


AND PRESENTATION O F  DATA 

FOR THE INDUCED POLARIZATION METHOD 

Induced Polarization as  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 

0 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 resistivity measurements, all 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 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 at  those interfaces where the 

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

inlersticcs of the rock to electronic in the metallic minerals present 

0 

. . 
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i n  the rock. 

- 0 The blocking action o r  induced polarization mentioned 

above, which depends upon the chemical energies necessary to allow 

the ions to give up or receive electrons from the metallic surface, 

increases with the time that a d. c.  current i s  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 i s  enough 

polarization in the form of excess ions a t  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 

0 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. 

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 resis tivlty of the sys tem 

as a whole will change a s  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 time that 

0 current has been passing through it 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 polarizatipn 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. a r e  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 is 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, i t  has also been used successfully in the search for massive 

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

or  low resistivity of surface layer, the E M  method can not be successfully 

applied. The ability to differentiate ionic conductors, such as  water 
B 

filled shear zones, makes the IP method a useful tool in checking EM 

. . 



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

other metallic minerals such a s  pyrite. The induced polarization effect 

is 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. 

In the field procedure, measurements on the surface a re  

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 

I c) 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 traverses 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 valu,cs of the apparent resistivity, 

apparent per  cent frequency effect, and the appaxent metal factor 
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measured for each set  of electrode positions a r e  plotted at  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 mir ror  

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 a s  

superscripts of the metal factor value. In this second case the frequency 

effect values a r e  not contoured. The lateral  displacement of a given 

value is determined by the location along the survey line of the center 

point between the current and potential electrodes. The distance of the 

0 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 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 re  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 f rom field results, model study results and theoretical investi- 

gations. The position of the electrodes when anomalous values are  

measured i s  important in the interpretation. 
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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 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 expected 

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

and the speed with which i t  i s  desired to progress. 

' 0 The diagram in Figure A demonstrates the method used j 

I 
I 

I 
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 r e  plotted farther from the line indicating that the thickness of 

the layer of the earth that is being tested is greater than for the smaller 
I 
I 

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

the F. E. values a r e  plotted a s  superscripts to the M F  values the third 

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

contoured. 

0 
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The actual data plots included with the report a re  prepared 

utilizing an IBM 360/75 Computer and a Calcomp 7701763 Incremental 

Plotting Sys tem. The data values a r e  calculated, plotted, and contoured 

according to a programme developed bylMcPhar 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 or  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 

0 I 

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" qn the data plots indicates this situation. 

In some situations spurious noise, either man made or  natural: 

will render  it'impossible to obtain a reading. The symbol 'IN" on the 

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 

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

In certain situations negative values of Apparent Frequency 

Effect a r e  recorded. This may be due to the geologic environment o r  

0 spurious electrical effects. The actual negative frequency effect value 

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

* 
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Stat ions on l ine x = Elect rode  spread length 
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a, REPORT ON THE 

INDUCED POLARIZATION 

AND - 
RESISTIVITY SURVEY 

ON THE CHUCHI MINERAL CLAIMS 

CHUCHI LAKE, B. C. 

OMINECA MINING DIVISION 

b 

1. INTRODUCTION 

The I.P. and r e s i s t i v i t y  survey was c a r r i e d  out  by 

Falconbridge's crew of two opera to r s ,  P. Smith and R. Leclerc,  

with t h e  a s s i s t ance  of he lpers  R. Smith and R. McGuire, dur ing  

t h e  per iod  from September 24th t o  27th. G .  Thomassen and 

0 L. McLeod were a l s o  required a s  a s s i s t a n t s  during t h i s  per iod  1 
f o r  t h e  prepara t ion  of contact  holes .  

This r epor t  covers t h e  d a t a  obtained on t h e  t h r e e  most 

e a s t e r l y  t r ave r ses  of an extens ive  g r id .  

The survey area  i s  s i t u a t e d  about 3 miles northwest of  t h e  

nor th  end of  Chuchi Lake and i s  cent red  nea r  124' 43' W .  and 

5S0 13@ N. (See Fig. 1) 

There is  no outcrop on t h e  claims but  regional  mapping 

i n d i c a t e s  t h a t  they l i e  nea r  t h e  e a s t e r n  contac t  of  t h e  Hogem 

Bathol i th  with the  Takla Group volcanics .  Copper minera l iza t ion  

i s  reported i n  f r a c t u r e  f i l l i n g s  i n  s y e n i t e  from outcrops and 

d r i l l  holes  located t o  the  west. 

0 







t h e  p o s i t i o n  of a narrow sulphide body can only be determined 

t o  l i e  between two s t a t i o n s  300' apar t  i n  order t o  located  

0 sources i n  t h e  uncer ta in t i e s  of locat ion.  Therefore, while t h e  

cen t re  of t h e  indicated anomaly probably corresponds f a i r l y  well 

with source,  the  length of t h e  indicated  anomaly along t h e  l i n e  

should not  be taken t o  represen t  t h e  exact  edges of t h e  anomalous 

mate r i a l s .  

3. DISCUSSION OF RESULTS I 
Three N-E t r averses ,  spaced a t  800' i n t e r v a l s  were surveyed. 

Line 76E. 
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i s  somewhat tenuous and t he  magnitude of t he  I.P. e f f ec t  is  not 

s u f f i c i e n t l y  strong t o  warrant an extensive follow-up program 

at present .  However, copper mineralization i s  known t o  occur 

on t h e  western extension of the  g r id  and t h i s  anomaly should be 

re-assessed i n  the  l i gh t  of t he  r e s u l t s  obtained i n  t he  inves t i -  

gat ions  of s imi la r  I . P .  responses. Additional I . P .  surveying 

on intermediate traverses would be required t o  e s t ab l i sh  t he  

cont inui ty  of the  zone and de t a i l i ng  with l a rger  d ipoles  should I 

I 
be ca r r ied  out t o  evaluate t he  stronger,  deep anomaly on Line 76 E .  I 



Appendix A 

C DOMINION OF CANADA: 1 
PROVINCE OF BRITISH COLUMBIA- j in  thp amr Oeophyrieal survry on a u a i  11, 2. 1, 

I 11, 12, 14, 13, 16, 2s tartr%sr~ai eraiaaa 
To WIT: 1 (record numbers $1882-91884, $1892, 9l8S13, 

91885-91897, $1906) of the Litlre Group. 

f ,  O, W. Brown 

of #SO4 1112 Wssl Bender Szrcitet, Vaneawsr 1, 1.C, 

in the Province of British Columbia, do solemnly declare that t h l  ~ Q P X Q W ~ ~ ~  W Q P ~  W W i  

Lake Grmxp mineral claimsr: 

&*P, 8umey 
Wles  sumeyed 2 
No, of readings 100 

Parsonnlsl Poaiti~n - Dater DoPya &ats/Day 
P, Sraieb Sr, Opefatar Segt. 34-27 4 

t 1  n 
$90.00 

C 3, Etgt~10r~ Opex~~t~r tf 4 70,OO 
8, thigh Operator-Asst . r~ o tt 4 fS.OO 
R, MeGuira Asristant t l  $1 u 4 45.00 
6, Thotitassen C? t t 4 158.00 tt I t  

L, Mebed tt 
I t  I 1  t t  4 JS,OQ 

Note: Thmassea and Mcteod rec;lu%red 90r preptarstion 
of esntae haler, 

Bqdpaent Rental 5 90.08 350.06 

Transportation - Charter Helicopter - 3 hm, Cg $250,00/hour '150. 00 

2,380,OO 

Line CuQaing (Ternex Mining Services) 

18,'POO 2t. (3,54 mi,) - July 6-11 - Is $E5O~QO/iail~ 531 00 
Maesiq Costs - 310 man days - @ $?,00/&ay 70.00 
MulsbiEiz~leion - Melicqter - 1 how Q $2SO*OO/hr, 250.00 851,00 

sna%oga& e4r SurvCt~ 

18,700 ft, (3.54 dlas) 
wscnear M. Prevoiat - July 25-28 - 3% drays $ $45,00/day lS'P.60 
Drdtilagt a M, Prwost - A t q  , 27-38 - lsgi dtap @ $4l,UOlday 67.50 225.00 

$3,455 * 00 
**IPllLI*100D 

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

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

Declared before me at the City 
- --' -"-'""9 

, of 

8.dd- I 
VaeouvarVANCOUVER, B. C., in the / 

C 

' Province of British Colu 
I I 

day of I 
... ~ . c ~ * - R ~ ~ ~ ~  .............................. 

A Cornmissioner for taking Afidavits within British Columbia or 
A Notary Public in and for the Province o f  British Columbia. 
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Appendix B 

FALCONBRIDGE NICKEL MINES LIMITED 

0 1112 W E S T  P E N D E R  S T R E E T  

TELEPHONE: 6 8 2 - 6 2 4 2  
VANCOUVER 1- C CANAOA 

0 1112 W E S T  P E N D E R  S T R E E T  

TELEPHONE: 6 8 2 - 6 2 4 2  
VANCOUVER I, 8 .  C., CANADA 

TELEX: 0 4 - 5 9 3 8  

October 18, 1971 

, 
1 

The Chief Mining Recorder 
Omineca Mining Division 
Smithers, B.C. 

Dear S i r :  

Re: Statement of Qual i f ica t ions  

This i s  t o  c e r t i f y  t h a t  t he  geophysical work done on the  
Chuchi Mineral Claims and presented i n  t h i s  repor t  was done under 
t he  d i rec t ion  of D. B. Sutherland, B.A., M.A. (University of 
Toronto), P.Eng. (Ont.), and under my supervision.  

0 The geophysical f i e l d  work was performed by P. Smith, 
pa r ty  ch ie f ,  and J. Leclerc and R. Smith, geophysical operators,  
and were ass i s ted  by R. McGuire, G. Thomassen and L. McLeod. 
P. Smith has worked as a t ra ined I.P. operator s ince  1961. 
J. Leclerc has been t ra ined i n  the  laboratory and i n  t he  f i e l d  as  
a geophysical operator. R. Smith has been t ra ined  i n  the  f i e l d  as 
an I . P .  operator and a s s i s t an t .  R. McGuire, G. Thomassen and 
L. McLeod have been trained by Falconbridge geophysical s t a f f  i n  
the  f i e l d  as geophysical a s s i s t an t s .  

I am a graduate i n  engineering geology from the  University 
of B r i t i sh  Columbia and a member of the  Association of Professional  
Engineers of Ontario and Br i t i sh  Columbia. 

Yours very t r u l y ,  

FALCONBRIDGE NICKEL MINES LIMITED 

\ A52dLLW 
D. H. Brown, P.Eng, 

DHB : J R  

0 



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. In recent years  we have found 

1 I 

that the I P  method can also be very  useful in exploring for more  con- 
centrated deposits of limited size. ' This  type of source gives sharp I P  
anomalies that a r e  often difficult to interpret.  1 - 

The anomalous patterns that develop on the contoured data 
1 plots will  depend on the size,  depth and position of the source and the 
I 

relat ive s ize  of the electrode interval. The data plots a r e  not sections 
showing the electrical 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  

0 
is particularly true for the k r g e  values of the electrode separation (n). 

The theoretical scale model results  shown in Figure  1 and 
Figure 2 indicate the effect of depth. If the depth to the top of the source 
is smal l  compared to the electrode interval  (i. e. d X) the measllre- 
ment fo r  n = 1 will be anomalous. In Figure 1 the depth i s  0. 5 units 
(X = 1. 0 units) and the n = 1 value is definitely anomalous; the pattern 
on the contoured data plot i s  typical f o r  a relatively shallow, narrow, 
near-ver t ica l  tabular source. The results  in Figure 2 a r e  f o r  the s ame  
source with the depth increased to 1. 5 units. Here the n = 1 value is  not 
anomalous; the larger values of (n) a r e  anomalous but the magnitudes a r e  
much lower than for the source at l e s s  depth. 

When the electrode interval i s  greater  than the width of the 
source, it i s  not possible to determine i t s  width o r  exact position between 
the  electrodes. The true I P  effect within the source i s  also indeterminate; 
the anomaly from a very narrow source with a very large t rue  IP effect 
will  be much the same a s  that from a zone with twice the width and 112 
the t rue  I P  effect. The theoretical scale model data shown in Figure 3 
and Figure  4 demonstrate this problem. The depth and positiol.1 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 

0 data a r e  insufficient to evaluate the source completely. 

The normal practise i s  to indicate the I P  anomalies by solid, 
broken, o r  dashcd bars,  depending upon their degree of distinctivenes s.  

These ba r s  represent the surface  projection of the anomalous zones a s  
interpreted from the location of the transnlitter and rcceiver electrodes 
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when the anomalous values were  measured. As illustrated in Figure 1, 
Figure 2, Figure 3 and Figure 4, no anomaly can be located with more 
accuracy than the spread length. While the centre  of the solid bar 
indicating the anomaly corresponds fa i r ly  well with the source, the length 
of the b a r  should not be taken to  represent  the exact edges of the anomalous 
material .  . , I 

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 will 
be near ly  equal to the true efzects 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 

I 

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 I P  survey using a relatively large electrode in- 
t e 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. The data of most  usefulness i s  obtained when the 
maximum apparent I P  effect is measured for  n = 2 or  n = 3. F o r  in- 
stance, an anomaly originally Located using X = 300' may be checked 
with X = 200' and then X = 100'. The data with X = 100' will be quite 
different f rom the original reconnaissance resul ts  with X = 300'. . 

The data shown in Figure  5 and Figure 6 a r e  field results f rom 
a greenstone area  in Quebec. The expected sources wer,e narrow (less 
than 30' in width) zones of massive,  high-grade, zinc -silver ore. An 
electrode interval of 200' was used for  the reconnaissance survey in order  
to keep the ra te  of progress a t  a n  acceptable level. The anomalies located 
were  low in magnitude. 

The very weak, shallow anomaly shown in Figure 5 i s  typical 
of those located by the X = 200' reconnaissance survey. Several anomalies 
of this type were detailed using shor ter  electrode intervals. In most cases  
the detai l  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' results are shown in Figure 6. Subsequent drilling 
has  shown the source to be 12.5l of massive sulphide mineralization con- 
taining significant zinc and si lver values. 

The change in the anomaly that resul ts  when the electrode i n -  

. . 
t e rva l  is reduced i s  not unusual. The X = 50' data more accurately locates 
the narro* source, and permits  the geophysicist to make a better evaluation 
of its importance. The camplction of this type of detail  i s  very important, 

0 in order  to get the maximunl usefulness f rom a reconnaissance I P  survey. 

. . .  
I 
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Theoretical Induced Polarization and Resistivity Studies 

Scale Model Cases 
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Scale Model Cases 
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Our experience in other a reas  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. In most cases the interpretation of the I P  results i s  simple and 
straightforward. The results shown in Figure 1 and Figure 2 a r e  typical. 
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The source of the moderate magnitude I P  anomaly shown in  
Figure 1 contains approximately 4% metallic mineralization. The zone is 
of limited la tera l  extent and enough copper is present  to make the minerali-  . 

0 zation "ore grade". The presence of the surface oxidation can be seen in 
the fact  that the apparent IP effects increase for n = 2. 

-. 
I i 

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. These  resul ts  illustrate the fact that I P  results  can 
not be used to determine the exact amount of metallic mineralization present 
o r  to determine the economic importance of a mineralized zone. In some 

geologic situations zoning i s  present;  the zones of mineralization of greatest  
economic value may contain l e s s  total metallic mineralization than other 
zones in the same general  area .  . 
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In the proper geologic environment, the method will detect even 
very low concentrations of metallic mineralization. The I P  results shown . 

0 in Figure 3 located the ore zone a t  the Brenda Property near  Peachknd, 
B. C. The zone contains 1 .0  to 1. 5 per  cent metallic mineralization; how- 

' 

ever, the mineralization i s  "ore grade" because only molybdenite and chalco- 
pyrite a r e  present. 
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