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EXPENDITURES FOR DIGHEM I I I SURVEY - ISKUT RIVER AREA 

H a n d e l , R a v e l , C h o p i n 1 - 2 C l a i m s  

Dighem F l y i n g C o s t 920 l i n e - km @ $90./km $ 82,800.00 
M o b i l i z a t i o n and F e r r y Charges 8,000.00 
F u e l C o s t a t S i t e - 20.5 Drums @ $300./drum 6,150.00 
P l a c e r H e l i c o p t e r f o r De-mob 2 h r s . @ $ 6 2 5 . / hr . +fuue| 

( f u e l i n c l u d e d above) 1,250.00 
R. Cannon - 2 days f i e l d c o s t @ $345./day 

( s a l a r y p l u s b e n e f i t s ) 690.00 
2 days o f f i c e i n t e r p r e t a t i o n 690.00 

Camp C o s t - Dighem -3 men f o r 5 days = 15 man days 
R. Cannon 2 man days 
(17 @ $100./day/man) 17 1,700.00 

T o t a l f o r E n t i r e Job $101,280.00 

T o t a l F l y i n g on the P l a c e r - D u Pont 
= 82 km or 82 x 100 = 8.9% 

920 

.'. C o s t A p p l i c a b l e from above = 8.9% of $101,280.00 
= $9,013.92 

R e p o r t and Map C o s t s 120.00 

T o t a l $9,133.92 

C o s t t o be A p p l i e d to the H a n d e l , R a v e l and C h o p i n 1&2 C l a i m s 

R . W ̂  C aBnY^n p ^ 7 ^ E t t A t o r i 

\ 

RWC/dd 



SUMMARY AND RECOMMENDATIONS 

A t o t a l of 920 km of an e l e c t r o m a g n e t i c / r e s i s t i v i t y / 

magnetic survey was flown i n J u l y 1983, over a pr o p e r t y held 

by P l a c e r Development L i m i t e d i n the Iskut R i v e r / S k y l i n e 

a r e a r B r i t i s h Columbia. 

The survey o u t l i n e d s e v e r a l anomalous f e a t u r e s 

r e f l e c t i n g d i s c r e t e bedrock conductors and wide b u r i e d 

c o n d u c t i v e u n i t s a s s o c i a t e d with areas of low r e s i s t i v i t y . 

Most of these anomalies appear to warrant f u r t h e r i n v e s t i g a ­

t i o n using a p p r o p r i a t e s u r f a c e e x p l o r a t i o n t e c h n i q u e s . 

Areas of i n t e r e s t may be assigned p r i o r i t i e s f o r follow-up 

work on the b a s i s o f the pr e s e n t a i r b o r n e work and 

su p p o r t i n g g e o l o g i c , geochemical and/or o t h e r g e o p h y s i c a l 

i n f o r m a t i o n . 
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LOCATION MAP 

SCALE 1:500000 

F i g u r e 1 The Survey Area 
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INTRODUCTION 

A DIGHEM 1 1 1 survey t o t a l l i n g 920 line-km was flown 

with a 200 m l i n e - s p a c i n g f o r P l a c e r Development L i m i t e d , 

from J u l y 15 t o 18, 1983, i n the Iskut R i v e r area of B r i t i s h 

Columbia (Figures 1+2),/! ccess /s &y /r)e<xns of Ae/i ofier- from 

8ob Qtur>r> La/se on Htjhuoo^u 37. 7^t d/cc'/f>f owned 6j 

The CG-DEM Lama t u r b i n e h e l i c o p t e r flew at an average 

a i r s p e e d o f 95 km/h with an EM b i r d h e i g h t of approximately 

42 m. A n c i l l a r y equipment c o n s i s t e d of a Sonotek PMH 5010 

magnetometer with i t s b i r d at an average h e i g h t of 57 m, 

a Sperry r a d i o a l t i m e t e r , a Geocam sequence camera, a 

B a r r i n g e r 8-channel hot pen analog r e c o r d e r , a Sonotek SDS 

1200 d i g i t a l data a c q u i s i t i o n system and a D i g i D a t a 1640 

9-track 800-bpi magnetic tape r e c o r d e r . 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 no i s e channels ( f o r the c o a x i a l and coplanar 

r e c e i v e r s ) , one channel of magnetics, and a channel of r a d i o 

a l t i t u d e . The d i g i t a l equipment recorded the EM data with a 

s e n s i t i v i t y o f 0.20 ppm at 900 Hz and 0.40 ppm at 7,200 Hz, 

and the magnetic f i e l d to one nT ( i . e . , one gamma). 

Appendix A p r o v i d e s d e t a i l s on the data channels, t h e i r 

r e s p e c t i v e s e n s i t i v i t i e s , and the f l i g h t path r e c o v e r y 



procedure. Noise l e v e l s of l e s s than 2 ppm are g e n e r a l l y 

maintained f o r wind speeds up to 35 km/h. Higher winds 

may cause the system to be grounded because e x c e s s i v e 

b i r d swinging produces d i f f i c u l t i e s i n f l y i n g the 

h e l i c o p t e r . The swinging r e s u l t s from the 5 m2 o f area 

which i s p r e s e n t e d by the b i r d t o broadside g u s t s . The 

DIGHEM system n e v e r t h e l e s s can be flown under wind 

c o n d i t i o n s t h a t s e r i o u s l y degrade other AEM systems. 

I t should be noted that the anomalies shown on the 

e l e c t r o m a g n e t i c anomaly map are based on a n e a r - v e r t i c a l , 

h a l f plane model. T h i s model best r e f l e c t s " d i s c r e t e " 

bedrock conductors. Wide bedrock conductors or f l a t - l y i n g 

c o n d u c t i v e u n i t s , whether from s u r f i c i a l or bedrock sources, 

may g i v e r i s e to very broad anomalous responses on the EM 

p r o f i l e s . These may not appear on the e l e c t r o m a g n e t i c 

anomaly map i f they have a r e g i o n a l c h a r a c t e r r a t h e r than a 

l o c a l l y anomalous c h a r a c t e r . These broad conductors, which 

more c l o s e l y approximate a h a l f space model, w i l l be maximum 

coupled to the h o r i z o n t a l ( c o p l a n a r ) c o i l - p a i r and are 

c l e a r l y e v i d e n t on the . r e s i s t i v i t y map. The r e s i s t i v i t y 

map, t h e r e f o r e , may be more v a l u a b l e than the e l e c t r o ­

magnetic anomaly map, i n areas where broad or f l a t - l y i n g 

conductors are c o n s i d e r e d to be of importance. 



In areas where magnetite causes the inphase components 

to become n e g a t i v e , the apparent conductance and depth of EM 

anomalies may be u n r e l i a b l e . 

Areas, i n which EM responses are e v i d e n t o n l y on the 

quadrature components, i n d i c a t e zones of poor c o n d u c t i v i t y . 

Where these responses are c o i n c i d e n t with s t r o n g magnetic 

anomalies, i t i s p o s s i b l e t h a t the inphase component 

amplitudes have been suppressed by the e f f e c t s 

o f magnetite. Most of these p o o r l y - c o n d u c t i v e magnetic 

f e a t u r e s g i v e r i s e to r e s i s t i v i t y anomalies which are 

o n l y s l i g h t l y below background. These weak f e a t u r e s are 

e v i d e n t on the r e s i s t i v i t y map but may not be shown on 

the e l e c t r o m a g n e t i c anomaly map. I f i t i s expected t h a t 

p o o r l y - c o n d u c t i v e s u l p h i d e s may be a s s o c i a t e d with 

m a g n e t i t e - r i c h u n i t s , some of these weakly anomalous 

f e a t u r e s may be of i n t e r e s t . 

W ZD-167 



SECTION I: SURVEY RESULTS 

The survey covered an i r r e g u l a r l y shaped area 

c o n t a i n i n g s e v e r a l g r i d s flown along the nor t h - s o u t h , 

east-west, and northwest d i r e c t i o n s . The survey c o n s i s t e d 

of 920 km of f l y i n g , the r e s u l t s o f which are presented on 

two map sh e e t s . Table 1-1 summarizes the EM responses on 

the two sheets with r e s p e c t to conductance grade and 

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

R e s i s t i v i t y i n the survey area v a r i e d from about 

4 ohm-m to i n excess of 8,000 ohm-m. 



176 ISKUT RIVER 

NUMBER OF 
CONDUCTOR GRADE CONDUCTANCE RANGE RESPONSES 

6 > 99 MHOS 2 
5 50-99 MHOS 1 
4 20-49 MHOS 6 
3 10-19 MHOS 23 
2 5- 9 MHOS 43 
1 < 5 MHOS 215 
X INDETERMINATE 100 

TOTAL 390 

NUMBER OF 
CONDUCTOR MODEL MOST LIKELY SOURCE RESPONSES 

D DISCRETE BEDROCK -38 
T DISCRETE BEDROCK 8 
P DISCRETE BEDROCK 7 
B DISCRETE BEDROCK 179 
E BEDROCK OR EDGE EFFECT 12 
G ROCK OR COVER 53 
H ROCK OR COVER 14 
5 COVER 61 
R CULTURE 0 
C CULTURE 0 
L CULTURE 2 
? QUESTIONABLE 1 

(BLANK) 15 

TOTAL 390 

(SEE EM MAP LEGEND FOR EXPLANATIONS) 
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The magnetic f i e l d i n the survey area ranges from about 

55,800 nT to approximately 59,500 nT. I t i s h i g h l y a c t i v e 

and d i s p l a y s v e r y complex p a t t e r n s s u g g e s t i n g a complex 

g e o l o g i c s e t t i n g i n the area. 

The trends p r e v a i l i n g i n the north p a r t of the area are 

east-west to no r t h e a s t changing to north-south to n o r t h -

n o r t h e a s t i n the s o u t h - c e n t r a l and e a s t e r n p a r t s of the 

ar e a . North-northwest trends are p r e v a i l i n g i n the west and 

south p a r t s of the area. 

Negative inphase EM responses were recorded i n numerous 

i n s t a n c e s , s u g g e s t i n g the presence o f magnetite at the 

correspo n d i n g l o c a t i o n s . Values as high as 6% of magnetite 

by weight were observed. 

CONDUCTORS IN THE SDRVEY AREA 

The e l e c t r o m a g n e t i c anomaly map shows the anomaly 

l o c a t i o n s with the i n t e r p r e t e d conductor shape, d i p , 

conductance and depth being i n d i c a t e d by symbols. D i r e c t 

magnetic c o r r e l a t i o n i s a l s o shown i f i t e x i s t s . The s t r i k e 

d i r e c t i o n and l e n g t h of the conductors are i n d i c a t e d when 

anomalies can be c o r r e l a t e d from l i n e to l i n e . When 

st u d y i n g the map sheets f o r follow-up p l a n n i n g , c o n s u l t the 

anomaly l i s t i n g s appended to t h i s r e p o r t to ensure that none 

of the conductors are overl o o k e d . 
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Group 3 The grade 1 to 3 anomalies and 

x-type responses of t h i s grouping 

r e f l e c t bedrock conductors, and 

co n d u c t i v e rock u n i t , which occur 

on the n o r t h e a s t s l o p e s of the 

Bronson Creek v a l l e y . 

Anomalies 401B, 401xC, 
403xB, 405C, 
406xB, 
409A-410xA 

S e v e r a l weak bedrock, and p o s s i b l e 

bedrock, conductors are i n d i c a t e d 

by these grade 1 and 2 anomalies 

and x-type responses. A l l of them 

are p o o r l y d e f i n e d and do not 

appear to c o n s t i t u t e a t t r a c t i v e 

e x p l o r a t i o n t a r g e t s . Note t h a t 

magnetite may have obscured the 

EM responses at 403xB. 

Anomalies 411A-414B, 
413A, 414xA, 
413B-415A, 

These grade 1 to 3 anomalies, 

which are c o n f i n e d to a w e l l 

d e f i n e d low r e s i s t i v i t y zone, 

r e f l e c t non-magnetic c o n d u c t o r s . 

The 7 nT magnetic c o r r e l a t i o n at 



413A appears to be c o i n c i d e n t a l 

These anomalies should be i n v e s t i 

gated on the ground. 
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Anomal* 2 4M, These grade 1 to 4 anomalies 

i n d i c a t e bedrock, and p o s s i b l e 

bedrock, conductors which may 

c o n s t i t u t e a w e s t e r l y e x t e n s i o n 

of the group 4 conductors. 



SECTION I I : BACKGROUND INFORMATION 

ELECTROMAGNETICS 

DIGHEM e l e c t r o m a g n e t i c responses 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 broad. The d i s c r e t e c l a s s c o n s i s t s of 

sharp, w e l l - d e f i n e d anomalies from d i s c r e t e conductors such 

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

s u l f i d e s . . The broad c l a s s c o n s i s t s of wide anomalies from 

conductors having a l a r g e h o r i z o n t a l s u r f a c e such as 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 sheets, s a l i n e w a t e r - s a t u r a t e d 

sedimentary f o r m a t i o n s , conductive overburden and rock, and 

geothermal zones. A v e r t i c a l conductive s l a b with a width 

of 200 m would s t r a d d l e these two c l a s s e s . 

The v e r t i c a l sheet ( h a l f plane) i s the most common 

model used f o r the a n a l y s i s of d i s c r e t e conductors. A l l 

anomalies p l o t t e d on the e l e c t r o m a g n e t i c map are analyzed 

according to t h i s model. 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 conductor 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 the e f f e c t of using i t on anomalies caused by 

broad conductors such as conductive overburden. 

The conductive e a r t h ( h a l f space) model i s s u i t a b l e f o r 

broad conductors. R e s i s t i v i t y contour maps r e s u l t from the 



use of 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 the method f u r t h e r , i n c l u d i n g the e f f e c t 

of using i t on anomalies caused by d i s c r e t e conductors such 

as s u l f i d e b o d i e s . 

Geometric 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 attempts to determine the 

geometric shape and d i p of the conductor. 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 of anomalies i s i n d i c a t e d on the map by means 

of i n t e r p r e t i v e symbols (see EM map l e g e n d ) . F i g u r e II-1 

shows t y p i c a l DIGHEM anomaly shapes and the i n t e r p r e t i v e 

symbols f o r a v a r i e t y of conductors. These c l a s s i c curve 

shapes are used to guide the geometric i n t e r p r e t a t i o n . 

D i s c r e t e conductor a n a l y s i s 

The EM anomalies appearing on the e l e c t r o m a g n e t i c map 

are analyzed by computer to g i v e the conductance ( i . e . , 

c o n d u c t i v i t y - t h i c k n e s s product) i n mhos of a v e r t i c a l sheet 

model. T h i s i s done r e g a r d l e s s of the i n t e r p r e t e d geometric 

shape of the conductor. T h i s i s not an unreasonable 

procedure, because the computed conductance i n c r e a s e s as the 

e l e c t r i c a l q u a l i t y of the conductor i n c r e a s e s , r e g a r d l e s s of 

i t s true shape. DIGHEM anomalies are d i v i d e d i n t o s i x 
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grades of conductance, as shown i n Table I I - 1 . The conduc­

tance i n mhos i s the r e c i p r o c a l of r e s i s t a n c e i n ohms. 

Table I I - 1 . EM Anomaly Grades 

Anomaly Grade Mho Range 

6 > > 99 
5 50 - 99 
4 20 - 49 
3 10 - 19 
2 5 - 9 
1 < 5 

The conductance value i s a g e o l o g i c a l parameter because 

i t i s a c h a r a c t e r i s t i c of the conductor alone; i t g e n e r a l l y 

i s independent of frequency, and of f l y i n g h e i g h t or depth 

of b u r i a l apart from the averaging over a g r e a t e r p o r t i o n of 

the conductor as height i n c r e a s e s . ^ Small anomalies from 

deeply b u r i e d s t r o n g conductors are not confused with small 

anomalies from shallow weak conductors because the former 

w i l l have l a r g e r conductance v a l u e s . 

Conductive overburden g e n e r a l l y produces broad EM 

responses which are not p l o t t e d on the EM maps. However, 

patchy conductive overburden i n otherwise r e s i s t i v e areas 

This statement i s an approximation. DIGHEM, with i t s 
shor t c o i l s e p a r a t i o n , tends to y i e l d l a r g e r and more 
accurate conductance values than a i r b o r n e systems 
having a l a r g e r c o i l s e p a r a t i o n . 



can y i e l d d i s c r e t e anomalies with a conductance grade ( c f . 

Table II-1) o f 1, or even o f 2 f o r conducting c l a y s which 

have r e s i s t i v i t i e s as low as 50 ohm-m. In areas where 

ground r e s i s t i v i t i e s can be below 10 ohm-m, anomalies caused 

by weathering v a r i a t i o n s and s i m i l a r causes can have any 

conductance grade. The anomaly shapes from the m u l t i p l e 

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

these are i n d i c a t e d by the l e t t e r s S, H, G and sometimes E 

on the map (see EM le g e n d ) . 

For bedrock conductors, the high e r anomaly grades 

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 conductances. Examples: 

DIGHEM 1s New Insco copper d i s c o v e r y (Noranda, Canada) 

y i e l d e d a grade 4 anomaly, as d i d the neighbouring 

co p p e r - z i n c Magusi R i v e r ore body; Mattabi ( c o p p e r - z i n c , 

Sturgeon Lake, Canada) and W h i s t l e ( n i c k e l , Sudbury, 

Canada) gave grade 5; and DIGHEM 1s Montcalm n i c k e l - c o p p e r 

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

Graphite and s u l f i d e s can span a l l grades but, i n any 

p a r t i c u l a r survey area, f i e l d work may show th a t the 

d i f f e r e n t grades i n d i c a t e d i f f e r e n t types of conductors. 

Strong conductors ( i . e . , grades 5 and 6) are c h a r a c t e r ­

i s t i c of massive s u l f i d e s or g r a p h i t e . Moderate conductors 

(grades 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 of a l e s s 

massive c h a r a c t e r or g r a p h i t e , while weak bedrock conductors 



(grades 1 and 2) can s i g n i f y p o o r l y connected g r a p h i t e or 

h e a v i l y disseminated s u l f i d e s . Grade 1 conductors may not 

respond to ground EM equipment using f r e q u e n c i e s l e s s than 

2000 Hz. 

The presence of s p h a l e r i t e or gangue can r e s u l t i n 

ore d e p o s i t s having weak to moderate conductances. As 

an example, the three m i l l i o n ton l e a d - z i n c d e p o s i t of 

Restigouche Mining C o r p o r a t i o n near 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 grade 1. conductor. The 10 percent 

by volume of s p h a l e r i t e occurs as a c o a t i n g around the f i n e 

g r a i n e d massive p y r i t e , thereby i n h i b i t i n g e l e c t r i c a l 

c o n duction. 

F a u l t s , f r a c t u r e s and shear zones may produce anomalies 

which t y p i c a l l y have low conductances (e.g., grades 1 

and 2 ) . Conductive rock formations can y i e l d anomalies of 

any conductance grade. The conductive m a t e r i a l s i n such 

rock formations can be s a l t water, weathered products such 

as 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 carbonaceous 

m a t e r i a l . 

On the 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 are p l o t t e d beside the EM grade symbol. 

The h o r i z o n t a l rows of d o t s , under the i n t e r p r e t i v e symbol, 

i n d i c a t e the anomaly amplitude on the f l i g h t r e c o r d . The 
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v e r t i c a l column of d o t s , under the anomaly l e t t e r , g i v e s the 

estimated depth. In areas where anomalies are crowded, the 

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 dots may be 

o b l i t e r a t e d . The EM grade symbols, however, w i l l always be 

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

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

The purpose of i n d i c a t i n g the anomaly amplitude by dots 

i s to provide an estimate of the r e l i a b i l i t y of the conduc­

tance c a l c u l a t i o n . Thus, a conductance value obtained from 

a l a r g e ppm anomaly (3 or 4 dots) w i l l tend to be accurate 

whereas one obta i n e d from a smal l ppm anomaly (no dots) 

could be q u i t e i n a c c u r a t e . The absence of amplitude dots 

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

5 ppm or l e s s on both the inphase and quadrature channels. 

Such small anomalies could r e f l e c t a weak conductor at the 

su r f a c e or a s t r o n g e r conductor at depth. The conductance 

grade and depth estimate i l l u s t r a t e s which of these 

p o s s i b i l i t i e s f i t s the recorded data 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 cases where 

two anomalies, having s i m i l a r conductance v a l u e s but 

d r a m a t i c a l l y d i f f e r e n t depth e s t i m a t e s , occur c l o s e together 

on the same conductor. Such examples i l l u s t r a t e the 

r e l i a b i l i t y of the conductance measurement while showing 

that the depth estimate can be u n r e l i a b l e . There are a 



number of f a c t o r s which can produce an e r r o r i n the depth 

estimate, i n c l u d i n g the averaging of topographic v a r i a t i o n s 

by the a l t i m e t e r , o v e r l y i n g conductive overburden, and the 

l o c a t i o n and a t t i t u d e of the conductor r e l a t i v e to the 

f l i g h t l i n e . Conductor l o c a t i o n and a t t i t u d e can pr o v i d e an 

erroneous depth estimate because the s t r o n g e r pa r t of the 

conductor may be deeper or to one s i d e of the f l i g h t l i n e , 

or because i t has a shallow d i p . A heavy t r e e cover can 

a l s o produce e r r o r s i n depth e s t i m a t e s . T h i s i s because the 

depth estimate i s computed as the d i s t a n c e of b i r d from 

conductor, minus the a l t i m e t e r r e a d i n g . The a l t i m e t e r can 

lock onto the top of a dense f o r e s t canopy. T h i s s i t u a t i o n 

y i e l d s an e r r o n e o u s l y l a r g e depth estimate but does not 

a f f e c t the conductance estimate. 

Dip symbols are used to i n d i c a t e the d i r e c t i o n of d i p 

of conductors. These symbols are used o n l y when the anomaly 

shapes are unambiguous, which 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 environment. 

A f u r t h e r i n t e r p r e t a t i o n i s presented on the EM map by 

means of the l i n e - t o - l i n e c o r r e l a t i o n of anomalies, which i s 

based on a comparison of anomaly shapes on adjacent l i n e s . 

T his p r o v i d e s conductor axes which may d e f i n e the g e o l o g i c a l 

s t r u c t u r e over p o r t i o n s of the survey a r e a . The absence of 



conductor axes i n an area i m p l i e s that anomalies could not 

be c o r r e l a t e d from l i n e to l i n e with reasonable 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 designed to p r o v i d e 

a c o r r e c t impression of conductor q u a l i t y by means of the 

conductance grade symbols. The symbols can stand alone 

with geology when plann i n g a follow-up program. The a c t u a l 

conductance v a l u e s are p r i n t e d i n the attached anomaly l i s t 

f o r those who wish q u a n t i t a t i v e d a t a . The anomaly ppm and 

depth are i n d i c a t e d by inconspicuous dots which should not 

d i s t r a c t from the conductor p a t t e r n s , while being h e l p f u l 

to those who wish 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 an 

i n t e r p r e t a t i o n of conductors i n terms of l e n g t h , s t r i k e and 

d i p , geometric shape, conductance, depth, and t h i c k n e s s (see 

below). The accuracy i s comparable to an i n t e r p r e t a t i o n 

from a high q u a l i t y ground EM survey having the same l i n e 

s p a c i n g . 

The attached 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 of 

anomalies i n ppm, conductance, and depth f o r the v e r t i c a l 

sheet model. The EM anomaly l i s t a l s o shows the conductance 

and depth f o r a t h i n h o r i z o n t a l sheet (whole plane) model, 

but o n l y the v e r t i c a l sheet parameters appear on the 

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

d i p p i n g t h i n bedrock conductor such as a s u l f i d e sheet 

having a t h i c k n e s s l e s s than 10 m. The l i s t a l s o shows the 



r e s i s t i v i t y and depth f o r a conductive ea r t h ( h a l f space) 

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

conductive overburden. In the EM anomaly l i s t , a depth 

value of zero f o r the conductive earth model, i n an area of 

t h i c k cover, warns that the anomaly may be caused by 

conductive overburden. 

Since d i s c r e t e bodies normally are the t a r g e t s of 

EM surveys, l o c a l base (or zero) l e v e l s are used to compute 

l o c a l anomaly amplitudes. T h i s c o n t r a s t s with the use 

of t r u e zero l e v e l s which are used to compute true EM 

amplitudes. L o c a l anomaly amplitudes are shown i n the 

EM anomaly l i s t and these are used to compute the v e r t i c a l 

sheet parameters of conductance and depth. Not shown i n the 

EM anomaly l i s t are the true amplitudes which are used to 

compute the h o r i z o n t a l sheet and conductive e a r t h 

parameters. 

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

DIGHEM maps c o n t a i n x-type EM responses i n a d d i t i o n 

to EM anomalies. An x-type response i s below the n o i s e 

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

weak conductor near the s u r f a c e , a strong conductor at depth 

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

f l i g h t l i n e , or aerodynamic n o i s e . Those responses t h a t 
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have the appearance of v a l i d bedrock anomalies on the f l i g h t 

p r o f i l e s are 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 symbols 

(see EM map l e g e n d ) . The others probably do not warrant 

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 of 

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

The t h i c k n e s s parameter 

DIGHEM can pr o v i d e an i n d i c a t i o n of the t h i c k n e s s of 

a s t e e p l y . d i p p i n g conductor. The amplitude of the cop l a n a r 

anomaly (e.g., CPI) i n c r e a s e s r e l a t i v e to the c o a x i a l 

anomaly (e.g., CXI) as the apparent t h i c k n e s s i n c r e a s e s , 

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

i s equal to the conductor width i f the conductor d i p s at 

90 degrees and s t r i k e s at r i g h t angles to the f l i g h t l i n e . ) 

This r e p o r t r e f e r s to a conductor as t h i n when the t h i c k n e s s 

i s l i k e l y to be l e s s than 3 m, and t h i c k when i n excess of 

10 m. Thin conductors are i n d i c a t e d on the EM map by the 

i n t e r p r e t i v e symbol "D", and t h i c k conductors by "T". For 

base metal 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 geology, t h i c k 

conductors can be high p r i o r i t y t a r g e t s because many massive 

s u l f i d e ore bodies are t h i c k , whereas non-economic bedrock 

conductors are o f t e n t h i n . The system cannot sense the 

thi c k n e s s when the s t r i k e of the conductor i s s u b p a r a l l e l to 

the f l i g h t l i n e , when the conductor has a shallow d i p , when 



the anomaly amplitudes are s m a l l , or when the r e s i s t i v i t y of 

the environment i s below 100 ohm-m. 

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

Areas o f widespread c o n d u c t i v i t y are commonly 

encountered d u r i n g surveys. In such areas, anomalies can 

be generated by decreases of o n l y 5 m i n survey a l t i t u d e as 

w e l l as 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 cord i n conductive areas i s c h a r a c t e r i z e d by inphase and 

quadrature channels which are c o n t i n u o u s l y a c t i v e . L o c a l 

EM peaks 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 of the 

earth or decreases i n survey a l t i t u d e . For such conductive 

areas, apparent r e s i s t i v i t y p r o f i l e s and contour maps are 

necessary f o r the c o r r e c t i n t e r p r e t a t i o n of the a i r b o r n e 

d a t a . The advantage of the r e s i s t i v i t y parameter i s 

that anomalies caused by a l t i t u d e changes are v i r t u a l l y 

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

anomalies 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 helps the 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 

conductive trends i n the bedrock and those p a t t e r n s t y p i c a l 

of conductive overburden. For example, d i s c r e t e conductors 

w i l l g e n e r a l l y appear as narrow lows on the contour map 

and broad conductors (e.g., overburden) w i l l appear as 

wide lows. 



- 11-13 -

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 Appendix A) and 

the r e s i s t i v i t y contour map present the apparent r e s i s t i v i t y 

using the s o - c a l l e d pseudo-layer (or b u r i e d ) h a l f space 

model d e f i n e d i n F r a s e r (1978)^. T h i s model c o n s i s t s of 

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 conductive h a l f space. The 

depth channel (see Appendix A) g i v e s the apparent depth 

below s u r f a c e of the conductive m a t e r i a l . The apparent 

depth i s simply the apparent t h i c k n e s s of the o v e r l y i n g 

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

parameter w i l l be p o s i t i v e when the upper l a y e r i s more 

r e s i s t i v e than the u n d e r l y i n g m a t e r i a l , i n which case the 

apparent depth may be q u i t e c l o s e to the true depth. 

The apparent depth w i l l be negative when the upper 

l a y e r i s more conductive than the u n d e r l y i n g m a t e r i a l , and 

w i l l be zero when a homogeneous h a l f space e x i s t s . The 

apparent depth parameter must be i n t e r p r e t e d c a u t i o u s l y 

because i t w i l l c o n t a i n any e r r o r s which may e x i s t i n the 

measured a l t i t u d e of the EM b i r d (e.g., as caused by a dense 

tr e e c o v e r ) . The inputs to the r e s i s t i v i t y a l g o r i t h m are 

the inphase and quadrature components of the c o p l a n a r 

c o i l - p a i r . The outputs are the apparent r e s i s t i v i t y of the 

R e s i s t i v i t y mapping with an a i r b o r n e m u l t i c o i l e l e c t r o ­
magnetic system: Geophysics, v. 43, p. 144-172. 
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conductive h a l f space (the source) and the sensor-source 

d i s t a n c e . The f l y i n g h e ight i s not an input v a r i a b l e , 

and the output r e s i s t i v i t y and sensor-source d i s t a n c e are 

independent of the f l y i n g h e i g h t . The apparent depth, 

d i s c u s s e d above, i s simply the sensor-source d i s t a n c e minus 

the measured a l t i t u d e or f l y i n g h e i g h t . Consequently, 

e r r o r s i n the measured a l t i t u d e w i l l a f f e c t the apparent 

depth parameter but not the apparent r e s i s t i v i t y parameter. 

The .apparent depth parameter i s a u s e f u l i n d i c a t o r 

of simple l a y e r i n g i n areas l a c k i n g a heavy t r e e c o v e r . 

The DIGHEM system has been flown f o r purposes of permafrost 

mapping, where p o s i t i v e apparent depths were used as a 

measure of permafrost 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 use has been made of negative apparent depths because 

the a bsolute value of the negative depth i s not a measure of 

the t h i c k n e s s of the conductive upper l a y e r and, t h e r e f o r e , 

i s not meaningful 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 

apparent depth estimate u s u a l l y shows that the EM anomaly i s 

caused by conductive overburden. Consequently, the apparent 

depth channel can be of 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 overburden and bedrock conductors. 

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 informa­

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 than the EM map. In 
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comparing the EM and r e s i s t i v i t y maps, keep i n mind the 

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 the a b s o l u t e v a l u e 

o f the 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 = 1 / c o n d u c t i v i t y . ) 

(b) The EM map p o r t r a y s anomalies i n the 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 i s a 

change from the norm and so the EM map d i s p l a y s 

anomalies, ( i ) over narrow, conductive bodies and 

( i i ) over the boundary zone between two wide 

formations of 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 might be l i k e n e d to a t o t a l 

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

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

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

i s to be p r e f e r r e d i n r e s i s t i v e a r e as. However, i n conduc­

t i v e areas, the absolute c h a r a c t e r of the r e s i s t i v i t y map 

u s u a l l y causes i t to be more u s e f u l than the EM map. 

3 The g r a d i e n t analogy i s o n l y v a l i d with regard to 
the i d e n t i f i c a t i o n , of anomalous l o c a t i o n s . 
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I n t e r p r e t a t i o n i n conductive environments 

Environments having background r e s i s t i v i t i e s below 

30 ohm-m cause a l l a i r b o r n e EM systems to y i e l d v e ry 

l a r g e responses from the conductive ground. T h i s u s u a l l y 

p r o h i b i t s the r e c o g n i t i o n of d i s c r e t e bedrock conductors. 

The p r o c e s s i n g o f DIGHEM d a t a , however, produces s i x 

channels 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 the r e c o g n i t i o n 

of bedrock conductors. These are the inphase and quadrature 

d i f f e r e n c e channels (DIFI and DIFQ), and the r e s i s t i v i t y and 

depth channels (RES and DP) f o r each coplanar frequency; see 

t a b l e i n Appendix A. 

The EM d i f f e r e n c e channels (DIFI and DIFQ) e l i m i n a t e 

up to 99% of the response of conductive ground, l e a v i n g 

responses from bedrock conductors, c u l t u r a l f e a t u r e s (e.g., 

telephone l i n e s , f e n c e s , e t c . ) and edge e f f e c t s . An edge 

e f f e c t a r i s e s when the c o n d u c t i v i t y of the ground suddenly 

changes, and t h i s i s a source of g e o l o g i c n o i s e . While edge 

e f f e c t s y i e l d anomalies on the EM d i f f e r e n c e channels, they 

do not produce r e s i s t i v i t y anomalies. Consequently, the 

r e s i s t i v i t y channel a i d s i n e l i m i n a t i n g anomalies due to 

edge e f f e c t s . On the other hand, r e s i s t i v i t y anomalies 

w i l l c o i n c i d e with the most h i g h l y conductive s e c t i o n s of 

conductive ground, and t h i s i s another source of g e o l o g i c 
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n o i s e . The r e c o g n i t i o n o f a bedrock conductor i n a 

conductive environment t h e r e f o r e i s based on the anomalous 

responses of the two d i f f e r e n c e channels (DIFI and DIFQ) 

and the two r e s i s t i v i t y channels (RES). The most f a v o u r a b l e 

s i t u a t i o n i s where anomalies c o i n c i d e on a l l four channels. 

The DP c h a n n e l s , which g i v e the apparent depth to the 

conductive m a t e r i a l , a l s o h e l p to determine whether a 

conductive response a r i s e s from s u r f i c i a l m a t e r i a l or from a 

conductive zone i n the bedrock. When these channels r i d e 

above the zero l e v e l on the e l e c t r o s t a t i c chart paper ( i . e . , 

depth i s n e g a t i v e ) , i t i m p l i e s that the EM and r e s i s t i v i t y 

p r o f i l e s are responding p r i m a r i l y to a conductive upper 

l a y e r , i . e . , conductive overburden. I f both DP channels are 

below the zero l e v e l , i t i n d i c a t e s that a r e s i s t i v e upper 

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

bedrock conductor. I f the low frequency DP channel i s below 

the zero l e v e l and the high frequency DP i s above, t h i s 

suggests that a bedrock conductor occurs beneath conductive 

cover. 

Channels REC1, REC2, REC3 and REC4 are the anomaly 

r e c o g n i t i o n f u n c t i o n s . They are used to t r i g g e r the 

conductance channel CDT which i d e n t i f i e s d i s c r e t e 

conductors. In h i g h l y conductive environments, channel REC2 



i s d e a c t i v a t e d because i t i s subj e c t to c o r r u p t i o n by h i g h l y 

conductive e a r t h s i g n a l s . S i m i l a r l y , i n moderately 

conductive environments, REC4 i s d e a c t i v a t e d . Some of the 

a u t o m a t i c a l l y s e l e c t e d anomalies (channel CDT) are d i s c a r d e d 

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

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 to assure that no meaningful 

responses are missed. The i n t e r p r e t e r then c l a s s i f i e s the 

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

that are not s u b s t a n t i a t e d by the d a t a , such as those 

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

Reduction o f g e o l o g i c noise 

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

responses. For purposes of 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 

noise r e f e r s to EM responses caused by conductive overburden 

and magnetic p e r m e a b i l i t y . I t was mentioned above th a t 

the EM d i f f e r e n c e channels ( i . e . , channel DIFI f o r inphase 

and DIFQ f o r quadrature) tend to e l i m i n a t e the response of 

conductive overburden. T h i s marked a unique development 

i n a i r b o r n e EM technology, as DIGHEM i s the o n l y EM system 

which y i e l d s channels having an e x c e p t i o n a l l y high degree 

of immunity to conductive overburden. 
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Magnetite produces a form of g e o l o g i c a l noise on the 

inphase channels of a l l EM systems. Rocks c o n t a i n i n g l e s s 

than 1% magnetite can y i e l d n egative inphase anomalies 

caused by magnetic p e r m e a b i l i t y . When magnetite i s w i d e l y 

d i s t r i b u t e d throughout a survey area, the inphase EM chan­

nels may c o n t i n u o u s l y r i s e 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 the magnetite percentage, f l y i n g h e i g h t , and overburden 

t h i c k n e s s . T h i s can lead 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 

deeply b u r i e d bedrock conductors, p a r t i c u l a r l y i f conductive 

overburden a l s o e x i s t s . However, the response of b r o a d l y 

d i s t r i b u t e d magnetite g e n e r a l l y vanishes on the inphase 

d i f f e r e n c e channel DIFI. T h i s f e a t u r e can be a s i g n i f i c a n t 

a i d i n the r e c o g n i t i o n of conductors which occur i n rocks 

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

EM magnetite mapping 

The i n f o r m a t i o n content of DIGHEM data c o n s i s t s of a 

combination of conductive eddy c u r r e n t response and magnetic 

p e r m e a b i l i t y response. The secondary f i e l d r e s u l t i n g from 

conductive eddy c u r r e n t flow i s frequency-dependent and 

c o n s i s t s of both inphase and quadrature components, which 

are p o s i t i v e i n s i g n . On the other hand, the secondary 

f i e l d r e s u l t i n g from magnetic p e r m e a b i l i t y i s independent 

of frequency and c o n s i s t s of o n l y an inphase component which 



i s n e g a tive i n s i g n . When magnetic p e r m e a b i l i t y manifests 

i t s e l f by d e c r e a s i n g the measured amount of p o s i t i v e 

inphase, i t s presence may be d i f f i c u l t to r e c o g n i z e . 

However, when i t m a n i f e s t s i t s e l f by y i e l d i n g a negative 

inphase anomaly (e.g., i n the absence of eddy c u r r e n t f l o w ) , 

i t s presence i s assured. In t h i s l a t t e r case, the negative 

component can be used to e s t i m a t e the percent magnetite 

content. 

A magnetite mapping technique was developed f o r the 

c o p l a n a r c o i l - p a i r of DIGHEM. The technique y i e l d s channel 

"FEO" (see Appendix A) which d i s p l a y s apparent weight 

percent magnetite a c c o r d i n g t o a homogeneous h a l f space 

model.^ The method can be complementary to magnetometer 

mapping i n c e r t a i n c a s e s . Compared to magnetometry, i t i s 

f a r l e s s s e n s i t i v e but i s more able to r e s o l v e c l o s e l y 

spaced magnetite zones, as w e l l as p r o v i d i n g an estimate 

of the amount of magnetite i n the rock. The method i s 

s e n s i t i v e to 1/4% magnetite by weight when the EM sensor i s 

at a h e i g h t of 30 m above a m a g n e t i t i c h a l f space. I t can 

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

bands which are separated*by 60 m. U n l i k e magnetometry, the 

EM magnetite method i s u n a f f e c t e d by remanent magnetism or 

magnetic l a t i t u d e . 

Refer to F r a s e r , 1981, Magnetite mapping with a m u l t i -
c o i l a i r b o r n e e l e c t r o m a g n e t i c system: Geophysics, 
v. 46, p. 1579-1594. 
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The EM magnetite mapping technique p r o v i d e s estimates 

of magnetite content which are u s u a l l y c o r r e c t w i t h i n a 

f a c t o r of 2 when the magnetite i s 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 magnetite maps can be generated when 

magnetic p e r m e a b i l i t y i s evident as i n d i c a t e d by anomalies 

i n the magnetite channel FEO. 

Like magnetometry, the EM magnetite method maps 

o n l y bedrock f e a t u r e s , provided that the overburden i s 

c h a r a c t e r i z e d by a ge n e r a l l a c k of magnetite. T h i s 

c o n t r a s t s with r e s i s t i v i t y mapping which p o r t r a y s the 

combined e f f e c t of bedrock and overburden. 

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

C u l t u r a l responses i n c l u d e a l l EM anomalies caused by 

man-made m e t a l l i c o b j e c t s . Such anomalies 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 concern of the 

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

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

when c o a x i a l and coplanar c o i l - p a i r s are operated at a 

common frequency, are as f o l l o w s : 

1. Channels CXS and CPS (see Appendix A) measure 50 and 

60 Hz r a d i a t i o n . An anomaly on these channels shows 
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that the conductor i s r a d i a t i n g c u l t u r a l power. Such 

an i n d i c a t i o n i s normally a guarantee that the conduc­

t o r i s c u l t u r a l . However, care must be taken to ensure 

that the conductor i s not 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 leakage c u r r e n t s . 

2. A f l i g h t which crosses a l i n e (e.g., fence, telephone 

l i n e , e t c . ) y i e l d s a center-peaked c o a x i a l anomaly 

and an m-shaped coplanar anomaly.^ When the f l i g h t 

c r o s s e s the c u l t u r a l l i n e at a high angle of i n t e r ­

s e c t i o n , the amplitude r a t i o of c o a x i a l / c o p l a n a r 

(e.g., CXI/CPI) i s 4. Such an EM anomaly can only be 

caused by a l i n e . The g e o l o g i c body which y i e l d s 

anomalies most c l o s e l y resembling a l i n e i s the 

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 . Such a body, however, 

y i e l d s an amplitude r a t i o o f 2 r a t h e r than 4. 

Consequently, an m-shaped coplanar anomaly with a 

CXI/CPI amplitude r a t i o o f 4 i s v i r t u a l l y a guarantee 

that the source i s a c u l t u r a l l i n e . 

3. A f l i g h t which cro s s e s a sphere or h o r i z o n t a l d i s k 

y i e l d s center-peaked c o a x i a l and cop l a n a r anomalies 

with a CXI/CPI amplitude r a t i o ( i . e . , c o a x i a l / c o p l a n a r ) 

o f 1/4. In the absence of g e o l o g i c bodies of t h i s 

geometry, the most l i k e l y conductor i s a metal roof or 

5 See F i g u r e II-1 presented e a r l i e r . 
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small fenced y a r d . ^ Anomalies of t h i s type are 

v i r t u a l l y c e r t a i n to be c u l t u r a l i f they occur i n an 

area of 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 body or 

wide ribbon y i e l d s an m-shaped c o a x i a l anomaly and a 

center-peaked coplanar anomaly. In the absence of 

g e o l o g i c bodies of t h i s geometry, the most l i k e l y 

conductor i s a l a r g e fenced area.^ Anomalies of t h i s 

type are v i r t u a l l y c e r t a i n to be c u l t u r a l i f they occur 

i n an area of c u l t u r e . 

5. EM anomalies which c o i n c i d e with c u l t u r e , as seen on 

the camera f i l m , are u s u a l l y caused by c u l t u r e . 

However, care i s taken with such c o i n c i d e n c e s because 

a g e o l o g i c conductor could occur beneath a fence, f o r 

example. In t h i s example, the fence would be expected 

to y i e l d an m-shaped coplanar anomaly as i n case #2 

above. I f , i n s t e a d , a center-peaked coplanar anomaly 

o c c u r r e d , there would be concern that a t h i c k g e o l o g i c 

conductor c o i n c i d e d with the c u l t u r a l l i n e . 

I t i s a c h a r a c t e r i s t i c of EM that g e o m e t r i c a l l y 
i d e n t i c a l anomalies are obtained from: (1) a p l a n a r 
conductor, and (2) a wire which forms a loop having 
dimensions i d e n t i c a l to the perimeter of the e q u i v a ­
l e n t p l a n a r conductor. 



6. The above d e s c r i p t i o n o f anomaly shapes i s v a l i d 

when the c u l t u r e i s not conduct i v e l y coupled to the 

environment. In t h i s case, the anomalies a r i s e from 

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

when the environment i s q u i t e conductive (e.g., l e s s 

than 100 ohm-m at 900 Hz), the c u l t u r a l conductor may 

be c o n d u c t i v e l y coupled to the environment. In t h i s 

l a t t e r case, the anomaly shapes tend to be governed by 

cu r r e n t g a t h e r i n g . Current g a t h e r i n g can completely 

d i s t o r t the anomaly shapes, thereby c o m p l i c a t i n g the 

i d e n t i f i c a t i o n of c u l t u r a l anomalies. In such circum­

stances, the i n t e r p r e t e r can only r e l y on the r a d i a t i o n 

channels CXS and CPS, and on the camera f i l m . 

MAGNETICS 

The e x i s t e n c e of a magnetic c o r r e l a t i o n with an EM 

anomaly i s i n d i c a t e d d i r e c t l y on the EM map. An EM anomaly 

with magnetic c o r r e l a t i o n has a g r e a t e r l i k e l i h o o d of 

being produced by s u l f i d e s than one that i s non-magnetic. 

However, s u l f i d e ore bodies may be non-magnetic (e.g., the 

Kidd Creek d e p o s i t near Timmins, Canada) as w e l l as magnetic 

(e.g., the Mattabi d e p o s i t near Sturgeon Lake, Canada). 
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The magnetometer data are d i g i t a l l y recorded i n 

the a i r c r a f t to an accuracy of one nT ( i . e . f one gamma). 

The d i g i t a l tape i s processed by computer to y i e l d a 

t o t a l f i e l d magnetic contour map. When warranted, the 

magnetic data 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 ly to enhance 

the magnetic response of the n e a r - s u r f a c e g e o l o g y f and an 

enhanced magnetic contour map i s then produced. The 

response of the enhancement o p e r a t o r i n the frequency domain 

i s i l l u s t r a t e d i n F i g u r e I I - 2 . T h i s f i g u r e shows that the 

passband components of the a i r b o r n e data are a m p l i f i e d 

20 times by the enhancement o p e r a t o r . T h i s means, f o r 

example, that a 100 nT anomaly on the enhanced map r e f l e c t s 

a 5 nT anomaly f o r the passband components of the a i r b o r n e 

data. 

The enhanced map, which bears a resemblance to a 

downward c o n t i n u a t i o n map, i s produced by the d i g i t a l 

bandpass f i l t e r i n g of the t o t a l f i e l d d a t a . The enhancement 

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

(above the source) which i s 1/20th of the a c t u a l sensor-

source d i s t a n c e . 

Because the enhanced magnetic map bears a resemblance 

to a ground magnetic map, i t s i m p l i f i e s the r e c o g n i t i o n 

of trends i n the rock s t r a t a and the i n t e r p r e t a t i o n of 
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Figure H-2 Frequency response of magnetic enhancement 

operator. 
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g e o l o g i c a l s t r u c t u r e . I t d e f i n e s the n e a r - s u r f a c e l o c a l 

geology while de-emphasizing deep-seated r e g i o n a l f e a t u r e s . 

I t p r i m a r i l y has a p p l i c a t i o n when the magnetic rock u n i t s 

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

of 60 degrees. 

W ZD-167(II) 



MAPS ACCOMPANYING THIS REPORT 

FcoiJ" map sheets accompany t h i s r e p o r t : 
figure 

E l e c t r o m a g n e t i c Anomalies < o H k C U ^ B o u n d a r y / map sheet IL~3 
R e s i s t i v i t y / map sheet fl>4-
Magnetics / map sheet J 3 > ^ 
Enhanced Magnetics / map sheet j T - 4» 

R e s p e c t f u l l y submitted , 
DIGHEM LIMITED 

Z. Dvorak 
V i c e - P r e s i d e n t 
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A P P E N D I X A 

THE FLIGHT RECORD AND PATH RECOVERY 

Both analog and d i g i t a l f l i g h t r e c o r d s were produced. 

The analog p r o f i l e s were recorded on c h a r t paper i n the 

a i r c r a f t d u r i n g the survey. The d i g i t a l p r o f i l e s were 

generated l a t e r by computer and p l o t t e d on e l e c t r o s t a t i c 

c h a r t paper at a s c a l e of 1:15,000. 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 Table A-1. 

In Table A-1, the l o g r e s i s t i v i t y s c a l e of 0.03 

decade/mm means th a t the r e s i s t i v i t y changes by an order 

of magnitude i n 33 mm. The r e s i s t i v i t i e s , at 0, 33, 67, 100 

and 133 mm up from the bottom of the 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 the 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 the ground which were recovered from camera f i l m . 

Continuous photographic coverage allowed a c c u r a t e photo-path 

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

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

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 both the f l i g h t r e c o r d s and 

f l i g h t path maps were examined by a computer f o r unusual 

h e l i c o p t e r speed changes. Such speed changes may denote 
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an e r r o r i n f l i g h t path r e c o v e r y . The r e s u l t i n g f l i g h t path 

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 checking than 

i s p rovided by standard f l i g h t path r e c o v e r y techniques. 

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 units/mm 

MAG magnetics 10 nT 
ALT b i r d height 3 m 
CXI (900 Hz) v e r t i c a l c o a x i a l c o i l - p a i r inphase 1 ppm 
CXQ (900 Hz) v e r t i c a l c o a x i a l c o i l - p a i r quadrature 1 ppm 
CXS (900 Hz) ambient noise monitor (coaxial receiver) 1 ppm 
CPI (900 Hz) h o r i z o n t a l coplanar c o i l - p a i r inphase 1 ppm 
CPQ (900 Hz) h o r i z o n t a l coplanar c o i l - p a i r quadrature 1 ppm 
CPS (900 Hz) ambient noise monitor (coplanar receiver) 1 ppm 
CPI (7200 Hz) h o r i z o n t a l coplanar c o i l - p a i r inphase 1 ppm 
CPQ (7200 Hz) h o r i z o n t a l coplanar c o i l - p a i r quadrature 1 ppm 
CPS (7200 Hz) ambient noise monitor (coplanar receiver) 1 ppm 

Computed Parameters 

DIFI (900 Hz) di f f e r e n c e function inphase from CXI and CPI 1 ppm 
DIFQ (900 Hz) d i f f e r e n c e function quadrature from CXQ and CPQ 1 ppm 
REC1 f i r s t anomaly recognition function 1 ppm 
REC2 second anomaly recognition function 1 ppm 
REC3 t h i r d anomaly recognition function 1 ppm 
REC4 fourth anomaly recognition function 1 ppm 
CDT conductance 1 grade 
RES (900 Hz) log r e s i s t i v i t y . D3 decade 
RES (7200 Hz) log r e s i s t i v i t y .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% 

W ZD-167(A) 



P P E N D I X 

EM ANOMALY LIST 



176 SH1 ISKUT RIVER 

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

• • 
ANOMALY/ REAL QUAD REAL QUAD REAL QUAD . COND DEPTH*. COND DEPTH RESIS DEPTH 
FID/INTERP PPM PPM PPM PPM PPM PPM . MHOS M . MHOS M OHM-M M 

LINE 23 (FLIGHT 3) 

O 1170 B 3 1 9 3 7 1 . 25 2 . 5 97 9 71 

.* ESTIMATED DEPTH MAY BE UNRELIABLE BECAUSE THE STRONGER PART . 

. OF THE CONDUCTOR MAY BE DEEPER OR TO ONE SIDE OF THE FLIGHT . 

. LINE, OR BECAUSE OF A SHALLOW DIP OR OVERBURDEN EFFECTS. 



176 SH1 ISKUT RIVER 

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

• • 

ANOMALY/ REAL QUAD REAL QUAD REAL QUAD . COND DEPTH*. COND DEPTH RES IS DEPTH 
FID/INTERP PPM PPM PPM PPM PPM PPM . MHOS M . MHOS M OHM-M M 

LINE 24 (FLIGHT 3) 

M 1193 B? 2 3 1 8 21 5 . 8 0 . 1 34 49 15 
N 1186 B 2 2 6 3 11 4 . 4 2 . 1 80 ™ 

LINE 26 

N 1805 S 0 2 0 1 2 5 . 1 0 . 1 60 3816 

.* ESTIMATED DEPTH MAY BE UNRELIABLE BECAUSE THE STRONGER PART 

. OF THE CONDUCTOR MAY BE DEEPER OR TO ONE SIDE OF THE FLIGHT 

. LINE, OR BECAUSE OF A SHALLOW DIP OR OVERBURDEN EFFECTS. 



176 SH1 ISKUT RIVER 

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

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

LINE 308 (FLIGHT 11) 
A 497 H? 1 3 0 4 18 15 . 2 0 . 1 34 245 6 
B 491 B 2 7 4 12 43 21 . 4 2 . 1 45 76 27 

D 480 G? 1 7 2 12 43 53 . 1 0 . 1 29 99 10 

LINE 309 (FLIGHT 11) ; * 

A 734 H? 0 3 0 5 15 27 . 1 8 . 1 43 444 14 
B 721 G? 1 7 1 14 48 45 . 2 0 . 1 35 83 18 

LINE 401 (FLIGHT 11) # 

A 970 B? 5 5 1 3 11 5 . 6 0 . 1 71 761 0 

LINE 403 (FLIGHT 11) 
A 1767 S? 2 2 0 2 9 10 . 1 0 . 1 35 746 0 

LINE 405 (FLIGHT 11) 
A 2108 B? 0 2 0 6 15 34 . 1 0 . 1 32 457 0 
C 2170 B 1 1 1 2 7 6 . 1 0 . 1 62 303 28 

LINE 406 (FLIGHT 11) 
A 2477 H? 0 4 1 9 18 46 . 1 0 . 1 34 379 5 
B 2470 B? 1 3 1 7 17 48 . 1 0 . 1 24 499 0 
C 2460 B? 0 2 0 3 9 18 . 1 0 . 1 78 363 43 

LINE 407 (FLIGHT 11) # 

A 2493 S 0 1 0 6 11 41 . 1 0 . 1 24 856 0 
B 2496 S? 0 2 0 4 15 26 . 1 0 . 1 34 474 3 
C 2504 B? 0 1 0 3 7 24 . 1 0 . 1 40 779 5 

LINE 409 (FLIGHT 13) 
* * 

A 1802 B? 0 1 1 3 6 8 . 1 0 . 1 81 579 37 

LINE 411 (FLIGHT 13) 
A 1500 B? 0 1 1 2 6 1 0 . 1 42 816 2 

LINE 412 (FLIGHT 13) # 

A 1248 B 1 2 2 5 19 25 . 1 0 . 1 47 305 17 

LINE 413 (FLIGHT 13) * 
A 1175 B? 0 1 0 4 9 12 . 1 17 . 1 69 492 33 

.* ESTIMATED DEPTH MAY BE UNRELIABLE BECAUSE THE STRONGER PART . 

. OF THE CONDUCTOR MAY BE DEEPER OR TO ONE SIDE OF THE FLIGHT . 

. LINE, OR BECAUSE OF A SHALLOW DIP OR OVERBURDEN EFFECTS. 



176 SH1 ISKUT RIVER 

COAXIAL COPLANAR COPLANAR 
900 HZ 900 HZ 7200 HZ 

ANOMALY/ REAL QUAD REAL QUAD REAL QUAD 
FID/INTERP PPM PPM PPM PPM PPM PPM 

LINE 413 (FLIGHT 13) 
B 1166 B 1 1 2 2 8 8 
C 1159 B 1 4 4 9 24 18 
D 1142 S? 1 4 3 10 31 18 

LINE 414 (FLIGHT 12) 
A 54 B 4 2 7 6 19 13 
B 59 D 5 10 7 16 40 23 
C 74 S? 0 3 1 7 21 20 

LINE 415 (FLIGHT 13) 
A 897 B 2 2 2 3 6 2 

VERTICAL . HORIZONTAL CONDUCTIVE 
DIKE . SHEET EARTH 

COND DEPTH*. COND DEPTH RESIS DEPTH 
MHOS M . MHOS M OHM-M M 

1 15 . 1 82 194 54 
2 18 . 1 75 137 52 
1 0 . 1 55 293 6 

11 22 . 1 77 70 35 
4 0 . 1 66 147 21 
1 0 . 1 35 179 10 

6 52 . 1 115 82 91 

.* ESTIMATED DEPTH MAY BE UNRELIABLE BECAUSE THE STRONGER PART . 

. OF THE CONDUCTOR MAY BE DEEPER OR TO ONE SIDE OF THE FLIGHT . 

. LINE, OR BECAUSE OF A SHALLOW DIP OR OVERBURDEN EFFECTS. 


