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McPHAR GEOPHYSICS 

I ,  

NOTES ON THE THEORY, METHOD O F  FIELD OPERATION 

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 or  polarization of metallic o r  electronic 

conductors in a medium of ionic solution conduction. 

T hi s e 1 e c t r o - c hemic a 1 p h en om en o n o c cur  s w h e r eve r 

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 cur ren t  i s  

passed through the ground, a s  in resist ivity measurements,  all of the 
' I $  

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  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.  The 

induced polarization effect takes place a t  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 ,fietallic minerals  present  
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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 metallic surface,  

increases  with the time that a d. c. cur ren t  is 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 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. 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 creates  a small  current  flow which can be 

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

F r o m  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 

as a whole will change as the frequency of the switching is  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 

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 

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.  

normalizing the F. E. values for varying resistivities. 

However, since 

The MF 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 i s  of very 

low concentration. The lower limit of volume per  cent sulphide 

necessary to produce a recognizable I P  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 greatest  application of the IP method has been in the 

search  for disseminated metallic sulphides of less  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 
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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. 

is  due to the total of a l l  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 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) 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 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 lines, one f rom the center point of the cur ren t  electrodes 

and the other f r o m  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 pe 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 current  and potential electrodes. 

value f rom 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 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.  

contoured, a r e  not section maps of the electr ical  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 resul ts ,  model study resul ts  and theoretical investi- 

gations. 

measured is important in the interpretation. 

The plots then, when 

The interpretation of the results f rom 

The position of the electrodes when anomalous values a r e  
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w 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 s e 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 whi:h the electrodes a r e  moved 

each time. 

to 2000 feet for (X).  In each case,  the decision a s  to the distance (X) 

and the values of (n) to be used i s  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  i s  desired to progress .  

In the past, intervals have been used ranging f rom 2 5  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 i s  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 MF 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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L, 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 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 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. 

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 i t  impossible to obtain a reading. 

data plots indicates a station a t  which it is 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 is bracketed in the data plot ( ). 

In certain situations negative values of Apparent Frequency 

The symbol 'lNll on the 

Effect a r e  recorded. 

spurious electrical  effects. 

recorded i s  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 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 .  
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McPHAR GEOPHYSICS 

APPENDIX A 

EXPECTED I P  ANOMALIES FROM "PORPHYRY COPPER" TYPE 

ZONES OF DISSEMINATED SULPHIDE MINERALIZATION 

Our experience in other a r e a s  has shown that the induced 
polarization method can be successfully used to locate, and outline, 
zones of disseminated sulphide mineralization of the "porphyry copper" 
type. 
straightforward. 

In most  ca ses  the interpretation of the IP reeultr  i r  rimple and 
The results shown in Figure 1 and Figure 2 are typical. 

37N 40N 43N 46N 49N S2N 53N %(IN 6I.N 64N 67N 70h 
ZOPPER MOUNTAIN AREA 

GASPE, QUEBEC 
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\ /' 
\ /  
\ /  
A 

X EQUALS 300 FEET 
/ \  

31N 40N 43N 46N 49N SZN SSN 58N @.N 69N 67N 7QN 

(4% TOTAL SULCHIDCS) 
FIG. 1 
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The source of the moderate magnitude IP anomaly shown in 
Figure 1 contains approximately 4% metallic mineralization. 
of limited la teral  extent and enough copper is present  to make the mineral i -  
zation "ore grade". 
the fact  that the apparent I P  effects increase for n = 2. 

The zone i s  

The presence of the surface oxidation can be seen in 

AND 

DRILLING RESULTS 
FROM 

WESTERN NEW MEXICO 

U. S. A. 

LINE - 40 W 

FREOUENCIES - 0.31 a 2.5 CPS. 

pl 
/ \ 

\ '  
\ /  x 

X EQUALS 200 FEET 
/ \  

rqs ns 15s 13s 1I.S 9s 7s 5s 3s IS I)J 351 

(Fe) a 

n -2-20 

62 

QS 17s 15s 13s lls,il 9.s <Il 3.s - 1s I ) J  3F 
OVERBURDEN 

3% to 
6% SULPHIDES 

5% to ID% SULPHIDES 
230' 

260- 
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W 

The IP anomaly shown in Figure 2 has about the same magnitude 
as that described above. It should be noted that appreciably greater  con- 
centrations of metallic mineralization a r e  present;  further,  there i s  little 
o r  no copper present.  
not be used to determine the exact amount of metallic mineralization present 
o r  to determine the economic importance of a mineralized zone. 
geologic situations zoning is present;  the zones of mineralization of greatest  
economic value may contain less  total metallic mineralization than other 
zones in the same general  a r ea .  

These results i l lustrate the fact that IP resul ts  can 

In some 
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In the proper geologic environment, the method w i l l  detect even 
very low concentrations of metallic mineralization. 
in Figure 3 located the o re  zone at the Brenda Property near  Peachland, 
B. C. 
ever,  the mineralization is "ore grade" because only molybdenite and chalco- 
pyrite a r e  present.  

The I P  results shown 

The zone contains 1.0 to 1. 5 per  cent metallic mineralization; how- 

INDUCED POLARIZATION 24W 20.W I6W I2.W 8W 4 W  0 4.E 8E l2.E I6E 

(P/2 r ) a  
n - l  

AND 

DRILLING RESULTS n-2- 
n - 3  

FROM n - 4  - 522 

24w 2c)W 6.W 12W 8.W 4W 0 4.E 8.E I2.E IBE 2 y  
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PEACHLAND, B.C. ( F e h  
n - l  

0.5 n -2 - 
n -3 
n -4 - 

24W 2 0 W  16W I 4w 0 4~ e.€ I ~ E  ZO,E 
h i m i i i i i l i i i i a  

LINE- 8 s  
( M f h  

n - I  

n -2 - 
FREOUENCIES - o 31 a 5.0 CPS -3 

n - 4  - 
c x  -c nx- x - 

24W 2OW 6 W  12W 8-W 4.W 0 4E 8.E 12E I6E 20E 
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DISSEMINATED 
SULPHIDE ZONE 

\ 
\ '  
\ /  
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/ \  

FIG.? 



McPHAR GEOPHYSICS 

APPENDIX B 

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 a l so  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 electr ical  parameters  of the ground. When the electrode 
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 t rue  for the large values of the electrode separation (n). 

The data plots a r e  not sections 

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

If the depth to the top of the source 

In Figure 1 the depth i s  0. 5 units 

The resul ts  in Figure 2 a r e  for  the same 
Here the n = 1 value i s  not 

When the electrode interval i s  greater  than the width of the 
source,  i t  is not possible to determine i t s  width o r  exact position between 
the electrodes. 
the anomaly f rom a very narrow source with a very large t rue  I P  effect 
will be much the same a s  that f rom a zone with twice the width and 1 /2  
the t rue 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 t rue  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 t rue  I P  effect within the source i s  a lso indeterminate; 

The no rma l  pract ise  i s  to  indicate the I P  anomalies by solid, 
broken, o r  dashed bars ,  depending upon their  degree of distinctiveness. 
These ba r s  represent  the surface projection of the anomalous zones a s  
interpreted f rom the location of the t ransmit ter  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 fair ly  w e l l  with the source,  the length 
of the b a r  should not be taken to represent  the exact edges of the anomalous 
mate rial. 

As i l lustrated in Figure 1, 

While the centre  of the solid bar  

If the source is 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 near ly  equal to the t rue  effects 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-  
te rva l  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 is measured for  n = 2 or  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 f rom the original reconnaissance resul ts  with X = 300'. 

The data of most  usefulness is  obtained when the 

The data shown in Figure 5 and Figure 6 a r e  field resul ts  f rom 
a greenstone a r e a  in Quebec. 
than 30' in width) zones of massive,  high-grade, zinc-silver ore .  
electrode interval of 200' w a s  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 ( l e s s  
An 

The very weak, shallow anomaly shown in Figure 5 is 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 a t  20N to 22N, the measurements  with 
shorter  electrode intervals confirmed the presence of a strong, narrow 
source.  The X = 50' resul ts  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 resul ts  when the electrode in-  
te rva l  is reduced is  not unusual. 
the narro\k source,  and permi ts  the geophysicist to make a better evaluation 
of its importance. The completion of this type of detail  is very important, 
in order  to get the maximum usefulness f rom a reconnaissance EP survey. 

The X = 50' data more  accurately locates 
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INDUCED POLARIZATION AND RESISTIVITY RESULTS 

BATCHELOR LAKE AREA, QUEBEC. 
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INDUCED POLARIZATION AND RESISTIVITY RESULTS 

BATCHELOR LAKE AREA, QUEBEC. 
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