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is 1. INTBODIJCTIOIl 

An Induced P o l a r i z a t i o n  and R e s i s t i v i t y  Survey has  been completed on t h e  

Snowflake C l a i m s ,  Nicola Mining Div is ion ,  B r i t i s h  Columbia, on behalf  of 

Laramide Resources Ltd. This survey i s  a con t inua t ion  of another  I.P. and 

R e s i s t i v i t y  survery  c a r r i e d  out  du r ing  May, 1983. 

The proper ty  i s  loca ted  approximately 5 km nor theas t  of t h e  community of Aspen 

Grove, B.C. Access i s  v i a  4 km of g rave l  road which t u r n s  east o f f  Highway 5 ,  

about 4 km nor th  of Aspen Grove, B.C. 

Thefolowinggeologicaldescriptionof t h e  p r o j e c t  a r e a h a s  b e e n p r o v i d e d b y t h e  

s t a f f  of Laramide Resources Ltd. 

"The Aspen Grove Area i s  wi th in  a t e r r a i n  commonly r e f e r r e d  t o  as t h e  Nicola 

b e l t ,  a e u g o s y n c l i n a l u p p e r  t r i a s s i c  i s land-arc  rock assemblage. Massive 

a n d e s i t i c  f lows and coarse  p y r o c l a s t i c  rocks predominate i n  t h e  c e n t r a l  

p a r t  of t h e  area and a sequence of layered  and massive volcanogenic rocks 

predominate a long  t h e  e a s t e r n  margin. The southwestern s e c t i o n  of t h e  

area i s  unde r l a in  by i n t e r c a l a t e d  v o l c a n i c l a s t i c  rocks ,  f lows,  and 

ca lcareous  sedimentary rocks t h a t  a r e  p a r t l y  covered by coarse  volcanic  

brecc ia .  

A sequence of massive red  t o  purp le  and green a u g i t e  porphyry f lows ,  coarse  

volcanicbrecciaanddioritized volcanics  is present  i n  t h e  c e n t r a l  p a r t  of 

t h e  region.  This sequence may i n d i c a t e  the  e x i s t e n c e  of a c e n t r a l  zone of 

p a r t l y  s u b a e r i a l  vo lcan ic  cen t r e s .  
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I n t r u s i v e  rocks wi th in  t h e  area are mainly d i o r i t i c  and appear t o  be p a r t  

comagmatic wi th  the  Nicola volcanic  rocks because of similar composition 

and g rada t iona l  r e l a t i o n s h i p s .  Severa l  small a r eas  of monzonite and/or  

s y e n i t e  are found wi th in  the  b e l t .  

The s t r u c t u r e  of t h e  Aspen area i s  dominated by two r e g i o n a l ,  no r the r ly -  

t r end ing  f a u l t s  about 4 k i lome t re s  apa r t .  They are l i nked  by many sp lays  

and a terrain s h a t t e r e d  by b r i t t l e  f r a c t u r e .  In c o n t r a s t ,  f o l d i n g  i s  

obscure and may be s l i g h t  except  f o r  drag  near  f a u l t s .  

The Snowflake proper ty  i s  unde r l a in  by a sequence of f lows ,  vo lcan ic  

f ragmenta ls  and r e l a t e d  v o l c a n i c l a s t i c  sediments i n t ruded  by a mass of 

dior i te-monzoni te  t he  p rope r ty ,  and by plugs 

of d i o r i t e ,  d i o r i t e  porphyry, and d io r i t e -monzon i t e  on t h e  e a s t e r n  s i d e  of 

t he  property.  I' 

Previous work inc luded  ground magnetics, geo log ica l  mapping, induced 

p o l a r i z a t i o n ,  s o i l  and rock geochemistry,  VLF e l ec t romagne t i c s ,  and a 

cons iderable  amount of d r i l l i n g  and t r ench ing  by a t  least seven d i f f e r e n t  

ope ra to r s .  

The I P  work completed i n  May, 1983 by Phoenix o u t l i n e d  a number of anomalous 

zones. Oneof these  t r e n d s ,  Zone B y  has been d r i l l  t e s t e d  and encouraging gold 

va lues  i n t e r s e c t e d .  

Objec t ive  of t h e  present  IP  and R e s i s t i v i t y  Survey was t o  confirm t h e  e x t e n t  of 

IP zones o u t l i n e d  by previous  surveys.  
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A Phoenix Model IPV-1 IP and R e s i s t i v i t y  r e c e i v e r  u n i t  w a s  used i n  conjuc t ion  

wi th  a Phoenix Model IPT-1 I P  and R e s i s t i v i t y  t r a n s m i t t e r  powered by a 2 kw 

motor-generator. I P  e f f e c t  is recorded d i r e c t l y  as Percent  Frequency E f f e c t  

(P.F.E.) a t  ope ra t ing  fequencies  of 4.OHz and 0.25Hz. Apparent r e s i s t i v i t y  

va lues  are normalized i n  u n i t s  of ohm-meter, while  Metal Fac tor  va lues  are 

c a l c u l a t e d  according t o  t h e  formula: M.F. = (P.F.E. x 1000)/Apparent 

R e s i s t i v i t y  

Dipole-dipole a r r a y  was u t i l i z e d  t o  make t h e  measurements wi th  a b a s i c  

i n t e r e l e c t r o d e  d i s t a n c e  of 50 meters. 

i n  every case. 

Four d i p o l e  s e p a r a t i o n s  were recorded 

F i e l d  work w a s  c a r r i e d  out  du r ing  January 1985, under t h e  supe rv i s ion  of John 

Marsh, geophysical  crew leader .  H i s  c e r t i f i c a t e  of q u a l i f i c a t i o n  i s  inc luded  

wi th  t h i s  r epor t .  
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2. DESCRIPTION OF CLAMS 

cj 
The Snowflake Group consists of the following claims as outlined below: 

GROUP A PREVIOUS EXPIRY DATE YEARS APPLIED HEW EXPIRY 

Snowflake 13 May 1994 

Snowflake 3 20 Aug 1994 

Snowflake 6 16 Sept 1993 

Snowflake 10 25 Oct 1993 

Tule 10 16 Sept 1993 

Pot 4 3 Aug 1985 

Pot 5 20 Oct 1985 

Pot  7 19 July 1985 

Pot 8 19 July 1985 

Pot 9 19 July 1985 

GROUP B 

Snowflake 2 

Snowflake 4 

Snowflake 5 

Snowflake 7 

Pot 1 

Pot 2 

Pot  3 

Pot 6 

14 April 1994 

11 Feb 1993 

11 Feb 1985 

15 June 1993 

19 July 1985 

19 July 1985 

3 Aug 1985 

19 July 1985 

13 May 1994 

20 Aug 1994 

16 Sept 1994 

25 Oct 1994 

16 Sept 1994 

3 Aug 1987 

20 Oct 1986 

19 July 1986 

19 July 1986 

19 July 1986 

14 April 1994 

11 Feb 1994 

11 Feb 1994 

15 June 1994 

19 July 1988 

19 July 1988 

3 Aug 1988 

19 July 1989 

Operator is Laramide Resources Limited. 
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3. PRESENTBTION OF DATA 

The Induced P o l a r i z a t i o n  and R e s i s t i v i t y  r e s u l t s  are shown on t h e  fo l lowing  

d a t a  p l o t s  i n  t h e  manner descr ibed i n  P a r t  B of t h i s  r e p o r t .  

Line Electrode Interval Dug. No 

214 + OON 

212 + OON 

210 + OON 

209 + OON 
207 + OON 

202 + OON 

201 + OON 

199 + OON 

196 + OON 

195 + OON 

194 + OON 

192 + OON 
182 + OON 

181 + OON 

50 Meters 

50 Meters 

50 Meters 

50 Meters 

50 Meters 

50 Meters 

50 Meters 

50 Meters 

50 Meters 

50 Meters 

50 Meters 

50 Meters 

50 Meters 

50 Meters 

IP-5863-1 

IP-5863-2 

IP-5863-3 

IP-5863-4 

IP-5863-5 

IP- 58 63-6 

IP-5863-7 

IP-5863-8 

IP-5863-9 

IP-5863- 10 

IP-5863-11 

IP-5863- 12 

IP-5863-13 

IP-5863- 14 

Also enclosed with t h i s  r e p o r t  i s  Dwg. 1.P.P.-B-4137, a p l a n  map of t h e  

Snowflake Grid a t  a scale of 1:5,000. The d e f i n i t e ,  probable and p o s s i b l e  

Induced P o l a r i z a t i o n  anomalies are i n d i c a t e d  by b a r s ,  in t h e  manner shownonthe  

legend,  on t h i s  plan map as w e l l  as on t h e  d a t a  p l o t s .  These b a r s  r e p r e s e n t  t h e  

s u r f a c e  p r o j e c t i o n  of t h e  anomalous zones as i n t e r p r e t e d  from t h e  l o c a t i o n  of 
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cj t r a n s m i t t e r  and r e c e i v e r  e l e c t r o d e s  when t h e  anomalous va lues  were measured. 

Since t h e  Induced P o l a r i z a t i o n  measurement i s  e s s e n t i a l l y  an averaging  

process ,  as  are a l l  p o t e n t i a l  methods, i t  i s  f r equen t ly  d i f f i c u l t  t o  e x a c t l y  

p inpoin t  t h e  source  of an anomaly. C e r t a i n l y ,  no anomaly can be loca ted  wi th  

more accuracy than  t h e  e l e c t r o d e  i n t e r v a l  l eng th ;  i .e. when u s i n g  50 meter 

e l e c t r o d e  i n t e r v a l  t h e  positionofanarrowsulphidebody canon lybede te rmined  

t o  l i e  between two s t a t i o n s  50meter  a p a r t .  In order  t o  d e f i n i t e l y l o c a t e , a n d  

f u l l y  e v a l u a t e ,  a narrow, sha l lowsource  i s  necessary t o  use s h o r t e r  e l e c t r o d e  

i n t e r v a l s .  I n  o rde r  t o  l o c a t e  sources  a t  some depth ,  l a r g e r  e l e c t r o d e  

i n t e r v a l s  must be used,  wi th  a corresponding i n c r e a s e  i n  t h e  u n c e r t a i n t i e s  of 

l oca t ion .  Therefore ,  whi le  t h e  c e n t r e  of t h e  i n d i c a t e d  anomaly probably 

corresponds f a i r l y  w e l l  wi th  t h e  sou rce ,  t he  l e n g t h  of t h e  i n d i c a t e d  anomaly 

a long  t h e  l i n e  should not be taken t o  r ep resen t  t h e  exac t  edges of t h e  anmalous 

material. 

The topographic ,  claim, and g r i d  informat ion  shown on Dwg. 1.P.P.-B-4137 has 

beentakenfrommaps made a v a i l a b l e  by t h e  s t a f f  of Laramide Resources Limited. 
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i j  4. DISCUSSION OF RESULTS 

Most of t h e  IP and R e s i s t i v i t y  surveying completed d u r i n g t h e  present  program 

mapped ex tens ions  of anomalous I P  zones de t ec t ed  by t h e  1983 IP and R e s i s t i v i t y  

survey. 

Zone C. 

pos i t ioned  t o  test the  source  of Zone B. 

The former work ou t l ined  t h r e e  zones of i n t e r e s t ;  Zone A,  Zone B ,  and 

I n t e r e s t i n g  gold va lues  have been i n t e r s e c t e d  i n  diamond d r i l l  ho les  

The I P  and R e s i s t i v i t y  d a t a  acquired du r ing  1985 i n d i c a t e s  t h a t  t h e  source  of 

Zone B extends a t  least  as f a r  no r th  as Line 209+00N, where t h e  s t r i k e  d i r e c t i o n  

a p p e a r s t o b e  changingtowards t h e n o r t h ,  i n s t e a d  of t h e  roughly north-wester ly  

s t r i k e  ev ident  elsewhere i n  t h e  t rend .  Zone B i s  s t i l l  open t o t h e  s o u t h o f  Line 

192+00N; al though a t  t h i s  po in t  t h e  geophysical  response is  only weakly 

anomalous. The most i n t e r e s t i n g  responses  are seen  i n  t h e  d a t a  recorded over  

t h e  source  of t h e  zone on Line 196+00N, where d e f i n i t e l y  anomalous apparent  

r e s i s t i v i t y  va lues  are recorded i n  the  v i c i n i t y  of t h e  h igher  than normal IP 

e f f e c t s .  This  sugges ts  t h a t  disseminated metall ic m i n e r a l i z a t i o n  i s  caus ing  

Zone B. Depths t o  t h e  t o p  of t h e  source  are i n d i c a t e d  t o  be less than  50meters  

sub su r face .  

Zone Aappears  t o  l i e  approximately 350meters  southwest of Zone B. It is  q u i t e  

p r o b a b l e t h a t t h e s o u r c e o f  Zone Acont inues  as f a r  no r th  as Line 212+00N, and i s  

o p e n t o t h e  s o u t h o f  Line 192+00N;however,the no r the rnand  sou the rnex tens ions  

of Zone A have been i n d e n t i f i e d  as Zone A2 and Zone A 1  r e s p e c t i v e l y ,  due t o  

u n c e r t a i n t i e s  causedby g a p s i n s u r v e y  cove rageor  l a c k o f  anomalous response on 

one l i n e  (Line 207+00N) 
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0 Zone A l d i s p l a y s  very anomalous va lues ,  wi th  considerablyhigherthannormal I P  

e f f e c t s  noted i n  conjunct ion  wi th  anomalously low apparent  r e s i s t i v i t i e s .  

This type of s i g n a t u r e  sugges ts  t he  presence of more concent ra ted  metall ic 

material than t h e  disseminated su lph ides  i n t e r p r e t e d  t o  cause Zone B. 

Zone Aand ZoneA2are gene ra l ly  composed of relativelylowmagnitudeanomalies, 

with  t h e  except ion  of t h e  d e f i n i t e  anomaly recorded by t h e  1983 work on Line 

4+00NW (Line 204+00N). The source  of t h i s  p a r t i c u l a r  response i s  i n t e r p r e t e d  

t o b e  less than 5 0 m e t e r s i n d e p t h a n d w i d t h ,  and t o  c o n s i s t  of more concent ra ted  

mine ra l i za t ion  than t h a t  which g ives  r ise t o  Zone B. 
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5 .  StJMHARY BND RECOBMENDATIONS 

Induced Polarization and Resistivity surveying has been carried out on the 

Snowflake Property, Nicola M . D . ,  B.C. on behalf of Laramide Resources Limited. 

Two anomalous IP zones outlined by a previous survey in 1983 have been extended 

to the north and to the southeast. 

A s  previous drilling has already intersected very encouraging gold values 

associated with the source of Zone B, further drilling is recommended to test 

the trend further along strike. A diamond drill hole collared so as to pass 

approximately 50 meters beneath Line 195t00N station 193+00E is suggested. 

Drill testing of the other geophysical zones should be decided upon after 

reviewing and correlating all other available data. 

PHOENIX GEOPEYSICS LIMITED 

Paul A. Cartwright, B.Sc. 

Geophysicist. 

Dated: March8, 1985 
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ASSESSMENT DETAILS 

0 

PROPERTY: Snowflake MINING DIVISION: Nicola 

SPONSOR: Laramide Resources Ltd. PROVINCE: British Columbia 

LOCATION: 5 km North of Aspen Grove, B.C. 

TYPE OF SURVEY: Induced Polarization and Resistivity 

OPERATING MAN DAYS: 36 DATE STARTED: January 17, 1985 

EQUIVALENT 8HR. MAN DAYS: 54 DATE F1NISHED:January 26, 1985 

CONSULTING MAN DAYS: 3 NUMBER OF STATIONS: 274 

DRAFTING MAN DAYS: 3 NUMBER OF READINGS: 2490 

TOTAL MAN DAYS: 62 KILOMETERS OF LINE SURVEYED: 13.0 

CONSULTANTS: 

Paul A. Cartwright, 4238 West 11th. Avenue, Vancouver, B. C. 

Michael J. Cormier, 1842 West 5th. Avenue, Vancouver, B.  C. 

FIELD TECHNICIANS: 

J. Marsh, 200 Yorkland Blvd., Willowdale, Ontario 

M. Makulowich, 669 Valdes Drive, Kamloops, B. C. 

R. Clarke, 9 Eden Place, Simcoe, Ontario 

DRAUGHTSMEN: 

R. Wakaluk, 7865 Vivian Drive, Vancouver, B. C. 

PHORHIX GEOPHYSICS LIMITED 

Paul A. Cartwright, B.Sc. 

Geophysicist. 

DATED: March 8 ,  1985 
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S m  OF COSTS 
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Laramide Resources Limited 

Induced Polarization and Resistivity Survey 

Snowflake Property, Nicola Mining Dfvision, B. C 

Crew: J. Marsh, M. Corder, M. Makulowich, R. Clarke. 

Period: January 17, 1985 to January 22, 1985 

Crew: J. Marsh, M. Makulowich, R. Clarke 

Period: January 23, 1985 to January 26, 1985 

10 Operating Days @ $1,050.00 per day 

Mobilization - demobilization 

PHOENIX GEOPHYSICS LIBKITED 

Paul A. Cartwright, B.Sc. 

Geophysicist 

Dated: March 8, 1985 
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CERTIFICATE 
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I ,  Paul A. Car twr ight ,  of t h e  Ci ty  of Vancouver, Province of B r i t i s h  Columbia, do 

hereby c e r t i f y :  

1. 

2. 

3. 

4 .  

5. 

6. 

7. 

8. 

I a m  a geophys ic i s t  r e s i d i n g  a t  4238 West 11th Avenue, Vancouver, B.C. 

I a m  a graduate  of t h e  Univers i ty  of B r i t i s h  Columbia, wi th  a B.Sc. Degree 

( 1970). 

I a m  a member of t he  Society of Explora t ion  Geophys ic i s t s ,  The European 

Assoc ia t ion  o f '  Explora t ion  Geophysicis ts  and t h e  Canadian Socie ty  of 

Explora t ion  Geophysicis ts .  

I have been p r a c t i s i n g  my p ro fes s ion  f o r  14 years .  

I am a P ro fes s iona l  Geophysicis t  l i cenced  i n  t h e  Province of Alber ta .  

I have no d i r e c t  o r  i n d i r e c t  i n t e r e s t ,  no t  do I expect  t o  r ece ive  any i n t e r e s t ,  

d i r e c t l y  o r  i n d i r e c t l y ,  i n  t h e  proper ty  o r  s e c u r i t i e s  of Laramide Resources 

Ltd. 

The s ta tements  made i n  t h i s  r e p o r t  are based on a s tudy of publ ished geo log ica l  

l i t e r a t u r e  and unpublished r e p o r t s .  

Permission i s  granted t o  use i n  whole o r  i n  p a r t  f o r  assessment and 

q u a l i f i c a t i o n  requirements  but  no t  f o r  a d v e r t i s i n g  purposes.  

DATED AT VANCOUVER, BRITISH COLUMBIA, t h i s  8 t h  day of March, 1985 

Paul  A. Car twr ight ,  B.Sc. 
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CEBTIPICATE 
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I, John Marsh, of t h e  Municipal i ty  of North York, Ontar io ,  DO HEREBY CERTIFY THAT: 

1. I a m  a geophysical  crew l e a d e r  r e s i d i n g  a t  200 Yorkland Blvd., Willowdale, 

Ontar io .  

2. I a m  a graduate  of t h e  City of Norwich Technical  Col lege,  U.K., ordinary  

Nat ional  C e r t i f i c a t e  ( E l e c t r i c a l  Engineer ing)  

I worked wi th  McPhar Geophysics Company from 1968 t o  1975 as a geophysical  crew 

leade r .  

3 .  

4. I a m  p re sen t ly  employed as a geophysical  crew l e a d e r  by Phoenix Geophysics of 

214-744 West Hast ings S t r e e t ,  Vancouver, B. C. 

DATED AT VANCOUVER, BRITISH COLUNBIA t h i s  8 t h  day of March, 1985 

John Marsh. % 



PART B 

PHOENIX GEOPHYSICS LIXITED 

NOTES ON THE THEORY,METHOD O F  FIELD OPERATION 

AND PRESENTATION OF DATA 

FOR THE INDUCED POLARIZATION METHOD 

Induced  P o l a r i z a t i o n  as a g e o p h y s i c a l  measurement  

re fe rs  t o  t h e  b l o c k i n g  a c t i o n  o r  p o l a r i z z z i o n  o f  meta l l ic  o r  

e l e c t r o n i c  c o n d u c t o r s  i n  a medium of i o n i c  s o l u t i o n  

c o n d u c t i o n .  

T h i s  electro-chemical phenomenonsoccurs  a l i e r e v e r  

e l e c t r i c a l  c u r r e n t  is p a s s e d  t h r o u g h  a n  area which  c o n t a i n s  

mera l l i c  K i n e r a l s  s u c h  as b a s e  metal  s u l p h i d e s .  

c u r r e n t  is  p a s s e d  t h r o u g h  t h e  g r o u n d ,  as i n  r e s i s t i v i t y  measure-  

m e n t s ,  a l l  of t h e  c o n d u c t i o n  takes  p l a c e  t h r o u g h  i o n s  p r e s e n t  

i n  t h e  water c o n t e n t  o f  t h e  r o c k ,  o r  s o i l ,  i . e . ,  by i o n i c  

c o n d u c t i o n .  

h i g h e r  specific r e s i s t i v i t y  t h a n  ground water .  

m i n e r a l s  commonly d e s c r i b e d  as "me ta l l i c " ,  however ,  

s p e c i f i c  r e s i s t i v i t i e s  much lower t h a n  g r o u n d  waters .  

i n d u c e d  p o l a r i z a t i o n  e f f e c t  takes p l a c e  a t  t h o s e  i n t e r f a c e s  

w h e r e  t h e  mode of c o n d u c t i o n  c h a n g e s  f rom i o n i c  i n  t h e  s o l u t i o n s  

f i l l i n g  t h e  i n t e r s t i c e s  of t h e  rock t o  e l e c t r o n i c  i n  t h e  

meta l l ic  m i n e r a l s  p r e s e n t  i n  t h e  r o c k .  

No-mally , when 

T h i s  i s  because almost a l l  m i n e r a l s  have a much 

The  g r o u p  of 

have  

The 

The b l o c k i n g  a c t i o n  o r  i n d u c e d  p o l a r i z a t i o n  men t ioned  

a b o v e ,  wh ich  depends  upon t h e  chemical e n e r g i e s  n e c e s s a r y  t o  

a l low t h e  i o n s  t o  g i v e  up o r  r e c e i v e  e l e c t r o n s  f rom t h e  m e t a l l i c  
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s u r f a c e ,  i n c r e a s e s  w i t h  t k e  t i m e  t h a t  a C . C .  c u r r e n t  is a l lowed  

t o  f l o w  th rough  t h e  r o c k ;  i . e . ,  as i o n s  p . i le  up a g a i n s t  t h e  

metal l ic  i n t e r f a c e  t h e  r e s i s t a n c e  t o  c u r r e n t  f l o w  i n c r e a s e s .  

E v e n t u a l l y ,  t h e r e  is enough p o l a r i z a . t i o n  i n  t h e  form of 

e x c e s s  i ons  a t  t h e  i n t e r f a c e s ,  t o  a p p r e c i a b l y  r e d u c e  t h e  amount 

of c u r r e n t  flow t h r o u g h  t h e  meta l l ic  p a r t i c l e .  

p o l a r i z a t i o n  t a k e s  p l a c e  a t  each o f  t h e  i n f i n i t e  number of 

solution-metal i n t e r f a c e s  i n  a m i n e r a l i z e d  r o c k .  

T h i s  

When t h e  d . c .  v o l t a g e  u s e d  t o  create  t h i s  d .c .  

current f l o w  i s  c u t  O f f ,  T h e  Coulomb forces be tween t h e  c h a r g e d  

i o n s  f o r n i n g  t h e  p o l a r i z a t i o n  c a u s e  t h e m  t o  r e t u r n  t o  t h e i r  normal  

p o s i I i o n .  

w h i c h  can be measured  on t h e  s u r f a c e  o f  t h e  g round  as 

T h i s  movement of charge c rea tes  a sma l l  c u r r e n t  flow 

s,d a d e c a y i n g  

p o t e n t i a l  d i f f e r e n c e .  

From a n  a l ' t e r n a t e  v i e w p o i n t  i t  can be s e e n  t h a t  i f  t h e  

d i r e c t i o n  o f  t h e  c u r r e n t  t h r o u g h  t h e  system i s  r e v e r s e d  

r e p e a t e d l y  b e f o r e  t h e  p o l a r i z a t i o n  o c c u r s ,  t h e  e f f e c t i v e  

r e s i s t i v i t y  o f  t h e  s y s t e m  as a w h o l e  will change  as  t h e  f r equency  

of t h e  s w i t c h i n g  is changed .  T h i s  is a c o n s e q u e n c e  o f  t h e  f a c t  

t h a z  t h e  amount: of currenT;  f l o w i n g  t h r o u g h  each me ta l l i c  i n t e r -  

face depends u p o n ' t h c  l e n g t h  o f  t i m e  t h a t  c u r r e n t  h a s  been  

p a s s i n g  through it i n  one d i r e c t i o n .  

The v a l u e s  o f  t h e  p e r  c e n L  f r e q u e n c y  e f f e c t  or F.E .  are  

a measurement of  t h e  p o l a r i z a t i o n  i n  t h e  rock mass. However, 

s i n c e  t h e  measurement  o f  The d e g r e e  of p o l a r i z a t i o n  is r e l a t e d  ' i '  

to t h e  apparent :  r e s i s t i v i t y  of  t h e  rock mass, i t  is  found  t h a t  t h e  
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d e t e r m i n i n g  t h e  amount o f  p o l a r i z a t i o n  p r e s e n t  i n  t h e  r o c k  

mass. 

v a l u e s  f o r  v a r y i n g  r e s i s t i v i t i e s .  

The MF v a l u e s  a -E  o b t a i n e d  by n o r m a l i z i n g  t h e  F . E .  

The Induced  . ; o l a r i z a t i o n  measurement  i s  perhaps  t h e  

most power fu l  geophys ica l  method f o r  t h e  direct  de tec t ion  o f  

me ta l l i c  s u l p h i d e  m i n e r a l i z a t i o n ,  even  when t h i s  m i n e r a l i z a t i o n  

is  o f  ve ry  l o w  c o n c e n t r a r i o n .  The l o w e r  l i m i t  of volume per 

cent s u l p h i d e  necessary t o  p roduce  a r e c o g n i z a b l e  I P  anomaly 

w i l l  v a r y  w i t h  t h e  g e o m t r y  and g e o l o g i c  e n v i r o n m e n t  of t h e  

s o u r c e ,  and  t h e  method of  e x e c u t i n g  t h e  s u r v e y .  

m i n e r a l i z a t i o n  o f  less t h a n  one  p e r  c e n t  by volume h a s  been 

de tec t ed  by t h e  I P  method unde r  p r o p e r  geologica l  c o n d i t i o n s .  

However, s u l p h i d e  

T h e  g r e a t e s t  a p p l i c a t i o n  of t h e  I P  method h a s  been 

i n  t h e  search f o r  d i s s e m i n a t e d  m e t a l l i c  s u l p h i d e s  of less  t h a n  

20% by volume. However, i t  h a s  a l s o  been  u s e d  s u c c e s s f u l l y  i n  

t h e  search f o r  m a s s i v e  s u l p h i d e s  i n  s i t u a t i o n s  w h e r e ,  due  t o  

source geometry, depth  of source, o r  low resistivity of s u r f a c e  

l a y e r ,  t h e  EM method c a n n o t  be s u c c e s s f u l l y  a p p l i e d .  

t o  d i f f e r e n t i a t e  i o n i c  c o n d u c t o r s ,  s u c h  as w a t e r - f i l l e d  shear  

z o n e s ,  makes t h e  IP method a u s e f u l  t o o l  i n  c h e c k i n g  EY anomal i e s  

which are  s u s p e c t e d  of b e i n g  due t o  these c a u s e s .  

The a b i l i t y  

I n  normal  f i e l d  a p p l i c a x i o n s  t h e  IP  method does n o t  

d i f f e r e n t i a t e  be tween t h e  e c o n o m i c a l l y  i m p o r t a n t  meta l l ic  m i n e r a l s  

such  as c h a l c o p y r i t e ,  c h a l c o c i t e ,  m o l y b d e n i t e ,  g a l e n a ,  e t c . ,  

a n d  t h e  o t h e r  meta l l ic  m i n e r a l s  s u c h  as  p y r i t e .  The Induced  

P o l a r i z a t i o n  e f f ec t  is due t o  t h e  t o t a l  o f  a l l  e l e c t r o n i c  

Conduct ing  m i n e r a l s  i n  t h e  r o c k  mass. O t h e r  e l e c t r o n i c  c o n d u c t i n g  
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materials which can  p roduce  an I P  r e s p o n s e  a re  m a g n e t i t e ,  

p y r o l u s i t e ,  g r a p h i t e ,  and  some forms of h e m a t i t e .  

I n  t h e  f i e l d  p r o c e d u r e ,  measurements  on t h e  s u r f x c e  

are made i n  a way t h a t  al lows t h e  e f f e c t s  o f  l a t e r a l  changi?s  

i n  t h e  p r o p e r t i e s  of  t h e  ground t o  be s e p a r a t e d  from t h e  

e f fecrs  of v e r t i c a l  changes  i n  t h e  p r o p e r t i e s .  C u r r e n t  i s  

a p p l i e d  t o  t h e  ground a t  two p o i n t s  i n  d i s t a n c e  ( X )  a p a r t .  

The p o t e n t i a l s  are measured  a t  t w o  p o i n t s  (X) f e e t  a p a r t ,  i n  

l i n e  w i t h  t h e  c u r r e n t  e l e c t r o d e s  is an  i n t e g e r  number ( n )  times 

the b a s i c  d i s t a n c e  ( x ) .  
T h e  measurements  are made along a s u r v e y e d  l i n e ,  w i t h  

a c o n s t a n t  d i s t a n c e  (nX)  between t h e  nearest  c u r r e n t  and  p o t e n t i a l  

e l e c ~ r o d e s .  In most s u r v e y s ,  s e v e r a l  t r a v e r s e s  are  made w i r h  

v a r i o u s  v a l u e s  of ( n ) ;  i . e . ,  ( n )  = 1, 2 ,  3 ,  4 ,  e t c .  The k i n d  

of s u r v e y  r e q u i r e d  ( d e t a i l e d  o r  r e c o n n a i s s a n c e )  decides t h e  number 

of v a l u e s  of ( n )  used. 

I n  p l o t t i n g  t h e  r e s u l t s ,  t h e  v a l u e s  of a p p a r e n t  

r e s i s t i v i t y ,  apparent :  p e r  cent f r e q u e c c y  effect, and  t h e  a p p a r e n t  

m e T a l  f a c t o r  measu red  f o r  e a c h  s e t  of  e l e c t r o d e  p o s i t i o n s  are  

p l o t t e d  a t  t h e  i n t e r s e c t i o n  of g r i d  lines, one  f rom t h e  center  

p o i n t  of. t h e  c u r r e n t  e l e c t r o d e s  and  t h e  o t h e r  f rom t h e  cenrer 

p o i n t  of t h e  p o t e n t i a l  e l e c t r o d e s .  ( S e e  F i g u r e  A )  The 

r e s i s t i v i t y  v a l u e s  are p l o t t e d  a t  the t o p  of the d a t a  p r o f i l e ,  

above t h e  m e t a l  f a c t o r  v a l u e s .  On a t h i r d  l i n e ,  b e l o w  t h e  

1m,,.i 
n e t a l  f a c t o r  v a l u e s ,  are p l o t t e d  t h e  v a l u e s  of t h e  p e r c e n t  

f r e q u e n c y  e f f e c t .  The l a t e r a l  d i s p l a c e m e n t  of a g i v e n  v a l u e  is 

a e t e r z i n e d  by t h e  loca t ion  a l o n g  t h e  s u r v e y  l i n e  o f  t h e  c e n t e r  
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p o i n t  between t h e  c u r r e n t  and pate-itial e l e c t r o d e s .  The  

d i s t a n c e  of t h e  v a l u e  from t h e  l i n i  is determined  by t h e  

d i s t a n c e  ( n X )  b e t w e e n  t h e  c u r r e n t  and  p o t e n t i a l  electrodes 

when t h e  measurement  w a s  made. 

The s e p a r a t i o n  be tween  s e n d e r  and  r e c e i v e r  electrodes 

is o n l y  one factor  w h i c h  d e t e r m i n e s  t h e  d e p t h  t o  wh ich  t h e  ground 

is b e i n g  sampled i n  any p a r t i c u l a r  measurement .  The plots t h e n ,  

when c o n t o u r e d ,  are n o t  section maps o f  t h e  e lec t r ica l  p r o p e r t i e s  

o f  t h e  ground u n d e r  t h e  s u r v e y  l i n e .  The  i n t e r p r e t a t i o n  of t h e  

r e s u l t s  f rom a n y  g i v e n  s u r v e y  must be ca r r i ed  o u t  u s i n g  t h e  

combined e x p e r i e n c e  g a i n e d  from f i e l d  r e s u l t s ,  model s t u d y  

r e s u l t s  and t h e  t h e o r e t i c a l  i n v e s t i g a t i o n s .  The p o s i t i o n  of 

I h e  e l e c I r o d e s  when anomalous v a l u e s  are measu red  is i m p o r t a n t  

i n  t h e  i n t e r p r e t a t i o n .  

In t h e  f i e l d  p r o c e d u r e ,  t h e  i n t e r v a l  o v e r  which t h e  

p o t e n t i a l  d i f f e r e n c e s  are measured  i s  t h e  same a s  t h e  i n t e r v a l  

over which the electrodes are  moved a f t e r  a series of potential 

r e a d i n g s  h a s  been made. One of t h e  a d v a n t a g e s  of t h e  Induced  

P o l a r i z a t i o n  method is  t h a t  t h e  same equipment  c a n  be u s e d  f o r  

b o t h  de ta i led  a n d  r e c o n n a i s s a n c e  s u r v e y s  m e r e l y  b y  c h a n g i n g  t h e  

d i s t a n c e  ( X )  o v e r  wh ich  t h e  electrodes a re  moved each t i m e .  I n  

t h e  p a s t ,  i n t e r v a l s  h a v e  been u s e d  r a n g i n g  from 25 feet  t o  2000 

feet  for ( X ) .  I n  each c a s e ,  t h e  d e c i s i o n  as t o  t h e  d i s t a n c e  ( X )  

and  t h e  v a l u e s  of ( n )  t o  be  u s e d  is l a r g e l y  d e t e r m i n e d  by  t h e  

e x p e c t e d  size of t h e  m i n e r a l  d e p o s i t  b e i n g  s o u g h t ,  t h e  s ize  of 

t h e  e x p e c t e d  anomaly and  t h e  s p e e d  w i t h  which it is  desired t o  

p rogres s .  
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The diagram i n  F i g u r e  A d e m o n s t r a t e s  t h e  method used  

i n  p l o t t i n g  t h e  r e s u l t s .  

a p p a r e n t  meta l  f ac to r ,  and a p p a r e n t  p e r  cen t  f r e q u e n c y  e f f e c t  

i s  p l o t t e d  a n d  i d e n t i f i e d  b y  t h e  p o s i t , i o n  o f  t h e  f o u r  e l e c t r o d e s  

when t h e  measurement  w a s  made. 

measured for t h e  l a r g e r  v a l u e s  of ( n )  are  p l o t t e d  f a r t h e r  

from t h e  l i n e  i n d i c a t i n g  t h a t  t h e  t h i c k n e s s  o f  t h e  l a y e r  o f  

t h e  e a r t h  t h a t  is b e i n g  t e s t e d  is g r e a t e r  t h a n  f o r  t h e  smaller 

v a l u e s  o f  ( n ) ;  i . e . ,  t h e  d e p t h  G f  t h e  measurement  i s  i n c r e a s e d .  

.The I P  m e a s u r e n s n t  i s  3 a s i c a l l y  o b t a i n e d  by measur ing  

Each v ~ l u e  clf t h e  a p p a r e n t  r e s i s t i v i t y ,  

I t  can: be s e e n  t h a t  t h e  v a l u e s  

t h e  d i f f e r e n c e  i n  p o x e n t i a l  o r  v o l t a g e  ( A  W) o b t a i n e d  a t  two 

o p e r a t i n g  f r e q u e n c i e s .  

t h rough  t h e  g r o u n d  and  t h e  a p p a r s n t  r e s i s t i v i t y  o f  t h e  ground.  

T h e r e f o r e ,  i n  f i e l d  s i t u a r i o n s  w h e r e  t h e  c u r r e n t  i s  v e r y  l o w  

due t o  poor  e l ec t rode  c o n t a c t ,  o r  t h e  a p p a r e n t  r e s i s t i v i t y  is  

v e r y  l o w ,  o r  :L c o m b i n a t i o n  o f  t h e  t w o  e f f e c t s ;  

T h e  v o l x a g e  is the p r o d u c t  o f  the c u r r e n t  

ote:iJ 

t h e  v a l u e  of 

( A V )  t h e  c h a n g e  i s  p o t e n t i a l  w i l l  b e  too s m a l l  t o  be  

measu rab le .  The symbol  "TL" on t h e  d a t a  p l o t s  i n d i c a t e s  t h i s  

s i t u a t i o n .  

I n  some s i t u a t i o n s  s p u r i o u s  noise, e i t h e r  man-rnade 

o r  n a t u r a l ,  w:L11 r e n d e r  i t  i m p o s s i b l e  t o  obtain a r e a d i n g .  

The  symbol 'W1 on t h e  d a t a  p l o t s  i n d i c a t e s  a s t a t i o n  a t  v h i c h  

it  is t o o  n o i s y  t o  r e c o r d  a r e a d i n g .  If a r e a d i n g  c a n  be o b t a i n e d .  

b u t  f o r  r e a s o n s  of  n o i s e  t he re  is some d o u b t  as t o  i t s  a c c u r a c y ,  

t h e  r e a d i n g  is b r a c k e t e d  i n  t h e  d a t a  p l o t  ( 1. <I bW 

I n  c e r t a i n  s i t u a t i o n s  n e g a t i v e  v a l u e s  of Apparent  

Frequency E f f e c t  are  r e c o r d e d .  T h i s  may b e  due  TO t h e  geologic 
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e n v i r o n n e n t  or s p u r i o u s  e l ec t r i ca l  e f f e c t s .  

f r equency  effect  v a l u e  r e c o r d e d  is i n d i c a t e d  on t h e  da t a  p l o t ;  

however,  t h e  symbol "NEG" is i n d i c a t e d  f o r  t h e  c o r r e s p o n d i n g  

v a l u e  o f  Apparen t  Metal F a c t o r .  

The a c t u a l  n e g a t i v e  

In c o n t o u r i n g  n e g a t i v e  v a l u e s  

t h e  c o n t o u r  l i n e s  are i n d i c a t e d  t o  t h e  n e a r e s t  p o s i t i v e  v a l u e  

i n  t h e  immedia te  v i c i n i t y  of t h e  n e g a t i v e  v a l u e .  

The symbol "NR" i n d i c a t e s  t h a t  for some r e a s o n  t h e  

o p e r a t o r  d i d  n o t  a t t e m p t  t o  r e c o r d  a r e a d i n g ,  a l t h o u g h  normal  

s u r v e y  p r o c e d u r e s  would s u g g e s t  t h a t  one  w a s  r e q u i r e d .  

may be due t o  i n a c c e s s i b l e  topography o r  o t h e r  s i m i l a r  

r e a s o n s .  Any symbol o t h e r  t h a n  t h o s e  d i s c u s s e d  above  is un ique  

t o  a p a r t i c u l a r  s i t u a t i o n  and is d e s c r i b e d  w i t h i n  t h e  body 

T h i s  

of  t h e  r e p o r t .  

PHOENIX GEOPHYSICS LIMITED 
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METHOD U S E D  IN PLOTTING DIPOLE-  OIPOLE 

INQUCEQ POL.ARIZATION A N D  R E S I S T I V I T \ '  RESULTS 

S t a t i o r i s  on line x = Electrode spread length 
n * Electrode seoarat ion 

M. F. M .F. M.F. ' M. F. M.F. 
n - 2  12-4,s 2,3-5,6 3,4-6.7 4,!5-7,8 5,6-8,9 

M.F M F  M. F M,F n - 3  - ~ 1 ~ 2 - 5 ~ 6  2,3-6,7 3,4-7,8 43-€49 A p p a r e n t  Meta l  Factor 

L , z%7-  '\ YYY' 1 2 3 4 5 

/ - F. E. F. E, F. E. F. E. F. E. F. E. 
2,3-4,5 3,4-5,6 4,5-6,7 5,6-7,0 6,7- 8 , 9  42- 3,4 n - l  

F. E. F, E. F. E- F.E. F. E. 
n - 2  1,2-4,5 2.3-5,6 3,4-6,7 4,5-7,8 5,6-8,9 -- F. E. F. E. F.E. F. E. Apparent Percent 
n - 3  1,2-5,6 23-6.7 3.4-7,6 45-8.9 

Frequency Ef fec t  -- F.E. f. E. f. E. 
i,Z-6,7 2,3-7,8 3,4-%,9 

n - 4  

F i g .  A 
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D E F I N I T E  - 
P R O B A B L E  1111nmm11111111 

P O S S I B L E  n=---=- 

N - 5 N.9 

N = 6  1 N o 6  

F R E Q U E N C Y  ( H E R T Z )  D A T E  S U R V E Y E D ,  J A N  198¶  
4 0 . 8  25 A P P R O V E D  

N.3 P H O E t 4 I X  G E O P H Y S I C S  L T D .  
I N D U C E D  P O L A R I Z A T I O N  

AND R E S I S T I V I T Y  S U R V E Y  

N O T E -  C O I I T O U R S  
AT L O G A R I T H M I C  
I N T E R V A L S .  l , - l . S  
- ~ , - 3 , - s , - 7 . 5 , - 1 a  



G 

L R R R M I O E  R E S  SNOCIFLRKE G R I D  X-SEM M E T R L  F A C T O R  

O I P O L E  N U M B t R  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  
1 9 8 5 0 E  1 9 9 5 0 E  

I l l T  E I! P RE T R T  I 011 .*----, 
. C O O R O I N H T E  1 9 5 5 E E  1 9 6 5 Q E  l 9 7 5 0 E  

C 

.N.I 3. I 

1.7 4 . d  N-3 - 
, H a 2  

. N o 3  1.6 3.1 

- N = 4 5 . 1 '  4 4.6 3.7 3.3 14.4 - 

L R R R M I O E  R E S .  S N O W F L R K E  G R I D  X - 5 0 M  P F E  

N - 3  

1.8 1.9 1114 

t I  = 9 

N.6 

N - s N-S 

N - 6  N = 6  

OHC 140 - I  P - 3 8 6 3 - 2  

L A R R M I D E  R E S O I J R C E S  L T D .  
S N O W F L R K E  C L R I H S  

N l C O L R  H . D . i 8  C 

L I N E  N O  .-212tRBI4 

<- X ->(- N X -X- X -> 

. ,  
X = 5 0 M  

P L O T T I N G  . ,  
P O I N T  x 

F R E Q U E N C Y  ( H E R T Z )  O R T E  S U R ' J E ' f E O z  JRtI 1 9 8 3  
4 . 0 ; o  2 5  R P P P O V E D  

N O T E -  CONTOURS 
R T  L O G R R I T H M I C  
I N T E R V A L S .  I , - I . S  
-2,-3,-5,-7 5 , - 1 0  D R T E  T&- f l / g . r  

P H O E N I X  G E O P H Y S I C S  L T D .  
I N D U C E 0  P O L A R I Z R T I O N  

RND P E S I S T I V I T Y  S U R V E Y  



C 

DUG 110 - I  F - 9 8 6 3 - 3  I I L A R A N I D E  R E S  S N O W F L A K E  G R I D  X = 5 8 M  P H O  ( O H M - t l a  

1 2  1 3  1 4  1 5  1 6  1 7  I 8  1 9  
1 9 6 5 R E  I B i S O E  l 9 8 5 0 E  l P 9 S R E  

: -  : t- 

. t l= I 

t1=2 

. N = 3  

-11.4 

~ L a R A P l l D E  R E S  'S t lOWFLHYE G R I D  X = S R M  P F E  

11=5 t tl = 6 1 t1=5 

tI = 6 

1 2  1 3  I 4  1 5  1 6  1 7  1 8  1 9  
- 

I 9 7 5 @ E  1 9 8 5 Y E  1 9 ? 5 R E  ........ __ ----- : 

L H R H M I D E  R E S O U R C E S  L T D  
S N O W F L R ~  E c L a r i i 7  

N I C O L A  M D , E  i 

L I t I E  110 - 2 I R + R 0 1 1  

<- x -><----- tt x - ,<- x -> 

X = 5 0 M  
F L O T l I t I G  . ,  
P O l l l T  y 

S I J R F R C E  F R O J E C T I O I I  OF RNOMHLOLIS Z O l l E  

@ E F l  NITE- 
P R o B a B L F ................ 
F O S S  I E L  E-...... 

D A T E  S U R V E Y E D '  .IHII l ' ?85  F R E Q U E  t I C  Y < MER 12  \ 
4 R . 0  2 5  R F F R O ' d  E @ 

M U  f7-& I I O T E -  CONTOURS 

I N T E R V A L S  l , - I  S 
- 2 , - 3 , - 5 , - 7  5 . - 1 8  

a i  LOGARITHMIC 

DA1E-L 

P H O E t 4 I X  G E O P H ' r ' S ' I C S  L T D .  



c c 

L A R A P l I D E  R E S O U R C E S  L T D  
S N O W F L R Y E  C L R I M S  

N I C O L R  M U , E  C 

L I N E  N O  - 2 8 9 t 0 8 l l  

<- y, ->(- tI x- ><- x -> 

D R T E  S I I W V E Y E D  IHt4 1 9 8 5  F F E R U E t l C Y  I H E F T Z )  
4 0 0 : s  A F P P O I ' E  0 

N O T E -  C O N T O U P S  
A T  L O G R P I T H M l C  
I t l l E R V R L S  1 , - I  5 
-2 - 3 , - 5 , - ?  5 , - 1 8  D A T E L & k - - -  

F H O E N I X  G E C I F H ' i ' S I C S  L T D .  
I I l n U C E D  F 0 L R F  I Z R T  I O l l  

R l l n  F E 5 I S f I  , . ! I T ' i  S I I P I I E Y  



c 

O l P O L  E NUMBER 1 2  1 3  1 4  1 5  I 6 1 7  1 8  1 9  I 16 I 1 1  I I 2 1 1 3  I 1  4 1 1 5  1 1 6  I 1 7  1 1 8 ,  
C O D R O I N A T E  I 9 l Q R E  1 9 2 0 0 E  1 9 3 Q Q E  1 9 4 8 8 E  1 9 5 6 0 E  1 9 6 Q M E  1 9 7 0 8 E  1 9 8 0 0 E  l 9 9 R O E  

: -c----t------t - I I 4 T E E F R E T A T I U I I  
. N = I  

H = 3  - 

.t1=2 

.t1=3 

'EI.4 u = 4  - 

.t1=5 1t=5 - 

: : . 
561 ,, 459 432 311 .235,/ 375 485 357 

t 1 = 2 -  L A R A M I D E  R E S O U R C E S  L T D .  I -- 
453 438,,' 609 - 1  345 366 (587) 3P5 

/- 
_- 

St IOWFLAV E C L A I M S  

I l l C O L A  bI D , B  C 

'\ 

c 

O I F O L E  I i U M B E R  I ' ?  1 3  1 4  1 5  I 6 1 7  1 8  I 3 I 16  I I I  I 1 2  I 1 3  I 1 4  I 1 5  I 16 I 1 7  I 18  
C U O R D I N A T E  1 9 1 8 8 E  1 9 2 0 Q E  __ 1938QE 1 9 4 R Q E  l 9 5 O O E  1 9 6 0 Q E  l 9 7 8 Q E  1 9 8 8 0 E  1 9 9 R O E  
I tI T E R F R E  T E l  ON c-t: 

. t 1 = 1  

- l i s 2  

- N = 3  

. N = 4  

c 

t l = l  . 
u = 2 .  

N = 3 .  

N = 4 .  

N.5. 

H=6 % 

I L A R A M l D E  R E S  S N O I J F L A Y E  G R I D  X = 5 @ M  RHO ( O H M - M ,  ____I 

LARRMIOE R E S  .SHII~~FLAIE G R i n  X = 5 0 t l  f l E T A L  F A C T O R  

b f P O L E  NUMBER 1 2  1 3  1 4  1 5  I 6 I ;  l a  1 9  I I R I I I  1 1 2 1 1 3 1 1  4 I I S  1 1 6  1 1 7  I I 8  ~ 

C O O R D I N R T E  I 9 1 8 B E  1PERQE- 1 9 3 O O E  1 9 4 8 O E  1 9 5 0 0 E  1 3 6 6 O E  1 9 7 R 0 E  1 9 8 0 8 E  1 9 9 Q Q E  
j N T E R P R E T R T I O N  : +--t-----t--t-----r------) 

O U G  H O  - I  P - 5 8 6 3 - - 5  

-____ 
L A R A M I D E  R E S  SNOWFLAKE G R I D  x . 5 8 ~  P F E  1 

1.5 \,2 . 1.9 '\,1.3 1.9 1.5 1.5 l.;., ,f, 3.21 5,!?.9 .6 .6 J& 1.1 1.1 1.1 - '\--- .--..I ?% --.. , 
1.8 / 2 2 ' \  15 ,/rz-2 1.8 1 . 8 i  2.7 w , T '  2.7 .6 .A .9 ,,' 1.1 12 1.1 

.8 "j 1.1 1.1 1.4 
,' .--, \\--,, :,' I ,  

2.3 2 2 2 <-\' 1.8 1.8,' ,,'3.3 > 2.6 2.6 
/ __-- . \  

1.H '' 2.1 2.2 2 2.5 3 .' 1.1 12 

N = 5  

N 1 6  H - 5  It - 6 1 

D R T E  S U P ' l E i E D  ? A I 4  1 9 5 5  F R EOIJE I I C  Y NEP T Z 
4 0 , R  2 5  A F F P O $'E D 

P H O E t J I X  G E O P H Y S I C S  L T D .  

I NOIJCED FO L A R  I Z R T  I O N  

A N D  R E S I S T 1  I I I T ' i  SLIP'JE'I 



.c 

- 
L R R R M I D E  R E S  S N O U F L R C E  G R I D  X=5011 F F E  

B I P O L E  N U M B E R  1 2 1 3 1 4  1 5 1 6 1 7  I 8 1 9 ~ ~ 0 I I I 1 1 2 1 1 3 1 1 4 1 1 5 1 1 6 1 1 7 I I 8  
C O O R D I N R T E  1 3 1 0 0 E  1 3 2 R B E  1 9 3 0 0 E  l 9 4 0 B E  1 9 5 0 0 E  l P 6 0 0 E  1 9 7 6 0 E  l P 8 Q 0 E  1 9 9 0 0 E  
I H T E R F R E T R T I U H  : 

N =  I 

11.2 1.8 1.5 1.7 (13 !:?;*, 2 2.3 2.3 2.3','\, 16 1.5 1.5 \> 1.3 1.3 1.3 .,.IS '---,l.4 

Ii = 3 

1154 2.3". 1.6 1A ' A 3  2.6 2.8 2.8 2.3 2 2 ' ,  1.5 1.5.' 1.1 1.1 "1 .6  -T 

t- : : --+-A 

2.2 , 1.6 1.5 1 . 5 4 5 ,  1.2 ,,- 1.7 1.5 ,, 2 .,.- 1.7 1.8 1.6 \ 1.2 1.3 I 1.4 'J.5 N = l  - 

N.2. 

1.8 1.8 l.;nI.~,~~/2.4 2.5 2.7 2.5 2 . 3 " >  1.5 1.5 l.>; 1.2 ( F < 6  1.8 N = 3  . 

N = 4  - 

'% ,- ,'-.._------' 

? - 

N = 5  tl.5 - 
N = 6  - 

1- 
tl .6 

A-__L_.-L.-> 

(I) C 

L R R R M I D E  R E S  j N O W F L A K E  G R I D  X - 5 8 M  RHO ( O H M - M )  1 
D I P O L E  HUMPER 1 2  1 3  1 4  1 5  1 6  1 7  1 8  I 9 1 1 6  I 1  1 I 1 2  I 1 3  1 1 4  I 1 5  I 1 6  I 1 7  I 1 8  
C O O R D I N R T E -  1 9 1 8 8 E  1 9 2 0 D E  l 9 3 0 0 E  1 9 4 8 0 E  1 9 5 8 0 E  1 9 6 B O E  1 9 7 B B E  1 9 8 0 0 E  1 9 9 0 0 E  

IN=I N = 6  t t l=5  

N=6 

1 L R R A l l l D E  R E S  SNUI4FLHI .E  G R I D  X = 5 0 M  M E T H L  F A C T O R  

DUG NO - I  P - 5 8 6 3 - 6  

L A R A N I D E  R E S O U R C E S  L T D  
S N O W F L R V E  C L A I M S  

N I C O L R  tl O . E  C 

L I N E  N O  - 202+0ON 

><- X -> <-X-Y-llX- 

x = s a M  
P L O T T I N G  . . *  
P O I N T  / 

F P E n I J E N C Y  I H E P T Z I  D A T E  S I I P ' J E Y E D  J R t l  1 9 8 5  
4 0 , 0  2 5  R f  F F 0 ! )E@ 

N 0 T E - 
R T  L O G R P I T N M I C  
I N T E P U R L S  I , - I  5 
- 2 , - 3  - 5 , - 7  5 . - 1 0  

C 0 El T 0 U R S 

5 D R T E  rd. a d u  

P H O E H I X  G E O P H Y S I C S  L T D .  

I I ID IUCED P O L R F I Z R T  I O N  

R l l D  R E S I S T 1  '?IT'< S l J W E Y  



c c c 

L R R H N I D E  P E S  S t I O b I F L R ~ - ~ F l D  X = ~ O M  R H O  (0nM-m)  

D I P O L E  HUMEER I 2  1 3  1 4  1 5  1 6  I 7  1 8  1 9  1 1 0 1 1 1 1 1 2 1 1 3 1 1 4 1 1 5 1 l E 1 1 7 I l 8  
C O O R D I N H T E  1 9 1 0 0 E  l 9 2 8 0 E  1 9 3 0 0 E  l 9 4 B B E  1 9 5 8 Q E  l 9 6 0 O E  1 9 7 8 B E  1 9 8 8 B E  I 9 9 E B E  
_ _ ~  1 N T  E F - F RE 1 A T IO I1 

c_ 

N =  I 393  348  ,,,% 475 250 \:A,,:/ 3 3 0  434 ',2?7,,, 312 '-.28i ,, 176 o 90 ,, 1 Q l  102 75 -, 63 

t i = z  448 319 328 ,/252 I' 325  415 4 2 i  354  381 382  ,' (182 158 I52 x. 122 103 126 ''\ 8 i  
-1' ..-- 1 '  '.L, 

N = 3  

t1=4 

t l - 5  

N = 6  

________ _________ 
L R R R M I O E  R E S  SEIOWFLRKE G F I D  X=50Pl  F F E  

D I P O L E  NIJMPER I 2  1 3  1 4  1 5  1 6  I 7  1 9  1 9  I l B I l I 1 1 2 1 1 3 1 1 4 1 1 5 1 1 6 1 1 7 1 l S  
F O O R D I N R T E  1 9 1 Q B E  I P 2 O O E  1 9 3 O O E  1 9 4 0 0 E  1 3 5 0 0 E  1 9 6 Q O E  1 9 7 0 8 E  1 9 3 0 B E  1 9 9 A B E  __.._____._ - 

DI,IG N O  - I  F - 5 8 6 3 - 7  

L A R F I t l I D E  R E S O U R C E S  L T D  
S I J O W F L R Y E  c L R i m s  

t I I C O L R  M D , B  5: 

L I I I E  NO - 2 (11+@0t l  

<- x -><- tl x ~ x- X -4 

F R E O U E t I C l  , H E R T Z )  D R T E  S U F I j E i E @  J R l l  1 9 9 5  
4 0 . 0  2 5  R F P P O V E D  

N O T E -  CONTOIJRS 
R T  L O G R F l l H M I C  
I N T E R V A L S  l . - I  5 
- 2 , - 3 , - 5 , - 7  5 , - 1 6  @ R T E ~ ~ .  

P H O E H I X  G E O P H Y S I C S  L T D .  
I t I O ? I C E O  P O L R R I Z R T I O t l  

R t l D  T E 5 I S r I  " I T Y  C I I P 1 l E r  



c 

L A R R M I D E  P E S  S N O L I F L A K E  G R I D  X = S U M  F F E  

D I F O L E  NIJMEEP 1 2  1 3  1 4  1 5  1 6  I :  1 8  1 9  I l 5 ~ ~ 1 I l 2 1 1 3 1 I J 1 ! 5 1 1 6 1 1 7 1 I t : ~  
C O O R D I N A T E  1 9 1 O O E  1920% 1 9 3 0 0 E  1 9 4 0 0 E  I P S Q O E  l P 6 O 0 E  1 9 i Q Q E  1 ? 8 O O E  I 9 P B Q E  
I II 1 E R R E T h TIU!F~_._.,-,-.--,._,.--- c----C--t----c--- : 

C 

(7- x -x- N A -' , <- x -> ----- - 

c 

X = S O M  
. ,  

.7 .8 1.8, 2.8 2.3 2.8 , .>c-- l .3 1.3 ,,' 1.5 .,. I \, 1.9 1.7 ,,r 1 I .i .8 .9 .8 I{= 1 . 

l l = z .  F L O T T I N G  

N = 3 .  

/ -. . .- - .I , _. -\.- x.. 'L----- 

H =  I 

- # I = . ?  

. N = 3  

.11=4 2.8 2.7 2.5 1.3 , " X I  3.;.-.. 2.7 2.1" I.%-, 1.3 1.3 \ I . ,  11=4 . W R F R f E  F P O J E C T I O W  OF HllClMhLOLlS Z O l l E  

l.3,./ 1.8 , '  CL,' 2.8 i3.1 3.2 .,~ 2 '.,;, 1.3 ..,. .'1.5 1.7 .> 1.3 1.4 1 
P O I N T  -- * L-.. /" --- 

1.9,' 2.8 2.6 2.7 2.9) 3.2 .~ 2.i.'k\%J.7 1.8 / I 1.3 $?.. 
---, \ 

D W G  tin - I  P - 5 8 6 3 - e  

D I F O L E  NUMBER 1 2 1 3 1 4 1 5 1  6 I i I 8  I 9  1 1 8  I l l  1 1 2  1 1 3  1 1 4  1 1 5  1 1 6  1 1 7  1 1 8  
C O O R O  I N h l E  19  I OOE 1 9 2 Q O E  1 9 3 0 8 E  1 9 4 B Q E  1 3 S Q Q E  I P E O O E  1 9 7 O Q E  1 9 8 0 Q E  I 9 9 8 O E  
I I I T € R P P E T h 1 1 O l l  , 

____ 
:- : 

11=5 1 I4 = 6 

. N = l  

t1=2 

-11.3 

11.4 

F P E O I I E I I C  f C U E P T 7 '  
4 0 . 0  2 5  

I I O T E -  CONTOIJRS 
h T  L O G A R l l H M l C  
I N T E R V A L ?  1 . - I  5 
- z . - 3 , - 5 . - i  ? , - l a  

F H O E H I X  GEO 

D R T E  S IJP t !E ' IED J A N  1 9 9 5  
h F P F 0 $1 E D 

O h 1 E-5- 

P H Y S I C S  L T @ .  



c C 

t1= I 

t1=2 

' l l = 3  

tI = 4 

11=s 

~ __ 
L R F R M I D E  RFS-%OI IFLHlE  G P l D  . '=5BM N E T A L  F A C T t l P  

6.9 6.1 6.7 ,4.7 4 \<2.: ' 3.3 \ s . 5  l l = I  

l l = z  

El = 3 

11=4 

)I= I 

tl = 2 

11=3 

N = 4  

6.4 ,,'- F: ',<, 6.4 ~ y I . 1  3.5 ~',%. 2. i  ;) 4.8 
<- ---/ < P.l 76 :.e:> 6.8 ",,3.a 3.7 3.7 ,--- i ,-. 

'1.1 * '', 7.9 ,' 6.3 ,' 8.6 ~ ' ,  3.3 3.9 

our, tin - I  P - 5 8 6 7 - 9  

L A R A M I D E  R E S O U E C E S  L T D  
S t I O b I F L R V E  C L A I M S  

t i i C o L n  M n , E  c 

x = 5 6 II 
. c  P L O T T l t l G  

P 0 I tI T ---\ 

F F E  PLlE tl C ' f  HE F f 2 D R T E  S l J P V E ' / E D  J e l l  1 9 9 5  
A F F P IO I 1  E D 4 0 . 0  2 5  

N O  T E - 
A T  L O G A P l I H N l C  
I N T E P O A L F  I . - I  5 
- 2 . - 3 . - 5 , - 7  5 , - 1 *  D A T E  Fef?27h5 

I: O tl T O V P  5 ?&-c 

F H O E E l I X  G E O P H Y S I C S  L T D  



c 

D I P O L E  NUMBER 1 2  I 3  1 4  I 5 1 6  I 7  1 8  1 9  I I 0  I 1 1  I 1 2  I 13 I 1 4  I 15 I I G I 1 7  I 1 8  I 1  3 1 2 0 :  
C O O R D I N A T E  1 9 Q Q Q E  1 9 1 Q Q E  1 3 2 Q Q E  1 9 3 Q B E  l 9 4 Q Q E  1 9 5 Q B E  1 9 6 Q 0 E  1 9 7 0 0 E  1 9 8 Q B E  l 9 9 Q Q E  
I E I T E R P R E I R T I O I I  ! - - -c----c 

. N =  I 625 ~ -, i60,,, 499 I 538 508 ,,,3 ,387  3 3 3 /  524 ,\ 368 393 ,/ 574,*,,is.* 261 ,,' 3 Q i , ; / \ m '  475 \\lie ~, 233 \.,I89 11=1 . 

. l l = 2  

-EI=3 *Y''& F\\ . I./- 577 ,/- 769 599 S57 59Q 594,/(35,/ 341 30:,$k ,/<: (&,,243 N = 3 -  

N = 4  523 585 ".4Q5 387 387'" ,G& 593 563 577 I' 318 343 358 /''?I12 ,'%\ 2E '. 'a:\ 226 N = 4  - 

.11=5 14.5 - 

H = 6  - - N = 6  

N = 2 -  L A R A M I D E  R E S O U R C E S  L T D  
, _I _I -.qJ '\>., 

563,". 4134 ,,'-5OQ 565 542 Sl6'.,- 5 8 4  53>-,e,fl. 5 4 7 / ' i  ,/ 259 .------I 289 r',-'3454 106 /228 Q Q j q > $ 3 4  

S N O b l F L R K  E C L R I M S  

N l C O L R  M D . E  C 

L I N E  tin - I ~ ~ + Q F J N  L-._...--d- . . --L ---A. 

C, c 

-DE P E S  SNOWFLRYE G R I D  S = S Q M  RHO ( O H M - M )  DUG NO - I  P - 5 8 6 3 - I Q  

L A R A M I D E  R E S  S t l O l l F L A l E  G R I D  X = 5 Q M  P F E  <--X-Y-N X- ><- X -> -1 
D I P O L E  IIUMHER I 2  I 3 1 4  1 5  I 6  I 7  1 8  1 9  I l 0 l l l 1 1 2 1 1 3 l l 4 I l 5 1 1 6 l ! 7 I l 8 1 1 ? I ~ Q  

- C O O R D I N A T E  l 9 9 0 Q E -  1 3  I Q Q E  1 9 2 8 0 E  l 9 3 8 0 E  l 9 4 0 Q E  1 9 5 Q Q E  1 9 6 Q Q E  1 9 7 Q 0 E  1 9 8 Q 0 E  1 9 9 Q Q E  
I Ii T E R P R E T A T I 0 Ii :-: 

. N = l  \ 3.1 %., 2 2.1 2.5 2.1 \ , 1.6 >, 1.1 y 5  1.6 ,/ 2 ., 1.6 N = I -  

.t1=2 5.6-\,,3.3 3.1 3.1) 2.5 2.3 ' \ \  I&\& I . 6 / 2 . l  2.1 N.2- 

5.8'.,,3.P 3.1,,/'2.8 2.5 2.3 2.1 2.1 2.3 2.5 t1=3. - N = 3  

\, -,- 

X = 5 Q M  
P L O T 1  I NG \ ,  

P O I I I T  - y 
L _- 

/-, 1.. 

r = 5  tI = 6 I t1=5 

N = 6  

I N D U C E D  P D  LRR I Z R T  I ON 

R N D  P F s i s r i  t i i i ' i  SIJRVE\  



G 

____ - 
(LRRAMIoE R E S  . ; t i o i K a + . ~  G R I D  X = S 0 M  P F E  

D I P O L E  NUMBER 1 2  1 3  ~4 I S  1 6  1 7  1 8  1 9  ~ I B I ~ ~ I I ~ I ~ ~ I ~ J I I ~ ~ I ~ I ~ ~ I ~ ~ I ~ ~ I Z B ,  
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