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1, Introduction * 

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 S n o w f l a k e C l a i m s , N i c o l a M i n i n g D i v i s i o n , B r i t i s h 
C o l u m b i a , on b e h a l f of Laramide R e s o u r c e s L t d . 

The p r o p e r t y i s l o c a t e d a p p r o x i m a t e l y 5 km n o r t h e a s t of the 
community of Aspen Grove, B.C. A c c e s s i s v i a 4 km of g r a v e l r o a d 
which t u r n s e a s t o f f Highway 5, about 4 km n o r t h of Aspen Grove, B.C. 

The f o l l o w i n g g e o l o g i c a l d e s c r i p t i o n of t h e p r o j e c t a r e a 
has been p r o v i d e d by the s t a f f o f Laramide Resources L t d . 

"THE ASPEN GROVE AREA IS WITHIN A TERRAIN COMMONLY REFERRED TO AS 
THE NICOLA BELT, A EU6E0SYNCLINAL UPPER TRIASSIC ISLAND-ARC ROCK 
ASSEMBLAGE. MASSIVE ANDES ITIC FLOWS AND COARSE PYROCLASTIC 
ROCKS PREDOMINATE IN THE CENTRAL PART OF THE AREA AND A SEQUENCE 
OF LAYERED AND MASSIVE VOLCANOGENIC ROCKS PREDOMINATE ALONG THE 
EASTERN MARGIN. THE SOUTHWESTERN SECTION OF THE AREA IS 
UNDERLAIN BY INTERCALATED VOLCANICLASTIC ROCKS, FLOWS, AND 
CALCAREOUS SEDIMENTARY ROCKS THAT ARE PARTLY COVERED BY COARSE 
VOLCANIC BRECCIA. 

A SEQUENCE OF MASSIVE RED TO PURPLE AND GREEN AUG ITE PORPHYRY 
FLOWS, COARSE VOLCANIC BRECCIA AND DIORITIZED VOLCANICS IS 
PRESENT IN THE CENTRAL PART OF THE REGION. THIS SEQUENCE MAY 
INDICATE THE EXISTENCE OF A CENTRAL ZONE OF PARTLY SUBAERI A L 
VOLCANIC CENTRES. 

INTRUSIVE ROCKS WITHIN THE AREA ARE MAINLY DI OR ITIC AND APPEAR TO 
BE IN PART COMAGMATIC WITH THE NICOLA VOLCANIC ROCKS BECAUSE OF 
SIM'lLAR COMPOSTION AND GRADATIONAL RELATIONSHIPS. SEVERAL 
SMALL AREAS OF MONZONITE AND/OR SYENITE ARE FOUND WITHIN THE 
BELT . 

THE STRUCTURE OF THE ASPEN AREA IS DOMINATED BY TWO REGIONAL, 
NORTHERLY-TRENDING FAULTS ABOUT 4 KILOMETRES APART. THEY ARE 
LINKED BY MANY SPLAYS AND A TERRAIN SHATTERED BY BRITTLE 
FRACTURE. IN CONTRAST, FOLDING IS OBSCURE AND MAY BE SLIGHT 
EXCEPT FOR DRAG NEAR FAULTS. 

THE SNOWFLAKE PROPERTY IS UNDERLAIN BY A SEQUENCE OF FLOWS, 
VOLCANIC FRAGMENTALS AND RELATED VOLCANICLASTIC SEDIMENTS 
INTRUDED BY A MASS OF D I OR ITE-MONZONITE ON THE WEST-CENTRAL 
PORTION OF THE PROPERTY, AND BY PLUGS OF DIORITE, DIORITE 
PORPHYRY, AND DI OR ITE-MONZONITE ON THE EASTERN SIDE OF THE 
PROPERTY." 
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P r e v i o u s work i n c l u d e d ground m a g n e t i c s , g e o l o g i c a l 
mapping, i n d u c e d p o l a r i z a t i o n , s o i l and r ock g e o c h e m i s t r y , VLF 
e l e c t r o m a g n e t i c s , and a c o n s i d e r a b l e amount of d r i l l i n g and 
t r e n c h i n g by a t l e a s t seven d i f f e r e n t o p e r a t o r s . 

O b j e c t i v e of the p r e s e n t IP and R e s i s t i v i t y Survey was t o 
c o n f i r m t h e l o c a t i o n of IP a n o m a l i e s o u t l i n e d by p r e v i o u s s u r v e y s , 
p a r t i c u l a r l y i n r e l a t i o n t o p a s t d r i l l i n g r e s u l t s . 

A P h o e n i x 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 was 
used i n c o n j u n c t i o n w i t h a P h o e n i x Model IPT-1 IP 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 m o t o r - g e n e r a t o r . IP e f f e c t i s 
r e c o r d e d d i r e c t l y as P e r c e n t Frequency E f f e c t (P.F.E.) a t o p e r a t i n g 
f r e q u e n c i e s o f 4.0 Hz and 0.25 Hz. Apparent r e s i s t i v i t y v a l u e s a r e 
n o r m a l i z e d i n u n i t s of ohm-meters, w h i l e M e t a l F a c t o r v a l u e s a r e 
c a l c u l a t e d a c c o r d i n g t o the f o r m u l a : M.F. = (P.F.E. x 1000) : 
Apparent R e s i s t i v i t y . 

D i p o l e - d i p o l e a r r a y was u t i l i z e d t o make the measurements, 
w i t h 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 100 meters and 50 meters. 
Four d i p o l e s e p a r a t i o n s were r e c o r d e d i n every c a s e . 

F i e l d work was c a r r i e d out d u r i n g May 1983, under the 
s u p e r v i s i o n of P e t e r Gardner, g e o p h y s i c a l crew l e a d e r . 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 i n c l u d e d w i t h t h i s r e p o r t . 

2. D e s c r i p t i o n o f C l a i m s 

The S n o w f l a k e Group c o n s i s t s of the f o l l o w i n g c l a i m s as 
o u t l i n e d below: 

Claim Record 
Name Units No. Date Recorded Expiry Date Owner 

Snowflake 6 8 13 May 1975 13 May 1985 F. Gingell 
Snowflake 2 4 93 14 A p r i l 1976 14 A p r i l 1986 R.W. Yorke--Hardy 
Snowflake 3 6 167 20 Aug. 1976 20 Aug. 1984 R.W. Yorke--Hardy 
Snowflake 4 8 211 11 Feb. 1977 11 Feb. 1985 , F. Gingell 
Snowflake 5 2 212 11 Feb. 1977 11 Feb. 1985 • F. Gingell 
Snowflake 6 6 321 16 Sept. 1977 16 Sept. 1984 F. Gingell 
Snowflake 7 20 470 15 June 1978 15 June 1982- F. Gingell 
Snowflake 9 -2-0- 472 15 June 1978 15 June 1982 F. Gingell 
Snowflake 10 12- 514 25 Oct. 1978 25 Oct. 1989- F. Gingell 
Tule 10 4 322 16 Sept. 1977 16 Sept. 1984 F. Gingell 
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O p e r a t o r i s Laramide Resources L i m i t e d . 

3. Presentation 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 a r e shown 
on t h e f o l l o w i n g d a t a p l o t s i n the manner d e s c r i b e d i n P a r t B of t h i s 
r e p o r t . 

Line Electrode Interval Dwg. No. 

8+00 NW 50 Meters I .P. -5830-1 
6+00 NW 100 Meters I.P. -5830-2 
6+00 NW 50 Meters I.P. -5830-3 
5+00 NW 100 Meters I .P. -5830-4 
5+00 NW 50 Meters I .P. -5830-5 
4+00 NW 100 Meters I.P. -5830-6 
4+00 NW 50 Meters I .P. -5830-7 
3+00 NW 100 Meters I .P. -5830-8 
3+00 NW 50 Meters I .P. -5830-9 

A l s o e n c l o s e d w i t h t h i s r e p o r t i s Dwg. I.P.P.- B-3029, 
p l a n map of t h e S n o w f l a k e G r i d a t a s c a l e of 1:5,000. The d e f i n i t e , 
p r o b a b l e and p o s s i b l e Induced P o l a r i z a t i o n a n o m a l i e s a r e i n d i c a t e d 
by b a r s , i n t h e manner shown on t h e l e g e n d , on t h i s p l a n 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 the 
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 v a l u e s were 
measured. 

S i n c e 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 a v e r a g i n g p r o c e s s , as a r e a l l p o t e n t i a l methods, i t i s f r e q u e n t l y 
d i f f i c u l t - t o e x a c t l y p i n p o i n t the s o u r c e of an anomaly. C e r t a i n l y , 
no anomaly can be l o c a t e d w i t h more a c c u r a c y than t h e e l e c t r o d e 
i n t e r v a l l e n g t h ; i . e . when usng 50 meter e l e c t r o d e i n t e r v a l t he 
p o s i t i o n of a narrow s u l p h i d e body can o n l y be d e t e r m i n e d t o l i e 
between two s t a t i o n s 50 meter a p a r t . In o r d e r t o d e f i n i t e l y 
l o c a t e , and f u l l y e v a l u a t e , a narrow, s h a l l o w s o u r c e i t i s n e c e s s r y 
to 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 . In o r d e r t o l o c a t e s o u r c e s a t 
some de p t h , l a r g e r e l e t r o d e i n t e r v a l s must be used, w i t h a 
c o r r e s p o n d i n g i n c r e a s e i n the u n c e r t a i n t i e s of l o c a t i o n . 
T h e r e f o r e , w h i l e t h e c e n t r e of the i n d i c a t e d anomaly p r o b a b l y 
c o r r e s p o n d s f a i r l y w e l l w i t h s o u r c e , t he l e n g t h of t h e i n d i c a t e d 
anomaly a l o n g t h e l i n e s h o u l d not be t a k e n t o r e p r e s e n t t h e e x a c t 
edges of t h e anomalous m a t e r i a l . 

The t o p o g r a p h i c c l a i m and g r i d i n f o r m a t i o n shown on Dwg. 
I. P. P.-B-3029 has been t a k e n from maps made a v a i l a b l e by t h e s t a f f 
of Laramide R e s o u r c e s L i m i t e d . 



4. Discussion of Results 

The r e s u l t s from t h e p r e s e n t IP and R e s i s t i v i t y s u rvey on 
the S nowflake g r i d i n d i c a t e t h a t r o c k r e s i s t i v i t i e s a r e g e n e r a l l y 
q u i t e low over t h e e n t i r e g r i d a r e a . T h i s i s c o n s i s t a n t w i t h t he 
pr e s e n c e of w i d e s p r e a d f a u l t i n g and s h e a r i n g , as noted by M o r r i s o n 
i n a r e p o r t d a t e d June 30, 1981. 

F i v e , o r p o s s i b l y s i x , zones of anomalous Induced 
P o l a r i z a t i o n e f f e c t s a r e a l s o i n t e r p r e t e d i n the d a t a , and a r e shown 
on P l a n Map I.P.P.-B-3029. Each zone i s d i s c u s s e d s e p a r a t e l y 
below. 

ZONE A 

T h i s anomalous IP t r e n d i s e v i d e n t s t r i k i n g a c r o s s t he 
sou t h w e s t e r n ends o f L i n e 5+00 NW, L i n e 4+00 NW, and L i n e 3+00 NW, at 
which p o i n t i t i s open t o th e s o u t h . In c o n t r a s t t o some of the 
o t h e r zones, t h e s o u r c e of t h i s f e a t u r e appears t o be v e r y narrow; 
i . e . , l e s s t h a n 50 meters i n t o t a l w i d t h . I t i s b e s t seen i n the 50 
meter d i p o l e d a t a c o l l e c t e d on L i n e 4+00 NW between S t a t i o n 8+00 SW 
and S t a t i o n 8+50 SW. Depth t o the t a r g e t i n t h i s i n s t a n c e i s 
i n d i c a t e d t o be l e s s than 50 meters. 

ZONE B 

Zone B i s o u t l i n e d i n t h e da t a from a l l f i v e g r i d l i n e s , as a 
r o u g h l y n o r t h - n o r t h w e s t e r l y t r e n d i n g f e a t u r e , p o s i t i o n e d 
a p p r o x i m a t e l y 500 meters west of the b a s e l i n e . The anomaly 
s i g n a t u r e s i n e v e r y case show a wide ( g r e a t e r than 100 meters) 
r e g i o n of anomalous IP e f f e c t s , t h e c e n t e r of which l i e s a l o n g t he 
n o r t h e a s t e r n margin o f a h i g h e r r e s i s t i v i t y r o c k t y p e . There does 
not appear t o b a d i s c e r n a b l e p a t e r n of lower than background 
r e s i s t i v i t y v a l u e s c o r r e l a t i n g w i t h t h e anomalous P.F.E. r e a d i n g . 
T h i s s u g g e s t s t h e s o u r c e of Zone B i s d i s s e m i n a t e d m i n e r a l i z a t i o n 
o n l y . Depth t o the p o l a r i z a b l e m a t e r i a l i s e v e r y where l e s s than 50 
meters s u b - s u r f a c e , w h i l e t h e h i g h e s t magnitude IP a r e a d i n g s a r e 
noted i n the d a t a from L i n e 6+00 NW between S t a t i o n 5+00 SW, and 
S t a t i o n 5+50 SW. 

ZONE C 

G e n e r a l l y , weakly anomalous IP e f f e c t s mark IP Zone C, 
which e x t e n d s s o u t h e a s t w a r d from t h e v i c i n i t y of L i n e 6+00 NW 
S t a t i o n 1+50 SW t o beyond L i n e 3+00 NW. As was the case of Zone B, t h e 
anomalous IP r e a d i n g s l i e a l o n g t he f l a n k of a zone of h i g h e r 
apparent r e s i s t i v i t y v a l u e s , a l t h o u g h i n t h i s i n s t a n c e t he h i g h 
r e s i s t i v i t y measurements a r e s i t u a t e d t o the n o r t h e a s t of the IP 
t r e n d . A g a i n t h e r e does not appear t o be a zone of i n c r a s e d 
c o n d u c t i v i t y a s s o c i a t e d w i t h t he i n t e r e s t i n g IP v a l u e s , thus 
s u g g e s t i n g t h a t weakly d i s s e m i n a t e d m i n e r a l i z a t i o n i s t h e s o u r c e of 
IP Zone C. 
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ZONE Dl, D2 

I t i s not c e r t a i n i f Zone D l and Zone D2 r e p r e s e n t t h e same 
s o u r c e , as t h e r e i s c o n s i d e r a b l e d i s p l a c e m e n t of t h e an o m a l i e s 
i n v o l v e d between L i n e 8+00 NW and L i n e 6+00 NW. In a d d i t i o n , the 
c h a r a c t e r of t h e i n d i v i d u a l a n o m a l i e s changes c o n s i d e r a b l y between 
the two l i n e s , w i t h a much more c o n d u c t i v e s o u r c e b e i n g i n d i c a t e d t o 
u n d e r l i e L i n e 8+00 NW (Zone D l ) . 

The s o u r c e of Zone D2 on th e o t h e r hand, does not appear t o 
be n e a r l y as c o n d u c t i v e , and i s o u t l i n e d p r i m a r i l y as a zone of 
i n c r e a s e d p o l a r i z a b i l i t y f o r m i n g t h e s o u t h w e s t e r n edge of a 
r e s i s t i v e r o c k u n i t , which i t s e l f g i v e s use t o very weakly anomalous 
P.F.E. v a l u e s . E v i d e n t l y , a ve r y weakly m i n e r a l i z e d r o c k u n i t i s 
p r e s e n t , w i t h Zone D2 o u t l i n i n g a r e g i o n of s l i g h t l y more 
c o n c e n t r a t e d m i n e r a l i z a t i o n a l o n g t h e s o u t h w e s t e r n m a r g i n . 

ZONE E 

Zone E may mark t h e o p p o s i t e c o n t a c t , t h a t i s , t he 
n o r t h e a s t e r n margin of t h e weakly m i n e r a l i z e d u n i t mentioned above. 
T h i s r e l a t i o n s h i p i s u n c e r t a i n as t h e s o u r c e of t h e IP zone i s 
u n d e f i n e d f u r t h e r t o the n o r t h e a s t as w e l l as t o the s o u t h e a s t . 

5. Summary and Recommendations 

The p r e s e n t 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 s u r v e y on 
the S n o w f l a k e C l a i m s has o u t l i n e d f i v e , o r p o s s i b l y s i x s e p a r a t e 
anomalous zones. S o urces of a l l of th e zones e x c e p t one, Zone D l , 
appear t o be p r i m a r i l y d i s s e m i n a t e d m e t a l l i c m i n e r a l i z a t i o n . In 
the case of Zone D l , which i s i n t e r p r e t e d i n t h e d a t a from t h e 
n o r t h e a s t e r n end of L i n e 8+00 NW o n l y , lower apparent r e s i s t i v i t y 
v a l u e s s u g g e s t t h e p r e s e n c e of more c o n d u c t i v e m i n e r a l i z a t i o n . 

F u r t h e r work on the p r o p e r t y s h o u l d f i r s t be i n the form of 
an e v a l u a t i o n of a l l t h e p r e v i o u s l y e x i s t i n g d a t a , e s p e c i a l l y t h e 
d r i l l i n g r e s u l t s ; i n o r d e r t o judge t h e s i g n i f i c a n c e of the 
anomalous IP zones d e t e c t e d by t h i s y e a r ' s IP and R e s i s t i v i t y 
s u r v e y . 

PHOENIX GEOPHYSICS LTD. 

PAUL A. CARTWRIGHT, B . S c , 
G e o p h y s i c i s t . 

Dated: 14 J u l y 1983 
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ASSESSMENT DETAILS 

PROPERTY: Snowflake Claims MINING DIVISION: Nicola 

SPONSOR: Laramide Resources Ltd. PROVINCE: B r i t i s h Columbia 

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

TYPE OF SURVEY: 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 

OPERATING MAN DAYS: 8 DATE STARTED: 24 May 1983 

EQUIVALENT 8 HR. MAN DAYS: 12 DATE FINISHED: 31 May 1983 

CONSULTING MAN DAYS: 4 NUMBER OF STATIONS: 204 

DRAFTING MAN DAYS: 5 NUMBER OF READINGS: 1962 

TOTAL MAN DAYS: 21 KILOMETERS OF LINE SURVEYED: 12.8 

CONSULTANTS: 

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

FIELD TECHNICIANS: 

P. Gardner, 393 Connaught Avenue, Willowdale, Ontario. 
G. Richardson, 4161 Crown Crescent, Vancouver, B.C. 

DRAUGHTSMEN: 

R. Wakaluk, 78865 Vivian Drive, Vancouver, B.C. 

PHOENIX GEOPHYSICS LTD. 

Paul A. Cartwright, B . S c , 
Geophysicist. 

DATED: 14 Ju l y 1983 



STATEMENT OF COST 

INDUCED POLARIZATION AND RESISTIVITY SURVEY 
SNOWFLAKE CLAIMS, NICOLA MINING DIVISION, B.C. 

CREW P. Ga r d n e r , G. R i c h a r d s o n 

PERIOD: 24 May 1983 t o 31 May 1983 

8 O p e r a t i n g Days @ $650.00 per day 

Mobi l i z a t ion/Deniobi l i z a t i o n 

F u e l and O i l 
Meals 

+ 15% 

$ 8.07 
29.51 

$ 3 7.58 
5.64 

$ 5,200.00 

1,000.00 

43.22 

$ 6,243.22 

PHOENIX GEOPHYSICS LIMITED 

') ( / ) / 

Paul A. Cartwright, B.Sc. 
Geophysicist. 

DATED: 14 July 1983 
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CERTIFICATE 

I, PAUL A. CARTWRIGHT, of the C i t y of Vancouver, Province of B r i t i s h 
Columbia, do hereby c e r t i f y that: 

1. I am a geophysicst r e s i d i n g at 4238 W. 11th Avenue, Vancouver, B.C. 

2. I am a graduate of the U n i v e r s i t y of B r i t i s h Colunbia, with a B.Sc. 
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PART B 

PHOENIX GEOPHYSICS LIMITED 

NOTES ON THE THEORY,METHOD OF 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 

r e f e r s 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 a t i o n o f m e t a l l i c 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 o f 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 e l e c t r o - c h e m i c a l phenomenon o c c u r s wherever 

e l e c t r i c a l c u r r e n t i s p a s s e d t h r o u g h an a r e a w h i c h c o n t a i n s 

m e t a l l i c m i n e r a l s such as base m e t a l s u l p h i d e s . N o r m a l l y , when 

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

ments, a l l o f t h e c o n d u c t i o n t a k e s 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 w a t e r 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 . T h i s i s because almost a l l m i n e r a l s have a much 

h i g h e r s p e c i f i c r e s i s t i v i t y t h a n ground w a t e r . The group o f 

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

s p e c i f i c r e s i s t i v i t i e s much l o w e r t h a n ground w a t e r s . The 

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 t a k e s p l a c e a t t h o s e i n t e r f a c e s 

where t h e mode o f c o n d u c t i o n changes from 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 o f t h e r o c k t o e l e c t r o n i c i n the 

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

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 mentioned 

above, w h i c h depends upon th e c h e m i c a l e n e r g i e s n e c e s s a r y t o 

a l l o w the 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 from the m e t a l l i c 
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surface, increases with the time that a d.c. current i s allowed 

to f l o w t h r o u g h t h e r o c k ; i . e . , as i o n s p i l e up a g a i n s t the 

m e t a l l i c 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 i s 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 o n s a t t h e i n t e r f a c e s , to a p p r e c i a b l y reduce th e amount 

of c u r r e n t f l o w t h r o u g h t h e m e t a l l i c p a r t i c l e . ' T h i s 

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

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

When the d.c. v o l t a g e used t o c r e a t e t h i s d.c. 

c u r r e n t f l o w i s c u t o f f , t h e Coulomb f o r c e s between the c h a r g e d 

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

p o s i t i o n . T h i s movement o f charge c r e a t e s a s m a l l c u r r e n t f l o w 

which can be measured on the s u r f a c e o f t h e ground as 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 an a l t e r n a t e v i e w p o i n t i t can be seen t h a t i f the 

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 the 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 , the 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 system as a whole w i l l change as t h e f r e q u e n c y 

of t h e s w i t c h i n g i s changed. T h i s i s a consequence o f the f a c t 

t h a t t h e amount o f c u r r e n t f l o w i n g t h r o u g h each m e t a l l i c i n t e r ­

f a c e depends upon t h e l e n g t h of time t h a t c u r r e n t has been 

p a s s i n g t h r o u g h i t i n one d i r e c t i o n . 

The v a l u e s o f the p e r c e n t f r e q u e n c y e f f e c t o r F.E. a r e 

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

s i n c e t h e measurement of t h e degree o f p o l a r i z a t i o n i s r e l a t e d 

t o the a p p a r e n t r e s i s t i v i t y o f t h e r o c k mass, i t i s found t h a t the 

m e t a l f a c t o r v a l u e s o r M.F. can be u s e f u l v a l u e s 
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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. The MF v a l u e s a r 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. 

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 Induced P o l a r i z a t i o n measurement i s perhaps t h e 

most p o w e r f u l g e o p h y s i c a l method f o r t h e d i r e c t d e t e c t i o n o f 

m e t a 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 

i s o f v e r y low c o n c e n t r a t i o n . The l o w e r l i m i t o f volume pe r 

cent s u l p h i d e n e c e s s a r y t o produce a r e c o g n i z a b l e IP anomaly 

w i l l v a r y w i t h t h e geometry and g e o l o g i c environment 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 . However, s u l p h i d e 

m i n e r a l i z a t i o n o f l e s s than one p e r cent by volume has been 

d e t e c t e d by t h e IP method under p r o p e r g e o l o g i c a l c o n d i t i o n s . 

The g r e a t e s t a p p l i c a t i o n o f the IP method has been 

i n t h e s e a r c h 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 o f l e s s than 

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

the s e a r c h 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 where, due t o 

s o u r c e geometry, depth o f s o u r c e , o r low r e s i s t i v i t y o f s u r f a c e 

l a y e r , t h e EM method cannot be s u c c e s s f u l l y a p p l i e d . The a b i l i t y 

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 , such as w a t e r - f i l l e d s h e a r 

zones, 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 EM a n o m a l i e s 

which a r e s u s p e c t e d o f b e i n g due t o t h e s e c a u s e s . 

In normal f i e l d a p p l i c a t i o n s t h e IP method does not 

d i f f e r e n t i a t e between t h e e c o n o m i c a l l y i m p o r t a n t m e t a l l i c 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 . , 

and t h e o t h e r m e t a l l i c m i n e r a l s such as p y r i t e . The Induced 

P o l a r i z a t i o n e f f e c t i s due t o the t o t a l o f a l l e l e c t r o n i c 

c o n d u c t i n g m i n e r a l s i n t h e r o c k mass. Other e l e c t r o n i c c o n d u c t i n g 



m a t e r i a l s w h i ch can produce an IP r e s p o n s e a r e 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 o f h e m a t i t e . 

In 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 a c e 

are made i n a way t h a t a l l o w s t h e e f f e c t s o f l a t e r a l changes 

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

e f f e c t s o f 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 at 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 a r e measured a t two 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 i s an i n t e g e r number (n) t i m e s 

t h e b a s i c d i s t a n c e ( X ) . 

The measurements a r e made a l o n g 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 the n e a r e s t c u r r e n t and p o t e n t i a l 

e l e c t 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 t h 

v a r i o u s v a l u e s o f (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 ) d e c i d e s t h e number 

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

In 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 o f apparent 

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

m e t a l f a c t o r measured f o r each s e t o f e l e c t r o d e p o s i t i o n s a r e 

p l o t t e d at the i n t e r s e c t i o n o f g r i d l i n e s , one from t h e c e n t e r 

p o i n t o f 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 from t h e c e n t e r 

p o i n t o f t h e p o t e n t i a l e l e c t r o d e s . (See 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 top o f 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 , below t h e 

m e t a l f a c t o r v a l u e s , are p l o t t e d the v a l u e s o f 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 o f a g i v e n v a l u e i s 

d e t e r m i n e d by t h e l o c a t i o n 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 p o t e n t i a l e l e c t r o d e s . The 

d i s t a n c e o f t h e v a l u e from t h e l i n e i s d e t e r m i n e d by t h e 

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

when t h e measurement was made. 

The s e p a r a t i o n between s e n d e r and r e c e i v e r e l e c t r o d e s 

i s o n l y one f a c t o r w h i c h d e t e r m i n e s t h e depth .to w h i c h t h e ground 

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

when c o n t o u r e d , a r e not s e c t i o n maps o f t h e e l e c t r i c a l p r o p e r t i e s 

of t h e ground under the 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 o f the 

r e s u l t s from any g i v e n s u r v e y must be c a r r i e d out 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 o f 

the e l e c t r o d e s when anomalous v a l u e s a r e measured i s 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 w h i c h 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 as t h e i n t e r v a l 

o ver which t h e e l e c t r o d e s a r e moved a f t e r a s e r i e s o f p o t e n t i a l 

r e a d i n g s * h a s been made. One o f t h e advantages o f t h e Induced 

P o l a r i z a t i o n method i s t h a t t h e same equipment can be used f o r 

b o t h d e t a i l e d and 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 by c h a n g i n g the 

d i s t a n c e (X) o v e r w h i c h t h e e l e c t r o d e s a r e moved each t i m e . In 

the p a s t , i n t e r v a l s have been used r a n g i n g from 25 f e e t t o 2000 

f e e t f o r ( X ) . In 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 the v a l u e s o f (n) t o be used i s 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 s i z e o f 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 i z e o f 

the e x p e c t e d anomaly and t h e speed w i t h which i t i s d e s i r e d t o 

p r o g r e s s . 
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The d i a g r a m 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 . Each v a l u e o f t h e appa r e n t r e s i s t i v i t y , 

a p p a r e n t m e t a l f a c t o r , and apparent p e r cent f r e q u e n c y e f f e c t 

i s p l o t t e d and i d e n t i f i e d by t h e p o s i t i o n o f the f o u r e l e c t r o d e s 

when t h e measurement was made. I t can be seen t h a t t h e v a l u e s 

measured f o r t h e l a r g e r v a l u e s o f (n) a r e 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 the l a y e r o f 

the e a r t h t h a t i s b e i n g t e s t e d i s g r e a t e r than f o r the s m a l l e r 

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

The I P measurement i s b a s i c a l l y o b t a i n e d by m e a s u r i n g 

the d i f f e r e n c e i n p o t e n t i a l o r v o l t a g e ( A V) 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 . The v o l t a g e i s t h e p r o d u c t o f t h e c u r r e n t 

t h r o u g h the ground and the apparent 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 t i o n s where t h e c u r r e n t i s v e r y low 

due t o .poor e l e c t r o d e c o n t a c t , o r t h e apparent r e s i s t i v i t y i s 

ve r y low, o r a c o m b i n a t i o n o f t h e two e f f e c t s ; t h e v a l u e o f 

( A V ) t h e change i s p o t e n t i a l w i l l be t o o s m a l l t o be 

mea s u r a b l e . 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 . 

In some s i t u a t i o n s s p u r i o u s n o i s e , e i t h e r man-made 

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

The symbol "N" 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 at w h i c h 

i t i s t o o n o i s y t o r e c o r d a r e a d i n g . I f a r e a d i n g can be o b t a i n e d , 

but f o r r e a s o n s o f n o i s e t h e r e i s some doubt as t o i t s a c c u r a c y , 

the r e a d i n g i s b r a c k e t e d i n t h e d a t a p l o t ( ). 

In 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 a r e r e c o r d e d . T h i s may be due t o the g e o l o g i c 



environment o r s p u r i o u s e l e c t r i c a l e f f e c t s . The a c t u a l n e g a t i v e 

f r e q u e n c y e f f e c t v a l u e r e c o r d e d i s i n d i c a t e d on t h e d a t a p l o t ; 

however, t h e symbol "NEG" i s 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 Apparent M e t a l F a c t o r . 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 

the c o n t o u r l i n e s a r e i n d i c a t e d t o the 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 immediate v i c i n i t y o f 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 f o r some r e a s o n t h e 

o p e r a t o r d i d n o t attempt 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 suggest t h a t one was r e q u i r e d . T h i s 

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 than t h o s e d i s c u s s e d above i s unique 

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

of t h e r e p o r t . 

PHOENIX GEOPHYSICS LIMITED 



M E T H O D U S E D IN P L O T T I N G Dl P O L E - Dl POLE 

I N D U C E D P O L A R I Z A T I O N A N D R E S I S T I V I T Y R E S U L T S 

x —><- n x dh 
S t a t i o n s o n l i n o x s E l ec t rode spread length 

n s E l e c t rode separa t ion 

4 
3 
2 

2 
3 
4 

1,2-6,7 2,3-7,8 3 ,4-8 ,9 
P P P P 

1,2-5,6 2 ,3-6 ,7 3 ,4-7,8 4 ,5-8 ,9 Apparent Resistivity 
p p p p p 

1,2-4,5 2,3-5,6 3 ,4-6,7 4,5-7,8 5 ,6-8 ,9 
P P P P P P 1,2-3.4 2,3-4,5 3,4-5,6 4,5-6,7 5,6-7,8 6,7-8.9 

M.F M.F. M.F. M.F. M.F. M.F 
1,2-3,4 2,3-4,5 3,4-5,6 4,5-6,7 5,6-7,8 6,7-8,9 

M.F. M.F. M.F. M.F. M.F. 
1,2-4,5 2,3-5,6 3,4-6,7 4,5-7,8 5 ,6-8 ,9 

M.F M.F M.F. M.F 

. 1,2-5,6 2,3-6,7 3,4.-7,8 4,5-8,9 Apparent Metol Factor 
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