o  t h a t  a r e a .  

I f  t h e  ' s t r u c t u r e '  i n d i c a t e d  by CompuDepthm cannot  be  contoured ,  a c c e p t  
a n  - average  dep th  va lue  from power s p e c t r a ,  and move -on -to more- u s a b l e  
a reas .  - Cases I n c l u d e - a r e a s w h e r e  h i g h ~ s u s c e p t i b i l i q -  v o l c a n i c  - m a t e r i a l  
ove r l ays  t h e  basement s t r u c t u r e .  

When a p r e l i m i n a r y  depth  t o  s o u r c e s  ( 'basement ' )  contour  map i s  
completed, rev iew t h e  r e s u l t s  by o v e r l a y i n g  t h e  CompuDepthU p r o f i l e s  on 
t h e  - p r e l i m i n a r y  i n t e r p r e t a t i o n  map and comparing r e s u l t s .  Ad jus t  
contours ,  o r  p r o f i l e  i n t e r p r e t a t i o n  when necessary .  

The magnet ic  o r  g r a v i t y  s t r u c t u r e  i n t e r p r e t a t i o n  map cannot  be 
cons idered  as d e f i n i t i v e ,  o r  even  f i n a l .  Ra the r ,  i t  should  be  viewed 
w i t h  - some s k e p t i c i s m  u n t i l  i t  h a s  been c a r e f u l l y  compared w i t h  o t h e r  
geo log ic  d a t a  and o r  f u r t h e r  geophys i ca l  d a t a ,  such  as s e i s m i c  d a t a .  I n  
l o c a l  areas of t h e  survey ,  it may be d e s i r a b l e  t o  r e r u n  CompuDepthm t o  
r e s o l v e  c o n f l i c t s  w i t h  a n c i l l a r y  $nformation. 
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M E M O R A N D U M  

DERRY. XIICHENER, BOOTH G; WAHL 
CCfiSULTlNG GEOLOWSTS AND ENWNEERS 

TO: Ekinco Mining Limited 
Mr. A. A. Wlrgoyne 
Mr. R. Hewton 
Mr. I. Lyn 

SUITE A10 - CONFEDERATION SOUARE 

2 0  RICHMOND STREET EAST 

TORONTO. CANADA M5C 2R9 

TELEPHONE: (416) 368-4636 

TELEX: 06-23686 

TELECOPIER. (416) 367-3347 

DATE: March 18, 1985 

FROM: R W. Woolham 

INTERPRETATION OF ANOMALY 5 

INTRODUCTION 

The results of a ground investigation of airborne magnetic Anomaly 5 were 

discussed in a report by 1. A. Lyn of November 14, 1983. At that  time it  was thought 

that  a thin magnetic basalt layer dipping a t  about 40° to  the east probably explained 

the  anomaly. A second examination of the flight line profiles and corresponding 

geological infor mation suggested that  the Anomaly 5 responses were not totally explained 

by the magnetic basalt. Ground magnetics also seemed t o  indicate that  the basalt 

layer had a very localized magnetic response. It was concluded that  a second more 

detailed analysis of the anomaly was necessary. 



h such a study as this, exact anomaly location and characteristics are  important 

factors in an accurate analysis. The more exact  flight line recovery information on 

the photograph provided by I. Lyn has been utilized t o  locate the anomaly peaks related 

to  the 1983 Anomaly 5 response. These peaks are plotted on Figure 1 in addition t o  

the ground magnetic anomaly locations and geology. Anomalies A, B and C all appear 

to  correlate with the  magnetic basalt layer. Anomaly D, however, does not correlate 

with any presently known surface magnetic source. Its ground expression has not been 

completely measured, but a buildup of magnetic response near anomaly D does occur, 

{ \ as seen in Figure 4 of Lynls report. 
i_ 

Comparing the Anomaly A ground and airborne responses using a dyke model 

provides a good fit  t o  a near surface narrow source. Thus the  attenuation of Anomaly 

A, from approximately 2,000 n T  to  200 n T  when the sensor is raised from ground level 

t o  60 metres mean terrain clearance, is explained. By comparison, the  amplitude falloff 

of Anomaly D is much lower being about 800 n T  at ground surface t o  300 n T  a t  60 

metres above ground. This suggests that  a larger and geometrically more voluminous 
i 

source is present under location D. This conclusion is also supported by the anomaly 

characteristics seen in the  contour map of the  1984 airborne survey flown a t  constant 

barometric altitude. The anomaly is elliptical in shape and is shifted southeast from 

the original anomaly highest amplitude centre obtained with the  survey flown a t  a 

lower altitude. 
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Analysis of the airborne and ground amplitudes characteristic of Anomaly D 

suggests that  a buried source is present. For purposes of illustration, the  1984 flight 

line results over the anomaly have been used, as their scale has been corrected for 

aircraft speed variations. Note, however, that  these lines cross the area  in almost the  

exact same location as the 1983 survey and the profiles are identical. Figures 2 and 3 

are profile sections along the  flight lines shown on Figure 1. Note tha t  Figure 2 shows 

two separate narrow width anomaLies over the exposed portions of the magnetic basalt 

on either side of the  hill. Figure 3, however, shows tha t  Anomaly C is very probably 

related t o  the basalt layer but dominating the response is Anomaly D. In order t o  

evaluate the possible source of anomaly D, an analysis of the  amplitude response 

F -  , alteration with differing magnetic sensor altitudes has been performed. Using a point ..- \ / 

pole model, a reasonable f i t  t o  the  three data sets for a source a t  100 metres below 

surface is obtained. The elongated nature of the anomaly asymmetrical shape and 

negative east  flank can be poorly modeled as a dyke source. A depth t o  source of 40 

metres below surface was obtained using the dyke model. The pole and dyke models 

assume llinfiniteT1 depth and strike extent and thus only provide a first approximation 

t o  the maximum and minimum limits t o  the source depth. Table 1 lists the  parameters 

used t o  evaluate the  anomaly characteristics of Anomaly D. Note tha t  the  anomaly 

amplitude and half width at surface had to  be estimated as only a portion of the 

anomaly was covered by the  grid. The best f i t  was obtained for the  point source. 

The dyke model was not valid for the highest altitude data set. 



Figure 4 shows the type of response expected from narrow near surface dyites 

having low dips traversed at right angles t o  their strike. Very high amplitude negative 

components would be expected on the east and north sides of a dyke oriented with 

respect t o  the  topography related t o  Anomaly 5. a c h  negatives are  suggested by the 

1983 survey results and no doubt relate t o  the thin magnetic basalt layer source. ?he 

Anomaly D response and the  southeasterly extension of Anomaly D, however, lack a 

significant negative component relative t o  its positive component. ?his provides further 

evidence that  a second source may be present under Anomaly 5. 

CONCLUSIONS 

r-- ,' ,\ 
I 

< \ '  

Present information provides strong evidence that  a magnetic source, not 

presently explained by geology, underlies the  Anomaly 5 area. 'Ihe source could be 

explained by a considerable thickening of the magnetic basalt layer with an increase 

in magnetite and/or an upward faulting of the  layer in the  down-dip location under 

Anomaly D. ?he thickening would necessarily have t o  be confined t o  an area about 

250 metres wide and 700 metres long. In addition, this thicker more magnetic zone 

could not outcrop. ?his scenerio is geologically possible if a paleochannel was filled by 

a basalt flow. Alternatively, the  source could be a near vertical intrusive plug having 

an elliptical shape in plan. Its average radial dimensions probably would not exceed 

75 metres. Depth t o  the  top of the  plug is estimated t o  average 75 metres with a 

minimum depth limit of 25 metres and maximum of 125 metres. ?he magnetite content 

cannot be  estimated. 



RECOMMENDATIONS 

Further investigation of this anomaly is warranted. Expanded magnetic traverses, 

where possible, are needed t o  define the  amplitude and extent  of the  ground magnetic 

expression related t o  Anomaly D. If physically possible, a geological traverse down 

, the  northeast f ace  of the hill, which encompasses the  Anomaly D response, is 

I recommended. The initial grid survey suggests the  magnetite content in the basalt 

layer is errat ic;  therefore, further magnetic traverses t o  extend lines 1+20E, 1+80E and 

2+40E a re  suggested to  confirm this premise. 

Investigation of Anomaly D by a single borehole will probably be mandatory. 

1 The additional magnetic information may aid in selecting an optimum drill site 

notwithstanding the  restrictions imposed by topography. 

Respectfully submitted, 

DERRY, MICHENER, BOOTH & WAHL 

R. W. Woolham, P.mg. 



Average regional total magnetic field 58,300 nanotesla. 

Magnetic inclination - 73O 
Magnetic declination - 32O East. 

Sensor Height 

I Above Surface Metres 

- b -  

TABLE 1 

ANOMALY 5 MAGNETIC PARAMETERS 

Anomaly 
Amplitude nT 

approx. 800 

Half Amplitude Anomaly 
Width Metres 

*Note: These widths not corrected for flight line direction relative to  anomaly strike. 

Approximate fit of point pole model to data gives depth to top of source as 100 metres. 

Approximate fit of dyke model to data gives depth of 40 metres and near vertical dip. 
No fit possible to  highest sensor height data. 



Magnetometer: 

Type: 

C y c l i n g  Time : 

S e n s i n g  Head 
Design:  

S e n s i t i v i t y :  

APPENDIX 3 

INSTRUMENTATION 

Towed s e n s o r  t y p e ,  p r o t o n  p r e c e s s i o n  model G803 
manufactured by Geometr ics  C o r p o r a t i o n ,  Toronto .  

1.0 second.  

5 i n c h  d i a m e t e r  t o r o i d .  

1.0 gamma. 

A n c i l l a r y  Equipment: 

UDAS D i g i t a l  A c q u i s i t i o n  System w i t h  r e c o r d e r .  

Geocam 35 mm F l i g h t  P a t h  Camera 

Bonzer Radio A l t i m e t e r  

Geometrics G826 Magnet ic  Base  S t a t i o n  and r e c o r d e r .  

B e l l  206 B H e l i c o p t e r  s u p p l i e d  by F r o n t i e r H e l i c o p t e r s  
L t d . ,  Watson Lake,  Y.T. 



APPENDIX 4 

The i n - f l i g h t  t a p e  i s  a r o l l  o f  c h a r t  p a p e r  which moves th rough  t h e  d i g i t a l  
p r i n t e r  a t  a speed  o f  5.48cm p e r  minute .  

The d i g i t a l  p r i n t e r  c h a r t  f a c i l i t a t e s  t h e  u s e  o f  a f u l l  a lpha-numeric  sys tem.  
A l l  "header" s e n s i t i v i t y  and f i d u c i a l  i n f o r m a t i o n  i s  p r i n t e d  a u t o m a t i c a l l y .  

The c h a r t  i s  520 d o t s  wide as f o l l o w s :  

Dots Channel Number 

0  - 60 h e l i c o p t e r  h e i g h t  - 10 f e e t  p e r  d o t  ( 1 - 6 0 0  f e e t ) .  

60 - 520 magnetometer f i n e  2 gammas p e r  d o t .  

60 - 520 magnetometer c o u r s e  100 gammas p e r  d o t .  

The h e l i c o p t e r  f l i g h t  p a t h  i s  r e c o v e r e d  from 35mm f i l m ,  which i s  exposed a t  

r 2.0  second i n t e r v a l s  d u r i n g  t h e  f l i g h t  t r a v e r s e s .  A f t e r  p r o c e s s i n g  and anno- 
\ t a t i n g ,  r e c o g n i z a b l e  f i d u c i a l s  a r e  p in -po in ted  on t h e  photomosiac  map. 



APPENDIX 5 

ITEMIZED STATEMENT OF COSTS: McDANE GROUP 

Apex Ai rborne  L td .  

Supply Geophysical  System @ $300/day f o r  7 days  $ 2,100.00 

G e o p h y s i c i s t  (She ldrake)  @ $250/day f o r  8 days  $ 2,000.00 

E l e c t r o n i c s  Techn ic ian  @ $150/day f o r  8 days  $ 1,200.00 

Expenses $ 2,083.93 

EG&G Geometr ics  

CompuDepth Computer A n a l y s i s ,  I n t e r p r e t a t i o n  
Report  and P l o t s  US $5,400.00 

Derry  Mi tchner  Booth and Wahl - C a s s i a r  O f f s i t e  
I n t e r p r e t a t i o n  of Anomaly 5 by.  R .  Woolham 

Report  P r e p a r a t i o n  - I. Lyn @ $145/day f o r  2 days  

Typing and Maps 

T o t a l  $16,221.58 
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S t a t e m e n t  of Q u a l i f i c a t i o n s  

6'' I,  I a n  A .  Lyn, o f  328 West 11 th  S ~ r e e t ,  Vancouver,  B . C .  he reby  c e r t i f y  'G * 
t h a t :  

1. I r e c e i v e d  a  Bache lor  of Sc ience  d e g r e e  i n  Geology f rom t h e  U n i v e r s i t y  
o f  T o r o n t o  i n  1978. 

2.  I am a member of t h e  Canadian I n s t i t u t e  o f  Mining and M e t a l l u r g y ,  and 
a s s o c i a t e  o f  t h e  G e o l o g i c a l  A s s o c i a t i o n  o f  Canada. 

3 .  I have  been  employed by Brinco Mining L i m i t e d  s i n c e  1978. 

I a n  A. ~ y n  



CERTIFICATION 

I, RONALD F. SHELDRAKE, of t h e  C i t y  of Vancouver,  Province  of British 
Columbia,  he reby  c e r t i f y  as follows: 

1. I a m  Pres iden t  of Apex Airborne Surveys  Ltd. a company  incorpora ted  under t h e  
laws of t h e  Province  of British Columbia. 

2. The Vancouver Of f i ce  of Apex Airborne Surveys  Ltd- is  loca ted  a t  Sui te  514 - 
625 Howe S t r e e t ,  Vancouver, British Columbia. 

3. I received m y  B.Sc., in Geophysics f rom t h e  Univers i ty  of Brit ish Columbia in 
May, 1974. 

I 
I 

4. I h a v e  p rac t i sed  my profession s ince  t h a t  da te .  

5. I did no t  e x a m i n e  t h e  c la ims  a r e a ,  but  I a m  n o t  a w a r e  of a n y  c la im conf l ic t  and j 
, ' \  believe t h a t  t h e  d a t a  presented here in  is  rel iable.  I 


























