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INTRODUCTION 

During the period from September 21, 1981 to October 19, 1981 a 

moving c o i l s PEM survey was c a r r i e d out on IRON MOUNTAIN, near 

M e r r i t t , B r i t i s h Columbia, by Geoterrex Limited, of 2060 Walkley 

Road, Ottawa, Ontario for Chevron Standard Limited, Minerals 

D i v i s i o n , of Vancouver, B r i t i s h Columbia. The purpose of the PEM 

survey was to locate any anomalous readings which might be 

i n d i c a t i v e of possible mineralized zones. 

THEORY 

The Crone PEM system i s a time domain, t r a n s i e n t EM system. The 

C system c o n f i g u r a t i o n employed used a transmitting loop 15m i n 

diameter, with a constant separation of 100 metres between the 

rece i v e r and the transmitter. The transmitter frequency used was 

21.65 Hz. The primary current waveform i s a t r a i n of rectangular 

pulses with b u i l d up and shut o f f ramps of 1.4 msec (see figure 1). 

When the primary pulse i s turned o f f the r e s u l t a n t ramp induces eddy 

currents i n any nearby conductors, these eddy currents and the 

secondary magnetic f i e l d associated with them then decay. The PEM 

recei v e r samples the secondary f i e l d over e i g h t d i f f e r e n t time 

periods or "windows". 

In the moving c o i l s survey c o n f i g u r a t i o n the system measures the 

r voltage induced i n a f e r r i t e c o i l e d r e c e i v e r c o i l by the v e r t i c a l 
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CHANGS. TIME 

1 100 ps - 200 |is 

2 200 |» - 400 j » 

3 400 |M - 700 |*t 

4 700 |» - I.I mt 

5 I.I mt - 1.8 mt 

6 1.8 ms - ZD mt 

7 3.0mt - 5.0 mt 

8 5.0im - 7.8 mt 

PRIMARY CURRENT 
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component of the decaying secondary magnetic f i e l d . Because a c o i l 

i s used the system measures the time rate of change of the magnetic 

f l u x density dB/dt or Bz (volts/m ) . 

While the results of the survey are presented in both receiver 

output voltage and nanovolts per meter squared t h i s report s h a l l 

discuss results in terms of Bz due to the univ e r s a l a p p l i c a b i l i t y of 

such units and to the f a c t that they are more c l o s e l y related to the 

p h y s i c a l r e a l i t y of the s i t u a t i o n . The receiver output voltage 

measurements for the i n d i v i d u a l windows are d i s t o r t e d by having a 

d i f f e r e n t gain for each window. 

• 
Bz i s calculated using the following formula: 

c 
Bz = (instrument reading x 6mV) (1) 

(P.P. Gain x Channel gain x 1000) (area of Rx c o i l ) 

where Area of receiver c o i l = 400m2 

Channel Gain Channel Gain 

1 1 

2 1.39 

3 1.96 

4 2.68 

5 3.70 

6 5.68 

7 7.19 
8 10.0 
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P.P. Gain i s P.P. Gain Pot Reading 0 to 10 

I t should be noted that t h i s equation, by d i v i d i n g out the P.P. 

Gain, removes the normalization to a standard primary pulse 

that normally occurs during a moving c o i l s survey. This 

normalization i s meant to account for i r r e g u l a r i t i e s that occur in 

the transmitter loop as i t i s moved from s t a t i o n to s t a t i o n . 

However, due to a number of f a c t o r s , p a r t i c u l a r l y the extremely 

rough t e r r a i n encountered during the survey, i t was decided that 

t h i s normalization procedure would not be v a l i d . T h i s i s due to the 

f a c t that i f the transmitter and receiver c o i l s are not coplanar the 

change i n coupling between the two c o i l s i s not n e c e s s a r i l y the same 

as the change in coupling between the transmitter and any conductor 

i n question. 

For a bounded conductor, when i n l a t e time, the magnetic f i e l d and 

i t s d e r i v a t i v e decay exponentially. 

This decay takes the form 

Bz ae -t/x 

where p i s a time constant i n d i c a t i v e of the c o n d u c t i v i t y and the 

shape of the target. For example, for a s p e r i c a l target i n l a t e 

time 

T = gya 2/7T 2 (from Geonics TN 7) 

when a = radius of the sphere 

cr = conductivity of sphere 
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( 

u = free space p e r m i t t i v i t y 

In order to obtain T a l o g a r i t h m i c - l i n e a r p l o t of Bz vs time i s 

made and the shape of the l a t e r , l i n e a r portion of the p l o t i s used 

to get T. T y p i c a l values of T for orebodies range from 100-200 usee 

to 10-20 msec. 

As well as the responses from bounded conductors the response from 

the surrounding conductive media must also be considered. In order 

to do t h i s the apparent r e s i s t i v i t y (Pa) for a l l the channels was 

p l o t t e d . In t h i s case Pa i s defined by equation 16 i n Geonics TN-7. 

(see b i b l i o g r a p h y ) . 

c 
pa (T) = y/47Tt ((2ym)/(5 t Bz))?'3 (16) 

y = Free Space p e r m i t t i v i t y = 4 x 10 ' h/m 

t = Midpoint of channel gate 
• 
Bz = Rate of change of magnetic f l u x density 

M = Transmitter d i p o l e moment = Area x current x no. of loops 

It should be noted that t h i s equation i s only v a l i d i n the absence 

of anomalous conductors ( i . e . a half space or layered earth 

response) and for l a t e time. Where l a t e time i s defined as when 

d/r > 10 

where 

^ r = Tx - Rx spacing 
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(from Geonics TN-7) 

When t h i s condition i s met the v e r t i c a l magnetic f i e l d i s 

independent of source receiver separation. 

In c e r t a i n s p e c i f i c cases i t i s also d e s i r a b l e to p l o t the 

calcu l a t e d thin sheet conductance, and t h i s was done for the Iron 

Mountain data. A thi n sheet i s defined as being so thi n that there 

i s no v a r i a t i o n in current flow across the thickness of the sheet. 

For t r a n s i e n t techniques t h i s means that s u f f i c i e n t time has elapsed 

so that current density i s uniform throughout the cross section of 

the sheet. 

If these c r i t e r i a are met the following equation (21 from Geonics 

TN-7) i s v a l i d 

Bz = (3M S^.yVdGTTt 1*) 

M = Transmitter dipole moment 

y = Free space p e r m i t t i v i t y = 4TT x 1(T 7 h/m 

t = Mid point of channel gate 

S = Thin sheet c o n d u c t i v i t y 

I t i s then a simple matter to solve the above equation for S. 

c 
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DISCUSSION 

Since the survey data i s presented on two separate g r i d p l o t s each 

one i s discussed separately. 

GRID A.N. 

F i r s t the plo t s of Bz for the g r i d are examined. The most s t r i k i n g 

feature of these p l o t s i s the almost t o t a l lack of s i g n a l . c *^ 6 

^'4 
There are two eight channel anomalies which are due to ̂ ^ ^ e ^ l ^ n e S j 

They are l i s t e d below; 

Line 5400N east end i% ^ A ~ ~J~ „L. ~f 

Line 5200N 650E _ ^ ^ ^ ^ C ^ " 7 _ ^ 

There are also several extremely low amplitude anomalies which only 

l a s t one to two channels. These anomalies are of such low amplitude 

and of such short duration that they may be regarded as n e g l i g i b l e . 

No other anomalous responses were noted. Therefore i t can be stated 

that no conductors of any importance were detected on Grid A.N. 

At f i r s t glance the f a c t that the powerline response d i d not show up 

on a l l l i n e s i n t e r s e c t e d by the powerline i s d i s t u r b i n g . However, I 

r 

i t was noted i n the f i e l d that, due to the s e v e r i t y of the t e r r a i n , \ / 

on some l i n e s the powerlines were(^ter>s of metres above the receiver ~rL~ h ~Jl£z 

while on other l i n e s the wires were p r a c t i c a l l y touching the ground. 

Pl o t s of apparent r e s i s t i v i t y for the g r i d were produced. Due to 

the almost complete lack of s i g n a l i n the area these p l o t s are not 
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as u s e f u l as they otherwise might be. Equation 16 i s such that very 

small instrument readings cause i t to "blow up". In order to avoid 

t h i s , receiver readings between +0.2 and -0.2 i n c l u s i v e were 

replaced by readings of +0.3 i f p o s i t i v e and -0.3 i f negative. 

In e f f e c t what was done was to a r b i t r a r i l y set the noise l e v e l of 

the receiver to +/- 0.3. In retrospect t h i s was quite o p t i m i s t i c . 

In f a c t most of the readings (between +1.5 and -1.5 receiver units) 

could be considered to f a l l w ithin the noise l e v e l of the receiver. 

By the nature of equation 16, when the value of Bz i s held constant 

throughout the time measured, the apparent r e s i s t i v i t y appears to 

decrease. 

T h i s i s i l l u s t r a t e d i n Figure 2 where the apparent r e s i s t i v i t i e s for 

channels one to eight are c a l c u l a t e d for the constant instrument 

reading values. I t should be pointed out that, since readings 

between +/- 0.2 were not allowed and readings that were outside t h i s 

range f a l l within the noise l e v e l of the r e c e i v e r , in t h i s survey 

the readings could be considered constant at a low l e v e l . The 

c a l c u l a t e d values of f i g u r e 2 could be thought of as the highest 

apparent r e s i s t i v i t i e s that could be determined for a given channel, 

and a given noise l e v e l , providing that the s i g n a l drops into that 

noise l e v e l at that p a r t i c u l a r channel. For example, since a l l the 

values measured on g r i d A.N. were within the noise l e v e l . a l l that 

can be said about the area i s , that as far as t h i s system i s 

concerned, the g r i d i s a uniform h a l f space with an apparent 
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r e s i s t i v i t y i n e x c e s s o f t h e v a l u e c a l c u l a t e d f o r c h a n n e l 1 

( g e n e r a l l y 10,000 fi.ni.). A p p a r e n t r e s i s t i v i t i e s f o r c h a n n e l s two t o 

e i g h t e s s e n t i a l l y have no meaning even though t h e y appear t o 

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

s i t u a t i o n . 

W i t h the t h i n p l a t e c o n d u c t a n c e c a l c u l a t i o n s t h e r e i s t h e same 

p r o b l e m t h a t e x i s t s w i t h t h e a p p a r e n t r e s i s t i v i t y . Even though t h e 

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

w i t h i n c r e a s i n g t i m e (depth) t h i s i s n o t t r u e . T h i s e f f e c t i s 

m e r e l y what happens when e q u a t i o n 21 i s c a l c u l a t e d u s i n g c o n s t a n t 

v a l u e s f o r Bz (see f i g u r e 3) (which i s , a g a i n , e s s e n t i a l l y what i s 

happening s i n c e a l l t h e Bz v a l u e s f a l l i n t o t h e n o i s e l e v e l o f t h e 

r e c e i v e r ) . 

T h i n p l a t e c o n d u c t i v i t y c a l c u l a t i o n s m i ght be u s e f u l i n s i t u a t i o n s 

where l a y e r i n g i s p r e s e n t . However, s i n c e t h e r e a d i n g s i n t h i s c a s e 

a r e down t o the n o i s e l e v e l , t h e s y s t e m c a n o n l y " s e e " a h a l f - s p a c e . 

T h e r e f o r e , the model used t o d e v e l o p e q u a t i o n 21 i s n o t v a l i d and 

e q u a t i o n 21 i s n o t v a l i d . The numbers g e n e r a t e d a r e t h e r e f o r e , i n 

t h i s i n s t a n c e , o f no u s e . 

The b a s i c p r o b l e m f o r b o t h c a l c u l a t i o n s i s not enough s i g n a l i n d u c e d 

i n the ground. 

( 
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CONCLUSIONS (For G r i d A.N.) 

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

which might be i n d i c a t i v e o f p o s s i b l e m i n e r a l i z e d z o n e s . I n t h i s / / Aj * - y" 

r e s p e c t the s u r v e y was s u c c e s s f u l i n t h a t i t i n d i c a t e d no anomalous [%^<t^,*7 . 
Z2~ zones. I n o r d e r t o e x t r a c t as much i n f o r m a t i o n as p o s s i b l e from t h e 

d a t a o b t a i n e d , p l o t s o f a p p a r e n t r e s i s t i v i t y and t h i n s h e e t 

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

as t h e y m i g h t have been i n p r o v i d i n g i n f o r m a t i o n , f o r r e a s o n s t h a t 

have a l r e a d y been d i s c u s s e d . I f more i n f o r m a t i o n were r e q u i r e d 

about the h a l f - s p a c e r e s i s t i v i t y (or l a y e r i n g ) o f t h e a r e a a s y s t e m 

w i t h a much l a r g e r d i p o l e moment i s r e q u i r e d t o "pump" more s i g n a l 

i n t o the ground. T h i s s y s t e m would a l s o have t o have a g r e a t e r 

bandwidth than PEM i n o r d e r t o measure e a r l i e r t i m e , b e f o r e t h e 

ground r e s p o n s e has had t i m e t o decay down t o n o i s e l e v e l s . 

GRID B.N. 

F i r s t t h e p l o t s o f Bz f o r t h e g r i d a r e examined. 

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

one t o two c h a n n e l s . These a n o m a l i e s a r e o f such low a m p l i t u d e and 

o f such s h o r t d u r a t i o n t h a t t h e y may be d i s r e g a r d e d . 

1 7 

On L i n e s 6400N, 6300N, 5800N, 5700N, 500N, 5000N, and 4600N t h e r e 

a r e s m a l l a n o m a l i e s c e n t r e d a t 550E. B o t h p o s i t i v e and n e g a t i v e 

a n o m a l i e s a r e s e e n . The a n o m a l i e s g e n e r a l l y l a s t from 5-8 c h a n n e l s , 

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

When decay c u r v e s from t h e s e a n o m a l i e s were p l o t t e d i t was f o u n d 

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

t h e decay c o n s t a n t (T) a c c u r a t e l y b u t rough v a l u e s o f between 40 ms 

and 75 ms were o b t a i n e d . 

On L i n e s 5000N and 4600N the s i g n a l d i e d o u t a f t e r t h e f i r s t 

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

On L i n e 4100N an 8 c h a n n e l anomaly was d e t e c t e d a t 450E. Once a g a i n 

the decay c u r v e i n d i c a t e d t h a t s u f f i c i e n t time had n o t e l a p s e d t o 

a c c u r a t e l y d e t e r m i n e the decay c o n s t a n t . 

Due t o t h e l o w a m p l i t u d e s and narrow r e s p o n s e s , the c o n d u c t o r i s 

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

anomaly a t 550E d i f f e r s i n shape on some l i n e s and d i s a p p e a r s 

c o m p l e t e l y on i n t e r i m l i n e s . T h i s a p p e a r s t o i n d i c a t e t h a t the , -7 

Once a g a i n , due t o t h e f a c t t h a t i n s t r u m e n t r e a d i n g s were i n t o t h e 

n o i s e l e v e l a p p a r e n t r e s i s t i v i t y p l o t s convey no more i n f o r m a t i o n 

t h a n t h a t the a r e a a p p e a r s t o be a h a l f - s p a c e w i t h a r e s i s t i v i t y i n 

e x c e s s o f t h a t i n d i c a t e d by the C h a n n e l 1 v a l u e (5,000-10,000 JHn) . 

The same comments about t h e t h i n p l a t e c o n d u c t i v i t i e s f o r g r i d A.N. 

a p p l y t o g r i d B.N. 

c o n d u c t o r changes shape, d e p t h and/or d i s a p p e a r s a l o n g i t s s t r i k e 

l e n g t h . 

( 
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CONCLUSIONS ( f o r G r i d B.N.) 

The s i t u a t i o n a t g r i d B.N. i s one o f an e x t r e m e l y r e s i s t i v e 

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

c o n d u c t o r r u n n i n g p a r a l l e l t o t h e b a s e l i n e a t 550E and p o s s i b l y 

s w i n g i n g west 100 metres a t l i n e 4100N. The s u r v e y crew r e p o r t s 

h a v i n g found a s m a l l d e p o s i t o f h i g h g r a d e g a l e n a (a few i n c h e s 

t h i c k ) on g r i d A.N. T h i s s o r t o f d e p o s i t m i g h t a c c o u n t f o r the 

r e s u l t s o b t a i n e d a t g r i d B.N., a l t h o u g h i t s p r e s e n c e t h e r e i s pure 

c o n j e c t u r e . 

As i s t h e c a s e f o r g r i d A.N., i n o r d e r t o improv e t h e r e s p o n s e 

measured i n t h e s u r v e y , a s y s t e m w i t h a g r e a t e r b a n d w i d t h t h a t would a l s o J^t 

i n d u c e more s i g n a l i n the ground i s r e q u i r e d . 

R e s p e c t f u l l y s u b m i t t e d , 

P e t e r C a r e y 

G e o p h y s i c i s t 
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