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BOSTON CAPITAL CORPORATION 

BINGO 1 MINERAL CLAIM 

Vancouver I s l a n d ,  B . C .  

- 1. INTRODUCTION 

T h i s  s u r v e y  was conduc ted  upon t h e  r e q u e s t  of t h e  d i r e c t o r s  of 
BOSTON CAPITAL C O R P . ,  a Vancouver based  company, and  is t o  be 
a p p l i e d  a s  a s s e s s m e n t  c r e d i t .  The s u r v e y  was conduc ted  on t h e  
Bingo 1 c l a i m  o n l y .  

A two man crew m o b i l i z e d  f rom Vancouver camped on  t h e  p r o p e r t y  
for  t h e  d u r a t i o n  of t h e  program. T h e  s u r v e y  was comple t ed  i n  
t h r e e  f i e l d  d a y s .  

The o r i g i n a l  g r i d ,  c u t  i n  1 9 8 7 ,  was u t i l i z e d  f o r  t h i s  s u r v e y ,  b u t  
l i n e s  had t o  be r e c h a i n e d  and remarked by t h e  h e l p e r  s i n c e  a 
p o r t i o n  of t h e  f l a g g i n g  had wea the red ,  w i t h  t h e  m a r k i n g s  e i t h e r  
f aded  or washed o f f ,  o r  t h e  f l a g g i n g  had c o m p l e t e l y  d i s a p p e a r e d .  
The h e l p e r  a l s o  a s s i s t e d  i n  s e t t i n g  t h e  p o t s  d u r i n g  s u r v e y .  
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BOSTON CAPITAL CORPORATION 

BINGO 1 CLAIM 
LOCATION MAP 

NTS 92B/12'N VICTORIA M.D. 9.C. 
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BINGO 1 CLAIM 
TOPORAPflY and CLAIM LOCATIONS 

VICTORIA M.0, E.C. NTS 92 0/t2 W 
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- 2 .  PROPERTY, LOCATION and ACCESS 

The property consists of two contiguous claims, staked on the 
modified grid system. The claim names and respective recording 
data are as follows: 

Claim Name No. Units Record No. Anniversary Date 

B I N G O  1 
BINGO 2 

20 
20 

301189 June 26, 1994 
318810 June 23, 1994 

The property is located about 15 km west of Shawnigan Lake in the 
southern part of Vancouver Island, about 40 km northwest of 
Victoria, B.C.  It is in the Victoria Mining Division, on NTS 
92B/12W. The claim group is centered at approximate latitude 48 
36' and west longitude 123 50' (see fig. 1). 

The access to the claims area is provided by an all weather 
gravel road from Shawnigan Lake. The main logging road follows 
the western border of the claims, from where a number of 
abandoned secondary logging roads, mostly passable by 4x4 
vehicle, provide access to different parts of the claims. 
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G e n e r a l  g e o l o g i c  f e a t u r e s  of t h e  area a r e  shown on t h e  g e o l o g y  
map e n t i t l e d  "Geology, V i c t o r i a  Map Area", Open F i l e  701 ,  by J . E .  
M u l l e r ,  scale  1:100,000. 

Two major  f a u l t  z o n e s  d o m i n a t e  t h e  area,  t h e  east-west  San J u a n  
F a u l t  and  t h e  n o r t h w e s t - s o u t h e a s t  S u r v e y  Mountain F a u l t .  These  
a r e  major  s t r u c t u r a l  f e a t u r e s ,  s e p a r a t i n g  g e o l o g i c a l  r e g i o n s  i n  
t h e  area ( t h e  S u r v e y  Mountain F a u l t  s e p a r a t e s  t h e  I n n e r  P a c i f i c  
and  I n s u l a r  G e o l o g i c a l  B e l t s .  

As shown on  f i g .  3 ,  t h e  area is u n d e r l a i n  by  g e o l o g i c  u n i t s  f rom 
P a l e o z o i c  t o  Upper C r e t a c e o u s  ages .  

- 3 . 2  Property Geoloqv 

Two main  r o c k  a s s e m b l a g e s  a re  r e p r e s e n t e d  on t h e  claim group :  
c h l o r i t i z e d  d i o r i t e  and  g n e i s s i c  d i o r i t e  of t h e  Wark  G n e i s s i c  
Complex and  t h e  m e t a s e d i m e n t s  and  v o l c a n i c s  of t h e  L e e c h  R i v e r  
F o r m a t i o n .  D i o r i t e s  o u t c r o p  a t  t h e  n o r t h e r n  and  n o r t h e a s t e r n  
p o r t i o n  of t h e  claims, w h i l e  t h e  Leech F i v e r  Complex c o v e r s  t h e  
r e s t  of t h e  a rea .  They a re  s e p a r a t e d  by  t h e  S u r v e y  Mountain F a u l t  
Zone, t h e  main c a u s e  of f r a c t u r i n g ,  and  a h o s t  f o r  s i l i c i f i c a t i o n  
and  p y r i t i z a t i o n  i n  t h e  area;  t h i s  f a u l t  zone r e p r e s e n t s  a f a i r  
e x p l o r a t i o n  t a r g e t  f o r  m i n e r a l  o c c u r e n c e s .  

3 
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- 4. GEOPHYSICAL SURVEY 

- 4.1 Field Method 

The instrument used for the survey was the Scintrex IGS-2. Only a 
portion of the large grid was surveyed as an extension of the 
1990 program. 

A total of 6 km of survey were run on 100m spaced lines at 25m 
station intervals. A two man crew carried out the field work over 
the grid lines cut in 1987. Since some flagging along the lines 
was broken off by wind or animals, and most of the markings on 
the flagging were faded, the field helper chained lines and 
remarked stations for the engineer. The helper would first assist 
the engineer by setting up the resistivity pots for taking the 
readings and then proceed to chain along the line to the next 
station. 

The instrument used, a Scintrex IGS-2 can be set up to perform 
magnetic, VLF-EM and resistivity surveys. Since the magnetic and 
VLF-EM surveys were completed as a part of the 1987 program, only 
the resistivity survey was carried out now. 

For the resistivity survey, the IGS-2 makes measurements of the 
VLF electric field, utilizing a dipole with an electrode spacing 
of five meters. The instrument then automatically calculates 
apparent resistivity from the in-phase and quadrature components 
of the horizontal electric field, using the horizontal magnetic 
field as a phase reference. See Appendix B for the apparent 
resistivity calculation. 

For this survey, signals from the VLF station Seattle, 24.8 kHz 
were used. 

-- 4.2 Data Presentation a& Discussion of Results 
All survey results are shown on the Resistivity Survey Plan 
(figure 51, presented in a scale of 1:5000. Values, expressed in 
ohmmeters, were plotted on this grid map and then the map was 
contoured. The plan also shows the contours of the 1990 survey 
for easier correlation of results. 

The 1990 survey was conducted over lines 3 to 9 north of 
baseline, and this program expanded the survey eastward over 
lines 11 to 16 inclusive. A total of 6 kilometers of  lines were 
surveyed. 

The total range of values of this portion of the survey was 3624 
ohmmeters; a high of 3640 and a low of 16 ohmmeters was recorded. 
This is high relief, although the 1990 survey was characterised 
by considerably higher relief of 7395 ohmmeters. The two surveys 
show good correlation between the distribution of low and high 
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readings and trends of the interpreted structures, although the 
actual readings in high and low areas do not match everywhere. 
The survey, however, confirms that a prime exploration target 
remains the "zone of alteration" with the low resistivity anomaly 
running coincidentally alongside, to the north side of that 
f f  zone If . 
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- 5 .  RECOMMENDATIONS 

The resistivity survey appears to be a very effective tool in 
this instance, and has the potential to outline in detail the 
target zone in areas where a lack of outcrop prevents geological 
mapping. Thus, the survey should cover the entire grid area 
expanding also in the southern portion of the grid. Very detailed 
geological mapping and extensive sampling should be carried out 
within the zone of interest. 

Respectfully submitted, 
A 

I r 

August 1993 V. Cukor, P.Eng. 
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APPENDIX A 

COSTS OF THE PROGRAM 

Field work and R e p o r t :  

V. Cukor, P.Eng. 4 days @ $450 
Assistant 3 days 

$1800.00 
350 .OO 

Total Expenditure $2150.00 

V. Cukor, P.Eng. 



I, VLAOIMIR CUKOR. o f  21651 Mountainview Cresecent, in the City 
of Maple Ridge, Province of Eritish Columbia, 00 HEREBY CERTIFY 
THAT : 

1. 

2. 

3 .  

4 .  

5 .  

6. 

I am a Consulting Geological Engineer with NVC Engineering 
Ltd. with a business address as above; 

I graduated from the University o f  Zagreb, Croatia in 
1963 3s a Graduated Geological Engineer; 

I am a Registered Professional Engineer in the Geological 
Section o f  the Association o f  Professional Engineers in 
the. Province of British Columbia, Registration No. 7444; 

I have Practiced my profession as a Geological Engineer 
for the past twenty-nine years in Europe, North 
America and South America in engineering geology, 
hydrogeology and exploration fo r  base metals and 
precious metals; 

I have personally supervised the work described in 
this report and have reviewed available information on 
these properties; 

I have no interest, direct or  indirect, in the properties 
of Boston Capital Corporation. nor do I expect to 
receive any. 

June 1993 V .  Cukor , P. Ens. 
NVC Engineering Ltd. 
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1. THE IGS-2 SYSTEM 

1.1 G e n e r a l  I n f o r m a t i o n  

The  IGS-2 I n t e g r a t e d  G e o p h y s i c a l  S y s t e m  is a 
p o r t a b l e  m i c r o p r o c e s s o r - b a s e d  i n s t r u m e n t  w h i c h  
a l l o w s  more  t h a n  o n e  t y p e  of s u r v e y  measurement t o  
b e  p e r f o r m e d  by a s i n g l e  o p e r a t o r  d u r i n g  a survey .  

The  IGS-2 is a m o d u l a r  s y s t e m  w h i c h  c a n  e a s i l y  b e  
c o n f i g u r e d  t o  s u i t  d i f f e r e n t  a n d  c h a n g i n g  s u r v e y  
r e q u i r e m e n t s .  R e c o n f i g u r i n g  t h e  s y s t e m  i s  easy a n d  
o f f e r s  b o t h  o p e r a t i o n a l  f l e x i b i l i t y  a n d  m i n i m a l  
r e d u n d a n c y  w i t h  a minimum number of s p a r e  c o n s o l e s  
a n d / o r  m o d u l e s .  

When c o n f i g u r e d  w i t h  a n y  o f  t h e  a v a i l a b l e  senor 
o p t i o n s ,  t h e  IGS-2 S y s t e m  C o n t r o l .  C o n s o l e  becomes  a 
m e t h o d - s p e c i f i c  i n s t r u m e n t  a c c o r d i n g  t o  t h e  senor 
o p t i o n ( s )  u t i l i z e d .  I n  a d d i t i o n ,  t h e  IGS-2 Console 
is  a n  e l e c t r o n i c  n o t e b o o k  i n t o  w h i c h  g e o p h y s i c a l ,  
g e o l o g i c a l  o r  o t h e r  d a t a  m a y  b e  m a n u a l l y  e n t e r e d  a n d  
d i g i t a l l y  s t o r e d .  

Data i s  s t o r e d  i n  t h e  IGS-2 i n  a n  e x p a n d a b l e ,  s o l i d  
s t a t e  memory a n d  c a n  be o u t p u t  i n  t h e  f i e l d  by 
c o n n e c t i n g  t h e  i n s t r u m e n t  t o  a p r i n t e r ,  t a p e  
r e c o r d e r ,  modem o r  m i c r o c o m p u t e r .  

The  32 c h a r a c t e r  d i g i t a l  d i s p l a y  u s e s  f u l l  w o r d s  i n  
mos t  c a ses ,  e n s u r i n g  c l e a r  c o m m u n i c a t i o n .  B o t h  
p r e s e n t  a n d  p r  e v i  o u s  d a t a  a r e  d i s p l a y e d  
s i m u l t a n e o u s l y ,  a l l o w i n g  c o m p a r i s o n s  t o  b e  made a t  a 
g l a n c e  d u r i n g  a s u r v e y .  

The  IGS-2 r e c o r d s  h e a d e r  i n f o r m a t i o n ,  d a t a  v a l u e s ,  
s t a t i o n  n u m b e r ,  l i n e  n u m b e r ,  g r i d  number  a n d  t h e  
t i m e  of e a c h  o b s e r v a t i o n  i n  i t s  i n t e r n a l  memory. 
Data a r e  f i r s t  s o r t e d  b y  g r i d  n u m b e r ,  t h e n  i n  o r d e r  
of i n c r e a s i n g  l i n e  number  a n d ,  w i t h i n  e a c h  l i n e ,  by 
i n c r e a s i n g  s t a t i o n  n u m b e r .  I n  t h i s  w a y ,  t h e  d a t a  
a r e  o r g a n i z e d  l o g i c a l l y  r e g a r d l e s s  o f  t h e  s e q u e n c e  
i n  w h i c h  t h e y  were t a k e n .  A n c i l l a r y  d a t a  c a n  a l s o  
b e  m a n u a l l y  e n t e r e d  a n d  r e c o r d e d  a t  a g i v e n  s t a t i o n ,  
a l o n g  w i t h  t h e  s u r v e y  p a r a m e t e r s .  

- I -  



1 . 2  S t a n d a r d  Console S p e c i f i c a t i o n s  

D i g i t a l  D i s p l a y  32 c h a r a c t e r ,  2 l i n e  
LCD d i s p l a y  

14  k e y s  f o r  e n t e r i n g  
a l l  commands ,  
c o o r d i n a t e s ,  h e a d e r  
a n d  a n c i l l a r y  
i n f o r m a t i o n  

K e y b o a r d  I n p u t  

L a n g u a g e s  E n g l i s h  p l u s  F r e n c h  
i s  s t a n d a r d  

S t a n d a r d  Memory 16K RAM. More t h a n  
s u f f i c i e n t  f o r  a 
d a y ' s  d a t a  i n  most  
a p p l i c a t i o n s  

C l o c k  Real t ime c l o c k  w i t h  
d a y ,  m o n t h ,  y e a r ,  
h o u r ,  m i n u t e  a n d  
s e c o n d .  One s e c o n d  
r e s o l u t i o n ,  + 1 
s e c o n d  s t a b i i i t y  o v e r  
1 2  h o u r s .  Needs  
k e y b o a r d  i n i t i a l ; -  &&a- 
t i o n  only a f t e r  
b a t t e r y  r e p l a c e m e n t  

D i g i t a l  Data O u t p u t  RS-232C s e r i a l  i n t e r -  
f a c e  f o r  d i g i t a l  
p r i n t e r ,  modem, 
m i c r o c o m p u t e r  o r  
c a s s e t t e  t a p e  
r e c o r d e r .  Data o u t -  
p u t s  i n  7 b i t  ASCI I ,  
n o  p a r i t y  f o r m a t .  
Baud r a t e  i s  k e y b o a r d  
s e l e c t a b l e  a t  110 ,  
300 ,  600 a n d  1200 
b a u d .  C a r r i a g e  
r e t u r n  d e l a y  is 
k e y b o a r d  s e l e c t a b l e  
i n  i n c r e m e n t s  o f  o n e  
f r o m  0 t h r o u g h  999. 
H a n d s h a k i n g  i s  d o n e  
t h r o u g h  X-ON/X-OFF 
p r o t o c o l .  

A l l o w s  IGS-2 t o  a c t  
a s  a master f o r  o t h e r  
i n s t r u m e n t a t i o n .  

- I I  - 



A n a l o g  O u t p u t  F o r  a s t r i p  c h a r t  
r e c o r d e r .  0 t o  999 
m V  f u l l  scale  w i t h  
k e y b o a r d  s e l e c t a b l e  
s e n s i t i v i t i e s  o f  1 0 ,  
100 o r  1000 u n i t s  
f u l l  sca le .  

Console D i m e n s i o n s  240 x 90 x 240 mm 
i n c l u d e s  m o u n t e d  
b a t t e r y  p a c k .  

W e i g h t s  C o n s o l e ;  2.2 kg. 
C o n s o l e  w i t h  Non- 
r e c h a r g e a b l e  B a t t e r y  
P a c k ;  3.2 kg. 
C o n s o l e  w i t h  
R e c h a r g e a b l e  B a t t e r y  
P a c k ;  3 . 6  kg. 

O p e r a t i n g  T e m p e r a t u r e  Range  - 4 O O C  t o  + 5 0 " C  
p r o v i d e d  o p t i o n a l  
D i s p l a y  Heater  i s  
u s e d  b e l o w  - 2 O O C .  

Power R e q u i r e m e n t s  Can be p o w e r e d  b y  
e x t e r n a l  12  V DC o r  
o n e  o f  t h e  B a t t e r y  
Pack O p t i o n s  l i s t e d  
b e l o w .  

- I l l  - 



2. IGS-2IMP MAGNETOMETER 

2.1 T h e  M a g n e t i c  Method 

T h e  m a g n e t i c  m e t h o d  c o n s i s t s  of m e a s u r i n g  t h e  
m a g n e t i c  f i e l d  o f  t h e  e a r t h  a s  i n f l u e n c e d  by r o c k  
f o r m a t i o n s  h a v i n g  d i f f e r e n t  m a g n e t i c  p r o p e r t i e s  a n d  
c o n f i g u r a t i o n s .  T h e  m e a s u r e d  f i e l d  is t h e  v e c t o r  
sum of  i n d u c e d  a n d  r e m a n e n t  m a g n e t i c  e f f e c t s .  T h u s ,  
t h e r e  a r e  t h r e e  f a c t o r s ,  e x c l u d i n g  g e o m e t r i c a l  
f a c t o r s ,  w h i c h  d e t e r m i n e  t h e  m a g n e t i c  f i e l d .  T h e s e  
a r e  t h e  s t r e n g t h  of t h e  e a r t h ' s  m a g n e t i c  f i e l d ,  t h e  
m a g n e t i c  s u s c e p t i b i l i t i e s  of  t h e  r o c k s  p r e s e n t  a n d  
t h e i r  r e m a n e n t  m a g n e t i s m .  

T h e  e a r t h ' s  m a g n e t i c  f i e l d  i s  s i m i l a r  i n  f o r m  t o  
t h a t  of a b a r  m a g n e t ' s .  T h e  f l u x  l i n e s  o f  t h e  
g e o m a g n e t i c  f i e l d  a r e  v e r t i c a l  a t  t h e  n o r t h  a n d  
s o u t h  m a g n e t i c  p o l e s  w h e r e  t h e  s t r e n g t h  is 
a p p r o x i m a t e l y  60 ,000  nT.  In t h e  e q u a t o r i a l  r e g i o n ,  
t h e  f i e l d  i s  h o r i z o n t a l  a n d  i t s  s t r e n g t h  i s  
a p p r o x i m a t e l y  30 ,000  n T .  

T h e  p r i m a r y  g e o m a g n e t i c  f i e l d  i s ,  f o r  t h e  p u r ? o s e s  
o f  n o r m a l  m i n e r a l  e x p l o r a t i o n  s u r v e y s ,  c o n s t a n t  i n  
s p a c e  a n d  t ime.  M a g n e t i c  f i e l d  m e a s u r e n e n t s  m a p ,  
h o w e v e r ,  v a r y  c o n s i d e r a b l y  d u e  to s n o r t  term 
e x t e r n a l  m a g n e t i c  i n f l u e n c e s .  T h e  m a 2 n i t u d e  o f  
t h e s e  v a r i a t i o n s  i s  u n p r e d i c t a b l e .  In t h e  case o f  
s u d d e n  m a g n e t i c  s t o r m s ,  i t  may r e a c h  s e v e r a l  h u n d r e d  
gammas o v e r  a f e w  m i n u t e s .  I t  m a y  b e  n e c e s s a r y ,  
t h e r e f o r e ,  t o  t a k e  c o n t i n u o u s  r e a d i n g s  o f  t h e  
g e o m a g n e t i c  f i e l d  w i t h  a base s t a t i o n  m a s n e t o m e t e r  
w h i l e  t h e  m a g n e t i c  s u r v e y  i s  b e i n g  d o n e .  An 
a l t e r n a t i v e  f i e l d  p r o c e d u r e  i s  t o  make p e r i o d i c  
r e p e a t  m e a s u r e m e n t s  a t  c o n v e n i e n t  t r a v e r s e  p o i n t s ,  
a l t h o u g h  t h i s  is a v e r y  u n r e l i a b l e  method d u r i n g  
a c t i v e  m a g n e t i c  s t o r m s  when i t  is  i m p o r t a n t  t o  have 
p r o p e r  r e f e r e n c e  d a t a .  

T h e  i n t e n s i t y  of  m a g n e t i z a t i o n  i n d u c e d  i n  r o c k s  b y  
t h e  g e o m a g n e t i c  f i e l d  F i s  g i v e n  by:  

I = kF 

w h e r e  I i s  t h e  i n d u c e d  m a g n e t i z a t i o n  
k i s  t h e  v o l u m e  m a g n e t i c  s u s c e p t i b i l i t y  
F i s  t h e  s t r e n g t h  o f  t h e  g e o m a g n e t i c  f i e l d  

F o r  m o s t  m a t e r i a l s ,  k i s  v e r y  much l e s s  t h a n  1. I f  
k i s  n e g a t i v e ,  t h e  body i s  s a i d  t o  b e  d i a m a g n e t i c .  
E x a m p l e s  a r e  q u a r t z ,  m a r b l e ,  g r a p h i t e  a n d  r o c k  s a l t .  
I f  k is a s m a l l  p o s i t i v e  v a l u e ,  t h e  body i s  s a i d  t o  
b e  p a r a m a g n e t i c ,  e x a m p l e s  o f  w h i c h  a r e  g n e i s s  (k = 
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0 . 0 0 2 ) ,  p e g m a t i t e ,  d o l o m i t e  a n d  s y e n i t e .  If k is a 
l a r g e  p o s i t i v e  v a l u e ,  t h e  body i s  s t r o n g l y  m a g n e t i c  
a n d  i t  i s  s a i d  t o  b e  f e r r o m a g n e t i c ,  f o r  example ,  
m a g n e t i t e  (k P 0 . 3 ) ,  i l m e n i t e  a n d  p y r r h o t i t e .  

T h e  s u s c e p t i b i l i t i e s  of r o c k s  a r e  d e t e r m i n e d  
p r i m a r i l y  by t h e i r  m a g n e t i t e  c o n t e n t  s i n c e  t h i s  
m i n e r a l  i s  s o  s t r o n g l y  m a g n e t i c  a n d  so w i d e l y  
d i s t r i b u t e d  i n  t h e  v a r i o u s  r o c k  t y p e s .  (Of 
c o n s i d e r a b l e  i m p o r t a n c e ,  a s  we l l ,  is t h e  p y r r h o t i t e  
c o n t e n t .  ) 

The  r e m a n e n t  m a g n e t i z a t i o n  o f  r o c k s  d e p e n d s  b o t h  on 
t h e i r  c o m p o s i t i o n  a n d  t h e i r  p r e v i o u s  h i s t o r y .  
W h e r e a s  t h e  i n d u c e d  m a g n e t i z a t i o n  is n e a r l y  a l w a y s  
p a r a l l e l  t o  t h e  d i r e c t i o n  o f  t h e  g e o m a g n e t i c  f i e l d ,  
t h e  n a t u r a l  r e m a n e n t  m a g n e t i z a t i o n  m a y  b e a r  no 
r e l a t i o n  t o  t h e  p r e s e n t  d i r e c t i o n  a n d  i n t e n s i t y  o f  
t h e  e a r t h ' s  f i e l d .  T h e  r e m a n e n t  m a g n e t i z a t i o n  i s  
r e l a t e d  t o  t h e  d i r e c t i o n  o f  t h e  e a r t h ' s  f i e l d  a t  t h e  
t ime t h e  r o c k s  were l a s t  m a g n e t i z e d .  Movement  o f  
t h e  body t h r o u g h  f o l d i n g ,  e t c . ,  a n d  t h e  c h e m i c a l  
h i s t o r y  s i n c e  t h e  p r e v i o u s  m a g n e t i z a t i o n  a r e  
a d d i t i o n a l  f a c t o r s  w h i c h  a f f e c t  t h e  m a g n i t u d e  a n d  
d i r e c t i o n  o f  t h e  r e m a n e n t  m a g n e t i c  v e c t o r .  

T h u s ,  t h e  r e s u l t a n t  m a g n e t i z a t i o n  M o f  a r o c k  i s  
g i v e n  b y :  

M - M  + k F  n 

w h e r e  M n  i s  t h e  n a t u r a l  r e m a n e n t  m a g n e t i z a t i o n ,  a n d  
F i s  a v e c t o r  w h i c h  c a n  b e  c o m p l e t e l y  s p e c i f i e d  b y  
i t s  h o r i z o n t a l  ( H )  a n d  v e r t i c a l  ( Z )  c o m p o n e n t s  a n d  
b y  t h e  d e c l i n a t i o n  ( D )  f r o m  t r u e  n o r t h .  S i m i l a r l y ,  
M i s  s p e c i f i e d  when i t s  m a g n i t u d e  a n d  d i r e c t i o n  a r e  
known. T h u s ,  c o n s i d e r a b l e  s i m p l i f i c a t i o n  r e s u l t s  i f  
M = 0 ,  w h e r e u p o n  M m e r e l y  r e d u c e s  t o  kF. In t h e  
e g r l y  d a y s  o f  m a g n e t i c  p r o s p e c t i n g ,  i t  w a s  u s u a l l y  
a s s u m e d  t h a t  t h e r e  was no r e m a n e n t  m a g n e t i z a t i o n .  
B o w e v e r ,  i t  h a s  now b e e n  e s t a b l i s h e d  t h a t  b o t h  
i g n e o u s  a n d  s e d i m e n t a r y  r o c k s  p o s s e s s  r e m a n e n t  
m a g n e t i z a t i o n ,  a n d  t h a t  t h e  p h e n o m e n o n  is  a 
w i d e s p r e a d  o n e .  

n 

2 . 2  M a g n e t o m e t e r  S p e c i f i c a t i o n s  

T o t a l  F i e l d  O p e r a t i n g  R a n g e  20 ,000  t o  100,000 nT 
( I  nT = 1 gamma) 

G r a d i e n t  T o l e r a n c e  For - +5000 nT/m 
T o t a l  F i e l d  
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+1 nT a t  50,000 nT Total F i e l d  A b s o l u t e  - 
+2 nT o v e r  total A c c u r a c y  - 
f i e l d  o p e r a t i n g  a n d  
t e m p e r a t u r e  r a n g e .  

R e s o l u t i o n  0.1 nT 

T u n i n g  F u l l y  s o l i d - s t a t e .  
M a n u a l  o r  a u t o m a t i c  
mode is k e y b o a r d  
s e l e c t a b l e .  

R e a d i n g  Time 2 s e c o n d s .  F o r  
p o r t a b l e  r e a d i n g s  
t h i s  i s  t h e  t i m e  
t a k e n  f r o m  t h e  p u s h  
o f  a b u t t o n  t o  t h e  
d i s p l a y  o f  t h e  
m e a s u r e d  v a l u e .  

C o n t i n u o u s  Cycle T i m e s  K e y b o a r d  s e l e c t a b l e  
i n  1 s e c o n d  i n c r e -  
m e n t s  u p w a r d s  f r o m  
2 s e c o n d s  t o  999 
s e c o n d s .  
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3 .  IGS/VLF-4 ELECTROMAGNETIC R E C E I V E R  

3 . 1  VLF T h e o r y  

VLF s t a t i o n s  ( t o t a l  o f  12 s t a t i o n s  l o c a t e d  a r o u n d  
t h e  w o r l d )  r a d i a t e  e l e c t r o m a g n e t i c  w a v e s  on t h e  VLF 
b a n d  i n  t h e  r a n g e  b e t w e e n  15 t o  29 ktfz. The s i g n a l s  
a r e  t r a n s m i t t e d  f o r  p u r p o s e s  of  n a v i g a t i o n  a n d  
ommunica t i  on w i t h  s u b m a r i n e s .  The VLF 
E l e c t r o m a g n e t i c  R e c e i v e r  p i c k s  up t h e  m a g n e t i c  and 
e l e c t r i c  f i e l d s  of  t h e s e  s i g n a l s  t o  p r o v i d e  
i n f o r m a t i o n  a b o u t  t h e  e l e c t r i c a l  p r o p e r t i e s  o f  t h e  
e a r t h ,  

T h e  s i g n a l  t r a n s m i t t e d  by  t h e  VLF s t a t i o n  is 
r e c o r d e d  b y  t h e  v e r t i c a l  c o i l s  as :  

= B cos ( W  - 0 )  (1.0) 
HS 

H = A s i n w ;  

w h e r e  H = p r i m a r y  s i g n a l  
P 

P 
A = a m p l i t u d e  of p r i m a r y  s i g n a l  

H = s e c o n d a r y  ( p h a s e  l a g e d )  s i g n a l  
S 

B = a m p l i t u d e  of s e c o n d a r y  s i g n a l  

w = f r e q u e n c y  

t = time 

,LY = p h a s e  l a g  

T h e s e  two r e c e i v e d  s i g n a l s  c o m b i n e  g i v i n g  a n  e l l i p s e  
( s e e  f i g .  A ) ,  w h i c h  two a x i s  c o r r e s p o n d  t o  t h e  
l e n g t h  a n d  w i d t h  o f  t h e  e l l i p s e .  

i . e .  H H 2 2 H~ H~ s i n  9 
= c o s 2  Q 

D S + - -  - 
A 2  B 7  AB 

Ver 1 I cal 
A 
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By m e a s u r i n g  t h e  a n g l e  f r o m  t h e  h o r i z o n t a l  t o  t h e  
l o n g a x i s  o f  t h e  e l l i p s e  ( e ) ,  a c o n d u c t o r  i s  l o c a t e d  
when t h i s  t i l t  a n g l e  i s  z e r o .  

As i t s  p r i m a r y  m e a s u r e m e n t ,  t h e  IGS-2/VLF-G e m p l o y s  
two m u t u a l l y  o r t h o g o n a l  r e c e i v e  c o i l s  t o  d e t e r m i n e  
t h r e e  parameters o f  t h e  VLF m a g n e t i c  f i e l d .  T h e s e  
a r e :  1)  t h e  h o r i z o n t a l  a m p l i t u d e  v e c t o r  in a 
d i r e c t i o n  p e r p e n d i c u l a r  t o  a l i n e  j o i n i n g  t h e  
o p e r a t o r  t o  t h e  s t a t i o n ;  2 )  t h e  a m p l i t u d e  o f  t h e  
c o m p o n e n t  o f  t h e  v e r t i c a l  f i e l d  v e c t o r  w h i c h  i s  i n  
p h a s e  w i t h  t h e  h o r i z o n t a l  v e c t o r ;  a n d  3 )  t h e  
a m p l i t u d e  o f  t h e  c o m p o n e n t  o f  t h e  v e r t i c a l  f i e l d  
v e c t o r  w h i c h  i s  90." o u t  o f  p h a s e  w i t h  t h e  h o r i z o n t a l  
v e c t o r .  T h e s e  t h r e e  parameters ,  f o r  t h e  g i v e n  VLF 
t r a n s m i t t e r ,  a r e  r e c o r d e d  s i m u l t a n e o u s l y .  S i n c e  t h e  
v e r t i c a l  c o m p o n e n t s  a r e  e x p r e s s e d  as a p e r c e n t a g e  o f  
t h e  h o r i z o n t a l  v e c t o r ,  t h e y  a r e  a u t o m a t i c a l l y  
n o r m a l i z e d  f o r  a n y  c h a n g e s  i n  t h e  a m p l i t u d e  o f  t h e  
t r a n s m i t t e d  p r i m a r y  f i e l d .  

The  p r i m a r y  f i e l d  f r o m  a VLF s t a t i o n  c a n ,  i n  f a c t ,  
v a r y  c o n s i d e r a b l y .  F o r  t h e  m o s t  p a r t ,  t h e  f i e l d  
f l u c t u a t e s  m o d e r a t e l y  d u r i n g  t h e  c o u r s e  o f  t h e  d a y  
d u e  t o  c h a n g e s  i n  a t m o s p h e r i c  c o n d i t i o n s .  T h e r e  

T o w a r d s  a r e ,  h o w e v e r ,  more d r a m a t i c  c h a n g e s .  
e v e n i n g  t h e r e  i s  a l a r g e  u p w a r d s  s w i n g  i n  t h e  f i e l d  
s t r e n g t h ,  a n d  a t  s e v e r a l  p o i n t s  d u r i n g  t h e  d a y ,  b o t h  
p a r t i a l  a n d  t o t a l  d r o p s  i n  t h e  f i e l d  a m p l i t u d e  c a n  
b e  o b s e r v e d .  In t h e  l i g h t  o f  t h e s e  i r r e g u l a r i t i e s ,  
t h e  h o r i z o n t a l  f i e l d  d a t a  s h o u l d  a lways b e  
c o n s i d e r e d  w i t h  r e s e r v a t i o n  a s  i t  i s  d i f f i c u l t  t o  
know w h e t h e r  c h a n g e s  a r e  c a u s e d  b y  c o n d u c t o r s  o r  b y  
v a r i a t i o n s  i n  t h e  s t a t i o n ' s  s i g n a l .  

If t h e  p r i m a r y  f i e l d  s t r e n g t h  i s  c o n s t a n t ,  c h a n g e s  
i n  t h e  a m p l i t u d e  o f  t h e  h o r i z o n t a l  m a g n e t i c  f i e l d  
m a i n l y  r e f l e c t  v a r i a t i o n s  i n  t h e  c o n d u c t i v i t y  o f  t h e  
e a r t h .  N o r m a l l y ,  t h e r e  w i l l  b e  no  v e r t i c a l  m a g n e t i c  
f i e l d .  H o w e v e r ,  n e a r  a c o n d u c t o r ,  a v e r t i c a l  f i e l d  
w i l l  b e  o b s e r v e d .  T h e  r e l a t i v e  a m p l i t u d e s  o f  t h e  
i n - p h a s e  a n d  q u a d r a t u r e  c o m p o n e n t s  m a y  b e  u s e d  t o  
i n t e r p r e t  t h e  c o n d u c t i v i t y - s i z e  c h a r a c t e r i s t i c s  of 
t h e  c o n d u c t o r .  

3.2 IGS/VLF-4 S p e c i f i c a t i o n s  

F r e q u e n c y  T u n i n g  A u t o m a t i c  d i g i t a l  t u n i n g .  
Can b e  t u n e d  t o  a n y  
f r e q u e n c y  i n  t h e  r a n g e  
15 .0  t o  29.0 kHz w i t h  a 
b a n d w i d t h  o f  150 kHz. 
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Up t o  t h r e e  f r e q u e n c i e s  
c a n  b e  c h o s e n  by key-  
b o a r d  e n t r y  f o r  s e q u e n t i a l  
m e a s u r e m e n t s .  

F i e l d  S t r e n g t h  R a n g e  F i e l d s  as l o w  as 100 mA/m 
can b e  r e c e i v e d .  In 
p r a c t i c e ,  b a c k g r o u n d  n o i s e  
m a y  r e q u i r e  f i e l d s  up t o  
5-10 t i m e s  t h i s  l e v e l .  
Maximum r e c e i v e d  f i e l d  i s  
2 m A / m e t r e .  T h e s e  v a l u e s  
a r e  s p e c i f i e d  f o r  20 kBz. 
F o r  a n y  o t h e r  f r e q u e n c y ,  
c a l c u l a t e  t h e  a b o v e  l i m i t s  
b y  m u l t i p l y i n g  by t h e  
s t a t i o n  f r e q u e n c y  i n  kHz 
a n d  d i v i d i n g  b y  20. 

S i g n a l  F i l t e r i n g  Narrow b a n d p a s s ,  low pass 
a n d  s h a r p  c u t - o f f  h i g h  
pass  f i l t e r s .  

M e a s u r i n g  T i m e  0 . 5  s e c o n d s  s a m p l e  
i n t e r v a l .  As many a s  216 
samples  c a n  b e  s t a c k e d  t o  
i m p r o v e  m e a s u r e m e n t  
a c c u r a c y .  

VLF-Hagnet ic  F i e l d  1 )  H o r i z o n t a l  a m p l i t u d e ,  
C o m p o n e n t s  M e a s u r e d  2 )  v e r t i c a l  i n - g h a s e  

c o m p o n e n t ,  a n d  3 )  v e r t i c a l  
q u a d r a t u r e  c o m p o n e n t s .  
V e r t i c a l  c o m p o n e n t s  a r e  
d i s p l a y e d  a s  a p e r c e n t a g e  
o f  h o r i z o n t a l  c o m p o n e n t  
a n d  a r e  r e l a t e d  i n  p h a s e  
t o  t h e  h o r i z o n t a l  
c o m p o n e n t .  T h e i r  r a n g e  
i s  +120%; r e a d i n g  
r e s o l u t i o n  1%. 

VLF-Hagne t i c  F i e l d  Two a i r - c o r e d  c o i l s  i n  a 
S e n s o r  b a c k p a c k  m o u n t e d  h o u s i n g  

w i t h  an  e l e c t r o n i c  l e v e l  
f o r  a u t o m a t i c  t i l t  
c o m p e n s a t i o n .  The  e r r o r  
i n  t h e  v e r t i c a l  i n - p h a s e  
c o m p o n e n t  i s  l e s s  t h a n  
12 f o r  t i l t s  u p  t o  21.5". 
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3 . 3  F r a s e r  F i l t e r i n q  

T h i s  t e c h n i q u e  f o r  f i l t e r i n g  VLF-EM d a t a  was 
p r o p o s e d  b y  D r .  D .  C .  Fraser in 1969. The  r e a s o n  
f o r  a p p l y i n g  t h i s  f i l t e r  i s  t h a t  t h e r e  is a d y n a m i c  
r a n g e  p r o b l e m  when p r e s e n t i n g  t h e  d a t a  as  p r o f i l e s .  
In t h e  same a r e a  t h a t  a 5"  p e a k  t o  p e a k  a n o m a l y  may 
b e  s i g n i f i c a n t ,  a n o m a l i e s  o f  100" may a l s o  o c c u r .  
T h i s  f i l t e r i n g  o p e r a t i o n  t r a n s f o r m s  t h e  z e r o  c r o s s -  
o v e r s  i n t o  p e a k s  a n d  n o i s e  i s  r e d u c e d  by a p p l i c a t i o n  
o f  a l o w - p a s s  f i l t e r .  The  d a t a  may b e  p r e s e n t e d  as  
p r o f i l e s  o r  t h e  p o s i t i v e  v a l u e s  may be c o n t o u r e d .  

T h i s  f i l t e r  was o r i g i n a l l y  a p p l i e d  t o  d i p  a n g l e  d a t a  
a s  c o l l e c t e d  by VLF r e c e i v e r s  s u c h  as t h e  Radem b y  
C r o n e  G e o p h y s i c s .  It i s  e q u a l l y  a p p l i c a b l e  t o  
v e r t i c a l  i n - p h a s e  a n d  q u a d r a t u r e  d a t a .  

T h e  f i l t e r  p h a s e - s h i f t s  t h e  d a t a  by 90" s o  t h a t  z e r o  
c r o s s  o v e r s  a n d  i n f l e c t i o n s  a r e  t r a n s f o r m e d  into 
p e a k s .  I t  r e m o v e s  d c  a n d  a t t e n u a t e s  l o n g  s p a t i a l  
w a v e l e n g t h s  t o  i n c r e a s e  r e s o l u t i o n  o f  l o c a l  
a n o m a l i e s .  

T h e s e  r e q u i r e m e n t s  a r e  met b y  t h e  d i f f e r e n c e  
o p e r a t o r  (R(n+l)-R(n)), w h e r e  R ( n )  a n d  R ( n + l )  a r e  
a n y  two c o n s e c u t i v e  r e a d i n g s .  

The  f i l t e r  d o e s  n o t  e x a g g e r a t e  t h e  r andom n o i s e .  
T h i s  i s  a c h i e v e d  b y  a p p l y i n g  a l o w - p a s s  o p e r a t o r  t o  
t h e  d i f f e r e n c e s  a s  f o l l o w s :  

0 . 2 5 ( R ( n + l ) - R ( n ) + 0 . 5 O ( R ( n + 2 ) - R ( n + l ) + O . 2 5 ( R ( n + 3 ) -  
r ( n + 2 ) > .  

The  f i l t e r e d  o u t p u t  i s  t h e n  0 . 2 5  (R (n+Z)+R ( n + 3 )  -R (n) - 
R( n+l) ) . 
A s  t h i s  f i l t e r i n g  p r o c e s s  was o r i g i n a l l y  d e s i g n e d  t o  
b e  s i m p l e  s o  i t  c o u l d  b e  a p p l i e d  by f i e l d  p e r s o n n e l  
w i t h  l i m i t e d  f a c i l i t i e s ,  t h e  c o n s t a n t  is e l i m i n a t e d .  

b e c o m e s  The  p l o t t e d  f u n c t i o n  t h e n  
F(n+l,n+2)=(R(n+2)+R(n+3)-(R(n)+R(n+l)). 

The i n t e r p r e t a t i o n  o f  f i l t e r  p l o t s  is q u a l i t a t i v e .  
S i n c e  t h e  f i l t e r  r e t a i n s  r e l a t i v e  a m p l i t u d e s ,  large  
r e s p o n s e s  c a n  b e  e q u a t e d  w i t h  l a r g e  a n d / o r  h i g h l y  
c o n d u c t i v e  z o n e s .  V e r y  s h a r p  r e s p o n s e s  i n d i c a t e  
s h a l l o w  s o u r c e s ,  a n d ,  c o n v e r s e l y ,  b r o a d e r  a n o m a l i e s  
i n d i c a t e  p r o g r e s s i v e l y  d e e p e r  s o u r c e s .  The  
c o n t o u r i n g  c o n n e c t s  r e s p o n s e s  f r o m  l i n e  t o  l i n e  a n d  
s e r v e s  t o  d e l i n e a t e  t h e  t r e n d  o f  c o n d u c t i v e  z o n e s .  
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An a d d i t i o n a l  i n t e r p r e t i v e  tool is a p s e u d o - s e c t i o n  
o f  t h e  f i l t e r  o u t p u t s .  T h i s  is p r o d u c e d  by 
p r o c e s s i n g  a g i v e n  d a t a  p r o f i l e  w i t h  f i l t e r s  of 
v a r i o u s  l e n g t h s  o r  s p a n s .  As t h e  l e n g t h  of  t h e  
f i l t e r  i n c r e a s e s ,  r e s p o n s e s  f r o m  i n c r e a s i n g  d e p t h s  
a r e  s u c c e s s i v e l y  e m p h a s i z e d .  T h e r e f o r e ,  i f  these 
o u t p u t s  a r e  a r r a n g e d  on a s e c t i o n  s u c h  t h a t  g r e a t e r  
d e p t h s  c o r r e s p o n d  t o  l o n g e r  f i l t e r s ,  t h e n  t h e  
s e c t i o n  s h o u l d  a p p r o x i m a t e l y  r e s e m b l e  t h e  c u r r e n t  
p a t t e r n  i n  t h e  g r o u n d .  H o w e v e r ,  i t  m u s t  b e  
e m p h a s i z e d  t h a t  t h i s  is only an a p p r o x i m a t i o n  t o  t h e  
s e c t i o n  ( i . e .  p s e u d o - s e c t i o n ) .  C o n s t r u c t i o n  o f  t h e  
s e c t i o n  f o l l o w s  a number  o f  s t e p s ,  

3 . 4  R e s i s t i v i t v  

To p e r m i t  m e a s u r e m e n t  o f  t h e  V L F - e l e c t r i c  f i e l d ,  a 
d i p o l e  c o n s i s t i n g  o f  two c y l i n d r i c a l  e l e c r r o d e s  a n d  
f i v e  metres o f  wire is u s e d .  When t h i s  d i p o l e  is 
c o r r e c t l y  l a i d  o u t ,  t h e  IGS-2/VLF-4 m e a s u r e s  t h e  i n -  
p h a s e  a n d  q u a d r a t u r e  c o m p o n e n t s  of  t h e  h o r i z o n t a l  
e l e c t r i c  f i e l d  i n  t h e  d i r e c t i o n  o f  t h e  l i n e  j o i n i n g  
t h e  o p e r a t o r  a n d  t h e  t r a n s m i t t e r  s t a t i o n .  The p h a s e  
r e f e r e n c e  i s  t h e  h o r i z o n t a l  m a g n e t i c  f i e l d .  

T h e  IGS-2/VLF-4 u s e s  t h e  m a g n e t i c  a n d  e l e c t r i c  f i e l d  
m e a s u r e m e n t s  t o  a u t o m a t i c a l l y  c a l c u l a t e  t h e  a p p a r e n t  
r e s i s t i v i t y  o f  t h e  e a r t h  a s  w e l l  as  t h e  p h a s e  a n g l e  
b e t w e e n  t h e  m a g n e t i c  a n d  e l e c t r i c  f i e l d  c o m p o n e n t s .  
If t h e  e a r t h  is u n i f o r m  ( n o t  l a y e r e d )  v i t h i n  t h e  
d e p t h  o f  t h e  VLF m e a s u r e m e n t ,  t h e  p h a s e  a n g l e  
b e t w e e n  t h e  h o r i z o n t a l  m a g n e t i c  a n d  e l e c t r i c  VLF 
f i e l d s  w i l l  b e  4 5 " .  .A n o n - u n i f o r m  e a r t h  w i l l  g i v e  
r i s e  t o  o t h e r  p h a s e  a n g l e s .  

T h e  f o l l o w i n g  f o r m u l a e  a r e  u s e d  f o r  r e s i s t i v i t y  a n d  
p h a s e  c a l c u l a t i o n s :  

A p p a r e n t  R e s i s t i v i t y  C a l c u l a t i o n :  

D = -  

where :  

p = a p p a r e n t  r e s i s t i v i t y  on ohm m e t r e s  

E = h o r i z o n t a l  e l e c t r i c  a m p l i t u d e ,  c a l c u l a t e d  
X 

H = h o r i z o n t a l  m a g n e t i c  a m p l i t u d e ,  m e a s u r e d  
Y 
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f = VLF s t a t i o n  f r e q u e n c y  i n  Hertz 

)lo - p e r m e a b i l i t y  o f  t h e  g r o u n d  i n  H e n r i e s / m e t r e ,  
a c o n s t a n t  

The r e s i s t i v i t y  c a l c u l a t i o n  h a s  a r a n g e  o f  I t o  
100,000 ohm metres v i t h  a r e s o l u t i o n  of I ohm metre. 

P h a s e  Angle  C a l c u l a t i o n :  

The p h a s e  a n g l e  0 is e x p r e s s e d  as: 

v h e r e :  

Ex(Q) = h o r i z o n t a l  q u a d r a t u r e  VLF e l e c t r i c  f i e l d  

Ex(I) = h o r i z o n t a l  i n - p h a s e  VLF e l e c t r i c  f i e l d ,  
p h a s e  r e f e r e n c e d  t o  t h e  h o r i z o n t a l  
m a g n e t i c  f i e l d ,  H y .  

The p h a s e  a n g l e  c a l c u l a t i o n  h a s  a r a n g e  o f  -1800 t o  
+180" v i t h  a r e s o l u t i o n  o f  1'. By d e f i n i t i o n ,  t h e  
a n g l e  i s  p o s i t i v e  u h e n  t h e  e l e c t r i c a l  f i e l d  l e a d s  
t h e  m a g n e t i c  f i e l d .  
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