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SUMMARY 

A combined magnetic and VLF-EM survey w a s  completed 

over t h e  Windpass property of 30 crown g ran t s  during 

June and Ju ly ,  1972. 

producing gold mine during t h e  1930's i n  which t h e  vein 

material w a s  quartz ,  p y r i t e ,  chalcopyri te ,  p y r r h o t i t e  

and magnetite. 

w a s  t o  de l inea te  poss ib le  a r e a s  of sulphide minerali-  

zat ion,  as new zones and extensions of old ones. 

The Windpass property w a s  a 

The objec t  of t hese  2 surveys the re fo re  

The property is loca ted  on t h e  west s lope of Baldy 

Mountain about 5.2 miles  N75E of L i t t l e  Fort  which 

i t s e l f  i s  under 60 miles  north of Kamloops. Access i s  

e i t h e r  from B a r r i e r  o r  L i t t l e  Fort  t o  t h e  nor th  end o f  

Dunn Lakeandfrom thence up a switch-backed road t o  t h e  

property.  

t o  moderate s lopes  but t h e  fou r  s ideshave  s teep  slopes. 

Average e leva t ion  i s  about 5,000 f ee t .  The t r e e  cover i s  

l a r g e l y  t h a t  of con i f e r s  with l i g h t  undercover, and only 

small streams t r a v e r s e  t h e  property.  

The c e n t r a l  p a r t  of t h e  property has  gent ly  

The c e n t r a l  p a r t  of  t h e  property i s  underlain by a d io r i t e -  

pyroxeni te  s i l l  within which t h e  economic mineral izat ion 

has  been found. It is a d i f f e r e n t i a t e d  sill  composed of 

I Geotronics Surveys Ltd. 



f ine-, medium-, and coarse - grained d i o r i t e  and pyroxenite. 

On t h e  west s i d e  o f  t h e  s i l l  a r e  cher t  and greenstone 

of t h e  Fennel1 Formation and on t h e  eas t  s i d e  i s  

g r a n i t e  of t h e  Baldy Bathol i th .  

s t r i k e  north-south and mineralized faul ts  as wel l  as  

o the r  faults s t r i k e  no r theas t e r ly  t o  southeaster ly .  

Gold w a s  mined from 2 d i f f e r e n t  veins  ca l l ed  t h e  Wind- 

pass  vein and Sweet Home vein which weremainly composed 

of quartz ,  magnetite,  py r rho t i t e ,  p y r i t e ,  chalcopyri te ,  

and bismuthini te .  

The rock contac ts  

The magnetic survey r e f l e c t e d  magnetite and p y r r h o t i t e  

within t h e  Windpass vein a s  wel l  as o the r  poss ib le  

mineralized zones and magnetic pyroxenite i n  a t  l e a s t  

2 d i f f e r e n t  areas .  The VLF-EM anomalies ( o r  conductive 

zones) co r re l a t ed  very wel l  w i t h  Lundberg' s e l e c t r i c a l  

survey over only 2 o r  3 anomalous zones. 

conductive zones revealed by t h e  VLF-EM s t r i k e  i n  a 

no r theas t e r ly  d i r e c t i o n  and a r e  in t e rp re t ed  t o  r e f l e c t  

f a u l t s  t h a t  could be mineralized by sulphides ,  espec ia l ly  

where t h e r e  i s  co r re l a t ion  with magnetic highs. 

Most of  t h e  



CONCLUSIONS AND RECOMMENDATIONS 

1) 

a dior i te-pyroxeni te  s i l l  t h a t  i s  loca ted  on t h e  

western f lank  of a north-trending aeromagnetic anomaly, 

about 4 miles  by 2 miles. 

may be r e f l e c t i n g  a l a r g e r  s i l l  and the re fo re  should be 

thoroughly prospected, e spec ia l ly  on t h e  western f lank.  

The Sweet Home and Windpass ve ins  a r e  found wi th in  

This  aeromagnetic anomaly 

2 )  

Home veins  and t h e  magnetics has  r e f l e c t e d  only t h e  

Windpass vein. 

mineral ized f a u l t s .  The VLF-EM conductive zones q u i t e  

probably a r e  f a u l t s  and the re fo re  should be thoroughly 

explored f o r  any poss ib le  s i g n s  of mineral izat ion,  

e spec ia l ly  where magnetic highs coincide with t h e  VLF-EM 

zones. 

B a r e  probably t h e  most favourable ,  but  a l l  VLF-EM 

zones should be checked out. 

The VLF-EM has r e f l e c t e d  both t h e  Windpass and Sweet 

These ve ins  have been shown t o  be 

The 2 nor theas t - s t r ik ing  arms ofzone A and zone 

3 )  
t inuous ac ross  t h e  t a l u s  s l i d e  t o  t h e  eas te rn  s i d e  of 

t h e  survey area.  However, t h e r e  a r e  no magnetic highs 

wi th in  t h e  c e n t r a l  por t ion  of t h i s  VLF-EM zone and, as 

Lundberg pointed out ,  t h i s  p a r t  is the re fo re  l e s s  

The VLF-EM has shown t h a t  t h e  Windpass vein i s  con- 



0 
favourable  t o  t h e  occurrence of gold. 

4)  
s t rong  magnetic anomaly t o  i t s  immediate south. It i s  

not  known whether t h i s  p a r t  w a s  d r i l l e d  i n  t h e  1930's, 

but i f  it has no t ,  it i s  recommended'that it be done. 

If it has, f u r t h e r  explorat ion may be advisable  depend- 

ing  on t h e  d r i l l  r e s u l t s .  

On t h e  eas te rn  end of t h e  same VLF-EM zone occurs  a 

The recommended work over any of  t h e  VLF-EM zones is  

prospect ing,  t renching and d r i l l i n g .  However, overburden 

no doubt covers much o f  each zone and consequently it 

would be t o o  d i f f i c u l t  t o  t e l l  whether and where a fault- 

zone contains  sulphides.  A se l f -po ten t i a l  (SP) survey 

should be a b l e  t o  do t h i s  and the re fo re  one i s  recommended. 

It i s  advisable  t o  first t e s t  t h e  SP instrument over t h e  

known mineral izat ion and f ind  out f o r  c e r t a i n  whether it 

w i l l  work o r  no t ,  before  proceeding with t h e  e n t i r e  survey. 

Contigent upon i t s  r e s u l t s ,  t renching and d r i l l i n g  would 

then be undertaken. 

Respectful ly  submitted, 

Geophysicist 
September 2 5 ,  1972 

I Geotronics Surveys Ltd. 



GEOPHYSICAL REPORT 

on 

MAGNETIC AND ELECTROMAGNETIC SURVEYS 

WINDPASS PROPERTY 

LITTLE FORT AREA, KAMLOOPS M.D., B. C. 

INTRODUCTION AND GENERAL REMARKS: 

This  r e p o r t  d i scusses  t h e  procedure,  compilation, 

and i n t e r p r e t a t i o n  of a combined f luxga te  ground 

magnetometer and a very l o w  frequency electromagnet ic  

(VLF-EM) survey c a r r i e d  o u t  on t h e  Windpass Property 

during June and J u l y  of 1972.  

The surveys w e r e  under t h e  superv is ion  of t h e  w r i t e r  

and t h e  f i e l d  work w a s  c a r r i e d  o u t  by K e l  McCulloch and 

t w o  a s s i s t a n t s .  

with readings  taken a t  100-foot s epa ra t ion  and 1 . 2  l i n e  

m i l e s  a t  50-foot s epa ra t ion .  

t h e  survey is as shown on Figure 2. 

19.8  m i l e s  of survey w e r e  completed 

The area covered by 
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The Windpass proper ty  w a s  a producing mine p r imar i ly  

dur ing  t h e  1930 ' s  and w a s  mined l a r g e l y  f o r  gold.  

The gold  occurred wi th  magnet i te  and var ious  su lphides  

inc luding  cha lcopyr i te .  Therefore ,  the renewed 

exp lo ra t ion  of t h e  proper ty  w a s  n o t  on ly  f o r  go ld ,  bu t  

a lso f o r  copper. Consequently, t h e  primary object of 

t h e  magnetometer and VLF-EM surveys w a s  t o  d e l i n e a t e  

probable  areas of su lphide  mine ra l i za t ion .  The 

magnetometer i s  used because of  t h e  s u l p h i d e ' s  association 

w i t h  magnet i te  and t h e  VLF-EM because t h e  su lphides  are 

massive and they  occur  i n  shea r  zones. The VLF-EM 

is ,  as a r u l e ,  t h e  best ins t rument  f o r  d e l i n e a t i n g  

s t r u c t u r e .  

PROPERTY AND OWNERSHIP : 

The Windpass 'property i s  composed of 30 crown g r a n t s  

which have been grouped i n t o  seven minera l  leases as 

fol lows.  The crown g r a n t s  are shown on Figure  2 .  

Mineral Lease N o .  N a m e  L o t  N o .  Expiry D a t e  

37R Windpass 1 3839 Feb. 28/73 
Windpass 2 3840 Feb. 28/73 

Windpass 3 3841 Feb. 28/73 



Mineral Lease N o .  N a m e  - 
38R Sweet Home I 
4 0 R  

4 2 R  

G o t t  

J u p i t e r  

E l i s e  

E r i n  

Dolly Varden 

Maple Leaf 

Brenda Fr .  

Signe 

Dyke Fr .  

Dyke 

B e s t  

Diamond 

Nugget 

Snowshoe Fr .  

Sydney X 

Bobby B Fr .  

Kay Fr .  

4 4 R  Blue Diamond 

S i l v e r  B e l l  

L o t  N o .  

3844 

3842 

3971 

3972 

3974 

3975 

3976 

3977 

3978 

1607 

1615 

1618 

1619  

1620 

1 6 2 1  

3521 

3523 

3524 

1875 

1876 

3973 

4851 

I Geotronics Surveys Ltd. 
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W 
Premier 

Ridgeway 

3 

Expiry D a t e  

Feb. 28/73 

Feb. 26/73 

Feb. 26/73 

Feb. 26/73 

Feb. 26/73 

Feb. 26/73 

Feb. 26/73 

Feb. 26/73 

Feb. 26/73 

March 27/73 

March 27/73 

March 27/73 

March 27/73 

March 27/73 

March 27/73 

March 27/73 

March 27/73 

March 27/73 

March 27/73 

March 27/73 

March 27/73 

March 27/73 
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I 
Mineral Lease N o .  

45R 

46R 

N a m e  

F i f t y  

F i f  ty-one 

- 

North Dann 

Donegal 

B e l f a s t  

Lot No. Expiry Date 

1873 March 27/73 

1874 March 27/73 

3843 March 28/73 

3979 March 28/73 

3980 March 28/73 

The proper-y i s  owned by Kamad S l v e r  Mines Ltd and is  

opt ioned t o  Gold River Mines Ltd and Dalton Resources 

Ltd. ,  who can j o i n t l y  acqu i r e  up t o  a 70% i n t e r e s t  i n  

t h e  proper ty .  

LOCATION AND ACCESS: 

The proper ty  is s i t u a t e d  on t h e  w e s t  slope of Baldy Mountain, 

east  of Dunn Lake and about 5.2 m i l e s  N75E of L i t t l e  F o r t ,  

B r i t i s h  C o l u m b i a .  

The geopgraphical  coord ina tes  are 51° 26 . 5 ' nor th  l a t i t u d e  

and 120' 05' w e s t  longi tude .  

Access t o  t h e  proper ty  i s  by t r a v e l l i n g  t h e  N o .  5 Highway 

nor th  f r o m  Kamloops about 5 8  miles t o  L i t t l e  For t .  One 

then  t a k e s  a ferry across the North Thompson River and 

Geotronics Surveys Ltd. 
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t r a v e l s  t o  t h e  nor th  end of Dunn Lake ,  a d i s t ance  of 

about four  m i l e s .  From thence,  a multi-switch-backed 

road t r a v e l s  up t h e  w e s t  s l ope  of Baldy Mountain t o  t h e  

property.  An a l t e r n a t e  route  i s  t o  t r a v e l  39 m i l e s  

from Kamloops t o  Bar r i e re  and then about 20 m i l e s  up 

t h e  e a s t  s i d e  of t h e  North Thompson on a grave l  road t o  

t h e  nor th  end of Dunn Lake. 

I 

PHYSIOGRAPHY 

The Windpass property i s  loca ted  wi th in  the Shuswap 

Highlands near  t h e  e a s t e r n  border of t h e  Thompson Pla teau ,  

both of which are physiographic d i v i s i o n s  of t h e  I n t e r i o r  

Plateau.  The property i s  found on a p l a t eau  which i s  

ha l f  way between t h e  peak of Baldy Mountain and Dunn Lake. 

The e l e v a t i o n  varies from 4,000 f e e t  i n  a t r i b u t a r y  of 

Dunn Creek t o  5 ,800  f e e t .  

The c e n t r a l  p a r t  of t h e  property has q u i t e  moderate 

r e l i e f .  However, t h e  east s i d e  rises sharp ly  towards t h e  

Baldy Mountain peak, t h e  nor th  s i d e  drops q u i t e  sharply 

i n t o  Teather  Creek, t h e  south s i d e  i n t o  Dunn Creek and 

i t s  t r i b u t a r y ,  and the  w e s t  s i d e  drops moderately towards 

Dunn Lake. 
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The vege ta t ion  c o n s i s t s  of f i r ,  p ine ,  and spruce with 

some poplar  and birch.  The undercover i s  somewhat 

l i g h t  and c o n s i s t s  of second-growth c o n i f e r s ,  a l d e r s  and 

l i g h t  brush. 

N o  major creeks flow through t h e  property,  bu t  only 

minor streams. Teather Creek is  found o f f  t h e  nor th  end 

of the  crown g r a n t s  and Dunn Creek o f f  of t h e  south end. 

HISTORY OF PREVIOUS WORK: 

The property w a s  o r i g i n a l l y  discovered around 1915. 

From t h i s  d a t e  u n t i l  1932, it w a s  subsequently prospected, 

developed, and worked t o  produce seve ra l  car loads  of hand- 

cobbed ore. By 1932 a m i l l  had been constructed near  

Dunn Lake and an aer ia l  tramway from t h e  workings t o  t h e  

m i l l .  81,206 tons  of ore with 0.407 oz/ton of gold w a s  

mined from 1932 u n t i l  1 9 4 1  when t h e  a f f a i r s  of the  mining 

company were terminated. During t h i s  per iod i n  the  

summer of 1936 magnetometer and r e s i s t i v i t y  surveys w e r e  

carried ou t  by Hans Lundberg Limited of Montreal. 

I Geotronics Surveys Ltd. 



7 I 
rr In  1951, Falconbridge Exploration Limited conducted 

radiometr ic  and geological  surveys over a por t ion  of t h e  

property comprising t h e  Windpass Group. 

In  1960, For t  Reliance Minerals Limited c a r r i e d  out  

reconnaissance geologica l  mapping and a magnetometer 

survey on 9 of t h e  crown g r a n t s  nor th  of t h e  Windpass and 

Sweet Home workings. 

I n  1969, Kamad S i l v e r  Mines Ltd. acquired a l l  30 of t h e  

crown g r a n t s  and subsequently c a r r i e d  out  magnetic survey- 

i n g  over s p e c i f i c  areas, bul ldozer  s t r i p p i n g ,  and sampling. 

GEOLOGY 

A l a r g e  p a r t  of  t h e  area i s  underlain by t h e  Fennel1 Fsma- 

t i o n  which i s  of Mississ ippian and/or l a t e r  age. 

composed of pi l low l ava  flows, greenstone, f o l i a t e d  green- 

s tone ,  g reenschis t ,  a r g i l l i t e ,  c h e r t ,  minor amphibolite,  

l imestone, and breccia.  Intruded i n t o  t h i s  i s  t h e  Baldy 

Mountain Bathol i th  of  Cretaceous age which i s  composed of 

b i o t i t e  quartz  monzonite and granodior i te ;  minor pegmatite, 

a p l i t e ,  bioti te-hornblende quar tz  monzonite. A small a r e a  

t o  t h e  w e s t  of t h e  proper ty  on t h e  nor th  end of  Dunn Lake 

i s  under la in  by t h e  Sku l l  H i l l  Formation, a member of  t h e  

Kamloops Group, and is Eocene and (? )  Oligocene i n  age. 

It is  
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It is  composed of volcanic  rocks which are d a c i t e ,  

t r achy te ,  b a s a l t ,  andes i t e ,  r h y o l i t e ,  and r e l a t e d  

breccias .  

The more d e t a i l e d  geology i s  largely taken from Lundberg 

and Pasieka and i s  only meant t o  summarize t h e  main p o i n t s  

i n  order  t o  f a m i l i a r i z e  t he  reader.  Figure 3 i s  a sketch 

of Lundberg's geology map. The desc r ip t ion  i s  as  follows: 

The c e n t r a l  p a r t  of t h e  property i s  under la in  by a d i o r i t e -  

pyroxeni te  s i l l  which i s  what c a r r i e s  t h e  sulphide mineral- 

i z a t i o n .  

Pasieka,  a pyroxenite. 

coarse,  r u s t y  weathering, very magnetic rock varying i n  

mineral  composition from gabbro t o  pyroxenite. 

ern p a r t  of t h e  s i l l  i s  a f i n e  - t o  coarse-grained grey 

rock 

of f e l d s p a r  i n  equal proport ion and minor amount of quartz. 

Th i s  rock, which has  t h e  appearance of a d i o r i t e ,  is fine- 

grained nea r  t h e  c h e r t  con tac t ,  but  south of t h e  Windpass 

group, i s  coarse-grained near  t h e  assumed greenstone con- 

t a c t .  A t  about 15 S on l i n e s  4 and 8 E, Lundberg noted a 

medium-grained, black, very magnetic rock composed almost 

e n t i r e l y  of a black ferromagnesium mineral  with accessory 

magnetite and pyrrhot i te .  

Lundberg refers  t o  it mostly as a d i o r i t e  and 

The eas t e rn  p a r t  of t h e  s i l l  i s  a 

The west- 

w i t h  long s lender  c r y s t a l s  of hornblende and l a t h s  

Geotronics Surveys Ltd. 
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Overlying t h e  s i l l  on t h e  w e s t  i s  che r t  and metamorphosed 

basalt  and andes i t e  l a v a s  (greenstone) of t h e  Fennel1 

Formation. A narrow, 1300-foot wide, north-south band 

of greenstone a l s o  occurs o f f  of t h e  e a s t  end of t h e  

survey area. 

I 

The Baldy Mountain Bathol i th ,  which Lundberg c a l l s  a g r a n i t e ,  

occurs t o  t h e  e a s t  of t h e  property near  t h e  t i p  of Mount 

Baldy. The g r a n i t e  is  coarse-grained, s l i g h t l y  po rphyr i t i c ,  

non-foliated,  and pink t o  grey i n  colour. Uglow found t h e  

contact  t o  d i p  35-50 degrees  wes ter ly  s o  t h a t  it probably 

unde r l i e s  t h e  formations of t h e  Windpass property a t  a 

considerable  depth. 

The formations on t h e  Windpass property s t r i k e  about NISE 

and vary i n  d i p  from wes ter ly  on t h e  east end of t h e  property 

t o  s l i g h t l y  e a s t  i n  t h e  c h e r t s  on t h e  west s ide.  F a u l t s  

s t r i k e  i n  a d i r e c t i o n  n e a r l y  perpendicular t o  t h a t  of t h e  

s i l l  and d i p  a t  s m a l l  angles  t o  t h e  north.  

and Sweet Home minera l iza t ion  a re  found wi th in  some of t h e s e  

f a u l t s .  However, o t h e r  f a u l t s  a r e  post-mineralization i n  

age and d i sp lace  t h e  veins. 

The Windpass 

The Windpass vein s t r i k e s  about N75W and d i p s  from 28 degrees 

no r th  a t  sur face  t o  45 degrees  no r th  a t  depth and has  a 

l eng th  of about 500 feet. It is  found l a r g e l y  i n  t h e  fine- 

Geotronics Surveys Ltd. 
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grained d i o r i t e  (pyroxeni te  ? )  and i s  composed of quar tz ,  

magnetite,  py r rho t i t e ,  cha lcopyr i te ,  p y r i t e ,  n a t i v e  

bismuth, bismuthini te  and gold. The gold seems t o  be 

c lose ly  assoc ia ted  with t h e  bismuth. 

The Sweet Home vein has  been t r aced  f o r  about 550 fee t ,  has  

a s t r i k e  o f  N55W t o  almost E-W, and d i p s  30-40 degrees 

north.  The vein i s  composed of quar tz ,  p y r i t e ,  cha lcopyr i te ,  

py r rho t i t e ,  and bismuth. It i s  about 10 t o  20 inches  wide 

with i r r e g u l a r  l enses  of 5 feet .  

DISCUSSION OF AEROMAGNFTICS 

The Federal  Government published an aeromagnetic map of t h e  

area i n  1968. 

western f l ank  of a 2-by 4-mile, north-trending anomaly. 

It shows t h e  Windpass mine t o  be on t h e  

The anomaly has  s t rong  i n t e n s i t y  being about 3000 t o  4000 

gammas above background. 

and Tipper 's  geology map, 

Formation and t h e  Baldy i n t r u s i v e  along t h e  contact .  

background of t h e  Fennell Formation i s  about 2500 t o  3000 

gammas and t h a t  of t h e  Baldy i n t r u s i v e ,  4000 gammas. 

From cor re l a t ing  it with Campbell 

it occurs  wi th in  both the  Fennel1 

The 

' The d i o r i t e p y r o x e n i t e  sill  w a s  noted t o  be q u i t e  magnetic I 
and the re fo re  it may be t h e  sill  t h a t  t h e  aeromagnetics i s  

I Geotronics Surveys Ltd. 
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r e f l e c t i n g .  This  would then mean t h a t  t h e  s i l l  extends 

up t o  2 miles  eas t  of t h e  Windpass workings and south 

onto almost Cowell  Creek. It is  i n t e r e s t i n g  t o  note  

t h a t  chalcopyri te  mineral izat ion i s  found on t h e  nor th  

bank of Dunn Creek on 4 crown grants ,  and t h a t  t hese  

crown g ran t s  a r e  a l s o  loca ted  on t h e  west f lank  o f  t h e  

same aeromagnetic anomaly. As a r e s u l t ,  it appears t h a t  

t h i s  anomaly, espec ia l ly  t h e  western f lank ,  i s  favourable  

t o  sulphide mineral izat ion.  

INSTRUMENT AND THEORY 

1) Magnetometer 

The magnetic survey w a s  ca r r i ed  out using a por tab le  v e r t i c a l  

component, Model G110 f luxgate  magnetometer manufactured 

by Geotronics Surveys Ltd. of Vancouver, B.C. This  i s  a 

visual-nul l  type instrument using d i g i t a l  d i a l  readout with 

a range of 100,000 gammas and a reading accuracy of 10 gammas. 

The E l l 0  has  a temperature coe f f i c i en t  of 2 gammas per  

degree centigrade.  

Only two commonly occurr ing minerals  a r e  s t rongly  magnetic; 

magnetite and pyr rhot i te .  Hence,. magnetic surveys a r e  used 

t o  de t ec t  t h e  presence of t hese  minerals  i n  varying concen- 

t r a t i o n s .  Y Magnetic da ta  are a l s o  use fu l  as a reconnaissance 

Geotronics Surveys Ltd. 
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t o o l  f o r  mapping geologic l i t ho logy  and s t r u c t u r e  s ince  

d i f f e r e n t  rock types  have d i f f e r e n t  background amounts 

o f  magnetite and/or pyr rhot i te .  

2) VLF-EM 

A VLF-EM rece iver ,  Model 628, manufactured by Geotronics 

Surveys Ltd. of Vancouver, B,C, w a s  used f o r  t h e  VLF-EM 

survey. 

electromagnetic component of  t h e  very low frequency f i e l d  

(VLF), t ransmit ted a t  18.6 KHz,  from S e a t t l e ,  Washington. 

Th i s  instrument is designed t o  measure t h e  

In  a l l  electromagnetic prospect ing,  a t r ansmi t t e r  produces 

an a l t e r n a t i n g  magnetic f i e l d  (primary) by a s t rong  

a l t e r n a t i n g  current  usua l ly  through a c o i l  o f  wire. 

conductive mass such as a sulphide body i s  within t h i s  

magnetic f i e l d ,  a secondary a l t e r n a t i n g  cur ren t  is  induced 

within it which i n  t u r n  induces a secondary magnetic 

f i e l d  t h a t  d i s t o r t s  t h e  primary magnetic f i e l d .  

t h i s  d i s t o r t i o n  t h a t  t h e  EM rece ive r  measures, 

VLF-EM uses a frequency range from 16 t o  24 K H z ,  whereas 

most EM instruments  use frequencies  ranging from a few 

hundred t o  a few thousand He, 

high frequency, t h e  VLF-EM can pick up bodies of a much 

lower conduct ivi ty  and the re fo re  is more suscept ib le  t o  

c l a y  beds, e l e c t r o l y t e - f i l l i n g  f a u l t  o r  shear  zones and 

If a 

It i s  

The 

Because of i t s  r e l a t i v e l y  

Geotronics Surveys Ltd. 
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porous horizons,  g raphi te ,  carbonaceous sediments, 

l i t h o l o g i c a l  contac ts  as  w e l l  a s  sulphide bodies o f  

too  low a conduct ivi ty  f o r  o the r  EM methods t o  pick up. 

Consequently t h e  VLF-EM has add i t iona l  uses  i n  mapping 

s t r u c t u r e  and i n  picking up sulphide bodies of too  low 

a conduct ivi ty  f o r  conventional EM methods and too  small 

f o r  induced po la r i za t ion  ( i n  p laces  it can be used 

ins tead  o f  IP ) .  However, i t s  s u s c e p t i b i l i t y  t o  lower 

conductive bodies r e s u l t s  i n  a number o f  anomalies, 

many of them d i f f i c u l t  t o  explain and, thus ,  VLF-EM 

preferably should not  be in t e rp re t ed  without a good 

geological  knowledge of t h e  property and/or o the r  geo- 

physical  and geochemical surveys. 

SURVEY PROCEDURE 

The combined survey w a s  ca r r i ed  out  over a pre-exis t ing 

g r id  t h a t  had been put i n  f o r  t h e  r e s i s t i v i t y  and mag- 

netometer survey i n  1936. 

200 f e e t  apa r t  and 100 f e e t  where d e t a i l e d  work was 

required.  

and t h e  base l i n e ,  east-west. Readings were taken by 

both instruments  a t  100-foot i n t e r v a l s  and 5o-foot f o r  

de t a i l i ng .  Survey f lagging,  whereon w a s  marked t h e  g r i d  

coordinates ,  were placed a t  the 100-foot i n t e rva l s .  

The cut-out l i n e s  were spaced 

The survey l i n e s  run i n  a north-south d i r e c t i o n  

Geotronics Surveys Ltd. 
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1 
Magnetic sub-stat ions were set  up on t h e  base l i n e  

a t  each survey l i n e .  A s  t h e  survey w a s  c a r r i e d  ou t ,  

t h e s e  s t a t i o n s  were read a t  about 1 t o  3 hour in t e r -  

v a l s  i n  order  t o  monitor t h e  magnetic d i u r n a l  change. 

Diurnal co r rec t ions  were not  made f o r  changes of 

20 gammas o r  less.  

COMPILATION OF DATA 

1) 

t h e  magnetic values  a f t e r  they  were d i u r n a l l y  cor rec ted ,  

and from t h i s  a mean background w a s  taken t o  be about 

55,800 gammas. 

a scale of  1" = 200 f e e t  and contoured a t  a 200-gamma 

i n t e r v a l .  The 55,800 gamma contour wa$ l e f t  out s i n c e  

t h i s  w a s  c lo se  t o  background and would the re fo re ,  only 

h inder  t h e  i n t e r p r e t a b i l i t y  of t h e  magnetic data. For 

ease of p l o t t i n g ,  both t h e  1st and l a s t  d i g i t s  were taken 

off of each value. For example, 57,320 gammas is  d r a f t e d  

as  732. 

A cumulative frequency graph w a s  drawn up of a l l  

The da ta  w a s  then p l o t t e d  on shee t  1 a t  

2) VLF-EM 

Sheet 2 shows t h e  VLF-EM r e s u l t s  a f t e r  they  have been 

reduced applying t h e  F rase r  f i l t e r .  

p l o t t e d  between a c t u a l  reading s t a t i o n s .  

F i l t e r e d  da ta  is 

The p o s i t i v e  

I Geotronics Surveys Ltd.? - 



dip-angle readings have been contoured a t  an i n t e r v a l  

of 10 degrees. 

The F rase r  f i l t e r  i s  e s s e n t i a l l y  a 4 poin t  d i f f e rence  

opera tor ,  which transforms zero c ross ings  i n t o  peaks, 

and a low pass  smoothing opera tor  which reduces t h e  

inherent  high frequency no i se  i n  t h e  data.  

t h e  noisy,  non-contourable d a t a  are transformed i n t o  

l e s s  noisy,  contourable data.  Another advantage of t h i s  

f i l t e r  i s  t h a t  a conduc to r ' t ha t  does n o t  show up as a 

crossover on the  u n f i l t e r e d  d a t a  q u i t e  o f t e n  will show 

up on t h e  f i l t e r e d  data.  

Therefore,  

DISCUSSION OF RESULTS 

1) Magnetic Survey 

The cumulative frequency graph i s  divided i n t o  3 d i s t a n t  

s t r a i g h t  l i n e  segments. The c e n t r a l  one i s  t h e  one from 

which t h e  parameters a r e  taken. The mean background value 

i s  noted a t  t h e  50% l e v e l  t o  be 55,800 gammas. This  value 

i s  a s l i g h t l y  high one f o r  t h i s  l a t i t u d e  and the re fo re ,  no 

doubt, r e f l e c t s  t h e  magnetic cha rac t e r  of t h e  sill. The 

range of t h e  values  i s  about 3300 gammas from a minimum of 

54,700 gammas t o  a maximum of 58,000 gammas. 

1 

Geotronics Surveys Ltd. 
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The sub-amomalous (a  term used by t h e  w r i t e r  t o  denote 

those  values  t h a t  a r e  not  background nor  anomalous but 

s t i l l  important f o r  i n t e r p r e t a t i o n )  and anomalous thres- 

hold values  f o r  both t h e  anomalous lows and amomalous 

highs are found by reading t h e  values  1 standard dev ia t ion  

and 2 standard dev ia t ions  away from t h e  mean background 

value on each s i d e  t o  obta in  4 d i f f e r e n t  parameters. One 

standard devia t ion  away i s  a t  t h e  10% l e v e l  on t h e  high 

s i d e  and 84% l e v e l  on t h e  low side.  

dev ia t ions  i s  2# and 9 7 s  on each s i d e ,  respec t ive ly .  

Two standard 

Consequently, f o r  t h e  magnetic highs,  t h e  sub-anomalous 

and anomalous values  a r e  56,050 and 56,250 gammas res- 

pect ively.  

respec t ive ly .  The approximate d i f f e rence  between each para- 

meter including the  mean background l e v e l  i s  200 gammas, 

andhence t h e  200 gamma contour i n t e r v a l .  The 2 sub-anoma- 

l o u s  values  show t h e  background t o  have a range of 400 

gammas, which i s  r a t h e r  narrow considering t h e  range of 

va lues  over t h e  whole survey area. 

t h a t  t h e  Fennel1 Formation and t h e  dior i te-pyroxeni te  s i l l  

c a r r y  a cons i s t en t  background amount of magnetite,  and 

it is  t h e  mineralized zones containing magnetite and 

p y r r h o t i t e  and i s o l a t e d  occurrences of u l t ramaf ic  rocks 

t h a t  cause t h e  t o t a l  range i n  va lues  t o  be as  large as it is. 

For t h e  magnetic lows, they are  55,650 and 55,400 

This  t h e r e f o r e  i n d i c a t e s  

I .  

Geotronics Surveys Ltd. 



T h i s  a l s o  causes t h e  break i n  t h e  graph a t  t h e  6 8  l e v e l  

and pa’r t ly  a t  t h e  85% l eve l .  That is, t h e s e  mineralized 

zones and u l t ramaf ic  occurrences cause 

abundance of high values  and a l i t t l e  overabundance of 

low values. 

t h e r e f o r e  are  a r e s u l t  of t h e  d ipo le  e f f e c t  of magnetite. 

a g rea t  over- 

Some of t h e  lows a r e  ad jacent  t o  highs and 

What t h e  magnetic survey l a r g e l y  has done i s  confirm 

t h e  r e s u l t s  obtained by Lundberg i n  1936. Through t h e  

use  of  more modern equipment, no new magnetic zones o r  

extensions of o ld  ones w e r e  revealed. However, t h e  

anomalies w i l l  be r e d i s c u s s e d  he re  b r i e f l y ,  e spec ia l ly  

i n  how they  c o r r e l a t e  w i t h  t h e  VLF-EM results.  

Strong magnetic anomalies have been remeasured around t h e  

Windpass workings. They are  somewhat d i f f e r e n t  i n  inten- 

s i t y  and shape from those  of t h e  o ld  survey l a r g e l y  

because of o r e  being mined out  s i n c e  the  first survey 

w a s  undertaken. 

East and on s t r i k e  of t h e  Windpass vein i s  a s t rong  

magnetic anomaly occurr ing on l i n e s  22 t o  26 E j u s t  south 

of t h e  basel ine.  Because of  it occurr ing wi th in  favour- 

able geology and because of i t s  c o r r e l a t i o n  with t h e  

e l e c t r i c a l  survey, Lundberg f e l t  t h a t  is has  a s t rong  

1 Geotronics Surveys Ltd. 
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p o s s i b i l i t y  of r e f l e c t i n g  Windpass-type minera l iza t ion ,  

It is  not  known t o  t h e  w r i t e r  whether it w a s  d r i l l e d  o r  

no t  and t h e r e f o r e  it i s  no t  known whether t h e  i n t e r p r e t a t i o n  

w a s  confirmed, 

On t h e  south end of t h e  survey on l i n e s  1 2  and 14 E i s  t h e  

most prominent anomaly being t h e  largest  and of t h e  h ighes t  

i n t e n s i t y .  

body of rock s i n c e  f l o a t  o f  t h i s  type w a s  found i n  t h e  

area and s i n c e  t h e  anomaly s t r i k e s  N-S which i s  t h e  s t r i k e  

of t h e  d i f f e r e n t  rock-types and not  E-W which i s  t h e  s t r i k e  

of t h e  Windpass and Sweet Home veins.  Also, a black, 

ferromegnesian, magnetic rock, probably pyroxenite w a s  

found i n  t renches  c o r r e l a t i n g  w i t h  t h e  magnetic anomalies 

on l i n e s  2 t o  6 E a t  14 S. 

suggest t h a t  some of t h e  magnetic anomalies which cannot 

be v e r i f i e d  by bedrock exposure could w e l l  be caused by 

magnetic pyroxenite rather than sulphide minera l iza t ion ,  

Lundberg a t t r i b u t e d  i t s  cause t o  a pyroxenite 

The above 2 cases  t h e r e f o r e  

, 

It can be seen on sheet 1 t h a t  much of  t h e  east s ide  of 

t h e  survey area is magneticallx low. It seems most l i k e l y  

t h a t  t h i s  anomalous low is caused by a d i f f e r e n t  rock-type 

wi th  a r e l a t i v e l y  lower amount of background magnetite, 

The Baldy i n t r u s i v e ,  according t o  t h e  aeromagnetic map, 
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i s  magnetically lower i n  i n t e n s i t y  than  t h e  d i o r i t e -  

pyroxenite s i l l  and t h e r e f o r e  t h i s  anomalous low could 

be r e f l e c t i n g  t h e  in t rus ive .  However, t h e  pos i t i on  of  

t h e  aeromagnetic high, t h e  ground magnetic low, and 

t h e  Baldy i n t r u s i v e  as  shown on Campbell and Tipper 's  

geology map do not  coincide and t h e r e f o r e  t h e  writer 

f e e l s  t h a t  t h e  i n t r u s i v e  is not  t h e  cause of t h e  ground 

magnetic survey low. 

Some of t h e  anomalies w i l l  be discussed i n  t h e  next  s ec t ion  

as  t o  how they  c o r r e l a t e  with t h e  VLF-EM r e s u l t s .  

2) VLF-EM Survey 

As can be noted on shee t  2 ,  t h e  VLF-EM results appear t o  

s t r i k e  mainly i n  a northeast-southwest d i r ec t ion .  Some of  

t h i s  w i l l  be caused by t h e  s t a t i o n  being i n  roughly a 

southwesterly d i r ec t ion .  That is, t h e  VLF-EM w i l l  r e f l e c t  

t h o s e  conductors t h a t  s t r i k e  i n  t h e  d i r e c t i o n  of t h e  

t r a n s m i t t e r  s t a t i o n  most ea s i ly .  For t h e  same reason, t h e  

survey l i n e s  i d e a l l y  should be i n  a d i r e c t i o n  perpendicular  

t o  t h a t  towards t h e  s t a t i o n ,  which i s  p a r a l l e l  t o  those  

conductors one wants t o  p ick  up. 

however, t h a t  many t i m e s  cannot be m e t  as i n  t h i s  case,  

This  i s  an i d e a l  condi t ion,  
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and consequently t h e  r e s u l t a n t  values  w i l l  be lower 

than otherwise. 

Both t h e  e l e c t r i c a l  survey ca r r i ed  out  by Lundberg i n  

1936 and t h e  VLF-EM survey under discussion depend on 

conductive bodies f o r  de tec t ion  but d i f f e r  i n  p r i n c i p l e  

theory. 

co r re l a t ion  between t h e  2 surveys on 2 o r  3 anomalies but 

poor o r  no co r re l a t ion  on most of t h e  anomalies. 

This  probably explains  why t h e r e  i s  good 

For ease of discussion,  t h e  conductive zones ( o r  anomalies) 

have been l a b e l l e d  by l e t t e r s  of  t h e  alphabet  and a r e  as 

follows: 

Anomalous zone A i s  a l a r g e  one t h a t  i s  f e l t  by t h e  w r i t e r  

t o  be composed of 3 small anomalies t h a t  i s  r e f l e c t i n g  

3 f a u l t  zones s t r i k i n g  i n  2 d i r ec t ions .  The northwest 

arm and t h e  southeast  arm both s t r i k e  i n  a nor theas t  

d i r e c t i o n  and a r e  open on t h e  nor theas t  end. The 

northwest zone i s  2800 f e e t  by 4.00 f e e t  and t h e  southeast  

zone, 1200 f e e t  by 200 f e e t .  The bottom zone appears t o  

be r e f l e c t i n g  a d i f f e r e n t  f a u l t  which i s  s t r i k i n g  i n  an 

e a s t e r l y  d i r e c t i o n  and is no doubt, t h a t  of t h e  Windpass 

vein. The vein i s  on t h e  southern f l ank  of t h e  anomaly. 

I Geotronics Surveys Ltd. 
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The anomaly of very high i n t e n s i t y  on L-2kE almost on 

t h e  base l i n e  i s  f e l t  t o  be p a r t  of t h e  east-west 

s t r i k i n g  zone, espec ia l ly  consider ing i t s  good corre- 

l a t i o n  w i t h  t h e  e l e c t r i c a l  survey anomaly which s t r ikes  

man  east-west d i r ec t ion .  

L-20E a t  8 N ,  which i s  within t h e  northwest arm, shows 

gouge and s l ickensided rock t h a t  i s  ind ica t ive  of 

Lundberg's geology map on 

f a u l t i n g  which s t r i k e s  i n  t h e  same d i r e c t i o n  a s  t h e  

VLF-EM conductive zone. This  case p l u s  t h a t  of t h e  

mineral ized Windpass fault s t rengthens t h e  writers 

opinion t h a t  t hese  conductive zones r e f l e c t e d  by t h e  

VLF-EM a r e  faults. 

The east-west arm of anomaly A c o r r e l a t e s  q u i t e  wel l  

with t h e  r e s u l t s  of t h e  e l e c t r i c a l  and magnetic surveys. 

The e l e c t r i c a l  survey could not t a k e  readings across  

t h e  t a l u s  s l i d e  but t h e  VLF-EM could and shows cont inui ty  

between t h e  2 e l e c t r i c a l  survey conductors. 

The southwestern p a r t  of VLF-EM zone A c o r r e l a t e s  

exce l l en t ly  with t h e  magnetics around t h e  Windpass 

workings as  w a s  expected. 

on L-22E c o r r e l a t e s  very wel l  with t h e  northwest arm 

and the re fo re  suggests  a similar causat ive source as is 

t h e  Windpass vein. 

Also a spot ty  magnetic amomaly 
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The VLF-EM anomaly of very high i n t e n s i t y  on L-24E 

and mentioned above i s  found to the immedia te  north 

o f  t h e  magnetic high on l i n e s  22 t o  26E. 

mentioned, it i s  on s t r i k e  of t h e  Windpass vein,  has  

similar geology and geophysics and the re fo re  w a s  a 

prime explorat ion t a rge t .  

it 

As Lundberg 

If it has not  been d r i l l e d ,  

w i l l  s t i l l  be an a rea  of  primary importance. 

Conductive zone B i s  1200 f e e t  by 150 f e e t  and s t r i k e s  

i n  a similar d i r e c t i o n  as  t h e  northwest and southeast  

arms of A and consequently is  probably a l s o  a f a u l t .  

It c o r r e l a t e s  q u i t e  wel l  with 2 i s o l a t e d  magnetic 

anomalies and the re fo re  g ives  a p o s i t i v e  ind ica t ion  of 

sulphides  occurr ing within t h e  f a u l t .  Off o f  t h e  south- 

west end of t h e  conductive zone occurs  a quartz  vein and 

a f a u l t  but t h e s e  s t r i k e  i n  a perpendicular  d i rec t ion .  

Conductive zone C i s  south of A ,  has a nor theas t  s t r i k e  

d i r e c t i o n  a l s o ,  and i s  2400 f e e t  by 200 t o  400 f e e t .  

The c e n t r a l  p a r t  o f  t h e  anomaly c o r r e l a t e s  with magnetic 

highs a t  about ~ - 1 6 ~ ,  15s which have been f e l t  t o  be 

caused by black,  magnetic pyroxenite found i n  p i t s ,  as 

previously mentioned. This  may be a l s o  t h e  cause of t h e  

higher  values  wi th in  t h e  c e n t r a l  p a r t  of t h e  VLF-EM zone 
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but  t h e  whole zone i s  probably r e f l e c t i n g  a f a u l t .  

Zone D i s  1600 f e e t  by 200 f e e t ,  s t r i k e s  N 75 E, and 

has 2 arms t h a t  s t r i k e  about N 30 E. As is  zone A ,  

t h i s  zone a l s o  i s  probably caused by 3 f a u l t  zones. 

The zone c o r r e l a t e s  w i t h  t h e  eas t  p a r t  of t h e  Sweet 

Home vein which i s  t o  t h e  immediate nor th  of t h e  anomaly but 

does not  c o r r e l a t e  with t h e  west p a r t  s ince  it s t r i k e s  

i n  t h e  wrong d i r e c t i o n ,  being perpendicular  t o  t h e  

VLF-EM t r a n s m i t t e r  st a t  ion. 

Zone E i s  mentioned s ince  it c o r r e l a t e s  very wel l  with 

an east-west stream and the re fo re  very possibly is 

r e f l e c t i n g  a water - f i l l ed  fault .  It c o r r e l a t e s  w i t h  

low magnetics and the re fo re  i s  less l i k e l y  t o  r e f l e c t  a 

sulphide-f i l led f a u l t  (though t h e  d i r e c t i o n  i s  favourable).  

Three s m a l l  VLF-EM anomalies a r e  found around t h e  prominent 

magnetic anomaly on t h e  south end of  l i n e s  1 2  and 14E and 

the re fo re  no doubt r e f l e c t  t h e  pyroxeni te  contact  w i t h  

t h e  surrounding rock-type. 

The r e s t  o f the  VLF-EM anomal ies ,a re  f e l t  not  worth f u r t h e r  

discussion s ince  they  a r e  small, of  lower i n t e n s i t y  and/or 

1 - Geotronics Surveys Ltd.1 
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have no correlation with magnetic anomalies. 

Respectfully submitted, 

GEOTRONICS SURVEYS LTD. 

David 'Go Mark, 
Geophysicist 

September 25, 1972 

Geotronics Surveys Ltd. 
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