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INTRODUCTION 

The B ig  Missour i  Proper ty  i s  loca ted  25 k i lometers  n o r t h  o f  the  town o f  

Stewart, B.C. and s i t u a t e d  between t h e  S i lbak  Premier and Granduc Mines i n  

northwestern B r i t i s h  Columbia (F ig .  1). 

The p roper t y  i s  access ib le  by road dur ing  snow-free months by way o f  the  

Granduc road f rom Stewart t o  Premier and then by t h e  B i g  Missour i  road i n t o  
Joker F l a t s  and the  c la ims areas (Fig. 1 and Fig.  2). 

The B i g  Missour i  Mine was discovered i n  1904, and was subsequently put  i n  

p roduc t ion  between 1938 and 1942 by Consol idated Min ing and Smelt ing Co. 
(Cominco). Subsequent t o  t h e  mine c losu re  i n  1942, t h e r e  have been several  

attempts by var ious  mining companies t o  re-evaluate the  minera l  p o t e n t i a l  i n  
t h e  area. Th is  includes: 

- work by  Hecla Min ing 

- geo log ica l  work by Falconbr idge i n  1966 
- geo log ica l  and geochemical work by E l  Paso i n  1970. 

- ex tens ive  underground sampling by  Aetna Mines  i n  l a t e  1960 's  and 

- diamond d r i l l i n g  by Giant  Mascot Mines i n  1974. 

e a r l y  1970's, and 

Since t h e  f a l l  o f  1973, Tournigan Min ing  Exp lora t ions  Ltd.  has he ld  t i t l e  

t o  t h e  proper ty .  I n  1979 Tournigan and Westmin Resources L im i ted  entered i n t o  

agreement whereby Westmin Resources L imi ted  by f u l l f i l l i n g  c e r t a i n  

ob l i ga t i ons ,  cou ld  earn an i n t e r e s t  i n  the  proper ty .  It i s  i n  con junc t ion  

w i t h  t h i s  agreement t h a t  t h e  1986 geophysical program was undertaken. 
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GEOLOGY AN0 MINERALIZATION 

The volcanic sequence consists of agglomerates, tuffs and flows of 
andesitic composition intercalated with cherty tuff bands. 
cross-cut by andesitic and granitic dykes, and truncated by numerous faults of 
several ages. The mineralization observed consists of fine grained 
disseminated pyrite with or without sphalerite and galena contained mainly in 
the cherty tuff horizons or as small sulphide stringers and veinlets within 
the andesite. Gold and silver values are erratic. Better intersections are 
comonly in the 0.10 to 0.15 oz/T Au and 0.5 to 1.0 oz/T Ag range. Lead and 
zine values greater than 1% are present locally. 
gold and silver distribution is as yet unknown. 

The sequence is 

Nature and control of the 

Sericitization and silicification are the predominant alteration types 
within the mineralized zones. Sericitization is the most pervasive and 
widespread, while silicification is found locally in relationship to the 
mineralized horizons. 

The preliminary interpretation of the geological environment is that the 
mineralization occurs in narrow stratabound interflow siliceous exhalative 
hori zons. 

PURPOSE 

During the 1983 field season, it was discovered that an Induced 
Polarization Survey was extremely useful in outlining the continuity o f  

various small surface showings. 
the continuity o f  mineralization exposed in several widely dispersed surface 
pits within the Martha Ellen and Day Zone areas (Fig. 2). 
for the survey began August 6, 1986 and the survey was completed Aug. 28, 
1986. The geophysical portion of the survey was undertaken by Lloyd 
Geophysics Ltd. 1110 - 625 Howe Street, Vancouver, 8.C. 

The 1986 program was designed to determine 

Grid preparation 



GEOPHYSICAL SURVEY 

INSTRUMENT SPECIFICATIONS 

The I P  system used t o  c a r r y  ou t  t h i s  survey was a t ime domain measuring 

system manufactured by Huntec L im i ted  o f  Toronto, Ontar io .  

The system cons is t s  o f  a Wagner Leland a l t e r n a t o r ,  d r i v e n  by a 25 hp Onan 

engine which supp l ies  i n  excess o f  7.5 kw o f  3 phase power t o  the  ground a t  

400 her tz ,  a Mark I 1  t r a n s m i t t e r  and two Mark I V  microprocessor c o n t r o l l e d  

rece ive rs .  

The Mark I1 t r a n s m i t t e r  i s  a t ime  domain t r a n s m i t t e r  w i t h  a maximum r a t e d  

power ou tpu t  o f  7.5 kw D.C., a v a i l a b l e  a t  10 constant  vo l tage  se t t i ngs .  
Output c u r r e n t  f o r  a g iven vo l tage tap  i s  determined by t h e  c o n t r a c t  

res i s tance  a t  t h e  ground inpu t  e lec t rodes .  

seconds ( o r  a f requency o f  0.125 cyc les  per second) and t h e  du ty  c y c l e  [ t h e  

r a t i o :  ( t ime  on) / ( t ime on + t ime o f f ) ]  was 0.5. 
sequence o f  t h e  t r a n s m i t t e r  was 2 seconds c u r r e n t  "on" and 2 seconds cu r ren t  

" o f f "  w i t h  consecut ive pulses reversed i n  p o l a r i t y .  

The t r a n s m i t t e r  c y c l e  t ime was 8 

This  means t h e  c y c l i n g  

The Mark I V  r e c e i v e r  takes f u l l  advantage o f  t h e  micro-processors 

c a p a b i l i t i e s ,  f e a t u r i n g  automat ic c a l i b r a t i o n ,  ga in  se t t i ng ,  SP cance l l a t i on ,  

f a u l t  d iagnos is  and f i l t e r  tun ing.  When t h e  inst rument  i s  turned on, i t  
au tomat i ca l l y  t e s t s  i t s  analogue and d i g i t a l  c i r c u i t r y .  

detected i t s  na ture  and l o c a t i o n  are i nd i ca ted  on the  d i g i t a l  d i s p l a y  by a 
coded e r r o r  message. When t h e  inst rument  i s  no t  r e c e i v i n g  a s igna l  i t  

con t inuous ly  c a l i b r a t e s  i t s e l f .  Dur ing measurement, t h e  inst rument  

au tomat i ca l l y  ad jus ts  i t s  own gain and c o r r e c t s  f o r  s e l f - p o t e n t i a l  w i thou t  

operator  i n t e r v e n t i o n .  I n  h i g h  no ise  areas, a 60 h e r t z  r e j e c t i o n  f i l t e r  may 

be se lec ted  through t h e  p r o g r a m i n g  sub-panel. Th i s  f i l t e r  i s  au tomat i ca l l y  

tuned du r ing  t h e  i n i t i a l  c a l i b r a t i o n  cycle,  ensur ing h i g h  r e j e c t i o n  a t  t h e  

notch w i thou t  s a c r i f i c i n g  s t a b i l i t y .  
t h e  e f f e c t  o f  t h e  r e j e c t i o n  f i l t e r  on t he  o v e r a l l  f requency response. 

I f  a f a u l t  i s  

The sof tware au tomat i ca l l y  c o r r e c t s  f o r  



Operat ion o f  the  instrument i s  c o n t r o l l e d  by  3 f r o n t  panel switches and a 
keypad f o r  reques t ing  data on t h e  d i g i t a l  d isp lay .  The instrument can be used 

f o r  the  d e t a i l e d  measurement o f  a l l  s i g n i f i c a n t  I P  and r e s i s t i v i t y  phenomena. 

The instrument can be adjusted t o  perform s i n g l e  measurements o f  chargeabi 1 i t y  

( o r  percent frequency e f f e c t )  a t  reduced band-width f o r  h igh  speed 

reconnaissance surveying. 

expanded bandwidth can be performed w i t h  t h e  instrument by s e l e c t i n g  switches 
on the  p rog raming  sub-panel. S i m i l a r l y ,  t h e  de lay  time, t h e  i n t e g r a t i o n  t ime 

and a number o f  o ther  parameters, may a lso  be adjusted i n  a few seconds, by 

means o f  sub-panel switches, t o  accomodate a wide range o f  geo log ica l  

cond i t ions .  Measurements are ca l cu la ted  au tomat i ca l l y  every 4 t o  8 seconds 

from t h e  averaged waveform which i s  accumulated i n  memory a t  2048 sample 

po in ts .  

Deta i led  measurements o f  se lected anomalies a t  

An analogue meter on t h e  f r o n t  panel i s  used f o r  source res i s tance  
measurement, ensur ing c o n t i n u i t y  through t h e  i npu t  c i r c u i t .  During operat ion,  

i t  moni tors  the  output  o f  the  s igna l  a m p l i f i e r  g i v i n g  reassurance t h a t  t h e  s e t  

i s  responding c o r r e c t l y ,  and a lso  prov ides a q u a l i t a t i v e  i n d i c a t i o n  o f  t h e  

s igna l  t o  no ise  r a t i o .  The inpu t  stage i s  f l o a t i n g  t o  t h e  chassis ground when 

s i n g l e  ended opera t ion  i s  requi red.  

The instrument has 10 equal c h a r g e a b i l i t y  channels, Mo, M i ,  M2, M3, M4, 

M5, M6, M7, M8, and Mg (see Fig.  1). 
s e l e c t i v e l y  o r  sumned up au tomat i ca l l y  and d isp layed on t h e  d i g i t a l  readout by  

means o f  t h e  keypad, as t h e  f i n a l  c h a r g e a b i l i t y  reading. 

These may be recorded i n d i v i d u a l l y ,  

The apparent r e s i s t i v i t y  ( a )  i n  ohm-metres i s  obta ined by d i v i d i n g  the  

pr imary vo l tage (Vp), which can be d isp layed on t h e  r e c e i v e r  readout, by t h e  

measured c u r r e n t  ( I g ) ,  recorded a t  t h e  t ransmi t te r ,  and m u l t i p l y i n g  by a 

f a c t o r  ( K )  which i s  dependent on t h e  geometry o f  t h e  a r r a y  used. 

For t h i s  survey, t h e  de lay  t ime (Td) was f i x e d  a t  120 m i l l i seconds  and 
t h e  channel w id th  o r  i n t e g r a t i n g  i n t e r v a l  ( t p ) ,  a t  90 m i l l i seconds .  

g ives a t o t a l  i n t e g r a t i n g  t ime (Tp) o f  10 tp which equals 900 mi l l i seconds.  

Experience has shown t h a t  t h e  parameters chosen are compat ib le w i t h  t h e  
geologica l  cond i t i ons  expected t o  be encountered on t h e  proper ty .  

Th is  
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SURVEY SPECIFICATIONS 

The po le -d ipo le  a r ray  was used f o r  t h i s  survey. With t h i s  a r ray  the  one 

cu r ren t  e lec t rode C 1  and t h e  two p o t e n t i a l  e lec t rodes  P 1  and P2 are moved i n  

unison along t h e  survey l i n e s .  
" i n f i n i t e "  d is tance away, which i s  a t  l e a s t  ten  t imes the  d is tance between C 1  
and P i  f o r  t h e  l a r g e s t  e lec t rode separat ion.  

The second cu r ren t  e lec t rode C 2  i s  grounded an 

The d i p o l e  length  ( x )  i s  t h e  d is tance between P i  and P2. The e lec t rode 

separat ion (nx)  i s  t h e  d is tance between C 1  and P i  and i s  equal t o  o r  some 

m u l t i p l e  o f  t h e  d is tance between P i  and P2. 
p a r t i c u l a r  s ize,  shape, depth and t r u e  cha rgeab i l i t y ,  t h e  d i p o l e  length  ( x )  

determines main ly  t h e  s e n s i t i v i t y  o f  t h e  array,  whereas t h e  e lec t rode 

separat ion (nx)  determines main ly  t h e  depth o f  pene t ra t i on  o f  the  array. 

For a su lph ide  body o f  some 

The survey on bo th  t h e  Day Zone and t h e  Martha E l l e n  Zone was c a r r i e d  o u t  

on l i n e s  50 metres apart .  Measurements were taken w i t h  x.25 metres and 

separat ions n=l ,  2, 3 and 4. 

PRESENTATION OF DATA 

The data obta ined from t h e  surveys descr ibed i n  t h i s  r e p o r t  are presented 

on 35 pseudo-section p l o t s  as fo l lows:  

F igures 4 t o  20 f o r  t h e  Day Zone and F igures 21-38 f o r  t h e  Martha E l l en .  

D I S C U S S I O N  OF RESULTS 

An I P  response depends l a r g e l y  on t h e  f o l l o w i n g  f a c t o r s :  

1. 
2. 
3. 

4. 

The number o f  pore paths t h a t  are blocked by su lph ide gra ins.  

The number o f  su lph ide  faces t h a t  are a v a i l a b l e  f o r  p o l a r i z a t i o n .  

The absolute s i z e  and shape o f  t h e  su lph ide g ra ins  and t h e  r e l a t i o n s h i p  

o f  t h e i r  s i z e  and shape t o  t h e  s i z e  and shape o f  t h e  a v a i l a b l e  pore 

paths. 
The volume content  o f  su lph ide  minera ls .  



5. The e lec t rode a r ray  employed. 

6. The width, depth, th ickness and s t r i k e  length  o f  t h e  minera l i zed  body and 

i t s  l o c a t i o n  r e l a t i v e  t o  t h e  array.  
The r e s i s t i v i t y  con t ras t  between t h e  minera l i zed  body and t h e  

unmineral ized host rock.  
7. 

The su lph ide content  o f  t h e  under ly ing  rocks or, s ince  rocks conta in ing  
magnetite, g raph i te  or c l a y  minerals,  f r e q u e n t l y  g i ve  r i s e  t o  an I P  response, 
an equ iva len t  su lph ide content  i s  one o f  t h e  c r i t i c a l  f a c t o r s  t h a t  we would 

l i k e  t o  determine f rom f i e l d  measurements. However, exper ience has shown t h a t  

t h i s  i s  both d i f f i c u l t  and un re l i ab le ,  ma in ly  because o f  t h e  l a r g e  number o f  
f ac to rs ,  descr ibed above, which c o n t r i b u t e  t o  an I P  response. These f a c t o r s  

vary  considerably  f rom one geo log ica l  environment t o  another. Despi te  t h i s ,  
some i n t e r p r e t e r s  have developed emp i r i ca l  r u l e s  f o r  making rough est imates o f  

t h e  percent su lph ides by  volume contained w i t h i n  rocks g i v i n g  anomalous I P  

responses. 

A d e t a i l e d  s tudy has been made o f  t h e  pseudo-sections which accompany 

t h i s  repo r t .  These pseudo-sections are not  sect ions o f  t h e  e l e c t r i c a l  
p roper t i es  o f  t h e  sub-surface s t r a t a  and cannot be t r e a t e d  as such when 

determin ing t h e  depth, w id th  and th ickness o f  zone which produces an anomalous 

pa t te rn .  

From t h i s  study t h e  anomalies se lected are shown on the  i n d i v i d u a l  

pseudo-sections and are c l a s s i f i e d  i n t o  th ree  groups. 

probable and poss ib le  anomalies. 

r e l a t i v e  amplitudes o f  t h e  c h a r g e a b i l i t y  and t o  a l esse r  degree on the 

r e s i s t i v i t y  response. O f  equal importance i n  t h i s  c l a s s i f i c a t i o n  i s  t h e  

o v e r a l l  anomaly p a t t e r n  and the  degree t o  which t h i s  p a t t e r n  may be co r re la ted  

from l i n e  t o  l i n e ,  prov ided o f  course t h a t  the  c o r r e l a t i o n  i s  not  so ex tens ive  

along s t r i k e  so as t o  represent  on l y  t h e  subcrop of a geo log ica l  format ion.  

These are d e f i n i t e ,  

This c l a s s i f i c a t i o n  i s  based p a r t l y  on t h e  

On t h e  Day Zone a s t rong I P  anomaly was detected i n  t h e  western h a l f  o f  

t h e  g r i d  area. This zone i s  be l ieved t o  be under la in  mos t l y  by a r g i l l i t e s .  

.. 



On t h e  Martha E l l e n  Zone a number o f  s t rong I P  anomalies were detected. 

These anomalies are be l ieved t o  be caused by sulphides i n  t h e  under ly ing  

andesites, and as such are s i g n i f i c a n t  t rench ing  and/or d r i l l i n g  ta rge ts .  

CONCLUSIONS AND RECOMMENDATIONS 

From a s tudy o f  the  I P  da ta  obtained on t h e  survey descr ibed i n  t h i s  

r e p o r t  it has been concluded t h a t  c e r t a i n  o f  t h e  I P  anomalies, occur ing i n  

areas o f  favourable geology, are worthy o f  f u r t h e r  exp lo ra t ion .  

It i s  recomnended t h a t  t h e  I P  da ta  be c o r r e l a t e d  w i t h  t h e  extens ive 

geo log ica l  mapping which has been completed t o  date. 

c o r r e l a t i o n  those I P  anomalies which occur i n  areas o f  favourable geology 

should be tes ted  by t rench ing  and/or d r i l l i n g .  
be su lph ide  r i c h  zones, which may o r  may no t  con ta in  s i g n i f i c a n t  amounts o f  

gold. 

Based on t h i s  

Such t a r g e t s  are expected t o  
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APPENDIX A 

ITEMIZED COST STATEMENT 

Survey, Gr id  Setup and l i n e c u t t i n g  
30.05 km @ $278.04/km 

IP Geophysical Survey 
30.05 km @ $992.88/km 

Senior supervision 6 days @ S165/day 

Board & Lodging 
Grid setup 20 man days @ S20/day 

I P  survey & supervision 
74 man days @ $20/day 

Report preparat ion 
D r a f t i n g  maps (75 h r s  @ $20/hr) 

Typing, w r i t i ng ,  etc. 1 day @ $165/day 
Geophysical Consult ing Fee & 
W r i t i n g  Technical 

TOTAL COST OF SURVEY 

S 8,355.00 

29,835.98 

993.00 

400.00 

1,480.00 

1,500.00 
165.00 

1,350.00 

$44,078.98 



Name 

J. L loyd  

D. H a l l  

P. Cruikshank 

D. Ami rau l t  

D. K l i t  

D. K i l i a a n  

R. D i e t r i c h  

S. Pr i tmore  

B. Hobson 

0. Crookshank 
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APPENDIX B 

PERSONNEL EMPLOYED ON SURVEY 

Occupation Company 

Geophysic ist  L loyd Geophysics L im i ted  
1110-625 Howe S t r e e t  

Vancouver, B.C. V6C 2T6 

Geophysic ist  

Geophysic ist  

Geophysical 
Operator 

Geophysical 

Operator 

Geophysical 

He1 per  

Geophysical 

He1 pe r  

Geotechnici an Westmin Resources L im i ted  
Vancouver, B.C. 

L i n e c u t t e r  Van Alphen E x p l o r a t i o n  L td .  
Smithers, B.C. 

I t  



APPENDIX C 

STATEMENT OF Q U A L I F I C A T I O N S  



I ,  John Lloyd, o f  1110-625 Howe St ree t ,  i n  t h e  City o f  Vancouver, i n  t h e  

Province o f  B r i t i s h  Columbia, do hereby c e r t i f y  t h a t :  

1. 

2. 

3. 

4. 

5. 

I graduated f rom t h e  U n i v e r s i t y  o f  L iverpool ,  England i n  1960 w i t h  a 
B.Sc. i n  Physics and Geology, Geophysics Option. 

I obta ined the  diploma o f  the  Imper ia l  Col lege o f  Science and Technology 
(D.I.C.), i n  App l ied  Geophysics f rom t h e  Royal School of Mines, London 
U n i v e r s i t y  i n  1961. 

I obta ined t h e  degree o f  M.Sc. i n  Geophysics f rom t h e  Royal Schools o f  
Mines, London U n i v e r s i t y  i n  1962. 

I am a member o f  good s tanding o f  t h e  Associat ion o f  Pro fess iona l  
Engineers i n  t h e  Province o f  B r i t i s h  Columbia, t h e  Soc ie ty  o f  Exp lo ra t i on  
Geophysic ists o f  America, t h e  European Associat ion o f  Exp lo ra t i on  
Geophysic ists and t h e  Canadian I n s t i t u t e  o f  Min ing and Meta l lurgy.  

I have been p r a c t i s i n g  my p ro fess ion  f o r  over twenty years. 

John Lloyd, P.  Eng. 

Vancouver, B.C. 

November, 1986 



U n i v e r s i t y  Education: - 1976 Graduated w i t h  B.Sc. (Eng.) degree i n  Geology 

from Queen's Un ive rs i t y ,  Kingston, Ontar io .  

- 1979 Graduated w i t h  M.Sc. (Eng.) degree i n  Geology 

f rom Queen's Un ive rs i t y ,  Kingston, Ontar io.  

- Courses taken based on minera l  exp lo ra t ion ,  igneous 

pet ro logy,  and minera l  economics. 

P r a c t i c a l  Experience: - 4 sumners exper ience i n  Nor thern Ontar io  and 
Northeastern B r i t i s h  Columbia 

- Since 1979 work ing as P r o j e c t  Geo log is t  f o r  Westmin 

Resources L im i ted  w i t h  emphasis on t h e  B i g  Missour i  

p roper ty .  

Respec t fu l l y  submitted, 

Shaun M. Dykes 






















































































