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McPHAR GEOPHYSICS 

NOTES ON THE THEORY, METHOD O F  FIELD OPERATIOV 

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 electro- 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 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 at  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 smal l  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 i f  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 i s  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 i t  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 

resist ivity of the rock mass it 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 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 lower limit of volume per  cent sulphide 

The grea tes t  application of the IP method has been in the 

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

However, it has a lso been used successfully in the sea rch  for  massive 

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

or low resist ivity 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 as chalcopyrite, chalcocite, molybdenite, galena, etc. , and the 

other metallic minerals such a s  pyrite. 

i s  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 properties 

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  current  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 resistivity, 

apparent per  cent frequency effect, and the apparent metal  factor 
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measured fo r  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 per  cent frequency effect. 

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

superscripts 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 is  determined by the distance (nX) between the current  

and potential electrodes when the measurement was made. 

(See 

The resistivity values a r e  plotted above the line as a m i r r o r  

On a second line, below the 

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 electrical  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 results,  model study resul ts  and theoretical invest%- 

gations. 

measured is important in the interpretation. 

The interpretation of the results f r o m  

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. 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 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.  

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 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 smaller  

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

the F. E. values a r e  plotted a s  superscripts 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 report  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 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 apparent resistivity of the ground. 

where the current  is 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 it impossible to obtain a reading. 

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

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

as to its accuracy, the reading is bracketed in the data plot ( ). 

In certain situations negative values of Apparent Frequency 

The symbol I f N l f  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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indicated for the corresponding value of Apparent Metal Factor.  

contouiing 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 similar reasons. Any symbol other than those dis- 

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

the body of the report. 
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McVHAR GEOPHYSICS LIMITED 

REPORTONTHE 

INDUCED POLARIZATION 

ANL RESISTIVITY SURVEY 

ON THE 

MAKAOO PROPERTY, KAMLOOPS AREA, 

KAMLOOPS MINING DIVISION, B . C. 

FOR 

MAKAOO DEVELOPMENT COMPANY LIMITED 

1. INTRODUCTION 

At the request of Mr. J.M. Carr, chief geologist for Teck Corporation 

Limited, we have completed an Induced Polariaation and Rerirtlvity rurvey 

on the Makooo Property in the Klamloopr area, Kamloopr Mining Wvision, 

B. C. 

Limited, ir held under option by Tcck Corporation. It ir located 5 miles 

sautBwest of Kamloops, B. C. and i r  accerriblo by road from Highway #1. 

The survey grid is rituated at 50.38” latitude and 120’25’W longitude. 

Thir property, which is owned by the Makaoo gevelopment Company 

The property is underlain by the Iron Mask Batholith which consist. 

of plutonic and hypabyrrsl intrurionr that include the following pharer in 

order of decreasing probable ager coarre grained diorite, monsonite and 

i eyei t s ;  picrite-baralt (partly rerpentinitsd); fine grained diorih,  monsonite 

and ryenits (partly porphyritic and inclurbg the Sugarloaf hornblende porphyry): 

Cherry Creek latite porphyry a d  breccia. The batholith is emplaced in Upper 

Triassic volcanic rockr of the Nicolr Group and ir locally overlain by Tertiary 
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(Eocene) sedimentary an8 volcanic rocks of the Kamloopa Group. Elongation 

of tke biatholith is east-eoutheastarly, which i e  also the direction of major 

ehsar aad fracture zones and of Pleistocene g Iacb1  scouring. 

That property is four milea east of the Afton Mines' orebody and closely 

adjebins the Ualaxy Miaeralr and Cominco (Ajasc-Monte Carlo) deporits. The 

Orpban Boy, Python-Copperhead, Noonday, and Lost ChQrA are same of the 

topper octurrencee known on t h a t  pr~pe t ty ,  baing relatively small, steeply- 

ernplaced rtockworks and disseminations of chalcopyrite, with or without 

minor introduced magnetite and pyrite and rccompsnid by rock altaration 

of egther, a red (K-feldspar)  or white (albite) typo. The8e coppew occurrences 

are in batholithic rocks adjoining 6heard ,  steep contact8 of the picritcs baaslt 

wi th  ofhar rock units. In the early 19OOts, some 7% copper ore war shipped 

from the Python workingr. 

Glacial d r i f t  obscures large areas of the property, in places to depths 

exceeding 100 feet. 

Prwiour work includsr perc\sralon dril l ing,  gsaphyahal, geochemical 

and IP rurvsyu and diamond drilling. Nona of the8e r48WltS are available to 

the author a t  the time of writing the report. 

The XP rurvey waa carried mat to invartigate recently defined geo- 

chemical anomalies. The work wiab cornp;teted in late January, 1973, wing 

a McPhar P660 high frequency variable frequency IF unit, operating at 0.3 

Lot 1036 Lot 1050 
Goldcm Star Lot 845 Sunrirct Lot 879 
Evening Star Lot 1013 Cub No.3 
Cub No. 4 Cub No. 5 
Cub.No. 4 Cub No.9 
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Cub No. 10 
Key No. 2 
Line No. 2 
Python No. 3 
Python Lot 2 5 6 5  

Top No.2 Fr. 
Line No. 1 
Colt No. 1 
Python No. 4 
Copperhead Lot 2564 

Referencear: Minister of Mines, 33. C .  Annual Report ,  1956, pp. 47-69 
1967, pp. 137-147. 

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

The Induced Polaristation and Rerirt iv i ty  re8dtS are rhawn on the 

following data plots in Ulr manner dsrcribsd in the notee preceding thie report. 

Lina 

Northwerrt Grid 

10400W 

1 oooow 

9600W 

9200W 

8800W 

8000W 

7200W 

6400W 

- 

Southeart Grid 

3600W 

3200W 

2800W 

2400w 

Electrode Intervdrr 

200 feet 

200 feet 

200 feet 

200 feet 

200 feet 

200 feat 

200 feet 

200 feet 

200 feet 

200 feet 

200 f e e t  

200 feet 

Ewg, No. 

IP SOSl-1 

IP 6051-2 

IP 6051-3 

ZP 605194 

IP 6051-5 

IP 6051 -6 

IP 6051 -7 

IP 6051-8 

IP 6051-9 

IP 6O5l-10 

IP 6051-1 1 

IP 6051-12 
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Also enclosed with this report is Dwg. I. P. 9. 4891, a plan map of 

tha Makaoo Property Grid rat a scale of 1" = 400'. The definite, probable 

and p r r i b l e  XnA.xd Polari%stion anomalies are indicated by bars, in the 

mamar shown on the legend, on this plan map a a  well as on the data plots. 

These bars represseat the surface, projection of the anomalous Itonee ae 

interpreted from the location of the transmitter and receiver electrodes 

when the anomalous value8 were measured. 

Since. the Induced Polarization measurement is essentially an 

averaging procwB, as are all potential methods, it is frequently difficult 

to exactly pinpaint the source of an anomaly. Certainly, no anomsly can 

be located with more accuracy than the electrode interval length; i.e, when 

ursing 200' electrode intervals the porrition of a narrow sulghide body can 

only be destesrminrsd to lie between two atations 200' apart, In order to 

definitely lecate, and fully evaluate, a narrow, challow sotirce it is nates- 

sary to uob shorter electrode intervals. In order to locate sourc~s at some 

depth, larger electrode intervals muBt be used, WQth a corrtspunding fncrsass 

in the uncertainties of location. Therefore, while the centre of the indicated 

anomaly probably correspon4s fairly well with source, the length of the 

indicated anomaly along the line should not be taken to represent the: axact 

edger of the anomalous material. 

3. DISSCUSGXON OF R E S U L T S  

The two anemaslow areas which are beiag investigated essentially 

divide the survey into two gr ids  and as such they will be discussed. 

The host rocks generally show moderate to high resistivities, 
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especially in the northwest grid.  There the relriativity changes show no 

eignificant rels#onship to the IP anomalies and thuls the probable mineralization. 

The changss from high to low reaistlvity in the southeast grid are shown on 

Dwg. I .P.P.  4891. 

Morthwwt Orid 

A description of one line in this grid will be typic& of all of t b  lines 

in the gr id .  

Line 9600W 

A b r a d ,  weak anomaly extends from 2624, where it is incomplete, 

to 40N. 

10 to 20, although the frequency effects vary from 2 to 4.9. ‘The resistivities 

are moderate to high and the. higher rsristivitier may have a maeking effect 

The magnitude of the metal factora lies within the general range of 

on the metal factors. The pattern of the anarnaly suggerats a eource of weakly 

dirscaminated mineralieation. 

In general, the a1%01xalie8 in thia area arc diecontinuous from line to 

line and do not appear to represent a source which would be large enough ta 

be of economic interest in itself. 

Southeart Grid 

The IP anomalies in this grid are of greater potential interest than 

those to the northwest. The anomalies arc: broad, with magnitudes increasing 

from probable to definite and are eontinuour from line to line. A detailed 

dfr cum rion f ollowr . 
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Line 3600W 

The fine irs anomalous throughout and beyon8 both ends as are the 

three lime, to the south. The anomaly is probable from tbe south ta 76N, 

definite from 76N to 78N, probable to 80N, possible to 82N (this may be the 

effect of conductive swamp eadiments) and definite to tb end of the line. 

Thir line as well a s  the other three lines to the south should be extended 

to the north and routla tca complete fhrs delineation of the source. 

The top of the source is ~ h s l l ~ w  relative to the electrods interval 

and some depth -tent is indicated, 

Line 3200W 

The anomaly is probable from 68N to 69N, posrible to 76N, definite 

The anomaly to 78N, probable to 82N, definite to 84N and probable to 87N. 

correlates well with Line 3600W. 

Line 28OOW 

A narrow, barren band from 68N to 70N eeplnrates a weak anomaly 

from 67N to 68N from the remainder of.tha anomaly which'is r U r r  to that 

an Line 32OOW, but of slightly lower magnitude from 78N to the north. 

Line 24OOW 

The anomaly on this line i s  similar to the anomaly on Line 2800W. 

4. CONCLUSIONS A N D  RECOMMENDATIONS 

The pattarn a€ the IP anomalies in the northwest portion of the survey 

grid ruggert a rfircontinuoue rour ca of weakly Airseminatad mineraliastion 

which is likely to be of sscandrsy importance at  this time. 
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The southeast portion of the grid is of greater importance. A zone 

of mineralization w w  incomplstaly outlined by the survey. It is recommended 

that the survey bar continued to extend the grid in all directions to determine 

tihe axtent of the source. At that time, deta i l  using shorter e l e c t r d e  interval6 

should be uscad to  better locate and define d r i l l  targets ( ~ e e  Appendix). Our 

arrperiance in thie area indiestea that the anomalies should be! of sufficient 

interest to warrant this additional work. However, if d r i l l  hole location6 

are required now, raeveral poaeiblar one8 are listed below. 

Line 3600W 1)  a hole to a vertical depth of 200;  b d o w  77N 

2) a hole to a vertical depth of 150' below 733M 

3) a hole to a vertical depth of 150' below 84N 

k 

Line 2400W - a hole to a vertical depth of 150' below 84N. 

ED 

Marion A. Goudis, 
Ge ola-g i s t . 

Dated! February 16,1973 

i 



- a -  

ASSESSMENT DETAILS 

V. 703 Cortcae Avenue, 

PROPERTY D Makaoo MINING DIVISION: Kamloopr 

SPONSOR: Makaoo Devaslopment PROVINCE: BritiMah Columbia 
Company Limited 

LOCATIONr Kamloopr Area 

TYPE O F  SURVEY: Induced Polarisation 

OPERATING MAN CIAYS: 20 DATE STARTED8 Jan. 24,1973 

EQUIVALENT 8 HR. MAN UAYSr 30 DATE FINISHEDr Jan. 29,1973 

CONSULTING MAN DAYS1 3 NUMBER O F  STATIONS: 170 

DRAUGWTINC MAN DAYS: 3 NUMBER O F  READINGS: 936 

TOTAL MAN GAYS8 36 MILES O F  LINE SURVEYED: 5.98 

CONSULTANTS z 

Philip G, Hallof, 1 3  Barnwood Court,  Don M U s ,  Ontario. 
Marion A. CouAie!, 739 Military Trail, West Hill, Ontario. 

FIELD TECHNICIANS t 

J.  Parker, Box 340, Choiccelmd, Saskatchewan. 
K ,  Hoebaarg, SSl - 1370 Springhill Drive, Kadoops ,  B . C .  
Plus Extra Labour! 
V. Graver, 344 W e s t  Seymour, K i m l o ~ p r ,  B. C ,  
D. Henry, National Trailer h r k ,  Kamloope, 13. C. 

DUUGHTSMEN : 

B ,  Eoden, 58 Glencrest  Elvd, Toronto 16, Ontario. 
N. Lade, 299 Jasper Avenua, Orhawa, Ontario, 

3MITED 

Dated I February 16,1973 
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STATEMENT OF GOST 

Makaoo Bevelopeant Company Limited - Makaoo Property 
Kriunlooga Area. K ~ m l o o p a  Mining Dlvfsion. E. C. - IP Survey 

- Craw: J. Parker &K. Hocbarg 

Total Survey Cost: 

5 days @ $435.0Q/aay $2, m . O O  

Braakclowa ,of Cost 

5 days Operating @ $284.39 $1 # 421 95 

+day Standby 1 1  T'aY f;: $100.00/day day Preparation ) 100.00 

Expen0 eta 
Truck Rental 105.66 
Vehicle Ekpenrcra 12.12 
M e 4 8  &Accommodation 125.10 
Supplier 23.50 

266.38 
Plus 10% 26.64 

.. 

. /  

..* 

a 
k. Extra Labour 300.00 

Plur 20% 60.00 
. .  

c I ,  0 
I-1 
0 
;j. 
cr, 

Dated: February 16,1973 
EKpiry Date: February 25, 1973 
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CERTIFICATE 

I, Philip George Hallsf, of the City of Toronto, Province of Ontario, 

do hereby certify that: 

1. I 

Ontario. 

a gaophyeiciet ratstding at 1 5  Barnwood Court, Don Mills t  

2, I 8113 a graduate of the Maaeacbusetts Institute of Technology with 

a B.Se .  Degree { '1952) in Geology and Geophysics, and a Ph.3. Qegree (1957) 

in Geophysics. 

3.  I a m  a member of the Society of Exploration GeophysSeistr and the 

European A s  sociation of the E9plora#ion Geophysfcist8. 

4. I am a Profsseiollgl Geophysicist, registcared in the Province of 

Ontario, the Province of British Columbia and the State of Arizona. 

5 .  I have no direct or inrliract interest, nor do I expect to receive any 

interest direct ly  or indirectly, in the property or  r ecu r i t i e~  of Makaoo 

Development Company Limited or any affiliate. 

6 .  The statements made in this report a r e  bared on a study of publirhed 
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McPHAR GEOPHYSICS 

APPENDIX 

THE INTERPRETATION OF 

INDUCED POLARIZATION ANOMALIES 

FROM RELATIVELY SMALL SOURCES 

The induced polarization method was originally developed to 
detect disseminated sulphides and has proven to be very successful in the 
search for "porphyry copper" deposits. 
that the I P  method can also be very useful in exploring for more con- 
centrated deposits of limited size. 
anomalies that a r e  often difficult to interpret. 

In recent years we have found 

This type of source gives sharp I P  

The anomalous patterns that develop on the contoured data 
plots will depend on the size, depth and position of the source and the 
relative size of the electrode interval. 
showing the electrical parameters of the ground. When the electrode 

The data plots a r e  not sections 

interval (X)  i s  appreciably greater than the width of the source, a large 
volume of unmineralized rock i s  averaged into each measurement. This 
i s  particularly true for the large values of the electrode separation (n). 

The theoretical scale model results shown in Figure 1 and 
Figure 2 indicate the effect of depth. 
i s  small  compared to the electrode interval ( i .  e. d X) the measlire- 
ment for n = 1 w i l l  be anomalous. 
(X = 1. 0 units) and the n = 1 value i s  definitely anomalous; the pattern 
on the contoured data plot i s  typical for a relatively shallow, narrow, 
near-vertical tabular source. 
source with the depth increased to 1. 5 units. 
anomalous; the larger values of (n) a r e  anomalous but the magnitudes a r e  
much lower than for the source at  less depth. 

If the depth to the top of the source 

In Figure 1 the depth i s  0. 5 units 

The results in Figure 2 a r e  for the same 
Here the n = 1 value is  not 

When the electrode interval i s  greater than the width of the 
source, it is not possible to determine i ts  width or  exact position between 
the electrodes. 
the anomaly from a very narrow source with a very large true I P  effect 
w i l l  be much the same a s  that from a zone with twice the width and 1/2 
the true I P  effect. The theoretical scale model data shown in Figure 3 
and Figure 4 demonstrate this problem. The depth and position of the 
source a r e  unchanged but the width and true I P  effect a r e  varied. The 
anomalous patterns and magnitudes a r e  essentially the same, hence the 
data a r e  insufficient to evaluate the source completely. 

The true I P  effect within the source i s  also indeterminate; 

The normal practise is  to indicate the I P  anomalies by solid, 
broken, or  dashed bars,  depending upon their degree of distinctiveness. 
These bars  represent the surface projection of the anomalous zones a s  
interpreted from the location of the transmitter and receiver electrodes 
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when the anomalous values were measured. 
Figure 2, Figure 3 and Figure 4, no anomaly can be located with more 
accuracy than the spread length. 
indicating the anomaly corresponds fairly well with the source, the length 
of the bar should not be taken to represent the exact edges of the anomalous 
mate rial. 

As illustrated in Figure 1, 

While the centre of the solid bar 

If the source i s  shallow, the anomaly can be better evaluated 
using a shorter electrode interval. When the electrode interval used 
approaches the width of the source, the apparent effects measured w i l l  
be nearly equal to the true efzects within the source. When there i s  some 
depth to the top of the source, it  is not possible to use electrode intervals 
that a r e  much less than the depth to the source. In this situation, one 
must realize that a definite ambiguity exists regarding the width of the 
source and the I P  effect within the source. 

Our experience has confirmed the desirability of doing detail. 
When a reconnaissance IP survey using a relatively large electrode in- 
terval indicates the presence of a narrow, shallow source, detail with 
shorter electrode intervals is  necessary in order to better locate, and 
evaluate, the source. 
maximum apparent I P  effect i s  measured for n = 2 o r  n = 3. For in- 
stance, an anomaly originally located using X = 300' may be checked 
with X = 200' and then X = 100'. The data with X = 100' w i l l  be quite 
different from the original reconnaissance results with X = 300'. 

The data of most usefulness i s  obtained when the 

The data shown in Figure 5 and Figure 6 a r e  field results from 
a greenstone a rea  in Quebec. 
than 30' in width) zones of massive, high-grade, zinc-silver ore. 
electrode interval of 200' was used for the reconnaissance survey in order 
to keep the rate  of progress a t  an acceptable level. The anomalies located 
were low in magnitude. 

The expected sources were narrow ( less  
An 

The very weak, shallow anomaly shown in Figure 5 i s  typical 
of those located by the X = 200' reconnaissance survey. 
of this type were detailed using shorter electrode intervals. 
the detail measurements suggested broad zones of very weak mineralization. 
However, in the case of the source at  20N to 22N, the measurements with 
shorter electrode intervals confirmed the presence of a strong, narrow 
source. The X = 50' results a r e  shown in Figure 6 .  
has shown the source to be 12. 5' of massive sulphide mineralization con- 
taining significant zinc and silver values. 

Several anomalies 
In most cases 

Subsequent drilling 

The change in the anomaly that results when the electrode in- 
terval i s  reduced is not unusual. 
the narroiv source, and permits the geophysicist to make a better evaluation 
of i ts  importance. The completion of this type of detail i s  very important, 
in order to get the maximum usefulness from a reconnaissance I P  survey. 

The X = 50' data more accurately locates 



McPHAR GEOPHYSICS LIMtTED 
Theoretical Induced Polarization and Resistivity Studies 
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