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INTRODUCTION 

This report describes the results of an airborne electromagnetic and 
magnetic survey carried out on August 2, 1983 on the Sam 3 and 4 mineral 
claims (Fault Creek Property), Atlin Mining Division, B.C. 

The claims were staked to cover occurences of mineralized boulders (CU- 
Zn-Pb-Ag-Au) located in 1981. 

The work described in this report was carried out by Dighem, Limited, 
Suite 7010, 1 First Canadian Place, Toronto, Ontario. Interpretation of and 
background information to the survey were provided by Z. Dvorak of Dighem 
Limited. 

LOCATION AND ACCESS 

The property is located in the Tatshenshini River Map Area near the 
headwaters of Fault Creek (Fig. #I). 

The "Haines Cut-off Road" passes approximately 15 km east of the 
property. 

Access to date has been by helicopter from Whitehorse, Atlin or the 
Noranda 1982 base camp at Mile 92 on the Haines Road. 

A rough 4 wheel drive road and cat trail runs from the junction of the 
Parton and Tatshenshini Rivers to approximately 5 km north of the Sam claims. 

CLAIMS AND OWNERSHIP 

The Sam claims were acquired by staking in 1981. The following are the 
relevant details. 

CLAIM NAME UNITS RECORD d RECORD DATE OWNER 

Sam 3 2 0 1566 Oct. 9/81 Noranda Exploration 
Company, Limited (No 
Personal Liability) 

Sam 4 20 1567 Oct. 9/81 

TOPOGRAPHY AND VEGETATION 

The property lies near the eastern edge of the St. Elias Mountains west 
of the Shakwak Trench. Topography in the area is very rugged with numerous 
sharp peaks rising above 1800 meter elevation from valleys at 1000 meters I 

elevation or less. 

The Samuel Glacier and its branches cover a large area along the east 
side of the claims. Three smaller glaciers lie within the claim area (Fig. 
82) 

The entire area of the claims is above tree line, the only vegetation 





- - 
being short grass and moss. 

Foot travel on the property is very difficult being hindered by glacier 
ice, steep cliffs and the constant threat of falling rock and ice. 

REGIONAL GEOLOGY 

A preliminary 1:125,000 scale geology map of the area has recently been 
made available (G.S.C. Openfile Map #926). The area east of the property was 
mapped in 1948 by K. Dep Watson (Bulletin #25 B.C.D.M. 1948) 

In general the area is underlain by a sequence of Paleozoic sediments and 
volcanics cut by a large granitic intrusive (Oligocene) along the southern 
edge of the claims. A number of mafic to felsic dykes probably ranging from 
Jurassic to Tertiary in age cut the sediments and volcanics. 

In the area of the property limey sediments and volcanics have been 
thermally metamorphosed to skarns while pelitic rocks have been hornfelsed. 

PREVIOUS EXPLORATION 

There is no public record of any systematic exploration having been 
carried out on the property prior to staking by Noranda in 1981. 

A number of mineral occurences are indicated in the general area of the 
property on the Provincial Government mineral inventory map. No detail 
description of these is available. 

A prospecting programme carried out by Noranda in 1982 failed to find the 
source of high-grade mineralized boulders (Cu-Zn-Pb-Ag-Au). (See 
"Prospecting Report on the Sam 3 and Sam 4 Claims" submitted in January 1983). 

GEOPHYSICAL SURVEY 

Introduction 

A Dighem 111 survey covering several different areas in northwestern B.C. 
was flown for Noranda Exploration Company, Limited on August 2, 1983. The 
following text on the method, results, and background information pertaining 
to the survey were taken from the Dighem report prepared by Z. Dvorak. Note 
that only those sections relavent to the Sam property area were quoted. 

"The Lama CG-DEM turbine helicopter flew at an average airspeed of 82 
km/h with an EM bird height of approximately 47 m. Ancillary equipment 
consisted of a Sonotek PMH 5010 magnetometer with its bird at an average 
height of 62 m, a Sperry radio altimeter, a Geocam sequence camera, a 
Barringer 8-channel hot pen analog recorder, a Sonotek SDS 1200 digital data 
acquisition system and a DigiData 1640 9-track 800-bpi magnetic tape recorderr 
The analog equipment recorded four channels of EM data at approximately 900 
Hz, two channels of EM data at approximately 7200 Hz, two ambient EM noise 
channels (for coaxial and coplanar receivers), one channel of magnetics, and a 
channel of radio altitude. The digital equipment recorded the EM data with a 
sensitivity of 0.20 ppm at 900 Hz and 0.40 ppm at 7,200 Hz, and the magnetic 
field to one nT (i.e. one gamma). 



Appendix A provides details on the data channels, their respective 
sensitivities, and the flight path recovery procedure. Noise levels of less 
than 2 ppm are generally maintained for wind speeds up to 35 km/h. Higher 
winds may cause the system to be grounded because excessive bird swinging 
produces difficulties in flying the helicopter. The swinging results from 
the 5 m2 of area which is presented by the bird to broadside gusts. The 
DIGHEM system nevertheless can be flown under wind conditions that seriously 
degrade other AEM systems. 

It should be noted that the anomalies shown on the electromagnetic 
anomaly map are based on a near-vertical, half plane model. This model best 
reflects "discrete" bedrock conductors. Wide bedrock conductors or flat-lying 
conductive units, whether from surficial or bedrock sources, may give rise to 
very broad anomalous responses on the EM profiles. These may not appear on 
the electromanetic anomaly map if they have a regional character rather than a 
locally anomalous character. These broad conductors, which more closely 
approximate a half space model, will be maximum coupled to the horizontal 
(coplanar) coil-pair and are clearly evident on the resistivity map. The 
resistivity map, therefore, may be more valuable than the electromagnetic 
anomaly map, in areas where broad or flat-lying conductors are considered to 
be of importance. 

In areas where magnetite causes the inphase components to become 
negative, the apparent conductance and depth of EM anomalies may be 
unreliable. 

Areas in which EM responses are evident only on the quadrature 
components, indicate zones of poor conductivity. Where these responses are 
coincident with strong magnetic anomalies, it is possible that the inphase 
component amplitudes have been suppressed by the effects of mgnetite. Most of 
these poorly-conductive magnetic features give rise to resistivity anomalies 
which are only slightly below background. These weak features are evident on 
the resistivity map but may not be shown on the electromagnetic anomaly map. 
If it is expected that poorly-conductive sulphides may be associated with 
magnetite-rich units, some of these weakly anomalous features may be of 
interest ". 
2. Survey Results 

The survey covered a grid with 42 km of flying, the results of which are 
shown on 4 separate map sheets. Table 1 summarizes the EM responses in the 
area with respect to conductance grade and interpretation. 

The line spacing, line direction, and distance flown over the area is 
shown below: 

Area Line No. Line Spacing Line Direction Krn 

Sam 1 - 19 200 m NE-SW 42 

The electromagnetic anomaly maps show the anomaly locations with the 
interpreted conductor shape, dip, conductance and depth being indicated by 



TABLE I EM RESPONSES - SAM PROPERTY 

CONDUCTOR GRADE 

TOTAL 

CONDUCTOR MODEL 

TOTAL 

CONDUCTANCE RANGE 

> 99  MHOS 
50-99 MHOS 
20-49 MHOS 
10-1 9 MHOS 
5- 9 MHOS 
< 5 MHOS 

INDETERMINATE 

NUMBER OF 
RESPONSES 

NUMBER OF 
MOST LIKELY SOURCE RESPONSES 

DISCRETE BEDROCK 
DISCRETE BEDROCK 
DISCRETE BEDROCK 
DISCRETE BEDROCK 
BEDROCK OR EDGE EFFECT 
ROCK OR COVER 
ROCK OR COVER 
COVER 
CULTURE 
CULTURE 
CULTURE . 
QUESTIONABLE 

(SEE EM MAP LEGEND FOR EXPLANATIONS) 



symbols. Direct magnetic correlation is also shown if it exists. The strike 
direction and length of the conductors are indicated when anomalies can be 
correlated from line to line. 

A northeasterly oriented grid of 12 lines was flown at 200 m intervals in 
the Sam area which is characterized by steep hills and glacier filled valleys. 

"The resistivity of the geologic environment is high, typically in excess 
of 1,000 ohm-m. A major part of the area displays resistivities higher than 
8,000 ohm-m. Lower resistivity zones were observed in the northeast corner of 
the area and along a narrow conductive trend running from the middle of line 1 
toward the southwest end of lines 6 and 7. 

The magnetic maps indicate a fair degree of activity over the survey 
area. The contour patterns suggest moderate correlation between magnetics and 
resistivity to exist. The most interesting correlation occurs in the 
northeast part of the area. The low resistivity zone mentioned earlier 
appears to be bordered from the south and partly from the east side by zones 
of high magnetic activity. In contrast, the narrow conductive zone in the 
southwest of the area occurs in a magnetically quiet region". 

Anomalies lxA, 3A, 4xA, 5B* "These grade 1 anomalies and x-type responses 
occur along the previously mentioned conduc- 
tive trend in the southwest part of the area. 
While 1xA is due to near-surface conduction 
3A appears to reflect a weak bedrock conduc- 
tor which may extend towards 4xA. Anomaly 
5B is highly questionable. Its most likely 
cause is aerodynamic noise". 

Group 1 "The grade 1 anomalies and x-type responses 
in the west part of group 1 are indicative 
of possible or weak bedrock conductors. The 
magnetic maps suggest that group 1 represents 
a separate rock unit. Consequently, 
anomalies 21A, 3xA, and 5xA-7xB may reflect 
conductors along the contact of this unit 
with surrounding rocks". 

* This denotes EM anomaly B on line 5. 



BACKGROUND I N F O P Y W T I O N  

ELECTROMAGNETICS 

DIGHEM e l e c t r o m a g n e t i c  r e s p o n s e s  f a l l  i n t o  two g e n e r a l  

c l a s s e s ,  d i s c r e t e  and b r o a d .  The  d i s c r e t e  c l a s s  c o n s i s t s  o f  

s h a r p ,  w e l l - d e f i n e d  a n o m a l i e s  f rom d i s c r e t e  c o n d u c t o r s  s u c h  

as s u l f i d e  l e n s e s  and s t e e p l y  d i p p i n g  s h e e t s  of g r a p h i t e  and 

s u l f i d e s .  The b r o a d  c l a s s  c o n s i s t s  o f  w i d e  a n o m a l i e s  f rom 

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

d i p p i n g  g r a p h i t e  or s u l f i d e  s h e e t s ,  s a l i n e  w a t e r - s a t u r a t e d  

s e d i m e n t a r y  f o r m a t i o n s ,  c o n d u c t i v e  o v e r b u r d e n  and r o c k ,  and 

g e o t h e r m a l  z o n e s .  A v e r t i c a l  c o n d u c t i v e  s l a b  w i t h  a  w i d t h  

o f  200 m would  s t r a d d l e  t h e s e  t w o  c l a s s e s .  

/ 

The v e r t i c a l  s h e e t  ( h a l f  p l a n e )  is t h e  most common 

mode l  u s e d  for t h e  a n a l y s i s  of d i s c r e t e  c o n d u c t o r s .  A l l  

a n o m a l i e s  p l o t t e d  o n  t h e  e l e c t r o m a g n e t i c  map a re  a n a l y z e d  

a c c o r d i n g  t o  t h i s  mode l .  The f o l l o w i n g  s e c t i o n  e n t i t l e d  

D i s c r e t e  c o n d u c t o r  a n a l y s i s  d e s c r i b e s  t h i s  model  i n  d e t a i l ,  

i n c l u d i n g  t h e  e f f e c t  o f  u s i n g  i t  o n  a n o m a l i e s  c a u s e d  by 

b r o a d  c o n d u c t o r s  s u c h  as c o n d u c t i v e  o v e r b u r d e n .  I 

The c o n d u c t i v e  e a r t h  ( h a l f  s p a c e )  model  is s u i t a b l e  f o r  

b r o a d  c o n d u c t o r s .  R e s i s t i v i t y  c o n t o u r  maps r e s u l t  f rom t h e  



u s e  o f  t h i s  model. A l a t e r  s e c t i o n  e n t i t l e d  R e s i s t i v i t y  

mapping d e s c r i b e s  t h e  method f u r t h e r ,  i n c l u d i n g  t h e  e f f e c t  

o f  u s i n g  it on a n o m a l i e s  caused  by d i s c r e t e  c o n d u c t o r s  such  

a s  s u l f i d e  bod ie s .  

Geomet r i c  i n t e r p r e t a t i o n  

The g e o p h y s i c a l  i n t e r p r e t e r  a t t e m p t s  to d e t e r m i n e  t h e  

g e o m e t r i c  shape  and d i p  o f  t h e  c o n d u c t o r .  T h i s  q u a l i t a t i v e  

i n t e r p r e t a t i o n  o f  a n o m a l i e s  is i n d i c a t e d  on t h e  map by means 

o f  i n t e r p r e t i v e  symbols  ( s e e  EM map l e p n d ) .  TABLE 2 

shows t y p i c a l  DIGHEM anomaly s h a p e s  and t h e  i n t e r p r e t i v e  

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

s h a p e s  a r e  used t o  g u i d e  t h e  g e o m e t r i c  i n t e r p r e t a t i o n .  

Discrete c o n d u c t o r  a n a l y s i s  

The EM a n o m a l i e s  a p p e a r i n g  on t h e  e l e c t r o m a g n e t i c  map 

a r e  a n a l y z e d  by computer  to  g i v e  t h e  c o n d u c t a n c e  ( i . e . ,  

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

- model. T h i s  is done r e g a r d l e s s  o f  t h e  i n t e r p r e t e d  g e o m e t r i c  

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

- p r o c e d u r e ,  because  t h e  computed c o n d u c t a n c e  i n c r e a s e s  a s  t h e  I 

w e l e c t r i c a l  q u a l i t y  o f  t h e  c o n d u c t o r  i n c r e a s e s ,  r e g a r d l e s s  o f  

-*- i ts  t r u e  shape .  DIGHEM a n o m a l i e s  a r e  d i v i d e d  i n t o  s i x  
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g r a d e s  o f  c o n d u c t a n c e ,  a s  shown i n  T a b l e  3 The conduc- 

t a n c e  i n  mhos is t h e  r e c i p r o c a l  o f  r e s i s t a n c e  i n  ohms. 

T a b l e  3 EM Anomaly Grades  

Anomaly Grade Mho Range 

6 > 99 
5 5 0  - 99 
4 20  - 49 
3 10 - 19 
2 5 -  9 
1 < 5 

P 

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

it is a c h a r a c t e r i s t i c  o f  t h e  c o n d u c t o r  a l o n e ;  i t  g e n e r a l l y  

is independen t  o f  f r e q u e n c y ,  and o f  f l y i n g  h e i g h t  or d e p t h  

o f  b u r i a l  a p a r t  f rom t h e  a v e r a g i n g  o v e r  a  g r e a t e r  p o r t i o n  o f  

t h e  c o n d u c t o r  a s  h e i g h t  i n c r e a s e s .  Sma l l  a n o m a l i e s  f rom 

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

a n o m a l i e s  from s h a l l o w  weak c o n d u c t o r s  b e c a u s e  t h e  fo rmer  

w i l l  have l a r g e r  c o n d u c t a n c e  v a l u e s .  

Conduc t ive  o v e r b u r d e n  g e n e r a l l y  p r o d u c e s  broad  EM 

r e s p o n s e s  which a r e  n o t  p l o t t e d  c n  t h e  EM maps. However, 

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

T h i s  s t a t e m e n t  is an a p p r o x i m a t i o n .  D I G H E R ,  w i t h  i t s  
s h o r t  coi l  s e p a r a t i o n ,  t e n d s  to  y i e l d  l a r g e r  and more 
a c c u r a t e  c o n d u c t a n c e  v a l u e s  t h a n  a i r b o r n e  s y s t e m s  
h a v i n g  a  l a r g e r  c o i l  s e p a r a t i o n .  



c a n  y i e l d  d i s c r e t e  anomal i e s  w i t h  a  c o n d u c t a n c e  g r a d e  ( c f .  

T a b l e  ) o f  1,  or even  o f  2 f o r  c o n d u c t i n g  c l a y s  which 

have  r e s i s t i v i t i e s  a s  low a s  50 ohm-m. I n  a r e a s  where 

ground r e s i s t i v i t i e s  can  be below 10  ohm-m, a n o m a l i e s  caused  

by w e a t h e r i n g  v a r i a t i o n s  and s i m i l a r  c a u s e s  c a n  have  any  

conduc tance  g r a d e .  The anomaly s h a p e s  from t h e  m u 1  t i p l e  

co i l s  o f t e n  a l l o w  such  c o n d u c t o r s  to be r e c o g n i z e d ,  and 

t h e s e  a r e  i n d i c a t e d  by t h e  l e t t e r s  S ,  H I  G and somet imes  E 

on  t h e  map (see EM l e g e n d  ) . 

For  b e d r o c k  c o n d u c t o r s ,  t h e  h i g h e r  anomaly  g r a d e s  

i n d i c a t e  i n c r e a s i n g l y  h i g h e r  c o n d u c t a n c e s .  Examples: 

D I G H E M ' s  N e w  I n s c o  c o p p e r  d i s c o v e r y  (Noranda  , Canada)  

y i e l d e d  a g r a d e  4 anomaly,  a s  d i d  t h e  n e i g h b o u r i n g  

c o p p e r - z i n c  Magusi R i v e r  ore body; M a t t a b i  ( c o p p e r - z i n c ,  

S t u r g e o n  Lake,  Canada)  and W h i s t l e  ( n i c k e l ,  Sudbury ,  

Canada)  g a v e  g r a d e  5 ;  and D I G H E M ' s  Montcalm n i c k e l - c o p p e r  

d i s c o v e r y  (Tirnmins, Canada)  y i e l d e d  a  g r a d e  6 anomaly.  

G r a p h i t e  and s u l f i d e s  c a n  span  a l l  g r a d e s  b u t ,  i n  any  

p a r t i c u l a r  s u r v e y  a r e a ,  f i e l d  work may s h o w  t h a t  t h e  

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

S t r o n g  c o n d u c t o r s  ( i . e . ,  g r a d e s  5 and 6 )  a r e  c h a r a c t e r -  

i s t i c  o f  m a s s i v e  s u l  f i d e s  or g r a p h i t e .  Modera te  c o n d u c t o r s  

( g r a d e s  3 and 4 )  t y p i c a l l y  r e f l e c t  s u l f i d e s  o f  a  less 

m a s s i v e  c h a r a c t e r  or g r a p h i t e ,  w h i l e  weak bed rock  c o n d u c t o r s  
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( g r a d e s  1  and 2 )  can  s i g n i f y  p o o r l y  c o n n e c t e d  g r a p h i t e  or 

h e a v i l y  d i s s e m i n a t e d  s u l f i d e s .  Grade 1 c o n d u c t o r s  may n o t  

r e spond  to  ground EM equipment  u s i n g  f r e q u e n c i e s  less t h a n  

2000 112. 

The p r e s e n c e  o f  s p h a l e r i t e  or g a n g u e  can  r e s u l t  i n  

ore d e p o s i t s  h a v i n g  weak to  modera t e  c o n d u c t a n c e s .  A s  

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

R e s t i g o u c h e  Mining C o r p o r a t i o n  n e a r  B a t h u r s t  , Canada ,  

y i e l d e d  a w e l l  d e f i n e d  g r a d e  1 c o n d u c t o r .  The 10 p e r c e n t  

by volume o f  s p h a l e r i t e  o c c u r s  a s  a  c o a t i n g  a round t h e  f i n e  

g r a i n e d  m a s s i v e  p y r i t e ,  t h e r e b y  i n h i b i t i n g  e l e c t r i c a l  

c o n d u c t i o n .  

F a u l t s  , f r a c t u r e s  and s h e a r  zones  may p r o d u c e  a n o m a l i e s  

which t y p i c a l l y  have  l o w  c o n d u c t a n c e s  ( e . g . ,  g r a d e s  1  

and 2 ) .  C o n d u c t i v e  r o c k  f o r m a t i o n s  c a n  y i e l d  a n o m a l i e s  o f  

any  c o n d u c t a n c e  g r a d e .  The c o n d u c t i v e  m a t e r i a l s  i n  such  

r o c k  f o r m a t i o n s  can  be s a l t  w a t e r ,  w e a t h e r e d  p r o d u c t s  such  

a s  c l a y s ,  o r i g i n a l  d e p o s i t i o n a l  c l a y s ,  and  c a r b o n a c e o u s  

m a t e r i a l .  

On t h e  e l e c t r o m a g n e t i c  map, a  l e t t e r  i d e n t i f i e r  and an 

i n t e r p r e t i v e  symbol a r e  p l o t t e d  b e s i d e  t h e  EM s r a d e  symbol.  

The h o r i z o n t a l  rows o f  d o t s ,  unde r  t h e  i n t e r p r e t i v e  symbol ,  

i n d i c a t e  t h e  anomaly a m p l i t u d e  on t h e  f l i g h t  r e c o r d .  The 



v e r t i c a l  column o f  d o t s ,  unde r  t h e  anomaly l e t t e r ,  g i v e s  t h e  

e s t i m a t e d  d e p t h .  I n  a r e a s  where a n o m a l i e s  a r e  crowded,  t h e  

l e t t e r  i d e n t i f i e r s ,  i n t e r p r e t i v e  symbols  and d o t s  may be 

o b l i t e r a t e d .  The EM g r a d e  symbo l s ,  however,  w i l l  a lways  b e  

d i s c e r n i b l e ,  and t h e  o b l i t e r a t e d  i n f o r m a t i o n  can  be o b t a i n e d  

from t h e  anomaly l i s t i n g  appended to  t h i s  r e p o r t .  

The pu rpose  o f  i n d i c a t i n g  t h e  anomaly a m p l i t u d e  by d o t s  

is to p r o v i d e  an e s t i m a t e  o f  t h e  r e l i a b i l i t y  o f  t h e  conduc-  

t a n c e  c a l c u l a t i o n .  Thus,  a  c o n d u c t a n c e  v a l u e  o b t a i n e d  from 

a  l a r g e  ppm anomaly ( 3  o r  4 d o t s )  w i l l  t e n d  to  be a c c u r a t e  

whereas  one  o b t a i n e d  from a  s m a l l  ppm anomaly ( n o  d o t s )  

c o u l d  be q u i t e  i n a c c u r a t e .  The absence  o f  a m p l i t u d e  d o t s  

i n d i c a t e s  t h a t  t h e  anomaly from t h e  c o a x i a l  c o i l - p a i r  is 

5 ppm or less on b o t h  t h e  i n p h a s e  and q u a d r a t u r e  c h a n n e l s .  

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

s u r f a c e  or a  s t r o n g e r  c o n d u c t o r  a t  d e p t h .  The c o n d u c t a n c e  

g r a d e  and d e p t h  e s t i m a t e  i l l u s t r a t e s  which o f  t h e s e  

p o s s i b i l i t i e s  f i t s  t h e  r e c o r d e d  d a t a  b e s t .  

F l i g h t  l i n e  d e v i a t i o n s  o c c a s i o n a l l y  y i e l d  c a s e s  where 

two a n o m a l i e s ,  h a v i n g  s i m i l a r  c o n d u c t a n c e  v a l u e s  b u t  

d r a m a t i c a l l y  d i f f e r e n t  d e p t h  e s t i m a t e s ,  o c c u r  close t o g e t h e r  ' 
on  t h e  same c o n d u c t o r .  Such examples  i l l u s t r a t e  t h e  

re1 i a b i l  i t y  of t h e  c o n d u c t a n c e  measurement  w h i l e  showing 

t h a t  t h e  d e p t h  e s t i m a t e  can  be u n r e l i a b l e .  T h e r e  a r e  a  



number o f  f a c t o r s  w h i c h  c a n  p r o d u c e  a n  error i n  t h e  d e p t h  

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

by t h e  a l t i m e t e r ,  o v e r l y i n g  c o n d u c t i v e  o v e r b u r d e n ,  and t h e  

l o c a t i o n  a n d  a t t i t u d e  of t h e  c o n d u c t o r  r e l a t i v e  to  t h e  

f l i g h t  l i n e .  C o n d u c t o r  l o c a t i o n  and a t t i t u d e  c a n  p r o v i d e  a n  

e r r o n e o u s  d e p t h  e s t i m a t e  b e c a u s e  t h e  s t r o n g e r  pa r t  o f  t h e  

c o n d u c t o r  may be d e e p e r  or to  o n e  s i d e  o f  t h e  f l i g h t  l i n e ,  

or b e c a u s e  it  h a s  a s h a l l o w  d i p .  A h e a v y  t ree  c o v e r  c a n  

a lso  p r o d u c e  errors i n  d e p t h  e s t i m a t e s .  T h i s  is b e c a u s e  t h e  

d e p t h  e s t i m a t e  is computed  as t h e  d i s t a n c e  o f  b i r d  f rom 

c o n d u c t o r ,  m i n u s  t h e  a1 t imeter  r e a d i n g .  The a1 timeter c a n  

l o c k  o n t o  t h e  t o p  o f  a d e n s e  f o r e s t  canopy .  t his s i t u a t i o n  

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

a f f e c t  t h e  c o n d u c t a n c e  e s t i m a t e .  

Dip  s y m b o l s  are u s e d  to  i n d i c a t e  t h e  d i r e c t i o n  o f  d i p  

o f  c o n d u c t o r s .  T h e s e  s y m b o l s  are used  o n l y  when t h e  a n o m a l y  

s h a p e s  are u n a m b i g u o u s ,  w h i c h  u s u a l l y  r e q u i r e s  a f a i r l y  

r e s i s t i v e  e n v i r o n m e n t .  , 

A f u r t h e r  i n t e r p r e t a t i o n  is p r e s e n t e d  o n  t h e  EM map by 

means o f  t h e  l i n e - t o - l i n e  c o r r e l a t i o n  o f  a n o m a l i e s ,  w h i c h  is 

b a s e d  on a  c o m p a r i s o n  o f  a n o m a l y  s h a p e s  on a d j a c e n t  l i n e s .  I 

T h i s  p r o v i d e s  c o n d u c t o r  a x e s  which may d e f i n e  t h e  g e o l o g i c a l  

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



c o n d u c t o r  a x e s  i n  a n  a r e a  i m p l i e s  t h a t  a n o m a l i e s  c o u l d  n o t  

be  c o r r e l a t e d  f rom l i n e  t o  l i n e  w i t h  r e a s o n a b l e  c o n f i d e n c e .  

DIGHEM e l e c t r o m a g n e t i c  maps are  d e s i g n e d  to  p r o v i d e  

a correct  i m p r e s s i o n  o f  c o n d u c t o r  q u a l i t y  by means  o f  t h e  

c o n d u c t a n c e  g r a d e  s y m b o l s .  The s y m b o l s  c a n  s t a n d  a l o n e  

w i t h  g e o l o g y  when p l a n n i n g  a  f o l l o w - u p  p r o g r a m .  The a c t u a l  

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

for t h o s e  who w i s h  q u a n t i t a t i v e  d a t a .  The a n o m a l y  ppm and 

d e p t h  a re  i n d i c a t e d  by i n c o n s p i c u o u s  d o t s  w h i c h  s h o u l d  n o t  

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

to  t h o s e  who w i s h  t h i s  i n f o r m a t i o n .  The map p r o v i d e s  a n  

i n t e r p r e t a t i o n  o f  c o n d u c t o r s  i n  terms o f  l e n g t h ,  s t r i k e  and 

d i p ,  g e o m e t r i c  s h a p e ,  c o n d u c t a n c e ,  d e p t h ,  and t h i c k n e s s  ( see  

b e l o w ) .  The  a c c u r a c y  is c o m p a r a b l e  to  a n  i n t e r p r e t a t i o n  

from a h i g h  q u a l i t y  g r o u n d  EM s u r v e y  h a v i n g  t h e  same l i n e  

s p a c i n g .  

The a t t a c h e d  EM anomaly  l i s t  p r o v i d e s  a t a b u l a t i o n  o f  

a n o m a l i e s  i n  ppm, c o n d u c t a n c e  , and  d e p t h  f o r  t h e  v e r t i c a l  

- s h e e t  mode l .  The EM a n o m a l y  l i s t  a l so  shows t h e  c o n d u c t a n c e  

and  d e p t h  f o r  a t h i n  h o r i z o n t a l  s h e e t  ( w h o l e  p l a n e )  m o d e l ,  
-- 
- b u t  o n l y  t h e  v e r t i c a l  s h e e t  p a r a m e t e r s  a p p e a r  o n  t h e  

I 

EM map. The h o r i z o n t a l  s h e e t  model  is s u i t a b l e  for  a f l a t l y  

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

- h a v i n g  a t h i c k n e s s  less  t h a n  10  m. The l i s t  a l so  shows t h e  



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

model,  which is s u i t a b l e  f o r  t h i c k e r  s l a b s  s u c h  a s  t h i c k  

c o n d u c t i v e  o v e r b u r d e n .  I n  t h e  EM anomaly l i s t ,  a d e p t h  

v a l u e  o f  z e r o  f o r  t h e  c o n d u c t i v e  e a r t h  model ,  i n  an a r e a  o f  

t h i c k  c o v e r ,  warns t h a t  t h e  anomaly may be caused  by 

c o n d u c t i v e  o v e r b u r d e n .  

S i n c e  d i s c r e t e  b o d i e s  n o r m a l l y  a r e  t h e  t a r g e t s  o f  

EM s u r v e y s ,  l o c a l  b a s e  (or  z e r o )  l e v e l s  a r e  used t o  compute 

l o c a l  anomaly amp1 i t u d e s  . T h i s  c o n t r a s t s  w i t h  t h e  u s e  

of t r u e  z e r o  l e v e l s  which a r e  used to  compute t r u e  EM 

a m p l i t u d e s .  Loca l  anomaly a m p l i t u d e s  a r e  shown i n  t h e  

EM anomaly l i s t  and t h e s e  a r e  used to  compute t h e  v e r t i c a l  

s h e e t  p a r a m e t e r s  o f  c o n d u c t a n c e  and d e p t h .  Not shown i n  t h e  

EM anomaly l i s t  a r e  t h e  t r u e  a m p l i t u d e s  which a r e  used to  

compute t h e  h o r i z o n t a l  s h e e t  and c o n d u c t i v e  e a r t h  

p a r a m e t e r s .  

X-type e l e c t r o m a g n e t i c  r e s p o n s e s  

- DIGHEM maps c o n t a i n  x - type  EM r e s p o n s e s  i n  a d d i t i o n  

to  EM a n o m a l i e s .  An x- type  r e s p o n s e  is below t h e  n o i s e  

t h r e s h o l d  o f  3 ppm, and r e f l e c t s  one  o f  t h e  f o l l o w i n g :  a  I 

weak c o n d u c t o r  n e a r  t h e  s u r f a c e ,  a s t r o n g  c o n d u c t o r  a t  d e p t h  
\ 

(e .g . ,  100 to  120  m below s u r f a c e )  or to  one  s i d e  o f  t h e  

f l i g h t  1 i n e ,  or ae rodynamic  n o i s e .  Those r e s p o n s e s  t h a t  

I, 



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

p r o f i l e s  a r e  i n d i c a t e d  by a p p r o p r i a t e  i n t e r p r e t i v e  s y m b o l s  

(see EM map l e g e n d ) .  The o t h e r s  p r o b a b l y  d o  n o t  w a r r a n t  

f u r t h e r  i n v e s t i g a t i o n  u n l e s s  t h e i r  l o c a t i o n s  are  o f  

c o n s i d e r a b l e  g e o l o g  i ca l  i n t e r e s t  . 

The t h i c k n e s s  D a r a m e t e r  

DIGHEM c a n  p r o v i d e  a n  i n d i c a t i o n  o f  t h e  t h i c k n e s s  o f  

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

anomaly  ( e . g . ,  C P I )  i n c r e a s e s  r e l a t i v e  t o  t h e  c o a x i a l  

anomaly  ( e . g . ,  C X I )  as t h e  a p p a r e n t  t h i c k n e s s  i n c r e a s e s ,  

i . e . ,  t h e  t h i c k n e s s  i n  t h e  h o r i z o n t a l  p l a n e .  ( T h e  t h i c k n e s s  

is e q u a l  to  t h e  c o n d u c t o r  w i d t h  i f  t h e  c o n d u c t o r  d i p s  a t  

90 d e g r e e s  and s t r i k e s  a t  r i g h t  a n g l e s  t o  t h e  f l i g h t  l i n e . )  

T h i s  r e p o r t  r e f e r s  to  a c o n d u c t o r  a s  t h i n  when t h e  t h i c k n e s s  

is l i k e l y  to  b e  less  t h a n  3 m ,  and t h i c k  when i n  e x c e s s  o f  

1 0  m. T h i n  c o n d u c t o r s  a r e  i n d i c a t e d  o n  t h e  EM map b y  t h e  

i n t e r p r e t i v e  symbol  "D", and t h i c k  c o n d u c t o r s  b y  "T". F o r  

b a s e  m e t a l  e x p l o r a t i o n  i n  s t e e p l y  d i p p i n g  g e o l o g y ,  t h i c k  

c o n d u c t o r s  c a n  be h i g h  p r i o r i t y  t a r g e t s  b e c a u s e  many m a s s i v e  

s u l f i d e  ore b o d i e s  a r e  t h i c k ,  w h e r e a s  non-economic  b e d r o c k  

c o n d u c t o r s  a r e  o f t e n  t h i n .  The s y s t e m  c a n n o t  s e n s e  t h e  
1 

t h i c k n e s s  when t h e  s t r i k e  o f  t h e  c o n d u c t o r  is s u b p a r a l l e l  t o  

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



t h e  anomaly a m p l i t u d e s  a r e  s m a l l ,  or when t h e  r e s i s t i v i t y  o f  

t h e  envi ronment  is below 100 ohm-m. 

R e s i s t i v i t y  mapping 

Areas  o f  w i d e s p r e a d  c o n d u c t i v i t y  a r e  commonly 

e n c o u n t e r e d  d u r i n g  s u r v e y s .  I n  such  a r e a s ,  a n o m a l i e s  can  

be g e n e r a t e d  by d e c r e a s e s  o f  o n l y  5 m i n  s u r v e y  a l t i t u d e  a s  

well a s  by i n c r e a s e s  i n  c o n d u c t i v i t y .  The t y p i c a l  f l i g h t  

r e c o r d  i n  c o n d u c t i v e  a r e a s  is c h a r a c t e r i z e d  by i n p h a s e  and 

q u a d r a t u r e  c h a n n e l s  which are c o n t i n u o u s l y  a c t i v e .  Loca l  

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

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

a r e a s ,  a p p a r e n t  r e s i s t i v i t y  p r o f i l e s  and c o n t o u r  maps a r e  

n e c e s s a r y  f o r  t h e  correct i n t e r p r e t a t i o n  o f  t h e  a i r b o r n e  

d a t a .  The a d v a n t a g e  o f  t h e  r e s i s t i v i t y  p a r a m e t e r  is 

t h a t  anomal i e s  c a u s e d  by  a l t i t u d e  changes  a r e  v i r t u a l l y  

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

anomal i e s  caused  by c o n d u c t i v i t y  changes .  The r e s i s t i v i t y  

a n a l y s i s  a l s o  h e l p s  t h e  i n t e r p r e t e r  to d i f f e r e n t i a t e  between 

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

o f  c o n d u c t i v e  o v e r b u r d e n .  F o r  example ,  d i s c r e t e  c o n d u c t o r s  

w i l l  g e n e r a l l y  a p p e a r  a s  n a r r o w  lows on t h e  c o n t o u r  map I 

and broad  c o n d u c t o r s  ( e . g . ,  o v e r b u r d e n )  w i l l  a p p e a r  a s  

wide lows. 



The r e s i s t i v i t y  p r o f i l e  (see t a b l e  i n  A p p e n d i x  A )  and 

t h e  r e s i s t i v i t y  c o n t o u r  map p r e s e n t  t h e  a p p a r e n t  r e s i s t i v i t y  

u s i n g  t h e  s o - c a l l e d  p s e u d o - l a y e r  (or  b u r i e d )  h a l f  s p a c e  

model  d e f i n e d  i n  F r a s e r  (1978)~. T h i s  mode l  c o n s i s t s  o f  

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

d e p t h  c h a n n e l  (see Append ix  A )  g i v e s  t h e  a p p a r e n t  d e p t h  

b e l o w  s u r f s c e  o f  t h e  c o n d u c t i v e  m a t e r i a l .  T h e  a p p a r e n t  

d e p t h  is s i m p l y  t h e  a p p a r e n t  t h i c k n e s s  o f  t h e  o v e r l y i n g  

r e s i s t i v e  l a y e r .  The a p p a r e n t  d e p t h  (or  t h i c k n e s s )  

p a r a m e t e r  w i l l  b e  p o s i t i v e  when t h e  u p p e r  l a y e r  is more 

r e s i s t i v e  t h a n  t h e  u n d e r l y i n g  m a t e r i a l ,  i n  w h i c h  case t h e  

a p p a r e n t  d e p t h  may b e  q u i t e  close to  t h e  t r u e  d e p t h .  

The a p p a r e n t  d e p t h  w i l l  b e  n e g a t i v e  when t h e  u p p e r  

l a y e r  is more c o n d u c t i v e  t h a n  t h e  u n d e r l y i n g  m a t e r i a l ,  and 

w i l l  b e  z e r o  when a homogeneous h a l f  s p a c e  e x i s t s ,  The  

a p p a r e n t  d e p t h  p a r a m e t e r  mus t  b e  i n t e r p r e t e d  c a u t i o u s l y  

b e c a u s e  it w i l l  c o n t a i n  a n y  errors which  may e x i s t  i n  t h e  

m e a s u r e d  a l t i t u d e  o f  t h e  EM b i r d  ( e . g . ,  a s  c a u s e d  b y  a d e n s e  

t ree c o v e r ) .  The i n p u t s  to  t h e  r e s i s t i v i t y  a l g o r i t h m  a re  

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

coi l -pai r .  * T h e  o u t p u t s  a r e  t h e  a p p a r e n t  r e s i s t i v i t y  o f  t h e  

* R e s i s t i v i t y  m a p p i n g  w i t h  a n  a i r b o r n e  m u l t i c o i l  e lectro-  
m a g n e t i c  s y s t e m :  G e o p h y s i c s ,  v. 4 3 ,  p. 144-172 .  



c o n d u c t i v e  ha1  f  s p a c e  ( t h e  s o u r c e  ) and t h e  s e n s o r - s o u r c e  

d i s t a n c e .  The f l y i n g  h e i g h t  is n o t  an  i n p u t  v a r i a b l e ,  

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

i n d e p e n d e n t  o f  t h e  f l y i n g  h e i g h t .  The a p p a r e n t  d e p t h ,  

d i s c u s s e d  above ,  is s i m p l y  t h e  s e n s o r - s o u r c e  d i s t a n c e  minus 

t h e  measured a 1  t i t u d e  or f l y i n g  h e i g h t .  C o n s e q u e n t l y ,  

errors i n  t h e  measured a l t i t u d e  w i l l  a f f e c t  t h e  a p p a r e n t  

d e p t h  p a r a m e t e r  b u t  n o t  t h e  a p p a r e n t  r e s i s t i v i t y  p a r a m e t e r .  

The a p p a r e n t  d e p t h  p a r a m e t e r  is a  u s e f u l  i n d i c a t o r  

o f  s i m p l e  l a y e r i n g  i n  a r e a s  l a c k i n g  a  h e a v y  t r e e  c o v e r .  

The DIGHEM sys tem h a s  been f lown f o r  p u r p o s e s  o f  p e r m a f r o s t  

mapping,  where p o s i t i v e  a p p a r e n t  d e p t h s  were used a s  a  

measu re  o f  p e r m a f r o s t  t h i c k n e s s .  ' However, l i t t l e  q u a n t i t a -  

t i v e  u s e  h a s  been made o f  n e g a t i v e  a p p a r e n t  d e p t h s  because  

t h e  a b s o l u t e  v a l u e  o f  t h e  n e g a t i v e  d e p t h  is n o t  a  measure  o f  

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

is n o t  m e a n i n g f u l  p h y s i c a l l y .  . Q u a l i t a t i v e l y ,  a n e g a t i v e  

a p p a r e n t  d e p t h  e s t i m a t e  u s u a l l y  shows t h a t  t h e  EM anomaly is  

c a u s e d  by c o n d u c t i v e  o v e r b u r d e n .  C o n s e q u e n t l y ,  t h e  a p p a r e n t  

d e p t h  c h a n n e l  can  be o f  s i g n i f i c a n t  h e l p  i n  d i s t i n g u i s h i n g  

between ove rbu rden  and bedrock  c o n d u c t o r s .  

The r e s i s t i v i t y  map o f t e n  y i e l d s  more u s e f u l  i n fo rma-  

t i o n  on c o n d u c t i v i t y  d i s t r i b u t i o n s  t h a n  t h e  EM map. I n  



comparing t h e  EM and r e s i s t i v i t y  maps, keep  i n  mind t h e  

f o l l o w i n g :  

( a )  The r e s i s t i v i t y  map p o r t r a y s  t h e  a b s o l u t e  v a l u e  

o f  t h e  e a r t h ' s  r e s i s t i v i t y .  

( R e s i s t i v i t y  = l / c o n d u c t i v i t y . )  

( b )  The EM map p o r t r a y s  a n o m a l i e s  i n  t h e  e a r t h ' s  

r e s i s t i v i t y .  An anomaly by d e f i n i t i o n  is a  

change  from t h e  norm and so t h e  EM map d i s p l a y s  

a n o m a l i e s ,  ( i )  o v e r  na r row,  c o n d u c t i v e  b o d i e s  and 

( i i )  o v e r  t h e  boundary  zone between t w o  w ide  

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

The r e s i s t i v i t y  map m i g h t  be  l i k e n e d  to a  t o t a l  

f i e l d  map and t h e  ECI map to  a h o r i z o n t a l  g r a d i e n t  i n  t h e  

d i r e c t i o n  o f  f l i g h t 3 .  Because  g r a d i e n t  maps a r e  u s u a l l y  

more s e n s i t i v e  t h a n  t o t a l  f i e l d  maps, t h e  EM map t h e r e f o r e  

is t o  be p r e f e r r e d  i n  r e s i s t i v e  a r e a s .  However, i n  conduc- 

t i v e  a r e a s ,  t h e  a b s o l u t e  c h a r a c t e r  o f  t h e  r e s i s t i v i t y  map 

u s u a l l y  c a u s e s  it to  be more u s e f u l  t h a n  t h e  EM map. 

The g r a d i e n t  a n a l o g y  is o n l y  v a l i d  wi th  r e g a r d  to 
t h e  i d e n t i f i c a t i o n  o f  anomalous l o c a t i o n s .  



I n t e r p r e t a t i o n  i n  c o n d u c t i v e  e n v i r o n m e n t s  

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

30 ohm-m c a u s e  a l l  a i r b o r n e  EM s y s t e m s  t o  y i e l d  v e r y  

l a r g e  r e s p o n s e s  from t h e  c o n d u c t i v e  g r o u n d .  T h i s  u s u a l l y  

p r o h i b i t s  t h e  r e c o g n i t i o n  o f  d i s c r e t e  b e d r o c k  c o n d u c t o r s .  

The p r o c e s s i n g  o f  DIGHEM d a t a ,  h o w e v e r ,  p r o d u c e s  s i x  

c h a n n e l s  which  c o n t r i b u t e  s i g n i f i c a n t l y  to  t h e  r e c o g n i t i o n  

of b e d r o c k  c o n d u c t o r s .  T h e s e  are t h e  i n p h a s e  and q u a d r a t u r e  

d i f f e r e n c e  c h a n n e l s  ( D I F I  a n d  D I F Q ) ,  and t h e  r e s i s t i v i t y  a n d  

d e p t h  c h a n n e l s  ( R E S  and  DP) f o r  e a c h  c o p l a n a r  f r e q u e n c y ;  see 

t a b l e  i n  A p p e n d i x  A. 

The  EM d i f f e r e n c e  c h a n n e l s  ( D I F I  a n d  DIFQ) e l i m i n a t e  

u p  to  99% o f  t h e  r e s p o n s e  o f  c o n d u c t i v e  g r o u n d ,  l e a v i n g  

r e s p o n s e s  f r o m  b e d r o c k  c o n d u c t o r s ,  c u l t u r a l  f e a t u r e s  ( e . g . ,  

t e l e p h o n e  l i n e s ,  f e n c e s ,  e tc . )  and e d g e  e f f e c t s .  An e d g e  

e f f e c t  ar ises  when t h e  c o n d u c t i v i t y  o f  t h e  g r o u n d  s u d d e n l y  

c h a n g e s ,  and t h i s  is a s o u r c e  o f  g e o l o g i c  n o i s e .  W h i l e  e d g e  

e f f e c t s  y i e l d  a n o m a l i e s  o n  t h e  EM d i f f e r e n c e  c h a n n e l s ,  t h e y  

d o  n o t  p r o d u c e  r e s i s t i v i t y  a n o m a l i e s .  C o n s e q u e n t l y ,  t h e  

r e s i s t i v i t y  c h a n n e l  a i d s  i n  e l i m i n a t i n g  a n o m a l i e s  d u e  ' t o  

e d g e  e f f e c t s  . On t h e  o t h e r  h a n d ,  r e s i s t i v i t y  a n o m a l i e s  ' 
w i l l  c o i n c i d e  w i t h  t h e  most h i g h l y  c o n d u c t i v e  s e c t i o n s  o f  

c o n d u c t i v e  g r o u n d ,  and  t h i s  is a n o t h e r  s o u r c e  o f  g e o l o g i c  



n o i s e .  The r e c o g n i t i o n  of a b e d r o c k  c o n d u c t o r  i n  a 

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

r e s p o n s e s  of t h e  two d i f f e r e n c e  c h a n n e l s  ( D I F I  a n d  DIFQ) 

a n d  t h e  two r e s i s t i v i t y  c h a n n e l s  ( R E S ) .  The most f a v o u r a b l e  

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

The  DP c h a n n e l s ,  w h i c h  g i v e  t h e  a p p a r e n t  d e p t h  to t h e  

c o n d u c t i v e  m a t e r i a l ,  a l so  h e l p  to  d e t e r m i n e  w h e t h e r  a 

c o n d u c t i v e  r e s p o n s e  a r i s e s  f r o m  s u r f i c i a l  m a t e r i a l  or f r o m  a  

c o n d u c t i v e  z o n e  i n  t h e  b e d r o c k .  When t h e s e  c h a n n e l s  r i d e  

a b o v e  t h e  z e r o  l e v e l  o n  t h e  e l e c t r o s t a t i c  c h a r t  p a p e r  ( i . e . ,  

d e p t h  is n e g a t i v e ) ,  i t  i m p l i e s  t h a t  t h e  EM and r e s i s t i v i t y  

p ro f i l e s  a r e  r e s p o n d i n g  p r i m a r i l y  to  a c o n d u c t i v e  u p p e r  

l a y e r ,  i .e . ,  c o n d u c t i v e  o v e r b u r d e n .  I f  b o t h  DP c h a n n e l s  a r e  

b e l o w  t h e  z e r o  l e v e l ,  it i n d i c a t e s  t h a t  a  r e s i s t i v e  u p p e r  

l a y e r  e x i s t s ,  a n d  t h i s  u s u a l l y  i m p l i e s  t h e  e x i s t e n c e  of a 

b e d r o c k  c o n d u c t o r .  I f  t h e  low f r e q u e n c y  DP c h a n n e l  is b e l o w  

t h e  z e r o  l e v e l  a n d  t h e  h i g h  f r e q u e n c y  DP is a b o v e ,  t h i s  

s u g g e s t s  t h a t  a b e d r o c k  c o n d u c t o r  o c c u r s  b e n e a t h  c o n d u c t i v e  

c o v e r .  

C h a n n e l s  R E C 1 ,  R E C 2 ,  R E C 3  and R E C 4  a re  t h e  a n o m a l y  

r e c o g n i t i o n  f u n c t i o n s .  T h e y  a r e  u s e d  to  t r i g g e r  t h e  , 

c o n d u c t a n c e  c h a n n e l  CDT w h i c h  i d e n t i f i e s  d i s c r e t e  

c o n d u c t o r s .  I n  h i g h l y  c o n d u c t i v e  e n v i r o n m e n t s ,  c h a n n e l  R E C 2  



is d e a c t i v a t e d  b e c a u s e  it is s u b j e c t  to c o r r u p t i o n  by h i g h l y  

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

c o n d u c t i v e  e n v i r o n m e n t s ,  REC4 is d e a c t i v a t e d  . Some of  t h e  

a u t o m a t i c a l l y  s e l e c t e d  a n o m a l i e s  ( c h a n n e l  CDT) a r e  d i s c a r d e d  

by  t h e  g e o p h y s i c i s t .  The a u t o m a t i c  s e l e c t i o n  a l g o r i t h m  is 

i n t e n t i o n a l l y  o v e r s e n s i t i v e  t o  a s s u r e  t h a t  no m e a n i n g f u l  

r e s p o n s e s  are m i s s e d .  The i n t e r p r e t e r  t h e n  c l a s s i f i e s  t h e  

a n o m a l i e s  a c c o r d i n g  to  t h e i r  s o u r c e  and e l i m i n a t e s  t h o s e  

t h a t  are n o t  s u b s t a n t i a t e d  by t h e  d a t a ,  such  a s  t h o s e  

a r i s i n g  from g e o l o g  i c  or aerodynamic  n o i s e .  

Reduc t ion  o f  q e o l o q i c  n o i s e  

G e o l o g i c  n o i s e  r e f e r s  t o  unwanted g e o p h y s i c a l  

r e s p o n s e s .  For  p u r p o s e s  o f  a i r b o r n e  EM s u r v e y i n g ,  g e o l o g  i c  

n o i s e  r e f e r s  t o  EM r e s p o n s e s  caused  by c o n d u c t i v e  o v e r b u r d e n  

and m a g n e t i c  p e r m e a b i l i t y .  I t  was ment ioned  above  t h a t  

t h e  EM d i f f e r e n c e  c h a n n e l s  ( e . ,  c h a n n e l  DIFI f o r  i n p h a s e  

and D I F Q  f o r  q u a d r a t u r e )  t e n d  to e l i m i n a t e  t h e  r e s p o n s e  of  

c o n d u c t i v e  o v e r b u r d e n .  T h i s  marked a  u n i q u e  deve lopmen t  

i n  a i r b o r n e  EM t e c h n o l o g y ,  a s  D I G H E M  is t h e  o n l y  EM s y s t e m  

which y i e l d s  c h a n n e l s  h a v i n g  an e x c e p t i o n a l l y  h i g h  d e g r e e  

of immunity to  c o n d u c t i v e  o v e r b u r d e n .  



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

i n p h a s e  c h a n n e l s  o f  a l l  EM s y s t e m s .  Rocks  c o n t a i n i n g  l e s s  

t h a n  1 %  m a g n e t i t e  c a n  y i e l d  n e g a t i v e  i n p h a s e  a n o m a l i e s  

c a u s e d  b y  m a g n e t i c  p e r m e a b i l i t y .  When m a g n e t i t e  is w i d e l y  

d i s t r i b u t e d  t h r o u g h o u t  a s u r v e y  a r e a ,  t h e  i n p h a s e  EM c h a n -  

n e l s  may c o n t i n u o u s l y  r ise and f a l l  r e f l e c t i n g  v a r i a t i o n s  

i n  t h e  m a g n e t i t e  p e r c e n t a g e ,  f l y i n g  h e i g h t ,  and o v e r b u r d e n  

t h i c k n e s s .  T h i s  c a n  l e a d  to d i f f i c u l t i e s  i n  r e c o g n i z i n g  

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

o v e r b u r d e n  a l s o  e x i s t s .  However, t h e  r e s p o n s e  o f  b r o a d l y  

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

d i f f e r e n c e  c h a n n e l  D I F I .  T h i s  f e a t u r e  c a n  b e  a s i g n i f i c a n t  

a i d  i n  t h e  r e c o g n i t i o n  o f  c o n d u c t o r s  which  o c c u r  i n  r o c k s  

c o n t a i n i n g  a c c e s s o r y  m a g n e t i t e .  

EM m a g n e t i t e  m a p p i n g  

The i n f o r m a t i o n  c o n t e n t  o f  'DIGHEM d a t a  c o n s i s t s  o f  a 

c o m b i n a t i o n  o f  c o n d u c t i v e  e d d y  c u r r e n t  r e s p o n s e  and m a g n e t i c  

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

c o n d u c t i v e  e d d y  c u r r e n t  f l o w  is f r e q u e n c y - d e p e n d e n t  and 

c o n s i s t s  o f  b o t h  i n p h a s e  and q u a d r a t u r e  c o m p o n e n t s ,  w h i c h  

are p o s i t i v e  i n  s i g n .  On t h e  o t h e r  h a n d ,  t h e  s e c o n d a r y  

f i e l d  r e s u l t i n g  f r o m  m a g n e t i c  p e r m e a b i l i t y  is i n d e p e n d e n t  

of f r e q u e n c y  and c o n s i s t s  o f  o n l y  a n  i n p h a s e  componen t  w h i c h  



- - 
is negative in sign. When magnetic permeability manifests 

itself by decreasinq the measured amount of positive 

inphase, its presence may be difficult to recognize. 

However, when it manifests itself by yielding a negative 

inphase anomaly (e.g., in the absence of eddy current flow), 

its presence is assured. In this latter case, the negative 

component can be used to estimate the percent magnetite 

content. 

A magnetite mapping technique was developed for the 

coplanar coil-pair of D I G H E M .  The technique yields channel 

"FEO" (see Appendix A )  which displays apparent weight 

percent magnetite according to a homogeneous half space 

model.4 The method can be complementary to magnetometer 

mapping in certain cases. Compared to magnetometry, it is 

far less sensitive but is more able to resolve closely 

spaced magnetite zones, as well as providing an estimate 

of the amount of magnetite in the rock. The method is 

sensitive to 1/4% magnetite by weight when the EM sensor is 

at a height of 30 m above a magnetitic half space. It can 

individually resolve steeply dipping narrow magnet i te-r ich 

bands which are separated by 60 m. Unlike magnetometry, the 

EM magnetite method is unaffected by remanent magnetism or 

magnetic latitude. I 

Refer to Fraser, 1981, Maqnetite mapping with a multi- 
coil airborne electromagnetic system: Geophysics, 
V. 46, p. 1579-1594. 



The EM m a g n e t i t e  mapping t e c h n i q u e  p r o v i d e s  e s t i m a t e s  

o f  m a g n e t i t e  c o n t e n t  which a r e  u s u a l l y  correct w i t h i n  a 

f a c t o r  of 2 when t h e  m a g n e t i t e  is f a i r l y  u n i f o r m l y  

d i s t r i b u t e d .  EM m a g n e t i t e  maps can be  g e n e r a t e d  when 

m a g n e t i c  p e r m e a b i l i t y  is e v i d e n t  a s  i n d i c a t e d  by a n o m a l i e s  

i n  t h e  m a g n e t i t e  c h a n n e l  FEO. 

Like  magnetomet ry ,  t h e  EM m a g n e t i t e  method maps 

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

c h a r a c t e r i z e d  by a  g e n e r a l  l a c k  o f  m a g n e t i t e .  T h i s  

c o n t r a s t s  w i t h  r e s i s t i v i t y  mapping which p o r t r a y s  t h e  

combined e f f e c t  of bed rock  and ove rbu rden .  

R e c o g n i t i o n  o f  c u l t u r e  

C u l t u r a l  r e s p o n s e s  i n c l u d e  a l l  EM a n o m a l i e s  caused  by 

man-made m e t a l l i c  o b j e c t s .  Such anomal i e s  may be caused  by  

i n d u c t i v e  c o u p l i n g  or c u r r e n t  g a t h e r i n g .  The c o n c e r n  of t h e  

i n t e r p r e t e r  is to r e c o g n i z e  when an EM r e s p o n s e  is due  to  

c u l t u r e .  P o i n t s  o f  c o n s i d e r a t i o n  used by t h e  i n t e r p r e t e r ,  

when c o a x i a l  and c o p l a n a r  c o i l - p a i r s  a r e  o p e r a t e d  a t  a 

common f r e q u e n c y ,  a r e  as f o l l o w s :  
i 

1. Channe l s  CXS and  CPS (see Appendix A )  m e a s u r e  50 and  

60 Hz r a d i a t i o n .  An anomaly on t h e s e  c h a n n e l s  shows 



t h a t  t h e  c o n d u c t o r  is r a d i a t i n g  c u l t u r a l  power. Such  

a n  i n d i c a t i o n  is n o r m a l l y  a  g u a r a n t e e  t h a t  t h e  c o n d u c -  

tor is c u l t u r a l .  However ,  c a r e  m u s t  b e  t a k e n  to  e n s u r e  

t h a t  t h e  c o n d u c t o r  is n o t  a  g e o l o g i c  body which  s t r i k e s  

across a power  l i n e ,  c a r r y i n g  l e a k a g e  c u r r e n t s .  

A f l i g h t  which  c r o s s e s  a l i n e  ( e . g . ,  f e n c e ,  t e l e p h o n e  

l i n e ,  e tc . )  y i e l d s  a c e n t e r - p e a k e d  c o a x i a l  a n o m a l y  

a n d  a n  m-shaped c o p l a n a r  anomaly .  When t h e  f l i g h t  

crosses t h e  c u l t u r a l  l i n e  a t  a h i g h  a n g l e  o f  i n t e r -  

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

( e . g . ,  CXI/CPI)  i s  4. Such  a n  EM a n o m a l y  c a n  o n l y  b e  

c a u s e d  b y  a l i n e .  The g e o l o g i c  b o d y  w h i c h  y i e l d s  

a n o m a l i e s  most c l o s e l y  r e s e m b l i n g  a l i n e  is  t h e  

v e r t i c a l l y  d i p p i n g  t h i n  d i k e .  S u c h  a body ,  h o w e v e r ,  

y i e l d s  a n  a m p l i t u d e  r a t i o  o f  2 r a t h e r  t h a n  4. 

C o n s e q u e n t l y ,  a n  m-shaped c o p l a n a r  a n o m a l y  w i t h  a  

CXI/CPI a m p l i t u d e  r a t i o  o f  4  is v i r t u a l l y  a g u a r a n t e e  

t h a t  t h e  s o u r c e  is a c u l t u r a l  l i n e .  

3 .  A f l i g h t  w h i c h  crosses a  s p h e r e  or h o r i z o n t a l  d i s k  

y i e l d s  c e n t e r - p e a k e d  c o a x i a l  a n d  c o p l a n a r  a n o m a l i e s  

w i t h  a CXI/CPI a m p l i t u d e  r a t i o  ( i  .e.,  c o a x i a l / c o p l a n a r )  
1 

of 1/4. I n  t h e  a b s e n c e  o f  g e o l o g i c  b o d i e s  o f  t h i s  

g e o m e t r y ,  t h e  most l i k e l y  c o n d u c t o r  is a  m e t a l  r o o f  or 

5 S e e  F i g u r e  11-1  p r e s e n t e d  ea r l i e r .  



small f e n c e d  y a r d . 4  A n o m a l i e s  o f  t h i s  t y p e  are  

v i r t u a l l y  c e r t a i n  to  b e  c u l t u r a l  i f  t h e y  o c c u r  i n  a n  

area o f  c u l t u r e .  

4 .  A f l i g h t  which  crosses a h o r i z o n t a l  r e c t a n g u l a r  b o d y  or 

w i d e  r i b b o n  y i e l d s  a n  m-shaped c o a x i a l  a n o m a l y  and  a 

c e n t e r - p e a k e d  c o p l a n a r  anomaly .  I n  t h e  a b s e n c e  o f  

g e o l o g i c  b o d i e s  o f  t h i s  g e o m e t r y ,  t h e  most l i k e l y  

c o n d u c t o r  is a l a r g e  f e n c e d  area. A n o m a l i e s  o f  t h i s  

t y p e  are  v i r t u a l l y  c e r t a i n  to  b e  c u l t u r a l  i f  t h e y  o c c u r  

i n  a n  a r e a  o f  c u l t u r e .  

5. EM a n o m a l i e s  w h i c h  c o i n c i d e  w i t h  c u l t u r e ,  as s e e n  o n  

t h e  c a m e r a  f i l m ,  are  u s u a l l y  c a u s e d  b y  c u l t u r e .  

However ,  c a r e  is t a k e n  w i t h  s u c h  c o i n c i d e n c e s  b e c a u s e  

a g e o l o g i c  c o n d u c t o r  c o u l d  o c c u r  b e n e a t h  a f e n c e ,  f o r  

e x a m p l e .  I n  t h i s  e x a m p l e ,  t h e  f e n c e  would  be e x p e c t e d  

t o  y i e l d  a n  m-shaped c o p l a n a r  a n o m a l y  a s  i n  case 112 

a b o v e .  I f ,  i n s t e a d ,  a c e n t e r - p e a k e d  c o p l a n a r  a n o m a l y  

o c c u r r e d ,  t h e r e  would  b e  c o n c e r n  t h a t  a t h i c k  g e o l o g i c  

c o n d u c t o r  c o i n c i d e d  w i t h  t h e  c u l t u r a l  l i n e .  

I t  is a c h a r a c t e r i s t i c  o f  EM t h a t  g e o m e t r i c a l l y  
i d e n t i c a l  a n o m a l i e s  a r e  o b t a i n e d  f r o m :  ( 1 )  a p l a n a r  
c o n d u c t o r ,  and ( 2 )  a wire which f o r m s  a l o o p  h a v i n g  
d i m e n s i o n s  i d e n t i c a l  to  t h e  p e r i m e t e r  o f  t h e  e q u i v a -  
l e n t  p l a n a r  c o n d u c t o r .  



6. The a b o v e  d e s c r i p t i o n  o f  anomaly  s h a p e s  is v a l i d  

when t h e  c u l t u r e  is n o t  c o n d u c t i v e l y  c o u p l e d  to  t h e  

e n v i r o n m e n t .  I n  t h i s  c a s e ,  t h e  a n o m a l i e s  a r i s e  f rom 

i n d u c t i v e  c o u p l i n g  to  t h e  EM t r a n s m i t t e r .  However,  

when t h e  e n v i r o n m e n t  is q u i t e  c o n d u c t i v e  ( e . g . ,  less 

t h a n  100  ohm-m a t  900 H z ) ,  t h e  c u l t u r a l  c o n d u c t o r  may 

b e  c o n d u c t i v e l y  c o u p l e d  to t h e  e n v i r o n m e n t .  I n  t h i s  

l a t t e r  c a s e ,  t h e  anomaly  s h a p e s  t e n d  to  be  g o v e r n e d  by  

c u r r e n t  g a t h e r i n g .  C u r r e n t  g a t h e r i n g  c a n  c o m p l e t e l y  

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

i d e n t i f i c a t i o n  o f  c u l t u r a l  a n o m a l i e s .  I n  s u c h  c i r c u m -  

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

c h a n n e l s  CXS a n d  CPS, and o n  t h e  camera  f i l m .  

MAGNETICS 

The e x i s t e n c e  o f  a m a g n e t i c  c o r r e l a t i o n  w i t h  a n  EM 

anomaly  is i n d i c a t e d  d i r e c t l y  -on t h e  EM map. An EM anomaly  

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

b e i n g  p r o d u c e d  b y  s u l f i d e s  t h a n  o n e  t h a t  is n o n - m a g n e t i c .  

However, s u l f i d e  ore b o d i e s  may be  n o n - m a g n e t i c  ( e . g .  , t h e  

Kidd C r e e k  d e p o s i t  n e a r  Tirnrnins, C a n a d a )  as  w e l l  as m a g n e t i c  
I 

(e.g.,  t h e  M a t t a b i  d e p o s i t  n e a r  S t u r g e o n  Lake ,  C a n a d a ) .  



The m a g n e t o m e t e r  d a t a  are  d i g i t a l l y  r e c o r d e d  i n  

t h e  a i r c r a f t  t o  a n  a c c u r a c y  of o n e  nT ( e . ,  o n e  gamma).  

The d i g i t a l  t a p e  is p r o c e s s e d  b y  c o m p u t e r  to y i e l d  a 

t o t a l  f i e l d  m a g n e t i c  c o n t o u r  map, When w a r r a n t e d ,  t h e  

m a g n e t i c  d a t a  a l s o  may be  t r e a t e d  m a t h e m a t i c a l l y  t o  e n h a n c e  

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

e n h a n c e d  m a g n e t i c  c o n t o u r  map is t h e n  p r o d u c e d .  The 

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

is i l l u s t r a t e d  on t h e  next page.  T h i s  f i g u r e  ,shows t h a t  t h e  

p a s s b a n d  componen ts  o f  t h e  a i r b o r n e  d a t a  are a m p l i f i e d  

20 t imes by  t h e  e n h a n c e m e n t  o p e r a t o r .  T h i s  means ,  f o r  

e x a m p l e ,  t h a t  a  100 nT anomaly o n  t h e  e n h a n c e d  map r e f l e c t s  

a 5 nT a n o m a l y  f o r  t h e  p a s s b a n d  componen ts  o f  t h e  a i r b o r n e  

d a t a .  

The e n h a n c e d  map,  which  b e a r s  a r e s e m b l a n c e  t o  a 

downward c o n t i n u a t i o n  map, is p r o d u c e d  b y  t h e  d i g i t a l  

b a n d p a s s  f i l t e r i n g  o f  t h e  t o t a l  . f i e l d  d a t a .  The e n h a n c e m e n t  

is e q u i v a l e n t  to  c o n t i n u i n g  t h e  f i e l d  downward to a l e v e l  

( a b o v e  t h e  s o u r c e )  w h i c h  is 1 / 2 0 t h  o f  t h e  a c t u a l  s e n s o r -  

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

B e c a u s e  t h e  e n h a n c e d  m a g n e t i c  map b e a r s  a r e s e m b l a n c e  
I 

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

o f  t r e n d s  i n  t h e  r o c k  s t r a t a  and t h e  i n t e r p r e t a t i o n  o f  



CYCLES/  METRE 

Frequency response of magnetic enhancement 
operator. 



geologica l  s t r u c t u r e .  I t  d e f i n e s  the  near-surface l o c a l  

geology while de-emphasizing deep-seated regional  f ea tu res .  

I t  pr imari ly  has app l i ca t ion  when the magnetic rock u n i t s  

are s teeply  dipping and the  e a r t h ' s  f i e l d  d i p s  i n  excess 

of 60 degrees.  

Respect fu l ly  submitted,  
DIGHEM L I M I T E D  

Z .  Dvorak 
Vice-President 



CONCLUSIONS AND RECOMMENDATIONS 

The airborne geophysical survey produced no strong or well defined linear 
conductors. However, due to the presence of glacial ice and steep topography 
and the resulting problems in maintaining a constant low elevation with the 
helicopter, it is felt that the low grade anomalies obtained may be stronger 
than indicated. It is also possible that the deposit from which the 
mineralized float was derived is: 

1) not large enough; 

2) not conductive enough, or 

3) striking parallel to the flight lines. 

Due to till and ice cover, the last three possibilities cannot be confirmed. 
It is recommended then that those low-grade anomalies which cannot be 
explained by prospecting due to cover be further tested on the ground by an EM 
system with deep penetration (eg. pulse). 



APPENDIX A 



THE FLIGHT RECORD AND PATH RECOVERY 

Both  a n a l o g  and d i g i t a l  f l i g h t  r e c o r d s  were p roduced .  

The a n a l o g  p r o f i l e s  were r e c o r d e d  o n  c h a r t  p a p e r  i n  t h e  

a i r c r a f t  d u r i n g  t h e  s u r v e y .  The d i g i t a l  p r o f i l e s  were 

g e n e r a t e d  l a t e r  by computer  and  p l o t t e d  o n  e l e c t r o s t a t i c  

c h a r t  p a p e r  a t  a  s c a l e  o f  1:10,000. The d i g i t a l  p r o f i l e s  

are l i s t e d  i n  T a b l e  A-1. 

I n  T a b l e  A-1, t h e  l o g  r e s i s t i v i t y  s c a l e  o f  0.03 

decade/mm means t h a t  t h e  r e s i s t i v i t y  c h a n g e s  by an o r d e r  

o f  m a g n i t u d e  i n  3 3  mm. The r e s i s t i v i t i e s  a t  0 ,  33, 6 7 ,  100 

and  133 mm up from t h e  bo t tom o f  t h e  d i g i t a l  f l i g h t  r e c o r d  

are r e s p e c t i v e l y  1, 10, 100, 1,000 and  10,000 ohm-m. 

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

p o i n t s  on  t h e  ground which were. r e c o v e r e d  f rom camera f i l m .  

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

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

p l o t t e d  on  t h e  g e o p h y s i c a l  maps t o  p r o v i d e  t h e  t r a c k  o f  t h e  

a i r c r a f t .  

The f i d u c i a l  l o c a t i o n s  on b o t h  t h e  f l i g h t  r e c o r d s  and 

f l i g h t  p a t h  maps were examined by a compu te r  f o r  u n u s u a l  

h e l i c o p t e r  speed  c h a n g e s .  Such s p e e d  c h a n g e s  may d e n o t e  



an error i n  f l i g h t  p a t h  r e c o v e r y .  The r e s u l t i n g  f l i g h t  p a t h  

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

is  p r o v i d e d  by s t a n d a r d  f l i g h t  p a t h  r e c o v e r y  t e c h n i q u e s .  

T a b l e  A-1. The D i g i t a l  P r o f i l e s  

Channel Scale 
Name (Freq) Observed parameters unit s/mm 

MAG magnetics 10 nT 
ALT bird height 3 m 
CXI ( 900 Hz) vertical coaxial coil-pair inphase 1 PPm 
CXQ ( 900 Hz) vertical coaxial coil-pair quadrature 1 PPm 
CXS ( 900 Hz) ambient noise monitor (coaxial receiver) 1 PPm 
CPI ( 900 Hz) horizontal coplanar coil-pair inphase 1 PPm 
CPQ ( 900 Hz) horizontal coplanar coil-pair quadrature 1 PPm 
CPS ( 900 Hz) ambient noise monitor (coplanar receiver) 1 PPm 
CPI (7200 Hz) horizontal coplanar coil-pair inphase 1 PPm 
CPQ (7200 Hz) horizontal coplanar coil-pair quadrature 1 PPm 
CPS (7200 Hz) ambient noise monitor (coplanar receiver) 1 PPm 

Computed Parameters 

DlFI ( 900 Hz) difference function inphase from CXI and CPI 1 ppm 
DIFQ ( 900 Hz) difference function quadrature from CXQ and CPQ 1 ppm 
REC 1 first anomaly recognition function 1 PPm 
REC2 second anomaly recognition function 1 PPm 
REC 3 third anomaly recognition function 1 PPm 
REC4 fourth anomaly recognition function 1 PPm 
CDT conductance 1 grade 
RES ( 900 Hz) log resistivity .03 decade 
RES (7200 Hz) log resistivity .03 decade 
DP ( 900 Hz) apparent depth 3 m 
DP (7200 Hz) apparent depth 3 m 
FEO% ( 900 Hz) apparent weight percent magnetite 0.25% 

X ZD- 17 1 (A)  
13/10/83 



A P P E N D I X  B 

EM ANOMALY LIST 



COAXIAL COPLANAR COPLANAR . VERTICAL . HORIZONTAL CONDUCTIVE 
900 HZ 900 HZ 7200 HZ . DIKE . SHEET EARTH . 

ANOMALY/ REAL QUAD REAL QUAD REAL QUAD . COW DEPTH*. COND DEPTH RESIS DEPTH 
PID/INTERP PPM PPM PPM PPM PPM PPM . MHOS M . MHOS M OHM-M M 

- - - -we- - -  . . 
LINE 21 (FLIGHT 9) * 

A 822  B? 0 1 0 3 6 8 .  1 0 .  1 53 329 19 --------- . 
LINE 3 (FLIGHT 9) 
A 980 B 0 2 1 2 5 8 .  1 4 .  1 77 927 3 3 --------- 
LINE 5 (FLIGHT 9) . 
B 1490 ? 0 0 0 2 6 19. 1 0 .  1 88 740 4 7 --------- 
LINE 7 (FLIGHT 9) 
A 1824 S? 1 6 4 13 36 52. 2 13 , 1 49 285 8  
B 1835 H? 1 5 0 8 20 21. 1 7 .  1 40 381 . I 2  

.* ESTIMATED DEPTH MAY BE UNRELIABLE BECAUSE THE STRONGER PART . 
, OF THE CONDUCTOR YAY BE DEEPER OR TO ONE SIDE OF THE FLIGHT . 

LINE, OR BECAUSE OF A SHALLOW DIP OR OVZRBUKDEH EFFZCTS. 



STATEMENT OF QUALIFICATIONS 



STATE?fEYT OF QUALIFICATIOSS 

I, Nichael Savell of the City of Vancouver, Province of 

British Columbia, do cerify that: 

1. I have been an employee of Noranda Exploration Company, 

Limited since ?lay 1980. 

2 .  I am a graduate of Dalhousie University with a Bachelor 

of Science degree in geology. 

Mic J as1 Save11 
Project Geologist 

Noranda Exploration Company, Limited 
(No Personal Liability) 



STATEMENT OF COSTS 



STATEMENT OF COST 

PROJECT - FAULT CREEK PROPERTY DATE: NOVEMBER 15, 1983 
TYPE OF REPORT - Geophysics 

a) Wages: 

NORANDA EXPLORATION-COMPANY. LIMITED 

No. of Days - 9 mandays 
Rate per Day - $102.84 
Dates From - November 1, 1982 - November 1, 1983 
Total Wages - 9 X $102.84 $ 925.56 

b) Food and Accommodation: 

No. of Days - 9 
Rate per Day - $25.00 
Dates From - November 1, 1982 - November 1, 1983 
Total Cost - 9 X $25.00 $ 225.00 

c )  Transportation: 

No. of Days - 9 
Rate per Day - $45.00 
Dates From - November 1, 1982 - November 1, 1983 
Total cost 9 X $45.00 $ 405.00 

d )  Cost of Preparation of Report: 
Author 
Drafting 
TY ping 

e )  Other: 
Contractor 

Total Cost 



UNIT COSTS 

Unit Costs for Geophysics 

No. of Days - 9 
No. of Units - 42 Line Kilometers 
Unit Costs - 194.97 / Kilometer 

Total cost 42 X 194.97 
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