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SUMMARY 

A time domain e l e c t r o m a g n e t i c (Geonics EM-37) g e o p h y s i c a l survey 

was conducted on p a r t s o f the L a r a P r o j e c t p r o p e r t y near 

Chemainus, B.C. f o r A b e r f o r d Resources L t d . by MPH C o n s u l t i n g 

L i m i t e d d u r i n g September and October, 1984. 

The purpose o f the survey was to d e t e c t conductors at depth, down 

di p from Zones I, I I , I I I , IV and V s u r f a c e exposures o f s u l p h i d e 

m i n e r a l i z a t i o n . Such conductors c o u l d be i n d i c a t i v e o f massive 

s u l p h i d e m i n e r a l i z a t i o n s i m i l a r to the Westmin Resources H-W 

d e p o s i t at B u t t l e Lake. 

No anomalies i n d i c a t i v e o f conductors o f economic p r o p o r t i o n s were 

de t e c t e d by the survey to a depth o f 150 m, which i s the estimated 

depth o f d e t e c t i o n f o r a h y p o t h e t i c a l t a r g e t r e p r e s e n t a t i v e o f the 

m i n e r a l i z a t i o n on the p r o p e r t y . 

The survey d i d d e t e c t a s e r i e s o f q u e s t i o n a b l e anomalies along the 

n o r t h s i d e of the coverage i n the East G r i d area; these are 

i n f e r r e d to be caused by a u n i t of p y r i t i c a n d e s i t e v o l c a n i c s . 

Another s e r i e s o f anomalies along the south edge o f both the East 

G r i d and West G r i d areas r e f l e c t s a c o n t a c t between h i g h r e s i s 

t i v i t y formations ( S i c k e r Group) and low r e s i s t i v i t y formations 

(Nanaimo Group and sediment s i l l u n i t ) . 

A d d i t i o n a l EM-37 coverage on the unsurveyed p a r t s o f the p r o p e r t y 

i s recommended. C o n s i d e r a t i o n should be given to p r e p a r i n g any 

d r i l l holes on the p r o p e r t y f o r d r i l l h o l e e l e c t r o m a g n e t i c surveys 

u s i n g the EM-37. 



1.0 INTRODUCTION 

T h i s r e p o r t presents the r e s u l t s o f a time domain e l e c t r o m a g n e t i c 

survey conducted on the L a r a P r o j e c t by MPH C o n s u l t i n g L i m i t e d on 

b e h a l f o f A b e r f o r d Resources L t d . 

The purpose of the survey was to l o c a t e e l e c t r o m a g n e t i c conductors 

i n d i c a t i v e o f massive s u l p h i d e m i n e r a l i z a t i o n at depth, down d i p 

from a number of m i n e r a l i z e d zones l o c a t e d on the p r o p e r t y . The 

zones c o n s i s t o f l e a n p o l y m e t a l l i c s u l p h i d e h o r i z o n s exposed i n a 

number of showings and backhoe trenches excavated on the p r o p e r t y . 

The m i n e r a l i z a t i o n at s u r f a c e i s o n l y weakly c o n d u c t i v e as i n d i 

cated by very low frequency e l e c t r o m a g n e t i c and induced p o l a r i z a 

t i o n g e o p h y s i c a l anomalies. 

The coverage pro v i d e d by the survey was concentrated i n two a r e a s , 

namely the East G r i d and West G r i d a r e a s . 

The p r i n c i p a l t a r g e t s of the survey were Zones I and I I on the 

East G r i d , Zone I I I , Zone IV and Zone V on the West G r i d . 

Given the c h a r a c t e r o f the exposed m i n e r a l i z e d zones, an e l e c t r o 

magnetic anomaly from a c o n v e n t i o n a l low-frequency e l e c t r o m a g n e t i c 

g e o p h y s i c a l method was not a n t i c i p a t e d , except perhaps f o r the 

massive s u l p h i d e m i n e r a l i z a t i o n a s s o c i a t e d with p a r t s of Zone I I I 

on the West G r i d . The time-domain e l e c t r o m a g n e t i c survey, with 

i t s g r e a t e r depth of d e t e c t i o n o f f e r e d the p o s s i b i l i t y o f d e t e c t 

i n g more massive m i n e r a l i z a t i o n at depth i n a s e t t i n g s i m i l a r to 

the Westmin Resources H-W orebody at B u t t l e Lake. 
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The survey was conducted d u r i n g the p e r i o d September 14-0ctober 

19, 1984 by a three-man crew headed by K. M o r r i s o n , B . S c , 

g e o p h y s i c i s t . O v e r a l l s u p e r v i s i o n was p r o v i d e d by L. L e B e l , 

P.Eng., Senior G e o p h y s i c a l C o n s u l t a n t . 

A t o t a l o f 22 l i n e km o f s u r v e y i n g d i v i d e d i n t o 6 km i n the East 

G r i d area and 16 km i n the West G r i d area was e f f e c t e d . 
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2.0 LOCATION AND ACCESS 

The L a r a P r o j e c t p r o p e r t y i s l o c a t e d on Vancouver I s l a n d a p p r o x i 

mately 10 km west-southwest of Cheraainus, B.C. ( F i g u r e 1 ) . 

Access i s gained v i a the Chemainus R i v e r l o g g i n g - t r u n k road f o r 

approximately 13 km from the Trans-Canada Highway f o l l o w e d by 

about 9 km o f rough bush road. 

Access r e q u i r e d a one-way t r a v e l time of up to two hours from the 

headquarters o f the g e o p h y s i c a l crew at C r o f t o n , B.C. 
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3.0 GEOLOGY, MINERALIZATION, PREVIOUS V70RK 

D e s c r i p t i o n s o f the L a r a P r o j e c t p r o p e r t y geology and m i n e r a l i 

z a t i o n contained h e r e i n are provided by D. Blackadar o f A b e r f o r d 

Resources L t d . 

Much o f the p r o p e r t y i s u n d e r l a i n by west-northwest s t r i k i n g 

r h y o l i t i c to b a s a l t i c rocks of the S i c k e r Group. These rocks d i p 

to the north at between 36° and 87°. Most dip s are r e l a t i v e l y 

steep (65°-85°) . S i c k e r Group rocks are s t r o n g l y deformed 

(commonly s c h i s t o s e ) and are r e g i o n a l l y metamorphosed to lower to 

middle g r e e n s c h i s t f a c i e s . F e l s i c v o l c a n i c s predominate. 

The S i c k e r Group i n t h i s area appears to c o n t a i n o n l y minor s e d i 

mentary i n t e r b e d s i n c l u d i n g green v o l c a n i c sandstone and dark grey 

to b l a c k s l a t e , grey t u f f a c e o u s s l a t e and c h e r t . B l a c k , p o s s i b l y 

g r a p h i t i c s l a t e has been noted l o c a l l y . 

A number of l a t e r a l l y p e r s i s t e n t p y r i t i c zones occur i n both 

f e l s i c and i n t e r m e d i a t e u n i t s . S e v e r a l IP anomalies o u t l i n e d on 

the p r o p e r t y are a s s o c i a t e d with these zones. 

The S i c k e r Group i s i n t r u d e d l o c a l l y by dykes, s i l l s and plugs o f 

i n t e r m e d i a t e to mafic composition. 

S i c k e r Group rocks are i n f a u l t c o n t a c t with sedimentary rocks of 

the Cretaceous age Nanaimo Group along the southern p a r t o f the 

p r o p e r t y . T h i s f a u l t contact i s assumed to be s t e e p l y d i p p i n g . 

The Nanaimo Group i n c l u d e s t h i n l y bedded to massive s i l t s t o n e and 

s h a l e and minor conglomerate. 
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To date, two m i n e r a l i z e d zones have been o u t l i n e d i n each o f the 

East and West G r i d s . A p o s s i b l e t h i r d m i n e r a l i z e d h o r i z o n , 

i n d i c a t e d by weak p o l y m e t a l l i c m i n e r a l i z a t i o n i n one t r e n c h , may 

occur i n the West G r i d . 

A l l f i v e zones are p y r i t i c and are b r o a d l y a s s o c i a t e d with IP 

anomalies. The zones have been d e f i n e d on the s u r f a c e by backhoe 

t r e n c h i n g . No d r i l l i n g has yet been c a r r i e d out. With the 

e x c e p t i o n o f Zone I I I i n the West G r i d , m i n e r a l i z a t i o n i s not 

massive i n c h a r a c t e r . G e n e r a l l y i t i s disseminated or occurs i n 

small pods and bands separated by i n t e r v a l s o f b a r r e n rock. 

The f o l l o w i n g t a b l e provides a summary o f the r e l e v a n t c h a r a c t e r 

i s t i c s o f the m i n e r a l i z e d zones. 



SUMMARY OF MINERALIZED ZONES 

Grid 
Area 

EAST 

Location Zone 

South 

Dominant Character of Metals 
Host Rock M i n e r a l i z a t i o n Present 

Rhyolite Laminated, banded, Cu,Zn,Ag 
( p y r i t i c ) l o c a l small pods of Pb,Au 

massive sulphide; 
l o c a l l y b a r i t i c 

Approx. 
Thickness (m) 

6.5 

S t r i k e Length (m) 
D e f i n i t e Probable 

240 650 

North II Rhyolite 
( p y r i t i c ) 

Pod8, dissemina
ti o n s , r e t i c u l a t e 
masses 

Cu,Ag 0.25 100 1500 

WEST South Trench Rhyolite 
showing ( p y r i t i c ) 

(TR83-35) 

Disseminated Cu,Zn,Ag, 
Pb,Au 

1.0 

Central I II Rhyodacite, 
dacite 
(strongly 
p y r i t i c ) 

Banded, semi-
massive, strongly 
p y r i t i c , l o c a l 
massive p y r i t e 

Cu,Ag 2.3 to 9 575 

North IV Dacite to 
andesite 
l a p i l l i t u f f 
( p y r i t i c ) 

Disseminations, 
v e i n l e t s , narrow 
bands 

Cu,Ag 1.8 to 3 120 
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P r e v i o u s work c a r r i e d out on the pr o p e r t y c o n s i s t s o f g e o l o g i c a l 

mapping; s o i l geochemical surveys; very low frequency e l e c t r o 

magnetic, magnetic and induced p o l a r i z a t i o n g e o p h y s i c a l surveys 

and backhoe t r e n c h i n g . 

The g e o p h y s i c a l surveys detected a number o f l a t e r a l l y p e r s i s t e n t 

VLF-EM and induced p o l a r i z a t i o n anomalies. L o c a l l y , the m i n e r a l 

i z e d zones c o i n c i d e with VLF-EM anomalies and/or induced p o l a r i 

z a t i o n anomalies. The c o i n c i d e n c e , however, i s i n c o n s i s t e n t , f o r 

example as d i s p l a y e d by Zone I which has an induced p o l a r i z a t i o n 

anomaly but no VLF-EM anomaly. In many i n s t a n c e s , the anomalies 

ob t a i n e d are not r e l a t e d to any known m i n e r a l i z a t i o n . T h i s i s 

p a r t i c u l a r l y e v i d e n t i n the case o f a broad induced p o l a r i z a t i o n 

anomaly accompanied by a number o f VLF-EM conductors which c r o s s e s 

through the nor t h p a r t s o f the east and west g r i d s . T h i s f e a t u r e 

appears to be caused by a u n i t o f p y r i t i c a n d e s i t e v o l c a n i c s 

w i t h i n the S i c k e r Group. 

The c o n t a c t between the S i c k e r Group and the Nanaimo and sediment 

s i l l u n i t s which c r o s s e s the southern p a r t o f the p r o p e r t y , i s 

si g n a t u r e d by a VLF-EM conductor. The r e s i s t i v i t y o f the S i c k e r 

rocks averages about 1000 ohm-m and the r e s i s t i v i t y o f the s e d i 

mentary u n i t s i s as low as 200 ohm-m r e s u l t i n g i n a r e s i s t i v i t y 

c o n t r a s t of up to 5:1 across the c o n t a c t . 
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4.0 INSTRUMENTATION AND SURVEY PROCEDURES 

The survey was conducted with a Geonics EM-37 time-domain e l e c t r o 

magnetic system. D e t a i l e d s p e c i f i c a t i o n s o f the Geonics system 

are contained i n Appendix IV. 

The Geonics system was deployed with l a r g e , r e c t a n g u l a r , s t a t i o n 

ary t r a n s m i t t e r loops and a mobile 1 m diameter r e c e i v e r l o o p . 

With the Geonics EM-37, the t r a n s m i t t e r loop i s e n e r g i z e d by a 

square wave c u r r e n t form which repeats at a frequency o f 30 hz. 

As the c u r r e n t i n the t r a n s m i t t e r shuts o f f , a l a r g e primary 

magnetic f i e l d i s induced by the lo o p . Currents i n the t r a n s 

m i t t e r loop averaged about 25 amps d u r i n g the survey. 

The r e c e i v e r measures the decay o f the e l e c t r o m a g n e t i c f i e l d s 

generated i n the e a r t h by the t r a n s m i t t e r across twenty separate 

channels. The primary f i e l d induces secondary f i e l d s i n conduc

t i v e b o d i e s . D i s t o r t i o n s i n the shape and amplitude o f the 

primary f i e l d , caused by the secondary f i e l d s , p r o v i d e a measure 

of the l o c a t i o n , s i z e , geometry and e l e c t r i c a l p r o p e r t i e s o f the 

body. 

In the survey, the v e r t i c a l (z) and h o r i z o n t a l (x) components o f 

the primary f i e l d s were measured, where the x d i r e c t i o n was taken 

along the survey l i n e s at r i g h t angles to the long dimension o f 

the t r a n s m i t t e r l o o p . Two readings o f each component, by r e v e r s 

in g the p o l a r i t y of the r e c e i v e r , were taken at each s t a t i o n . 

T h i s procedure tends to reduce any nois e that may be present i n 

the d ata. Readings were averaged f o r 2^ and 2^0 c u r r e n t 

c y c l e s f o r the z- and x-components, r e s p e c t i v e l y . 



Readings were taken at 25 m i n t e r v a l s . T h i s s t a t i o n s p a c i n g was 

d i c t a t e d by c o n s i d e r a t i o n o f a n a l y t i c a l m o d e l l i n g done p r i o r to 

the survey which showed that a c l o s e s t a t i o n i n t e r v a l was neces

sa r y to r e s o l v e two deep, p a r a l l e l conductors, such as i n the case 

o f Zones I and I I on the East G r i d , which are separated by o n l y 

150 m at the s u r f a c e . 

L i n e spacing was n o m i n a l l y 200 m throughout. T h i s wide l i n e 

s p a c i n g was e s t a b l i s h e d on the premise t h a t a t a r g e t o f economic 

s i z e would e x h i b i t a s i g n i f i c a n t s t r i k e l e n g t h . On the West G r i d , 

one f i l l - i n l i n e , l i n e 63+00W, was surveyed to p r o v i d e coverage o f 

a t h i n massive s u l p h i d e h o r i z o n exposed i n Zone I I I . 

T r a n s m i t t e r s c o n s i s t e d of 600 m x 300 m l o o p s , i n i t i a l l y l a i d out 

to the north of the survey areas. T h i s arrangement was done 

because some of the zones to be i n v e s t i g a t e d were l o c a t e d c l o s e to 

a c o n t a c t between low r e s i s t i v i t y rocks (Nanaimo Group on the East 

G r i d and sediment s i l l u n i t on the the West G r i d ) and h i g h r e s i s 

t i v i t y rocks ( S i c k e r Group). The c o n t a c t was expected to produce 

an a p p r e c i a b l e anomaly but with the t r a n s m i t t e r l o c a t e d n o r t h o f 

the c o n t a c t , i t s anomaly would migrate s p a t i a l l y w i th i n c r e a s i n g 

channels to the south, away from the prime area of i n t e r e s t . 

With loops to the south of the areas o f i n t e r e s t , the anomaly o f 

the contact would migrate to the n o r t h and i n t e r f e r e w ith any 

responses from the zones of i n t e r e s t . 

Note that the o r i g i n a l i n t e n t i o n was to use 800 m x 400 m l o o p s . 

Loop s i z e was reduced to take advantage of the a v a i l a b i l i t y o f 

aluminum (versus copper) wire. The aluminum wire used i s l i g h t e r 

and t h e r e f o r e e a s i e r to handle and allows up to a 50% i n c r e a s e i n 
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c u r r e n t . U n f o r t u n a t e l y , o n l y enough wire f o r 600 m x 300 m loops 

was a v a i l a b l e at the time o f the survey. 

L a t e r , i n the case o f the East G r i d , two loops were i n s t a l l e d t o 

the south o f the ar e a . These i n s t a l l a t i o n s were made to p r o v i d e a 

d i f f e r e n t i n d u c t i o n angle. T h i s was c o n s i d e r e d important i n case 

the zones of i n t e r e s t dipped s h a l l o w l y to the n o r t h i n an a t t i t u d e 

which would be p o o r l y coupled to primary f i e l d s from a t r a n s m i t t e r 

l o c a t e d to the n o r t h . 

In the case o f the West Grid,- two loops were placed i n the c e n t r e 

o f the area and l i n e s surveyed both n o r t h and south o f the t r a n s 

m i t t e r i n the i n t e r e s t of e f f i c i e n c y . The area i n the middle o f 

the loops not covered i n t h i s i n s t a n c e , was l a t e r covered from two 

loops placed to the south. A f i f t h loop was i n s t a l l e d to the 

n o r t h at the west s i d e of the West G r i d to cover western exten

s i o n s o f Zone I I I to complete the survey coverage. 

The v a r i o u s loop l o c a t i o n s and coverage pro v i d e d from each loop 

are i l l u s t r a t e d i n f i g u r e s 2 and 3 f o r the East G r i d and West G r i d 

a r e a s , r e s p e c t i v e l y . 



5.0 DATA PROCESSING AND PRESENTATION 

The data was recorded manually i n the f i e l d . The two s e t s o f 

data c o l l e c t e d f o r each component were averaged and entered i n t o 

an HP-85 computer. Data p r o c e s s i n g was accomplished u s i n g GSP37 

software. 

The p r i n c i p a l data p r o c e s s i n g done by the GSP37 software i s reduc

t i o n o f the f i e l d data f o r t r a n s m i t t e r c u r r e n t and s i z e and t u r n 

o f f time of the t r a n s m i t t e r p u l s e . Secondary f u n c t i o n s p r o v i d e d 

by the software a r e : 

1) data storage (on magnetic t a p e ) , 

2) data p l o t t i n g , 

3) a n a l y t i c a l m o d e l l i n g . 

The r e s u l t s were s t o r e d on magnetic tape and i d e n t i f i e d u s i n g 

v a r i o u s f i l e numbers. Because many o f the l i n e s were repeated 

u s i n g d i f f e r e n t t r a n s m i t t e r l o c a t i o n s , the f i l e numbering system 

used was n e c e s s a r i l y complex. 

On the East G r i d , the numbering system was s t r a i g h t f o r w a r d , f o r 

example f i l e number L28WXD r e f e r s to the L28W x-component data, 

except that a lower case "1" i s used to i d e n t i f y data c o l l e c t e d 

w i t h the southern loop l o c a t i o n s . The n o t a t i o n s D and R i n a l l o f 

the f i l e numbers r e f e r to raw data and reduced data, 

r e s p e c t i v e l y . 

In the case of the West G r i d , data c o l l e c t e d n o r t h o f the c e n t r a l 

loop l o c a t i o n s i s i d e n t i f i e d by an N d e s i g n a t i o n , f o r example, 

L60N and an S d e s i g n a t i o n r e f e r s to data c o l l e c t e d to the south o f 
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the t r a n s m i t t e r s , f o r example, L60S. Data c o l l e c t e d from the two 

southern*loops i s i d e n t i f i e d by L60W. 

The r e s u l t s o f the survey are presented as computer drawn p r o f i l e s 

i n Appendices I and I I f o r the East G r i d and West G r i d areas 

r e s p e c t i v e l y . H o r i z o n t a l s c a l e s v a r y a c c o r d i n g to the l e n g t h o f 

the l i n e surveyed, so that the f u l l width o f the computer c h a r t 

paper i s u t i l i z e d . V e r t i c a l p l o t t i n g s c a l e s f o r i n d i v i d u a l 

channels were set to d i f f e r e n t v a l ues i n order to emphasize 

v a r i a t i o n s i n the d a t a . 



6.0 RESULTS AND DISCUSSION 

6.1 General 

In g e n e r a l , the q u a l i t y o f the data recorded by the survey i s 

e x c e l l e n t . There i s some n o i s e e v i d e n t i n the data from l i n e s 

64W and 68W o f the West G r i d , probably because o f the p r o x i m i t y 

o f these l i n e s to a power t r a n s m i s s i o n l i n e . O c c a s i o n a l n o i s y 

data i n channel 1 f o r some of the l i n e s , f o r example L58W, i s an 

a r t i f a c t o f the data p r o c e s s i n g a l g o r i t h m . T h i s n o i s e i s not 

p r e s e n t i n the raw f i e l d data nor does i t p e r s i s t through to l a t e r 

c h annels. 

Amplitudes o f the secondary f i e l d s g e n e r a l l y decay r a p i d l y and 

d i s a p p e a r by channel 15. T h i s s i t u a t i o n i s i n d i c a t i v e o f a h i g h 

r e s i s t i v i t y environment. A low r e s i s t i v i t y environment s u s t a i n s 

the secondary f i e l d l o n g e r and measurable values p e r s i s t i n t o 

l a t e r channels. 

In e l e c t r o m a g n e t i c surveys employing l a r g e loop t r a n s m i t t e r s , an 

a p p r e c i a b l e background response i s obtained because l a r g e volumes 

of rock are e n e r g i z e d . Background response i s manifested by 

g e n t l e i n f l e c t i o n s i n the z-component and broad peaks i n the 

x-component. 

T h i s type of response i s r e c o g n i z e d because i t normally decays 

q u i t e r a p i d l y with channel number, the i n f l e c t i o n s i n the z-

component and peaks i n the x-component migrate s p a t i a l l y away 

from the l e a d i n g edge of the t r a n s m i t t e r and the anomalies are 

l o c a t e d the same d i s t a n c e from the t r a n s m i t t e r on adjacent l i n e s . 



For the most p a r t , the r e s u l t s obtained i n the present survey 

d i s p l a y t h i s g e n e r a l behaviour. M o d e l l i n g was c a r r i e d out to 

examine t h i s b e h a v i o u r . F i g u r e 1 i n Appendix I I I shows a p e r t i 

nent example o f the m o d e l l i n g r e s u l t s , comparing the channels 2, 

4 and 6 data from L60V7 and the h a l f - s p a c e response c a l c u l a t e d f o r 

a background r e s i s t i v i t y o f 1300 ohm-m. In t h i s and a l l o f the 

o t h e r modelling done, the observed data i s i d e n t i f i e d by d o t t e d 

l i n e s annotated by lowercase l e t t e r s and the c a l c u l a t e d data i s 

i d e n t i f i e d by s o l i d l i n e s annotated by uppercase l e t t e r s . The 

numeric part of the l a b e l i n d i c a t e s the channel number s e l e c t e d 

f o r the m o d e l l i n g . As can be seen i n the f i g u r e , the f i t between 

the observed and c a l c u l a t e d d a t a , apart from the anomaly at about 

750N, i s e x c e l l e n t . 

6.2 East G r i d 

The East G r i d data e x h i b i t s c h a r a c t e r i s t i c s s u g g e s t i v e o f a back

ground response but the observed data c o u l d not be s a t i s f a c t o r i l y 

modelled u s i n g a h a l f - s p a c e model. F i g u r e 2 (Appendix I I I ) shows 

a s e r i e s of h a l f space models with d i f f e r e n t background r e s i s t i v 

i t i e s f o r l i n e 30W. As can be seen, the i n f l e c t i o n p o i n t i n the 

z-component and peak i n the x-component, at about 350N, cannot be 

matched u s i n g a h a l f - s p a c e model. S i m i l a r m o d e l l i n g done f o r the 

anomalies l o c a t e d at L28W, 300N; l i n e 32W, 400N; l i n e 34W, 400N 

and l i n e 36W, 500N, u s i n g a h a l f - s p a c e model, was a l s o unsuccess

f u l i n matching the observed data, f o r example as shown i n F i g u r e 

3 (Appendix I I I ) which d i s p l a y s the h a l f - s p a c e m o d e l l i n g (done f o r 

l i n e 36W) u s i n g a s e l e c t i o n o f background r e s i s t i v i t i e s . 



A l l o f the anomalies c i t e d above d i s p l a y c h a r a c t e r i s t i c s c o n s i s t 

i n g o f broad x-component peaks, a p p r e c i a b l e d i s t a n c e betwen the 

z-component peak n e g a t i v e and peak p o s i t i v e responses and f a s t 

anomaly decay which t y p i c a l l y d i s a p p e a r s by channel 5. 

F i g u r e 4 (Appendix I I I ) shows a s e r i e s o f a n a l y t i c a l c a l c u l a t i o n s 

done f o r L i n e 30W, assuming th a t the anomalies are caused by a 

conductive p l a t e . V a r i a b l e s p r o v i d e d f o r i n the GSP37 p l a t e 

m o d e l l i n g r o u t i n e i n c l u d e : l o c a t i o n , s t r i k e , l e n g t h , depth e x t e n t , 

d i p , depth and conductance ( c o n d u c t i v i t y x t h i c k n e s s ) . As can be 

seen i n F i g u r e 4a, a reasonable f i t i n terms o f the shape o f the 

z-component i s a c h i e v e d . However, amplitude o f the modelled data 

decays more slowly than the observed data and the f i t between the 

c a l c u l a t e d and observed x-component shown i n F i g u r e 4b i s t o t a l l y 

inadequate. 

F i g u r e 5 shows a s i m i l a r s i t u a t i o n f o r the r e s u l t s from l i n e 36W. 

The modeling shown i n F i g u r e s 4 and 5 i s f o r a p l a t e alone without 

a background response. Although t h i s s i t u a t i o n i s not s t r i c t l y 

c o r r e c t , i t g i v e s reasonable approximation i f the background 

r e s i s t i v i t y i s h i g h as i s the case f o r the L a r a p r o p e r t y . 

Note that the modelled depth of the p l a t e f o r these two l i n e s o f 
data i s zero. T h i s shallow depth i s necessary to p r o v i d e s u f f i 
c i e n t amplitude to d u p l i c a t e the observed channel 1 amplitudes. 

I t i s evident from t h i s m o d e l l i n g e x e r c i s e t h a t the anomalies 

c i t e d do not r e p r e s e n t a p l a t e - l i k e massive s u l p h i d e h o r i z o n . 

Since the anomalies appear to r e p r e s e n t a r e a l g e o e l e c t r i c 

f e a t u r e , i t i s p o s s i b l e that they are the e f f e c t o f a wide, p o o r l y 

conductive zone. 



T h e i r l o c a t i o n c o r r e l a t e s 

v o l c a n i c s . The v o l c a n i c s 

and r e s i s t i v i t y lows, the 

to the EM-37 anomalies. 

with a u n i t o f p y r i t i c a n d e s i t e 

encompass a number of VLF-EM conductors 

cumulative e f f e c t o f which may g i v e r i s e 

S e v e r a l other anomalies are e v i d e n t i n the r e s u l t s o f the survey. 

L o c a t i o n s o f these f e a t u r e s are i n d i c a t e d on the i n d i v i d u a l data 

p r o f i l e s and on F i g u r e 2. A l l o f these f e a t u r e s c o r r e l a t e w i t h 

the c o n t a c t between h i g h r e s i s t i v i t y S i c k e r rocks and low 

r e s i s t i v i t y Nanaimo r o c k s . No attempt was made to model these 

anomalies, p r i n c i p a l l y because the c o n t a c t has no economic 

p o t e n t i a l . In a d d i t i o n , m o d e l l i n g o f a c o n t a c t i s not a v a i l a b l e 

on the GSP37 software. 

F i g u r e 6 shows a s e r i e s of a n a l y t i c a l c a l c u l a t i o n s done f o r l i n e 

3400W and a model o f Zone I . The model c o n s i s t s o f a 400 m long 

by 200 m wide p l a t e with a conductance of 10 mhos. The p l a t e has 

a s t r i k e of 20° r e l a t i v e to the l e a d i n g of loop 2 and a d i p of 

90°. The dip i s r e l a t i v e to the plane of the t r a n s m i t t e r loop and 

equates to a r e a l d i p of 70°-80°N, i n t h i s case, s i n c e the t r a n s 

m i t t e r was l o c a t e d on a g e n t l e , south f a c i n g s l o p e . The m o d e l l i n g 

was done f o r v a r i o u s depths from 50 m to 200 i n 50 ra increments. 

The r e s u l t s o f the p l a t e m o d e l l i n g were convolved with h a l f space 

response with a background r e s i s t i v i t y o f 1000 ohm-m. 

The r e s u l t s i n d i c a t e that the model produces a measureable anomaly 

to a depth of 150 m. At 200 m, the combined response of the model 

and the background d i f f e r s only s l i g h t l y from the response of the 

background alone (as shown i n F i g u r e 6e), to i n d i c a t e that at 

200 m the zone may not be d e t e c t a b l e . 



Note th a t i n the m o d e l l i n g not much o f a response i s e v i d e n t (on 

channel 10) at the g r e a t e r depths. T h i s i s a f u n c t i o n o f the 

p l o t t i n g s c a l e used, which was n e c e s s a r i l y i n s e n s i t i v e , to d i s p l a y 

the channel 5 response. When the r e s u l t s are d i s p l a y e d on a more 

s e n s i t i v e s c a l e , an anomaly i s e v i d e n t on channel 10. I t i s 

u n l i k e l y that a response would be seen on channel 20 because o f 

the low 10 mho conductance used f o r the model. 

6.3 West G r i d 

A number of anomalies were rexoxded on the West G r i d at the 

f o l l o w i n g l o c a t i o n s : 64W / 1050£I/ ( t r a n s m i t t e r 2 ) ; 62W, 900N; 60W, 

750N; 58W, 700N and 56W, 650N, as shown on the i n d i v i d u a l data 

p r o f i l e s and on F i g u r e 3. The anomaly on l i n e 64W r e c e i v e d 

coverage from t r a n s m i t t e r loops 2 and 4. The l o c a t i o n o f the 

anomaly from t r a n s m i t t e r 4 i s at about 1100N. However, the 

l o c a t i o n of the anomaly from t r a n s m i t t e r 2 i s c o n s i d e r e d more 

r e l i a b l e because i n the case o f t r a n s m i t t e r 4, the anomaly i s 

l o c a t e d r a t h e r c l o s e to the l e a d i n g wire o f the l o o p . 

From an e l e c t r o m a g n e t i c p o i n t o f view, the anomalies c i t e d above 

are q u i t e i n t e r e s t i n g , p a r t i c u l a r l y the ones l o c a t e d on l i n e s 62W 

and 60W. These two f e a t u r e s e x h i b i t z-component c r o s s - o v e r s and 

x-component peaks which p e r s i s t through to channel 10. The 

d i s t a n c e between the z-component peaks and width of the x-compo

nent anomalies would i n d i c a t e a conductor at a moderate depth o f 

25 m to 50 ra. 



U n f o r t u n a t e l y , these and a l l o f the o t h e r anomalies recorded on 

the West G r i d c o r r e l a t e s p a t i a l l y w i th the c o n t a c t between the 

h i g h r e s i s t i v i t y S i c k e r rocks and the low r e s i s t i v i t y sediment 

s i l l u n i t and, as such, are not c o n s i d e r e d e c o n o m i c a l l y i n t e r e s t 

i n g . The e l e c t r i c a l p r o p e r t y which g i v e s r i s e to these anomalies 

i s the 5:1 r e s i s t i v i t y c o n t r a s t which occurs across the c o n t a c t . 

No anomaly was recorded over the t h i n massive h o r i z o n (Zone V) at 

1300N on l i n e 3W which y i e l d s a response at VLF-EM f r e q u e n c i e s . 

The absence o f a response here i n d i c a t e s t h a t the s u l p h i d e zone i s 

s m a l l . 



7.0 CONCLUSIONS 

No anomalies i n d i c a t i v e o f a massive s u l p h i d e body o f economic 

p r o p o r t i o n s were d e t e c t e d on the p r o p e r t y . 

A s e r i e s o f anomalies detected at the n o r t h end o f the coverage 

e f f e c t e d on the East G r i d i s i n f e r r e d to be caused by a wide u n i t 

o f weakly conductive p y r i t i c a n d e s i t e v o l c a n i c s . 

A s e r i e s of anomalies detected at the south end o f both the East 

and West G r i d areas i s i n t e r p r e t e d to be caused by the co n t a c t 

between S i c k e r Rocks and Nanaimo Sediments Con the East G r i d ) and 

the sediment s i l l u n i t (on the West Gr i d ) . T h i s c o n t a c t i s 

'si g n a t u r e d ' by a VLF-EM conductor and a r e s i s t i v i t y c o n t a c t 

o u t l i n e d by an induced p o l a r i z a t i o n survey. 

The survey p r o v i d e d d e t a i l e d coverage i n both s t a t i o n s p a c i n g and 

t r a n s m i t t e r l o c a t i o n , so th a t any conductor present i n the areas 

surveyed, r e g a r d l e s s o f dip should have been d e t e c t e d . A n a l y t i 

c a l c a l c u l a t i o n s , u s i n g Zone I as a model, f o r example, i n d i c a t e 

that the survey was capable o f d e t e c t i n g such a zone ( i f conduc

t i v e ) at depths o f at l e a s t 150 m. 
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8.0 RECOMMENDATIONS 

A d d i t i o n a l EM-37 survey coverage i s recommended over the p a r t s o f 

the p r o p e r t y t h a t were not covered by the survey. 

I f any d r i l l i n g attempted on the p r o p e r t y i s encouraging, a d r i l l 

h o l e EM-37 survey may be warranted. Since the present survey has 

prov i d e d a depth o f e x p l o r a t i o n o f at l e a s t 150 m, o n l y deep h o l e s 

need be considered f o r t h i s k i n d o f survey w i t h i n the areas 

covered. 

I f d r i l l - h o l e g e o p h y s i c a l surveys are to be undertaken, i t i s 

necessary to leave the d r i l l c a s i n g i n the h o l e s . In areas where 

ground c o n d i t i o n s are very u n s t a b l e , i t may be necessary to l i n e 

the h o l e s with p l a s t i c pipe to assure access o f the l o g g i n g t o o l s 

at a l a t e r date. 
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APPENDIX I 

SURVEY RESULTS - EAST GRID 
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Ol m S> UI "3 cs © '3 

H 3 

:ted 
D a t a t i l e 134WXD 
L I N E 34U' X Component 
dBX-dT Cny-Hmi); TOFF c o r r e c t e d 

C h a n n e l s 
1 to 3 5008 00 
'4 t 0 6 2808 00 
7 t 0 Q 208 00 

10 t o 12 60 00 
i 3 t o 26 5 00 

1 4 

1 5 

I i I 

1 8 

1 1 

1 2 

1 8 

1 1 

i 2 



D a t a t i l e 138WZ D Da t a t i l e 138WXD 
uIHE 8W z c omponent LINE 38M X 2omponen t 
dBZ'dT .. TOFF c o r r e c t e d dBX/dT fn1.1-™1- >; TOFF c o n e c t e d 

Charm e 1 s S c a l e C h a n n e l s S c a l e 
1 t o 3 5888.08 i t o 3 5888.80 
4 t 0 g 2868.86 4 to 6 2888.68 
7 to 9 288.88 7 to 9 288 08 
10 t 0 12 66 . 00 10 t o 12 60.68 
1 3 t o 20 5 . 00 13 to 20 5 . 88 

3 ' 3 fo ro OJ W z* '.1 (.1 ,313 ~ ~ ro CJ w * •Jl U! 
rotn S> ' J ! o cn •3 'ji ' 3 m 3 •in POC? 3 ' 3 tfl ' 3 'J l ' 3 en •3 en 
'J ! ' 3 tB ' 3 •3 ' 3 ' 3 i 3 3 IS Ul<3 13 13 >3 ' 3 »3 ' 3 ' 3 ' 3 ' 3 ' 3 

I I I I I ! I I I I I I I I I I I I I I I I i i 

i e 

11 

1 2 

1 8 

1 1 

1 3 

i 4 

• 1 6 

1 4 

1 5 

1 6 



Data f i l e 14wwZD 
L.INE 4SM Z Component (J i TOFF c o r f ec 

Charm e I s S c a l e 
i t 0 5 2888 . 8 0 
g t o g 668 . 8 3 
Q X 0 11 200 . @0 

i 2 t 0 14 60 . y 8 
i 5 7 0 18 3 0 0 
19 t 0 £8 i ' 9 0 

CD© ro ro W t*l *. Ul CI 
rv)tfl Q Ul o en CO iji © cji Ul J1CD © o O '3 © © © Q o S 

:z z z z Z 

D a t a t i l e 148W KD 
LINE 40 W V Zomponent 
ciBX-di • r,.i •'ftm* TOFF c D r r ec t ed 

C h a n n e l s S c a l e 
1 t o 3 6000.00 
4 r o 6 2000 00 
7 to 9 200.00 

10 t 0 12 60 . 00 
13 t o 16 5 . 09 
17 t o 20 3 . 00 

5 S ro ro eg tj4 -t A m en 
P0O1 '3 fJl <3 -in CD Ul CD Ul •in UK9 
( T 

'3 CD 
h h h h 

S '3 '3 '3 
h h h h 

CD 
h 

'3 
f i 

i j 

1 8 

• 1 1 

1 1 

1 2 

1 6 

1 3 

1 4 

1 5 

1 6 



APPENDIX I I 

SURVEY RESULTS - WEST GRID 



D a t a t i l e 
L I HE 54W 
dBZ/dT (rA 

54SZD 
2 Component 

itn* > i TOFF c< 

D a t a t i l e L54SXD 
LINE 54M X Component 
i B X ^ a t mV at g a i n # 6 

:i r f e c t e d 

C h a n n e l : 

12 
1 ? 

t o 
t o 
to 
f 0 
to 

11 
16 

S c a l e 
500.00 
250.00 
100.00 
10 . 88 
5 . 89 

1 
4 
10 
] 3 
16 

Channe1s 

to 1 

S e a l s 

12 
15 
2<i 

580 
288 

8y 
00 

58 . 88 
:8 . 08 
5 80 
3 88 

zz T. zz zz zz >s> <s> o 
I I I 11 I I I ! I I 11 I I i 11 ! I I I I i 11 I 11 I i i 

ro 

> 111111111111111! 11111111111 

1 8 

1 1 

1 2 

1 3 

1 4 

1 5 

1 6 

1 0 

1 1 

1 £ 

I 3 

1 4 

1 5 

1 9 



Dat a t i l e L.54UZD 
LINE 54W 
dBZ.-dT t:nU--l 

oiiponen t 
; TOFF c o r r e c t e d 

D a t a f i l e L54W! 
LINE 54W X i 
dB'ft'-'dT (nU-'Mm1 

orfiponen t 
i TOFF c o r r e c t e d 

Chann e I s S c a l e Channe I s S L d l t 
1 to 3 5000.08 1 t o 3 £090.0 0 
4 t o 6 680.80 4 t 0 b 200 - 0 0 
7 10 *H 60 00 7 t o £0 00 

10 to 1 4 5 . 88 i U t o I 2! 5 . 00 
13 to ZO 3 . 80 13 T 0 26 3 . 0@ 

ro w •6. en ' 3 r-o <j-i --J 
en , 3 3 ,3 i 3 3 3 i3 en © © '3 © © •3 © 
P ' 3 

i i i ! 11 
13 .3 

1 1 i 1 1 ! i 
. 3 3 

! ! 1 
•3 

i ! 
i3> 

l l I h 11 
i 

1 1 1 I 1 
1 1 I 1 1 1 M 1 

•3 
1 1 1 

© 
i ! 

'e_. 11 
- . 

11 

1 2 

1 t 

1 3 

1 4 

1 5 

1 3 

1 4 

1 5 

1 9 



u a X a t 
LINE S 
d B Z ' o l 

snent 
)FF c o r r e c t * D a t a t i l e L54NXD 

LINE 54W X Component 
i B X - ' i t nV 

t o 
to lee 0 0 

6 0 

Channe1: 

18 
17 

t o 
t o 

16 
£6 

5 c a l e 
288@ 88 
380.88 
98 . 08 
30 . 08 
5 . 88 

-T* Oil 'IT. 
.-.n.31 o 
•3 3 I O 

1 1 S \ , 
I 1 ' 1 ' 

r-,;( r>j 3 ' 3 ' 3 3 3 ' 3 
3i ' 3 3 i 3 ' 3 >3 

i 11! i ; i ! 111111111111 M 
-«.J 00 

|J1 <3 i 3 
13 i 3 , 3 

I I I I I I I I I I I I I I I I I I i I I I I 

1 8 

1 1 

] 2 

1 3 

1 4 

1 5 

1 6 

1 0 

11 

1 2 

1 3 

1 4 

1 5 

• 1 6 



t a t i 1 e L 56:1 ZD 
HE 2 Componen t 
Z'<: n U -' fim-> i TOFF co r r e c t e d 

arirte 1 s S c a l e 
1 t 0 3 60 
4 t 0 f£ 200 . 00 
7 t 0 9 20 . 00 

10 1 o 1 5 , 90 
13 t 0 0 130 

-J* <n CO 
3 3 IS © SI '3 i-t IS Si IS s 3 :z z: X z o IS '3 
! 11 ! 11 ! u i l i I 1 M 1 1 1 1 III l l III 

D a ta t i l e t 
LI HE 36W 
dSX.-'dT (nW-

56SXD 
y. Component 

HKii:>; TOFF cc 

c ft a n ft e i s s c a l * 
1 t 3 500 . 0 @ 
4 t o 6 £00 . 0 0 

to 20 . 00 
10 t 0 1 —, 0 0 
I 4 t o 0 06 

#1 •35 
© © © Q © —* 
© © © © •35 © 'Hi © 
2 Z z Z CD © 
! ! M i l l II t i l l 1 1 I III i l l l 1 l l f 

1 0 

11 

1 2 

1 8 

1 1 

1 7 

1 4 1 4 

1 5 

1 ? 

2 0 



D a t a t i l e L56WZD 
LINE 56W Z Component 
a6Z-'dT <nV^fim £ >.• TOFF c o r r e c t e d 

D a t a t i l e L56WXG 
LINE 56U X Component 
dBX-'dT CnV-'ftm* > ; TOFF c o r r e c t e d 

Channe1s S c a l e 
1 t o 3 5088 00 
4 C 6 686.00 
7 0 68 . 86 
10 o 1 2 5 . 88 
13 0 0 3 . 80 

3 ro Ul 
Ul IS Q s 3 3 •3 

i l l i l 1 1 
IS 
1 1 

IS 
i I 1 i 

' 3 ' 3 
1 1 1 1 1 I 1 1 1 

' 3 
i , 1 l l 

Channe1s S c a l e 
1 to 3 2888.00 
4 t o 6 288 88 
7 to 28 68 
18 t o 12 5 . 88 
13 to 28 3 . 08 

3 rO i>J -ft. en 
en SI 3 13 3 i ' 3 
•3 s> i 3 i 3 •3 .3 

I I 11 I I i I I I I I II I I I I I 

>T. --1 
' 3 ' 3 
'3 3 

I I I I 

1 0 

1 1 

1 2 

1 8 

1 1 

1 3 

1 4 

1 5 

1 6 

1 4 

1 5 

1 S 



L56S3D 
LINE 56W 2 2omponen t 
dBZ-'dT <nU ••ft* 2 ) i TOFF c 

Channe? I s S c a l e 
1 t o 3 500.00 
4 t o 6 280 80 
7 t o 5 20 00 

10 t o 12 5 . 00 
13 to 20 3 . 60 

i f r e c t s d 

Ul :"0 CD S> E> S> S> Q —•= ro 
CD 'S s> iS S> SI <3 is 2 zr zr z: X G* © Si 
III 1! i 111 11 11 I 11 I I I ! I I I ! ! t l i l l 

D a t a t i l e L5G:i XD 
LINE 56 W C 0 m p o n e n t 
ds'X. dT v n V F i f f i 1 ) ; TOFF co • r e c t e d 

Channe i s c a l e 
1 t o 3 500 0 @ 
4 t 0 290.00 

t 0 20 . 00 
1 0 t 0 13 5 . 00 
14 to 28 3 . 06 

Ul 'J'l -••1 03 
© © '3 CD •3 CD 3 Si CD '3 © 
z: © © CD 
1 1 1 l l t M n t h l i l t 1 1 t 1 1 1 1 1 1 u i 

A' /-v>-

1 0 

1 1 

1 8 

1 1 

! 4 

i 5 

1 o 

1 4 

1 5 



D a t a f i l e LOt>h ZD 
LINE 56W •_• O ft P or en r 

dBZ/dT <nv, ' ' ' J F F co • re 

Cr a n n e i a 1 
_ _ 

t o 4 T 0 30 . 00 
P t 0 10 . 00 

10 t 0 i 2 . 00 
13 t 0 1 7 1 . U0 
18 t o £ £) . 10 

hi ro 
CP) -• J CO CD ro 
m '3 £» 3 '3 o O 'X' CS -3 

Data t i l e L56H X D 
L i HE 56 H X C j rii P o n e n t 

t n w -• rr» ̂  

Cr a n n e 1 s S c a l e 
1 t o 4 500 00 
5 t o 3 3 0 0 00 
9 t 0 1 2 100 00 
13 t 0 16 30 0 0 
17 to £6 10 . 00 

ro ro ro 
«?-. -••J CO yj '3 — PO "•.•J Ul 3 O '3 •3 '3 3 ;3 >3 -3 3 3 3 '3 3 '3 

h i I I i I I I I I I I I I 11 I I i I I I I I I I I I I I 

1 3 

1 4 

1 3 

1 S 

1 0 

11 

1 2 



D a t a f i l e L58S 4L 
LINE 5 3 Cc iBPorren t 
dBZ-'ciT •'"flm£ T O F F o r r e c t ed 

C h a n n e l s S c a l e 
1 t o 3 586 . 96 
4 t o 286 . 00 

t 0 28 . e & 
1 9 t 0 12 5 . 8 a 
J 3 t 0 26 •* • 00 

utr, --1 ec <t> 
•ID 3 •3 ro UE5 3 '3 '3 •3 

. l l . i l l ! i ! 111 1 1 
'3 

1 1 1 1 II 
3 
1. 

3 
i i , i i 

u a i a t i l e L 5 8 S 
LINE 58W v mpone n t 
dBX-'dT CnV / ft m 2 T O F F r r e c t ed 

Channe1 S c a l e 
1 t 0 3 568 88 
4 t o 60 . ft a 
7 t 0 Q 20 . 68 

10 t o 12 o 88 
i 3 t 0 28 •-' • 68 

-•i 00 Ul 
-,J3 3 '3 3 3 ro fJQ 31 •3 3 '3 »3 i3 
zzz. '3 Q <3 
I I I i I i I I I I I I II I I i I I I I I i I ! I I I I 

1 8 

1 1 
i a 

i I 

1 2 

1 3 

1 4 



a t a t i l e L58W2D 
INE 58W Z Component 
BZ-'dT <ri':',"hm2 > TOFF c o r r e c t e d 

D a ta t i l e L58WXD 
LINE 58W X Component 
dBX-'dT (nV/fi» 4)> TOFF c o r r e c t e d 

C h a n n e l s S c a l e 
1 t 0 3 b88 8 0 
4 to 6 288 88 
7 t o Q 28 88 

i 8 t o 12 f, 89 
13 t 0 28 3 0 8 

Cr anne 1 s S c a l e 
1 t 0 3 588.88 
4 t o 68 . 08 
7 t o Q 20 . 08 
10 t o 12 5 . 88 
13 t o 28 3 . 88 

IB U ui "7» CD o 3 CD 3 3 3 •3 © 19 3 
1 1 1 1 I l i l t i l l i i l i i 1 1 1 1 l l 1 i ! 

>̂t i-^ ro bJ cn 'Ti - J 
"3 »3 "3 '3 3 '3 '-i © (3 '3 '3 3 >3 '3 '3 

11 11 I i i I 111 11 11 1 1 i l 111 11 l l 11 



D a t a f i l e L58NZD 
LINE 58W Z Component 
dBZ'dT (nW-'fimi >; T O F F c o r r e c t e d D a t a t i l e L58NX0 

LINE 58W X Component 
dBX-dT <ny.'fi»2); T O F F c o r r e c t e d 

C h a n n e l s S c a l e 
1 to ~, 500 00 
4 to fe 60 60 
7 t 0 ci 20 80 

10 t 0 20 5 0 0 

C h a n n e l s S c a l e 
1 t 0 3 500 06 
4 t 0 6 68 00 
7 t o 9 20 00 

10 t 0 20 3 68 

»-* ro ro ro ro ij-i - i CO SI ro oj <s o '3 3 © 3 ro ro PO |S) Si CD •3 o 3 3: •3 3 IT; M CO U) '3 ro hi 
1 1 i i 1 1111 f 

i l l ! 
1 j i ! 11 Ul '3 3 3 '3 '3 3 3 i I i i M i l f i l l I I I ! '3 '3 3 3 •3 "3 3 3 

1111II111111111111111111111111 



D a t a t i l e LbitSZR 
LINE 6Hti Z ConFonent 
d B 2 a T <nV.'m.i* ;; TOFF c o r r e c t e d 

D ata t i l e L66S.«.D 
L I N E S0 N RT ComF onent 
dBK'dT ( nW.'hmi / i TOFF c o r r e c t e d 

Ihanne i s 

16 
l j 

t o 
t o 
to 
I O 2 0 

S c a l e • 
s e e . o e 
256 . 00 
160.00 
30 . 66 
10 . 00 
5 . 00 

CO »-* 

<r> © © 
X X X X © © © 
i ! I i f ' t i 1 I i i i I i i I ! I i i 1 I M 1 i M 

C h a n n e i s 
1 t o 300 66 
4 t o 100 00 
7 t 0 3 30 06 

16 to i 2 13 00 
13 to 15 68 
1 6 t o 20 i 66 

''.1 eh -j CO 
SI Si s> s> Si Si c Si SI S' SI s» SI X X X X Si Si 

i l n III! 1 I 1 1 !n h i i l , i l l 

iA,/.V 

A 4 

f V / V V ( R 

i - 1 

1 6 

1 1 

1 2 

1 0 

1 1 

1 2 

1 3 

1 4 

1 3 

1 4 

i 5 

1 6 

1 3 

1 S 



D a t a f i l e L60I4ZD 
LINE 60W Z Component 
dBZ-'dT CnV-Rm* >; TOFF c o r r e c t e d 

D a t a t i l e L68WX0 
LINE 63W X Component 
dBX-dT (nV.-'RmS :>; TOFF c o r r e c t e d 

C h a n n e l s 
1 t o 3 
4 t o 6 
7 t o 9 

13 t o 20 

S c a l e 
633.00 
238.08 
28 . 00 

3 . 80 

C h a n n e l ; 

10 

t O 
t o 
t o 28 

S c a l e 

688.86 
68 . 83 
20 08 
2 . 88 

I I I I I II I I I < I I I I I I i I I I I I I II I I 

. 3 0 row >s ui ens © 3 

Nihil 
ro>3 >:>j t*j -£> ul 01 a*. cr* 
ISXJI ' 3 tfl ' 3 CJI ' 3 Ul © Ul (JO ' 3 9 St 9 fi S> 3 ' 3 

1 8 

1 1 

1 2 

1 3 

1 4 

1 5 

x 0 

1 1 

1 3 

1 4 

1 5 

1 6 

1 8 



D a t a t i l e LoOH 2 j D a t a f i l e U 
L I N E sew 2 C O [It p O r"i n t L I Ht 60W C o at P o n e r t 
dE'I 'tiT '.. nWhin* , TOFF dBX-- dT •:. nv. / h (ti ̂  , TOFF c c r r e 

Channe i •£ SCa i 6 Cr' a nne i C' c a i & 

l t o •;• 500 . 0 0 I t 0 3 300 . & 0 
4 t o 6 00 4 t 0 3 30 . O 0 
7 t 0 o 00 1 0 t 0 12 1 0 . 0 0 

t o l 2 I 0 . 0 0 13 to 1 5 3 . 0 0 
l - i to 20 00 16 to 20 1 . 0 0 

ro ro ro ro ro ro ro ro 
.j-, -.) ro to • 3 »•* ro OJ "I' © * * ro '-••i CI © © © © 3 © © © © © '-V © ' 3 
(S © 3 >s 3 ' 3 © © © iTt © • 3 © © © is 

1 0 

i 1 

1 2 

1 4 



D a t a t i l e 
LINE 62W 

D a t a t i l e L 6 
LINE 62W 
i B Z - ' i t n'.. r»-

i component 

L 6 2 S X D 
component 

C h a n n e l i lie 
1 t o 3 2006 08 

C hanne1s S c a l e 4 t o 6 60S 00 
7 t o 200 00 

1 t o 3 2 000 . 00 10 t o 12 60 88 
4 To 6 600.00 1 3 t o i 5 28 88 
7 to 9 200.00 16 t o 29 10 88 

i 8 
17 

t o 
t o 

13 
26 

60 
28 0 £ 

-•1 CO 10 >—• 
- 3 <3 3 >S ro 
Q 3 • 3 ' 3 3 3 3 3 

h i ; ! , : 1 l l 1 1 III! In 
' 3 

1 1 1 1 

3 . 

Il l i f i 

11 11 I 1 1 1 11 

3 3 

I I i I I I I I 



D a t a t i l ? L62WZD 
L I H E 62W 2 Component 
dBZ/dT (. nU^'fimi > ; TOFF c o r r e c t e d D a t a t i l e L62HXD 

LINE 62W X Component 
dBX -'dT <'nV -flm* > .• TOFF c o r r e c t e d 

C h a n n e l s S c a l e 
1 to 3 2886.86 C h a n n e l s Sea 1 e 
4 t o 6 288 88 
7 to 9 28 . 88 1 t o 3 2886.88 

18 to 28 3 . 88 4 t o 6 286.66 
7 t o 9 28 . 68 
18 t o 28 3 . 68 

© >— ro 

i I f I tI f I I I ! i i I t I I I I If t 
©© »- ro ro hi u en oi o""i <?\ rOCJI © Ul © Ol © CI © Ul © ci © ci tfl© © © © © © © © © © © © © 
i 1111111111111111 i 111111111 







• 

D a t a t i l e L 6 3M ZD d B i v a T <n 
L i n t 63 W z Co ftip on en t 

T < n v - •• H m 1 , TOFF c r re 1t ed 

Channe 1 s 
C h a n n e i s S c a l e 1 to 3 

4 t o t. 
i t o 3 1000.00 7 to 
4 t o 6 300 00 16 to 12 
7 to 12 30 . 68 13 (o l b 

1 3 to 15 1 6 . 80 17 to 28 
16 to 2tJ 3 . 66 

•3 " ro w 
© en •T-: (.1 13 •3 i3 

© © © IS i3 '3 IB •3 3 3 3 
© © © © '3 '3 3 '3 m i n i 1 1 1 I I 

D a t a f i l e Lfaott.KD 
H h £ 6 3 M o C o m p o n e n t 

OFF c o r r e c t i 

S e a l s 
I860 

2 8 8 
58 
18 

00 

88 

i i I I i I i ! n i I 
I 11 11 111 11 

1 0 

11 

1 £ 
1 0 

i 1 

1 3 

1 4 

1 3 

•mm**--- i 





D a T a t i l e L64S 2D 
LINE 64 W C o nri ponent 
dbZ--**dT Cn If/-fix 2 >; TOFF c o r r e c t e d 

Ch anne S c a l e 
1 to 3 2000.00 
4 t 0 6 200.90 
~? to 60 . 00 

I 9 t 0 12 5 . 00 
13 to 2S 3 . 00 

' 3 'S i — i-* ro !\j 
>Wj ot © cn 
• 3 3 O iS 

Data t i l e L64SXD 
LINE 64W X Component 
OBX-'dT < 'nU/fl»i >; TOFF c o r r e c t e d 

Channe 1; 

to 
t o 
t o 
to 
t o 1 3 

S c a l e 
600.88 
288.88 
68 88 
5 00 
3 . 88 

a •» 

1 0 

11 

1 2 

1 1 

1 2 

1 3 

1 4 

1 5 

1 6 

1 3 

1 4 

1 5 

• 1 6 



D a t a f i l e L64MZD 
LINE 6 4 W Z Component 
dB Zs d T t nV•h mi> j TOFF c o r r e c t e c 

C h a n n e l s 

1 1 
1 7 

10 
16 
£6 

3000 . 3 8 8 . 38 . 
18 . 

08 
00 
0 6 
00 

H» f\'> CvJ CO CA 
yi '3 
• 3 '3 

'3 '3 

I I I I I I I I I I I I 1 I I I I I I 
CD '3 
I I I l i t ! 

D a t a t i l e i_64h 
LINE 64W 2 oritp on en t 
dBX - ci T tnv / Hnii >; TOFF c o r 

Cn anne i s o C d i e 

1 t 0 3 108@.00 
4 t o 6 100.08 

to 30 . 0 0 
1 0 to 12 i 0 - 0 0 
13 t o 16 3 . 08 
1 7 t o 20 1 . 00 

hi -fr. ij\ 'T, 
cn CD 3 <3 '3 
CD 'ZD '3 '3 3 "3 '3 

'J 1 1 1 1 1 1 1 1 1 I i 1 1 1 M i 1 i 1 1 I 1 1 

== 1 0 

1 2 

1 3 

1 4 
1 3 

1 4 





D a t a f i l e L66WZD 
L I H E 66W 2 Component 
dBZ'dT < n V / f i t 2 ) / TOFF c o r r e c t e d 

Channe1; 

ia 

t O 3 
to 6 
to 9 
to 20 

co * 01 co •s is CD CD S 

S c a l e 
500.06 
66 . 00 
5 . 60 
3 . 00 

H * ro 
1 CO '0 'S > 'S >3 C D 

C O C D 
1111ii111111111! 11111111n11111 

Data t i 1 e L66 WXD 
i-INE 66U Contponen t 
iBK.-'it nV/ mi 

Char i Sea 1 e 
1 t o 3 100O.66 
4 t o 250.08 
7 t o 16 188.88 

I 1 t o 15 30 . 00 
16 t 0 £0 18 88 

_ _ ro 
CO * • >:n -J 05 to iS Ot C D <D C D CD O G ? 
C D C D 3 3 C O >S Si I S 

11 ll II • Ii 111 1 1 1 1 11 1 1 i 11 1 1 1 11 1 1 

• - ~-— 
______ 

--——- --

1 0 

1 6 

1 1 

1 2 

1 3 

1 4 

• 1 5 

1 6 

1 1 

1 2 

t 8 

1 8 

1 9 
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APPENDIX I I I 

ANALYTICAL MODELLING 



Comparison of the r e s u l t s 
f o r L i n e 60W and the response 
of a 1300 ohm-m h a l f space 
(top) z-component 
(bottom) x-component 
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F i g u r e 2a: Comparison of the r e s u l t s 
f o r l i n e 30W and a 
500 ohm-m h a l f space 
(top) z-component 
(bottom) x-component 
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APPENDIX IV 

INSTRUMENT SPECIFICATIONS 



GEONICS LIMITED 

EM37 Ground Transient Electromagnetic System 
Technical Specifications 

Current Waveform 
Repetition rate 

Turn-off time (At) 

Transmitter loop 

Transmitter 
protection 

Transmitter output 
voltage 

Transmitter output 
power 

Transmitter wire 
supplied 

Transmitter motor 
generator 

Transmitter 

See Fig. 1 
3Hz or 30Hz in countries using 60Hz power line 
frequency; 2.5Hz or 25Hz in countries using 
50Hz power line frequency; a l l four base f r e 
quencies are switch selectable. 
fast linear turn-off of maximum 300 usee, at 
20 amps into 300x600m loop. Decreases pro¬
portionally with current and (loop area) to 
minimum of 20 usee. Actual value ofx At read 
on front panel meter. 
any dimensions from 40x40m to 300x600m maximum 
at 20 amps. Larger dimensions at reduced current. 
Transmitter output voltage switch adjustable for 
smaller loops. Value of loop resistance read 
from front panel meter; resistance must be 
greater than 1 ohm on lowest voltage setting to 
prevent overload. 

c i r c u i t breaker protection against input over-
voltage; instantaneous s o l i d state protection 
against output short c i r c u i t ; automatically resets 
on removal of short c i r c u i t . Input voltage, 
output voltage and current indicated on front 
panel meter. 
150 volts (zero to peak) maximum; 
20 volts (zero to peak) minimum 
2.8 kw maximum 

1800m. #10 copper wire PVC insulated with nylon 
jacket; transmitter wire, contained on 6 reels 
(supplied); 2 r e e l winders supplied. 

5 HP Honda gasoline engine coupled to 120 volt, 
3 phase, 400Hz alternator. Approximately 8 hours 
continuous operation from f u l l (built-in) fuel 
tank. 



R e c e i v e r 

Measured q u a n t i t y 

Sensor 

Time channels 

Output d i s p l a y 

I n t e g r a t i o n time 

R e c e i v e r output n o i s e 
r e f e r r e d to i n p u t 

Output connector 

S y n c h r o n i z a t i o n to 
Tx 

Noise r e j e c t i o n 
c i r c u i t r y 

R e c e i v e r b a t t e r i e s 

time r a t e o f decay o f magnetic f l u x a l o n g 3 axes. 

a i r - c o r e d c o i l o f bandwidth 40 kHz; 100cm d i a . 
by 7x5cm c r o s s - s e c t i o n . C o i l h o l d e r s u p p l i e d t o 
f a c i l i t a t e measurement along 3 axes. 

20 time channels w i t h l o c a t i o n s and widths as 
shown i n F i g . 2. S u c c e s s i v e o p e r a t i o n at 30Hz, 
then 3Hz, e f f e c t i v e l y g i v e s 30 channels c o v e r i n g 
range from 80 ysec. to 80 msec. 

4 d i g i t p l u s s i g n LED d i s p l a y ; d i s p l a y a l s o shows 
channel number and g a i n . 

2 n c y c l e s at 30Hz; n=4,6,8,10,12,14 ( s w i t c h 
s e l e c t a b l e ) ; s i m i l a r i n t e g r a t i o n times at o t h e r 
base f r e q u e n c i e s . 

-10 2 
t y p i c a l l y 1.5x10 v o l t / m at l a s t gate at 30Hz 
w i t h i n t e g r a t i o n time o f 34 seconds. Noise w i l l 
be h i g h e r d u r i n g i n t e n s e l o c a l s p h e r i c s a c t i v i t y . 
a l l 20 channels i n analogue format and house
keeping f u n c t i o n s i n d i g i t a l format a v a i l a b l e 
from output c o n n e c t o r . 
any o f the f o l l o w i n g ( s w i t c h s e l e c t a b l e ) 
(1) r e f e r e n c e c a b l e 
(2) p r i m a r y p u l s e 
(3) 27 MHz r a d i o l i n k (40 channels) 
(4) h i g h s t a b i l i t y (oven c o n t r o l l e d ) q u a r t z 

c r y s t a l s . 

S e l e c t i v e c l i p p i n g o f atmospheric n o i s e p u l s e s 
at a l l times. Audio output o f Rx c o i l ( t r a n s 
m i t t e r p u l s e blanked out) i s a v a i l a b l e on b u i l t -
i n loud speaker f o r ready i d e n t i f i c a t i o n o f 
i n t e r f e r e n c e . 

12 v o l t r e c h a r g e a b l e G e l - c e l l ; 9 hours c o n t i n u 
ous o p e r a t i n g time at 17°C. Two b a t t e r i e s and 
a b a t t e r y c h a r g e r s u p p l i e d to permit c h a r g i n g o f 
second b a t t e r y from t r a n s m i t t e r motor-generator 
d u r i n g s u r v e y . 



Component Dimensions 

T r a n s m i t t e r c o n s o l e 

GPU 

Wirewinder 

Wire r e e l s (20 amp) 

R e c e i v e r c o n s o l e 

R e c e i v e r c o i l 

25x42x36 cm 

35x74x48 cm 

42x38x35 cm each (2 o f f ) 

33x31(dia.)cm each (6 o f f ) 

38x37x27 cm 

'100 cm d i a . 7x5 cm c r o s s - s e c t i o n 

Component Weights 

T r a n s m i t t e r c o n s o l e 

GPU 

Wirewinders and loaded r e e l s (20 amp) 

R e c e i v e r c o n s o l e ( i n c l . 2 0 amp-hour b a t t e r y ) 

R e c e i v e r c o i l 

20 kg 

60 kg 

120 kg ( t o t a l ) 

21.8 kg 

8.0 kg 

S h i p p i n g I n f o r m a t i o n 

Shipment c o n s i s t s o f 5 boxes 

Two wire boxes 

GPU box 

R e c e i v e r / t r a n s m i t t e r box 

R e c e i v e r c o i l / c o i l - h o l d e r box 

T o t a l s h i p p i n g volume 

T o t a l s h i p p i n g weight 

116x62x48 cm § 186 kg ( t o t a l ) 

96x61x73 cm @ 90 kg 

96x75x73 cm @ 86 kg 

110x110x20 cm § 34 kg 

1.90 c u b i c metres 

390 kg 



I(t) 
20 gates (logarithmically 

spaced) 

At -II-

Transmitter Current Waveform 

FIG. 1 
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30Hz 

3Hz 
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Tx turn-off 
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Gate Location and Widths (30 and 3Hz) 

FIG. 2 
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