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McPHAR GEOPHYSICS 

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 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 elec tro- chemical phenomenon occurs wherever 

electrical  cur ren t  is passed through an a r e a  which contains metallic 

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

passed through the ground, as in resist ivity 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 

inters t ices  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 o r  receive electrons from the metallic surface,  

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

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

resistance to current  flow increases.  Eventually, there is enough 

polarization in the fo rm 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. current  

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 i t  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 

as 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 it  in one direction. 
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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 i s  perhaps the most 

powerful geophysical method for the direct  detection of metallic 

sulphide mineralization, even when this mineralization is of very 

low concentration. The lower limit of volume per  cent sulphide 

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 l e s s  than 

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

proper geological conditions. 

The greatest  application of the TP 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 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 

differentiate between the economically important metallic minerals  

such as chalcopyrite, chalcocite, molybdenite, galena, etc. , and the 

other metallic minerals such as 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 f rom the effects of vertical  changes in the 

properties.  

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

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

the basic distance (X). 

Current is applied to the ground at 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 raverses  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 per  cent frequency effect, and the apparent metal  factor 



- 5 -  

W 

91 

measured f o r  each s e 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. ) The resist ivity values a r e  plotted above the line a s  a m i r r o r  

image of the metal  factor values below. 

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

In some cases  the values of pe r  cent frequency effect a r e  plotted a s  

superscr ipts  of the metal  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 electrodes. 

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

and potential electrodes when the measurement was made. 

(See 

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 to which the ground is being 

sampled in any particular measurement. The plots then, when 

contoured, a r e  not section maps of the electrical  properties of the 

ground under the survey line. 

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

gained from field resul ts ,  model study resul ts  and theoretical investi- 

gations. 

measured i s  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 

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 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 it is desired to progress .  

In the past, intervals have been used ranging from 25  feet  

The diagram in Figure A demonstrates the method used 

in plotting the results.  

metal  factor,  and apparent per  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 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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w The actual data plots included with the report  a r e  prepared 

utilizing an  TBM 360/75 Computer and a Calcomp 770/763 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 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 (0 V ) obtained at 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 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 it  impossible to obtain a reading. 

data plots indicates a station a t  which it is  too noisey to record a reading. 

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

as to its 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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I indicated for the corresponding value of Apparent Metal Factor. 

contou&ing 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. 



METHOD USED IN PLOTTING DIPOLE- DIPOLE 

I N DU C E  D POLA R I 2  AT I O  N AN D R ES I ST I V I T Y RESULTS 

-X - nx -X- 

1 1 I 1 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 = E lect 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  \,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 
P P P P P P n - l  

M.F. M.F. M. F. M.F: M.F. M. F 

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

M.E M F  M. F. M.F 
n - 3  1,2-5,6 2,3-6,7 3,4-7,8 4,5-0,9 Apparent Meta I Factor 

M.F. M , F. M. F. n - 4  

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

n - 2  1,2-4,5 2,3-5,6 3,4-6,7 4,5-7,0 5,6-8,9 

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

L I 

I 

F. E F. E. F. E. F. E. F. E. F. E. 

F. E. Fa E. F. E. F.E. F. E. 

F. E. F. E. F.E. F.E. 

n - l  I,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 

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

F i g .  A 
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represent the surface projectiaa OB the .a~lmrloor s.~llfi)s a8 tntorpr- 

ircm the I O C ~ ~ W A  of the trrarmttter u r d  racdvrr edectrsdea whaa the 

ancrmslour valuer were rnearwed, The momalier shows by thia bar8 
W 

are thore OUtfsnaA by the p r d o u r  mrvey. 

~TOCCIII, 81 are all potential methodr, it fr frequently difficult to oxactly 

wSth more occurrcy than the electrode inhnnl loam i. e. whcw uripI 400' 

kode Interval. rnwt be used, with a correapeadhg incrsr8e in bb. wwertrfnties 

of loeation. Therefore, while the centre of the indicated anomaly probably cor- 
w 

line sheu3d not be taken to reprereat the exact edger of the m n e u a d r w r r  matedd. 

The locatian of nurvey line. relative to claim bmsdrriae, the ~ ~ 1 m e  a d  

3,  EISCWSS1[QN OF R E S U L T S  

Eight lines were rorvepd with the Induced PolrrilrrH~n methdl on a 

raconnaiaranca basis reading only two dipole scparationr (a = 1 , t ) .  Lima w e  

at 800' intend.. As in the area to the weit, background IP rerpanre ie 

v relotivrsly high. 



Line 2160ON 

IF coverage 011 Line 216OON was extend& to tho wart into t h m  region 

pteviopriy rnrrqd,  A probable anrenaly lie# eurt of 2963,  A broad 18me of 

dirraa3.farted minrraliscrtion, which e i m ~ w 8  mart of the prmrnt grid, ir 

indiaatrd while worbcar minarditation ia 8ugserted from 296E to 276E, The 
w 

aaoanala\rr low reri8tMty ~ 0 8 8 1  outlinad betwren 2723  and 264E, between 

256%: d 252E, m d  from 240E to 234E are canriderad larr intuortiag 88 

uno 208OON 

An IP  rerponrs war recorded eart of 296C whiah may indicate 8 broa& 

81 sone of dirrmninatd rnrtdlie mineralisrtion continuing east of the grid. The 



a~!mnalmr rrgion, two 8 t r q a r  %me8 are outlined brtw8m 268s and 260E 

and horn 2923 to 364% The highert IP rerpemea recorded in this rtlrrsy 

lie within the latter some. 

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

Thir work r r 3 c t . n d d  the Lp caverage on the Boa Clrfnnr roua urd .rat 
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ASSESSMEHT DETAILS 

TYPE OF SURVEY r Inducsd P o b r i r d ~ m  

OPERATZNG MAN DAYS: 20 DATE STARTED: 0ctob.r 16,1972 

EQUIVALENT 8 HR. MAN DAYS8 30 DATE FItMbHEDt Octebar 26,1972 

CONSULTING MAN DAY& 3 NUMBER OF BTATfONSr 12 5 

TOTAL U DAYS1 36 MILES OF LINE SURVEYEQ 8.86 

CONSULTANT& 
Peter IC. Smith, 650 Parliunent Itreat, Apt. 2212, Torcmte, Ontuio. 
D a v i d  K. FoHpfi.1~, 62 Patina Drive, WiUowdale 428, Oataris, 

FIELD TECHNTCIAMSt 

R, Mertcurrr, 304 Holmes Aveaur, Willowdale, Ontario. 
J, Wowchuck, 4238 Winifred Stmat, Buramby, B , C ,  
Phu -8 Lobourr 
J. RemWard, 288 Gildfar8 Skeet, St, Jarnee, Aerinabop, Winnipeg, Manttobr. 

R. Perlrlsvittr, c / o  Ron Birk, 262 Ch8try Street, K8mfoo$r, G . C .  
R. B b g ,  174 w. 88ynWtar 8tr88t, K ~ m l 6 e p 8 ,  B c. 

DUUGHTSMENt 

E ,  Bodrm, 58 Glencrest Blvd.  Toronto 16, Ontario. 
N. Lade, 299 Jiapor Avenu8, O i h w a ,  Onbrio. 
V. 

, t ed  r Feb 

703 

lrwry 

CorWt  Avenue, E 

15,1973 
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STATEMENT 01 COST 

C r e w  R. M a r t a u  bJ. Wowchuck 

Plur 10% 

34.97 
7.56 
2.32 
1.25 

47.98 
75.29 

4.47 
80 71 

182.35 
18.25 

$1. , zoo. 00 

550.00 

200. ao 

4S6.20 
$2. a?, 00 

Datedr Februrry 15,1973 - 
Expiry Date: Anril 2 5  1973 



- 10 - 

CERTIETEATE 

I, Peter K. Smith, of the City of Toronto, in t h ~  Provhce 03 

OntaricB, hereby cortify~ 

1 b That I 8m (B g~o~agist/geoghyricist d t h  8 burinsrr 8ddrerB S t  

139 Bond Avesue, Don Millr, Ontario, 

2. I an? a graduate of tha Univerrity of 0 rittah C&ambibir with & L3 scb 

Degree in Honours Geology and Gaophyricr (1970). 

3. I 8rn a &lmb8F O f  the Sodsty O f  m@Cbmt$On G-hfliCirU, 

4. 

5. 

I have bean prrcthixtg m y  grcad.rsian for 2 y a r r .  

I have PO direct or iarltroct interest, nor do I espect ts rocdve - ray latarest directly or hditsctly, in the prcPgnrty et rrcurities of Norurdr 

Exploration Company, Urnitad; or m y  affiliate. 

6.  The statemrmta made in fhir report are bared am a r W y  of pubUrrhs.1 

geological literature and unpublished privz 4 I reparb . 
7 .  Permimion is grantud to tame in wh418 Or in par$ far rrr8ramcrat and 

qualifierdon r8quir.ment. but not for rc?vardling puvgorer, 

I;rrOeC at Toroato 

This 13th day of February 1973. 
w Peter K. Smith, B.Sc. 
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CERTIFICATE 

I, Lavld Kirkman Fountain, of the City of Torenta, P r Q v t p C s  ob 

Ontario, do certify thatr 

X . I am a geophyricirt reridbg at 62 Patima Drive, WLlfowd8.le 428, 

Ontario. 

2. I a m  a grrduatb of the Ibiv8rrity oi Toxoato with a Bachol@r d 

Applied Science %grate in EugWrrirsg Physics (Gaophpicr ) . 
3. I rm a member of the society of Expkwration Ceophyaicirt., &e 

European Asrociatioa of Exploration Gaophpricirtr and the CanaAiUn fn#tituta 

of Mining and Mekllurgp. 

4. I a m  a Rqgi8t8rUd Proferiianrl Engiarer in the Pratrirercer of 

Eritiah Columbia, Manitoba and Ontario, a Registered Prof8rsianal 

Geophydcht in the Provfncs of Alberta and a Regirkred Prafarr id  

geologirt in the State of Califaraia, and have been prrctiring m y  proferrion 

for eleven pars.  

5. The statement8 mad8 b &i8 report: are b r a d  on a study of publirhed 

geological literature and unpublfrhed privata rsportr. 

6 .  Permission io granted to w e  in whola or in part for arrerrmat and 

qualification rclquiremeafr but not for advertising gurp43r.s. 

*r Datrd at Toromto 

Thir 15th Fay of February 1973 
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DOMINION OF CANADA: 1 .W ‘ 

1 Itt the i8t1ff~ af a statement of exploration expenses 
on 36 contiguous mineral claims in the Omineca Mining 
Division, having record numbers; 94118 to 94120; 94143; 

111987; 111988; 116219 to 116234; 116213 to 116218 BOX Claims 

PROVINCE OF BRITISH COLUMBIA. 

94144; 116212; 111989 ; 111986; 94121; 94122; 94117; 111985; 
1 To WIT: 

1, John E. Harrison, (F.M.C. 109121 issued April 28th) 1972) of P.O. Box 2169, 
Smithers, B. C. agent f o r  Noranda Ekploration Company, Limited (No Personal Liability) 
(F.M.C. 109102 issued April 28th) 1972) of 1050 Davie Street, Vancouver 5 ,  B. C. 

of 

in the Province of British Columbia, do solemnly declare that the +costs of line preparation and an 
induced polarization survey between October 16, 1972 and October 26, 1972 were: 

1. Line Preparation (contract) 

- contract (P. Bland & F. Bland) 
- field costs 
- transportation 

\ 

- 20 man days @ 810.00/ man day 

- Trans-Provincial Airlines (Otter) 
- Okanagan Helicopters (206 B) 

2, Induced Polarization Survey 

- HcPhar statement - field costs 
- transportation 

- 42 man days @ $10.00/ man day 

- Trans-Provincial Airlines (Otter ) - Okanagan Helicopters (Bell 206 B) 

3. Supervision 

- G. E. Dirom 2 days @ 4675.OO/day 

$1,008 -00 

200.00 

200.00 

’/? 559 099 
1,967099 , 

2,407.00 

420.00 

400.00 
994.00 

4,221.00 

150.00 

Of this amount $4,100.00 is claimed for assessment credit. 

And I make this solemn declaration conscientiously believing it to be. true, and knowing that it is of 

the Same force and effect as if made under oath and by virtue of the “Canada Evidence Act.” 

A 

of 

Province of British Columbia, this 2 %  

day of A.D. 

... 
6 

.__.___________.-_..--.--------------.- 

s for British Columbia or 
inee-of-BFitislz-Gd.umbia. 

0 



I Statutory Declaration 
(CANADA EVIDENCE ACT) 






















