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B I B  RESOURCES INC. 
PATHFINDER CLBIM GROUP 
GRAND FORKS, B.C. AREA 

1. INTRODUCTION 

The explorat ion program on Ber Resources' Pathf inder  Claim Group was 

performed a s  a subcontract under t h e  management of Ocean Engineering 

Inc.  NVC Engineering Ltd. performed t h e  geophysical surveys - ground 

magnetics, VLF-EM and r e s i s t i v i t y .  P r io r  t o  t h e  survey, t h e  e x i s t i n g  

g r i d  was expanded t o  cover t h e  a reas  of known showings. Damir Cukor, 

geologis t ,  c a r r i e d  out  t h e  f i e l d  program under t h e  o v e r a l l  supervis ion 

of V .  Cukor, P.Eng. 

F i e ld  work was c a r r i e d  out  during t h e  months of January and February 

under adverse weather condit ions .  Accumulating f resh  snow combined 

with t h e  s t e e p  s lopes made progress of f i e l d  work r e l a t i v e l y  slow. 

The ob jec t ive  of t h i s  work was t o  attempt t o  f ind  extensions of t h e  

known vein s t r u c t u r e s  and t o  o u t l i n e  d r i l l  t a r g e t s .  

I! engineering ltd. 
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2 .  SUMMBRY AND CONCLUSIONS 

Gold-copper hos t ing  massive s u l f i d e  s t r u c t u r e s ,  producing hand picked 

o r e  i n  the  pas t  a r e  t h e  subjec t  of t h i s  phase of explora t ion  of t h e  

Pathf inder  mineral property.  The a rea  of immediate i n t e r e s t  is t h e  

L i t t l e  Bertha workings. 

The main workings were developed and mined from t h e  glory hole  and t h e  

No. 1 a d i t .  Two subsequently excavated a d i t s  d id  not reach t h e  

s t r u c t u r e .  In  t h e  following phase of explora t ion  the  g r i d ,  surveyed 

i n  1989 by S.  Presunka, d id  not cover t h e  showings a rea .  

The surveys by NVC Engineering, t he  subjec t  of t h i s  r epor t ,  were 

designed t o  cover t h e  known showings and t o  explore  f o r  t h e  

extensions.  Although t h e  VW-EM survey d id  not  respond t o  t h e  

showings of massive s u l f i d e s ,  t h e  c o r r e l a t i n g  magnetic l o w  and l o w  

r e s i s t i v i t y  anomalies coincided well with the two showing loca t ions ,  

extending both these  areas  of i n t e r e s t  eastwards. As an extension of 

t h e  present  program, both these  a reas  should be explored by diamond 

d r i l l i n g .  

EJ engineering ltd. 
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3. PROPERTY 

3.1 LOCATION 

Ber Resources' Pathf inder  Claim Group is  located i n  t h e  southern 

c e n t r a l  por t ion  of B r i t i s h  Columbia, e a s t  of Granby River,  

18 kilometres almost due nor th  of Grand Forks, B . C .  The property 

is  i n  t h e  Greenwood Mining Division, on NTS 82E/1 and it is 

centred on nor th  l a t i t u d e  49' 11.5' and west longi tude 118' 25 ' .  

The general  loca t ion  of t h e  property i s  shown on f i g .  1. 

3.2 ACCESS 

From Grand Forks ,  the  p r o p e r t y  i s  a c c e s s i b l e  by the  North Fork 

highway following Granby River along i ts  e a s t  s i d e .  The e n t i r e  

2 1  kilometres of t h e  highway between Grand Forks and t h e  turnof f  

t o  t h e  claims is  paved. Branching from t h e  highway, a network of 

f o r e s t r y  and mining roads provide easy access t o  most of t h e  mine 

workings within t h e  claim group. 

3.3 CLAIMS 

The property comprises nine reverted crown granted mineral claims 

and 14 claims located on t h e  two pos t  system. A l l  claims form a 
contiguous group. 

The claims, record numbers and recording da te s  a r e  a s  follows: 

I engineering ltd. 
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Claim Name Lot No. Record No. Recording Date 

Reverted Crown Grants 

Diamond Hitch 
Chr is t ina  
Derby 
Jasper  F r .  
I ron Bel l  F r .  
London (Bonnock) 
L i t t l e  Bertha 
Lonestar Fr .  
Pathf inder  

Two Post Claims 

Path 1-8 
Lucky 1-4 
Hike 1 & 2 

1684 
1356 
2233 
3029 S 

938 
2234 

959 
1446 S 
782 

1422 
1419 
1420 
1417 
1413 
1412 
1411 
1418 
222 

February 28 
February 23 
February 23 
February 27 
February 2 1  
February 21 
February 2 1  
February 23 
February 1 7  

2046 - 2053 March 4 
2054 - 2057 March 4 
3605 & 3606 March 14 

The claims a r e  j o i n t l y  owned by the  Boundary Gold Corp. and 
Nu-Lady Gold Mines Ltd. Ber Resources Inc.  entered into an 

opt ion agreement with the  former companies t o  earn a 1 /3  working 

i n t e r e s t  i n  t h e  property.  The o u t l i n e  of t h e  property i s  shown 

on f i g s .  2 and 3. 

3.4 TOPOGRAPHY AND CLIIiATE 

The western l i m i t  of t he  property is  a t  t h e  bottom of t h e  Granby 

River Valley. From the re ,  i n  t h e  e a s t e r l y  d i r e c t i o n ,  t h e  

property covers moderately s t eep ,  west fac ing  s lope  of t h e  

Monashee Mountains. The claims l i e  between e leva t ions  of 3,800 

f e e t  and 1,800 f e e t  f o r  a t o t a l  r e l i e f  of 2,000 f e e t .  Two 

streams, Pathf inder  Creek on t h e  nor th  s i d e  and Hornet Creek on 

t h e  south s ides  of t h e  claims, have carved deep and s t e e p  

va l leys ;  both discharge i n t o  t h e  Granby River. 

The claims a r e  located within t h e  range of t h e  B r i t i s h  Columbian 

dry b e l t .  Typical of t h i s  v a r i a t i o n  of t h e  cont inenta l  c l imate  

a r e  t h e  hot  summers, cold winters  and genera l ly  low atmospheric 

p r e c i p i t a t i o n .  This produces a c h a r a c t e r i s t i c  f o r e s t  of 

ponderosa pine,  jack pine,  tamarack with some spruce and very 

l i t t l e  o r  no underbrush. 

I engineering ltd. 



L E G E N D  

m 

r - 

Pgfa 

T - - - - l  

B Geology compiled 1985, 1986 by Dirk Tempelman-Klud, from sources 
referenced with new fieldwork durmg 1983. 1984. I acknowledge the excellenl 
help in compilalion by J. Rhodes, A. JunQ, R.A. Arnold, E A. Fuller. dnd G. lvnch. 

I 



I 
I 
I 
I 
1 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 

BER RESOURCES INC. 
- -T 

PATHFINDER CLAIM GROUP 

REGIONAL GEOLOGY MAP 
GREENWOOD M.D. NTS82 E - '  

I NVC ENGINEERING LTD. VANCOUVER B. C 

~ 

nr: I 



i 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
B 
B 
I 

- 5 -  

4. GEOLOGY 

The general  geological  information is  shown on t h e  GSC Map 17368 

(Pent ic ton) ,  s c a l e  1:250,000, compiled by D. Tempelman-Kluit. This 

shows t h e  area underlain by various sedimentary and volcanogenic rocks 

of Quaternary t o  Proterozoic  ages,  introduced by a c i d i c  t o  u l t ramaf ic  

i n t r u s i v e  rocks i n  severa l  s t ages .  In  t h e  c lose r  proximity of t h e  

claim area ,  t h e  most prominent a r e  t h e  Cenozoic i n t r u s i v e s  of t h e  

Coryell  Syeni te  group and t h e  Cretaceous and/or J u r a s s i c ,  Okanagan 

Bathol i th  granodior i te  ( s ee  f i g .  4 ) .  

The proper ty ' s  geological  f ea tu re s  were mapped i n  1980 by R .  Saunders 

on t h e  1:5,000 s c a l e .  This map shows t h a t  t h e  majori ty  of t h e  

property a rea  is  underlain by g ranod io r i t i c  i n t r u s i v e ,  with much 

smaller a reas  being covered by s y e n i t i c  t o  monzonitic i n t r u s i v e s  and 
with andes i t i c  extrus ives  and re la ted  chert  l ayers .  

Mineral showings cons i s t  mainly of quar tz  veins ,  containing 5-10% 
p y r i t e  and of massive s u l f i d e ,  gold-copper bear ing veins .  

Three showing areas  a r e  known on t h e  property:  Pathf inder  workings, 

L i t t l e  Bertha workings and Diamond Hitch showings. In  t h e  p a s t ,  about 

1,260 tons of hand so r t ed  o r e  was shipped t o  smel te rs .  Various 

shipments contained 0.09 t o  3 . 7 2  o z / t  gold,  2 . 0  t o  12 .0  o z / t  s i l v e r  

and up t o  2.5% copper. 

The ob jec t ive  of t h i s  survey was an attempt t o  o u t l i n e  t h e  poss ib l e  

extensions of t he  known L i t t l e  Bertha showings and t o  o u t l i n e  t a r g e t s  

f o r  d r i l l i n g .  

Extensive snow cover of t h e  a rea  during t h i s  p a r t  of t h e  survey 

hampered any attempts t o  expand on t h e  geological  knowledge of t h e  

claims and t o  more c lose ly  c o r r e l a t e  ou t l ined  geophysical s t r u c t u r e s  

with geological  f ea tu re s .  

I engineering ltd. 
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5. GEOPHYSICAL SURVEYS 

5.1 GENERAL DESCRIPTION 

The geophysical surveys cons is ted  of ground magnetic, VLF-EM and 

r e s i s t i v i t y  surveys.  They were run simultaneously,  u t i l i z i n g  t h e  

Sc in t rex  IGS-2 system. 

The p a r t  of t h e  system dedicated t o  magnetics u t i l i z e s  two 

console u n i t s ,  one s e t  up a s  t he  base s t a t i o n ,  t h e  o the r  a s  t h e  

po r t ab le  u n i t ,  and two s imi l a r  proton p rec i s s ion  sensors  

measuring t o t a l  magnetic f i e l d .  The base s t a t i o n  and f i e l d  un i t  

a r e  time synchronized so  t h a t  t h e  background f i e l d ,  d iu rna l  

va r i a t ions  and micro pulsa t ions  can be f i l t e r e d  from t h e  da t a .  

The base s t a t i o n  was programmed t o  measure t h e  f i e l d  and record 

the  readings a t  f i v e  second in terva l s .  

The VLF u n i t  was se t  up t o  rece ive  s igna l s  from NKL S e a t t l e ,  

Washington, 2 4 . 8  kHz, measuring t h e  hor izonta l  f i e l d  s t r eng th  and 

t h e  in-phase o r  quadrature and out-of-phase components of t h e  

v e r t i c a l  f i e l d .  The instrument uses a sensor cons i s t ing  of a 

t h r e e  c o i l  system, one hor izonta l  and two v e r t i c a l  c o i l s ,  a l l  a t  

90' angles t o  each o ther .  

For t h e  r e s i s t i v i t y  survey, t h e  IGS-2 makes measurements of t h e  

VLF electric f i e l d ,  u t i l i z i n g  a d ipole  with an e l ec t rode  spacing 

of f i v e  metres. The instrument then automatical ly  c a l c u l a t e s  

apparent r e s i s t i v i t y  from the  in-phase and quadrature  components 

of t h e  hor izonta l  e l e c t r i c  f i e l d ,  using t h e  hor izonta l  magnetic 

f i e l d  a s  a phase reference.  See t h e  Appendix f o r  t h e  apparent 

r e s i s t i v i t y  ca l cu la t ion  

The geophysical surveys were conducted over a c lose ly  spaced 

g r i d ;  l i n e  spacing was 40 metres and s t a t i o n  separa t ion  was 20 

metres; t o t a l  length about 8 ki lometres .  Since t h e  g r i d ,  

surveyed by S .  Presunka i n  1989, d id  not  cover t h e  a rea  of 

showings, t h i s  yea r ' s  g r i d  was expanded i n  a l l  d i r e c t i o n s .  To 

B engineering ltd. 
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better outline the areas of interest, ground magnetometer and 

resistivity methods were added to the VLF-EM survey. These two 

methods proved, subsequently, to give important information in 

outlining the drill targets. 

5 . 2  G R O W  KAGNETIC SURVEY 

The results of the ground magnetic survey were plotted on fig. 5 

on a scale of 1:1,000. The total magnetic relief measured was 

1,222 gammas, with a low of 340 and a high of 1,562 gammas. The 

base field was 57,000 gammas. Two general observations can be 

made from the map; firstly, the map area displays a uniform and 
flat response overall, as would be expected from a single and 

magnetically homogenous rock unit; secondly, the trends displayed 

run parallel to the baseline, at 20° or due north-south. 

From the map, it i s  apparent that l o w s  are coincident w i t h  known 

structures. The strongest low occurs on the extension of the 

structure near the highway, on lines 280s and 3205. This low 

indicates a possible extension of the structure zone 50 metres 

southwards to the edge of the grid, and then beyond. As well, 

there is a possible magnetic low structure 50 metres to the east 

of the main low, as indicated by the lobed extensions as shown on 

the map. Another potentially important low structure, at 180E, 

stretching from 80N to 80S, lies on strike with the Little Bertha 

vein. Several weak lows, starting at 120s 80E, and running 

south, parallel to the baseline may be due to some weak 
structure. 

In conclusion, the linearity of the structures and their 

conformity to two general trends suggests vein structures and/or 

fracture controlled alteration zones. 

H engineering ltd. 
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5.3 W - E M  SURVEY 

The data from the VLF-EM survey is presented on two plans, one 

the Stacked Profile Plan, fig. 6 ,  and other, the Fraser Filter 

Plan, fig. 7, both drawn to a scale of 1:1,000. The Stacked 

Profile Plan displays a single good conductor, which is 

coincident with the fence, running parallel to the road near the 

baseline. All other responses show up as weak inflections on the 
profiles. The Fraser Filter Plan is also strongly affected by 
the fence which masks any possible weaker conductors in the 

vicinity that may lie below. Some weak response was obtained 

from the extension of the Little Bertha - a weak high to the west 
of the showings, extending to the southwest. A s  well, some 

response limited in areal extent was obtained from the southwest 

showing near the highway - a small high right in the area of the 
shaft. 

In general, the VLF-EM method has produced only fair results due 
in part to interference from the fence and complications due to 

slope effects from steep topography. However, it is obvious that 
there are no strong conductors within the survey area, except for 

the fence. 

5 . 4  RESISTIVITY 

The apparent resistivity is presented on the Resistivity Plan, 
plotted on a 1:1,000 scale map, fig. 8. Total relief on the map 
if 4,910 ohm-metres. The map is characterized by strong relief 

throughout and trends coincident with the magnetic data and the 

known mineral structures. Prominent lows coincide with the main 

showings. From the Little Bertha showing, a low bounded to the 

east and west by highs, extends nearly due southwards to line 

80S, delineating a possible 200 metre extension of the structure. 
This structure is open to the north. The southwest showing 

coincides with the strongest lows on the map area. The low 

stretches for some 240 metres and is open to the north, across 

the highway, and to the south, off the grid. Both of these 

EJ engineering ltd. 
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s t ruc tu res ,  t h e  L i t t l e  Bertha and t h e  southwest s t r u c t u r e ,  show 

s t rong  response on both t h e  r e s i s t i v i t y  and ground magnetic 

methods. The s t r u c t u r e ,  some 80 metres e a s t  and p a r a l l e l  t o  t h e  

base l ine ,  i s  a l s o  supported by t h e  r e s i s t i v i t y  da t a ,  with a low 

running from t h e  base l ine ,  l i n e  80N t o  l i n e  440s 80E. This 

s t r u c t u r e  i s  pa ra l l e l ed  by another,  some 60 metres t o  t h e  e a s t .  

5.5 CORRELBTION OF GEOPHYSICAL RESULTS 

In  t h e  f a l l  of 1989, Ber Resources had a Ronka EM-16 survey 

c a r r i e d  out  over a small  c lose ly  spaced g r i d  i n  t h e  v i c i n i t y  of 

t h e  L i t t l e  Bertha o ld  workings. The survey was conducted by 

S. Presunka, an experienced f i e l d  opera tor ,  under t h e  supervis ion 

of K .  Hun, P.Eng. The survey ou t l ined  a s t rong  conductor, mostly 

j u s t  e a s t  of t h e  base l ine  ( see  f i g .  6 ) .  Although no t o t a l  

correlation w a s  ev iden t ,  t h i s  conductor is s u s p i c i o u s l y  close t o  

t h e  wire fence following the  bush road. Also, t he  g r i d  was of 

such a size and pos i t i on ,  t h a t  it d id  not  cover t h e  two showing 

areas .  

In  1990, NVC Engineering expanded t h e  g r i d  t o  cover t h e  known 

showings and ca r r i ed  out  VLF-EM, magnetic and r e s i s t i v i t y  

surveys.  The VLF-EM survey confirmed Presunka' s anomaly, 

although t h e  co r re l a t ion  was not pe r f ec t  i n  a l l  loca t ions .  Where 

t h e  conductors do not coincide,  NVC' s conductor normally f a l l s  

c lose r  t o  t h e  wire fence,  making t h e  i n t e r p r e t a t i o n  of t h e  source 

of t h e  anomaly even more p lacable .  This method d id  not  respond 

t o  e i t h e r  of t h e  showing areas .  However, t he  Fraser  F i l t e r  

showed some s t r u c t u r a l  t rends  i n  these  a reas .  

Both o ther  methods, t h e  magnetic and t h e  r e s i s t i v i t y ,  produced 

d i s t i n c t  anomalies i n  both a reas  of t h e  main L i t t l e  Bertha 

showings and t h e  "southwest" showings west of t h e  base l ine .  

Coinciding, elongated low r e s i s t i v i t y  and low magnetic anomalies 

s t r a d d l e  t h e  zones of massive s u l f i d e s  and extend southwards, 

showing a p o t e n t i a l  f o r  an extension of mineralized zones i n  t h a t  

d i r e c t i o n .  Northward extensions were not explored; on t h e  main 

1 engineering ltd. 
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showings, this was due to the closeness to approximate property 

boundary, and on the western zone since it ran into the highway's 

right of way. 

In both cases, the position and strength of the outlined 

anomalies indicate a strong possibility for the presence of the 

zone extensions and both areas should be considered excellent 

drill targets. 

Respectfully Submitted 

February 1990 

I engineering ltd. 

D. Cukor, Geologist 

V. Cukor, P.Eng. 
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COSTS OF THE GEOPHYSICAL PROGRAM ON THE PATFINDER CLAIMS 

Field Work: 

Locating grid ................................ $ 3,000.00 

Mobilization, demobilization 2 days ........... 1,000.00 
350.00 Field supplies ............................... 

Geophysical surveys 15 days @ $ 950.. ......... 14,250.00 

ReDort : 

Data compilation 8 days @ $ 300 .............. 2,400.00 
Drafting,map enlarging ....................... 2,500.00 
Report preparation ........................... 4,000.00 
V.Cukor, P. Eng., engineerinq and supervision 3,000 - 0 0  

Total Expenditure $30,500.00 

V. Cukor, P.Eng. 
NVC ENGINEERING LTD. 

I engineering ltd. 
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CERTIFICATE 

I, VLADIMIR CUKOR, of 304 - 1720 Barclay Street in the City of Vancouver, 
Province of British Columbia, DO HEREBY CERTIFY that: 

1. 

2.  

3 .  

4. 

5 .  

6 .  

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

I graduated from the University of Zagreb, Yugoslavia in 1963 as a 
Graduated Geological Engineer; 
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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  m e a s u r e m e n t  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 .  

T h e  IGS-2 i s  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  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  b e c o m e s  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  or 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 .  

T h e  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  u s e s  f u l l  w o r d s  i n  
m o s t  cases ,  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  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. 
Data a r e  f i r s t  s o r t e d  by 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  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  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 .  
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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  3 2  c h a r a c t e r ,  2 l i n e  
LCD d i s p l a y  

K e y b o a r d  I n p u t  1 4  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 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  m o s t  
a p p l i c a t i o n s  

C l o c k  Real time 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 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 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  A S C I 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  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  of 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 
mV f u l l  s ca l e  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 or 1000 u n i t s  
f u l l  s c a l e .  

C o n s o l e  D i m e n s i o n s  2 4 0  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  k g .  
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  k g .  
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 k g .  

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  
used below - 2 O O C .  

O p e r a t i n g  T e m p e r a t u r e  R a n g e  -4OOC t o  + 5 O o C  

Power R e q u i r e m e n t s  Can b e  p o w e r e d  by  
e x t e r n a l  1 2  V DC or 
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  
b e l o w .  

- Ill - 
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2 .  IGS-2/MP 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  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  as  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  i s  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  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 imi 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  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  i s  
a p p r o x i m a t e l y  30,000 nT.  

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 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  t ime.  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 .  T h e  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  i s  u n p r e d i c t a b l e .  I n  t h e  case of 
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 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  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  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  i s  a v e r y  u n r e l i a b l e  m e t h o d  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 .  

T h e  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  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  

For 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 i s  a sma 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 .  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  b e  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 .  

T h e  s u s c e p t i b i l i t i e s  o f  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  w e l l ,  is t h e  p y r r h o t i t e  
c o n t e n t .  ) 

T h e  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  o n  
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  of 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  
time 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 re  
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:  

M - M  t 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  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 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. I n  t h e  
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  
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 .  
H 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  phenomenon  i s  a 
w i d e s p r e a d  o n e .  

n 

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 
(1 nT = 1 gamma) 

- t5000 nT/m G r a d i e n t  T o l e r a n c e  F o r  
T o t a l  F i e l d  

- v -  



T o t a l  F i e l d  A b s o l u t e  
A c c u r a c y  

- +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 .  
M a n u a 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  i s  t h e  time 
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 
seconds. 
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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 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  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 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 .  

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  i s  
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  a s :  

H 

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

= A s i n  w ; Hs = B c o s  ( w  - s) (1.0) P 

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  

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  

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  
S 

w = f r e q u e n c y  

t = t i m e  

= p h a s e  l a g  

T h e s e  t w o  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  
( see  f i g .  A ) ,  w h i c h  t w o  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 2 ~ 2  s 2 ~ ~ ~ s i n p ,  
J+-- = c o s 2  Q 
A 2  B 2  AB 

Ve r t ica I p* Horizontal 
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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  of t h e  e l l i p s e  ( 0 ) ,  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  
t w o  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  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  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  
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  
amplitude of t he  component 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  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 .  

T h e  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  course 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 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 .  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 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  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  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  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  b e  n o  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  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  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  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 k e y -  
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  a s  l o w  a s  100 m A / 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  u p  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  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  2 0  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  Nar row b a n d p a s s ,  l o w  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  m e a s u r e m e n t  
a c c u r a c y .  

VLF-Magnet 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 - 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 re  
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  + 1 2 0 % ;  r e a d i n g  
r e s o l u t i o n  1%. 

VLF-Magnet ic  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  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 .  T h e  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  
1% f o r  t i l t s  u p  t o  215". 
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3 . 3  Fraser 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 Dr. D .  C .  F r a s e r  i n  1969. T h e  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  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  a s  p r o f i l e s .  
I n  t h e  same a rea  t h a t  a 5" p e a k  t o  p e a k  a n o m a l y  m a y  
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" m a y  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  m a y  b e  p r e s e n t e d  a s  
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  
as  c o l l e c t e d  by VLF r e c e i v e r s  s u c h  a s  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  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 .  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  m e t  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  t w o  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 a n d o m  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  a s  f o l l o w s :  

0.25(R(n+l)-R(n)+O.5O(R(n+2)-R(n+1)+0.25(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+2)+R(n+3)-R(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  s o  i t  c o u l d  b e  a p p l i e d  b y  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  b e c o m e s  
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  i s  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 .  
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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  i s  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  i s  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  t hese  
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  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  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 .  

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

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  t w o  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  of wire i s  u s e d .  When t h i s  d i p o l e  i s  
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  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 .  

The  IGS-2/VLF-4 uses 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  a s  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  i s  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  45O. 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  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 :  

w h e r e :  

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

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 

c) c) 

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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1 
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f = VLF s t a t i o n  f r e q u e n c y  i n  Her t z  

= 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  P O  

T h e  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  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 i s  e x p r e s s e d  as :  

E x ( 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  

E x ( 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  -180' t o  
+180" w i t h  a r e s o l u t i o n  of 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 .  
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