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McPHAR GEOPHYSICS 

NOTES ON THE THEORY, METHOD O F  FIELD OPERATIO- 

AND PRESENTATION O F  DATA 

FOR THE INDUCED POLARIZATION METHOD 

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

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

conductors in a medium of ionic solution conduction. 

This elec tro-chemical phenomenon occurs  wherever 

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

minerals  such as base  meta l  sulphides. Normally, when cu r ren t  is 

passed through the ground, a s  in resist ivity 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 res is t ivi t 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 metall ic 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 a t  the interfaces,  to appreciably 

reduce the amount of cur ren t  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 c rea te  this d. c. cu r 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 small 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 i t  can be seen that if the 

direction of the cur ren t  through the sys tem is reversed  repeatedly 

before the polarization occurs ,  the effective resist ivity of the sys tem 

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 cur ren t  flowing 

through each metallic interface depends upon the length of t ime that 

cu r ren t  has been passing through it i n  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  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 .  

normalizing the F. E. values for varying resist ivit ies.  

However, since 

The MF values a r e  obtained by 

The induced polarization measurement  i s  perhaps the most  

powerful geophysical method for the d i rec t  detection of metall ic 

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  geologic a1 conditions . 

The lower l imit  of volume pe r  cent sulphide 

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

sea rch  for  disseminated metall ic sulphides of l e s s  than 20% by volume. 

However, i t  has also been used successfully in the sea rch  for  mass ive  

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

o r  low resist ivity of surface layer ,  the EM method can not be successfully 

applied. The ability to differentiate ionic conductors, such a s  water 

filled shear  zones, makes the IP method a useful tool in checking EM 
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anomalies which a r e  suspected of being due to these causes.  

In normal  field applications the IP method does not 

differ entiate between the economically important metall ic minera ls  

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

other metallic minerals  such a s  pyrite. 

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

The induced polarization effect 

Other electronic conducting mater ia l s  which can produce an I P  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 propert ies  

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

properties.  

(X) apar t ,  

Current  is applied to the ground a t  two points in distance 

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

apart ,  in line with the cur ren t  electrodes is 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  cur 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 resu l t s ,  the values of the apparent resist ivity,  

apparent pe r  cent frequency effect, and the apparent metal  factor 
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measured for each s e t  of electrode positions a r e  plotted a t  the inter-  

section of grid l ines,  one f rom the center point of the cur ren t  electrodes 

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

Figure A. ) The resist ivity values a r e  plotted above the line a s  a m i r r o r  

image of the metal  factor values below. 

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

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

superscr ipts  of the meta l  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 cur ren t  and potential electrodes. 

value f rom the line is determined by the distance (nX) between the cur ren t  

and potential electrodes when the measurement  was made. 

(See 

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 i s  being 

sampled in any par t icular  measurement .  The plots then, when 

contoured, a r e  not section maps of the electr ical  propert ies  of the 

ground under the survey line. 

any given survey must  be ca r r i ed  out using the combined experience 

gained f rom field resul ts ,  model study resu l t s  and theoretical  investi- 

gations. 

measured  is important in the interpretation. 

The interpretation of the resul ts  f rom 

The position of the electrodes when anomalous values a r e  
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In the field procedure,  the interval over which the potential 

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

electrodes a r e  moved af ter  a s e r i e s  of potential readings has  been made. 

One of the advantages of the induced polarization method is  that the 

s a m e  equipment can  be used for  both detailed and reconnaissance surveys 

mere ly  by changing the distance (X)  over whiEh 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 i ze  of the minera l  deposit being sought, the s ize  of the expected anomaly 

and the speed with which i t  i s  des i red  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 resul ts .  

metal  factor,  and apparent pe r  cent frequency effect is plotted and 

identified by the position of the four electrodes when the measurement  

was made. 

of (n) a r e  plotted fa r ther  f rom the line indicating that the thickness of 

the layer  of the ear th  that i s  being tes ted i s  g rea t e r  than for the sma l l e r  

Each value of the apparent resist ivity,  apparent 

It can be seen that the values measured for  the l a rge r  values 

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

contoured. 

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

utilizing an IBM 360/75  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- 

c ies .  

the apparent resist ivity of the ground. 

where the cur ren t  is ve ry  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 sma l l  to be measurable .  

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

The voltage is  the product of the cur ren t  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. 

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

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

as to i t s  accuracy,  the reading i s  bracketed in the data plot ( ). 

In cer ta in  situations negative values of Apparent Frequency 

The symbol "N" on the 

Effect a r e  recorded. 

spurious electr ical  effects. 

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

This m a y  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.  

contouring negative values the contour lines a r e  indicated to the nea res 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  IN  P L O T T I N G  D I P O L E -  DIPOLE 

I N D U C E D  POLA R l Z A T l O N  A N D  R E S I S T 1  V I  T Y  R E S U L T S  

t-x-nx W - X -  

1 I I I 1 

I 2 3 4 5 6 7 e 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 
n - 4  

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

P P P P P P n - l  

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

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

M F  M F  M F  M. F 
n - 3  1,2-s,6 2,3-6,7 3,4-7,8 4,5-8,9 Apparent Meta l  Factor 

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

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 

b I 1 1 I 1 1 

I 9 

F. € F. L F. E. F. E. F. E .  F. E. 
n - l  l,2- 3,4 2,3-4,5 3,4-5,6 4,5-6,7 5,6-7,8 6,7-8,9 

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

F i g .  A 
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CODE 

FEN 

7 
8 
9 

10 
13 
14 
15 
2 1  
22 
24 
42 
44 

1 
3 
4 
5 
7 

13 
14 
1 4  

200 
227 

38320 
30321 
30323 
30323 
30126 
3rb327 
30928 
55646 
57203 
5?2205 
87260 
$7263 

87WX 
87603 
a76ra4 
07M5 
876Q7 
8'1613 
87614 
$761 J 

93136 
945587 

The IP survey m a  carried mitt employing a h4cPhor 

variable fretpasay hdueed Poirairrtiew unit utilisiag the dipale - dipole 

electrod+ casffprattanr rndi 100 and ZOO hat etipolrs. 

employed throughout the survey wor+ 8 . 3  Hs UPB 5.0 Ha, 
The frr.tqaenciare 

Bsdtcmkexposure is iaarce im &ho area coverad by the 

However, gedegic m r r p p 4  rtaggrrtrs that ~nv~ch of the 

A 

prarant fk, r u m q .  

are8 coverad by the IP survey is urmdorlaia by altered acid vlolcdcs,  

minera1LseQ m a e  bar brrtm locrtd ia the v i c h i v  of $ha iaereectiem of 

LFaa 2Q800W and Lime 2OOOOW (Bxsr Lhm), losrrutrling of me-grained pyrite 

anel specks of rphtlerita dlsssmtnrted throughanat a wide are* af blsrch~d 

and highly altered acid volcanio r04tltni. Previouo work carried out an the 

entire claim graup has conrisrtac4 of IP and magaetie BurveyR, as well as 

geochsmical sampling, geological mapping bad treachhg. The purpose of 

the present IP survey work is ko hrrthw evaluate the immsdiata area of 
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2. P R E S E N T A T I O N  OF R E S U L T S  

200 hot  

200 feet 

180 f8.t 

100 fmt 

100 f e e  

100 feet 

100 feat 

nwl. No. 

fP 9924-1 

IP 5924-2 

I P  5924-3 

fP sgzr-4 
IF b924-5 
IP 5924-4 

IB 5924-7 
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4, D I S C U S S I O N  OF R E S U L T S  
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4. S U M M A R Y  A N D  C O N C L U S I O N S  

The k a m  min*rrlisation tn tho aa~R3.four scone ceaairtr of 

pyrite and sphrlorite. Sinoe sphalerite ir ncAb-condpc;tive, the 1P torpenso 
would appoor to bo due snfdtdy to the pyrite aontant, ranlore a e r  metallie 

cslaductive minerrlisatfoa i m  present. 

relaticmahip betw8on the rcaasmicr minsraliaatian, ruch as rphrlerite aad 

the pyrite, in order to properly aareri  the rohtive riprfficmco of xndarate 

snd weak anomalous IF roupon8e. 

It would be n e t o u r u p  to datermine the 

W 

The approximate lecrtion of & reriae ef thirteoa dhmoad 

&if1 holes hre been suppli8dhq Helicon Erplorrtionr Limited rad thrrrcr 
are indicated on Dwg. I.P.P. 3524. Soras Of those hohr h8vs bo- cern- 

pP&ed although the remalto are not available. 

Line 20800Va 

DEW # I ,  DDH %2 and DDH 64 should b v o  evJu8tsd the 

source of the IP uromaly OII thfr line. 

.Line 2 ZOOQV 

DDH #3 r h d d  have iaterseeted the definite IP ucomrly 

indicated on thir liae. 

'I* 
Line E I O O O P  --- 

A sarias of eight diamond drill hole8 are l@aated mlapg this 



- 7 -  

line. 

and would t r r i s t  in evaluating the aource of tho IB rorpearo. 
i)DH #3 and DDH 1112 w d d  hvsrtigate the win u ~ d y ,  rfthsugh OI5H # l t  

wouldhave to be either rtepped b e k  to tho scrpth or drilled 9.u rcrrtlcrl to 

investigate the deep mrsmaty cantrod bemema 196N uad 197+!5ON. DM3 #? is 

on the north €lank of the ;urorrulmar mono urd would roalwte the &ere back-  

ground IP rerpcmse here. 

weak porsible aaonruly to &e sauth of the mrfa aoao. 

DDH # S  and DDN 86 are located north of the anomrlsua XP saw 

DDH #8 .nd 

DDH #lo and DDH # l I  wmld hort igrta  tho 

Line Z6200W 

DDX # I 3  tr laerted off tha end ef tho muin #me aad l a  lmrted 

b.tweun the two weak gsrrible memalies hailiaatad ob. fhia line. Ualorr thfr 

hole locatfem i s  basad an ethor than geophysical infornutima, it eeuld be 
eliminated from the program. 

I 

Rlatomrn.ndations for further drilliag wouldbe d.p.naCmt 

upon a srvisar of the rea&@ of the abwo seri8a of holen, ao wall aa 

any previous drilling. The 1P result. from the prorait a t u e v q  w d d  

ruggest that additional IP surveying on no* - sotrth flnor h d  

from ?, l t ,W to 186%' w d d  be warranted. 

M c W A R  QEOFHYSI 
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ASSESSMENT idETAILS 

S F O N S O R :  Helicon F.splorPrtiena Limited E2ROVINCE: British Cslumbia 

EQUIVALENT a H R .  KAN LIAYS: 84 DATE FINISHED; April 12 , I 972 

CQNSWLTINC MAN I M Y S :  4 NUMBER OF STATIONS: 221) 

'TOTAL MAW JAYS. 94 MILES OF LINE SWRVEYE U: 5.66 
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INTERIM STATE.MENT OF COST 

EXpWBBe 8 

Vshicla srpenr. 
Marlo and A:comsnecbtian 
Freight and FPoLtsrage 
Tatla phene urd Telegraph 
SUpppU". 

388.40 
110.00 

6.00 
1% 06 
86.95 

609.41 
60. 9s 

7fS.00  
155.00 
-I 

670.40 

930 OQ 

* Note Thir etatenrest rarflact6 at h a a t  90% rpf the h,kl cost; there mry 
be a few rnitzsr charger not yet received by w m d  hence not included la tb 
furegoing. 
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