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McPHAR GEOPHYSICS 

REPORT ON THE 

INDUCED POLARZZATION 

AND RESISTIVITY SURVEY 

OF THE 

MAMQUAM PROPERTY 

SQUAMXSH AREA, VANCOUVER DIVIrS)ION, B . C ,  

FOR 

NORANDA EXPLORATIOPS COMPANY, LIMITED, (N, P. L, ) 

1. I N T R O D U C T I O N  

At the requert of R. Parnbertaa and R . C .  Hoim we have carried 

out 8 combined fnducod Pobri88tion rad Rerirtivity rurvey d the Mmnquarn 

property in the Squamiah area of Britimh Columbia for Norrada Exploration 

Company Limited. The property ir ritarted in the Vancower Midsg 

Mvirion about 10 miles northeart of Squamtrh, at appr6dxnrtsly 49.42'N 

latitude and l't2.56'W longitado. Accarr to the paroporty ia by Irpgghg road 

from Squamirh. 

Field *ark war c8rried out during the firrt hrli of November, 

1973 urbg a dcPhar variable frequency IP  unit opcbr8ting 8t 0 . 3  and 5.0 

Ha. The rurvey war conducted oa IL grid of NE-SW linea rpacsd 400 feet 

apart, although only alternate liner were carered rt the north and south end# 

of the grid. All rnsrrrarementr were made uring 8 dipale-dipole elmtrode 



coafigwrthn, with 8 reprration of 20Q feet 8lLd recerdbg two d i p l e  

reparations (n = 1,2). 

According to information rcrppU8d by the Campany, the poopc#ty 

is underlain by Q medium grained hornblende diorite, with tho harsblendc 

commonly ehloritinred. To the north of Pdrrtin Cr88k f8  a %@Be of trace 

chalcopyrite roughly 3800 feet long rad up to 1000 fed wide, rtwrmadod 

by a eone of dirrrcminrtad pyrite. The minsrrlbatian ir uredatad with 

an altered phase of the intrwivs, conri8tiPg of erfhecbre-qtrrrts 

enrichment in the cbkopyrite sone utd propyXitisrtiaa in the pyrifa 1 c ~ p 8 .  

The purpose of the geophpricrl rummy w a i  to dalbmft &e art. af mlphide 

mineralhation and to u8ist in formuhtim# li better ~ d a r 8 k a d k y  of the 

local geology. 

The rurvey w8m carried out on the foltcofftal ahbar, held wader 

option by Norsnda Exglorrtioa C o m p y ,  Limited, (N. 8. L. ). 

LORI 7, 8, 9 ,  10 

SEE 9,  10 

TULSA 15, 16 

S 8, 10 

ALCO I ,  2, 3, 4, 2S, 27, 29, be, 31, 32 

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

The Induced Pcbbrhmfian and h8ir tkf iy  r8dk  are rhoaa an 

the following data plats in the manner dlrruribd La the nok. preerdhg 

thirr report. 



Line 

68OON 

7600N 

840ON 

8800N 

9200N 

9600N 

I OOOON 

10400N 

10800N 

1 1200N 

11600N 

1240ON 

13200N 

- Electrod+ fnt+?vah 

ZOO feat 

200 feet 

200 feet 

200 feet 

200 feet 

200 feet 

200 feet 

200 feet 

200 feet 

200 feat 

200 fast 

200 f8& 

200 fatst 

NO. 

I P  61 18-1 

IP 61 18-2 

IF 61 18-3 

IP 6118-4 

IP 61 18-5 

IP 6118-6 

IP 61 18-7 

XP 6118-8 

IP 6118-9 

IP 6118-10 

IP 61111-11 

IP 6118-12 

SP 6118-13 

A180 tnclored with thir report i11 Dwg. 1. P. P. 3608, a W n  m8p of 

the Mamquun Grid at a rcale of 1" = 4 O O t ,  The definite, probable and 

porsibh Induced Polarisaticm anomrlies are tndicrted by barr, in tbei 

manner rhown on the legend, on thir plan m a p  a11 well ar 013 the data plotr. 

There bars reprereat the surface prejection of the 8n~malourr IICoa88 as 

interpreted frcnn the location of the transmitter and receiver electroderr 

when the anomalou# values were mcsrrured. 

Since the hducsd Polaricatioa a~cr8uranent is errentially up 

averaging procerr, as are all poteati.8 methods, it is frequently difficult 

to exactly pinpoint the rource of an anumaly. Ceraiafy, no anapxsolp can 



be located wi th  more w c a r r c y  than &ha electrode $ntm!rvad longthj Le. 

when uring ZOO' elect.rOde intermla the p8i#aP d a nam0111 m4phid.e 

body can only be determined to lie betwuam two station. 2QQ' apsrt. 

In order to defirdtrrly h a t e ,  m d  f.rrlly 86n8t8, a narfofR, ShadDw 

line ahould not be *kea to repreaemt tha -ct #*e+ of the 8rurmlla 

material. 

The relative locrtion af aSIfmr 8nd grid b e 8  shewn os 

I. P. P. 3608 b b r e d  upon information 8uppUed by Nsrurdr E)rplerauoa 

Company, Limited, (N. P. L. ). 

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

Line 6800N 

of the entire grid. The rsrirtbitg data a #harp CantrR8t &a th. 

reptemsnting unaltered (and unmixmralhsd) diorita, and moderakly low 

rerirtivitier to the 888t. The lower rerirtfsrity sone ir h r g d y  CCI- 

extensive with a sone ad weakly urC#nrfwr XP effatr, both 8 8  to 

Frequency Effect and datal Factor. Preaamably thir u~mnaham 8-e 

correrpond. with the altered 8nd rnineralis8d phrrd uf the &@rite. 



Although cd low magnitude, the weak anmaliar have b w n  rslected on 

the balrie of above background IP rorpnra rreprasontbg weak rninrrali- 

aation and lower apparent rerbtivitier due to the rlkrrtian. 

Line 7600N 

These rerulto 8;fe rimilar to those obtained on Line 6800N vxcrpr 

that the main anomaly i 6  rtronger and more definite. The rtrougert and 

rhallowert IP effect. a m  centred at 11632 8nd therefore thb foertien 

should be considered far a drill teat. Note timat both the low rorirtfrity 

eone and IP anomaly ;lire open to the cart and hence the data might be 

extended a few more dipole8 fn this direction if an I P  crew were arrUable 

in the area. 

Line 84OON 

The main %ope ir weaker and narrower here, extending from about 

109E to 117E. There mag be I second weak anomaly farther eart but the 

data irr incomplete.  

Line 8800M 

Here the main zone h a m  again decreased in magnitude and width. 

Above background id. F. valuer were also msrrured at 102E - 101E. 

Line 9200H 

There rerultr are rimilar to the preceding line. 

Line 9600N. Line lOOOON and Line lO#OQN 

The main tone i u  broader and roanswhrt rtronger en &car three 



traverrer and 8 g 8 h  ir  rtiU open to the -st. 

Line lO8QON 

Here the anomaly ir more definite, with fairly rhurp edger 

at 112E and lZOE, 

Line ll2OON 

The main zone i r  rornewhat wtmker here. 

Wne 116OON 

On thir line mamafoua fP effect8 were msrrured from about lO4E 

to 11 SED with a p08sible narrow gag at 109E. Thwc r e d t s  h p & y  an abrupt 

widening of the low rerirdvity - weakly rnaanalo~aa soae north of Line 

l1200N. 

Line 12400N 

This ir  unurrurl in that it I8 Cwrtirdy undealain by low reristivity 

rocks, although only the artern half ir  anomalour. 

Line 13200N 

Here the main cone is about $00' wide, from lO8E to 116ED d t h  

moderately low reeirtivitisr throughat the traverse. 

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

Weakly to moderately 8nOxnal~~8 IP atffeetr were meamare8 08 

every line of the Mamquarn property. There mr~malicr camprirre a sone 

roughly 1000' wide extending in 8 dighay  arcurte manner from Line 6800N 



to Line l3ZOON . still open in both dirmrtioar. The anamalp rolacrt€an 

hrr been made on tb barrfr of rbave bsckgrrarsnd fP rerpsnrs arracirted 

with sone8 af lower rpparent rerirtivity 8 8  w d d  rerat frara wmk 

rninerrftmrtian within altered r o d .  

ruggertr rralatfvely mfnos rdphtd8 conhat but 8bC8 chalcepyrik, ir h 8 w n  

The low magnitude Si the I P  rargoarar 

to be parent, the IP sone m a y  rtifl be of mode intereat. 

The atroxigtrt rad moat defiaita rerpcmsor are cerrtred at 116E, 

Line 7600N and 11 5E, Line 1084QN. Shrrllow drill k~tr muid bo we~r8at.d 

at these two locatifan41 a ~ p e i s l l y  if the rrrribblr, goot~giul  Wermtfern 

euggertr a high ratio of copper bearing rdphfdrn to tef.1 dphidu#. 

MEPHAR GEOPHYLsfCS COMPAISY 

Robert A. €.ell, 
Geelogir t 

DOtedx December 4, 1973 
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McPHAW GEOPHYSICS 

W 

NOTES ON THE THEORY, METHOD O F  FIELD OPERATION, 

AND PRElSENTATION O F  DATA 

FOR THE INDUCED POLARIZATION METHOD 

Induced Polarization a s  a geophysical measurement re fers  

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

conductors in a medium of ionic solution conduction. 

This electro-chemical phenomenon occurs wherever 

electrical  current is passed through an a rea  which contains metallic 

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

passed through the ground, as 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 is because almost all 

minerals have a much higher specific resist ivity than ground water. 

The group of minerals commonly described a s  "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 from ionic in the solutions filling the 

interstices 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. a s  ions pile up against the metallic interface the 

resistance to current  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 metallic 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. 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. 

I 

From 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 

a s  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 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 

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. 

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 per  cent by volume has been detected by the IP method under 

proper geological conditions. 

The lower limit of volume per cent sulphide 

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 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 TP method does not 

differentiate between the economically important metallic minerals 

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

other metallic minerals such as  pyrite. 

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. 

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 teral  changes in the properties 

of the ground to be separated from 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) times 

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 results,  the values of the apparent resistivity, 

apparent per  cent frequency effect, and the apparent metal  factor 
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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. 

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

image of the metal  factor values below. 

metal factor values, a r e  plotted the values of the pe r  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. 

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 

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 carr ied out using the combined experience 

gained from field results,  model study results and theoretical investi- 

gations. 

measured i s  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. 

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 i t  is desired to progress .  

In the past, intervals have been used ranging f rom 25 feet  

The diagram in Figure A demonstrates the method used 

in plotting the results.  

metal factor, and apparent 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 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 



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

utilizing an IBM 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 measur  ng 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  i s  very low due to poor electrode contact, o r  the 

apparent resistivity i s  very low, o r  a combination of the two effects; the 

value of ( A  V )  the change in potential will be too small  to be measurable. 

The symbol "TL" on the data plots indicates this situation. 

The voltage i s  the product of the current through the ground and 

Therefore in field situations 

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

will render i t  impossible to obtain a reading. 

data plots indicates a station a t  which i t  i s  too noisey to record a reading. 

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

a s  to i ts  accuracy, the reading i s  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 i s  indicated on the data plot, however the symbol "NEG" i s  

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 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 .  



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

I N D U C E D  P O L A R I Z A T I O N  A N D  R E S I S T I V I T Y  R E S U L T S  

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 = Elect rode  separat ion 

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

P P P P 

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 

P P P P P P 

n - 4  

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

n - l  

M.F. M.F. M. F. M.F. M.F. M. F 
n - l  1,2-3,4 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 
M. F. M .F. M. F. M.F. M.F. 

M.F. M.F M. F. M.F 
n - 3  42-5,6 2,3-6,7 3,4.-7,8 4,5-8,9 Apparent Meto I Factor  

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

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

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

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

F. E. F. E. F.E. F. E. Apparent Percent 

F.E. F. E. F. E. Frequency Ef fect  

F i g .  A 




























