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INTRODUCTION 

The purpose of t h i s short paper i s to give a 
general d e s c r i p t i o n of the vector pulse e l e c t r o -
magnetometer method and i t s a p p l i c a t i o n and cost 
effectiveness to mineral exploration. 

INSTRUMENTATION 

The VEM technique u t i l i z e s the Crone pulse 
electromagnetometer system and i s comparable to the 
DEEPEM method described by Duncan Crone. 

The pulse electromagnetometer system i s a 
time domain electromagnetometer system which measures 
the secondary f i e l d d i r e c t l y rather than a resultant 
f i e l d reading. The primary current wave form through 
the transmitter loop i s 10.8 ms on, 10.8 ms o f f with 
a 1.4 ms ramp shut-off. The current wave form 
pattern i s transmitted to the receiver by radio 
( or cable i f required i n h o r i z o n t a l loop surveys ) 
where eight delay time-windows or channels, of the 
secondary f i e l d are sampled a f t e r the current shut-
off at 0.15, 0.30, 0.55, 0.90, 1.45, 2.40, 4.00 and 
6.40 milliseconds to the center of the sample. This 
gives an approximate frequency equivalent range of 
2000 cps to 20 cps. The sample amplitude i s normalized 
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by s e t t i n g to 1000 a sample taken of the maximum 
shut-off voltage amplitude measured at the r e c e i v e r . 
Thus, the pulse method i s free of the geometrical 
r e s t r i c t i o n between the transmit and receive c o i l 
p o s i t i o n s • This means that accurate surveys can be 
obtained i n rugged and heavily timbered t e r r a i n . 

SURVEY TECHNIQUES 
Horizontal Loop Survey 

The PEM system can be used as a regular h o r i z 
ontal loop electromagnetometer system with c o i l 
separations up to 150 m depending upon the primary 
transmit c o i l size# The normal c o i l i s a m u l t i -
turn loop of wire 6 m i n diameter l a i d out i n a 
rough c i r c l e on the ground. Daily production .varies from 
50 - 120 readings depending upon t e r r a i n . Penetration 
i s equivalent to the Max-Min system at / 50% of the 
c o i l separation. Production by conventional systems 
such as the Max-Min system i n f l a t t e r r a i n i s greater 
than the PEM. However, where secant chaining i s 
required or more than 3 frequencies are taken, the 
PEM becomes the more co s t - e f f e c t i v e instrument. 
This i s p a r t i c u l a r l y apparent i n the C o r d i l l e r a n 
where many mineral zones are poor conductors and 
t h e i r responses equal that caused by topography 
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with conventional systems. Thus, since the PEM 
reads only the secondary f i e l d response, i t i s r e 
l a t i v e l y free of these geometrical r e s t r i c t i o n s * 
The a v a i l a b i l i t y of the eight channels allows f o r 
more precise i n t e r p r e t a t i o n of s u r f i c i a l conductors 
or changes i n l i t h o l o g y . 

Vector Electromagnetic Surveying 

The vector pulse electromagnetometer system i s 
a new survey technique which i s givi n g deep penetration 
i n the order of 200 - 300 m and i s able to resolve 
complex f i n i t e source and i n f i n i t e source conductor 
f i e l d s . This system i s very c o s t - e f f e c t i v e and has 
been successful i n detecting narrow f i n i t e source 
conductors such as plunging lenses of massive sulphide 
m i n e r a l i z a t i o n and i n f i n i t e source conductors such 
as those beneath the Athabasca sandstone i n Saskat
chewan. The vector pulse electromagnetometer system 
uses a transmit loop of 100 - 150 m / side which gives 
a powerful dipole magnetic moment. Thus, since only 
the secondary f i e l d i s read, the receiver can be 
moved at i n t e r v a l s away from the transmit loop. An 
area of 600 x 800 m can be covered / side from one 
loop setup. At each s t a t i o n , X, Y and Z components 
can be obtained. Only the h o r i z o n t a l X and v e r t i c a l 
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Z are read on a normal survey. The secondary f i e l d 
l i n e s f o r samples ( Channels ) 1 and 2 are shown on 
Figures 1 and 2. The resultant f i e l d , from the X 
and Z component, i s termed the sca l a r f i e l d . This 
f i e l d i s important f o r f i n i t e conductors. The r i g h t 
angle to t h i s resultant f i e l d i s the VECTOR which f o r 
an i n f i n i t e source model w i l l point at an eddy current 
p o s i t i o n . Thus, since 8 channels, equivalent to 8 
frequencies, are obtained at each s t a t i o n . A consid
erable amount of information i s a v a i l a b l e f o r i n t e r 
p r e t a t i o n of the source f i e l d and i t s host environment. 
Glen E. White Geophysical Consulting & Services Ltd. 
has developed computer p l o t t i n g routines which plot 
the vector sections, h o r i z o n t a l components, v e r t i c a l 
components and plan maps of the hor i z o n t a l component 
data. 

SURVEY RESULTS  
Horizontal Loop Data 

Pigure 3 shows a low amplitude h o r i z o n t a l loop 
PEM anomaly* This example i s from Northair Mines L t d . 
a successfully producing gold mine near Squamish, B.C. 
The zone shown i s the "Discovery 1 1 zone with some 4% 
Pb minor p y r i t e and chalcopyrite with precious metal 
values. The PEM i n channels 1 - 3 detects a mineral
ized f a u l t zone beneath the road. Channels 4 - 8 
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Location of the Current Path in the Conductor 
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which are equivalent to decreasing frequencies, detect 
the ore zone at a depth of some 100 f e e t . 

Figure 4 i l l u s t r a t e s the response of the PEM 
system to a narrow near surface zone of conductive 
massive p y r i t e - p y r r h o t i t e m i n e r a l i z a t i o n . 

Figure 5 shows a s u r f i c i a l anomaly which i s 
r e f l e c t e d i n the highest frequencies, channels 1 and 
2. This anomaly i s caused by clays of some 10 - 50 
ohm-meters overlying a small basin of graphite-
bearing l a c u s t r i n e sediments. 

Vector EM Data I n f i n t e Sources 

Figure 6 i s presented with the kind permission 
of Robert and Amigo Mines and shows a c l a s s i c vector 
section of an i n f i n i t e l i n e source conductor with 
focusing of channels 1 - 5 at a depth of 400 f e e t . 

Figure 7 shows the hor i z o n t a l loop p r o f i l e 
with a separation of 200 feet across the same l i n e . 
Elsewhere on t h i s p a r t i c u l a r property, the ho r i z o n t a l 
loop survey gives responses s i m i l a r to Figure 4* 
However, the anomaly on l i n e 4S may have been over
looked i f only the ho r i z o n t a l loop method had been 
undertaken. The advantage of the VEM technique i s 
that at any given s t a t i o n i t has a detection a b i l i t y 
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of some 300 m depending upon the conductivity t h i c k 
ness product of the source* Experience has shown 
that because of the large magnetic moment of the 
transmit loop, poor anomalies can be detected to a 
depth of some 100 - 200 m beyond the conductivity 
thickness product range of both the PEM and Max-Min 
systems. 

Figure 8 i s published by the ki n d permission of 
Mr. Don Buchholz, P* Eng, Manager of Mining, Asamera 
O i l Corporation, who with h i s experience i n time 
domain EM i n A u s t r a l i a was w i l l i n g to test our 
technique i n Saskatchewan. This Figure i s a composite 
of two loop setups and shows only the channels 1 and 
2 data. A turam p r o f i l e taken with an Androtex u n i t 
i s shown f o r comparison. The vector data c l e a r l y 
defines both flanks of the conductor and gives a depth 
to top of some 100 m. 

Vector EM Data F i n i t e Sources 

Figures 9, 10 and 11 are i l l u s t r a t e d with the 
kind permission of Nels Vollo of Craigmont Mines L t d . 
and cover a l i n e across a massive sulphide prospect 
near Kamloops, B. C. Figure 9 shows channels 1 and 
2 plots of the secondary electromagnetic f i e l d data 
which indicates that the mineral zone i s responding 
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as a dipole magnet or as a f i n i t e electromagnetic 
source. The vectors on the dashed l i n e s show a very 
shallow focus and can not he used i n t h i s model • The 
actual h o r i z o n t a l and v e r t i c a l component pl o t s are 
shown on Figures 10 and 11 where a conductor of good 
conductivity thickness product i s e a s i l y interpreted. 

Figure 12 i l l u s t r a t e s an example where a conven
t i o n a l h o r i z o n t a l loop survey has i n s u f f i c i e n t mag
n e t i c moment to energize a plunging lense of poorly 
conductive sulphide m i n e r a l i z a t i o n . The center of 
t h i s lense contains 10 feet of 3«5$ copper. The 
vector technique on the other hand, with i t s large 
magnetic moment, energizes the complete crossectional 
area of the lense, and a weak secondary f i e l d i s 
generated as i s indicated "by the channel 1 h o r i z o n t a l 
component data. 

Figures 13 and 14 depict a more complex s i t u a t i o n 
i n an area of an old mine, where f i n i t e lenses of 
massive sulphide m i n e r a l i z a t i o n are located i n a 
volcanic/sedimentary complex where there i s a mixture 
of syngentic and fracture f i l l i n g p y r i t e and i r r e g u l a r 

topography. They are used by kind permission but not 
of di s c l o s u r e . Figure 13 shows a ch a r g e a b i l i t y p r o f i l e 
obtained with a 60 m Wenner array which gave two weak
l y anomalous peaks, one i n an area of a r e s i s t i v i t y 
low and the other i n an area of high r e s i s t i v i t y . 
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The h o r i z o n t a l component vector data gives a d e f i n i t e 
channel 1 and 2 anomaly over the r e s i s t i v i t y low. 
This zone i s associated with a known ore zone at a 
depth of some 150 f e e t . The Max-Min conventional 
electromagnetic technique showed only topographic 
separation noise. Further to the east, Figure 14, 
the c h a r g e a b i l i t y curve indicates a r e s i s t i v i t y low 
associated anomaly at 6N. Here the vector h o r i z o n t a l 
component also indicates a conductor. This anomaly 
i s caused by a narrow near surface zone containing 
some 10 feet of Jfc copper. The large basin e f f e c t 
w i t h the ho r i z o n t a l component at 6S r e f l e c t s a known 
mineral zone at a depth of some 350 f e e t . There i s 
no c h a r g e a b i l i t y response over t h i s zone and the 
r e s i s t i v i t y values are moderately high. Increasing 
the separation does not help as the cross-sectional 
volume of the i n t e r e s t i n g zone decreases with respect 
to the volume of i r r e g u l a r p y r i t e zones being sampled. 

Figures 15, 16 and 17 are published by the kind 
permission of Mr. L. Mayers, President O l i v e r Resources 
Ltd. The Burnt Basin property i s a massive sulphide 
lead-zinc prospect with some chalcopyrite, i n a com
plex of limey a r g i l l i t e s which have been intruded by 
the Nelson Intrusives. This property contains both 
i n f i n i t e and f i n i t e electromagnetic sources i n a 
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weakly conductive environment. Figure 15 shows a 
computer p l o t of a 2 channel vector focus at a depth 
of some 350 f e e t . Figure 16 i l l u s t r a t e s the charge-
a b i l i t y , apparent r e s i s t i v i t y and h o r i z o n t a l component 
vector data. The c h a r g e a b i l i t y readings show a 
broad high zone which reaches a value of some 46 ms. 
The high c h a r g e a b i l i t y i s caused by poorly connected 
graphite and p y r i t e disseminated throughout the 
a r g i l l i t e . The r e s i s t i v i t y high to the east correlates 
with the Nelson Plutonic rocks. The h o r i z o n t a l com
ponent data c l e a r l y indicates the vector focus which 
i s an i n f i n i t e source response as w e l l as delineating 
several other f i n i t e source conductors. Figure 17 
completes t h i s summation by i l l u s t r a t i n g the excellent 
crossovers obtained from the v e r t i c a l component data. 

The advantage of the vector EM technique i s , 
that the sc a l a r f i e l d , vector f i e l d , h o r i z o n t a l and 
v e r t i c a l components can be u t i l i z e d to evaluate a 
conductive source. The components are not always 
d e f i n i t i v e , neither i s the vector p l o t , p a r t i c u l a r l y 
i n cases of complex half-space responses and mixed 
i n f i n i t e - f i n i t e conductor source models. Thus the 
a b i l i t y to examine d i r e c t l y the secondary f i e l d 
and the galvanic-induction response of a conductive 
half-space environment makes the vector technique 
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a powerful, cost e f f e c t i v e geophysical t o o l which 
has increased the depth penetration f o r poor con
d u c t i v i t y widih targets to a depth of some 100 -
200 m and f o r good conductors, some 200 - 300 m. 

c, P. Eng, 
y s i c i s t 
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