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1. INTRODUCTION 

Assessment work, consisting of geophysical surveys, was conducted 
on the Koksilah claim during the month of August. V. Cukor, 
P.Eng. conducted the survey with the assistance of D. Cukor, 
geologist, owner of the claim and Z. Budrovich, geological 
engineer. 

The area of the claim had been explored in 1988. and the grid cut 
at that time was rehabilitated as preparation for this year's 
survey. A great deal of effort was expended to re-establish the 
exact position of the 1988 survey stations. for purposes of data 
correlation. Where the grid is located in wooded areas, this 
task was accomplished fairly easily, since here flagging was well 
preserved and cut lines were clearly recognizable. In clear cut 
areas, flagging was generally broken off and blown away by the 
wind. In such areas it took considerable time and effort to 
re-establish old survey stations. 

The geophysical work done within this program comprised a 
resistivity survey (VLF-EM E-field method) and a VLF-EM survey. 

P Signals from Seattle, Washington. 24.8 kHz were utilized for both 
W surveys. The VLF-EM survey, essentially repeating a part of the 

1988 survey, was conducted in order to better correlate between 
VLF-EM and resistlvxty data. 



2 .  REVIEW 

2.1 Summary and Conclusions 

The greater part of the claim area is underlain by various 
volcanic rocks. Wide spread pyritization is conspicuous in most 
of the examined areas; pyrite content in sheared areas reaches up 
to 20%. Samples in such areas assayed up to 0.07 oz./ton Au and 
0.2 oz./ton Ag. 

The majority of the anomalous low resistivity readings are 
concentrated in the northeastern portion of the grid, where 
shearing and greater than average pyrite concentrations were 
observed in the scarce rock outcrops. The combination of VLF-EM 
and resistivity surveys appears to be a useful tool for outlining 
such target features in areas where overburden cover precludes 
direct visual observation. 

2.2 Recommendations 

The existing baseline should be extended eastward and the 
gridlines cut to the north over the entire length of the clalm. 
Subsequently, this grid should be used for geological mapping, 
sampiing and geophysical surveys. Selection of target areas for 
backhoe trenching wauld follow the completion of these surveys. 
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KOKSILAH CLAIM 

CLAIM MAP 



3 .  PROPERTY 

3.1 Location and Access 

The property is located on the southern part of Vancouver Island, 
about 15 kilometers west of the community of Shawnigan Lake. Its 
approximate coordinates are north latitude 48" 36' and west 
longitude 123" 5l', on NTS sheet 92B-12W. The claim is in the 
Victoria Mining Division. 

Access is provided from either Victoria or Nanaimo via Provincial 
Highway No. 1, then by a paved highway westward to Shawnigan Lake 
and to the property by the Shawnigan Lake - Port Renfrew Logging 
Mainline, a good quality gravel thoroughfare kept free of snow 
during the winter months. A good quality logging road provides 
access to the various parts of the claim area. Fig. 1 shows the 
general location of the claim. 

3.2 Claim Description 

0 The property comprises KOKSILAH CLAIM, a 20 unit mineral claim, 
staked on the grid system. The claim's record number is 261667 
and the anniversary date 1s September 12. The claim location is 
shown on the claim map, Fig. 2. 

3.3 Topoqraphv. and Climate 

The property covers the area bounded to the south by the PORT 
RENFREW - SHAWNIGAN LAKE LOGGING MAINLINE and to the north it 
crosses the KOKSILAH RIVER; property elevations range between 220 
and 550 meters above sea 1 eve1 . The north facing slope toward 
the Koksilah River valley is moderately steep to very steep. The 
ridge top is relatively flat. 

Vegetation of the property area varies. There are several stands 
of mature trees, under active logging, while a portion of the 
claim is covered by thick second growth, and the rest is still 
clear following clear cut logging. Much of such areas are 
covered by logging slash. 

The climate is fairly typical for the West Coast. Summers are 
hot and dry with most of atmospheric precipitation concentrated 

I-)  
in fall and winter. Normally winters are moderately cold with 

L variable amounts of snowfall year to year. 
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4.  GEOLOGY 

General geology of the area is shown on Fig. 4. The most 
prominent geological feature is the San Juan Fault, a major 
structural lineament trending east-west from Mt. Todd to Cobble 
Hill. It separates Mesozoic rocks to the north from the 
Paleozoic Wark Gneiss. 

The property lies north of the San Juan Fault and is mostly 
underlain by the Bonanza Group tuffs, volcanic breccias and 
basalt flows. At least one diorite sill is present on the 
property. Numerous generally east-west striking shear zones have 
been identified in the northern portion of the claim. 
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5 . GEOPHYSICAL SURVEY 

The surveys were taken at 50 meter station separation, along 100 
meter spaced lines. The instrument used was a Scintrex IGS-2; 
signals from VLF station NLK Seattle, Washington, 2 4 . 8  kHz were 
utilized for both surveys. A total of 5.7 line kilometers of 
survey was conducted. 

5.1 VLF-EM Survey 

The survey data was processed and then plotted on Fig. 4 ,  in the 
form of stacked profiles. 

Two weak conductors appear in the surveyed area, one running from 
L4W, 2+75N to LlW, 3+00N, and running off the surveyed area; the 
second one from L6W, 3 t 5 0 N  to L3W, 4 + 2 5 N .  Both conductors 
coincide in position and strike direction with earlier identified 
shear zones. 

5.2 Resistivity Survey 

A total relief of 3 6 4 9  Ohmmeters is shown on the Resistivity 
Contour Plan, Fig. 5. Although some sporadic lows are found in 
most parts of the grid, the largest concentration of low values 
occurs in the northeastern portion of the grid, coincidental with 
the shear zone locations and the interpreted conductors. However 
the trends that appear on the Survey Plan do not coincide very 
well with the general strike of the structural elements. 
Nevertheless, a wider survey, covering most of the north half of 
the claim area should be completed. 

Respectfully Submitted, 

V. Cukor, P.~ng. 



6 .  COSTS OF THE PROGRAM AND PERSONNEL INVOLVED 

Field Work 

V. Cukor, P.Eng., 5 days @ $400 .00  $ 2 ,000 .00  
Z .  Budrovich, Geological Eng., 4 days @ $ 2 0 0 . 0 0  800.00  
D. Cukor, Geologist, 3 days @ $200 .00  6 0 0 . 0 0  
Instrument rental, 3 days @ $ 5 0 0 . 0 0  1 , 5 0 0 . 0 0  
Truck and camper rental, 5 days @ $ 8 0 . 0 0  4 0 0 . 0 0  

Other Field Expenses 

B.C. Ferries $70 .00  
Meals (Restaurant) 4 2 . 3 5  
Food (in camp) 1 7 1 . 3 5  
Gasoline 7 5 . 1 7  

3 5 8 . 8 7  

Report : 

V. Cukor, P.Eng, 2 days @ $ 4 0 0 . 0 0  
Drafting (N. Cukor), 1 0  hrs. @ $20  
Typing, printing, binding 

Total Expenditure $ 6 , 8 0 8 . 8 7  

Of this total program expenditure, a sum of $ 4 , 0 0 0 . 0 0  is to apply 
for two years of assessment work. 
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of Burnaby, Province of British Columbia, DO HEREBY CERTIFY that: 

1. I am a Consulting Geological Engineer with NVC Engineering 
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2. I graduated from the University of Zagreb, Yugoslavia in 
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3. I am a Registered Professional Engineer in the Geological 
Section of the Association of Professional Engineers in the 
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\2 4. I have practiced my profession as a Geological Engineer for 
the past twenty-nine years in Europe, North America and 
South America in engineering geol ogy , hydrogeol ogy and 
exploration for base metals and precious metals. 

5. I have personally supervised the work described in this 
Report and reviewed all available information on the 
property. 

November 5, 1991 V. Cukor, P.Eng 
NVC Engineering 
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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  o f  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 s u r v e y .  

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 .  Reconf i g u r i n g  t h e  s y s t e m  is  e a s y  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 o f  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  s e n o r  
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  s e n o r  
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 C o n s o l e  
i s  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  may be  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 .  

D a t a  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  b e  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  
most  c a s e s ,  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  number ,  l i n e  number ,  g r i d  number a n d  t h e  
t i m e  o f  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. 
D a t a  a r e  f i r s t  s o r t e d  by g r i d  number ,  t h e n  i n  o r d e r  
o f  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  number.  I n  t h i s  way, t h e  d a t a  
a re  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  of  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  
be  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 .  



1 . 2  S t a n d a r d  C o n s o l e  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  

Keyboard I n p u t  l b  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  
and  a n c i l l a r y  
i n f o r m a t i o n  

Languages  E n g l i s h  p l u s  F r ench  
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  mos t  
a p p l i c a t i o n s  

Clock  Real time c l o c k  w i t h  
d a y ,  month ,  y e a r ,  
h o u r ,  m i n u t e  and 
s e c o n d .  One s econd  
r e s o l u t i o n ,  + 1 
s e c o n d  s t a b i l i t y  o v e r  
1 2  h o u r s .  Needs 
key b o a r d  i n i t i a l i z a -  
t i o n  o n l y  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  ASCII, 
no p a r i t y  f o r m a t .  
Baud r a t e  i s  keyboa rd  
s e l e c t a b l e  a t  1 1 0 ,  
300 ,  6 0 0  and  1200 
baud.  C a r r i a g e  
r e t u r n  d e l a y  i s  
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  one  
f rom 0 t h r o u g h  999. 
Handshak ing  is  done 
t h r o u g h  X-ON/X-OFF 
p r o t o c o l .  

A l lows  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 .  



Analog O u t p u t  For a s t r i p  c h a r t  
r e c o r d e r .  0  t o  999 
mV f u l l  sca le  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  of  10 ,  
100  o r  1000  u n i t s  
f u l l  s ca le .  

C o n s o l e  Dimens ions  240 x 9 0  x 240 mm 
i n c l u d e s  mounted 
b a t t e r y  pack .  

We igh 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  
Pack ;  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  
Pack ;  3 .6  kg .  

O p e r a t i n g  T e m p e r a t u r e  Range -40°C t o  +50°C 
p r o v i d e d  o p t i o n a l  
D i s p l a y  H e a t e r  i s  
u s e d  be low -20°C. 

Power R e q u i r e m e n t s  Can be  powered by 
e x t e r n a l  1 2  V DC o r  
one 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  
below. 



2. IGS-2/MP MAGNETOMETER 

2.1 The M a g n e t i c  Method 

The  m a g n e t i c  method c o n s i s t s  o f  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 .  The  m e a s u r e d  f i e l d  is  t h e  v e c t o r  
sum o f  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  o f  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  o f  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  magne t i sm.  

The e a r t h ' s  m a g n e t i c  f i e l d  i s  s im i l a r  i n  f o r m  t o  
t h a t  o f  a b a r  m a g n e t ' s .  The  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 re  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  6 0 , 0 0 0  nT. I n  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  is  
a p p r o x i m a t e l y  3 0 , 0 0 0  nT. 

The 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 p o s e s  
of  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  time. M a g n e t i c  f i e l d  m e a s u r e m e n t s  may, 
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  t o  s h 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 .  The m a g n i t u d e  o f  
t h e s e  v a r i a t i o n s  is u n p r e d i c t a b l e .  I n  t h e  c a s e  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  may 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  of  t h e  
g e o m a g n e t i c  f i e l d  w i t h  a b a s e  s t a t i o n  m a g 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  is b e i n g  done.  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  is 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  i s  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  h a v e  
p r o p e r  r e f e r e n c e  d a t a .  

The i n t e n s i t y  o f  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  by 
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  volume m a g n e t i c  s u s c e p t i b i l i t y  
F is  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  most  materials ,  k i s  v e r y  much less  t h a n  1. I f  
k  is n e g a t i v e ,  t h e  body is  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  sa l t .  
If k  is  a small p o s i t i v e  v a l u e ,  t h e  body is  s a i d  t o  
be  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 re  g n e i s s  ( k  = 



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 .  I f  k  i s  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  be  f e r r o m a g n e t i c ,  f o r  e x a m p l e ,  
m a g n e t i t e  ( k  = 0 . 3 ) ,  i l m e n i t e  a n d  p y r r h o t i t e .  

The 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  s o  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 .  ( o f  
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 .  
Whereas  t h e  i n d u c e d  m a g n e t i z a t i o n  i s  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  may 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 .  The r e m a n e n t  m a g n e t i z a t i o n  is 
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 i m e  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  are 
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  of  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  by: 

where  Mn 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 is  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  by 
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  
by 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 n  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  are 
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 ,  whereupon  M m e r e l y  r e d u c e s  t o  kF.  In t h e  n  e a 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  was u s u a l l y  
assumed t h a t  t h e r e  w a s  no r e m a n e n t  m a g n e t i z a t i o n .  
However,  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  phenomenon i s  a 
w i d e s p r e a d  o n e .  

2.2 Magne tomete 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  Range 2 0 , 0 0 0  t o  1 0 0 , 0 0 0  nT 
( 1  nT = 1 gamma)- 

G r a d i e n t  T o l e r a n c e  F o r  - +5000  nT/m 
T a t a l  F i e l d  



T o t a l  F i e l d  A b s o l u t e  - +1 nT a t  50,000 nT 
A c c u r a c y  - +2 nT o v e r  t o t a l  

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 .  
Manua 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  C y c l e  Times  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 .  



3. IGS/VLF-4 ELECTROMAGNETIC RECEIVER 

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  1 2  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  waves  on t h e  VLF 
band i n  t h e  r a n g e  b e t w e e n  15 t o  29 kHz. The s i g n a l s  
a re  t r a n s m i t t e d  f o r  p u r p o s e s  o f  n a v i g a t i o n .  a n d  
o m m u n i c a t i o n  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  a n d  
e l e c t r i c  f i e l d s  o f  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 ec t r i ca l  p r o p e r t i e s  o f  t h e  
e a r t h .  

The 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  by t h e  v e r t i c a l  c o i l s  as:  

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

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

HS = 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  

B = a m p l i t u d e  o f  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 

g- = 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  an  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 Z  Z H   sing 
s 

= c o s 2  p' 

AB 

Verticoi 



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  (8), 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 .  

A s  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-4 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  p a r a m e t e r s  of  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  i n  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  
component  of  t h e  v e r t i c a l  f i e l d  v e c t o r  which  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  component  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  is  90' o u t  of 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  p a r a m e t e r s ,  f o r  t h e  g i v e n  VLF 
t r a n s m i t t e r ,  are 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  a s  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  any  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  mos 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  
due 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  
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 .  Towards  
e v e n i n g  t h e r e  i s  a  l a r g e  upwards  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  
be  o b s e r v e d .  I n  t h e  l i g h t  of  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 l w a y s  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  as 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  by c o n d u c t o r s  o r  by 
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 .  

I f  t h e  p r i m a r y  f i e l d  s t r e n g t h  is  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  of  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  be  no  v e r t i c a l  m a g n e t i c  
f i e l d .  However,  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  be  o b s e r v e d .  The 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  may 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  o f  
t h e  c o n d u c t o r .  

3.2 IGSIVLF-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 be  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  1 5 0  kHz. 



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  Range F i e l d s  a s  l o w  as 100 mA/m 
c a n  b e  r e c e i v e d .  I n  
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 imes t h i s  l e v e l .  
Maximum r e c e i v e d  f i e l d  is  
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 kHz. 
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  
by 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  by 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 p a s s  
a n d  s h a r p  c u t - o f  f  h i g h  
p a s s  f i l t e r s .  

M e a s u r i n g  Time 0 . 5  s e c o n d s  s a m p l e  
i n t e r v a l .  A s  many a s  216 
s a m p l e s  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-Magnetic 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 ,  
Components  M e a s u r e d  2 )  v e r t i c a l  i n - p 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  componen t s .  
Ver t ica l  c o m p o n e n t s  are 
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  component  
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  
componen t .  T h e i r  r a n g e  
i s  +120%; r e a d i n g  
r e s y l u t i o n  1%. 

VLF-Magnetic 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  mounted  h o u s i n g  

w i t h  a n  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  
componen t  i s  less  t h a n  
1% f o r  t i l t s  up t o  2 1 5 " .  



F r a s e r  F i l t e r i n g  

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  by D r .  D. C. F r a s e r  i n  1 9 6 9 .  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 .  
I n  t h e  same a r e a  t h a t  a 5' p e a k  t o  p e a k  anomaly  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  is r e d u c e d  by a p p l i c a t i o n  
of a  low-pass  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 b e  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 by 
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 .  

The 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  i n t o  
p e a k s .  It removes  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 re  met by 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  random n o i s e .  
T h i s  i s  a c h i e v e d  by 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  as f o l l o w s :  

The f i l t e r e d  o u t p u t  i s  t h e n  0.25(R(n+2)+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  i s  e l i m i n a t e d .  

The p l o t t e d  f u n c t i o n  t h e n  becomes 
E(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  of 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 ,  l a r g e  
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 .  Very  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 .  



An a d d i t i o n a l  i n t e r p r e t i v e  t o o l  is  a p s e u d o - s e c t i o n  
of  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  o f  

,' ' 
1 v a r i o u s  l e n g t h s  o r  s p a n s .  A s  t h e  l e n g t h  of  t h e  L/ 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 re  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  t h e s e  
o u t p u t s  are 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 .  However ,  i t  mus t  b e  
e m p h a s i z e d  t h a t  t h i s  i s  o n l y  a n  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 of  s t e p s .  

3.4 R e s i s t i v i t y  

To p e r m i t  measurement  of  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  of two c y l i n d r i c a l  e l e c t r o d e s  a n d  
f i v e  metres o f  w i r e  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  o f  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  and  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  is  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 .  

The 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  of  t h e  e a r t h  a s  wel 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  and  e l e c t r i c  f i e l d  componen ts .  
I f  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 )  w 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  
be tween  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  be 45'. A non-un i f  orm 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 .  

The f o l l o w i n g  f o r m u l a e  a re  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 :  

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 ,  measured  
Y 



f  = VLF s t a t i o n  f r e q u e n c y  i n  Hertz 

po = p e r m e a b i l i t y  o f  t h e  g round  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  of 1 t o  
100 ,000  ohm metres w i t h  a r e s o l u t i o n  o f  1 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  $ is e x p r e s s e d  as: 

whe re  : 

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 ,  Hy.  

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  -180' t o  
+180° w i t h  a  r e s o l u t i o n  o f  lo .  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  when 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 .  


