










- - - - -- 

t 

2 - 1 

0 I) . * 

2. DATA PRESENTATION t 

2 .1  E lec t romagne t i c s  

The Ai rborne  Elec t romagnet ic  Survey P r o f i l e s  and F i l t e r e d  

Magnetic Map shows p r o f i l e s  o f  in-phase  and q u a d r a t u r e  

EM response  a long  a l l  f l i g h t  l i n e s .  These p r o f i l e s  have 

been t r a n s c r i b e d  d i g i t a l l y  from t h e  ana log  d a t a ,  a f t e r  

removing a c o n s t a n t  base  l e v e l  va lue .  Contours  o f  t h e  

f i l t e r e d  magnetic d a t a  are a l s o  g iven  on t h e  s a m e  s h e e t  

O f o r  r e f e r e n c e .  

The Ai rborne  Elec t romagnet ic  Survey I n t e r p r e t a t i o n  Map 

is a n  i n t e r p r e t a t i o n  map, which shows t h e  i n f e r r e d  axes  

and s t r i k e  d i r e c t i o n s  o f  t h e  s i g n i f i c a n t  conduc to r s ,  , 

t o g e t h e r  w i t h  t h e  in-phase  anomaly ampl i tude  i n  p a r t s  

p e r  m i l l i o n  (ppm) of t h e  pr imary f i e l d  s t r e n g t h  and t h e  

a p p a r e n t  conductances d e r i v e d  from t h e  v e r t i c a l  h a l f -  

p l a n e  model. The appa ren t  conductance i s  de te rmined  by 

a p p l y i n g  t h e  in-phase and q u a d r a t u r e  anomaly ampl i tudes  

t o  t h e  phasor  diagram f o r  t h e  v e r t i c a l  h a l f - p l a n e  model, 

which i s  shown a s  a n  i n s e t  on t h e  map. The r e l a t i o n s h i p  
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f of  appa ren t  conductance t o  t h e  t r u e  conduc tance ,  
1, 

which i n  t h e  c a s e  of narrow, s l a b - l i k e  b o d i e s  i s  t h e  

p roduc t  of t h e  e l e c t r i c a l  c o n d u c t i v i t y  and ave rage  

t h i c k n e s s ,  depends upon how c l o s e l y  t h e  body approximates  

t h e  s h e e t - l i k e  form, and upon how n e a r l y  a t  r i g h t  

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

a i r c r a f t .  

Also determined from t h e  phasor  c u r v e s  b u t  n o t  shown 

5 

i n  t h e  Airborne Elec t romagnet ic  Survey I n t e r p r e t a t i o n  

'Map are t h e  apparen t  d e p t h s  t o  t h e  t o p s  o f  t h e  

conduc to r s .  Although t h e  phasor  c u r v e s  a r e  o f t e n  a b l e  

t o  d i s t i n g u i s h  between c o n d i t i o n s  o f  compara t ive ly  

t h i c k  and t h i n  overburden,  t h e  d e p t h  e s t i m a t e s  which 

t h e y  g i v e  a r e  n o t  g e n e r a l l y  r e l i a b l e .  Some o f  t h e  more 

common r e a s o n s  f o r  t h i s  are: 

I 
(i.1 t h e  c o n d u c t i v i t y  o f  t h e  body changes  

I 
wi th  d e p t h  , 

(ii) t h e  conductor  p lunges  

I (iii) t h e  d i p  i s  s u b s t a n t i a l l y  less khan v e r t i c a l  

( i v )  i n t e r f e r e n c e  from conduc t ive  overburden  
o r  hos t - rock  has  d i s t o r t e d  t h e  anomal ies  I 

(v) t h e  body has  t o o  s h o r t  a strike l eng th  t o  
g i v e  a good h a l f - p l a n e  r e sponse  

0 
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0 Any of  t h e  condi t ions  enumerated above may a f f e c t  

t h e  anomaly amplitudes.  Some w i l l  cause  roughly 

p ropor t iona te  changes i n  both phases ,  so t h a t  t h e  

depth  e s t i m a t e s  tend t o  be more s e r i o u s l y  a f f e c t e d  
I 

than  , t h e  conductance e s t i m a t e s .  

The corductance va lues  a r e  d iv ided  i n t o  groups,  and 

t h e  symbols given i n  t h e  Airborne Electromagnet ic  

Survey I n t e r p r e t a t i o n  Map i n d i c a t e  t h e  range i n t o  

which each a n a l y s i s  f a l l s .  This  procedure g e n e r a l l y  

t e n d s  t o  make t h e  work of d iagnos i s  easier. Thus, 

most overburdens have apparent  conductances which f a l l  

i n t b  t h e  lowest range on t h e  s c a l e  ( 2 mhos), whereas 

conduct ive c l a y  d e p o s i t s  may have apparent  conductances 0 
. i n  t h e  next  h igher  range (2-4 mhos). Also included 

a s  a genera l  r u l e  i n  t h e  two lowest  ranges  a r e  t h e  very 

weak bedrock conductors and t h e  " s t r u c t u r a l "  conductors ,  

such as unmineralized f a u l t s  and s h e a r s .  

, 

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

d i s t i n g u i s h e d  from t h e s e  bedrock and s t r u c t u r a l  f e a t u r e s  

by t h e  shapes of t h e i r  reponses,  and wherever t h i s  has  

been p o s s i b l e  they a r e  i d e n t i f i e d  i n  t h e  map wi th  t h e  

symbol S. The higher  ranges  i n  t h e  s c a l e  of apparent  I. 
1 
10 
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p o l e  and a t  a n . e l e v a t i o n  c l o s e  t o  t h e  bedrock 

s u r f a c e .  T h i s  w i l l  have t h e  e f f e c t  of  b r i n g i n g  

t h e  anomalies i n t o  c l o s e r  r e l a t i o n s h i p  wi th  t h e  

o u t l i n e s  of t h e  bod ie s  t h a t  cause  them, and of 

g r e a t l y  i n c r e a s i n g  t h e  r e s o l u t i o n  of ove r l app ing  

magnetic e f f e c t s .  S ince  t h e  assumptions  upon 

which t h e  method i s  based are on ly  approximately  

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

on ly  p a r t i a l l y  e f f e c t i v e .  However, it does  pe rmi t  

easier and more d i r e c t  c o r r e l a t i o n  between EM and 

magnet ic  responses .  To keep t h e  map s imp le ,  

on ly  t h e  p o s i t i v e  c o n t o u r s  are shown. 

I t  i s  g e n e r a l l y  cons ide red  t h a t  an  EM anomaly w i t h  

a magnetic c o r r e l a t i o n  i s  more l i k e l y  t o  be caused 

by a s u l p h i d e  d e p o s i t  t h a n  one wi thou t .  An apparen t  

co inc idence  between an  EM and a magnet ic  anomaly 

may be caused by a conduc tor  which i s  a l s o  magnet ic ,  

o r  by a conductor  which l ies  i n  c l o s e  prox imi ty  t o  , a 

magnet ic  body. The m a j o r i t y  o f  conduc to r s  which a r e  

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

and/or magne t i t e .  Conductive and magnet ic  bod ie s  i n  
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c l o s e  a s s o c i a t i o n  c a n  b e  - and  o f t e n  are - g r a p h i t e  
I t  

and m a g n e t i t e .  I t  i s  o f t e n  v e r y  d i f f i c u l t  t o  d i s -  

t i n g u i s h  between t h e s e  c a s e s .  I f  t h e  c o n d u c t o r  i s  

a l s o  m a g n e t i c ,  it w i l l  u s u a l l y  p r o d u c e  a n  EM anomaly 









INTERPRETATION 

The survey Areas 1 , 2 ,  and 3 a r e  d i scussed  i n  o rde r  and 

conductors a r e  numbered g e n e r a l l y  from west t o  e a s t .  

No a t tempt  i s  made i n  t h i s  repor ' t  to  i d e n t i f y  t h e  con- 

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

i n  a geo log ica l  sense.  ~ather ' , ' ' ; the~-  conduetors  a r e  

descr ibed  i n  t e r m s  of t h e i r  e l e c t r i c a l  parameters ,  

not ing  any magnetic a s s o c i a t i o n -  tha t -  could- be of s i g -  

n i f i c a n c e  i n  t h e i r  subsequent-eva-luation--and i d e n t i f i c a t i o n .  
- , - - - - - - "  - - .- - .. - - L -  c. L- LA-- - . A < , . ,  L a ,  . . 

5.1 Area 1 

Conductor 1 extends along a creek  a t  t h e  South 
1 

end of t h e  a r e a ,  and-- a@@a%sZ%~f ;b$b 3e'nuine bedrock 
- 

response of medium st~:e'ri?t%~. "%!?he' &&=-end of t h e  d 

r i .- - conductor coincides '  ii$K a .  magh.e't2&- 35timaly. 
, - - + ,  - . . \ - ca i . . ? f C K c L 2  ., Y &ric:-. - 

Conductors 2 and 3 a r e  very  weak responses  of poor 

c h a r a c t e r .  .They  pi-^‘&‘ &i'i%"i:l&+ S l  "the d iscrepancy 
-ms 

i n  t h e  apparent  ~6riiIu3t1~~it~~~i&%e-:to The e r r o r  i n  
. , ,  - - .  

L 1 - ' measuring small  quant-ik-i'es\- - -  - - -- - -  
- -  . - . . .  
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Conductors 4 t o  1 4  i n c l u s i v e ,  a r e  s t r o n g  r e s p o n s e s  
1, , . 

i n  a r e l a t e d  m u l t i p l e  zone. Conduc t iv i ty  i s  g e n e r a l l y  

v a r i a b l e  a c r o s s  t h e  zone. Conductors 4 and 1 3  a r e  co in-  

c i d e n t  w i t h  magnetic anomal ies .  

Responses 15 ,  16,  17 and 18 a r e  weak and most l i k e l y  

r e p r e s e n t  p a r t  of a more e x t e n s i v e  zone t o  t h e  w e s t .  

Conductors 19 ,  20, and 2 1  are weak r e sponses .  

Conductor 22 i s  of  weak t o  moderate  s t r e n g t h  on t h e  

edge of a more e x t e n s i v e  m u l t i p l e  zone t o  t h e  n o r t h .  

Conductors  23 t o  38 are p a r t  of  a broad m u l t i p l e  zone. 

Responses are g e n e r a l l y  weak t o  moderate ,  and con- 

d u c t i v i t y  i s  a t  t h e  low end of t h e  spectrum. Although 

t h e  r e sponses  do n o t  c o r r e l a t e  d i r e c t l y  w i t h  magnet ic  

anomal ies ,  t h e y  a r e  however, a s s o c i a t e d  w i t h  a magnet ic  

t r e n d .  

5.2 Area 2 

Zones 39  and 4 1  are ve ry  weak conduc to r s  of  low con- 
I 

d u c t i v i t y  which could  be  i n t e r p r e t e d  a s  s u r f a c e  f e a -  

I t u r e s .  However, t h e  r e sponses  are s p a t i a l l y  r e l a t e d  

I 
t o  a s t r o n g  conductor  t o  t h e  n o r t h  and most l i k e l y  a r e  

bedrock f e a t u r e s .  

I 
I 

- - 
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Conductor 40 i s  moderately s t rong  and of t h e  h i g h e s t  
. . 

conduc t iv i ty  wi th in  t h e  map a r e a .  

Conductor 4 2  i s  of medium s t r e n g t h  and f a i r  conduc- 

t i v i t y ,  I t  p a r a l l e l s  conductor 40 and probably i s  

r e l a t e d  i n  o r i g i n .  

Responses 43, 4 4  and - 45 a r e  weak i n  s t r e n g t h  and 

conduc t iv i ty ,  but  a r e  most l i k e l y  bedrock f e a t u r e s .  

Responses 4 6  and 47 a r e  moderately s t r o n g ,  and a r e  

p a r t  of a more ex tens ive  m u l t i p l e  zone. Conductor 

47 co inc ides  wi th  a magnetic anomaly. 

5 . 3  Area 3 (-3 
-- 1 

Broad quadra ture  responses o u t l i n e d  by t h e  EM pro- 

f i l e s  i n  t h e  nor theas te rn  t h i r d  of t h i s  a r e a  i n d i -  

c a t e  t h a t  overburden th ickness  i s  g r e a t e r  he re  than  i n  

Areas 1 and 2.  Although most of t h e  conductors  

d e t e c t e d  a r e  of low conduc t iv i ty ,  t h e  sha rp  c h a r a c t e r  , 

of t h e  quadra ture  responses  sugges ts  t h a t  most a r e  

genuine bedrock responses.  

Conductor 48 i s  t y p i c a l  of a good c h a r a c t e r  quadra ture  

response.  Although t h e  c o n d u c t i v i t y  i s  low, t h i s  con- 

duc to r  i s  most l i k e l y  caused by a bedrock f e a t u r e .  

0 

- "--"-- _ - -- ^-C .,a<.." --'Y""'"" , - * - .  " - ->-- 







I t 

APPENDIX I 

The Flight Tape and Path Recovery 
, 

I. 

The flight tape is a roll of chart paper. It moves 

through the recorder console at a speed of 1.5 mrn/sec. 

This provides a ground scale on the flight tape in 

feet/mm which is approximately equal to the helicopter 

flight speed in mph. Thus, for example, the ground 

scale of the flight tape is approximately 65 feet/mm 

when the helicopter flies at 65 mph. 

I 
The flight tape consists of seven channels of informa- 

I tion as follows: 

Time Scale 
Channel Constant Units/mm Noise 

I 
Radar altitude P sec 10 feet 10 feet 

Maximum-coupled coil in-phase 1 sec 5 PPm 5 PPm 

I Maximum-coupled coil quadrature 1 sec 5 PPm 5 PPm 

Maximum-coupled coil in-phase 6 sec 2 PPm 

I 
2 PPm 

, 
Maximum-coupled coil quadrature 6 sec 2 PPm 2 PPm 

I 
Magnetometer: P gamma/step 1 sec 2.5 gamma 2 gamma 

Magnetometer: 10 gamma/step 1 sec 25.0 gamma 20 gamma 

I In addition, three fiducial markers are used between the 

I channels, as follows: 

I 
Fiducial Occurrence 

60-hz marker occurs only over power lines 

10 Camera fiducials occurs regularly at 3 mm 
intervals on every line 

I Navigator fiducials occurs discontinuously on 
every line 

*M"r, ,-, r " - *-n-r nl-"*-%w-i- *-$ -̂- -.-- - - " -- -9- % z - -  e -  *- < w - ,  <. ---. , , 



The 60-hz f i d u c i a l  i d e n t i f i e s  anomal ies  g e n e r a t e d  by power 
/ I  , . 

l i n e s ,  a l lowing  them t o  be d e l e t e d  from t h e  EM map. 

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

ground which were recognized  by t h e  a i r c r a f t  n a v i g a t o r .  

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

n a v i g a t o r  f i d u c i a l s .  These a r e  fo l lowed by a s e r i e s  of 

unevenly-spaced f i d u c i a l s  moving r igh t -wards  a long  t h e  

t a p e ,  which i s  t h e  d i r e c t i o n  of f l i g h t .  The end of t h e  

l i n e  i s  f l a g g e d  by a s t r i n g  of  f o u r  n a v i g a t o r  f i d u c i a l  

marks. 

The camera f i d u c i a l  marks i n d i c a t e  each  p o i n t  where a 

photograph-was t aken .  These photographs  a r e  used t o  

p rov ide  a c c u r a t e  photo-path recovery  l o c a t i o n s ,  which 

a r e  t h e n  p l o t t e d  on t h e  geophys i ca l  maps t o  p rov ide  t h e  

t r a c k  o f  t h e  a i r c r a f t .  

The f l i g h t  l i n e  numbers and anomaly le t ters  as marked on r' 

t h e  i n t e r p r e t a t i o n  maps are t a k e n  d i r e c t l y  from t h e  f l i g h t  

I t a p e s .  The l i n e  numbers, fo l lowed by an  E o r  W a r e  d i s -  

p layed a t  t h e  t o p  of  t h e  t a p e  above t h e  r a d a r  a l t i t u d e  

I trace. The E o r  W cor responds  t o  t h e  f l i g h t  d i r e c t i o n  of 

t h e  p a r t i c u l a r  l i n e ,  which i s  survey  e a s t ,  o r  survey  west .  

I The anomaly l e t t e r s ,  i n  a l p h a b e t i c  o r d e r  by l i n e ,  a r e  

I found between t h e  r a d a r  a l t i t u d e  t r a c e  and t h e  upper 

0 in-phase  EM t r a c e .  

I 

I 
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ESTIMATED DEPTH MAY BE UNRELIABLE BECAUSE THE STRONGER PART 
OF THE CONDUCTOR MAY BE DEEPER OR TO ONE S I D E  OF THE F L I G H T  1 . , LINE,  OR BECAUSE O F  A SHALLOW D I P  OR OVERBURDEN EFFECTS 1 














