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PHOENIX Geophysics Limited 

NOTES ON THE THEORY, METHOD O F  FIELD 0PERATIOE;C 

AND PRESENTATION O F  DATA 

FOR THE INDUCED POLARIZATION METHOD 

Induced Polarization a s  a geophysical measurement re fe rs  

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  i s  passed through an a r e a  which contains metallic 

minerals such as base metal sulphides. Normally, when current  is 

passed through the ground, as  in resist 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  

minerals have a much higher specific resistivity than ground water. 

The group of minerals  commonly described as "metallic", however, 

have specific resistivities 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 

interst ices of the rock to electronic in the metallic minerals 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 electrons from the metallic surface, 

increases with the time that a d. c.  current i s  allowed to flow through 

0 

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. This 

polarization takes place a t  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 

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 chargk creates a small current flow which can be 

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

From an alternate viewpoint i t  can be seen that if  the 

direction of the current through the system i s  reversed repeatedly 

before the polarization occurs, the effective resistivity of the system 

as  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 time that 

current has been pas sing through it  in one direction. 



- 3 -  

The values of the per cent frequency effect o r  F. E. a r e  

a measurement of the polarizatiori 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. are  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 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, -it 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 usefui tool in checking EM 



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

In normal field applications the I P  method does not . 

differentiate between the economically important metallic minerals 

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

other metallic minerals such as  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 

are  magnetite, pyrolusite, graphite, and some forms of hematite. 

In the field procedure, measurements on: the surface are  

made in a way that allows the effects of lateral  changes in the properties 

of the ground to be separated from the effects of vertical ,changes in the 

properties. 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 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 or  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 



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 mirror  

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 as  

superscripts of the metal factor value. In this secon d 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 s&e as  the interval over which the 

electrodes a r e  moved after a ser 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 is largely determined by the expecter! 

size of the mineral  deposit being sought, the size of the expected anomaly 

and the speed with which i t  i s  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 re  plotted farther from the line indicating that the tpckness 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 M F  values the third 

section of data values i s  not presented and the F. E. values a re  not 

contoured. 



The IP  measurement i s  basically obtained by measuring the 

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

cies. The voltage is  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 small to be measurable. 

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

I 

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

will render i t  impossible to obtain a reading. The symbol "fi" on the 

data 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 i s  some doubt 

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

In certain situations negative values of Apparent Frequency 

Effect a re  recorded.. This may be due to the geologic environment or  

spurious electrical effects. The actual negative frequency effect value . 

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

indicated for the corresponding value of Apparent Metal Factor. In 

contouiing 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 is, 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  PLOTTING DIPOLE- DIPOLE 

INDUCED P O L A R I Z A T I O N  AND R E S I S T I V I T Y  R E S U L T S  

c--x-nx -x- 
, - 

I I I I I 
1 2 3 4 5 6 7 8 9 

S ta t ions  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 4,5-8,g 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 3 6 - 8 3  

n - l  P P P P P P 

n -  l M.F. M.F. . M. F. M.F. M.F. M. F 
1,2-3,4 23 -49  3,4-5,6 4,5-6,7 5,6-78 6,7-8,9 

n - 2  M. F. M .F. M. F. M.f? M.F. 
I$-4,5 23-5,6 3,4-6,7 4,5-7,8 5,6-8,9 

n - 3  M.F. M.F M. F. M.F 
1,2-5,6 23-6,7 3,4-7,8 4,5-8,9 Apparent Meto l Factor 

n - 4  M.F. M.F. M. F. 1,2 -6.7 2,3-7,8 3,4 -8,Q 

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

n - 2  F. E. FI E. F. E, F.E. F. E. 
1,2-4,5 2.3 - 5,6 3,4-6,7 4,5-7,8 5,6- 8,9 

n - 3  F. E. .RE. F.E. F. E. 
1,2-5,6 2,3-6,7 3,4-7,8 43-8,9 Percent 

n - 4  F.E. F. E. F. E. Frequency Eff sct 
1,2-6,7 2,3-7,8 3,4-8,s 

, 

F i g .  A 
m 

- 



PHOENIX GEOPHYSICS LIMITED 

REPORT ON THE 

IEIDUCED POLAR.IZATION 

AND RESISTIVITY SURVEY 

ON THE 

AFTON OPTION, SKI GROW 

KAMLOOPS M I N I N G  DIVISION, B.C. 

FOR 

TECK CORPORATION LIMITED 

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

A l imi ted  program of induced p o l a r i z a t i o n  and r e s i s t i v i t y  surveying was 

c a r r i e d  out  on t h e  Ski  Claim Group f o r  Teck Corporation Limited. 

The property i s  located  on t h e  nor th  shore  of Kamloops Lake, about 

15 m i l e s  w e s t  of Kamloops. The cen te r  of t h e  proper ty  i s  located  a t  

approximately 120' 34' west longi tude  and 50' 44'  no r th  l a t i t u d e .  A four  

m i l e  g rave l  road provides good access  d i r e c t l y  f o  t h e  property from 

Tranquil le .  

The purpose of t h e  survey was t o  i n v e s t i g a t e  i n  more d e t a i l  t h e  genera l  

v i c i n i t y  on an IP  anomaly, previous ly  located  by Alaskex Mining Corporation. 

The anomaly was located i n  t h e  NE corner of t h e  proper ty  i n  an a rea  mapped 

a s  volcanics  of t h e  Kamloops Group. I f  t h e  d e t a i l  IP  survey suggested a 

source a t  some depth, it could occur wi th in  t h e  I r o n  Mask Bathol i th  beneath 

the  volcanics.  However, subsequent d r i l l i n g  has  shown the  a rea  t o  have been 

i n c o r r e c t l y  mapped, and the  a r e a  of t h e  anomaly is  a c t u a l l y  under la in  by 



a  s e r i e s  of diabase sills and shaley-tuff .  

The f i e l d  work was ca r r i ed  ou t  i n  l a t e  June, 1975. The Par ty  Chief 

was Mr. P.T. Makulowich. A McPhar P660 frequency domain IP system was used 

f o r  t h e  survey operat ing a t  0.3 and 5.O'Hz. 

2. D E S C R I P T I O N  O F  C L A I M S  

The 40 Sk i  Claims a r e  held under option agreement by Teck Corporation 

Limited. 

CLAIM IJAME RECORD IJUMBER 

SKI - 1-10 inc lus ive  102 671 - 102 680 inc lus ive  

SKI - 13-42 inc lus ive  102 683 - 102 710 inc lus ive  

3. P R E S E N T A T I O N  O F  R E S U L T S  

The induced po la r i za t ion  and r e s i s t i v i t y  r e s u l t s  a r e  shown on t h e  

following d a t a  p l o t s  i n  t h e  manner described i n  t h e  no tes  appended t o  

t h i s  repor t .  

LINE NO. 

52E 

5  6E 

50E 

62E 

ELECTRODE INTERVAL 

400 f e e t  

400 f e e t  

400 f e e t  

400 f e e t  

DWG. NO. 

IP 5001-1 

IP 5001-2 

IP 5001-3 

IP 5001-4 

Also enclosed with t h i s  r epor t  is Dwg. I.P.P. 2001, a  plan map of 

p a r t  of t h e  Sk i  C l a b s  Grid a t  a  s c a l e  of 1" = 400'. The d e f i n i t e ,  probable 

and poss ib le  induced po la r i za t ion  anomalies a r e  indicated  by bars ,  i n  t h e  

manner shown on t h e  legend, on t h i s  plan map a s  we l l  a s  on t h e  data  p lo t s .  

These ba r s  represent  the  surface  projec t ion of t h e  anomalous zones a s  

in te rp re ted  from t h e  loca t ion  of t h e  t r ansmi t t e r  and rece ive r  e lec t rodes  



when t h e  anomalous values  were measured. 

Since t h e  induced po la r i za t ion  measurement i s  e s s e n t i a l l y  an averaging 

process, a s  a r e  a l l  p o t e n t i a l  methods, it i s  f requent ly  d i f f i c u l t  t o  exact ly  

pinpoint t h e  source of an anomaly. Certainly,  no anomaly can be located  with 

more accuracy than t h e  e lec t rode  i n t e r v a l  length;  i.e. when using 200' 

e lec t rode  i n t e r v a l s  t h e  pos i t ion  of a narrow sulphide body can only be 

determined t o  l i e  between two s t a t i o n s  200' apa r t .  I n  order  t o  d e f i n i t e l y  

locate ,  and f u l l y  evaluate,  a narrow, shallow source i t  is necessary t o  use 

shor ter  e l e c t r o d e  i n t e r v a l s .  I n  order t o  l o c a t e  sources a t  some depth, 

l a rge r  e lec t rode  i n t e r v a l s  must be used, with a corresponding inc rease  i n  

the  u n c e r t a i n t i e s  of locat ion.  Therefore, while t h e  c e n t r e  of t h e  indicated  

anomaly probably corresponds f a i r l y  wel l  with source, t h e  l eng th  of t h e  

indicated anomaly along t h e  l i n e  should not  be taken t o  represent  t h e  exact 

edges of t h e  anomalous mater ia l .  

The Grid and Claims information shown on Dwg. I.P.P. 2001 has  been 

taken from maps made a v a i l a b l e  by t h e  s t a f f  of Teck Corporation Limited. 

4. D I S C U S S I O N  O F  R E S U L T S  

The a r e a  of a previously located  IP anomaly was resurveyed using t h e  

dipale-dipole-electrod& configyration,_ 4 0 a f  oot d ipoles ,  and -the expanding 

dipole  technique t o  t h r e e  separa t ions ,  n = 1, 2 and 3. The purpose of t h i s  

d e t a i l  work was t o  b e t t e r  de f ine  t h e  anomaly and t o  determine i f  t h e r e  is  

any ind ica t ion  of depth t o  t h e  IP  source. 

The IP  anomaly was confirmed. The shor te r  d ipoles ,  wi th  r e s u l t i n g  

b e t t e r  d e f i n i t i o n ,  show a more v a r i a b l e ' r e s i s t i v i t y  pa t t e rn .  However, 

when considering t h e  g r e a t e r  averaging inherent  with l a r g e r  e lec t rode  

separat ions,  t h e  r e s u l t s  a r e  q u i t e  comparable. 



When using 400 f t .  e l ec t rode  i n t e r v a l s ,  t h e  t h i r d  separa t ion (n = 3) 

should explore t o  a depth of approximately 600 f t .  However, an anomaly wi th  

a depth of up t o  100 f t .  would look shallow r e l a t i v e  t o  t h e  f i r s t  separa t ion  

(n = 1) a t  t h i s  e l ec t rode  i n t e r v a l .  

A magnetometer survey was c a r r i e d  out  by personnel of Teck Corporation 

Limited over t h e  genera l  a r e a  of t h e  IP survey. A maximum magnetic r e l i e f  

of 2500 gammas was recorded. None of t h e  magnetic highs c o r r e l a t e  d i r e c t l y  

with the  IP anomalies. This would suggest t h a t  t h e  magnetite i n  t h e  d iabase  

i s  not the  source of t h e  IP anomalies. 

Weak, shallow IP anomalies were located  a t  t h e  south end of both l i n e s ,  

52E and 56E. These anomalies both s t r a d d l e  t h e  contact  between t h e  I r o n  Mask 

In t rus ive  and t h e  diabase s i l l  and s la tey- tuff  complex. 

Weak anomalous IP e f f e c t s  were located  on Line 52E between 0+00 

and t h e  nor th  end of t h e  IP g r id .  An increase  of frequency e f f e c t  wi th  depth 

a t  8N suggests some moderate depth t o  t h e  source. 

A weak anomaly wi th  a somewhat s imi la r  frequency e f f e c t  p a t t e r n  occurs 

on Line 56E a t  4N.  This anomaly shows b e t t e r  c o r r e l a t i o n  with a r e s i s t i v i t y  

low r e s u l t i n g  i n  a b e t t e r  metal f a c t o r  pat tern .  The depth t o  t h e  anomaly 

source is  estimated a t  200-300 f e e t .  

Weak IP e f f e c t s  wi th  moderate depth t o  t h e  source occur a t  t h e  nor th  

end of Line 56E. 

Very weak IP e f f e c t s  occur a t  t h e  nor th  end of Line 60E. Based on a 

s l i g h t  increase  i n  frequency e f f e c t ,  t h e r e  could be moderate depth t o  t h e  

source. Similar  IP e f f e c t s  but  wi th  somewhat b e t t e r  d e f i n i t i o n  occur on 

Line 62E. The estimated depth t o  t h e  source a t  14N is estimated a t  200-300 

f e e t .  



5. S U M M A R Y  A N D  C O N C L U S I O N S  

A d e t a i l  I P  program confirmed a p rev ious ly  d iscovered  I P  anomaly 

and i n d i c a t e d  some depth t o  t h e  source.  A d r i l l  h o l e  a t  2N on Line 56E 

shows a d i a b a s e  s i l l  t o  185 f t .  depth  followed by a s l a t ey - tu f f  con ta in ing  

p y r i t e .  This  sequence i s  repea ted  t w i c e  more w i t h  Nicola  Volcanics 

i n t e r s e c t e d  a t  

hor izons  is  be1 

a dep 

. ieved 

t h %  . 675 f e e t .  The p y r i t e  con ten t  of t h e  s l a t ey - tu f f  

t o  be  t h e  source  of t h e  I P  anomaly. 
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STATEMENT OF COST 

Teck Corporation Limited - Ski Claim Group - I P  Survey 
Kamloops Mining Division,  B . C .  

CREW-LEADER: P .  Makulowich 

EXTRA LABOURERS: Robert A.  Burdess - Gordon A. Howard 

2% days Operating 

1% days Standby 

EXPENSES : 

Truck Rental 15.60 
Freight 6.00 
Supplies 

Extra Labour : 165.00 
+ 20% 33.00 

Dated: August 20, 1975 

PHOENIX GEOPHYSICS LIMITED 

Expiry ijaie: februaiy 25, 1976 
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2. That I am r e g i s t e r e d  a s  a  member of t h e  Association of Profess ional  

Engineers of t h e  Provinces of Ontario and B r i t i s h  Columbia. 

3.  That I hold a  B.Sc. degree from McGill University. 

4.  That I have been p r a c t i s i n g  my profession a s  a  geologis t  f o r  over 

twenty years. 

5. I have no d i r e c t  o r  i n d i r e c t  i n t e r e s t ,  nor do I expect t o  rece ive  

any i n t e r e s t  d i r e c t l y  o r  i n d i r e c t l y ,  i n  t h e  property o r  s e c u r i t i e s  of 

Teck Corporation Limited o r  any a f f i l i a t e .  

6 .  The statements made i n  t h i s  r epor t  a r e  based on a  study of 

published geological  l i t e r a t u r e  and unpublished p r i v a t e  repor ts .  

7. Permission i s  granted t o  use i n  whole o r  i n  p a r t  f o r  assessment 

and q u a l i f i c a t i o n  requirements bu t  not  f o r  adver t i s ing  purposes. 

Dated a t  Vancouver 

This 20th dayi:of August, 1975 



CERTIFICATE 

I, P h i l i p  George Hallof ,  of t h e  Ci ty  of Toronto, Province of 

Ontario, do hereby c e r t i f y  tha t :  

1. I am a geophysicist  res id ing a t  15 Barnwood Court, Don M i l l s ,  

Ontario. 

2. I am a graduate of the  Massachusetts I n s t i t u t e  of Technology 

with a B.Sc. Degree (1952) i n  Geology and Geophysics, and a Ph.D. 

Degree (1957) i n  Geophysics. 

3. I am a member of t h e  Society of Exploration Geophysicists and 

t h e  European Associat ion of t h e  Exploration Geophysicists.  

4. I am a Profess ional  Geophysicist, r e g i s t e r e d  i n  t h e  Province of 

Ontario, t h e  Province of B r i t i s h  Columbia and t h e  S t a t e  of Arizona. 

5. I have no d i r e c t  o r  i n d i r e c t  i n t e r e s t ,  nor do I expect t o  receive  

any i n t e r e s t  d i r e c t l y  o r  ind i rec t ly ,  i n  t h e  property o r  s e c u r i t i e s  of 

Teck Corporation Limited o r  any a f f i l i a t e .  

6. The statements made.in t h i s  r epor t  a r e  based on a study of 

published geological  l i t e r a t u r e  and unpublished p r i v a t e  repor t s .  

.7. Permission is  granted t o  use i n  whole o r  i n  p a r t  f o r  assessment 

and q u a l i f i c a t i o n  requirements but not f o r  adver t i s ing  purposes. 

Dated a t  Toronto 

This 20th day of August, 1975 

Expiry Date: February 25, 1976 
t 



I, PHILENON T. MAKULOWICH, of the Municipality of 

Kamloops, British Colunibia, DO HEREBY CER!CIFY THAT: 

I.. I am a geophysical crew leader residing a t  669 Valtlez 

Dr. , KmiLoops, British Columbia. 

2. I am a graduate of the Industrial Electronics Course 

(1961 - 62), Deny Technical Institute, Toronto, Ontario. 

3. I worked with McFbar Geop&sics Co. from 1962 - 1975 
as a geophysical crew leader and since 1971 as western f ie ld 

supervisor. 

4. I presently work with Phoenix Geophysics Ltd. of 

1521 Pemberton Avenue, North Vancouver, British Columbia. 

5. I am a melnber of the Canadian Institute of Mining 
and Metallurgy. 

Dated a t  Kamloops, B. C. 

This 23rd Day of July, 1975 
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