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McPHAR GEOPHYSICS LIMITED 

3 F P D R T O N T E F  

II\IDUCED FDLARIZATIODJ 

,333 RF'SISTIVITY STJRVEY 

ON THE 

PINNACLE CLAD6 GROUP 

KAsTLOOPS ARFA, BRITISH COLTX!-BIA. 

FOR 

FIDELITY 3-INING INVESTPJENTS LTD. 

1. I N T R O D U C T I O N  

At the request of h"r. L. G. Phelan, Geologic Consultan! for  

the Company, a brief induced polarization a n d  resis t ivi ty  sa rvey  has brcn  

c a r r i r d  out on :he Pinnacles Claim Group. The propcrty i s  in  the K 3 ~ l o o p s  

'l,"ining Division, just south of Kamloops; i t  i s  located in the. northeast 

quadrant of th- on.? d.igrpe quadri la teral  whose south-ast corn:'r i s  at: 12n0W - 

50° N. 

Previous dril l ing and tinderground work on the Clail-- Group hes 

shown disseviinated copper n-ineralization a.t the Jo!<er Adit. nea r  OtOO on 

the baseline.  If enough tonnage of this low grade copppr mineralization 

could b e  lot=;-d, an  op-  n-pi! mining operation 4 g h !  be  possible. The induced 

polarization .I!%-1 r$;siscivity survey a t  t h r  Pinnscl? C l a i r  Group was planned 

in an  atte-opt to  locate and outline any un',:nown zon-s of dissevxinn+ed .-.:etnllic 

r r i n e r a l i z t i o n  that ,:‘;fib' be pr - sea t .  



2. P R F S E Y T A T I O N  0 7  R F S U L T S  

The induced polnriz.ition and resis t ivi ty  r e su l t s  a r e  shown on 

the followin:; encloscd dai-a plots.  The resu l t s  a r e  plotted in  i.h~, wanner  

descr ibed in ?he notes preceding +his r epor t .  

Line No. Electrode Interval  

2 ON 200' 

e a s t  portion 100' 

wes t  portion 109' 

(electrode 200' 
interchanged) 

o t o o  20Q' 

(Repeat)  200' 

(e lectrode 29n' 
interchanged) 

200' 

Frequencies  

0.2 - 5 . 9  cps  

0 .3  - 5 . 0  cps  

d . c .  - 5. 9 cps  

0 .3  - 5 . 0  cps 

0 . 3  - 5 . D  c p s  

0 .3  - 5 . 0  c p s  

9 . 3  - 5 . 3  cps  

0 . 3  - 5 . 0  cps  

9 .3  - 5 . 0  cps  

g .  No. 

IP 2626-1 

IP 2626-2 

IF" 2626-3 

I P  2626-4 

IP 2626-5 

IF 2626-6 

IF 2626-7 

IP 2626-8 

IP 2626-9 

0 . 3  - 5.3 cps  IP 2626-19 

d . c .  - 5 . 0  cps  IP 2626-11 

0 .3  - 5 . 0  c p s  IP 2626-12 

9 .3  - 5 . 0  cps  I F  2626-13 

0 .3  - 5 . 3  c p s  IP 2626-14 

Also enclosed with this  repor t  is Dwq.I.fisc. 3232. a plan n-ap 

of the gr id  surv-y-d a t  a sca le  of 1" = 400'. The definite and possible  In- 

duced polarization anomalies a r e  indicated by solid and brolrrn b a r s  r e s -  

pectively on this  plan q * a p  as  wel l  as tho data plots.  These  b a r s  represent  

the sur face  projection of th- a.no.,-~alous zones a s  i n t e rp r ( - i -~d  fro,-- the location 



of the trans;nitier and rnc:.ivr-.r -.lcctrodss when the ano,-alous values wer-  

-neasur.e?. 

Since the induced polarization txeasurement i s  essentially an 

averaging process, a s  a r e  all potential -&hods, it i s  frequently difficult 

to  e..actly pinpoint +he, source of an anomaly. Certainly, no anomaly ca.n 

be  located with more accuracy than the spread length: i .  *. when using 200' 

spreads the position of a narrow sulphide body can only be determined to 

lie between two stations 200' apart. In o r d ~ r  to locate sources at solne 

depth, larger spreads ~ u s t  be used, with a corresponding increase in +he 

uncertainties of location. Therefore, while the center of the indicated ano- 

maly probably corresponds iairly well with sonrcc, the length of the indicated 

anonmly along the line should not be: taken to represent the ,-act edges of 

the anorrialous material. 

3 .  D I S C U S S I O N  O F  R T S U L T S  

The known mineralization on the Pinnacles Chi;-  Group is  very 

disse*?-inated. The copper i s  contained in altered, fractured diorite; a t  the 

surface, only carbonates and other producta of weathering a r e  present. 

Some magnetite has been identified in the rocks in the arpa; since Tagne- 

rite is metallic. anonialous IP effects can be evpected if concentrations a r e  

present.  

The IP  effects rreasured on Line OtOO. just east of the baseline. 

a r e  very weak; however, they a r e  about equal to what could be e- pected 

from the weak mineralization known. There a r e  0th-r broad a reas  of equal 

-ragnitude IFs anomalies on the Pinnacles Clai-r- Group. 



The large magnitude IP anomalies ??ensured west of thc base 

line on Line 20N, Line 12N and Line 8N have been found to be due to a 

buried pipe. These effects will have masked the effects from any rr,iner- 

alization in this area .  

%ast of the base line. there is  a power line along !he highway; 

some noise in tn r fe renc~  was mcountered in this area .  The frequency 

effects measured could be e-upected to be sorewhat  inaccurate due to this 

noise. However, in several  places the presence of weakly anomalous TP 

effects was confir.!--,ed by interchanging 'he current and potential electrodes 

In the vicinity of the !mown wineralization, the apparent res is-  

tivities a r e  ~0dern . t - ly  high; the anomalous frequency effects .,re large 

enough to br definite. To the east, the rrsistivity level i s  lower. In this 

area,  the frequency effects a r e  very low in magnitud-; it i s  difficult to 

consider them detinif:ely anomalous. Some of thesr weak ano.-.plies have 

been checked using d. c .  - 5 . 0  c.ps; tho anomalous eff.cts incr?ese as  e - 
pccted. 

4. C O N C L U S I O N S  A N D  R P C O h t M  E N n A T I O X S  

The anomaliee shown on Dwg. Misc. 3232 show the widt+spread 

presence of very disseminated metallic mineralization. Since th- recent 

dri l l  holea just east of the base line on Line O L O 0  have intersected native 

copper and chalcocite, i t  is possible that very s r a l l  conc~ntrat ions of ::-in- 

era1iz.tion could be of -conon;,ic interest.  Sove  of the weakly a.no-;~alous 

a reas  will have to be testsd. 

The IP anoinnlies in the low resistivity are:! e?st  0' t h ,~  bas') 

line hav- also be-n test-d by a rc?.c-n' dri l l  hole. The hole intersected 



basic and ultra,-basic rocks; there a r c  appreciable concentrations of wetallic 

nlagnitite in th-se roc!:s. It is therefort. probnble rh i SO'TP of the IP effects 

on the Pinnacles G l n i ~ l  Group a re  due to concentration of *??:jgn~tite .  

The wea'c LD anora l ies  should be correlated with he available 

geological and/or geoch<.wic%l data to dcr-rmine l h ~ i r  is.:-port nc-. ?urthr.r 

drilling c nn then b?  pl nnpd. 

Philip G. Hal lo f .  
Ceophysici sF 

Robert A .  Bell, 
Geologi a+ .  

Dated: J3nuary 14, 1467 
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McPHAR GEOPHYSICS LIMITED 

NOTES ON THE THEORY O F  INDUCED POLARIZATION 

AND THE METHOD OF FIELD OPERATION 

Induced Polarization a s  a geophysical measurement  r e f e r s  

to  the blocking action o r  polarization of metal l ic  o r  e lectronic  

conductors in a medium of ionic solution conduction. 

This e lectro-chemical  phenomenon occurs  wherever  

e lec t r ica l  cur ren t  i s  passed through an a r e a  which contains metall ic 

minera ls  such a s  base  m e t a l  sulphides. Normally,  when cu r ren t  i s  

passed through the ground, a s  in res is t ivi ty  measu remen t s ,  a l l  of the  

conduction takes  place through ions present  in the  water  content of the 

rock,  o r  so i l ,  i. e. by ionic conduction. This is because a lmost  a l l  

minera ls  have a much higher specific res i s t iv i ty  than ground water. 

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

have specific res i s t iv i t ies  much lower than ground waters.  The 

induced polarization effect takes place at  those interfaces  where the 

mode of conduction changes f r o m  ionic in the solutions fi l l ing the 

in te rs t ices  of the rock  to  e lectronic  in the metal l ic  minera ls  present  

i n  the rock. 

The blocking action o r  induced polarization mentioned 

above, which depends upon the chemical  energies  necessa ry  to  allow 

the ions to give up o r  receive electrons f r o m  the metal l ic  sur face ,  

i nc reases  with the time that a d. c. cu r ren t  is allowed to flow through 



- 2 -  

the  rock;  i. e. a s  ions pile up against  the  metal l ic  in te r face  the  

r e s i s t ance  to c u r r e n t  flow inc rease s .  Eventually,  t he re  i s  enough 

polarization in the f o r m  of exces s  ions a t  the in te r faces  to effectively 

s top a l l  c u r r e n t  flow through the  metal l ic  part icle.  This polarization 

takes  place a t  each of the  infinite number  of solut ion-metal  in te r faces  

i n  a minera l ized  rock.  

When the  d. c. voltage used to c r e a t e  th is  d. c. c u r r e n t  

flow i s  cu t  off, the Coulomb f o r c e s  between the charged  ions fo rming  

the  polarization c a u s e  them to r e t u r n  t o  t he i r  n o r m a l  position. This  

movement  of cha rge  c r e a t e s  a s m a l l  c u r r e n t  flow which can be 

m e a s u r e d  on the  s u r f a c e  of the  ground a s  a decaying potential difference.  

F r o m  an a l te rna te  viewpoint i t  can be s e e n  that  if the  

d i rec t ion  of the  c u r r e n t  through the s y s t e m  i s  r e v e r s e d  repeatedly 

before  the polarization o c c u r s ,  t he  effective res i s t iv i ty  of t he  s y s t e m  

a s  a whole will change a s  the  f requency  of the  switching i s  changed. 

This  i s  a consequence of the  f ac t  that  t he  amount of c u r r e n t  flowing 

through each  meta l l i c  i n t e r f ace  depends upon the  length of t i m e  that  

c u r r e n t  h a s  been pass ing through i t  in  one direction.  

The values of the  "metal  f ac to r "  o r  I'M. F. " a r e  a m e a s u r e  

of the  amount of polar izat ion presen t  in  the  r o c k  m a s s  being surveyed. 

This  pa rame te r  has  been found to be  very success fu l  in  mapping a r e a s  

of sulphide minera l iza t ion ,  even those i n  which a l l  o ther  geophysical  

methods  have been unsuccessful .  The induced polarization m e a s u r e m e n t  

is more sensi t ive  to sulphide content than o ther  e l ec t r i ca l  m e a s u r e m e n t s  



because i t  is much m o r e  dependent upon the  sulphide content. As the  

sulphide content of a rock i s  i nc rea sed ,  the  "metal  fac tor"  of the  rock  

i n c r e a s e s  much m o r e  rapidly than the  res i s t iv i ty  dec rease s .  

Because of th is  i nc rea sed  sensi t iv i ty ,  i t  i s  possible  t o  

locate and outline zones of l e s s  than 10% sulphides that  c an ' t  be  

located by E. M. Methods. The method h a s  been success fu l  in locating 

the  disseminated "porphyry copper"  type mineral izat ion i n  the  South- 

! 
w e s t e r n  United States.  

Measurements  and exper iments  a l so  indicate that  i t  should 

b e  possible  to locate mos t  m a s s i v e  sulphide bodies a t  a g r e a t e r  depth 

wjth induced polarization than with E. M. 

Since t h e r e  i s  no I. P. effect  f r o m  any conductor unless  it 

i s  meta l l i c ,  the  method is useful in checking E. M. anomalies  that  a r e  

suspected of being due to wate r  f i l led s h e a r  zones o r  o ther  ionic 

conductors.  T h e r e  i s  a l so  no effect f r o m  conductive overburden ,  which 

f requent ly  confuses E. M. resu l t s .  I t  would appear  f r o m  sca le  model  

exper iments  and calculations that  the  apparen t  me ta l  f ac to r s  m e a s u r e d  

over  a minera l ized  zone a r e  l a r g e r  i f  the m a t e r i a l  overlying the zone 

i s  of low res is t iv i ty .  

Apropos of t h i s ,  i t  should be  s ta ted that  t he  induced 

polarization measu remen t s  indicate the tota l  amount  of meta l l i c  

consti tuents in the rock. Thus a l l  of the  meta l l i c  mine ra l s  in the  rock ,  

such  a s  pyr i te ,  a s  well a s  the o r e  m i n e r a l s  chalcopyri te ,  chalcoci te ,  

galena,  etc. a r e  responsible  f o r  the  induced polarization effect. Some 



oxides such a s  magnet i te ,  pyrolusi te ,  ch romi t e ,  and some f o r m s  of 

hemat i te  a l so  conduct by e lec t rons  and a r e  metall ic.  All of the meta l l i c  

mine ra l s  in the  rock will contribute to the induced polarization effect 

m e a s u r e d  on the  surface.  

In the f ie ld  procedure ,  measu remen t s  on the  su r f ace  a r e  

m a d e  in a way tha t  allows the effects of l a t e r a l  changes in the  proper t ies  

of the  ground to be  separa ted  f r o m  the effects of ver t i ca l  changes in the  

proper t ies .  Cur ren t  i s  applied to the  ground at two points a d i s tance  

(X) apart .  The potentials a r e  m e a s u r e d  a t  two o ther  points (X) f ee t  

a p a r t ,  in l ine with the  c u r r e n t  e lect rodes .  The dis tance between the  

n e a r e s t  c u r r e n t  and potential e lec t rodes  i s  an  integer  number  (N) t imes  

the  bas ic  dis tance (X). 

The measu remen t s  a r e  made  along a surveyed l ine ,  with 

a constant  d i s tance  (NX) between the  n e a r e s t  cu r r en t  and potential  

e lect rodes .  In most  su rveys ,  s e v e r a l  t r a v e r s e s  a r e  made  with var ious  

values of (N); i. e. (N) = 1 ,  2 ,  3 ,  4,  etc. The kind of survey  requi red  

(detailed o r  reconnaissance)  dec ides  t he  number  of values of (N) used. 

In plotting the  r e s u l t s ,  the values of the apparen t  res i s t iv i ty  

and the apparent  m e t a l  factor  m e a s u r e d  f o r  each s e t  of e lect rode 

positions a r e  plotted a t  the  intersect ion of g r id  l ines ,  one f r o m  the 

cen te r  point of the cu r r en t  e lec t rodes  and the  o ther  f r o m  the cen te r  

point of t he  potential e lect rodes .  The  res i s t iv i ty  values a r e  plotted 

above the  line and the  m e t a l  fac tor  values below. The l a t e r a l  d i sp lace-  

men t  of a given value i s  de te rmined  by the location along the  su rvey  



line of the cen te r  point between the  c u r r e n t  and potential electrodes.  

The dis tance of the value f r o m  the l ine i s  determined by the  dis tance 

(NX) between the  cu r r en t  and potential e lec t rodes  when the  m e a s u r e -  

men t  was made. 

The separat ion between sender  and r ece ive r  e lec t rodes  i s  

only one factor  which de te rmines  the depth to which the  ground i s  being 

sampled in  any par t icu la r  measurement .  These plots then,  when 

contoured,  a r e  not sect ion maps  of the  e l ec t r i ca l  p roper t ies  of the 

ground under the  survey  line. The  in te rpre ta t ion  of the  r e su l t s  f r o m  

any given survey  m u s t  be c a r r i e d  out using the  combined exper ience 

gained f r o m  field,  model  and theore t ica l  investigations. The position o 

the e lec t rodes  when anomalous values a r e  m e a s u r e d  mus t  be used in  the 

interpretation.  

In the field procedure ,  the interval  over  which the potential 

d i f ferences  a r e  m e a s u r e d  i s  the  s a m e  a s  the in te rva l  over  which the 

e lec t rodes  a r e  moved a f te r  a s e r i e s  of potential readings  h a s  been made.  

One of the  advantages of the induced po'larization method i s  that  the  

s a m e  equipment can  be  used f o r  both detailed and reconna issance  surveys  

m e r e l y  by changing the  dis tance (X) ove r  which the  e lec t rodes  a r e  moved 

each t ime. In the  pas t ,  in te rva l s  have been used ranging f r o m  100 f ee t  

t o  1000 f ee t  f o r  (X). In each  c a s e ,  the decision a s  to the dis tance (X) 

and the values of (N) i s  l a rge ly  de te rmined  by the  expected s i z e  of the  

m i n e r a l  deposit  being sought,  the  s i z e  of the expected anomaly and the  

speed with which i t  i s  d e s i r e d  to p rogress .  



The diagram in Figure 1 below demonstrates the method 

used in plotting the results. Each value of the apparent resistivity 

and the apparent "Metal factor" is plotted and identified by the position 

of the four electrodes when the measurement was made. It can be seen 

that the values measured for the larger values of (n) a r e  plotted farther 

from the line indicating that the thickness of the layer of the ear th  that 

i s  being tested i s  greater  than for the smaller  values of (n); i. e. the 

depth of the measurement i s  increased. 

METHOD USED IN PtOTTlNG DIPOLE-DIPOLE 

INDUCED POLARIZATION AND RESISTIVITY RESULTS 

Stations on line 
V x = Electrode spread length 

n = Electrode separation 

n -4  P P P 
1.2-6.7 2.37.8 3.4-89 

n- 3 P P P P 
1.2-5.6 2.36-7 3.4-7.8 45-83 Apparent Rssislivity 

n-2 P P P P P 
1.2-45 2J-5,6 3.4-67 4,5-78 56-8.9 

n- l P P P P P P 

9 

n-l 

n -2 .MF M F MF MF 
ZSM& 3fl-6.7 4.5-7.8 5,6-89 

n-3 MF M F Apparent M e l d  Foctov -7 39-7,8 4.5-8.9 

n-4 M F M F MF 
1,2-6-7 2,3-7,8 3,4-89 


































