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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 electro-chemical phenomenon occurs wherever 

electr ical  current  i s  passed through an a r e a  which contains metallic 

minerals  such a s  base metal sulphides. Normally, when current  i s  

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 resistivity than ground water.  

The group of minerals commonly described a s  "metallic", however, 

have specific resistivit ies much lower than ground waters.  The 

induced polarization effect takes place a t  those interfaces where the 

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

interst ices  of the rock to electronic in the metallic minerals  present  



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 metallic surface, 

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

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

resis tance to current flow increases. Eventually, there is enough 

polarization in the form of excess ions a t  the interfaces, to appreciably 

reduce the amount of current flow through the metallic particle. This 

polarization takes place at each of the infinite number of solution-metal 

interfaces in a mineralized rock. 

When the d. c. voltage used to create this d. c. current  

flow i s  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 smal l  current  flow which can be 

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

F rom an alternate viewpoint i t  can be seen that i f  the 

direction of the current through the system i s  reversed repeatedly 

before the polarization occurs, the effective resistivity of the system 

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

This i s  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. 



The values of the per  cent frequency effect o r  F. E. a r e  

a measurement of the polarization in the rock mass .  However, since 

the measurement of the degree of polarization i s  related to the apparent 

resistivity of the rock mass i t  i s  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.  The MF values a r e  obtained by 

normalizing the F. E. values for varying resistivities. 

The induced polarization measurement i s  perhaps the most  

powerful geophysical method for the direct  detection of metallic 

sulphide mineralization, even when this mineralization i s  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 less  than 

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

proper geological conditions. 

The greatest application of the IP  method has been in the 

search for disseminated metallic sulphides of l e s s  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 



anomalies which a r e  suspected of being due to these causes.  

In normal  field applications the I P  method does not 

differentiate between the economically important metallic minera ls  

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

other  metallic minerals  such a s  pyrite. The induced polarization effect 

is due to the total of a l l  electronic conducting minera ls  in the rock m a s s .  

Other electronic conducting mater ia ls  which can produce an I P  response 

a r e  magnetite, pyrolusite, graphite, and some f o r m s  of hematite. 

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

made in a way that allows the effects of l a t e ra l  changes in the proper t ies  

of the ground to be separated f rom the effects of vert ical  changes in the 

propert ies .  Current  i s  applied to the ground a t  two points in  distance 

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

apar t ,  in line with the current  electrodes i s  an integer number (n) t imes  

the basic distance (X). 

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

a constant distance (nX) between the neares t  cu r 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 resul t s ,  the values of the apparent resistivity,  

apparent pe r  cent frequency effect, and the apparent metal  factor 



measured for  each se t  of electrode positions a r e  plotted a t  the inter- 

section of grid lines, one f rom the center point of the current  electrodes 

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

Figure A. ) The resistivity values a r e  plotted above the line a s  a m i r ro 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 a s  

superscripts of the metal factor  value. In this second case the frequency 

effect values a r e  not contoured. The lateral  displacement of a given 

value i s  determined by the location along the survey line of the center 

point between the current and potential electrodes. The distance of the 

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

and potential electrodes when the measurement was made. 

The separation between sender and receiver electrodes i s  

only one factor which determines the depth to which the ground i s  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. The interpretation of the results f rom 

any given survey must be carr ied out using the combined experience 

gained f rom field results,  model study resul ts  and theoretical investi- 

gations. The position of the electrodes when anomalous values a r e  

measured i s  important in the interpretation. 



In the field procedure, the interval over which the potential 

differences a r e  measured is  the same a s  the interval over which the 

electrodes a r e  moved after a ser ies  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. In the past, intervals have been used ranging from 25 feet 

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 

size of the mineral deposit being sought, the size of the expected anomaly 

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

The diagram in Figure A demonstrates the method used 

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

metal factor, and apparent per cent frequency effect i s  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 earth that i s  being tested i s  greater  than for the smaller  

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

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

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

contoured. 



The actual data plots included with the report  a r e  prepared 

utilizing an IBM 360175 Computer and a Calcomp 7701763  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 ( A  V ) obtained a t  two operating frequen- 

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

the apparent resistivity of the ground. Therefore in field situations 

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

apparent resistivity 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. 

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

will render i t  impossible to obtain a reading. The symbol "N" on the 

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 for 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 

Effect a r e  recorded. This may  be due to the geologic environment o r  

spurious electrical effects. The actual negative frequency effect value 

recorded i s  indicated on the data plot, however the symbol "NEG" i s  



indicated for the corresponding value of Apparent Metal Factor. In 

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

positive value in the immediate vicinity of the negative value. 

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

did not attempt to record a reading although normal survey procedures 
I 

would suggest that one was required. This may be due to inaccessible 1 

j 
topography o r  other similar reasons. Any symbol other than those dis- 

cussed above i s  unique to a particular situation and i s  described within i 
/1 

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  DIPOLE-  DIPOLE 

I N D U C E D  POLARIZAT'rON A N D  R E S I S T I V I T Y  R E S U L T S  

C-x-nx-x- 

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

n - 3 -  

n - 2  - 

Frequency Effect 



McPWAR GEOPHYSICS LIMITED 

IMDUC ED POLARIZATION 

AND RESISTIVITY SURVEY 

ON THE 

SPA BdlNES PROPERTY 

PRINCETON AREA# SIMILMUEEN Mr D. Be C. 

FOR 

QUALITY EXPLO3CIATION CORPORATION 

A t  the requeet of Quality Exploration Corporation, we have 

carried out a combined induced polarization and resistivity survey of a 

portion of the Spa Mines Pzoject claims in the Princeton Area of British 

Columbia. The property ire located 25 milsrcr northeast of Princeton and 

6 miles north of Banbpiex. Accees is via a logging road 26 miles from 

Princeton on the Oaprsy Lake road, f i e  total rood distance being about 

35 xnilear. The centre of the property is situated in the northeast quadrant 

of the one degree quadxilatsral whose southeast corner is a t  49O north 

latitads md l2o0 west longitude, in tha Sirnilkamean Mining Division. 

A detailed geologic report prepared for the Company by Alrae 

Engineering Limited has been made available to ue. According to this 

information, the western section of the property and part  of the eaetern 

section, is underlain by v~lcanlc  rocks of the Nieola Group. There consist 



- 2 - 
af acid to iatarmedfate flows and pyroclartics. The north-central claims 

are underlain by s gransdiorite stock of probable Juraaaic age. A younger 

alkaline granite occupies the r e m i n d e r  of the property. 

Interest jln the property is related k two mineral occurrences 

Zenoarn as the Dillard Zone snd the Mabel Zone, The Mabel Zone occurs 

in tb east  part of the property and has a rwxth-south tread. It conslists of 

chalcopyrite aad rarpecularite in a wide irregular zone? within the altered 

granite. Previouie trenching and diamond drilling showed the presence of 

copper, lead, zinc and silver. 

The Dillrrd Zone occure in the north-central part of the property 

at the eontact be&wssn the acid volcanica oad grasrodiorite; i t also ha8 a 

north- south trend, Mineralisation eunpoaed in  the trenches coneiste of 

chalcopyrite, pyrite and tetrahedrfte. 

The IP survey consisted of three @mall grids to test areas sf 

particuZar interest and wae carried out with a M c P b r  Variable Frequency 

IS? unit operating at 0.3 and 5 . 0  cps . Field work was performed in %bVernbe!r 

1 969 on the following claims: 

San Fraction: 2 

These claimrs are all located in the SimilkaLm~en Mining Mvfaion 



snd are assumed to be owned or held under option by Quality Exploration 

Corporation. 

PRESENTATION OF R E S U L T S  

The Inductad Polarisation and Resistivi ty results are shown on 

tha following data plots in the rmnnBr described in the notes preceding this 

Line 176E 

Line 180E 

Line l8OE 

Line 184E 

Line 2683 

C )  North Grid 

Line 148N 

Line 1SZN 

200 foot spreads 

100 foot sprcaadsr 

200 foot spreads 

208 foot sprsadr 

200 foot eprceada 

200 foot spreade 

200 foot spreads 

200 foot tpseads 

200 foot spreadss 

U s  1 !36M 200 foot spreads 

Line 160N 200 foot argreada 

Wne 164N 200 foot spreads 



North Grid contd. 

Line 164N 

Line 1 68N 

Line 172N 

Line 180N 

Line 184N 

Line 186N 

Line 186N 

Line 172N 

100 foot epreads Dwg.IP 5371-15 

100 foot spreade Dwg.IP 5371-16 

100 foot spreads Dwg.IF 5371-17 

200 foot spreade Dwg.IP 5371-18 

200 foot spreads Dwg.IF 5371-19 

200 foot spreads Dwg. IP  5371 -20 

100 foot spreads Dwg. I F  5371 -21 

200 foot spreads Dwg. IF  5371 -22 

Enclosed with this report a re  Dwgs. I. P. P. 2839-1 to -3 of the 

South Grid, Eaet Grid, North Grid and location maps of the survey area a t  

a scale of 1 = 2000' and 1 I t  = 4 miles. The definite and possible induced 

polarization anomalies a re  indicated by solid and broken bars respectively 

on this plan map as  well as  the data plots. These bars represent the surface 

projection of the anomalous zones a s  interpreted from the location of the 

transmitter and receiver electrodes when the anomalous values were measured, 

Since the induced polarization measurement i s  essentially an 

averaging process, as a re  all potential methods, i t  i s  frequently difficult to 

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

located with more accuracy than the spread length; i. e. when using 200' 

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

lie between two stations 200' apart. In order to locate sources at  some depth, 

larger spreads must be used, with a corresponding increase in the uncertain- 

ties of location. Therefore, while the centre of the indicated anomaly probably 

corresponds fairly well with source, the length of the indicated anomaly along 







the line should not be taken to represent the exact edges of the anomalous 

naaterial. 

The locatfan of survey lines relative to claim boundaries, 

the names and relakivs position of the claims, and the geologic data indicated 

on the m p s  and dislcurslasd in %he report, ire based upon maps prepared by 

Alrssa Engineering Limited. 

3. D I S C U S S I O N  OF RESULTS 

a) South Grid 

Three lines were svsveyehd in the south-central part of the 

property. on the Fix claims. According to f i e  geological report prepared 

by Mrae Engineering t i d e e d ,  Chis area i s  underlain by alkaline granite. 

Line 176E 

A b v e  bckground IP effects were measured on three sections 

of this line. The mowlies  are quite wreak but they could rspresrent minor 

Line 180E 

Similar tesultra war rs obtained on t h i p i  traverse but detailing wit& 

101) foot electrode intarvale indicates that moat of fhe, features are narrow 

and weak. A Psasibls axcaption is the arromaly at 88N; the pattern is 

incomplete a ~ d  &a dater would have to be extended ttr permit a more complete 

Shallow weak anomalieer occur at 76N to V8N and 84N to 86N. 



b) East Grid 

Five liner were ourveyed on the n o r t a e t  part of the proper4j, 

covering the northern extension of the Mabcal Zone, Thie section is underlain 

by a north-south tri4ndi.ag Bone of altered granites. 

Line 246E 

A. low magnitude, but fairly definite dtncrmaly , was found at  

118N. The Bource is shallow relative to the 200 foot electrode interval and 

therefore detailing with shorter spreads would be war r a t ed .  

Line 248E 

Above background IP effectrs were measured on tb wide 

~eparations (i. e. a = 3) from at least 11 3N to 1 1 7M, indicating either a deep 

source or  an "off the end'' effect. 

Line 2643 

A single anomalous reading was obtained at station 11 8N on W e  

b e .  L 

Line 2683 

Shallow weak anomalies wars found at  I O9N and 11 7N. Detailing 

with sah~rtar spraada is indicated in both cases, 

Line 1 1 6N- 

Ware there is  a shallow definite anomsly at  2463 to 2483 which 

w ~ u l d  appear to correlate with tlm feature on Line 2463. 

A etronger anomaly, with some depth to the top of &e source, 

occurs at 252E to 2543. Additional linear are needed to delimit this anomaly. 



c )  North Grid 

Am extensive gr id  was surveyed in the vicinity of the Dillard 

Zone, which occura at the contact between a granodiorite stock and acid 

valcanic~r of the Micola Croup. 

A definite anomaly, with a~orne depth to the top, occura at 170E 

to 172E. This appeare to correlate with arnomalisr on Line 1 52N land 

Lhs 172E. 

There ie alee a definite momaly at  the east and of the line that 

m y  represent the southern continuation of the Dillard Zone, but the data 

does not extend far enough east to complete the pattern. 

Line 152N 

Here there i e  a probable deep rerource centred at  172E to 174E. 

correlating with a more definite anomaly on the preceding line, Again the 

effective aurvey coverage does not extend far enough to the east. 

On this line there is a definite deep anomaly at  1 78E to I 80E. 

with a weaker extension t~ the east. 

Line 160N 

This traverse ie at  the south end af the area of trenching and 

w a s  surveyed using 100 foot electrode intervale. The result@ indicate a 

broad sone of weak mineralization from at least I80E to 185E, with a 
1 

1: 
rstrong~p section a t  the eastern edge from 182E to 185E. I 

i 



Line 164N 

The 200 foot data showe a strong shallow anomaly a t  18OE to 

18233, coincfdl-snt with the showing, within a wide aone of weaker effects. 

The results of the detail traverse, using 100 foot spreads, indicate two 

sourcers within t h i ~  itone, a deeper one at l8bE to 181E and a ahallow one 

at 184E to 185E. 

Line 168N 

A complex anomalous r e  sgonse wag obtained throughout the 

length of this short traverse, with stronger rectionra a t  179E a t  depth, from 

181E to 182E and frorn 184E to 185E. 

Line 172N 

Similar reaults werce found here, including a shallow definite 

anomaly centred at 1 79E. 

Anomalous erffecte at the east end of the line indicate that the 

Billard Zone i s  etill continuing but the data does not extend far enough @as t 

ta complete the pattern. 

Line 184N 

This traverse wste extended farther east  than %he other lines 

and the rea~ulta indicate that the complex mineraliseel zone extends from 

l78E to 196E. The magnitude of the Metal Factor values i s  quite variable, 

Line 186N 

On thira short line the reerults obtained with 200 foot dipoles 
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balieate a possible wssk a~omaly at 172E and or more definite anomaly at 

Subsegu~ntPy the data was extended to the east wing 2.00 faot 

&poles. Anomalous effect@ wers obeined om the wide separations from 

about 188E to at leaat 195Er indic&timg e wide, deep sona of weak mineral- 

isation, The near-rau~face resistivities are higher here than on the: lines 

the south, apuggesting a change in rock type. F 
6 

Lime 172E 

A definite anomzdy occurs at 1 SON to 1 SZNs with a deeper 

mtenaftan to the sou&. This feature correlates with anomalies on Line 148N 
l 

and Line l52N. Several weak anomalies wepa! found on other parta of the 

line but these do not appear to be of prime in%ere?rt. 

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

No ertrong an ierss were fowd  on the South Grid h t  there ares 

weak 3P effect8 all three lines. Their importance i a  difficult to aeseeer 

In stfew ~f the limited ~ n o u n t  of work in thfe area. If the geoiogy indicotea 

the possible pr aesieace of disseminated ccgpe lar mine r s l i za~on ,  with little or 

so pyrite the grid should be expanded in order to delimit the anomaliee. 

On the Eaet Grid there appears to be a nortbwer t-trending zone 

cramsing Lime 2863, Line l l6N and Line 2483. Thsrs is arlaro a definite 

anonnaly on tha central part of Line I PQN. A more exteneive grid of east- 

west lines should be eurveyed to trace$ out there features, 

Grid and most a% tbse  can t3e correlated into a broad north-eouth zone 
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mending through the Dlllsrd working$. Several of the travsragta should 

be extended fartPlcr east as tbs lanomaly pattern8 are incoqhts .  Drilling 

seems to be warranted on either Line 164N or Line i48N and rehornld consist 

of a cro~sr-section of two or (breat inclia~d hole@* 

A drill hda may also be warranted to test the definite anomaly 

a$ 170E to 172E an Line 148% but additional trarvertaes are required to 
-AJ 

trace out the souaern extension of thie suberi&sry %one. The geophysical 

results in, this area should be compared cloarsly with the geology. Experience 

in the area has inFflcsted that momalous IF9 beeponserer are often obtained 

in the Nicola Volcanics due to finely di~aeminated pyrite and magnetite af 

no economic significance, 

McEJWAR GEOPHYSICS LINITE D 

Robert A, Bell, 

Ge~physici t.D. K. FOU N T A  % 1 BRITISH 1 4 

Expiry Dah; April 25, 1970 
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McPHAR GEOPHYSICS 

APPENDIX 

EXPECTED IP ANOMALIES FROM "PORPHYRY COPPER" TY:PE 

ZONES OF DISSEMINATED SULIP'HIDE MINERALIZATION 

Our experience in other a x e a s  has  shown that the induced 
polarization method can be successfu,lly used to locate, and outline, 
zones of disseminated sulphide mineralization of the "porphyry copper" 

type. In most  cases  the interpretat'ion of the I P  resul t s  i s  s imple and 
straightforward. The results shown in Figure  1 and Figure 2 a r e  typical. 
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The source of the moderate magnitude I P  anomaly shown in 
Figure 1 contains approximately 14% metallic mineralization. The zone i s  
of limited lateral extent and enough copper is  present to make the minerali - 
zation "ore grade". The presence of the surface oxidation can be seen in 
the fact  that the apparent IP effects increase for n = 2. 
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The IP anomaly shown in Figure 2 has about the same magnitude 
a s  that described above. ndted that appreciably greater con- 
centrations of metallic min a r e  present; further, there is  little 
or  no copper present. These results illustrate the fact that I P  results can 
not be used to determine the exact amount of metallic mineralization present 
o r  to determine the economic importance of a mineralized zone1. In some 
geologic situations zoning i s  present; the zones of mineralization of greatest 
economic value may contain less total metallic mineralization than other 
zones in the same general area. 



In the proper geologic environment, the method will detect even 
very low concentrations of metallic mineralization. The I P  results shown 
in Figure 3 located the ore  zone a t  the Brenda Property near Peachland, 
B. C. The zone contains 1.0 to 1. 5 per cent metallic mineralization; how- 
ever, the mineralization i s  "ore grade" because only molybdenite and chalco- 
pyrite a r e  present. 
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