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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 f e 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  

e lectr ical  cu r ren t  is passed through an a r e a  which contains metall ic 

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

passed through the ground, a s  in res is t ivi ty  measurements ,  all of the 

conduction takes place through ions present  in the water content of the 
b 

rock, o r  soil ,  i .e .  by ionic conduction. This is  because a lmost  all 

minerals  have a much higher specific res is t ivi ty  than ground water .  

The group of minera ls  commonly descr ibed as "metallic", however, 

have specific res is t ivi t ies  much lower than ground waters .  

induced polarization effect takes place a t  those interfaces  where the 

mode of conduction changes f rom ionic in the solutions filling the 

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

The 



- L -  

ij 

c. 

U 

in the rock. 

The blocking action o r  induced polarization mentioned 

above, which depends upon the chemical  energies  necessa ry  to allow 

the ions to give up o r  receive electrons f rom the metall ic sur face ,  

increases  with the t ime that a d. c .  cu r ren t  i s  allowed to flow through 

the rock; i. e.  a s  ions pile up against  the metall ic interface the 

res i s tance  to cu r ren t  flow increases .  Eventually, there  .is enough 

polarization in the fo rm of excess  ions a t  the interfaces ,  to appreciably 

reduce the amount of cur ren t  flow through the metal l ic  par t ic le .  

polarization takes place a t  each of the infinite number of solution-metal 

interfaces in a mineralized rock. 

This 

When the d. c.  voltage used to c rea t e  this d. c. cu r ren t  

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

the polarization cause them to re turn  to their  normal  position. This 

movement of charge c rea t e s  a sma l l  cu r ren t  flow which can be 

measured  on the sur face  of the ground a s  a decaying potential difference. 

F r o m  an al ternate  viewpoint i t  can be seen that if the 

direction of the cur ren t  through the sys tem i s  r eve r sed  repeatedly 

before the polarization occurs ,  the effective resis t ivi ty  of the sys tem 

a s  a whole will change as the frequency of the switching is  changed. 

This i s  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 

cu r ren t  has been passing through i t  in  one direction. 
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The values of the p e r  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  

res is t ivi ty  of the rock m a s s  i t  i s  found that the meta l  factor values o r  

M. F. a r e  the mos t  useful values in determining the amount of 

polarization present  in  the rock mass .  

normalizing the F. E. values for  varying resis t ivi t ies .  

However, s ince 

The M F  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 i s  of very  

low concentration. 

necessa ry  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 

s e a r c h  for  disseminated metall ic sulphides of l e s s  than 20% by volume. 

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

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

o r  low resis t ivi ty  of surface layer ,  the EM method can  not be successfully 

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

filled shea r  zones, makes  the IP method a useful tool in checking E M  
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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 betwe en the economically important metall ic mine ra l s  

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

other metall ic minera ls  such as pyrite. 

is  due to the total of a l l  electronic conducting minera ls  in the rock m a s s .  

The induced polarization effect 

Other electronic conducting ma te r i a l s  which can produce an I P  response 

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

In the field procedure,  measurements  on the sur face  a r e  

made  in  a way that allows the effects of l a t e ra l  changes in the proper t ies  

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

propert ies .  

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

apar t ,  in line with the cu r ren t  electrodes i s  an integer number (n) t imes  

the basic distance (X).  

Curren t  i s  applied to the ground a t  two points in distance 

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

a constant distance (nX) between the neares t  cu r ren t  and potential 

electrodes.  In most  surveys,  severa l  t r a v e r s e s  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  res is t ivi ty ,  

apparent p e r  cent frequency effect, and the apparent  meta l  factor 

i 
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measured  for  each s e t  of electrode positions a r e  plotted a t  the in te r -  
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section of gr id  l ines ,  one f rom the center  point of the cu r ren t  e lectrodes 

and the o ther  f rom the center  point of the potential electrodes.  

Figure A. ) The resis t ivi ty  values a r e  plotted above the line a s  a mirror 

image of the meta l  factor values below. 

(See 

On a second line, below the 

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 ip ts  of the me ta l  factor  value. 

effect values a r e  not contoured. 

value i s  determined by the location along the survey line of the center  

point between the cu r ren t  and potential electrodes.  

In this second case  the frequency 

The l a t e ra l  displacement of a given 

The distance of the 

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

and potential electrodes when the measurement  was made. 

The separat ion between sender  and rece iver  e lectrodes is 

only one factor  which determines the depth to which the ground is being 

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

contoured, a r e  not section maps of the e lec t r ica l  p roper t ies  of the 

ground under the survey line. The interpretat ion of the resu l t s  f r o m  

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

gained f r o m  field resu l t s ,  model study resu l t s  and theoretical  investi- 

gations. The position of the electrodes when anomalous values a r e  

measured  is important in the interpretation. 
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In the field procedure,  the interval  over  which the potential 

'ri 

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 i s  that the 

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

mere ly  by changing the distance (X) over whidh the electrodes a r e  moved 

each t ime. 

to 2000 feet  for  (X). 

In the past ,  in tervals  have been used ranging f rom 2 5  feet  

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 mine ra l  deposit being sought, the s i ze  of the expected anomaly 

and the speed with which i t  i s  des i r ed  to progress .  

The d iagram in Figure A demonstrates  the method used 

in plotting the resu l t s .  Each value of the apparent  res is t ivi ty ,  apparent  

meta l  fac tor ,  and apparent p e r  cent frequency effect i s  plotted and 

identified by the position of the four e lectrodes when the measurement  

was made. 

of (n) a r e  plotted f a r the r  f rom the l ine indicating that the thickness of 

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

the layer  of the ea r th  that is being tes ted i s  g rea t e r  than for  the s m a l l e r  

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

the F. E. values a r e  plotted a s  superscr ip ts  to the M F  values the third 

section of data  values is not presented and the F. E. values a r e  not 

When 

contoured. 
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The actual  data plots included with the r epor t  a r e  p repa red  

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. Cer ta in  

symbols have been incorporated into the p rogramme to explain var ious 

situations in recording the data in the field. 

The IP measurement  i s  basically obtained by measur ing  the 

difference in potential o r  voltage ( A V )  obtained a t  two operat ing frequen- 

c ies .  

the apparent res is t ivi ty  of the ground. 

where the cu r ren t  i s  ve ry  low due to poor e lectrode contact,  o r  the 

apparent  res is t ivi ty  i s  very  low, o r  a combination of the two effects;  the 

value of (a V )  the change in potential will be too s m a l l  to be measurable .  

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

The: voltage i s  the product of the cu r ren t  through the ground and 

Therefore  in field si tuations 

I 

In some situations spurious noise ,  e i ther  man made  o r  na tura l ,  

will render  i t  impossible  to obtain a reading. 

da t a  plots indicates a station a t  which it is too noisey to r eco rd  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 cer ta in  situations negative values of Apparent Frequency 

The symbol "Nl' on the 

Effect a r e  recorded. 

spurious e lec t r ica l  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 l ines a r e  indicated to the n e a r e s t  

posit ive value in  the immediate  vicinity of the negative value. 

In 

The symbol "NR" indicates that for  some reason  the opera tor  

did not attempt to r eco rd  a reading although normal  survey  procedures  

would suggest that one was required.  This may be due to inaccessible  

topography o r  other s imi la r  reasons.  Any symbol other than those d is -  

cussed above is, unique to a par t icular  situation and is descr ibed within 

the body of the report .  

i 



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 I P O L E  

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  

GX-nx - X- 
1 1 1 J 

I 2 3 4 5 6 7 8 9 

S t a t i o n s  on l ine x = E l e c t r o d e  spread length  
n = E l e c t r o d e  s e p a r a t i o n  

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

P P P P 

P P P P P 

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  

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 
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. 

M.F. M.F M. F. M.F 
n - 3  1,2-5,6 2,3-6,7 3,4.-7,8 4,5-8,9 Apparent  M e t a  I F a c t o r  

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

n - l  

n - 2  1,2-4,5 2,3-5,6 3,4-6,7 43-7,8 5,6-8,9 

I I I I 1 J 

I 9 

F. E- FE. F E. F. E. F. E. F. E. 

F. E. F, E. F. E. F.E. F. E. 

F E. F E. F.E. F.E. 

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 

n - 3  1,2-5,6 2,3-6,7 3,4-7,8 4,5-8,9 Apparent Percent 
F.E. F E .  F. E. Frequency E f f e c t  n - 4  1,2-6,7 2,3-7,8 3,4-8,9 

F i g .  A 
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ASSESSMENT 'DETAILS 

w 

OPERATlNQ MAN DAYSO 16 DATE STARTED$ Sept, S, 1992 

DATE F1FafSS)PEDn Sspt. 17,1972 

N U W E R  OF STAZlIONSt 96 

NUWEB OF READINGS: 486 

AA1L*EB OF UWE 8URVEYfEDr 6,8 

Q, 
R. 
B, 
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F m i r v  Date: April 25.  1973 



DOMINION OF CANADA: T. 

PRoVrNCE OF BRrTrsH C o L U M B 1 ~ .  1 jn the flanpr of a statement of exploration expenses a 
on 94 contiguous Mineral C l a i m s  in the Omineca Mlning 1 Divisfon having Record No'B. 91726 t o  91741, 92290 t o  
92293, 1ooBo8 to 100617, 100623 to 100628, 100630, 
100618 to 100621, 101467 to  101499, 114935 to 114952, 92302 tc 
92303 

TO WIT: 

(Blue and Green of KIP and STL CLAIMS) 

3, A.D. Pearee, (F.M.C. 109139 issued April 28a, 1972) of P.0. Box U69, 
Smithers, 8. C, agent for Noranda Exploratfon Company, Limited (No Personal 
Liability) (F.M.C. 109102 issued April 28%, 1972) of 1050 Davie Street, 
Vancouver 5,  B. C. 

Of 

in the Province of British Columbia, do solemnly declare that 
the above l is ted Mineral C l a i m s  between July 7, 1972 and July 7, 1973 were: 

the cost of GeoPhgeical S W e P  On 

B o  Field Costs 
(1) Room, board and supplies @$10,00/man day (18 man days) 
(2) Transportation crharter helicopter 

2, Geophysical S u r v e ~  

A. I.P. contract 608 l ine miles (from McPhar's statement) 

Bo Field Cost6 
(1) Room, board and supplies d $lO,Oo/man day (16 man days) 
(2) Transportation charter heliaopter and Ploranda 

contract helicopter 

160.00 

708.00 

And I make this solemn declaration conscientiously believing it to be true, and knowing that it is of 

the same force rand effect as if made under oath and by virtue of the " Canada Evidence Act." 
A 

Declared tjefore me at t h e  I - ,  

L of 

Provincc:of British-Columbia, .this 
. .  

for  taking Afidavits for British Columbia or 
in and for the Province of British Columbia. 

0 



, 

Statutory Declaration 
(CANADA EVIDENCE ACT) 

,...,I...... ~ ................................ I 




















