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McPHAR GEOPHYSICS 

NOTES ON THE T,HEORY, METHOD O F  FIELD OPERATIOW 

AND PRESENTATION O F  DATA 

FOR THE INDUCED POLARIZATION METHOD 

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

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

conductors in a medium of ionic solution conduction. 

This electro-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 current  is 

passed through the ground, a s  in resistivity measurements,  a l l  of the 

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

rock, o r  soil ,  i .e.  by ionic conduction. This i s  because almost a l l  

minerals have a much higher-specific r.esistivity than ground water.  

The group of minerals commonly described a s  "metall ictt ,  however, 
. _  

have.specific resist ivit ies much lower than ground waters. The 

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 e,lectronic in the metallic minerals present 
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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 o r  receive electrons f rom the metall ic surface,  

increases  with the t ime that a d. c. cur ren t  is allowed to flow through 

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

resis tance to cur ren t  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 metall ic 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 c rea tes  a small cur ren t  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 if the 

direction of the cur ren t  through the system is reversed  repeatedly 

before the polarization occurs ,  the effective resist ivity of the system 

as a whole will change as the frequency of the switching is  changed. 

This is a consequence of the fact that the amount of cur ren t  flowing 

through each metall ic interface depends upon the length of t ime that 

cur ren t  has been passing through it  in one direction. 
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The values of the pe r  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 

resist ivity of the rock m a s s  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 resist ivit ies.  

However, since 

The M F  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 I P  anomaly will vary with the 

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

executing the survey. However, sulphide mineralization of l e s s  than 

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

proper  geological conditions. 

The lower l imit  of volume per  cent sulphide 

The greatest  application of the IP method has been in the 

sea rch  for disseminated metallic sulphides of less  than 2 0 7 ~  by volume. 

However, it has also been used successfully in the search  for  mass ive  

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

o r  low resist ivity of surface layer ,  the E M  method can not be successfully 

applied. The ability to differentiate ionic conductors, such a s  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 

differ entiate between the economically important metall ic minera ls  

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

other metallic minerals  such a s  pyrite. 

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

Other electronic conducting mater ia l s  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 f rom 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  i s  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 neares t  cur ren t  and potential 

electrodes. In most surveys,  severa l  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 resu l t s ,  the values of the apparent resist ivity,  

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

section of grid l ines,  one f rom the center point of the cur ren t  electrodes 

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

Figure A. ) The resist ivity values a r e  plotted above the line as a m i r r o r  

image of the metal  factor values below. On a second line, below the 

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 frequency effect a r e  plotted as 

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 cur ren t  and potential electrodes. 

value from the line is determined by the distance (nX) between the cur ren t  

and potential electrodes when the measurement was made. 

(See 

In this second case  the frequency 

The la te ra l  displacement of a given 

The distance of the 

The separation between sender and receiver  electrodes is 

only one factor which determines the depth to 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  propert ies  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 resul ts  and theoretical invest%- 

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 is the same as the interval over which the 

electrodes a r e  moved after a se 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 

mere ly  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 a s  to the distance (X) 

and the values of (n) to be used is 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  is 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 is plotted and 

identified by the position of the four electrodes when the measurement  

was made. 

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

the layer  of the ear th  that is being tes ted is g rea t e 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 resist ivity,  apparent 

It can be seen that the values measured fo r  the l a rge r  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 a r e  calculated, plotted, and contoured 

according to a programme developed by McPhar Geophysics. Certain 

symbols have been incorporated into the p rogramme to explain various 

situations in recording the data in the field. 

The I P  measurement  is basically obtained by measuring the 

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

cies. 

the apparent resist ivity of the ground. 

where the cur ren t  i s  very low due to poor electrode contact, o r  the 

apparent resist ivity i s  very low, or  a combination of the two effects; the 

value of (a V )  the change in potential will be too smal l  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 a t  which i t  i s  too noisey to record a reading. 

If a reading can be obtained, but fo r  reasons of noise there  i s  some doubt 

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

In certain situations negative values of Apparent Frequency 

The symbol 'INtf on the 

Effect a r e  recorded. 

spurious electr ical  effects. 

recorded i s  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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indicated for the corresponding value of Apparent Metal Factor.  

contouGing negative values the contour l ines a r e  indicated to the nea res 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 imi la r  reasons.  Any symbol other than those dis-  

cussed above is, unique to a par t icular  situation and is descr ibed within 

the body of the report .  



M E T H O D  U S E D  I N  PLOTTING DIPOLE- DIPOLE 

INDUCED POLARIZATION AND R E S I S T I V I T Y  R E S U L T S  

1 I 1 1 L 

I 2 3 4 5 6 7 8 9 

S t a t i o n s  on line x = Electrode spread length 
n = Electrode separation 

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.F: M.F. M. F. M.F: M.F. M. F 
1,2-3.4 2 3 - 4 3  3,4-5,6 4,5-6,7 5,6-7,8 6,7-8,9 n - l  

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

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

n - l  112- 3,4 2,3-4,5 3,4-5,6 4,5-6J 5,6-7,6 6,7-8,9 

F. E. F, E. F. L 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 5,6-6,9 

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 Effect 

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

F i g .  A 
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w 
1. I N T R O D U C T I O N  

During August 1972 , an Induced Polarisation and Rerirt ivity 

survey was carried out on the Bax C ~ ~ ~ I Z U ,  M r u o ~ r y  Property of NarrnQ 

Exploration Company, Limited in the Germuuen Landing Area, Ornineca 

Mining Mvirion, Bri t i rh  Columbia. The property ir located approximately 

21 mile8 w s r t  of Germuuen Landing, B. C. e on tributary of Mrcovrry 

Creak and at approrimrtely 55°50' N latitude uld 1E5°508 W longitude. 

Accer r  to the property is by truck to mile 27 onthe Gennraran Lmding - 
Aiken Lake road. Mort of the claim group lie8 in a rol&vely flat and rrnmpy 

valley bottom, which i8  the diitida for i north-flowing tributary of Mmeovery 

Creek and an unnamed creek flowing routhw8rd into the Om&mea Rivlrr. 

Elev8tioM on the property range from 3,400 febt to 4,000 feat  .bow sea level. 

U The geophysical rurwy work dircusred in thir report w u  carried 



out on the following clrimr of the Macovery Property: 

Clrim Record Number Mining Mvirion 

Box 916 
Bapr 617 

Box #18 

Box #19 
Box 920 

Box #29 

Box 930 

Bo% #31 

Box 832 

Barr 133 

Box #U 
Box #43 

Bo% 945 

Box #7 F’r. 
Box #$ Fr. 
Baac #13 Fr. 

Box #14 Fr. 

Box #19 Fr. 

941 04 

94105 

94106 

941 0 7 

941 08 

9411 7 

941 18 

941 1 9 
94120 

941 21 

941 22 

111985 

11 987 

941 37 

941 38 

7 

7 

111989 

Omlnecr 

Ominecr 

Omineca 

Omineca 
Omineca 

Omfn8C8 

Oxnineca 

Omineca 

0mba.cr 

Omineca 

Omfnsca 

Omineca 

Omineca 
O m i n a u  

OnaLaecr 

Ominsca 

Omiaecr 

Ominecr 

The claimr a re  regirtered in the name of Noronda Explorrtton 

Company, Limited (No Personal Liability). 

The Diecovery property ir mortly covered by unconroliWed 

glacial debrir which is prerumablp underl8in by Takla volcanic roclea. 

The surface is primarily muskeg rsd randy ridgee. No bedrock outtropr 

on the property, but granitic diker cutting volcanic rnd redimeakry rockr 

are  expoeed to the east of the property. 

Previour work hro conrirted of geochemical rtrerm rediment 

eampling , a geochemical soil rurvey and limited geological prorpecting. 



- 3 -  

The Induced Polarinration survey was carried out in order ta outline 

W 

sone# of metallic mhrrlisation sf poraibb economic rigaific8nce which 

mry occur om the property. A MePbar arfabk frequemy IP unit war 

employed utiliring the dipole-dipole electrode configuration and 400 foat 

dipoles. Two dipole rrphrrtionr (n = 1 2 ) were recorded uad the frequencies 

employed were 0.31 Hs and 5.0 Hs. 

2. P R E S E N T A T I O N  OF R E S U L T S  

The Induced Pobrisation aad Rerirtivity result8 are shown on 

the following data plots in the manner &scribed in the note8 preceding thir 

report. 

Line 

22800N 

- 

22000N 

21200N 

20800N 

20400N 

20000N 

19600N 

19200N 

Electrodm hrter lr  

400 feet 

400 feat 

400 feet 

400 feet 

400 feat 

400 feet 

400 feet 

400 feat 

Dwp. No. 

IP 5998-1 

IP 5998-2 

Ip S998-3 

Lp 5998-4 

IP 5998-5 

IP 4998-6 

A ~ B O  enclored with this report ir Dwg. I.P.P. 3549, a gba-p 

of tha grid rurveyed at a rcale of 1'' = 400'. The defimits, probable and 

porribls Induced Polrrisatioa anomrrlier are indicated by b r a 0  in the Irur\nt 

ahown on the legend# on thir plan map ar well ar on the data plotr. There bar8 

reprerent the rurfacc projection of the anomalous zones (LO Interprated from 
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the location of the tranrmitter and receiver electrode8 when the ILpomaloua 

Were IZXb88tlrd. 

Since the Induced Polarisation mearu~ement ir errentially 

an averaging proeerr , u are  all potential methodr , it ir frequently difficult 

to exactly pinpoint the source of an anomaly. Certainly, no anomaly can be 

located with more accuracy than the electrode intervd lengtht i. e. when 

uriaag 400' eleutrcade intervrlr the position of a narrow sulphide body can 

only be determfrsed to lie between two rtationr 400' apart. In order to 

definitely locate, and fully evaluate, a narrow, rhallaw re~r 'ce  it is 

nccerrary to w e  rhorter sleetred9 i n t e r d r .  In ord8r to locate 16urcer 

at some depth, larger electrode intervals must be uied, with a correrponding 

increase in the urrcertrtrrtiea of location. 

indicated anomaly probably correspond6 fairly well with r m r c e ,  the length 

of the indicated mnornrly alang the line should not be taken to reprerent the 

exact edges of the ammalous materid. 

Therefore, while the centre of the 

The lOc8tiba of rurvdy liner relati- to claim boundarier. the 

nama md relative poritiona of the claims and the geologic data indicated 

on the maps and dLrcurred in the report. are b r e d  upon inforxmntion 

supplied by Norands Exploration Company, Limited. 

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

Eight liner were rurwped with the hcEUced Polarisation method 

on a rscoanairmnce brir reading only two dipole separations (n = 1 ,2). 

The northern two limbs are at 800 foot intervals while the routhbrn liner are 

at 400 foot intarvalr. The background IP rsrponrs ir relatively high 
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c 

W 

erpecially in the eastern and southern portionr of the grid. Information 

on the underlying geology in there area8 would b w r y  imporkat,riaca 

rome rock typer much ar  bnric volcanics and rome redimentrry formatioar 

exhibit high background IP reeponre, due to finely disseminated electronic 

conducting mineralization (graphite, magnetite , and pyrite) of little or PQ 

economic I ignificance . 
Line 22800N 

Po8ribh rnomalier are indicated from 226E to 232E, centred 

bebween 240E and 244E and from 266E t o  at least 270E. The wertem uroxnaly 

ruggestr a rtronger deeper wource centred at depth between 228E and 232E. 

The narrowr shallow anomaly centred at about 24ZE eorrehtra with li atream 

bed and a dimtinct rsristivity low. 

the apparent Metal Factor reap~llue. 

The rerirtivity low may haw exaggerated 

Line 22000N 

On the wertsrn portion of the line weak anomalisr are indicated 

at about 2263, 234E and 248E. To the eart of 260E there ir an increasa in 

background IP rerponre apparently extending beyone the enrtern extent of 

the effective survey coverage. 

Line 21200N 

Correlating with the rsrponrs on Line 22000N there ir a general 

increase in IP rerponre and apparent reristivity to the eart of 2723. 

Line 20800N 

Again on this line there ir an increase in background XP rerponre 
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to the er r t  of 2683. A separate anomaly is indicated centred at about 262E. 

1 Line 20400N 

IP anomrlier are  indicated centrad at rbout 270E urd 27833, 

within an area of higher background rerponre. 

Line 20000N 

Within an area of high background IP response extending from 

2543 to at least 284E, a diathct anomaly is indicated centred between 27tE 

and 276E. This anomaly is characteriaed by a distinct ahallow rerirt idty 

low which may represent semi-massive mineraliaation. 

U 

Line 19600N 

The results on this line correlate very well with thore on 

Line 20000N. 

2763. 

The distinct ahallow anomaly irr centred between 272E and 

Line 19LOON 

Higher background IP response occurs on this line from about 

254E to 260E and from about 270E to at least 2823. 

4. S U M M A R Y  A N D  C O N C L U S I O N S  

The IP rurvey rerulte indicate relatively high b r c k g r o d  IP 

rerponre in the eastern and routhern portionr of the grid. In favourorblo 

geologic environments IP anomalies of this magnitude can represent the 

rerponse from disseminated rulphides of economic significmce as ir the case 

in the Highland Valley and Brenda areaB. However, some rock typer ruch 
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V 

as b a ~ i c  volcanic8 and some sedimentary formationr exhibit high background 

IP rerponee due to finely dirreminated electronic conducting rnixmralirurtion 

(graphite, magnetite, and pyrite) of little or no economic: signincmcr. 

Furthsr information on the underlying geology would be 

necerrrry to properly evaluate the rignificance of the IP rnomrliea indicated 

by the eurvey. If the geological and/or geochemical data prover favour8ble, 

then &tail IP rurveying recording four dipole reparationr (n = 1 #2,3,4) 

would be warranted to better delimit tEe anomaly patterns. Bared upon the 

rerrulte of thir work, a programme of diamond drilling could be h i d  out. 

Dated: October 6 ,  1972 
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ASSESSMENT DETAILS 

PROPERTY: M O C O M ~ ~  MINING DIVISION: 0Inin8c8 

SPONSOR: Noranda Exploration Cornpang, PROVINCEt Britirh Columbi8 
Limited 

LOCATION: Cbrmrnssn Landing Are8 

TYPE O F  SURVEY: Induced Polarhation 

OPERATING MAN DAYS: 20 DATE STARTED! AUgUmt 5, 1972 

EQUIVALENT 8 HR. MAN DAYS: 30 DATE FINlSHED: A w S t  24, 1972 

CONSULTING MAN RAYS: 2 NUMBER OF STATIONS: 109 

DRAUGHTING MAN M Y S :  5 NUMBER OF READINGS: 504 

TOTAL MAN DAYS? 37 MILES OF LINE SURVEYED: 7.65 

CONSULTANT t 

David K. Fountain, 42 Patina Drive, Willowdrle 428, Ontario. 

FIELD TECHNICIANS: 
R. Mertens, 304 Holmes Avenue, Willowdale, Ontario. 
D. Coote, 2275 W W 8  Avenue, West Vancouver, B.  C. 
Plun Ektrr Labour: Supplied by Client 

DRAUGHTSMEN: 
B. Boden, 58 Glencreet Blvd. Toronto 1 6 ,  Ontario. 
V. Youngr 703 Cortet Avenue, B8y Ridger, Ontario. 
R .  Peer, 38 Torr8nr Avenue, Toronto 6 ,  Ont8riO. 

McPHAR GEBP 

Dated: October 6 ,  1972 
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STATEMENT OB" COST 

W 

Box Clrhnr ,  Dircovery Prbperty 
German8en Landing Arsa 
Omineco Mining Di~drioa, B. C. 
Noranda J b p  loration Company , Limited 

- Crew (2 men) - R. Mertenr - D. Coote 

5 day6 Operating 8 @40*OO/day 
1 day Travel 1 
2 days Proparatian ) 5 clryr Q $100.00/&y 
2 day8 Bad Weather ) 

Expenses - prorated 5/20 

Air Fare 

Freight and Brokerage 
Supplie r 
Telephone and Telegraph 

Marl8 and Accommodation 
51,58 
24.18 
52.82 

3 , 5 8  
2 .09  

t 10% 

$L,200.00 

soo,oo 

134.115 
13.42 

$1 847.67 

McPHAR GEO 

Dated: October 6 ,  1972 
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CERTIrICATE 

I D  David Kirkman Fountain, of the City of Temnto, Province 

of Ontario, do certify thrt: 

2. I un a graduate af the University of Toronto with a Badelor of 

Applied Scionce Dogre8 in Eagbrring Phyriar (Geophyricr). 

3. I a m  a memlnr of tho Society of Exploration ~+op&yr ic i r t r ,  the 

of Mining and Metallurgy. 

4. I 8m 8 Regirterod Proferrionrl Engfrooer is the Provineer of 
1 

Britirh Columbia, hAmtfoba rad Onbrio, a Rogirtered Prdarrioarl 

G8ophyrici.t in tho Provinc. d Alberta urd a Ragirterd Prderrional 

Gieolagirt in the State of CalifornirD mad haw been predhhg my proferrion 

for eleven year#. 

5. The rtatsrnentr made in thir report are W e d  ea a rtudy of 

publirhod geological literature and unpublirhed private ruportr . 
6. Pelnxlfrrion i8 granted to ume in whole ox in p ~ r t  fer rrrorrmeat 

and qualification requhementr but aot for advertiring purporor. 

Dated at Toronto 

This 6th day of October 1972 

Eng. 






















