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POCAHONTAB OROUP 

Texada Island, British Columbia 

Owner: D. Cukor 

INTRODUCTION 

The geophisical survey program outlined in this Report was 
conducted by D. Cukor, Geologist, the registered owner of the 
claim. The survey consisted of ground VtF-EM and 
resistivity, utilizing a Scintrex IGS-2 system. 

This work is to be applied as assessment work on the property. 
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& PROPERTY 

The claims are located on the north portion of Texada Island, 
approximately 11 km southeast of Vananda, B.C., covering the top 
and southwestern slope of Mt. Pocahontas. See Figures 1 and 2.The 
property is shown on NTS sheet 92-F/9W, in the Nanaimo Mining 
Division. It is centered at about north latitude 49 42' and west 
longitude 124 26'. 

Access to the property from Vananda is provided via the all 
weather road, which transects the property's southwest corner and 
by the dirt road which leads to Pocahontas Bay and then loops 
back toward the claims. 

The nearest accomodation is in Vananda, and the nearest supply 
centre is Powell River. Texada Island is serviced by a regularly 
scheduled B.C. Ferry route from Powell River; access to Powell 
River is by a combination of road and B.C. Ferry up the sunshine 
Coast or  up Vancouver Island to Comox, then over to the mainland. 
Texada Island is also serviced by regularly scheduled air service. 

The property consists of the following claims: 

Name - 
Grad 

Pocahontas 
Pocahontas 
Pocahontas 
Pocahontas 
Pocahontas 
Pocahontas 
Pocahontas 
Pocahontas 

Record no. 
229847 

1 230266 
2 230267 
3 230268 
4 230269 
5 230270 
6 230271 
7 230272 
8 230273 

-- no. of units 
16 
1 

1 
1 
1 

Anniversary date 
May 28 
May 26 
May 26 
May 26 
May 26 
May 26 
May 26 
May 26 
nay 26 

See flg. 2 for claim locations. 

The topography is fairly moderate over much of the property area, 
except for the southwest facing slope, which is fairly steep. 
Elevations on the property range from 300 to 1100 m above sea 
level. Occasionally, rock outcrops form bluffs. The claims are 
partially covered with timber, with several large blocks logged 
recently. Some areas have been subjected to juvenile thinning. 

The property region has a modified coastal climate; Texada Island 
is located in Vancouver Island's rain shadow. Summers are 
generally warm to hot and dry and winters mild with a moderate 
amount of atmospheric precipitation. The property is generally 
snow-free all year round. 

Water and timber f o r  exploration purposes are available on the 
property . 
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The geophisical surveys comprised of VLF-EM and resistivity 
methods. Both methods were run simultaneously, utilizing the 
Scintrex IGS-2 system. 

- 3.1 F l e l d  Method 

A grid was prepared for these surveys; 6 . 2  km of lines was 
surveyed and flagged. 

For the VLF surveys, the IGS unit was programmed to receive 
signals from two stations: NLK Seattle, Washington, 2 4 . 8  kHz and 
NPM Lualualei, Hawaii, 2 3 . 4  kHz, measuring the horizontal field 
strength and the inphase and out-of-phase or quadrature 
components of the vertical field. the instrument uses a three 
coil system, one horizontal and two vertical coils, all at 90 
angles to each other. The system is set to automatically adjust 
for topographical shadowing of field strength. 

Resistivity measurements were made using capacitive electrodes, 
and utilizing signals from NLK Seattle. For this method, the 
horizontal component of the electric field was measured. 

3 2 VLF-EM Surveys 

Data for both the Seattle and Hawaii VLF-EM surveys was plotted 
as stacked profiles on 1 : 2 5 0 0  scale plans. Conductors were 
interpreted and are marked on both plans. 

On the Seattle survey plan, fig.3, three structures have been 
interpreted. The strongest of the three is located at Line lN, 
200W. This conductor shows a strong response over a length of 
250  meters, and closely coincides with a strong resistivity low. 
The north end of the structure is open. The second strongest 
structure is located approximately 100 meters to the east of the 
first; the two structures are sub-parallel to each other. This 
conductor, however is weak and is coincident with a resistivity 
high. The last structure occurrs in the northwest corner of the 
grid. Although this conductor displays weak response, it 
coincides quite closely with a resistivity low. This structure 
is open to both the north and south. 

The Hawaii survey identified only one structure at line 0, 300E, 
see fig 4 .  The conductor apparently ends to the north of line 0, 
and it weakens to the south. The coincidence of thois structure 
with a resistivity high further lessens the potential of this 
target. 
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- 3 . 3  RO8lStlVitY SUKVOy 

The r e s i s t i v i t y  s u r v e y  data is p r e s e n t e d  a s  f i g . 5 ,  a t  t h e  same 
scale as t h e  s tacked p r o f i l e  p l a n s .  The most s t r i k i n g  f e a t u r e  on 
t h i s  map is a very s t r o n g  r e s i s i v e  s t r u c t u r e  r u n n i n g  n o r t h - s o u t h  
a c r o s s  t h e  whole of  t h e  s u r v e y e d  g r i d .  F l a n k i n g  t h i s  h i g h  are  
lows t o  t h e  eas t  and  t h e  west. These may be of  s i g n i f i c a n c e ;  
t h e  e a s t e r n  s t r u c t u r e  c o i n c i d e s  w i t h  a s t r o n g  S e a t t l e  c o n d u c t o r .  
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The surveys carried out in this program were the first step in 
grass-roots exploration in this area of the claims. For this 
reason, the grid was fairly wide-spaced and irregular. The 
VLF conductors and resistivity lows identified should be traced 
along their lengths employing VLF-EM and resistivity, as we1 as 
prospecting, geological mapping, and ground magnetics.- 

Respectfully submitted, 

August 1992 
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F i e l d  Work 

Report 

COST8 OF THE WORK PROGRAM 

3,000.00 

1,000.00 

TOTAL Costs $ 4 , 0 0 0 . 0 0  

D. @ Cukor  



I, DAMIR CUKOR, of 6108 McKee Street, Burnaby,British 
Columbia, DO HEREBY CERTIFY that: 

1. I graduated from the University of British Columbia in 
1984 as a Bachelor of Science in Geology; 

2. Since 1983 I have been employed as a geologist with NVC 
Engineering Ltd.; 

3. I have worked in the field of exploration geology and 
geophysics for 16 seasons and have held positions of 
responsibility since 1982; 

4. I have performed and/or supervised the work as 
documented in this Report. 

August, 1992 8/Cukor, 8. Sc. 
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  i s  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 s u r v e y .  

The  IGS-2 i s  a m o d u l a r  s y s t e m  which  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  is 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 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  of 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 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  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  3 2  c h a r a c t e r  d i g i t a l  d i s p l a y  uses f u l l  w o r d s  i n  
most  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  be  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 ime 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  
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  number .  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  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 .  

- I -  



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  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  

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 163 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 ,  year,  
hour, 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 l i t y  o v e r  
1 2  h o u r s .  N e e d s  
k e y 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 ace  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  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  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 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 .  

- II - 



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  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  o f  10 ,  
100 o r  1000 u n i t s  
f u l l  s c a l e .  

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

W e i g h t s  Console; 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  Ba t t e ry  
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 -40-C t o  + 5 O o 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 is 
u s e d  b e l o w  -2O'C.  

Power R e q u i r e m e n t s  Can be  powered  b y  
e x t e r n a l  12 V DC o r  
o n e  of  t h e  B a t t e r y  
P a c k  O p t i o n s  l i s t e d  
be low.  

- I l l  - 



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  of 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  i s  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  present  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 .  

The  e a r t h ' s  m a g n e t i c  f i e l d  i s  s imi la 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 .  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 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  i s  
a p p r o x i m a t e l y  60,000 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  30,000 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  
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  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  m a y ,  
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  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  severa l  h u n d r e d  
gammas o v e r  a few 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  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 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  i s  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  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  i s  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  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  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  b y :  

I = kF 

where 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  vo lume  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  mos 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 i s  a smal 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  
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 r e  g n e i s s  (k I 
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0.002), 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  b o d y  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  E 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  so 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  

c o n s i d e r a b l e  i m p o r t a n c e ,  a s  wel 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  of 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  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 bear  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 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 of 
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  is  
g i v e n  by:  

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  

M - M n  + k F  

w h e r e  M n  i s  t h e  n a t u r a l  r t  n t  ma > 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 t  a m p l e t t  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 )  o n e n t s  a n d  
by  t h e  d e c l i n a t i o n  f r o m  t r u e  n o r  S i m i l a r l y ,  
M i s  s F ? c i f i e d  wher. m a g n i t u d e  ant .  e c t i o n  are  
known. T h u s ,  c o n s i d  e sirr,i l i f i c a t i u n  r e s u l t s  i f  
M = 0 ,  whereupon  M l y  r e d u c e s  t o  kF.  I n  t h e  
e z r l y  d a y s  o f  m a g n e t i .  p r o s p e c t i n g ,  i t  was u s u a l l y  
a s sumed  t c t h e r e  w a b  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 .  

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  Range  20,000 t o  100.000 nT 
(1 nT - 1 gamma) 

G r a d i e n t  Tc ' Oranc  - +5000 nT/m 
T o t a l  I 
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T o t a l  F i e l d  
A c c u r a c y  

A b s o l u t e  - +1 nT a t  50,000 nT - +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 i s  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  is t h e  time 
t a k e n  f r o m  t h e  p u s h  
of 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 imes  Keyboard  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 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  w a v e s  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 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  
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  Receiver 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  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  of 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  b y  t h e  v e r t i c a l  c o i l s  as:  

H = A s i n w ;  Hs B cos (W - S) (1.0) P 
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  of p r i m a r y  s i g n a l  

= 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  
HS 

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 = t ime  

N = 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  of t h e  e l l i p s e .  

i . e .  H * ~ 2  S 2 ~ ~ ~ s i n g  
9+- -  = c o s 2  9 
A 2  B2 AB 

Vertical 
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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  is 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-Z/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  receive 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  of t h e  
componen 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  is 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  of t h e  componen t  of 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  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 ,  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  a s  a p e r c e n t a g e  of 
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  of 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  
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 .  T o w a r d 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 eve ra 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  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 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  is 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  or 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  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  of 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 .  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  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  2 9 . 0  LHz 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  Range  F i e l d s  as low 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  fields up  t o  
5-10 times 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 re  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 .  As many a s  216  
s a m p l e s  can b e  s t a c k e d  t o  
i m p r o v e  measurement 
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 ,  
Componen t s  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  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  
of h o r i z o n t a l  componen 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  
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 o l u t i o n  1%. 

VLF-Ma g n e t i c  F i e  I 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  moun ted  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  

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  215". 

. f o r  a u t o m a t i c  t ilt  
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3.3 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  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  there  i s  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 area t h a t  a 5 O  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  
of 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 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 rece ivers  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 .  I t  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  and  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  b y  90" so 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  are  t r a n s f o r m e d  i n t o  
p e a k s .  I t  removes  dc 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 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 t 1 )  are  
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 :  

0.25(R(n+l)-R(n)+0.5O(R(n+2)-R(ntl)+O.Z5(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  0.25(R(n+Z)tR(n+3)-B(n)- 
R ( n + l ) ) .  

As 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  so 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  
F(n+l,n+2)-(R(n+2)+R(n+3)-(R(n)+R(ntl)). 

' T h e  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 ,  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  and 
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  of c o n d u c t i v e  zones. 
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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  t o o l  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 .  A s  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  
are  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  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 .  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  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 a ) .  C o n s t r u c t i o n  of 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 .  

1 
P ' -  

2 n f P  0 

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

2 
X 

E - 
H Y  

To p e r m i t  m e a s u r e m e n t  of t b 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 t 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 measures 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  of  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  
reference 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  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 .  
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  
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  45'. 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 .  

The  f o l l o w i n g  f o r m u l a e  are u s e d  f o r  r e s i s t i v i t y  a n d  

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 

po  - p e r m e a b i l i t y  of t h e  g r o u n d  i n  H e n r i e s / m e t r e ,  

The  r e s i s t i v i t y  c a l c u l a t i o n  has a r a n g e  o f  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  A n g l e  C a l c u l a t i o n :  

The  p h a s e  a n g l e  4 is  e x p r e s s e d  as:  

a c o n s t a n t  

where: 

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  -1800 t o  
+180° w i t h  a r e s o l u t i o n  of 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  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 .  
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