
pawince of Ministry of 
f Brttish Cohnbia Energy, Mines and Qlv Petroleum Resources 

ASSESMENT REPORT 
TITLE PAGE AND SUMMARY 

TYPE OF REPORT/SURVEY(S) TOTAL COST 

CC'O 3 ti YS1 C A C  - L?S\ s7/ JI I-? -)c 6 6 0 0  
w 

AUTHOR(Si . .  .\1.'. c t/%?s. . I .  ?:.k??.?. . . . . . . .  SIGNATUREIS) . . . .  . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  

DATE STATEMENT OF EXPLORATION AND DEVELOPMENT FILED . ?.?kc. .?c . . . . . . .  YEAR OF WORK !?9a 
PROPERTY NAME61 . . .  .+!A?.eQ. . .  .c<'?.'.?fs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

COMMODITIES PRESENT . .  .G?Gg. 7 f!+!Ctrr?, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B.C. MlNERAL INVENTORY NUMBERiS), IF KNOWN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MINING DIVISION NTS . .  .?z.&. .y.!z .L?-! . . . . . . . . . . .  
U T I T U D E  . . .  9.8 f.36.'. . . . . . . . . . . . . . . . . . .  LONGITUDE . .  !23. . A  . I .  .w  . . . . . . . . . . . . . . . . . . . .  
NAMES and NUMBERS of a11 mineral tenures In good rtendtng (when work was done) that form the property iExarnpler: TAX 1-4, F I R E  2 
(12 units): PHOENIX f lat  1706); Mineral Lease M 123; Mining or Certified Mining Lome M L  12 (clatrnr inwlvrd)) ; 

. !!??.g./.4. . . . . . . . . . . . . . . . . . . . . . . . . . .  
e - (  

. . .  .3!V.&.f?. .CZO. .u3;.4> .). .(. . 8 4 e . G . ~ .  .C!g. . ~ i m : k ) .  .,. S.4UCA.K. . ( *  .LCMx'Fs. >. . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

OWNER(S) i w ( 1 )  . .  A.BA.Ca@J . . . .  =+,: U . ~ C ~ . S .  . . . .  (2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

. . i.1.22.:. s1.o. . 6 : .&!?.j?21.6:5. . , ?  .c. 
.vle.^r.cw uc:e . {. 3, .G. . . . . . . . . . . . . .  

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
OPERATOR(S1 (that is, Company paving for the work) 

S A k G  (1 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY GEOLOGY (lithology, -e. structure. alteration, mineralization. size, and sttitude): 

. . .  .t: L+.'!klS. . .9.? 3 E e5 A ).e. . . .  .a r . . .  rye. . .V? f S + J  1.5 s . . .  .* .y ?. . .E r!? SG.2.I.*.eJ.TS 

. .  .? F . .  ? i?G . . .  L kFCtf. . .  .$.I \IFF . .  E o  F.? .A F?.+. . .  ?ql ,  . w A.? rc . s 1 .0  F. 1.F-s ... M ! +.@4 .- 

. . .  4! ?.e?-/ P.F .  . . .  .(.?. . .?? PiN b. . .  ! .Y. . . .  seg4.e. . .?+ e4? . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

REFEAENCESTO PREVIOUS WORK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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



~ 

EXTENT OF WORK I (IN METRIC UNITS) 
TYPE OF WORK IN 

THIS REPORT 

I Core 

ON WHICH CLAIMS 

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

COST I APPORTIONED 

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

I- 

GEOLOGICAL Ircale. area) 
Ground 
Photo 

Ground 
GEOPHYSICAL Il lnokilometra) 

Magnetic 
Electromagnetic 
Induced Polerizatlon 
Redtometric 
Seisni ic 
Other R-&2 I sT ’ Irv 

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

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

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

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

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

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

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

. . . . . . .  .7. . l(?. . . . . . . . . . . . . . . .  
Airborne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

GEOCHEMICAL Inumber of  m m p l a  anslyred for .... 1 
Soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sllt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Other . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DRILLING (total metres; number of holes, ilm) 

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

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

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

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

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

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

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

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

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

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

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

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

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

. . . . . . . . .  

. . . . . . . . .  

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

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

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

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

. . .  .?.I.+ 0 . 0  s . 9 0  

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

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

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

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

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

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

Noncom . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
RELATED TECHNICAL 

Snmpling/nsreying . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Petrographic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mineralogic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Metallurgic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PROSPECTING lscale, area) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Leysl w m v s  Ircale. areal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Topographic hcsle, area) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L.inr/grld ( k l l o m a m )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Trench (mstrsc) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PREPARATORYPHYSICAL 

Photogrammetric (scala, area) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R o d .  local Kcess lkilomatm) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Underground lmatra) . . . . . . . . . .  

._ . 
FOR MINISTRY USE ONLY 

Value work done (from report) . . . . . . . . . . .  
Value of work appromd . . . . . . . . . . . . . . . .  
value cbimed (from rtatmentl  . . . . . . . . . . .  
Value rreditotl to PAC account 
Valkre debited to PAC =count 
k t . ~ i m 4  . , Date , , 

...... - 

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

. . . . .  . . . . . . . .  
...... .L 

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

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

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ) . . . . . . .  

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

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

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

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

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

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

I 
NAME OF PAC ACCOUNT DEBIT CREDIT 

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

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

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

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

. . . . . . . . . . . . . . . . . .  
Rept. No. . . . . . . . . . . . . .  

. . . . .  1 . .  . . . .  I . . . . . .  

. . . . .  I 

. . . . . . . . . .  

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

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

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

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

. . . . . . . . . .  

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

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

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

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

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

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

5. c. !?e-. ??? 

.- 
REMARKS: 

Information Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



TABLE CONTENTS 

1. INTRODUCTION 

2 .  PROPERTY, LOCATION,ACCESS 

3. GEOLOGY 
3.1 Regional Geology 
3 . 2  Property Geology 

I ACTIO#: I 

4 .  GEOPHYSICAL S'JRVEY 
4 . 1  Field Method 
4 . 2  Data Presentation and Discussion of Results 

5. RECOMMENDATIONS 

ILLUSTRATIONS 

F i g .  i Location Map 
F i g .  2 C l a i m  Xap 
2 i g .  3 Topography and C l a i m s  
z i g .  4 Z e g i o n a i  Ceoloqy 
F i g .  5 Resistivity Si i rvey  Plan 

n .  - -  

APPENDICES 

APPENDIX A C O S Y ' S  0% THZ PROGRAM 

WPEXDIX a INSTRUMENT SPECIFICATIONS 

I engineering ltd. 

Paqe 

1 

2 

3 
3 
3 

4 
4 
4 

6 

A f t e r  Page 
1 
-I. 

1 

2 
i 

In Pocket 

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



1.0 - 

ABACORN RESOURCES INC. 

BINGO, BANGO and SOUEAK CLAIMS 

VANCOUVER ISLAND, B.C. 

INTRODUCTION 

This survey  was conducted upon the request of the directors of 
ABACORN RESOURCES INC., a Vancouver based company, and is to be 
used as assessment credit. 

A two man crew mobilized from Vancouver and camped on the 
property for the duration of the program. 

The original grid, cut in 1 9 8 7 ,  was utilized f o r  this survey, but 
lines had to be rechained and remarked by the helper since a 
portion of the flagging had weathered, w i t h  the markings either 
faded o r  washed off, or the flagging had completely disappeared. 
The helper also assisted in setting the pots during t h e  survey. 

P engineering ltd. 
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I ABACORN RESOURCES INC. 

BINGO CLAIM 
Location Map 

VICTORIA M.D., B.C. NTS 9 2 B / 1 2  W 

I VCUKOR, FEnq. NVC ENGINEERING Ltd,VANCOUVER, B.C. 



3 

MT: . 
LAZAR 

6 
I ABACORN RESOURCES INC. 

BINGO CLAIM 
Ciaim Map 

VICTORIA M.D.. B.C. NTS 92Bl12 W 

I YCUKOR. PEna. NVC ENGINEERING Ltd,VANCOUVER. B.C. 

2 I mm I 
FIG. 0 '!2 I DATE: AUG 1990 I SCALE: I 





- 2. PROPERTY, LOCATION ACCESS 

The p r o p e r t y  c o n s i s t s  of t h r e e  c o n t i g u o u s  c la ims ,  s t a k e d  on t h e  
m o d i f i e d  g r i d  sys tem.  The claim names a n d  r e s p e c t i v e  r e c o r d i n g  
da t a  a r e  as  f o l l o w s :  

Claim N a m e  No. U n i t s  R e c o r d  No. A n n i v e r s a r y  Date 

B I N G O  
BANG0 
SQUEAK 

20 
1 5  
2 0  

1953 
1 9 7 2  
2 0 7 4  

J u n e  2 6  
J u n e  29  
F e b .  4 

The p r a p e r t y  is lucated a b o u t  1 5  k m  w e s t  of S h a w n i g a n  L a k e  i n  
t h e  s o u t h e r n  p a r t  o f  Vancouver  I s l a n d ,  a b o u t  4 0  k m  n o r t h w e s t  o f  
V i c t o r i a ,  B.C. I t  is i n  t h e  V i c t o r i a  H i n i n g  D i v i s i o n ,  on NTS 
92B/12W. T h e  c l a i m  g r o u p  is c e n t e r e d  a t  a p p r o x i m a t e  l a t i t u d e  
4 8  3 6 '  a n d  w e s t  l o n g i t u d e  1 2 3  5 0 '  ( see  f i g .  1). 

The access to t h e  c l a i m s  a rea  is p r o v i d e d  by aLn a l l  w e a t h e r  
g r a v e i  r o a d  f r o m  Shawnigan  L a k e .  T h e  main  l o g g i n g  road  f o l l o w s  
t h e  western border of t h e  c l a i m s ,  f r o m  where  a number of 
a b a n d o n e d  s e c o n d a r y  l o g g i n g  r o a d s ,  mostly p a s s a b l e  b y  4x4 v e h i c l e  
p r o v i d e  access  t o  d i f f e r e n t  p a r t s  of  t h e  c la ims .  

I engineering ltd. 



TRIASSIC TO CRETACEOUS 
LfECH RlVER FORMATION (MLC fO ML) 
METAGREYWACKE UNlT mefagreywacke, mera-arkose. 
quartz-feldspar - blotire schist 

LOWER PALEOZOiC (OR YOUNGER7) 

WARK GNEISS. massiveand 
gnerssrc mefadrorrfe, 

metagrabbro, amphrbolite 

ARGILLITE-METAGRE YWACKE UNlT thinlybedded greywacke 
andargrllife. slale, phyllrfe. quartz-biofife schist 

E l  

VANCOUVER GROUP 

YARMUTSEN FOHMATlON pillow 
basaIf, breccia tu / / .  m o o r  flows EJ 

JURASSIC 
BONANZA GROUP 

Basaltic ro rhyolitic tuff, breccra. 
flows. minor argllflfe, greywacke 

CHERT-ARGILLITE-VOLCANlC UNlT ribbon chert, 
cherty argillite, metarhyolite, mefabasalt, chlorite schisf 

ABACORN RESOURCES INC. 

BINGO CLAIM 
REGIONAL GEOLOGY 

VICTORIA M.D., B.C. NTS 92 6/12 W 

V. C U KO R, P Eng . 
DATE: AUG 1990 SCALE. - - FIG. 

N VC EN G I NE ERIN G Ltd, VAN CO UVE R , B.C. 

4 Kilometres 0 2 



- 3 .  GEOLOGY 

- 3.1 Reqional Geoloqy 

G e n e r a l  g e o l o g i c  f e a t u r e s  of  t h e  a rea  a r e  shown on t h e  g e o l o g y  
map e n t i t l e d  "Geo logy ,  V i c t o r i a  Map Area", Open F I l e  701 ,  by 3.E. 
M u l i e r ,  s c a l e  1:100,000.  

Two m a j o r  f a u l t  z o n e s  d o m i n a t e  t h e  a r e a ,  t h e  east-west S a n  J u a n  
F a u l t  a n d  t h e  n o r t h w e s t - s o u t h e a s t  Survey M o u n t a i n  F a u l t .  T h e s e  
a r e  s t r u c t u r a l  f e a t u r e s  o f  m a j o r  p r o p o r t i o n s ,  s e p a r a t i n g  
g e o l o g i c a l  r e g i o n s  i n  t h e  a r ea  ( t h e  S u r v e y  M o u n t a i n  F a u l t  
s e p a r a t e s  t h e  I n n e r  P a c i f i c  a n d  I n s u l a r  G e o l o g i c a l  8 e l t s .  

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

- 3.2 Property Geoloqy 

'1 
I wi:) iii.3 i 1-1 r 13 k a y y e i i i b  a q e E; .:t z e i~ e p T e 5 e :-I e d 0 e c 1 a i in 9 0 11 2 : 
c h l o r i t i z e z  d i o r i t e  a n d  g n e i s s i c  diorita o f  t h e  W a r k  Gneissic 
Complex a n d  t h e  m e t a s e d i m e n t s  ai;d volcanics o f  t h e  L e e c h  R i v e r  
Forma t i o n .  D i o r i t e s  outcrop a t  t h e  n o r t h e r n  a n d  n o r t h e a s t e r n  
p o r t i o n  o f  t h e  c l a i m s ,  w h i l e  t h e  L e e c h  g i v e r  Complex c o v e r s  t h e  
r e s t  o f  the  a r e a .  They z r e  s e p a r a t e d  by t h e  Survey M o u n t a i n  
r a u l t  Zone, t h e  main  c a u s e  of f r a c t u r i n g ,  s i l i c i f i c a z i o n  a n d  
pyritization i n  t h e  a r ea ;  t h i s  f a u l t  z o n e  r e p r e s e n t s  a f a i r  
e x p l o r a t i o n  t a r g e t  f o r  i n i n e r a i  Occurences. 

-l w 
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- 4 .  GEOPHYSICAL SURVEY 

- 4.1 Field Method 

The instrument used for the survey was the Scintrex I G S - 2 .  Only 
several lines of the large grid were surveyed, with the intention 
to test the survey method on the claims in the hope that the 
results would complement the previous surveys (VLF-EM and 
magnetometer 1 .  If positive results were to achieved, the 
resistivity survey would then be recommended to be run over the 
whole grid area. 

A total of 7 km of  survey were run on lOOm spaced lines at 25m 
station intervals. A two man crew carried out the field work 
over the grid lines cut in 1987. Since some flagging along the 
lines was broken off by wind or animals, and most of the markings 
on the flagging was faded, the field helper chained lines and 
marked stations for the engineer. The helper would first assist 
the engineer to set up the resistivity pots for t a k i n g  the 
readings and then proceed to chair, a l o n g  t h e  line to the next 
station. 

The instrument used, a Scintrex IGS-2 can be set up to perform 
magnetic, VLF-EM and resistivity surveys. Since the macjnetic and 
VLF-EM s u r v e y s  were compieised as a p a r y  of the 1387 program, only 
the resistivity s u r v e y  was carried out now. 

r 
For the resistiviry survey, ?he 1GZ-L m a k e s  xeasurements of the 
V i r "  electric field, utilizinr; a d i ~ n i e  with an electrode spacing 
o f  five meters. The instrument ?:?en automatically calculates 
apparent resistivity f r o m  the in-phase and quadrature components 
o €  the horizontal electric field, :sing the horizontal magnetic 
field as a phase reference. See Appendix B for the apparent 
resistivity calculation. 

For this survey, signals f r o m  the VLF station Seattle, 2 4 . 8  kHz 
were used.  

-- 4.2 Data Presentation a n d  Discussion of Results 

All survey results are shown on the Resistivity Survey Plan 
(figure 51 ,  presented in a scale of 1:SOOO. Values, expressed in 
ohmmete r s ,  were plotted on this 1;r1(3 map a n d  then t he  map was 
contoured. 

EJ engineering ltd. 



For this preliminary survey, the northern parts of lines 3 to 9 
were selected. Lines 1 and 2 were avoided, since they run for 
most of  their length through the swamp and the shear structure 
was l o s t  in that area, due to a lack of outcrop. The surveyed 
lines, on the other hand, contain sufficient outcrop to interpret 
the structure from geologic mapping. Thus, in this area the 
validity of the survey results can easily be evaluated. 

The survey p l a n  shows y r e a t  r e l i e f ;  the values range from a low 
of 5 to a high of 7400 ohmmeters. The contours on the plan are 
conspicuously parallel to both the geological structures and the 
VLF-EM conductors. Moreover, the plan clearly outlines two 
geologic units with contrasting resistivity signatures. The 
southwestern part, with distinct low resistivity is underlain by 
diorite. In the middle is an area of moderately low resistivity, 
approximately bordered by the 100 ohmmeter contour line to the 
southwest (coinciding with one fault plane), and a narrow low 
anomaly to the northeast (coinciding roughly with the other 
fault plane). Xost of t h e  readings in chis zone f a l l  within the 
ranye of between 100 a n d  300 ohmmeters, and likely c o r r e s p o n d  to 
highly altered volcanics, where m o s t  of the maynetite and pyrite 
have been destroyed, and thus the signature is one of somewhat 
higher resistivity. This a r e a  is the m o s t  likely t a r g e t  for 
further exploration; good assay results and geochemical gold 
anomai ies  have been i . jcatPc! lil I. ., zone. 
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- 5. RECOMMENDATIONS 

The resistivity survey appears to be a very effective tool in 
this instance, and has the potential to outline in detail the 
target zone in areas where a lack of outcrop prevents geological 
mapping. Thus, the survey should cover the entire grid area; the 
grid should be expanded to the west, to the claimline (the Bango 
claim covers more ground to the northwest than is shown on the 
claim map). In the same time more detailed geological mapping 
and intensive sampling of the zone of interest should be carried 
out. 

Respectfully submitted, 

August 199 C 

P engineering ltd. 

' J .  C u k o r ,  P.Enq. 
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APPENDIX A 
COSTS THE PROGRAM 

FIELD WORK 

V .  C u k o r ,  P.Eng. 5 days  @ $ 5 0 0  
A s s i s t a n t  5 days  @ $ 1 3 0  
4 x 4  R e n t a l  5 days @ $ 6 0  
B.C. F e r r y  
Gasoline 
C a m p i m g  C o s t s  5 d a y s  @ $ 6 0  
F i e l d  S u p p l i e s  

$ 2,500.00 
6 5 0 . 0 0  
3 0 0 . 0 0  

7 6 . 0 0  
300.00 
130.00 

66. o a  

Fieid W o r k  

V .  C c k o r ,  P.2nq. 2 Jays  @ $500 
Drafting 19 hrs @ $20 
2r i n t  i n g ,  Typing, Binding 

$ 4 , 0 2 2 . 0 0  

$ 1 , 0 0 0 . 0 0  
3 8 0 .  G O  
200.00 

Report $ :,5G0.00 

F i e l d  W o r k  S 4 , 0 2 2 . 0 0  
R e p o r t  $ 1,530.30 

T o t a l  Zxpenditure 5 5,602.00 
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1. THE IGS-2 SYSTEM 

w 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  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  and  m i n i m a l  
r e d u n d a n c y  w i t h  a minimum number o f  s p a r e  c o n s o l e s  
a n d / o r  m o d u l e s .  

When c o n f i g u r e d  w i t h  a n y  of t h e  a v a i l a b l e  senor 
o p t i o n s ,  t h e  IGS-2 S y s t e m  C o n t r o l  C o n s o l e  becomes a 
m e t h o d - s p e c i f i c  i n s t r u m e n t  a c c o r d i n g  t o  t h e  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  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  and  c a n  b e  o u t p u t  i n  t h e  f i e l d  by 
c o n n e c t i n g  t h e  i n s t r u m e n t  t o  a p r i n t e r ,  t a p e  
r e c o r d e r ,  modem o r  m i c r o c o m p u t e r .  

The 32 character  d i g i t a l  d i s p l a y  u s e s  full w o r d s  i n  
most  cases,  e n s u r i n g  c lear  c o m m u n i c a t i o n .  B o t h  
p r  es e n  t and  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 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 re  first s o r t e d  by grid number ,  t h e n  in 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 ,  In 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  data  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  p a r a m e t e r s .  

- I -  



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

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

Keyboard  I n p u t  14  k e y s  f o r  e n t e r i n g  
a l l  commands, 
c o o r d i n a t e s ,  h e a d e r  
and  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  mos t  
a p p l i c a t i o n s  

C l o c k  Real t ime c l o c k  w i t h  
d a y ,  m o n t h ,  year,  
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 ,  2 1 
s e c o n d  s t a b i l i t y  o v e r  
1 2  hours. 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  tape 
r e c o r d e r .  Data o u t -  
p u t s  i n  7 b i t  ASCII ,  
no p a r i t y  f o r m a t .  
Baud r a t e  i s  k e y b o a r d  
s e l e c t a b l e  a t  110, 
300, 600 a n d  1200 
baud.  Ca r r i age  
r e t u r n  d e l a y  is  
k e y b o a r d  s e l e c t a b l e  
i n  i n c r e m e n t s  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  done  
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  ac t  
a s  a master for o t h e r  
i n s t r u m e n t a t i o n .  
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Analog  O u t p u t  For a s t r i p  c h a r t  
r e c o r d e r .  0 t o  999 
mV full sca 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  of 10,  
100 or 1000 u n i t s  
full scale .  

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  moun ted  
b a t t e r y  p a c k .  

C o n s o l e  w i t h  Non- 
r e c h a r g e a b l e  Batter J 
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. 

W e i g h t s  C o n s o l e ;  2.2  kg .  

O p e r a t i n g  T e m p e r a t u r e  Range  -4OOC t o  +50°C 
p r o v i d e d  o p t i o n a l  
D i s p l a y  Heater is 
u s e d  b e l o w  - 2 O O C .  

Power R e q u i r e m e n t s  Can b e  powered  by  
e x t e r n a l  12 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  
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  of  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 .  The measu red  f i e l d  is t h e  v e c t o r  
sum of  i n d u c e d  and  r e m a n e n t  m a g n e t i c  e f fec ts .  Thus ,  
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 ,  wh ich  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 re  t h e  s t r e n g t h  of  t h e  e a r t h ' s  m a g n e t i c  f i e l d ,  t h e  
m a g n e t i c  s u s c e p t i b i l i t i e s  of  t h e  r o c k s  p r e s e n t  a n d  
t h e i r  r e m a n e n t  magne t i sm.  

The e a r t h ' s  m a g n e t i c  f i e l d  is s imi la r  i n  fo rm 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  of  t h e  
g e o m a g n e t i c  f i e l d  a re  v e r t i c a l  a t  t h e  n o r t h  a n d  
s o u t h  m a g n e t i c  p o l e s  where  t h e  s t r e n g t h  is 
a p p r o x i m a t e l y  60,000 nT. In t h e  e q u a t o r i a l  r e g i o n ,  
t h e  f i e l d  i s  h o r i z o n t a l  , a n d  i t s  s t r e n g t h  i s  
a p p r o x i m a t e l y  30,000 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  due  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  of  
t h e s e  v a r i a t i o n s  is  u n p r e d i c t a b l e .  I n  t h e  case 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 ew m i n u t e s .  I t  may be  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 base s t a t i o n  magne tomete r  
w h i l e  t h e  m a g n e t i c  s u r v e y  is  b e i n g  done .  An 
a l t e r n a t i v e  f i e l d  p r o c e d u r e  i s  t o  make p e r i o d i c  
r epea t  m e a s u r e m e n t s  a t  c o n v e n i e n t  t r a v e r s e  p o i n t s ,  
a l t h o u g h  t h i s  is a v e r y  u n r e l i a b l e  method d u r i n g  
a c t i v e  m a g n e t i c  s t o r m s  when i t  is  i m p o r t a n t  t o  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 is  g i v e n  b y :  

I = kF 

where I i s  t h e  i n d u c e d  m a g n e t i z a t i o n  
k is  t h e  volume m a g n e t i c  s u s c e p t i b i l i t y  
F i s  t h e  s t r e n g t h  of t h e  g e o m a g n e t i c  f i e l d  

F o r  mos t  ma te r i a l s ,  k is  v e r y  much l e s s  t h a n  1. If 
k is n e g a t i v e ,  t h e  body i s  s a i d  t o  be  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 .  
If k is  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  of w h i c h  a r e  g n e i s s  ( k  - 
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2 .2  

0.002), p e g m a t i t e ,  d o l o m i t e  and  s y e n i t e .  I f  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  it i s  s a i d  t o  be f e r r o m a g n e t i c ,  f o r  e x a m p l e ,  
m a g n e t i t e  ( k  P 0.3), i l m e n i t e  and  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 rocks are  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  wel 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 lways  
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  
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 of  
t h e  body t h r o u g h  f o l d i n g ,  e t c . ,  a n d  t h e  c h e m i c a l  
h i s t o r y  s i n c e  t h e  p r e v i o u s  m a g n e t i z a t i o n  are  
a d d i t i o n a l  f a c t o r s  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 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 .  

Thus, 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  + k F  n 
where  M n  is 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  wh ich  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  ( Z )  componen 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 ,  
Mn is  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 merely r e d u c e s  t o  kF. I n  t h e  
ear ly  d a y s  o f  m a g n e t i c  p r o s p e c t i n g ,  i t  w a s  u s u a l l y  
a s sumed  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  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 ,  and  t h a t  t h e  phenomenon is  a 
w i d e s p r e a d  o n e .  

n 

Magne tomete r  S p e c i f i c a t i o n s  

T o t a l  F i e l d  O p e r a t i n g  Range 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  For +5000 nT/m 
T o 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  +1 nT a t  50,000 nT 
+2 nT o v e r  t o t a l  Accuracy - 
f i e l d  o p e r a t i n g  and  
t e m p e r a t u r e  range .  

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

Tuning F u l l y  so l i d - s t a t e .  
Manual o r  a u t o m a t i c  
mode i s  keyboard  
selectable.  

Reading  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  is  t h e  t i m e  
t a k e n  front t h e  push 
of a b u t t o n  t o  t h e  
d i s p l a y  o f  t h e  
measured  v a l u e .  

C o n t i n u o u s  Cycle T i m e s  Keyboard s e l e c t a b l e  
i n  1 s e c o n d  i n c r e -  
ments  upwards from 
2 s e c o n d s  t o  999 
seconds. 
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3. IGS/VLF-4 ELECTROMAGNETIC RECEIVER 

3.1 VLF T h e o r y  

VLF s t a t i o n s  ( t o t a l  of 1 2  s t a t i o n s  l o c a t e d  a r o u n d  
t h e  w o r l d )  r a d i a t e  e l e c t r o m a g n e t i c  waves  on t h e  VLF 
band i n  t h e  r a n g e  b e t w e e n  15 t o  29 kHz. The s i g n a l s  
are t r a n s m i t t e d  f o r  p u r p o s e s  of n a v i g a t i o n .  a n d  
ommunica t i 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  is 
r e c o r d e d  by t h e  v e r t i c a l  c o i l s  as: 

H - A s i n  w ; Hs 3 B C O S  ( W  - 0 )  (1.0) P 
w h e r e  H = p r i m a r y  s i g n a l  

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

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

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

w = f r e q u e n c y  

t = t i m e  

g = p h a s e  l a g  

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

i . e .  H Hs2 2 H Hs s i n  pl 2 

= cos2 Q 
AB 

Vertical 
A 
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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 .  

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-Z/VLF-4 e m p l o y s  
two m u t u a l l y  o r t h o g o n a l  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 of  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  
component  of  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  i n  
p h a s e  w i t h  t h e  h o r i z o n t a l  v e c t o r ;  a n d  3) t h e  
a m p l i t u d e  of  t h e  component  of 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  of p h a s e  w i t h  t h e  h o r i z o n t a l  
vec tor .  T h e s e  t h r e e  parameters, f o r  t h e  g i v e n  VLF 
t r a n s m i t t e r ,  a r e  r e c o r d e d  s i m u l t a n e o u s l y .  S i n c e  t h e  
v e r t i c a l  c o m p o n e n t s  a r e  e x p r e s s e d  a s  a p e r c e n t a g e  of 
t h e  h o r i z o n t a l  v e c t o r ,  t h e y  a r e  a u t o m a t i c a l l y  
n o r m a l i z e d  f o r  any  c h a n g e s  i n  t h e  a m p l i t u d e  o f  t h e  
t r a n s m i t t e d  p r i m a r y  f i e l d .  

The p r i m a r y  f i e l d  f 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  most  p a r t ,  . t h e  f i e l d  
f l u c t u a t e s  m o d e r a t e l y  d u r i n g  t h e  c o u r s e  of t h e  d a y  
due t o  c h a n g e s  i n  a t m o s p h e r i c  c o n d i t i o n s .  T h e r e  
a r e ,  h o w e v e r ,  more d r a m a t i c  c h a n g e s .  Towards  
e v e n i n g  t h e r e  i s  a l a r g e  upwards  s w i n g  i n  t h e  f i e l d  
s t r e n g t h ,  a n d  a t  s e v e r a l  p o i n t s  d u r i n g  t h e  d a y ,  b o t h  
p a r t i a l  a n d  t o t a l  d r o p s  i n  t h e  f i e l d  a m p l i t u d e  c a n  
be o b s e r v e d .  I n  t h e  l i g h t  of  t h e s e  i r r e g u l a r i t i e s ,  
t h e  h o r i z o n t a l  f i e l d  d a t a  s h o u l d  always 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  or by 
v a r i a t i o n s  i n  t h e  s t a t i o n ’ s  s i g n a l .  

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

3.2 IGSIVLF-4 S p e c i f i c a t i o n s  

F r e q u e n c y  T u n i n g  A u t o m a t i c  d i g i t a l  t u n i n g .  
Can be  t u n e d  t o  a n y  
f r e q u e n c y  i n  t h e  r a n g e  
15.0 t o  29.0 kHz w i t h  a 
b a n d w i d t h  of  150 kHz. 

- Vlll - 



Up t o  t h r e e  f r e q u e n c i e s  
c a n  b e  c h o s e n  by key-  
b o a r d  e n t r y  f o r  s e q u e n t i a l  
m e a s u r e m e n t s .  

F i e l d  S t r e n g t h  Range  F i e l d s  a s  low a s  100 m A / n  
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  
may r e q u i r e  f i e l d s  u p  t o  
5-10 t i m e s  t h i s  l e v e l .  
Maximum r e c e i v e d  f i e l d  is  

' 2 m A / m e t r e .  T h e s e  v a l u e s  
a r e  s p e c i f i e d  f o r  20 kHz. 
F o r  a n y  o t h e r  f r e q u e n c y ,  
c a l c u l a t e  t h e  a b o v e  l i m i t s  
by m u l t i p l y i n g  by t h e  
s t a t i o n  f r e q u e n c y  i n  kHz 
a n d  d i v i d i n g  by 20. 

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

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

VLF-Magnetic F i e l d  1) H o r i z o n t a l  a m p l i t u d e ,  
Components  Measured  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  as a p e r c e n t a g e  
o f  h o r i z o n t a l  componen t  
a n d  a r e  r e l a t e d  i n  p h a s e  
t o  t h e  h o r i z o n t a l  
componen t .  T h e i r  r a n g e  
is +120%; r e a d i n g  
r e s z l u t i o n  1%. 

VLF-Ma g n e  t i c  F i  e 1 d Two a i r - c o r e d  c o i l s  i n  a 
S e n s o r  b a c k p a c k  moun ted  h o u s i n g  

w i t h  a n  e l e c t r o n i c  l e v e l  
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  i s  l e s s  t h a n  
1% f o r  t i l t s  up t o  215". 
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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 Dr. D.  C. F r a s e r  i n  1969 .  The  r e a s o n  
f o r  a p p l y i n g  t h i s  f i l t e r  i s  t h a t  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  as 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  i s  r e d u c e d  by a p p l i c a t i o n  
o f  a low-pass  f i l t e r .  The d a t a  may b e  p r e s e n t e d  as 
p r o f i l e s  o r ,  t h e  p o s i t i v e  v a l u e s  may b e  c o n t o u r e d .  

T h i s  f i l t e r  was o r i g i n a l l y  a p p l i e d  t o  d i p  a n g l e  d a t a  
a s  c o l l e c t e d  by VLF r e c e i v e r s  s u c h  as t h e  Radem by 
C r o n e  G e o p h y s i c s .  It  i s  e q u a l l y  a p p l i c a b l e  t o  
v e r t i c a l  i n - p h a s e  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  ze ro  
c r o s s  o v e r s  and  i n f l e c t i o n s  a r e  t r a n s f o r m e d  i n t o  
p e a k s .  It removes  d c  a n d  a t t e n u a t e s  l o n g  s p a t i a l  
w a v e l e n g t h s  t o  i n c r e a s e  r e s o l u t i o n  of 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 ) ) ,  where R(n )  a n d  R ( n + l )  a r e  
a n y  two  c o n s e c u t i v e  r e a d i n g s .  

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

0.25(R(n+l)-R(n)+0.5O(R(n+2)-R(n+l)+O.25(R(n+3)- 
r ( n + Z ) ) .  

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  i s  e l i m i n a t e d .  

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

The i n t e r p r e t a t i o n  o f  f i l t e r  p l o t s  is q u a l i t a t i v e .  
S i n c e  t h e  f i l t e r  r e t a i n s  r e l a t i v e  a m p l i t u d e s ,  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  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  is  a p s e u d o - s e c t i o n  
of  t h e  f i l t e r  o u t p u t s .  T h i s  is  p r o d u c e d  by 
p r o c e s s i n g  a g i v e n  d a t a  p r o f i l e  w i t h  f i l t e r s  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 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 ,  it must  b e  
e m p h a s i z e d  t h a t  t h i s  i s  only an a p p r o x i m a t i o n  t o  t h e  
s e c t i o n  ( i . e .  p s e u d o - s e c t i o 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 of s t e p s .  
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3.4 R e s i s t i v i t y  

To p e r m i t  measu remen 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 is  u s e d .  When t h i s  d i p o l e  is 
c o r r e c t l y  l a i d  o u t ,  t h e  IGS-2/VLF-4 m e a s u r e s  t h e  i n -  
p h a s e  a n d  q u a d r a t u r e  componen t s  o f  t h e  h o r i z o n t a l  
e l e c t r i c  f i e l d  i n  t h e  d i r e c t i o n  of  t h e  l i n e  j o i n i n g  
t h e  o p e r a t o r  a n d  t h e  t r a n s m i t t e r  s t a t i o n .  The p h a s e  
r e f e r e n c e  is  t h e  h o r i z o n t a l  m a g n e t i c  f i e l d .  

The IGS-2/VLF-4 u s e s  t h e  m a g n e t i c  a n d  e l e c t r i c  f i e l d  
m e a s u r e m e n t s  t o  a u t o m a t i c a l l y  c a l c u l a t e  t h e  a p p a r e n t  
r e s i s t i v i t y  of t h e  e a r t h  a s  w e l l  as t h e  p h a s e  a n g l e  
b e t w e e n  t h e  m a g n e t i c  a n d  e l e c t r i c  f i e l d  componen t s .  
I f  t h e  e a r t h  is  u n i f o r m  ( n o t  l a y e r e d )  w i t h i n  t h e  
d e p t h  of  t h e  VLF m e a s u r e m e n t ,  t h e  p h a s e  a n g l e  
b e t w e e n  t h e  h o r i z o n t a l  m a g n e t i c  a n d  e l e c t r i c  VLF 
f i e l d s  w i l l  b e  45'. A non-un i fo rm e a r t h  w i l l  g i v e  
r i se  t o  o t h e r  phase  a n g l e s .  

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

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 

E X = ( E , ( I 1 2  + E,(Q)211/2  

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

The r e s i s t i v i t y  c a l c u l a t i o n  h a s  a r a n g e  of 1 t o  
100,000 ohm metres w i t h  a r e s o l u t i o n  of 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  (c is e x p r e s s e d  as: 

Ex(Q) 

Ex(I> 
4 - arc  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  

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

The phase  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  
+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  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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