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SUMMARY 

An a i r b o r n e survey was flown by Dighem L i m i t e d of Toronto, O n t a r i o 
f o r C o r p o r a t i o n F a l c o n b r i d g e Copper, Vancouver, B r i t i s h Columbia 
over the l a t t e r 1 s S i c k e r Mountain p r o p e r t y . 

The a i r b o r n e data was l e v e l l e d and a t o t a l f i e l d magnetics map 
produced at a s c a l e of 1:10,000. 

Follow i n g t h i s , MPH C o n s u l t i n g L i m i t e d of Toronto, O n t a r i o were 
c o n t r a c t e d to reduce the t o t a l f i e l d magnetic data to a magnetic 
s u s c e p t i b i l i t y map. The advantages and l i m i t a t i o n s of the 
magnetic s u s c e p t i b i l i t y maps obtained are d e t a i l e d in the r e p o r t . 
I t was hoped t h a t , from these computer generated p r e s e n t a t i o n s , 
C o r p o r a t i o n F a l c o n b r i d g e Copper would be able to e x t r a c t 
a d d i t i o n a l g e o l o g i c a l i n f o r m a t i o n . 

Two magnetic s u s c e p t i b i l i t y maps, at a s c a l e of 1:10,000 have been 
generated. Due to the minimal r e g i o n a l content i n the power 
spectrum of the magnetic data and the u n c e r t a i n t y in i s o l a t i n g i t , 
no attempt was made to remove any r e g i o n a l c o n t r i b u t i o n from the 
data i n p r e p a r i n g the f i r s t map. We were unhappy with the 
r e s u l t s , however, so a r e g i o n a l g r a d i e n t , approximated by a f i r s t 
order r e g r e s s i o n , was removed from the data i n c r e a t i n g the second 
map. The f i r s t order r e g r e s s i o n was used due to the minimal 
r e g i o n a l content of the power spectrum and the u n c e r t a i n t y of the 
l i t h o l o g i c c o n t i n u i t y i n the a r e a . 

P r i o r to c r e a t i n g the maps, parameters, such as the degree of 
low-pass f i l t e r i n g and downward c o n t i n u a t i o n , to be s p e c i f i e d i n 
the process were determined by a p p l y i n g v a r i o u s f i l t e r s to 
s e c t i o n s of the data. The c h a r a c t e r i s t i c s of these f i l t e r s and 
t h e i r e f f e c t s on the data are d i s c u s s e d in the r e p o r t . 



( i i ) 

Severe powerline noi.se had to be d e l e t e d from the t o t a l f i e l d 
magnetics and a low pass f i l t e r a p p l i e d to reduce the masking 
e f f e c t s of c u l t u r e and random n o i s e . 

No attempt has been made by MPH C o n s u l t i n g L t d . to i n t e r p r e t the 
data. 

http://noi.se


1.0 INTRODUCTION 

During November, 1983, Dighem L i m i t e d of Toronto, O n t a r i o 
completed a program of a i r b o r n e e l e c t r o m a g n e t i c and magnetic 
su r v e y i n g on be h a l f of C o r p o r a t i o n F a l c o n b r i d g e Copper of 
Vancouver, B r i t i s h Columbia on the l a t t e r ' s S i c k e r Mountain 
p r o j e c t . The p r o p e r t y i s l o c a t e d i n the Duncan area in the 
southern p o r t i o n of Vancouver I s l a n d . 

The f l i g h t data i s s t o r e d on f l i g h t tapes DL0175 and DL0183 
prepared by Dighem L t d . The t o t a l f i e l d magnetic data, together 
with the c a l c u l a t e d magnetic s u s c e p t i b i l i t y maps, i s s t o r e d on a 
magnetic a r c h i v e tape at MPH C o n s u l t i n g L i m i t e d . 

The o b j e c t of t h i s r e p o r t i s to produce a magnetic s u s c e p t i b i l i t y 
map from the t o t a l f i e l d magnetic f i e l d . The procedures employed 
are o u t l i n e d i n the body of t h i s r e p o r t . 

Parameters used i n a p p l y i n g the f i l t e r s a r e : 

Strength of the ambient induc i n g magnetic f i e l d 
I n c l i n a t i o n of the induced f i e l d 
D e c l i n a t i o n of the induced f i e l d 
O r i e n t a t i o n of the g r i d axes with r e s p e c t 

to true north 
Average depth to bedrock sources 

56,400 nT 
70.2° north 
20° 15' east 
19° east of 
north 
1.75 g r i d c e l l s 
or 45 metres 
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2.0 MAGNETIC SUSCEPTIBILITY MAPPING 

The e x t r a c t i o n of meaningful g e o l o g i c a l i n f o r m a t i o n , i n both a 
q u a l i t a t i v e and q u a n t i t a t i v e sense, from t o t a l f i e l d magnetic data 
i s a h i g h l y s k i l l e d undertaking which can take a c o n s i d e r a b l e 
amount of time. The i n t e r p r e t a t i v e model w i l l be updated as more 
g e o l o g i c a l i n f o r m a t i o n becomes a v a i l a b l e . A c y c l e of input and 
deduction i s t h e r e f o r e maintained u n t i l a s a t i s f a c t o r y g e o l o g i c a l 
model i s o b t a i n e d . 

As a p r e r e q u i s i t e , magnetic i n t e r p r e t a t i o n c a l l s f o r some 
knowledge of the rock u n i t s c o n t a i n e d w i t h i n the area of i n t e r e s t 
and t h e i r probable l i t h o l o g i c s e t t i n g . Previous experience i s 
a l s o an a s s e t as a number of f a c t o r s combine to complicate the 
o v e r a l l p i c t u r e presented by the magnetic data. 

A few f a c t o r s to be taken i n t o account a r e : 

i ) the p h y s i c a l dimensions of the rock u n i t s are as i n f l u e n t i a l 
as t h e i r magnetic p r o p e r t i e s i n determining the s t r e n g t h s of 
t h e i r r e s u l t a n t magnetic anomalies. In other words, the 
anomaly amplitudes taken by themselves, are not good 
i n d i c a t o r s of magnetic m i n e r a l c o n c e n t r a t i o n . 

i i ) the gross d i s t r i b u t i o n of magnetic mi n e r a l s w i t h i n any given 
rock u n i t i s i n f l u e n c e d not o n l y by processes which took 
p l a c e d u r i n g emplacement, but a l s o by subsequent events. 
T h e r e f o r e , a rock u n i t may c o n t a i n s e v e r a l phases of 
m a g n e t i z a t i o n . 

i i i ) when the magnetic measurements are taken at a c o n s i d e r a b l e 
d i s t a n c e form the sources, as i n a i r b o r n e surveys, weak 
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anomalies are suppressed and stronger ones broadened. The 
r e s u l t i n g o v e r l a p badly degrades the r e s o l u t i o n . 

A number of t o o l s are a v a i l a b l e to the i n t e r p r e t e r to maximize the 
i n f o r m a t i o n gleaned from the d a t a : c o l o u r maps, shadow maps, 
c h a r a c t e r i s t i c curves, 2-D and 3-D computer based i n t e r p r e t a t i o n 
methods and v a r i o u s f i l t e r i n g o p e r a t i o n s . The p h y s i c a l dimensions 
and a t t i t u d e s of i n d i v i d u a l rock u n i t s and s u s c e p t i b i l i t y 
c o n t r a s t s between u n i t s can be determined using these a i d s . 

There i s only one p r o c e s s , however, which w i l l d i r e c t l y i n d i c a t e 
the r e l a t i v e magnetic m i n e r a l content of the rock u n i t s over the 
whole survey area. T h i s and other advantages in magnetic 
s u s c e p t i b i l i t y mapping are d i s c u s s e d below. 

The survey data must f i r s t be formatted i n t o a g r i d f i l e . Next, 
i n order to a v o i d a c o n f u s i n g t h r e e - d i m e n s i o n a l p i c t u r e of 
apparent s u s c e p t i b i l i t i e s , the r e g i o n a l content of the frequency 
spectrum (see S e c t i o n 3.2) should be removed from the magnetic 
d a t a . Near-surface sources w i l l then predominate in the f i n a l 
map. 

Subsequent s u s c e p t i b i l i t y f i l t e r i n g w i l l process the data d i r e c t l y 
i n t o contour maps of v a r i a t i o n s i n apparent magnetic 
s u s c e p t i b i l i t y l e v e l s of rocks a t , or c l o s e t o , the bedrock 
s u r f a c e (the bedrock s u r f a c e i s taken to be the magnetic 
basement). 

In performing the o p e r a t i o n an i n h e r e n t downward c o n t i n u a t i o n of 
the data from the measurement plane to bedrock s u r f a c e i s i n v o l v e d 
(see S e c t i o n 3.2). The r e s u l t i s more i n f o r m a t i o n content from 
deep-seated s t r u c t u r e s , the enhancement of higher frequency, 
n e a r - s u r f a c e responses and, t h e r e f o r e , b e t t e r r e s o l u t i o n of 
o v e r l a p p i n g anomaly p a t t e r n s . 
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The operator used on the gridded survey data, to produce the 
s u s c e p t i b i l i t y map, i s the i n v e r s e of the t o t a l magnetic f i e l d 
anomaly due to a square-ended, v e r t i c a l - s i d e d prism. 

The top of the.prism i s taken to l i e at the bedrock s u r f a c e and 
the bottom at an indeterminate depth. The apparent magnetic 
s u s c e p t i b i l i t i e s of the prisms are then used to i n d i c a t e the 
d i s t r i b u t i o n of ferromagnetic m i n e r a l s w i t h i n the bedrock. The 
s u r f a c e dimensions of the prism are taken to be a square g r i d c e l l 
where a g r i d c e l l s i d e i s 1/10 of the map s c a l e . The amount of 
d e t a i l t h e r e f o r e depends to a l a r g e extent on the f i n e n e s s of the 
g r i d used i n the i n v e r s i o n . In t h i s case, the map i s at a s c a l e 
of 1 inch to 10,000 g i v i n g a g r i d c e l l of about 25 m by 25 m. 

F i n a l l y , a number of l i m i t a t i o n s to the method should be noted: 

i ) remanent magnetization i s not accounted f o r . I f remanence 
o c c u r s , i t can be observed as l i m i t e d areas of negative 
magnetic s u s c e p t i b i l i t i e s with w e l l - d e f i n e d boundaries. 

i i ) there i s no allowance f o r d i p . Dipping s t r a t a may g i v e r i s e 
to bands of negative s u s c e p t i b i l i t y values on the f o o t w a l l 
s i d e of the main p o s i t i v e f e a t u r e s . 

i i i ) at the edges of s t r o n g l y magnetic bodies, the magnetic 
s u s c e p t i b i l i t y i s l i k e l y to change by up to 2 or even 3 
orders of magnitude over one g r i d c e l l i n t e r v a l (see S e c t i o n 
3.2). The f i l t e r i n g p r ocess w i l l then be u n s t a b l e , 
r e s u l t i n g i n a halo of n e g a t i v e s u s c e p t i b i l i t i e s surrounding 
or f l a n k i n g , s t r o n g l y p o s i t i v e f e a t u r e s ( v i c e versa i f the 
rock u n i t has an i n h e r e n t negative magnetic s u s c e p t i b i l i t y ) . 
With c a r e , a damping f u n c t i o n can be used to c o n t a i n t h i s 
e f f e c t . 
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In c o n c l u s i o n , a magnetic s u s c e p t i b i l i t y map i s a r e p r e s e n t a t i o n 
of the magnetic m i n e r a l content of the rock u n i t s r a t h e r than the 
amplitudes of t h e i r i n d i v i d u a l anomalous responses. With due 
c o n s i d e r a t i o n to the l i m i t a t i o n s of the p r o c e s s i n g , the method 
cou l d p r o v i d e a more accurate b a s i s f o r extending g e o l o g i c a l 
mapping beneath non-magnetic cover and/or i n t o unmapped r e g i o n s . 
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3.0 PROCEDURES AND RESULTS 

3.1 S e l e c t i o n of Test Areas 
In order to minimize computing c o s t s , and f o r f a s t e r 
i n t e r a c t i o n with the computer, two s e c t i o n s of the survey 
area were used to t e s t the f i l t e r s ( F i g u r e 1 ) . The t o t a l 
f i e l d magnetic contours of the survey area are d i s p l a y e d i n 
Figure 2. 

Area A was s e l e c t e d to t e s t f o r the minimizing of severe 
powerline n o i s e w i t h i n the d a t a . Other powerlines on the 
p r o p e r t y appear to have had minimal e f f e c t . 

Area B was s e l e c t e d from a l a r g e l y n o i s e - f r e e s e c t i o n to 
determine the r e g i o n a l c o n t r i b u t i o n to the data and to 
estimate the degree of downward c o n t i n u a t i o n that could be 
a p p l i e d . 

3.2 F i l t e r s 
F i l t e r s a l l o w one to s e l e c t i v e l y enhance, suppress, e x t r a c t 
or d e l e t e i n f o r m a t i o n w i t h i n the s p e c t r a l content of a 
d a t a s e t . 

The f i l t e r i n g o p e r a t i o n s performed on the above areas 
i n c l u d e d s p e c t r a l a n a l y s i s , e l l i p t i c f i l t e r i n g , downward 
c o n t i n u a t i o n and pole r e d u c t i o n . 

The f i l t e r s were a p p l i e d i n t e r a c t i v e l y to the t e s t areas 
using a T e c k t r o n i x i n t e r f a c e d with the Vax mainframe computer 
a t D a t a p l o t t i n g . The e f f e c t s of these f i l t e r s are o u t l i n e d 
below. 

i ) L o g l i n e a r matched f i l t e r : used to o b t a i n the power 
spectrum of a given a r e a . The low and mid-frequency 
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s l o p e s of the spectrum are used to f i n d the r e g i o n a l 
magnetic e f f e c t ( F i g u r e 3). 

R e s i d u a l p l o t s are c o n s t r u c t e d by s u b t r a c t i o n of the 
r e g i o n a l e f f e c t from the o r i g i n a l data. 

i i ) E l l i p t i c pass f i l t e r : b i a s e s the data in a d i r e c t i o n 
chosen by i n d i c a t i n g the angle o f f s e t c lockwise from 
the p o s i t i v e X a x i s i n c o n j u n c t i o n with the c u t o f f s in 
d i r e c t i o n s X and Y. The r e s u l t can be low or high pass 
f i l t e r e d . 

i i i ) Downward c o n t i n u a t i o n : enhances the r e s o l u t i o n of weak 
anomalies. More i n f o r m a t i o n i s r e v e a l e d about 
deep-seated (basement) s t r u c t u r e s , n e a r - s u r f a c e high 
frequency anomalies are sharpened and the r e s o l u t i o n 
between o v e r l a p p i n g anomaly p a t t e r n s i n c r e a s e s . 

The degree of c o n t i n u a t i o n i s s p e c i f i e d i n g r i d c e l l s ; 
one g r i d c e l l having the dimensions of one tenth of the 
h o r i z o n t a l s c a l e of the raw d a t a . In t h i s case, one 
g r i d c e l l i s approximately 25 m by 25 m. 

Downward c o n t i n u a t i o n can be u s e f u l i n gauging the 
average depth to magnetic basement f o r the f o l l o w i n g 
reasons. 

Due to the assumptions on which the i n t e g r a l d e f i n i n g 
the c o n t i n u a t i o n i s based, there i s no v a l i d s o l u t i o n 
fo r any c o n t i n u a t i o n beneath the magnetic basement. 
The s o l u t i o n w i l l begin to o s c i l l a t e and d i v e r g e . T h i s 
phenomenon can be observed as " r i n g i n g " in the higher 
f r e q u e n c i e s of the power spectrum of the f i l t e r e d d a ta. 



- 8 -

One p a r t i c u l a r f a c t o r , however, can lead to e r r o r s i n 
t h i s e s t i m a t e . If there i s a l a r g e degree of h i g h -
frequency n e a r - s u r f a c e content i n the data, then the 
convergence of the s o l u t i o n to the i n t e g r a l w i l l be 
c u r t a i l e d . The r e s u l t w i l l be an apparent depth to 
magnetic basement which i s , i n r e a l i t y , too shallow. 
A p p l i c a t i o n of a mil d low-pass f i l t e r i s t h e r e f o r e 
recommended before downward c o n t i n u i n g the data i n t h i s 
case. 

i v ) Pole r e d u c t i o n ; e l i m i n a t e s the e f f e c t of l o c a t i o n , 
with r e s p e c t to magnetic n o r t h , on the da t a . Magnetic 
highs and lows are centered over t h e i r s o urces. 

NOTE: I t should a l s o be noted t h a t , i f too coarse a g r i d i s 
used in g e n e r a t i n g a magnetic s u s c e p t i b i l i t y map, the 
exaggerated s i z e of the prisms used i n the i n v e r s i o n 
w i l l g i v e r i s e to an e f f e c t i v e smoothing of the data. 

3.3 Te s t Areas 
3.3.1 Area A 

The t o t a l f i e l d magnetic contours of Area A are 
d i s p l a y e d f o r comparison i n F i g u r e 4. 

The s e c t i o n e x t r a c t e d from the survey data c o n t a i n s 
severe powerline n o i s e . For convenience, the power-
l i n e l o c a t i o n s are h i g h l i g h t e d with a dashed red l i n e 
on r e l e v a n t f i g u r e s . 

The f i l t e r s used on t h i s t e s t area i n c l u d e d s p e c t r a l 
a n a l y s i s which was used i n o b t a i n i n g the r e g i o n a l and 
r e s i d u a l maps, e l l i p t i c pass f i l t e r s and combinations 
of downward c o n t i n u a t i o n , s p e c t r a l a n a l y s i s and 
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e l l i p t i c f i l t e r i n g . The parameters used i n i n d i v i d u a l 
f i l t e r s are l i s t e d i n Table 1. 

The e f f e c t i v e n e s s of the v a r i o u s f i l t e r i n g o p e r a t i o n s 
a p p l i e d to minimize the powerline n o i s e are d e s c r i b e d 
below: 

i ) The power spectrum of the area i s shown in 
F i g u r e 5. The r e g i o n a l content of the spectrum 
i s very s m a l l . 

i i ) The r e g i o n a l map ( F i g u r e 6) c a l c u l a t e d from the 
spectrum shows t h a t a s i g n i f i c a n t p o r t i o n of the 
powerline n o i s e i s of low frequency. 

i i i ) E l l i p t i c low pass f i l t e r s with c u t o f f s a t 0.2 
Hz f 0.05 Hz and 0.02 Hz were a p p l i e d i n an 
e f f o r t to minimize the powerline s i g n a t u r e 
( F i g u r e s 7, 8 and 9). The net e f f e c t i s to 
f i l t e r out both the n o i s e and the anomalous zone 
d i r e c t l y north of the p o w e r l i n e . 

i v ) Downward c o n t i n u a t i o n of the data w i l l sharpen 
an anomaly as the source's datum l e v e l i s 
approached: t h a t i s , enhance the higher 
frequency c o n t e n t , a l l o w i n g f o r a more e f f i c i e n t 
low pass f i l t e r o p e r a t i o n . 

For a nominal data a c q u i s i t i o n h e i g h t of 50 m 
above the ground, the maximum p o s s i b l e number of 
g r i d c e l l s of downward c o n t i n u a t i o n before 
i n s t a b i l i t y o c c u r s should be approximately two, 
due to a g r i d c e l l s i z e of 25 x 25 m and the 
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magnetic sources being c l o s e t o , or a t , 
s u r f a c e . 

The power spectrum a f t e r downward c o n t i n u a t i o n 
by one g r i d c e l l ( F i g u r e 10) d i s p l a y s an 
i n c r e a s e d high frequency content. A subsequent 
low pass f i l t e r a p p l i e d a t 0.2 Hz shows 
n e g l i g i b l e e f f e c t on the nois e data however 
( F i g u r e 11). 

v) I n s t a b i l i t y i s encountered on downward 
c o n t i n u i n g by 2 g r i d c e l l s ( F i g u r e 12), as the 
" r i n g i n g " i n the power spectrum i n d i c a t e s . 

The c o n c l u s i o n s drawn from these f i l t e r i n g o p e r a t i o n s 
i s t h a t the powerline n o i s e could not be muted without 
producing s i g n i f i c a n t d i s t o r t i o n s i n the remaining 
d a t a . 

I f the powerline n o i s e were to be l e f t i n , the 
magnetic high immediately to the n o r t h would be 
d i s t o r t e d d u r i n g the s u s c e p t i b i l i t y mapping p r o c e s s . 

T h e r e f o r e , to minimize i t s e f f e c t , the r e l e v a n t n o i s e 
data was removed, l e a v i n g a wedge of zeros across 
which the v a r i o u s computational methods were 
i n t e r p o l a t e d . 

3.3.2 Area B 
The t o t a l f i e l d magnetic contours of Area B are 
d i s p l a y e d f o r comparison i n F i g u r e 13. 
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Determination of the r e g i o n a l c o n t r i b u t i o n to the data 
and the average depth to magnetic basement i s 
d i s c u s s e d below. 

i ) The power spectrum of the area ( F i g u r e 14) shows 
an o v e r a l l higher frequency content than that of 
Area A. The r e g i o n a l content of the spectrum, 
as i n Area A f i s very s m a l l . 

i i ) Two attempts to separate the r e g i o n a l e f f e c t of 
the spectrum of Area B were made using s l i g h t l y 
d i f f e r i n g s l o p e s . 

Two very d i f f e r e n t apparent depths to r e g i o n a l 
sources of 18 ( F i g u r e 14) and 44 ( F i g u r e 17) 
were o b t a i n e d . The r e s u l t a n t r e g i o n a l maps 
( F i g u r e s 15 and 18 r e s p e c t i v e l y ) a l s o show a 
d i f f e r e n t frequency content. In both cases, the 
r e g i o n a l map appears to be a "washed out" 
f a c s i m i l e of the t o t a l f i e l d magnetics ( F i g u r e 
13) . 

Figure 16 i s the r e s i d u a l map obtained a f t e r 
removing the r e g i o n a l magnetic sources 
i l l u s t r a t e d i n F i g u r e 15. 

i i i ) Due to the l a r g e degree of c u l t u r e w i t h i n the 
p r o p e r t y , i t was a n t i c i p a t e d t h a t a low-pass 
f i l t e r would have to be a p p l i e d to the data so 
as to minimize i t s masking e f f e c t . Figure 19 
d i s p l a y s the power spectrum of the data a f t e r a 
f a i r l y severe low-pass f i l t e r ( c u t o f f at 0.14 
Hz) has been a p p l i e d . The high frequency 
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content of the spectrum i s s i g n i f i c a n t l y 
reduced. 

iv) A f u r t h e r problem was determining the degree of 
downward c o n t i n u a t i o n t h a t c o u l d be a p p l i e d to 
the data. F i g u r e s 21 to 23 demonstrate the 
i n c r e a s i n g high frequency content of the data 
with g r e a t e r downward c o n t i n u a t i o n a p p l i e d to 
the raw dat a . The minimum c o n t i n u a t i o n a p p l i e d , 
1.3 g r i d c e l l s or 33 metres, shows unacceptable 
" r i n g i n g " i n the spectrum (see S e c t i o n 3.2). 

Fig u r e s 24 and 25 demonstrate that a g r e a t e r 
degree of downward c o n t i n u a t i o n i s p o s s i b l e 
a f t e r low-pass f i l t e r i n g the da t a . 

In c o n c l u s i o n , the data c o u l d not be downward continued to a 
reasonable magnetic basement without f i r s t low-pass f i l t e r i n g 
the data to remove the m a j o r i t y of the high frequency n o i s e . 
The l a r g e topographic v a r i a t i o n i n the area and the 
p r o b a b i l i t y t h at most of the magnetic s t r u c t u r e s are c l o s e 
to, i f not a t , s u r f a c e l e d to a c o n s e r v a t i v e choice of an 
average 45 m from survey f l i g h t h e i g h t to magnetic basement. 

Removal of any r e g i o n a l e f f e c t s , such as deep-seated 
s t r u c t u r e s and a r e g i o n a l g r a d i e n t , u t i l i z i n g the power 
spectrum was co n s i d e r e d suspect due to the minimal r e g i o n a l 
content i n the spectrum and the u n c e r t a i n t y i n l o c a t i n g the 
s l o p e . 

3.4 Regression A n a l y s i s 
The d i f f i c u l t y i n removing any r e g i o n a l g r a d i e n t from the 
data without producing a d i s t o r t e d r e s i d u a l l e d to r e g r e s s i o n 
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a n a l y s i s of the data. The procedure i s to f i t a f i r s t , 
second or t h i r d order s u r f a c e to the data, depending on the 
degree of r e g r e s s i o n to be a p p l i e d . 

The plane f i t t e d to the data ( F i g u r e 26) d i p s to the 
south-west. 

The q u a d r a t i c s u r f a c e ( F i g u r e 27), i n t r o d u c e s a r i d g e in the 
n o r t h e r n t h i r d of the a r e a . T h i s i s almost c e r t a i n l y due to 
the c o i n c i d e n t magnetic highs i n the raw data (Figure 2). 

The t h i r d order s u r f a c e p r e s e n t s f u r t h e r evidence f o r t h i s 
view ( F i g u r e 28). A saddle p o i n t i s l o c a t e d over a break i n 
the band of magnetic highs, with sharp, almost c u s p - l i k e , 
contours w i t h i n the zones of magnetic highs to the east and 
west. 

F i t t i n g a second or t h i r d order r e g r e s s i o n to the raw data, 
i n t h i s case, leads to the p o s s i b i l i t y of c r e a t i n g a 
continuous east-west band of magnetic highs as w e l l as 
removing any r e g i o n a l g r a d i e n t . 

The g e o l o g i c a l map of the survey area, as compiled by 
C o r p o r a t i o n F a l c o n b r i d g e Copper, i n d i c a t e s that a broad band 
of S i c k e r v o l c a n i c s extends the e n t i r e l e n g t h of the survey 
area. 

The magnetic data, however, r e v e a l s t h a t the v o l c a n i c u n i t s 
are very much narrower than suggested. In a d d i t i o n , the 
u n i t s do not appear to be continuous east-west, even a f t e r 
a c c o u n t i n g f o r the v a r i a b l e magnetic s i g n a t u r e expected from 
the v o l c a n i c s . 
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As a r e s u l t of these o b s e r v a t i o n s , i t was decided to s u b t r a c t 
a f i r s t order r e g r e s s i o n from the magnetic data to remove the 
r e g i o n a l g r a d i e n t . 

If i t i s l a t e r confirmed g e o l o g i c a l l y that the v o l c a n i c u n i t s 
do extend unbroken east-west, then a p p l i c a t i o n of a 
h i g h e r - o r d e r r e g r e s s i o n would be j u s t i f i e d . 

3.5 S u s c e p t i b i l i t y Map 
As a r e s u l t of the t e s t s on the data, the powerline n o i s e was 
d e l e t e d from the data and two s u s c e p t i b i l i t y maps were 
compiled as f o l l o w s : 

MAP 1 
i ) a low-pass f i l t e r ( c u t o f f at 0.14 Hz) was a p p l i e d to 

minimize c u l t u r a l and random n o i s e 
i i ) the data was pole reduced to c e n t r e the anomalies over 

t h e i r sources 
i i i ) the s u s c e p t i b i l i t y map was computed using a depth to 

magnetic s u r f a c e of 1.75 g r i d c e l l s or 45 m. 

MAP 2 
i ) a f i r s t order r e g r e s s i o n was f i t t e d to the data and 

removed as the r e g i o n a l g r a d i e n t 
i i ) a m i l d low-pass f i l t e r ( c u t o f f at 0.2 Hz) was a p p l i e d 

to minimize the c u l t u r a l and random n o i s e 
i i i ) the data was pole reduced to centre the anomalies over 

t h e i r sources 
iv ) the s u s c e p t i b i l i t y map was computed using a depth to 

magnetic s u r f a c e of 1.75 g r i d c e l l s or 45 m. 
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4.0 CONCLUSIONS 

Two magnetic s u s c e p t i b i l i t y maps have been generated from the 
a i r b o r n e magnetic data. 

Severe powerline noise i n the area had to be d e l e t e d as f i l t e r i n g 
t echniques were unable to mute i t . U n f o r t u n a t e l y , some 
i n f o r m a t i o n i s l o s t , but the e f f e c t s are s i g n i f i c a n t l y l e s s than 
i f the n o i s e were to have been l e f t i n . High frequency n o i s e , of 
which c u l t u r e was a s i g n i f i c a n t p o r t i o n , a l s o had to be suppressed 
with low-pass f i l t e r i n g . 

In the p r e p a r a t i o n of the f i r s t map, no r e g i o n a l e f f e c t s were 
removed due to the u n c e r t a i n t y i n i s o l a t i n g them from the remain­
ing s p e c t r a l content of the da t a . There i s a s l i g h t north-south 
r e g i o n a l g r a d i e n t which i s h i g h l i g h t e d by the l o g a r i t h m i c 
c o l o u r i n g i n t e r v a l s of the magnetic s u s c e p t i b i l i t y p l o t . 

P r i o r to g e n e r a t i n g the second map, a f i r s t order r e g r e s s i o n was 
removed from the t o t a l f i e l d magnetic data to d e l e t e the r e g i o n a l 
g r a d i e n t i n the dat a . T h i s was c o n s i d e r e d p r e f e r a b l e to the 
u n c e r t a i n t y in determining the r e g i o n a l c o n t r i b u t i o n to the data 
i n the power spectrum. A l s o , a l e s s severe low-pass f i l t e r was 
a p p l i e d to al l o w a maximum c o n t r i b u t i o n from the n e a r - s u r f a c e 
h i g h e r frequency f e a t u r e s . 

No attempt was made to remove the e f f e c t s of p o s s i b l e deep-seated 
anomalies by usi n g a second or t h i r d order r e g r e s s i o n . I t has 
been demonstrated that these would p o s s i b l y c r e a t e new anomalies 
r a t h e r than enhance e x i s t i n g n e a r - s u r f a c e anomalous zones. As a 
r e s u l t , due c o n s i d e r a t i o n should be given to the probable 3-D 
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nature of the map when an i n t e r p r e t a t i o n i s being attempted. The 
l i m i t a t i o n s of the method, as o u t l i n e d i n S e c t i o n 2.0, should a l s o 
be allowed f o r . 

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

S.J. Bate, M.Sc. 
MPH C o n s u l t i n g L i m i t e d 
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TABLE 1 

AREA A FILTERS 

Figure 

3 

4 

5 

8 

9 

F i l t e r 
Type 

matched f i l t e r 

power spectrum 

r e g i o n a l map 

e l l i p t i c f i l t e r 

e l l i p t i c f i l t e r 

e l l i p t i c f i l t e r 

downward 
c o n t i n u a t i o n 

& 
matched f i l t e r 

power spectrum 

downward 
c o n t i n u a t i o n 

& 
e l l i p t i c 
f i l t e r 

downward 
c o n t i n u a t i o n 

& 
matched f i l t e r 

F i l t e r Parameters 

l o g l i n e a r f i l t e r 

Contour 
I n t e r v a l 

Butterworth low pass f i l t e r 
c u t o f f i n X and Y = 5 
angle o f f s e t = 0° 
a t t e n u a t i o n = 10 

Butterworth low pass f i l t e r 
c u t o f f i n X and Y = 20 
angle o f f s e t = 0° 
a t t e n u a t i o n = 10 

Butterworth low pass f i l t e r 
c u t o f f i n X and Y = 50 
angle o f f s e t = 0° 
a t t e n u a t i o n = 10 

1 g r i d c e l l 

l o g l i n e a r f i l t e r 

1 g r i d c e l l 

B utterworth low pass f i l t e r 
c u t o f f i n X and Y = 5 
angle o f f s e t = 0° 
a t t e n u a t i o n = 10 

2 g r i d c e l l s 

l o g l i n e a r f i l t e r 

100 nT 

100 nT 

100 nT 

100 nT 

100 nT 

10 power spectrum 



TABLE 2 

AREA A FILTERS 

Figure 

12 

13 

14 

15 

17 

18 

19 

20 

F i l t e r 
Type 

matched f i l t e r 

power spectrum 

r e g i o n a l map (1) 

r e s i d u a l map (1) 

r e g i o n a l map (2) 

e l l i p t i c f i l t e r 

matched f i l t e r 

power spectrum 

r e g i o n a l map 

downward 
c o n t i n u a t i o n 

St 

matched f i l t e r 

power spectrum 

downward 
c o n t i n u a t i o n 

matched f i l t e r 

power spectrum 

downward 
c o n t i n u a t i o n 

Sc 

matched f i l t e r 

F i l t e r Parameters 

l o g l i n e a r f i l t e r 

Contour 
I n t e r v a l 

100 nT 

100 nT 

100 nT 

Butterworth low pass f i l t e r 
c u t o f f i n X and Y = 7 
angle o f f s e t = 0° 
a t t e n u a t i o n = 10 

l o g l i n e a r f i l t e r 

1.3 g r i d c e l l s 

l o g l i n e a r f i l t e r 

1.5 g r i d c e l l s 

l o g l i n e a r f i l t e r 

1.75 g r i d c e l l s 

l o g l i n e a r f i l t e r 

100 nT 

21 power spectrum 



F i g u r e 

22 

F i l t e r 
Type 

e l l i p t i c f i l t e r 

downward 
c o n t i n u a t i o n 

& 

matched f i l t e r 

power spectrum 

e l l i p t i c f i l t e r 

TABLE 2 
(continued) 

F i l t e r Parameters 

Butterworth low pass f i l t e r 
c u t o f f in X and Y = 7 
angle o f f s e t = 0° 
a t t e n u a t i o n = 10 

1.75 g r i d c e l l s 

l o g l i n e a r f i l t e r 

B utterworth low pass f i l t e r 
c u t o f f i n X and Y = 5 
angle o f f s e t = 0° 
a t t e n u a t i o n = 10 

Contour 
I n t e r v a l 

downward 
c o n t i n u a t i o n 

& 
matched f i l t e r 

2 g r i d c e l l s 

l o g l i n e a r f i l t e r 

23 power spectrum 



S u r v e y a r e a l i m i t s , p o w e r l i n e l o c a t i o n s a n d t e s t a r e a s A 
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F i g u r e 3: R e g i o n a l and R e s i d u a l C o n t r i b u t i o n s t o t h e Power 
S p e c t r u m 
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F i g u r e 5: P o w e r S p e c t r u m 
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F i g u r e 10: Downward C o n t i n u a t i o n (1 g r i d c e l l ) a n d power s p e c t rum 



Downward C o n t i n u a t i o n (1 g r i d c e l l ) a n d power s p e c t r u m 
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F i g u r e 12: Downward C o n t i n u a t i o n (2 g r i d c e l l s ) and power spectrum 



F i g u r e 13: 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 s ( C o n t o u r i n t e r v a l : 100 nT) 
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F i g u r e 14: Power S p e c t r u m (1) 



F i g u r e 15: R e g i o n a l Map (1) 



F i g u r e 16: R e s i d u a l Map (1) 
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F i g u r e 17: Power Spectrum (2) 



r e 18: R e g i o n a l Map (2) 
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F i g u r e 19: E l l i p t i c F i l t e r a n d Power S p e c t r u m 
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F i g u r e 21: Downward C o n t i n u a t i o n (1.3 g r i d c e l l s ) and Power Spectrum 
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22: Downward C o n t i n u a t i o n (1.5 g r i d c e l l s ) and Power Spectrum 



o 
• 

FREQUENCIES 

F i g u r e 2 3: Downward C o n t i n u a t i o n (1.75 g r i d c e l l s ) a n d Power 
S p e c t r u m 



F i g u r e 24: E l l i p t i c F i l t e r , Downward C o n t i n u a t i o n (1.75 g r i d 
c e l l s ) a nd Power S p e c t r u m 
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F i g u r e 2 5 : E l l i p t i c F i l t e r , Downward C o n t i n u a t i o n (2 g r i d 
c e l l s ) a n d Power S p e c t r u m 



F i g u r e 26: F i r s t Order R e g r e s s i o n (Contour i n t e r v a l : 20 nT) 



F i g u r e 27: Second Order R e g r e s s i o n (Contour i n t e r v a l : 20 nT) 



F i g u r e 28: T h i r d Order R e g r e s s i o n (Contour i n t e r v a l : 20 nT) 
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