
REPORT ON 
INDUCED POLARIZATION 

AND RESISTIVITY SURVEY 
O F  42 r /bc. 

PROJECT 82 - FLAGSTONE  MINE!^ J;,t 
KAMLOOPS M. D . , 

>I - 
HIGHLAND VALLEY AREA, B.C.  , ' , , I  

FOR 
PHELPS DODGE CORPORATION 

OF CANADA LIMITED 

BY 

ROBERT A. BELL,  Ph. D. 

DAVID KIRKMAN FOUNTAIN, P . Eng . 

NAME AND LOCATION OF PROPERTY 

PROJECT 82 - FLAGSTONE MINES, HIGHUND VALLEY AREA, 

KAMLOOPSMININGDIVISION, B.C.  ~ o O N ,  121°w,  SE 



TABLE OF GOPJTENTS 

%rt A: Matass an theory and field procsctars 9 

Part Br Report 11 pages .-E%& 

1. Ilgt rductian 1 

2 , Pr.arrrenta;tion srE Rosvlts 2 

7 , Casrtfficate - Robert A* Bell 10 

, , 
:s Plan Map (h  pocket) 

Department of 

Minss and P ~ f r o l s u m  Resources 
rpq-,-- 5 "  ~ l r  b e  7 2EPD;?"P" 



McPHAR GEOPHYSICS 

NOTES ON THE THEORY, METHOD O F  FIELD OPERATIOT\T, 

AND PRESENTATION O F  DATA 

FOR THE INDUCED POLARIZATION METHOD 

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

to the blocking action o r  polarization of metall ic o r  electronic 

conductors in a medium of ionic solution conduction. 

This electro-chemical phenomenon occurs  wherever  

electr ical  cur rent  i s  passed through an a.rea which contains metallic 

minera ls  such a s  base metal  sulphides, Normally, when current  i s  

passed  through the ground, a s  in resis t ivi ty  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  

minera ls  have a much higher specific resis t ivi ty  than ground water. 

The group of minerals  commonly descr ibed 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 
I 

mode of conduction changes f r o m  ionic in the solutions filling the 

in te rs t ices  of the rock to electronic in the metall ic minera ls  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 electron8 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 
I 

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

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  I 

1 

flow i s  cut off, the Coulomb forces between the charged ions forming 

the polarization cause them to return to their normal position. This 1 

movement of charge creates a small  current  flow which can be 
i 

measured on the surface of the ground a s  a decaying potential difference. 
i 
1 

From 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 pe r  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 



- 4 -  

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

In normal field applications the I P  method does not 

differ entiate between the economically important metallic minerals  

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

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

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

Other electronic conducting materials  which can produce an IP  response 

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

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 

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

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

apart ,  in line with the current  electrodes i s  an integer number (n) times 

the basic distance (X). 

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

a constant distance (nX) between the neares t  cur rent  and potential 

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

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

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

In plotting the resul ts ,  the values of the apparent resistivity, 

apparent pe r  cent frequency effect, and the apparent metal  factor 
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measured for each set  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 from the center point of the potential electrodes. (See 

Figure A. ) The resistivity values a r e  plotted above the line a s  a mi r ror  

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

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

In some cases the values of per 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 from 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 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. The interpretation of the results from 

any given survey must be carried out using the combined experience 

gained from field results, model study results and theoretical invest%- 

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 i s  the same a s  the interval over which the 

electrodes a r e  moved after a se r 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 it is 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 MF values the third I 



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

utilizing an IBM 360175 Computer and a Calcomp 7 7 0 1 7 6 3  Incremental 

Plotting System. The data values axe 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 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 voltage i s  the product of the current  through the ground and 

the apparent resistivity of the ground. Therefore in field situations 

where the current  i s  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 

da ta  plots indicates a. station a t  which it i s  too noisy to record a reading. 

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

as 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 nearest  

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 

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 i s  unique to a particular situation and i s  described within 

the body of the report. 



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

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

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

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

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

n - 2  - P P P P P 
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 

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

n - 2  -- 1,2-4,s 23-5,6 3,4-6,7 4,5-7,8 5,6-8,g 

M.F M F M.F. M. F n - 3  1,2-5,6 2,3-6,7 3,4-7,8 43-8,9 Apparent Meta I factor 

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

I I 
1 1 

I 9 

F. L F L F. E. F. E. F. E. F. E. 
n - l  1,2- 3,4 2,3-q5 3,4-5,6 4,5-6 J 5,6-7,8 6,7-a$ 

F. E. F, E. F. L F.E. F. E. 
n - 2 1,2-4,5 2,3-5,6 3,4-6,? 4,5-7,8 5,6-8,9 

F. E. F E. F.E. F.E. 
n - 3  1,2-5,6 2,3-6,7 3,4-7,8 4 3 - 8 , ~  Percent 

n -- 44 F.E. F E. F. E. Frequency Eff @st 
1,2-6,7 2,3-7,8 3,4-8,9 

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

At the iequest of Mr. J o b  Rentcliffe, geophysicist for the 

Company, we have carried out a combined induced pohrf rtation a d  

resistivity survey of the BIN claim group, referred to as Project 82 - 
Flagstone Mines, in the Highland Valley Area of southern British 

Coluabia, The property is mitatad in the Karnloopa Mining Division, 

about 20 miles asotrthsast of Speaces Bridge, and Is in the southeast 

quadrant of the one degree qwdrih tera l  whose southeast carner is a t  

50° North latitude and 1 21° W eat longitude. 

Access to the property is via a jeep road, leading; from the 

Chataway h k e  road. No detailed geological informontion is available but 

the claims are Ibtlievsd to be underlain by acid intrusive! rocks of eZls 

Guickon Batholith, 

The purpoes of the tsurvey was, to test for the pretrsence of large 



sbiloar gatologlc r&Ihgs fa the area, Fi;arlt;ET work wa8 C P F S ~ ~ E C ~  oat in 

&*Is eterctrods array with four dipole mepxatfom (n = 1,2,3,4), 

%ha chima craver%& by the survtsy ar p! %slantifid srs BfN 49 - 
BfZV 6% ~ C ~ , U B I ~ V ~  and BIN 64 - Bm 78 incluarPve, att fra the Klaslnliaops 

M i s h g  Didrion* .&lI of khe eecllaitms ars believed tm be owned by, or 

mder to, a e l p ~ 9  DQdtge Gorprrtion of @am&% ted, 

2, P R E S E N T A T I B H  OF R E S U L T S  

Tha fndluecatl2 *lariaation and reasiatEdty rslsuitsli are @born an 

200 foot s w d s  

280 f o ~ t  rsprsods 

200 fDot spreads 

28Q foot apraAs 
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200 foot rpse&s 

200 feat spgeadsr 

208 fast rap.rsrCrt;a%r 

grid st o raactle ~f t t f  4QQ8, The befirrite md porrr;akbls SaE31cd pahrilr;rt.ios 

w p  rs well as f131 daSflt pXa%61+ Therare bslrr sepresenrt tha ~urfaetk p~aj@et1sn 

$e emcay p ia~ fa t  the 1atoa:~e t3f B T ~  aao-ly, Cortrainly, aa anomaly ccaa 

ba fcre&er& ppifh ~ ~ C C U ~ I P % L ~ J T  fia8 the spre2t(t3j 1831gfi: i, 9. when wrrmtng 200' 

mrea4ar 5ha par$aea aP 8 mrrccrw rruPpBlds M y  c m  ea1y be Batembed ta 

fie B&wesn two ~ltiaeficrfls "kW apart. order ta %-ate scauxcerer a$ isamet 

s d  t;PPtp lets ratad r@bkijV~ paitien d the e l a h a  sake has& awn in- 



3 ,  DISCUSSXON OF R E S U L T S  

Line 12N 

The geophylclical results from thie travereer a r e  typical of tihs 

entire grid, with m&era$s b hi* reela~ttvitiekr and low background IP 

effectas. Minor inereasear in the Apparent Me-l Factor valuers were 

measured at  a few locatisnar but far the mamtt m r t  these are not accompanied 

by any significan* incream in. Apparent Frleqwncy Effect. These fetaWe?s 

have been shown on the data plot, a ~ d  %~ccompitrbzyiag plan, as poa lclible 

anomalies But they are considered to be too weak to represent significant 

mounts  of mstsUic rninerali~ation, 

The incomplete anomaly at the east end of fhe line apparently 
! 

correlatasr witk similar effect8 on the lines to the south, forming a continuous - 

: 
i 

1 

Similar weak responses were obtained ad the east and west ends I 
of this line, 

A variable %one of weakly aaonlloua effects occurs frann 26E ts 

at least 38E, still open to the ~ z b r a t ,  Included in this i a  a narrow feature at 

32E to 34E that may represent a mineralisad shear or fracture zone. 
: 

Detailing with 100-foot dipofes wodd be required for a more conrrpltete E 

evaluation. 

Line O 

Again there is ar. weak, incomplete anomaly at  the east end of 

the l i m e ,  



Moderately high IF effectrst were meaeured at the east aPld sf 

the line, These should be canfirmed by repeating the data with the electrodes 

shifted to the odd sbtione; if posaible the traverse ohodd be edended farther 

east. 

Line 85 

The eastern zone is weaker here and centred at @tation 34E. 

Above background effects were meaglurd just west ~f the Bags Line but 

these may airnply reflect lower resistivities due to an increased thickness 

of overburden. 

Line 12s 

Only %ha, siaglt hatlf of Line 125 was surveyed. A possible narrow 

weak source occurs between 20E and 22E and the east zone appears to be 

Liae 166 

Narrow weak iiaources are interpreted b&ween 40W and 42W and 

between 2233 and 24E; the latter mag correlate with the itnomaly centred at 

Line 20s 

Only the wesQ half of this line was run and the rerstxlts are 

es~entially blank. The narrow rearieti+ty low centred art 39W, and 

a c c s a n ~ n ~ n g  slight increase in the M. F. nluces, may correlate with 

.t;he feature at 41 W on Liae 166, 



rather than a bra8~4 oseaar of dlrarc&mtmtsb miaaraUsaticsn, Dertailling with 

A miwr facflrrsaaa fa %a LP Izffecta was ma&sured at the <axtrenne earartern 

Lime2 3&* 

Slxnihs raslJJltsr were ~k,t&d 029 &tdt t n ~ ~ . e * t ~ a *  

tifnstadre, but d s f i ~ i t ~  a@-ly fa& at 1 bE ta 18E; 

flhe srowca gas; mah&ll~w a d  narrow rskQiva ta the 200-fwt cshe~ct~~de Intorrv~l, 

8, S U M M A R Y  A N D  R E G Q M M E H D A T I O N S  

Ha dsf b i t e  ianonaatliee rarulg~artiva of osjidss 3~~reod minsrdieaam of 



the B"orphyry'"trt3s? were fomB on the BXNl Claims. An eeensfvre tone of 

weakly anomalsur IP dfecte oceusr along the eastera side of the grid from 

LLne 12N to Line 8S ar EJin@ 12s writh the retroagset section on Line 48. On 

most of the finllsas the womrsllgr i s  inclumpleka: a d  ttzarrr~sfore~ the data should 

Sevaral weak anornaPic9o were foumd arcaStesa?d &roughout $her grid. 

Generally &her e apgsor Qa rsglasrssnt mrrow eaurccarer of minor metallic 

mineral c~ntent and tksrrafsre would naQ be of interre*. The low mrgni-rer, 

bu* definite , anomalies st I. "l Wr, Line 285 and 17E, Line 405 may merit 

Throughowl most sf the grid a s  rasart~tivity level ie morjleriPte 

Maar ths centre of the grid, from Line 4s to Cine 285, there ilsl an 

extensive %oln;e of near-surface low rssielfvfty euggesthg an area of 

ialtasation, or mare likely, Encrear ed dep* 0% overburden, 

Bat&: January 24,19?0 
- - 

hpiry Date: April 25, 1970 
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