
. 

AUTHOR(S) . .'I.! !. I,?! ! II. cu.a.g. I .  ?'.cy ' . SIGNATUREIS) . . . . . .  
I 

. . . . . . . . . . . . . .  

PFWince of Ministry of 
hkitishccwmtna Energy, Mines and 

/- 

w Petroleum Resources 
ASSESSMENT I? Z?CR': 

TITLE PAGE AND SUMMAZY 

T TYPE OF REPORT/SURVEY(S) TOTAL COST 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . v . . . . . . . . . . . . . . . . . . . . . . . . .  
DATE STATEMENT OF EXPLORATION AND DEVELOPMENT FILED . .  .r"r.?Y.. . . . . . . . . . . .  2 4 -  / s o  YEAR OF WORK Q O  . . . .  

PROPERTY NAMEIS) . . . .  .?Q&4H.o h1.74 5. . . .  .6.2.0. u.?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I 
COMMODITIES PRESENT . . G U . l d .  .$ . .cPf?PQr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B.C. MINERAL INVENTORY NUMBERIS). IF KNOWN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MINING DIVISION NTS . . .  .? 2. .e. I.?? . . . . . . . . . . .  

W T ! T U D E  . . . . . .  .4.?? .42'. . . . . . . . . . . . . . . . .  LONGITUDE . .  . /Ak.? .z 6.  . . . . . . . . . . . . . . . . . . . .  

. #A?'?A!bO. . . . . . . . . . . . . . . . . . . . . . . . . . .  

NAMES and NUMBERS of all mineral tenures in qood stendin9 (when work was done) that form the DrOWRy 'Examples 
(12 unitrl ,  PHOE'rllX (Lot 1706). Mineral Lease M 123, Mimng or Ceartifmd Mining b a s e  ML 12 klaima tnwlved): 

TAX 1 4 ,  FIRE 2 

cT.EA .a. . .  L.1.b.. . u , w w . .  , . .?o.c.?..c!o.r?.T-AS . .  .).-.e.. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OWNERS) 

( 1 )  . .  ?!?.M! %. . . .  .cu.+?P. w . . . . . . . . . . . .  . .  12) . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . r .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MAILING ADDRESS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OPERATOR(S) (that is. Companv paving for The work) 

(11 . . , ? . A . 3 . a .  . .WW'L . . . . . . . . . . . . . . .  12) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MAILING ADDRESS 

. . .  .4.% . .4?? \IC . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY GEOLOGY (lithology, we, structure, altsmtion. minsmiization. siza. and mitude): 

. . .  .?CQ r!.~. . .  . \*.s. . .+.o ~ ~ ~ ! + . I : L c I .  . .  b? . . .  &.cF++ . .  Y.? ! ~ q . n  I'CS . .  .q.h 4 .  . . .  

. . .  ! i ~ ~ e . s . t . a ~ e .  . .  .I.Q . t~q .d . -~  . . .  .by. . . I + . ~ . Y ? A  . .l.q .+.CUI D.M... . .&.prac .-. .go.ld. 

. .  .&&... . t .~pp.ec . .  . ~ ! ! ~ e . u : .  . .  sho.w1n.y .~ .  . .  . 4 r e . .  . . ~ J ~ . Q s ~ L ~ , T . .  . .ov).. . .  ..e.. . .  

. . .  . & i . k S . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

+4 
( 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  U i 
REFERENCES TO PREVIOUS W O R K .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



TVPE OF WOHK IN EXTENT OF WORK 
( IN  METRIC UNITS) - . - - - . 1 H I S  ___ REPORT 1 

GEOLOGICAL Ircale. area) 
Glound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pitot0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(iEOP11YSlCAL (line-kilometra) 
Ground 

iWqnetic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Electromegnetic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Indiicud Polarization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R&ionwnc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Seiiniic . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Other . i ! e s . i~ .  tc’v.;. f ~ .  . . . .  13. . k h .  . . .  

Airlmrne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
GEOCIIEMICAL Inurnbar of samples snalyred for .... 1 

Soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Slit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Other . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DRILLING (total metres; number of holes, sizes) 

Core . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Noncora . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* R E I  ATE0 TECHNICAL 
Ssmipling/aawying . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pdti ographic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mineralogic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. Metallurgic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ON WHICH CLAIMS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . .  G U P . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

APWRTIONED COST 

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. .  .?, .?.‘.S ... 0 0 

. . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I I PROSPECT ING (scale. weal  

P t I E Y AH A TOR Y /PI4 Y SI CA L 
1 ayl rurvsyi lscele. areal 
loougrai~hlc (scale. areal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t’hotogratnriistiic (scale, *rea) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L inulyrld (kllornetres) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R o d .  local access (kilombtrsr) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
r fbl tCt i  (tmtas) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  
1)irdai Ground (fltetW3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

---I I . I - 
NAME OF PAC ACCOUFIT 

----I___ .. 
t -O i4  MINISTRY USE 

Valiie work done lfrurn report) 

‘v‘crliie of work appromd 
vdue cirimad (from statement) 
V.~liie credited to PAC account 
Valiru dct,ited l o  PAC accoiint 
A ~ - ~ ; P , P I ~  Date Aept. No. . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  

-. - - 
-----____I 

. . , .  

. . .  
. .  

-- I TOTAL COST I . .’, ?. ! ?! : ? .a 

- I  



-.-- 

I 

I 

1. 

2 .  

3 .  

4. 

5 .  

TABLE CONTENTS 

INTRODUCTION 

PROPERTY 

GEOLOGY 

3.1 REGIONAL GEOLOGY 

3.2 PROPERTY GEOLOGY 

GEOPHYSICAL SURVEYS 

4.1 GENERAL DESCRIPTION 

4.2 DISCUSSION OF RESULTS 

CONCLUSIONS AND RECOMMENDATIONS 

APPENDIXES 

COSTS O F  THE WORK PROGRAM 

INSTiiUMENT SPECIFICATIONS 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

ILLUSTRATIONS 

LOCATION MAP 

CLAIM MA? 

GENERAL, GEOLOGY MAP 

RESISTIVITY CONTOUR 

r; 
A 

A f t e r  

PLAN In 

E 8  
S S  

Page 

1 

2 

3 

3 

3 

Page 

P o c k e t  

L O G I C A L  B R A N C H  
E S S M E N T  R E P O R T  



1. _. 

POCAHONTAS GROUP 

Texada Island, British Columbia Area 

Owner: D. Cukor 

INTRODUCTION 

The program outlined in this Report was conducted by V. Cukor, 
P.Eng., of NVC ENGINEERING LTD. of Vancouver, B.C. It consisted 
of ground resistivity, utilizing a Scintrex IGS-2 system. 

The program w a s  conducted during the month of  April and this work 
is to be applied f o r  assessment credit with the Ministry of 
Enerqy, Mines and Petroleum Resources. 

1 engineering ltd. 



- 2 .  PROPERTY 

The p r o p e r t y  is l o c a t e d  on t h e  n o r t h  p o r t i o n  o f  Texada  I s l a n d ,  
a p p r o x i m a t e l y  11 k m  s o u t h e a s t  of  Vananda ,  B.C., c o v e r i n g  t h e  t o p  
a n d  s o u t h w e s t e r n  s l o p e  of M t .  P o c a h o n t a s  ( s e e  F i g u r e s  1 a n d  2 ) .  
The p r o p e r t y  is loca ted  i n  t h e  Nanaimo M i n i n g  D i v i s i o n .  I t  is 
c e n t e r e d  a t  n o r t h  l a t i t u d e  4 9 O 4 2 '  a n d  w e s t  l o n g i t u d e  1 2 4 * 2 6 ' ;  i t  
is shown on NTS s h e e t  92-F/9W. 

Access t o  t h e  claims from Vananda is p r o v i d e d  v i a  t h e  a l l  w e a t h e r  
r o a d ,  w h i c h  t r a n s e c t s  t h e  s o u t h w e s t  c o r n e r  of  t h e  p r o p e r t y  a n d  b y  
t h e  d i r t  r o a d  w h i c h  l e a d s  t o  P o c a h o n t a s  Bay a n d  t h e n  loops b a c k  
t o w a r d  t h e  p r o p e r t y .  

The n e a r e s t  a c c o m o d a t i o n  is i n  Vananda ,  a n d  t h e  n e a r e s t  s u p p l y  
c e n t r e  is P o w e l l  River .  Texada  I s l a n d  is s e r v i c e d  b y  a r e g u l a r l y  
s c h e d u l e d  B.C.  F e r r y  r o u t e  f r o m  P o w e l l  R i v e r ;  access t o  P o w e l l  
R i v e r  is b y  a c o m b i n a t i o n  o f  r o a d  a n d  3 . C .  F e r r y  up  t h e  S u n s h i n e  
C o a s t  o r  u p  Vancouver  I s l a n d  t o  Comox, t h e n  o v e r  t o  t h e  m a i n l a n d .  
Texada  I s l a n d  is also s e r v i c e d  b y  r e g u l a r l y  s c h e d u l e d  a i r  s e r v i c e  

The p r o p e r t y  c o n s i s t s  o f  t h e  f o l l o w i n g  m i n e r a l  claims: 

C l a i m  No. of  u n i t s  R e c o r d  No. A n n i v e r s a r y  Lit(: 

Grad 1 6  1 7 3 7  May 2 8  
P o c a h o n t a s  1-8 1 u n i t  c l a i m s  2963-70 May 2 6  

The t o p o g r a p h y  i s  f a i r l y  m o d e r a t e  o v e r  much of  t h e  p r o p e r t y  a r e a ,  
e x c e p t  f o r  t h e  s o u t h w e s t  f a c i n g  s l o p e ,  wh ich  is f a i r l y  s t e e p .  
E l e v a t i o n s  on t h e  c l a i m s  r a n g e  f r o m  3 0 0  t o  1100 m a b o v e  sea 
l e v e l .  O c c a s i o n a l l y ,  r o c k  o u t c r o p s  f o r m  Siuffs. The p r o p e r t y  is 
p a r t i a l l y  c o v e r e d  w i t h  t i m b e r ,  w i t h  s e v e r a l  l a r g e  b l o c k s  l o g g e d  
r e c e n t l y .  Some a reas  h a v e  b e e n  s u b j e c t e d  t o  j u v e n i l e  t h i n n i n g .  

T h e  p r o p e r t y  r e g i o n  h a s  a m o d i f i e d  c o a s t a l  c l i m a t e ;  Texada  I s l a n d  
is l o c a t e d  i n  Vancouver  I s l a n d ' s  r a i n  s h a d o w .  Summers a r e  
g e n e r a l l y  w a r m  t o  h o t  a n d  dry an6 winters mi?d w i t h  a m o d e r a t e  
amount  o f  a t m o s p h e r i c  p r e c i p i t a t i o n .  The p r o p e r t y  is g e n e r a l l y  
s n o w - f r e e  a l l  year r o u n d .  

Water a n d  t i m b e r  f o r  e x p l o r a t i o n  p u r p o s e s  a r e  a v a i l a b l e  on t h e  
p r o p e r t y  . 

P engineering ltd. 
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NVC ENGINEERING LTD. VANCOUVER B.C. 
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- 3.1 Reqional Geoloqy 

The area of the propery is underlain by volcanic rocks of the 
Upper Triassic Karmutsen Formation which is the oldest part of 
the *Vancouver Group. The Karmutsen is conformably overlain by 
limestones of the Upper Triassic Quatsino Formation, also known 
on Texada as the Marble Bay limestones. Both the Karmutsen and 
the Quatsino rocks were intruded by numerous stocks, sills and 
dykes of biotite-hornblende quartz diorites of Middie and Upper 
Jurassic Island Intrusions. 

The rocks of  the Karmutsen Formation (referred to as the Texada 
Formation by McConnell, 1914, p.21) are composed of pillowed 
basalt, succeded by various types of breccia. The rocks are dark 
grey to black, weathering a reddish color; they are usually 
amygdaloidal. ?illowed lavas and breccias are overlain by well 
bedded lava flows. At the top of  the Formation occurs a sequence 
of limestone beds u p  to ten meters thick. This limestone is 
usually intcrbedded with volcanic rocks, and it is fossiliferous. 
The ammonite f a u m  identified indicates the age o f  the rocks to 
be Upper Triassic. 

The limestones of  the Quatsino (Marble Bay) Formation are 
"massive or in beds several feet thick; in 3 minor p a r t  of the 
formation beds are a few inches thick and separated by thin shale 
and sandstone laminations. I' In many places the limestone is 
ir,truded by dykes and sills and near intrusive contacts the 
niimestane is metamorpnosed into marble  and in many instances 
into scarn with economic magnetite and chalcopyrite deposits .'' 
(MuiLer, ; . E . ,  1969) 

The post Upper Triassic deformatons are charecterized by steep 
faults and related folds. The folding which probably started in 
Upper Triassic predated the emplacement of the main Coast 
intrusives. 

- 3 . 2  Property Geoloqy 

The claim 7roup is underlain predominantly by the Upper Triassic 
andesitic volcanic rocks of the Karmutsen Formation. i n  the 
vicinity of the showing area the andesites or greenstones are 
locally interbedded with limestones o f  unknown thickness. This 
assemblage is intruded by a quartz diorite stock which underlies 
the northeastern part of the claims and is t!ioucjht to be 
respoinsiblc f o r  t h e  skarn development within the limestone 
bands. 

I! engineering ltd. 

7, .J 



L 

.Q 
G 

/ 
Aflw MULLER. 1. E. 196 

(Part d GSC Mop IFIW 
4 

POCAHONTAS CLAIM GROUP 

GENERAL GEOLOGY MAP 
NANAIYO M.D., B.C. NTS 92F/9W 

NVC ENGINEERING LTD. VANCOUVER B.C 

7 DATE: August 1990 1 SCALE: w FIG. 0 m5 km I 



The metasomatic processes produced by intrusive activity have 
resulted in recrystallization and development of both calc- 
silicate and magnetite skarns. The magnetite skarns are 
mineralized with chalcopyrite, pyrite and native gold. 
Previously conducted magnetometer surveys suggest that these may 
be extensive and they therefore constitute an excellent target 
f o r  gold exploration. 
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- 4 .  GEOPHYSICAL SURVEYS 

- 4.1 G e n e r a l  D e s c r i p t i o n  

The s u r v e y  w a s  c o n d u c t e d  o v e r  t h e  p r e v i o u s l y  c u t  g r i d ,  
r e h a b i l i t a t e d  b y  some a d d i t i o n a l  f l a g g i n g .  The 1 0 0  meter s p a c e d  
g r i d  l i n e s  h a v e  2 5  meter s u r v e y e d  s t a t i o n s .  The t o t a l  l e n g t h  o f  
t h e  s u r v e y e d  g r i d  was a b o u t  1 3  k m .  

The g e o p h y s i c a l  s u r v e y  w a s  p e r f o r m e d  u t i l i z i n g  t h e  S c i n t r e x  IGS-2 
s y s t e m ,  wh ich  c a n  b e  s e t  t o  p e r f o r m  m a g n e t i c ,  VLF-EM a n d  
r e s i s t i v i t y  s u r v e y s .  O n l y  t h e  r e s i s t i v i t y  s u r v e y  w a s  c a r r i e d  o u t  
d u r i n g  t h i s  s u r v e y .  

F o r  t h e  r e s i s t i v i t y  s u r v e y ,  t h e  I G S - 2  m a k e s  m e a s u r e m e n t s  o f  t h e  
VLF e l e c t r i c  f i e l d ,  u t i l i z i n g  a d i p o l e  w i t h  a n  e l e c t r o 3 e  s p a c i n g  
of f i v e  meters .  The i n s t r u m e n t  t h e n  a u t o m a t i c a l l y  c a l c u l a t e s  
a p p a r e n t  r e s i s t i v i t y  f r o m  t h e  i n - p h a s e  a n d  q u a d r a t u r e  c o m p o n e n t s  
of t h e  horizontal e l e c t r i c  f i e l d ,  u s i n g  the horizontal m a g n e t i c  
f i e l d  a s  a p h a s e  r e f e r e n c e .  S e e  t h e  A p p e n d i x  f o r  t h e  a p p a r e n t  
r e s i s t i v i t y  c a l c u i a t i o n .  

- 4 . 2  D i s c u s s i o n  of R e s u l t s  

The s u r v e y  d a t a  i s  p r e s e n t e d  on t h e  Z e s i s t i v i t y  C o n t o u r  P l a n  ( s e e  
f i q u r e  4 ) ,  s c a l e  l : l , O O O ;  t h e  v a l u e s  were  c o n t o u r e d  a t  5 0 0  ohm- 
meter i n t e r v a l s .  

C o n t o u r i n g  r e v e a l e d  t h a t  t h e  h i g h s  a n d  l o w s  a r e  g e n e r a l l y  a l i g n e d  
a l o n g  an a p p r o x i m a t e  130°-3100 t r e n d ,  w h i c h  a p p e a r s  to also b e  
t h e  t h e  g e n e r a l  t r e n d  o f  t h e  g e o l o g i c a l  s t r u c t u r e s .  

I n  g e n e r a ;  t e r m s ,  t h e r e  is a f a i r  c o r r e l a t i o n  b e t w e e n  t h e  
m a g n e t i c  s u r v e y s  f r o m  t h e  p a s t  a n d  t h e  r e c e n t  r e s i s t i v i t y  Suxvey ,  
where  m a g z e t i c  h i g h s  c o r r e l a t e  w i t h  r e s i s t i v i t y  Low zGnes a n d  

n a r r o w  low a n o m a i y ,  wh ich  r u n s  t h r o u g h  t h e  Black ?rince s h o w i n g  
a r e a ,  c o i n c i d i n g  w i t h  b o t h  s o i l  g e o c h e m i s t r y  g o l d  h i g h s  and  a 
c o i n c i d i n g  maynetic h i g h .  A p a r a l l e l  s t u c t u r e  a p p e a r s  t o  r u n  on 
t h e  e a s t e r n  e d g e  o f  t h e  g r i d .  S e v e r a l  o t h e r  r e s i s t i v i t y  l o w s  
a p p e a r  on t h e  w e s t e r n  s i d e  o f  t h e  g r i d .  Xowever ,  t h e s e  a r e  much 
l e s s  d e f i n e d  d u e  t o  m a r k e d l y  l o w e r  r e l i e f  a n d  a p a r e n t l y  a l o w e r  
b a c k g r o u n d  t h a n  a p p e a r s  ‘211 the  ess ~ I Z L  I; s i d e  of  the g r  i d .  

v i c e  versa. - 1   ne mos t  i n t e r e s t i n g  f e z t u r e  f r o m  t h i s  s u r v e y  is a 
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_. 5 .  CONCLUSIONS RECOMMENDATIONS 

Good correlation between the past and recent geophysical surveys 
was achieved on the Pocahontas group of claims. Most intriguing 
is a resistivity low anomaly outlined over the Black Prince 
showing, and the related magnetic high zone, and extending south- 
east over two areas of high gold geochemical readings. This 
anomaly is a high priority target f o r  any future exploration. 

Respectfully submitted, 

August 1990 
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4 .  I have practiced my profession as a Geological Engineer 
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and South America in engineering geology, hydrogeology, 
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5 .  I have performed a n d / o r  supervised the work proqram as 
documented in this Report. w 

August 1990 V. Cukor, P.Eng. 
NVC ENGINSERING LTP. 
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COSTS THE WORK PROGRAM w 
Field Work 

V. Cukor, P.Eng. 
6 days @ $500/day 
Helper, 6 days (3 $120/day 
Instrument rental, 6 days (3 $450/day 
T r u c k  rental, 6 days @ 60/day 
B.C. Ferry, gasoline 
Camping cos ts  and field supplies 

R e p o r t  
v. Cukor ,  P.Eng., 2 days @ $500/day 
Drafting, 10 h r s  (3 $20/hr 
Typing, printing 

$ 3000.00 
720.00 

2700.00 
360.00 
195.## 
650 0 0  

1000.00 
200.00 
185.00 

TOTAL C o s t s  $ 9010.00 

V .  C u k o r ,  P.Eng. 
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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  Sys t em 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  measu remen 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 .  

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

Data is  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 or m i c r o c o m p u t e r .  

The  32 c h a r a c t e r  d i g i t a l  d i s p l a y  u s e s  f u l l  w o r d s  i n  
mos t  cases ,  e n s u r i n g  c l ea r  c o m m u n i c a t i o n .  Both 
p r  es  e n  t a n d  p r e v i o u s  d a t a  a re  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 and  t h e  
t i m e  of e a c h  o b s e r v a t i o n  i n  i t s  i n t e r n a l  memory. 
Data a r e  f i r s t  s o r t e d  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  da 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  and  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  parameters. 

- 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  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  
is 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  

C l o c k  Real time c l o c k  w i t h  
d a y ,  m o n t h ,  year ,  
h o u r ,  m i n u t e  and  
s e c o n d .  One s e c o n d  
r e s o l u t i o n ,  2 1 
s e c o n d  s t a b i l i t y  o v e r  
12  h o u r s .  Needs  
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 ape  
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, 6 0 0  a n d  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  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  done  
t h r o u g h  X-ON/X-OFF 
p r o t o c o l .  

Allows IGS-2 t o  a c t  
as 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 - 



Analog  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  scale w i t h  
k e y b o a r d  s e l e c t a b l e  
s e n s i t i v i t i e s  of  10, 
100 o r  1000 u n i t s  
f u l l  s ca l e .  

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

W e i g h t s  C o n s o l e ;  2 .2  kg .  
C o n s o l e  w i t h  Non- 
r e c h a r g e a b l e  Bat te 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 - 4 O O 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 i s  
u s e d  b e l o w  -2OOC. 

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

The  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  form 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 r e  v e r t i c a l  a t  t h e  n o r t h  a n d  
s o u t h  m a g n e t i c  p o l e s  w h e r e  t h e  s t r e n g t h  is  
a p p r o x i m a t e l y  60,000 nT. 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  
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  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 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  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  me thod  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  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 is 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  most mater ia 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 is  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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0.002), 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 .  If k is a 
l a r g e  p o s i t i v e  v a l u e ,  t h e  body i s  s t r o n g l y  m a g n e t i c  
a n d  i t  i s  s a i d  t o  be  f e r r o m a g n e t i c ,  f o r  example,  
m a g n e t i t e  ( k  = 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  
d i s t r i b u t e d  i n  t h e  v a r i o u s  r o c k  t y p e s .  (Of 
c o n s i d e r a b l e  i m p o r t a n c e ,  a s  w e l l ,  i s  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  is  n e a r l y  a l w a y s  
p a r a l l e l  t o  t h e  d i r e c t i o n  o f  t h e  g e o m a g n e t i c  f i e l d ,  
t h e  n a t u r a l  r e m a n e n t  m a g n e t i z a t i o n  m a y  b e a r  no 
r e l a t i o n  t o  t h e  p r e s e n t  d i r e c t i o n  a n d  i n t e n s i t y  o f  
t h e  e a r t h ' s  f i e l d .  The r e m a n e n t  m a g n e t i z a t i o n  i s  
r e l a t e d  t o  t h e  d i r e c t i o n  of t h e  e a r t h ' s  f i e l d  at 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  wh ich  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 the 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 of a r o c k  i s  
g i v e n  by: 

M - M n  + kF 
w h e r e  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 ,  and  
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) and  v e r t i c a l  ( 2 )  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 re  
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. I n  t h e  
e g r l y  d a y s  o f  m a g n e t i c  p r o s p e c t i n g ,  i t  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 .  
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  and  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 ,  and  t h a t  t h e  phenomenon is  a 
w i d e s p r e a d  one .  

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  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  
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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 .  
Manual  or 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  T i m e  2 s e c o n d s .  For 
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  from 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  of 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  T imes  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. 

W 
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3. IGS/VLF-4 ELECTROMAGNETIC RECEIVER 

W 

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 
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  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  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  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  as :  

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  - a) (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  of  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  

JX = p h a s e  lag 

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  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  2 ~ ~ ~ s i n p (  P+-- S 
= c o s 2  a 

A 2  B2  AB 

Vertical 
A 
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3 .2  

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

As i t s  p r i m a r y  m e a s u r e m e n t ,  t h e  IGS-2/VLF-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  parameters o f  t h e  VLF m a g n e t i c  f i e l d .  T h e s e  
are:  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  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  wh ich  i s  90' o u t  o f  p h a s e  w i t h  t h e  h o r i z o n t a l  
v e c t o r .  T h e s e  t h r e e  parameters,  for 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  a n y  c h a n g e s  i n  t h e  a m p l i t u d e  o f  t h e  
t r a n s m i t t e d  p r i m a r y  f i e l d .  

The  p r i m a r y  f i e l d  f rom 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  
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 .  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  and  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  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  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  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  of  t h e  
i n - p h a s e  and  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 .  

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 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  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 a s  100 m A / m  
c a n  be  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  
may  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  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 ,  l ow p a s s  
and  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  T i m e  0 .5  s e c o n d s  sample 
i n t e r v a l .  A s  many a s  216 
samples c a n  b e  s t a c k e d  t o  
i m p r o v e  m e a s u r e m e n t  
a c c u r a c y .  

VLF-Ma g n e  t i c  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  

componen 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 .  
Ve r t i ca l  c o m p o n e n t s  a re  
d i s p l a y e d  as 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  
component .  T h e i r  r a n g e  
i s  +120%; r e a d i n g  
r e s c 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  
component  is  l e s s  t h a n  
1% f o r  t i l t s  up  t o  ~ 1 5 " .  
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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  w a s  
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  is  t h a t  t h e r e  i s  a dynamic  
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 area  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  cross-  
o v e r s  i n t o  p e a k s  and  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  
o f  a l o w - p a s s  f i l t e r .  The d a t a  may b e  p r e s e n t e d  as 
p r o f i l e s  o r  t h e  p o s i t i v e  v a l u e s  may 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  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  by 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  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  removes  d c  and  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 + 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  is  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  w a s  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  is  e l i m i n a t e d .  

T h e  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(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  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 .  V e r y  s h a r p  r e s p o n s e s  i n d i c a t e  
s h a l l o w  s o u r c e s ,  a n d ,  c o n v e r s e l y ,  b r o a d e r  a n o m a l i e s  
i n d i c a t e  p r o g r e s s i v e l y  deeper  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 rom 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  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  
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  o f  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 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  a re  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  must  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 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  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  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 of  wire i s  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-Z/VLF-4 m e a s u r e s  t h e  i n -  
p h a s e  and  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 u s e s  t h e  m a g n e t i c  a n d  e l e c t r i c  f i e l d  
m e a s u r e m e n t s  t o  a u t o m a t i c a l l y  c a l c u l a t e  t h e  a p p a r e n t  
r e s i s t i v i t y  o f  t h e  e a r t h  a s  well  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  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  be  45'. A non-un i fo rm 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 

CI 

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  

= 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  

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  of 1 ohm metre. 

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

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

Ex(Q) 
b = a r c  t a n  

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  

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 ,  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  of -1800 t o  
-1-180" 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  is 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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