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1. INTRODUCTION 

An Induced Polarization and Resistivity survey has been carried out 

on behalf of Aberford Resources Limited on the Lara property, Victoria 

Mining Division, Brit ish Columbia. The property i s  located a t  about 

48'53' North Latitude and 123"52' West Longitude, approximately 16 

kilometers northwest of Duncan, Brit ish Columbia (Figures 1 and 2 ) .  

A paved road from Duncan passes near the base of Mt. Sicker. 

Access t o  the grid i s  via old logging roads which traverse Mt. Sicker. 

Since the 1800's economic mineralization has been noted in the M t .  

Sicker area. Near the center of the Si lver  2 claim a small massive 

sulphide-type showing i s  partly exposed along an old road cut. The 

present IP survey i s  a  continuation of work s ta r ted  in l a t e  1981 around 

the known showing. Results of the e a r l i e r  IP work are outlined in a  

report by DiSpirito and Cartwright, dated January 10, 1982. 

Field work was carried out in October and November of 1982, using a  

Phoenix flodel IPV-1 IP and Resistivity receiver uni t  in conjunction with 

a  Phoenix Model IPT-1 IP and Resistivity transmitter uni t ,  recording the 

pol arizabi 1 i  ty  as percent frequency e f fec t  ( P .  F. E.  ) between frequencies 

of 4.0 Hertz and 0.25 Hertz. Apparent r e s i s t i v i t y  measurements are 

normalized in units of ohm-meters, while metal factor  values are  

calculated according to  the formula: M.F. = ( P F E  x 1000/Apparent 

Resistivity.  Dipole-Dipole array was used exclusively, with a  basic 

inter-electrode distance of 50 meters. Some detailed measurements were 

also completed using 25 meter dipoles. Four dipole separations were 
1 

recorded in every case. 
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The f i e l d  work was conducted under t h e  s u p e r v i s i o n  o f  Ilr. John 

Marsh, geophys ica l  crew l eade r ,  whose c e r t i f i c a t e  i s  a t t ached  t o  t h i s  

r e p o r t .  

2 .  DESCRIPTION OF CLAIMS 

The Lara p r o p e r t y  c o n s i s t s  of  5 c la ims  as o u t l i n e d  below. 

RECORD 
CLAIFI NAME UNITS NUMBER DATE RECORDED 

Fang 20 534 8 May 1981 

S i l v e r  1 9  535 8  May 1981 

S i  1  v e r  2 12 536 8  May 1981 

Sol l y  9  537 8  May 1981 

T.L. 2 0  538 8 May 1981 

The c l a ims  a r e  owned by  Laramide Resources L i m i t e d ,  and operated by 

Aber fo rd  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  da ta  a r e  shown on t h e  

f o l l o w i n g  da ta  p l o t s  i n  t h e  manner descr ibed  i n  t h e  no tes  a t t ached  t o  

t h i s  r e p o r t  ( P a r t  B) .  

LINE 

70+00W 

ELECTRODE INTERVAL DWG.NO. 

50 meters I P  5829-1 

66+00W 50 meters I P  5829-2 

50 meters 

50 meters 

62+00W 50 meters I P  5829-5 

58+00W 50 meters I P  5829-6 



LIME - ELECTRODE INTERVAL DWG.NO. 

58+00W 25 meters IP 5829-7 

58+00k' 25 meters IP 5829-8 

58+00W 25 meters I P  5829-9 

54+00W 50 meters IP 5829-10 

50+00W 50 meters IP 5829-11 

46+00W 50 meters IP 5829-12 

40+00W 50 meters IP 5829-13 

38+00W 50 meters IP 5829-14 

36+00W 50 meters IP 5829-15 

34+00W 50 meters 1P 5829-16 

32+00W 25 meters IP 5829-17 

28+00W 25 meters IP 5829-18 

26+00W 50 meters IP 5829-19 

24+00W 50 meters IP 5829-20 

22+00W 50 meters IP 5829-21 

18+OOW 50 meters IP 5829-22 

14+00W 50 meters IP 5829-23 

Also enclosed with th i s  report i s  Dwg. 1.P.P.-B-4026, a plan map of 

the surveyed grid a t  a scale of 1:10,000. The def in i te ,  probable and 

possible Induced Polarization anomalies a re  indicated by bars, in the 

manner shown on the legend, on t h i s  pl6n map as well as on the data 

plots. These bars represent the surface projection of the anomalous 

zones as interpreted from the location of the transmitter and receiver 
1 

electrodes when the anomalous values 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 

averag ing  process, 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  t h e  source 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 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 s  t h e  p o s i t i o n  o f  a 

narrow s u l p h i d e  body can o n l y  be determined t o  l i e  between two s t a t i o n s  

50 meters apa r t .  I n  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  eva lua te ,  a  

narrow, sha l l ow  source, i t  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 r d e r  t o  l o c a t e  sources a r  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 inc rease  i n  t h e  

u n c e r t a i n t i e s  o f  l o c a t i o n .  There fo re ,  w h i l e  t h e  c e n t e r  o f  t h e  i n d i c a t e d  

anomaly p robab l y  corresponds f a i r l y  w e l l  w i t h  t h e  source, t h e  l e n g t h  o f  

t h e  i n d i c a t e d  anomaly a long  t h e  l i n e  should p o t  be taken  t o  r e p r e s e n t  

t h e  exac t  edges o f  t h e  anomalous m a t e r i a l .  

The g r i d  i n f o r m a t i o n  shown on Dwg. 1.P.P.-B-4026 has been taken  

f rom maps made a v a i l a b l e  by t h e  s t a f f  o f  Aberford Resources L i m i t e d .  

4. DESCRIPTION OF GEOLOGY 

The Lara  p r o p e r t y  i s  ma in l y  u n d e r l a i n  by deformed f e l s i c  r ocks  o f  

t h e  Pa leozo i c  S i c k e r  Ser ies.  Along t h e  sou th  edge o f  t h e  c l a i m  b l o c k  

t h e  v o l c a n i c  r ocks  a r e  i n  f a u l t  c o n t a c t  w i t h  sedimentary rocks  o f  t h e  

Cretaceous, Nanaimo Format ion. 

The S i c k e r  Se r i es  i s  h o s t  t o  severa l  massive su lph ide  depos i t s .  

These d e p o s i t s  a r e  assoc ia ted  w i t h  f e l s i c  v o l c a n i c  rocks. 
I 



5. DISCUSSION O F  RESULTS 

Eight separate anomalous IP zones are interpreted in the data 

recorded over the Lara grid.  

In addi t ion,  a  well defined r e s i s t iv i ty  contact i s  mapped s tr iking 

roughly east-southeast across the southern ends of v i r tua l ly  a l l  the 

grid l ines .  The low apparent r e s i s t iv i ty  values evident on the south 

side of the contact probably outline sedimentary rocks of the Nanaimo 

formation, while the Sicker ser ies  volcanic rocks to  the north display 

apparent r e s i s t i v i t y  values an order of magnitude greater  in intensity.  

Each of the I P  zones i s  discussed separately below, and i s  shown on 

plan map Dwg. No. 1.P.P.-B-4026. 

Zone A 

The anomalous IP-trend i s  indicated t o  arc across the northwestern 

corner of the survey grid.  I t  i s  outlined by weakly t o  moderately 

anomalous IP ef fec ts  as well as somewhat lower than usual r e s i s t i v i t y  

values. Width of the source i s  quite large,  in the order of 200 meters 

or more, while the depth of burial i s  shallow, i  .e . ,  much l e s s  than one 

dipole length (50 meters). 

Results from Line 66W show the most anomalous readings in the 

interval 30+50N t o  31+00N. 

The homogeneous nature of the IP ef fec ts ,  suggests tha t  a large 

volume of uniformly, b u t  weakly mineralized rock i s  present. 

IP Zone B I 

IP Zone B i s  probably caused by weak t o  moderate concentrations of 

generally disseminated mineralization. The zone i s  presently undefined 

west o f  Line 70W, and eas t  of Line 58W, a t  which point the source 



appears t o  be depth l i m i t e d .  D e t a i l  work us ing  25 meter d i p o l e s  has 

been completed i n  t he  v i c i n i t y  of the  zone on L i n e  58W. Th is  data has 

been computer i n v e r t e d  t o  f i n d  the  bes t  f i t t i n g  model, and the  r e s u l t s  

a re  shown on F igu re  3. A depth t o  the  t o p  o f  approximate ly  6 meters, 

and a  depth e x t e n t  o f  17 meters are  i nd i ca ted ,  centered a t  approximate ly  

S t a t i o n  21+52N. 

I P  Zone C 

Very weakly anomalous r e s u l t s  c o n s t i t u t e  t h i s  t rend ,  which i s  seen 

on l y  on L i n e  70W and L ine  66W. The source i s  open t o  the  west. Width 

o f  t h e  zone i s  l e s s  than 50 meters, w h i l e  t h e  depth i s  much l e s s  than 50 

meters. The response i s  so weak t h a t  s h o r t e r  d i p o l e  measurements a re  

requ i red  t o  c o n f i r m  t h e  presence of an anomalous source. 

I P  Zone D 

The most i n t e r e s t i n g  r e s u l t s  recorded over Zone D a re  noted on 

L i n e  58+00W. D e t a i l  surveying on t h i s  l i n e  suggests t h e  presence o f  

moderate concent ra t ions  o f  most ly  disseminated o r  s t r i n g e r e d  

m i n e r a l i z a t i o n ,  as i n d i c a t e d  by the  small r e s i s t i v i t y  c o n t r a s t  between 

the  source and hos t  rocks. The t r u e  w i d t h  o f  t h e  zone i s  i n  t he  order  

o f  two d i p o l e  l eng ths  (50 meters),  centered a t  approximate ly  s t a t i o n  

1600N. 

Another, p o s s i b l y  separate zone of weaker I P  e f f e c t s  may be present  

immediately t o  t he  n o r t h  o f  t he  main zone discussed above. An 

a d d i t i o n a l  d e t a i l  survey would be requ i red  t o  con f i rm  t h e  presence of a  

separate source. 
I 

I P  Zone E ,  I P  Zone F  

I P  Zone E i s  i n t e r p r e t e d  as a  separate f e a t u r e  l y i n g  j u s t  n o r t h  o f  

I P  Zone F ,  between the  v i c i n i t y  of L ine  66+00W t o  p o s s i b l y  as f a r  east  
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as the vicini ty  of Line 46+00W, while Zone F can be seen extending 

across the en t i re  gr id,  as a  well defined region of moderate to  highly 

anomalous I P  e f fec ts .  Apparent r e s i s t i v i t y  values within th i s  l a t t e r  

zone are ,  a t  times, two to  three times lower than the surrounding areas; 

however, in the majority of cases, much l e s s  contrast  i s  encountered. 

I t  would appear tha t  the source of IP Zone F i s  composed of a  band of 

disseminated or stringered mineralization in excess of 100 meters in 

width, with sporadic, much narrower bands of more massive 

mineralization, se t  within th i s  mineralized matrix. 

I t  i s  d i f f i c u l t  t o  recommend one part  of such a  long zone as being 

a  more interest ing location for  fur ther  investigation t h a n  another; 

however, par t icular ly anomalous resu l t s  a re  evident on Line 38+00W, in 

the interval between Station 500N and Station 550N. Depth to  the source 

i s  everywhere indicated to  be considerably less  than one dipole length 

(50 meters). 

I P  Zone G 

This zone i s  detected to  l i e  j u s t  south o f ,  and  parallel  t o ,  I P  

Zone F ,  and i s  marked to  extend from the area of Line 58+00W to beyond 

Line 66+00W, a t  which point the zone i s  undefined. Weakly anomalous 

resu l t s  form the zone except in the v ic in i ty  of Line 58+00W, where the 

IP readings are much higher in magnitude. 

Detail surveying using 25 meter dipoles has been completed over the 

zone on Line 58+00W, and the pattern formed by the data suggests the 

source i s  quite uniformly mineralized, and buried a t  a  very shallow, 

depth, i . e . ,  much less  than 25 meters subsurface. Center of the anomaly 

i s  a t  approximately Station 900N. 



I P  Zone H 

The source of I P  Zone H i s  interpreted to  l i e  along the southern 

margin of Zone F ,  between Line 36+00W and Line 28+00W. A mineralized 

showing apparently outcrops very close to  the axis of the I P  zone on 

Line 3+00W. 

The reader i s  referred to  a previous report by F. DiSpirito, and P .  

Cartwright dated January 10, 1982, which i 11 ustrates  and describes the 

50 meter dipole data recorded previously on Line 32+00\4, Line 30+00W, 

and Line 28+00\J. 

The most anomalous resul ts  recorded within the zone are outlined by 

25 meter dipole data measured over Line 32+00W. 

A computer inversion of the data has been carried out and the 

resu l t s  a re  shown as Figure 4. Center of the source i s  approximately 

72N, while the depth extent i s  computed t o  be l e s s  than 25 meters 

(approximately 22m), using a width of 25 meters. IP e f fec ts  are 

moderately high in magnitude, with a wide range of apparent r e s i s t iv i ty  

values being evident.  eve^ smaller dipole lengths would have to  be used 

to  fu l ly  assess the significance of the r e s i s t i v i t y  pattern. The 

inversion suggests a depth t o  the t o p  of the source of less  than 5 

meters. 

There may also be a separate,  b u t  weaker zone lying between I P  

Zone H and IP Zone F. 

6.  SUMMARY AND RECOMFlENDATIONS 
I 

The Induced Polarization and Resis t ivi ty  survey of the Lara 

property appears t o  have outlined the contact between the Sicker Series 

volcanic rocks and the Nanaimo Formation sedimentary rocks to  the south. 
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Eight zones of anomalous I P  effects  are  also interpreted in the 

data, as well as a number of isolated responses. Recommendations 

regarding fur ther  work on each of the anomalous IP zones a re  discussed 

be1 ow. 

IP Zone A - The source of th i s  anomalous feature has apparently not 

been tested as ye t  by d r i l l i ng  or trenching. Detail surveying over the 

zone on Line 66+00W i s  recommended before fur ther  work i s  considered. 

IP Zone B - I t  appears t h a t  trenching has been carried out to  t e s t  

the source of t h i s  zone. If bedrock wds reached in the trenches, and 

moderate concentrations of disseminated or  stringered mineralization was 

encountered, no fur ther  work would be warranted. 

IP Zone C - This very weakly anomalous trend should be confirmed by 

detailed measurements before any other work i s  considered. 

IP Zone D - The cause of th i s  zone may already have been tested by 

trenching. If  t h i s  i s  not the case, trenching i s  recommended on Line 

58+00W, between Station 15+60N and Station 16+25N. Alternatively,  a 

d r i l l - h o l e  positioned so as to  pass 25 meters beneath Line 58+00W, 

Station 1600N i s  suggested. 

I P Z o n e E -  D e t a i l e d I P m e a s u r e m e n t s a r e r e q u i r e d t o c o n f i r m t h e  

presence of IP Zone E. This work should i n i t i a l l y  be carried out on 

Line 62+00W and Line 46+00W, unless i t  i s  f e l t  that  the source has 

already been encountered by trenching. 

I P  Zone F - The western end of Zone F appears t o  have been tested by 

trenching. However, the strong response seen on Line 38+00W has 
1 

apparently not been tested. Therefore detailed surveying i s  suggested 

i f  i t  became desirable to  trench or d r i l l  the eastern part of Zone F. 



Zone G - I t  seems as though the source of t h i s  feature has already been 

trenched on Line 58+00W. If t h i s  i s  the case, no fur ther  work i s  

recommended. 

IP Zone H - Trenching has apparently been carried out to  ascer tain - 

the cause of IP Zone H. There i s  a possibi l i ty  tha t  another separate 

zone i s  present t o  the north of IP Zone H ;  however, the detai l  IP 

coverage should be extended northward to  confirm th i s .  

There a re  a number of isolated I P  responses detected by the survey. 

Pr ior i ty  f o r  follow-up work on these anomalies should be decided a f t e r  

correlation with other available information. 

PHOENIX GEOPHYSICS LTt  ITED 

pdnl &(M 
Paul A. Cartwright, B.Sc. 
Geophysicist 

Dated: February 1 4 ,  1983 
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7 .  Permiss ion  i s  g ran ted  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 b u t  n o t  f o r  a d v e r t i s i n g  purposes. 
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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  a s  a geophys ica l  measurement r e f e r s  

t o  t h e  b locking  a c t i o n  o r  p o l a r i z a t i o n  of  m e t a l l i c  o r  e l e c t r o n i c  

conductors  i n  a medium of i o n i c  s o l u t i o n  conduct ion.  

Th i s  e lec t ro-chemica 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  is  passed through an a r e a  which c o n t a i n s  m e t a l l i c  

mine ra l s  such a s  b a s e  me ta l  su lph ides .  Normally, when c u r r e n t  i s  

passed through t h e  ground, a s  i n  r e s i s t i v i t y  measurements, a l l  of t he  

conduct ion t a k e s  p l a c e  through ions  present  i n  t h e  water content  of t h e  

rock ,  o r  s o i l ,  i . e .  by i o n i c  conduction. Th i s  i s  because almost a11 

mine ra 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 han  ground wa te r ,  

The group of  mine ra l s  commonly descr ibed  a s  "meta l l ic" ,  however, 

have s p e c i f i c  r e s i s t i v i t i e s  much lower than  ground wa te r s .  The 

induced 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 of conduct ion 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 

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  m e t a l l i c  mine ra l s  present  



i n  t h e  rock. 

The b locking  a c t i o n  o r  induced p o l a r i z a t i o n  mentioned 

above, which depends upon t h e  chemical e n e r g i e s  necessary  t o  a l l ow 

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  from t h e  m e t a l l i c  s u r f a c e ,  

i n c r e a s e s  w i t h  t h e  t ime t h a t  a  d.c. c u r r e n t  i s  allowed t o  flow through 

t h e  rock;  i . e .  as i o n s  p i l e  up a g a i n s t  t h e  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  flow inc reases .  Even tua l ly ,  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 excess  i o n s  a t  t h e  i n t e r f a c e s ,  t o  app rec i ab ly  

reduce  t h e  amount of cu r r en t  flow through t h e  m e t a l l i c  p a r t i c l e .  Th i s  

p o l a r i z a t i o n  t a k e s  p l ace  a t  each of t h e  i n f i n i t e  number of so lu t ion-meta l  

i n t e r f a c e s  i n  a  minera l ized  rock. 

When t h e  d .c .  vo l t age  used t o  c r e a t e  t h i s  d .c .  cu r r en t  

flow i s  c u t  o f f ,  t h e  Coulomb f o r c e s  between t h e  charged ions  forming 

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 pos i t i on .  Th i s  

movement of charge  c r e a t e s  a  s m a l l  c u r r e n t  f low which can be 

measured on t h e  s u r f a c e  of t h e  ground a s  a decaying  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  viewpoint i t  can  be  seen  t h a t  i f  t h e  

d i r e c t i o n  of t h e  c u r r e n t  through t h e  system i s  r eve r sed  r epea t ed ly  

b e f o r e  t h e  p o l a r i z a t i o n  occurs ,  t h e  e f f e c t i v e  r e s i s t i v i t y  of t h e  system 

a s  a  whole w i l l  change a s  t h e  frequency of  t h e  swi tch ing  i s  changed. 

Th i s  is  a consequence of t h e  f a c t  t h a t  t h e  amount of  cu r r en t  f lowing 

through 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 t ime t h a t  , 
c u r r e n t  has  been pass ing  through it i n  one d i r e c t i o n .  



The va lues  of t h e  p e r  c e n t  f requency  e f f e c t  o r  F.E. a r e  

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 of t h e  degree  of p o l a r i z a t i o n  is  r e l a t e d  t o  t h e  apparent  

r e s i s t i v i t y  of t h e  rock mass i t  i s  found t h a t  t h e  metal  f a c t o r  v a l u e s  o r  

M.F. a r e  t h e  most u s e f u l  v a l u e s  i n  de t e rmin ing  t h e  amount of 

p o l a r i z a t i o n  present  i n  t h e  rock  mass. The MF va lues  a r e  obta ined  by 

normalizing t h e  F.E. va lues  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 

powerful geophysical method f o r  t h e  d i r e c t  d e t e c t i o n  of  m e t a l l i c  

s u l p h i d e  mine ra l i za t ion ,  even when t h i s  m i n e r a l i z a t i o n  i s  of ve ry  

low concent ra t ion .  The lower l i m i t  o f  volume per  cent  su lph ide  

necessary  t o  produce a  r ecogn izab le  I Y  anomaly w i l l  vary  wi th  t h e  

geometry and geologic  environment of t h e  sou rce ,  and t h e  method of 

execu t ing  t h e  survey. However, s u l p h i d e  m i n e r a l i z a t i o n  of l e s s  t han  

one p e r  cent  by volume has been d e t e c t e d  by t h e  IP  method under 

proper  geo log ica l  condi t ions .  

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

s e a r c h  f o r  disseminated m e t a l l i c  s u l p h i d e s  of  l e s s  than  20% by volume. 

However, it has  a l s o  been used s u c c e s s f u l l y  i n  t h e  sea rch  f o r  massive 

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 of source ,  

o r  low r e s i s t i v i t y  of 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  conductors ,  such as watex 

f i l l e d  shear  zones, makes t h e  I P  method a u s e f u l  t o o l  i n  checking EM 



anomalies which a r e  suspec ted  of be ing  due t o  t h e s e  causes.  

I n  normal f i e l d  a p p l i c a t i o n s  t h e  IP  method does no t  

d i f f e r e n t i a t e  between t h e  economical ly important  m e t a l l i c  mine ra 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 ,  molybdeni te ,  ga lena ,  e t c . ,  and t h e  

o t h e r  m e t a l l i c  mine ra l s  such a s  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  t h e  t o t a l  of a l l  e l e c t r o n i c  conduct ing mine ra l s  i n  t h e  rock  mass. 

Other  e l e c t r o n i c  conduct ing m a t e r i a l s  which can  produce a n  IP  response  

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

I n  t h e  f i e l d  procedure ,  measurements on t h e  s u r f a c e  a r e  

made i n  a way t h a t  a l l ows  t h e  e f f e c t s  of l a t e r a l  changes i n  t h e  p r o p e r t i e s  

of  t h e  ground t o  be  sepa ra t ed  from t h e  e f f e c t s  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 .  Current  i s  app l i ed  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  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  wi th  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 imes  

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

The measurements a r e  made a long  a surveyed l i n e ,  w i t h  

a cons t an t  d i s t a n c e  (nX)be tween the  n e a r e s t  cu r r en t  and p o t e n t i a l  

e l e c t r o d e s .  I n  most surveys ,  s e v e r a l  t r a v e r s e s  a r e  lilade w i t 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 kind of survey  r equ i r ed  

( d e t a i l e d  o r  reconnaissance)  d e c i d e s  t h e  number of  va lues  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 apparent  r e s i s t i v i t y ,  

apparent  p e r  cen t  f requency e f f e c t ,  and t h e  apparent meta l  f a c t o r  1 



measured f o r  each set of 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  a t  t h e  

i n t e r s e c t i o n  of 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  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  from t h e  c e n t e r  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 .  

(See F igure  A ) .  The r e s i s t i v i t y  v a l u e s  a r e  p l o t t e d  a t  t h e  top  of t h e  d a t a  

p r o f i l e ,  above t h e  pe rcen t  f requency e f f e c t .  On a  t h i r d  l i n e ,  below t h e  

percent  f requency e f f e c t ,  a r e  p l o t t e d  t h e  v a l u e s  of t h e  meta l  f a c t o r  v a l u e s .  

The l a t e r a l  displacement  of a  g iven  v a l u e  i s  determined by t h e  l o c a t i o n  

a long  t h e  survey l i n e  of t h e  c e n t e r  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 ec t rodes .  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 e  is  determined by t h e  

d i s t a n c e  (nX) 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  when t h e  

measurement w a s  made. 

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

only  one f a c t o r  which determines t h e  dep th  t o  which t h e  ground i s  being 

sampled i n  any p a r t i c u l a r  measurement. The p l o t s  then ,  when contoured,  

a r e  no t  s e c t i o n  maps of 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 

t h e  survey 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  from any given survey 

must be  c a r r i e d  o u t  u s i n g  t h e  combined expe r i ence  gained from f i e l d  

r e s u l t s ,  model s tudy  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 t h e  e l e c t r o d e s  when anomalous v a l u e s  a r e  measured is  

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

I n  t h e  f i e l d  procedure,  t h e  i n t e r v a l  over  which t h e  p o t e n t i a l  
1 

d i f f e r e n c e s  a r e  measured i s  t h e  same a s  t h e  i n t e r v a l  over  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  of p o t e n t i a l  r ead ings  h a s  been made. 



One of t h e  advantages 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 can be  used f o r  bo th  d e t a i l e d  and reconnaissance surveys  

merely by changing t h e  d i s t a n c e  (X) ove r  which t h e  e l e c t r o d e s  a r e  moved 

each time. I n  t h e  p a s t ,  i n t e r v a l s  have been used ranging from 25 f e e t  

t o  2000 f e e t  f o r  ( X ) .  I n  each c a s e ,  t h e  d e c i s i o n  a s  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  b e  used is  l a r g e l y  determined by t h e  expected 

s i z e  of t h e  minera l  depos i t  be ing  sough t ,  t h e  s i z e  of t h e  expected anomaly 

and t h e  speed wi th  which i t  is  d e s i r e d  t o  progress .  

The diagram i n  F igu re  A demonst ra tes  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  of  t h e  apparent  r e s i s t i v i t y ,  appa ren t  

pe rcen t  frequency e f f e c t ,  and apparent  me ta l  f a c t o r  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  of t h e  f o u r  e l e c t r o d e s  when t h e  measurement 

was made. It 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  

of (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  of  

t h e  l a y e r  of t h e  e a r t h  t h a t  i s  be ing  t e s t e d  i s  g r e a t e r  than f o r  t h e  sma l l e r  

va lues  of (n) ;  i .e. t h e  depth  of t h e  measurement is  increased .  

The I P  measurement i s  b a s i c a l l y  obta ined  by measuring t h e  

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  (AV)obta ined  a t  two ope ra t ing  

f requencies .  The v o l t a g e  i s  t h e  product  of  t h e  cu r r en t  through t h e  ground 

and t h e  apparent  r e s i s t i v i t y  of t h e  ground. Therefore 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  is very  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  
I 

apparent  r e s i s t i v i t y  is ve ry  low, o r  a combination of t h e  two e f f e c t s ;  t h e  

v a l u e  of ( A V )  t h e  change i n  p o t e n t i a l  w i l l  be  too  small t o  b e  measurable .  

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  spu r ious  no i se ,  e i t h e r  man made o r  n a t u r a l ,  

w i l l  render  i t  imposs ib le  t o  o b t a i n  a reading.  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  a t  which i t  i s  too  noisy  t o  record  a  reading .  

I f  a  reading can be  ob ta ined ,  b u t  f o r  reasons of n o i s e  t h e r e  i s  some doubt 

a s  t o  i t s  accuracy, t h e  reading  i s  bracke ted  i n  t h e  d a t a  p l o t  ( ). 

I n  c e r t a i n  s i t u a t i o n s  nega t ive  va lues  of  Apparent Frequency 

E f f e c t  a r e  recorded. This  may be  due t o  t h e  geologic  environment o r  

spu r ious  e l e c t r i c a l  e f f e c t s .  The a c t u a l  nega t ive  frequency e f f e c t  v a l u e  

recorded i s  ind ica t ed  on t h e  d a t a  p l o t ,  however, t h e  symbol "NEG" is 

ind ica t ed  f o r  t h e  cor responding  v a l u e  of Apparent Metal F a c t o r .  I n  

contouring nega t ive  v a l u e s  t h e  contour  l i n e s  a r e  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  va lue  i n  t h e  immediate v i c i n i t y  of t h e  n e g a t i v e  va lue .  

The symbol "NR" i n d i c a t e s  t h a t  f o r  some r eason  t h e  ope ra to r  

d i d  not  a t tempt  t o  record  a  r ead ing  al though normal survey  procedures  

would suggest t h a t  one w a s  r equ i r ed .  This  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  reasons .  Any symbol o t h e r  t h a n  t h o s e  

d iscussed  above is unique t o  a  p a r t i c u l a r  s i t u a t i o n  and i s  desc r ibed  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 PLOTTING DIPOLE- DIPOLE 

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  R E S U L T S  

-x-nx - J!- 
t * * a J 

I 2 3 4 5 6 7 I 9 

S f o f t o n s  on l ine  x E l e c l r o d e  spreod length 
n E lec t rode  seporotlon 

I 

9 

n - l  P P P P P P 
l,2-3.4 2,s-4,5 3,4-5,6 4,s-67 5,6-7,8 6,7-8,s 

n - 2  P P P P P 
1,2-4.5 2.3-5.6 3.4-6,7 4,s-7,B 5,6-8,9 

n - 3  P P P P 
1,2-5,6 23-6.7 3.4-7.8 43-8.9 Apparent Resistivity 

n - 4  1,2-6,7 P zu3-7,e P 3,4-8,s P 

n - l  F.E. F. E. F. E. F.E. F.E. F. E 
1,2-3,4 23-45 14-5.6 4,s-6,7 5,6-7,8 6,7-8,s 

n - 2  F. E. F.E. F. E. F.E. F. E 
12-4,s 23-5.6 3.4-6,7 4,s-7,8 5,6-8,s' 

n  - 3  F.E. F.E. F. E. F. E. 
1,2-5,6 2.3-6,7 34-78 43-8.9 Percent 

n - 4  F.E. F. E. F. E. 
Frequency Effect 

42 -6,7 2.3-7,8 3,4 -8,s 

8 
I 

n - l  M.F. M.F. M.F. M.F. M.F. M.F. 
42- 3.4 2.3-4,s 3.4-5.6 4.5-67 5,6-7,8 6,7- 8.9 

n - 2  M.F. M .F. M.F. M.F. M.F. 
l,2-4.5 2,3-5,6 3,4-6.7 4,577,8 58-8,s 

n - 3  I,2-5,6 M.F. 2.3-6,7 M.F. 3.4-7,8 M.F. 43-8,9 M.F. Apparent Metal Factor 

n - 4  1,2-6,7 M.F. 2,3-7,8 M.F. 3,4-8,s M.F. 
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