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McPHAR GEOPHYSICS 

1 

NOTES ON THE THEORY, METHOD O F  FIELD OPERATION 

AND PRESENTATION O F  DATA 

FOR THE INDUCED POLARIZATION METHOD 

Induced Polarization as a geophysical measurement r e fe r s  

to the blocking action o r  polarization of metallic o r  electronic 

conductors in a medium of ionic solution conduction. 

This elec tro-chemical phenomenon occurs wherever 

electrical  current  is passed through an a r e a  which contains metallic 

minerals such a s  base metal  sulphides. Normally, when cur ren t  is 

passed through the ground, as in resistivity measurements,  all of the 

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

rock, o r  soil, i .e.  by ionic conduction. This is  because almost all 

minerals have a much higher specific resist ivity than ground water. 

The group of minerals commonly described as "metallic", however, 

have specific resist ivit ies much lower than ground waters. 

induced polarization effect takes place at those interfaces where the 

mode of conduction changes f rom ionic in the solutions filling the 

interstices of the rock to electronic in the metallic minerals present  

The 
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in the rock. 

The blocking action o r  induced polarization mentioned 

above, which depends upon the chemical energies necessary to allow 

the ions to give up or  receive electrons from the metallic surface,  

increases  with the time that a d. c. current  is allowed to flow through 

the rock; i. e. a s  ions pile up against the metallic interface the 

resistance to current  flow increases.  Eventually, there is enough 

polarization in the form of excess ions at the interfaces, to appreciably 

reduce the amount of current  flow through the metallic particle. 

polarization takes place a t  each of the infinite number of solution-metal 

interfaces in a mineralized rock. 

This 

When the d. c.  voltage used to create  this d. c. cur ren t  

flow is cut off, the Coulomb forces between the charged ions forming 

the polarization cause them to return to their normal position. This 

movement of charge creates  a small current  flow which can be 

measured on the surface of the ground as a decaying potential difference. 

F r o m  an alternate viewpoint it can be seen that i f  the 

direction of the current  through the system is reversed repeatedly 

before the polarization occurs,  the effective resistivity of the system 

a s  a whole will change as the frequency of the switching i s  changed. 

This is a consequence of the fact that the amount of current  flowing 

through each metallic interface depends upon the length of t ime that 

current  has been passing through i t  in one direction. 
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W The values of the per  cent frequency effect o r  F. E. a r e  

a measurement of the polarization in the rock mass .  

the measurement of the degree of polarization is  related to the apparent 

resistivity of the rock mass  i t  is found that the metal  factor values o r  

M. F. a r e  the most  useful values in determining the amount of 

polarization present  in the rock mass.  

normalizing the F. E. values for varying resistivities. 

However, since 

The MF values a r e  obtained by 

The induced polarization measurement is perhaps the most 

powerful geophysical method for the direct  detection of metallic 

sulphide mineralization, even when this mineralization is of very 

low concentration. 

necessary to produce a recognizable IP anomaly will vary with the 

geometry and geologic environment of the source,  and the method of 

executing the survey. However, sulphide mineralization of less  than 

one pe r  cent by volume has been detected by the IP method under 

proper geologic a1 conditions. 

The lower limit of volume per  cent sulphide 

The greatest  application of the IP method has been in the 

search  for disseminated metallic sulphides of less  than 20% by volume. 

However, i t  has also been used successfully in the search  for massive 

sulphides in situations where, due to source geometry, depth of source,  

o r  low resistivity of surface layer,  the EM method can not be successfully 

applied. The ability to differentiate ionic conductors, such as water 

filled shear  zones, makes the IP method a useful tool in checking EM 
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anomalies which a r e  suspected of being due to these causes.  

In normal  field applications the IP method does not 

differentiate between the economically important metallic minerals  

such a s  chalcopyrite, chalcocite, molybdenite, galena, etc. , and the 

other metallic minerals such a s  pyrite. 

is due to the total of all electronic conducting minerals  in the rock mass .  

Other electronic conducting mater ia ls  which can produce an IP response 

a r e  magnetite, pyrolusite, graphite, and some forms of hematite. 

The induced polarization effect 

In the field procedure,  measurements on the surface a r e  

made in a way that allows the effects of la te ra l  changes in the propert ies  

of the ground to be separated from the effects of ver t ical  changes in the 

properties.  

(X) apart. The potentials a r e  measured a t  two other points (X) feet  

apart ,  in line with the cur ren t  electrodes is an integer number (n) t imes 

the basic distance (X). 

Current  is applied to the ground a t  two points in distance 

The measurements a r e  made along a surveyed line, with 

a constant distance (nX) between the nearest  cur ren t  and potential 

electrodes. In most surveys,  several  t r ave r ses  a r e  made with various 

values of (n); i. e. (n) = 1, 2,  3,4, etc. The kind of survey required 

(detailed o r  reconnaissance) decides the number of values of (n) used. 

In plotting the resul ts ,  the values of the apparent resist ivity,  

apparent pe r  cent frequency effect, and the apparent metal  factor 
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measured for each se t  of electrode positions a r e  plotted a t  the inter- 

section of grid lines, one from the center point of the current  electrodes 

and the other f rom the center point of the potential electrodes. 

Figure A .  ) 

image of the metal  factor values below. 

metal factor values, a r e  plotted the values of the pe r  cent frequency effect. 

In some cases  the values of pe r  cent frequenc.y effect a r e  plotted a s  

superscr ipts  of the meta l  factor value. 

effect values a r e  not contoured. 

value is determined by the location along the survey line of the center 

point between the current  and potential electirodes. 

value from the line is determined by the distance (nX) between the current  

and potential electrodes when the measurement  was made. 

(See 

The resist ivity values a r e  plotted above the line a s  a m i r r o r  

On a second line, below the 

In this second case the frequency 

The la teral  displacement of a given 

The distance of the 

The separation between sender and receiver electrodes is  

only one factor which determines the depth l;o which the ground is being 

sampled in any particular measurement. The plots then, when 

contoured, a r e  not section maps of the electr ical  properties of the 

ground under the survey line. 

any given survey must  be car r ied  out using the combined experience 

gained f rom field resul ts ,  model study resu l t s  and theoretical investi- 

gations. 

measured is important in the interpretation.. 

The interpretation of the resul ts  f rom 

The position of the electrodes when anomalous values a r e  
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In the field procedure, the interval over which the potential 

differences a r e  measured i s  the same as the interval over which the 

electrodes a r e  moved after a s e r i e s  of potential readings has been made. 

One of the advantages of the induced polarization method is that the 

same equipment can be used for  both detailed and reconnaissance surveys 

merely by changing the distance (X) over which the electrodes a r e  moved 

each time. 

to 2000 feet for (X). In each case,  the decision as to the distance (X) 

and the values of (n) to be used i s  largely determined by the expected 

s ize  of the mineral  deposit being sought, the s ize  of the expected anomaly 

and the speed with which i t  i s  desired to progress .  

In the past, intervals have been used ranging f rom 25 feet  

The diagram in Figure A demonstrates the method used 

in plotting the results.  

metal  factor,  and apparent pe r  cent frequency effect i s  plotted and 

identified by the position of the four electrodes when the measurement 

was made. 

of (n) a r e  plotted far ther  f rom the line indicating that the thickness of 

the layer of the ear th  that is being tested is grea te r  than for  the smal le r  

values of (n); i. e. the depth of the measurement is  increased. 

the F. E. values a r e  plotted a s  superscr ipts  to the M F  values the third 

section of data values is not presented and the F. E. values a r e  not 

contoured. 

Each value of the apparent resistivity, apparent 

It can be seen that the values measured for  the la rger  values 

When 
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The actual data plots included with the repor t  a r e  prepared 

utilizing an IBM 3 6 0 / 7 5  Computer and a Calcomp 7 7 0 / 7 6 3  Incremental 

Plotting System. The data values are  calculated, plotted, and contoured 

according to a programme developed by McPhar Geophysics. Certain 

symbols have been incorporated into the programme to explain various 

situations in recording the data in the field. 

The IP measurement is basically obtained by measuring the 

difference in potential o r  voltage ( O V )  obtained a t  two operating frequen- 

cies. 

the apparent resistivity of the ground. 

where the current  is very  low due to poor electrode contact, o r  the 

apparent resistivity is very low, o r  a combination of the two effects; the 

value of (A V )  the change in potential will be too small to be measurable. 

The symbol "TL" on the data plots indicates this situation. 

The voltage is the product of the current  through the ground and 

Therefore in field situations 

In some situations spurious noise, either man made o r  natural ,  

will render i t  impossible to obtain a reading. 

data  plots indicates a station at which it i s  too noisey to  record a reading. 

If a reading can be obtained, but for reasons of noise there is some doubt 

a s  to i t s  accuracy, the reading is bracketed in the data plot ( ). 

In certain situations negative values of Apparent Frequency 

The symbol "N" on the 

Effect a r e  recorded. 

spurious electrical  effects. 

recorded is indicated on the data plot, however the symbol "NEG" is 

This may  be due to the geologic environment o r  

The actual negative frequency effect value 
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w indicated for the corresponding value of Apparent Metal Factor.  

contouGing negative values the contour lines a r e  indicated to the neares t  

positive value in  the immediate vicinity of the negative value. 

In 

The symbol "NR" indicates that for some reason the operator 

did not attempt to record a reading although normal survey procedures 

would suggest that one was required. This may be due to inaccessible 

topography o r  other s imilar  reasons.  Any symbol other than those dis- 

cussed above is, unique to a particular situation and is described within 

the body of the report. 



M E T H O D  U S E D  I N  P L O T T I N G  D I P O L E -  DIPOLE 

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  
I 

w 

I 1 I , 1 

I 2 3 4 5 6 7 8 9 

S t a t i o n s  on line x = Electrode spread length 
n = Elect rode  separat ion 

P P P 

P P P P 

P P P P P 

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

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

n - l  P P P P P P 

M.!? M.F M. F. M.!? M. F. M. F 
n - l  1,2-3,4 2,3-4,5 3,4-5,6 4,5-6,7 5,6-7,8 6,7-8,9 

n - 2  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. M.F. 

M.F. M F  M. F. M. F 
n - 3  1,2-5,6 2,3-6,7 3,4.-7,8 4,5-8,9 Apparent Meta l  Factor 

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

n - l  1,2-3,4 2,3-4,5 3,4-5,6 4,5-6,7 5,6-7,8 6,7-8,9 

,- 

F. E. F, E. F. E. F.E. 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 

n - 3  1,2-5,6 2,3-6,7 3,4-7,8 43-8,9 Apparent Percent 
F.E. F. E. F. E. Frequency Ef fec t  n - 4  

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

I F i g .  A 



McPHAR GEOPHYSICS LIMITED 

U 
REPORT ON THE 

INDUCED POLARIZATION 

AND RESISTMTY SURVEY 

ON THE 

SOONER CIA= r AHDATAY PROPERTY 

GERMAHSEN LANDINa AREA, 

OMINECA MXNING DI-ION, Be C 

FOR 

NORANlu EXPLORATION COMPANY, LfkdITED 

1, I N T R O D U C T I O N  
s 

During October 8nd Norrmbor 1972, ~LIL Inducod Polarisation and 

of Mrand8 Exgloratien Company, Limited in th8 C38rmurr.n Lam Area, 

Omhca  Mising Mvirion. Britirh Columbia. Tho proporty is loeatad 34 

mi108 mauthnert of Ckrxran8on Landing, B.C. 8t 5S019W Irtitude and 124°518W 

lmgituds and mwmr tho hudwrterr of Ahd&ay Crookr which flow8 routhorly 

to the a u t  end of Tdmntlo Lake. 

Accerr te tho property is by holiccipkr from bermrarom L8ading 

to helicoptor bnding pad8 within tho claim group. Elontion# ~ i l  tha prap.rty 

range fram 3.500 to 4,000 foot above 1.8 level. 

Tho proporty conrirta d 52 cooltipua -era1 clr imr  which w o n  
W 

rtrlrcrd following 8 rocoaarlrunce g o o c h o d d  pregrun complBtcid in Augwt 
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The gesphymiert rurveg work d l 8 C U 8 8 9 d  h ahir report a 8 8  carrird 

out on the folluwfng chims of the -&by Propertp.. 

Record Number 

105237 Qmtuc. 

Soo~er 16 105239 onriruc8 

lSoaner 1 I 10 5241 Omin+cr 

Sooner 25 1 OS248 O m h e 8  

Sooner 27 1052 so 

Soaamr 28 

Sooaor 29 
‘I 

104291 

105252 

Sooner 30 105293 oraiuc8 

Sooaer 9 Fr lOS268 

Soonar i o  BI 

Sooner 14 Fr 

Scomr 1 5  Fr 105274 O m b c a  

The clalmrr are registered in the name of N o d  Explorrttoa 

Company, Limited (No Petronal Liability). The record date 0f tho clrimr 

Ir October 4, 1971. 

W overburden m r k i n g  almort dl bedrock in the vicinity. The projeebd .+#torn 



- 3 -  

beundary of the Hegora Iikthe1it.h with tho T U  CDrotip of Wrtcrric ralekr 

(frena Q.S.C. hcl.p 971-A, J.E. A~.nrtrtan# 1949) either parrrr thrslrgh or 

wry clam to the property. 
I 

The Hogem Batholith f8 comporlte phtora eonding 8ppr-i- 

mrtely 75 milrr morthw8rt of the N8tioa Laker. B ir b d e d  01). tho wrr t  

by the Piacki-Omtaroa bult iyrtem and ea thr o u t  by rock# of tho T8kl8 

1 



i 8 a o o ~  
W 

l8QOON 

17600M 

400 foot 

400 foot 

400 feet 

D w g r  No. 

iP 6053-1 

IP 6053-2 

IP 6053-3 

17200N 400 feet fp 6056-4 

1680QN 

16400N 

400 feat 

400 trot 

1 W O N  400 foot Ip 6653-8 

of the Ahdrtry Grid at a aorrlo of A I o  = 4001. The dsflnite, prakbla and 

porrihle Induced Polrrlsatfan ammaliar are indieatad by barr, i s  the m.laarr 

from the tscrtion of the trr~rnittar &nd recaiver doctroder wher tlrr .fbbnuLfoum 

lomted with nore 8ecunay thra the electre& intam81 length: i. e, when 

w t n g  4.00' 818ctrode intervalr tho paition ef 8 M t r m  rulp&i& bedy bu 

rrry to 1.108 ahortar elactrob inkrrrkr. In or&r to 1rPcrts Iourcor 8t loma 

depth, lrrger electrod8 intervals mwt be uiad, with 8 corrergodhg k r e c r e  



W 

Property. 

Lina 1888QN 

A weak u~orrufoui IP rerpoars waa recarbad o u t  of 104Z contiauiag 
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direaratinamd. A brocrd rource of flxdy dirrsmlnrrtedl rnbnllsatioa in which 

the met8llic cantee incmrrer to the sit, ctmld aacmaat for thio EP .MU. 
A weak perrib18 ulomrly war r l r o  1gdiClf.d wort of 88E to the 

sad of the l b .  

Line 17200N 

Weak porrible IP asoxzdieo e x t a d  wert d 88E, frem 92E ta 

PbE, and from lO8E to l$OE, the err&trn mud el the line, 

Lim 16800N 

* A broad, werk 1p ammaty which l a e r w a r  olightly in mrrgaftuh 

to the west was outlined h m  lO4E to 84E. 

The stPonger rcrrpanre recorded batnoen 108E and llZE may 

L W  16400# 

The rerpara en this entire lim is weakly ane~nalour. 

c 

Lip(r 15600N 

Lina 15600N ir conridered rlightly a~rnalour from 92E to 100E. 



W 

Expiry Date: AYPI 25. 1973 
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ASbESSMENT DETAILS 

c 

PROPERTY; Ahdrtry MINING DIVISION: Ornineca 

SPONSORS Nor8ad. Erplorrtion Company, PROVUJCEr Britirh Cohxnbb 
Limited 

LOCATIONt 0.nnuuea -ding 

TYPE OF SURVEYS ladwad Polarisrtloa 

OPERATING MAN M Y S t  16 DATE STARTEDt October 87, 1972 

EQUIVALENT 8 HR.MAN M Y S :  24 DATE FINBHEDa Movamkr 27, 1992 

CONSULTINCI MAN MYS: 3 NUMBER OF STATIONS; 91 

DRAUGHTING MAN M Y S r  3 NUMBER OF READINGS: 402 

TOTAL MAN M Y S t  30 MILES OF LINE SURYEYEDt 6.28 

w CQESSULTANTSr 
' Pvtsr K. Smith, QSO Parliun.n$ Street, Apt. 8312, Toroarte, Ontario, 

a v i d  K. Fm~ntain, 62 Patina Drive, Kil lowdab 428* Ontario. 

;FIELD TECWMCLAPISt 

J. Wowcchuck, 41238 Winifred Struet, Burnrrby, 8, C. 
Plu. Ertr. Ljrburt 
3. Remillard, 288 Gildford St, St. Jrmer A88imaboyaB Winnipeg1 Mmtt0ba. 
b d y  Bfog, 174 W. Seymour St, Kamloopr, B.C. 
R. Pasklevitr, c / o  Ran Birk, 262 Cherry Street, Kaxmloepr, B.C. 

R. M~elk1b.r  304 H0kn.r A V O ~ U O ~  wllbW&h, -ria. 

U.tsdr Februr r y  14, 1973 

Expiry Date: April 25, 1973 
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STATEMENT 01 COST 

1 

Air f8-0 
Excsrr Biggage 
T8Xi 
Vehicle Expeare 
Mea&* and AecanrmedWon 
Freight rad B roksrrgo 

Telephone and Telegraph 
suppli*o 

+ 10% 

39.93 
9.08 
2e66 
1.41 

54.03 
86.04 

5.10 
9.94 

2e8o 99 
20. 90 

- 

E e r a  Labour (proratd .I abxlvu) 434.49 
t 20% 860 90 

% 96Qe80 

800.00 

Dated: February 14, 1973 

$z. $11 ;as - 

Expiry Date: April 25, 1973 
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CERTIHCATE 

I, Peter Kinrmen Smith, of the city of Teronto, in the 

Province of Ontario, hereby certify: 

1. That I am a geologist !geophyricist with a busine8a addrerr 

at 139 Bond Awnus, Don Mill6 Ontario, 

2. I arn a graduate of the Univesity of Britirh COlUmbi8 with a 

B.Sc. degree in Honours geology and geoghyricm (1970). 

3. 

4. 

5. 

I 8m a member of ah8 society of Ekplw8tion Gsophyricirtr. 

I have basn prrctiring my profereion for 3 years, 

I have PO direct or indirect interemt, nor do I expect ta reasiw 

any intorsrt directly or indirrdy. in the property or remrltio8 of 

Nomnda Erplor8tion Compurg Limited or any &filiate. 

6,  The rtatrmentr made in thh report are bared on 8 rhrdy of 

publimbad geological literrtun and unpublirhud primte reporti. 

7. Psmiroion is granted to use in whale or in part far urarrmasnt 

m d  qualification mqdrsmentr but not for rdvsrtlrfng purporsr. 

n 
ikkrd at Toronto 

Thir 14th day of February 1975 



CERTIO’fCATE 

I, David Kirkman Feuatein, of the City of Torcmto, Proviaca 

of Ontario, do certify that: 

1. I a m  8 geophyr~cist reriding at 62 P8tina Drive, Willowdale 4Z0, 

Ontwio. 

2.  I am a grrdwte of the Univerrity of Toronta with 8 B8chdor of 

Applied Science ihgres in Engineering Phyricr (Geopbyricr). 

3. I a m  8 member of the Society of Erploration Geophyricirtr, the 

European orsociation of Exploration Oeophysicirts and the Canadian Irrrrtitute 

of Mining and Metallurgy. 

4. f am a Regirterod Profer8fonal Engineer in the Frrrdncem of 

’- British Columbia, Manitoba rad Ontario, a Raghtered P~ofesrioaal 

Gaophyricirt in the Province of Albert. a d  (L Registered Profer6~onal 

Geologirt in the State of California, aad have been practiriag m y  prafsrrion 

for eleven years. 

5. The rtatemtmntr mads in thir report are bared on a rtudy of 

published geologic81 literature and unpublirhed private report#. 

6. Parmirrion ir gr8ated to ure in whole QT in part for urersrn8a;t 

and qualification requirementi but not for advertiring purpo68r. 

Dated at Toronto 

Thir 14th day of Febnury 1973 


























