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McPHAR GEOPHYSICS LIMITED 

we have carried out a combined induced polarizatior~ and reuiativity ;urv;y 

in the Caribou ?Lountain Area on behalf uf ZAanex 2, ining Limited. The 

property is known as the SEi Claim Group and i a  situated in the Dmineca 

Lining Uvision in the northwest quadrant of the one degree quadrilateral 

whode southeast corner i.4 at  54'X. 127°K.  

According t c o  inr'urination ~up,'lied by the f.Zorni>any. the a rea  

of interest is .tuideriaine 2rirnarily by ;i.yinc?astics with thin intercalated 

andesitt? fiowd. The f,zrmations strike i"! tti %E and dip 30' .5 E. The dux - 
lore  of the It mrvey was t o  trace out a fault-cmtrolled co,>per-silver 

deposit, referred h i  aa the 3 zone, and tu search fur addit.. ..,.;I con- 

centrations oi inetailk minerals. Field work wa:; done in JuAy 1168 



2. r i l E S E P J T A T I O i \ l  GJ? R E S U L T S  

The Induced kolarizatiou anu Lerii3tivity results a r e  .>own on 

the following data plcrts in the manner described in the notes preceding this 

Line 0 

Line 1.E 

Line 1E 

Line 2E 

i ine 3E 

Line 4E 

Line 4E 

Line 8E 

Idne 10E 

Line 12E 

Line 14E 

Line 16E 

Line 16.E 

Line ZOE 

100 foot sitreads 

200 foot spreads 

130 foot jpreads 

2i)O foot s p  eads 

230 foot s p e a d s  

200 fost spreads 

200 foot spzeadd 

203 foot spreads 

230 foot spreads 

200 foot spreads 

200 foot spreads 

200 foot spreads 

200 foot spreads 

200 foot spreads 

Dwg. IF 5150-1 

Uwg. I P  5150-2 

Dwg. IF 5150-3 

h g .  11- 5150-4 

Du*g.IP 5150-5 

Dwg. IP 5150-6 

Dwg. IP 5150-7 

Uwg. IF' 5 1 5 0 4  

Dwg.IP 5150-9 

Uwg. IF' 5150-13 

irwg.I13 5150-i I 

Dwp. 1i-l 5150-12 

Dwp. I P  5150-13 

Dwg.II' 5150-14 

Enclosed with this I eport i d  h g .  I . .  1'. 332 1, a plan map of the 

grid at  a scale . ~ f  i t '  = 230'. The definite and p..assible induced ,iularisatim 

anomalies are indicated by solid and brdken bars res,~ectively on this plan 

map a s  well as the data :>l.its. These bars  resiresent tire surface projocti.~n 

,d the anonlalous eonee a s  i n t e r r e t e d  fr;,r;.? the Location of the transmitter 

and receiver electrode.; when the an,.rdous vaiues weye measured. 



Since the polarization measurement i s  essentially an 

averaging graces.;, a s  a r e  ali 2otentiai methods, it i s  frequentiy difficult 

to exactly pinpoint the source of an anomaly. Certainiy, no anomaly can 

be located with mole accuracy than the ailread length; i. e. when using 203' 

spreads the position af a narrow sulphide b ~ d y  can only be determined to 

Lie between two $tations 200' apart. En order to locate sources a t  some 

depth, larger spreads rnuat be used, with a corres,mnding increase in the 

uncertainties af Location. 'Therefore, while the centre of the indicated 

anomaly probably c s r r a s p n d s  fairly w e l l  with source, the length of the 

indicated anomalj~ akong the line should not be taken to re,>resent the exact 

edges of the anomalous material. 

3. D I S C U S S I 3 h  OF R E S U L T S  

Line O 

These esultv show a sklailow deiinite anomaly centred at  station 

!S, with a 2ossible weaker extension to 0 ~r IN.  This i s  the strongest ano- 

a a l y  found on the grid and undoubtedly re;>> esente the "A" &one jxeviousiy 

tevted by dri l l  holes l ,  2 and 4. 

A Angie above-background value was rneasured at the north end 

of the line suggesting a second anomaly. The traverse should be extended 

to complete the ,>atten.. 

Line 1E 

This line was mrveyed witi; 239 foot and 100 fc , ) t  electrode in- 

terva!~. Gring 203 foot di+,les there i s  a broad aone ;;f weak 11; effects 

lcom about 3 5  to at  least ZX. Detaiiiag with 105 foot dipoies indicated a 



probabie anomaly at IS  to  3:; and a possible weak; mu. co a t  IN, 

LLie Z E  

!!ere r:iesc: 1.:; a iov., magnitude but definite a i - x c i a i y  cent: ed 

between ;; a i d  25.  'The source is ahaliov; and n a r r ~ w  relative t * . t  the =le t -  

t i d e  intexval i .  .?. iesj  than 205 feet d e e , ~  and 2Kt feet wide. it c w ~ l d  be 

better- evaiuateci by detaiiing with lo:? foot dipi1e:s as described in the 

e : .  T??is ieatu 2 s h ~ u i d  have beru tested by all-3 but apparently 

no inirreralinati~n was &~countered;  the core dhouid be re-exa:.i~med. 

Line 3E 

::?1 thij iiue the inain zone is centred at the case L.irte ad there 

is a pus.;ible incorii~iete anomaly a t  6N. 

Lir'e 4E 

2; definite ;usomaly, with m.ne dezth to the top oi the source, 

occurs at  2.5 ro 45; thi i seems to be too far south to re i~resen t  the r,:ain 

zoned. 'Thexe is aisu a probable shallow anomaly at O to 21.1 that correlates 

with the main zclne but i t  is weaker thau the anoi.iaalies to the west. 

.A. Angie aoove-backgrowid value was measured at tile .;outh 

end of tkke iine. 'This ~ ; a y  correlate with anomaious effects farther east  

rJn the grid but the data would have ti3 be extended tc; determine i t? im-  

portance. 

l i n e  6E 



Line &K 

Above background &:eta1 Factor values were found a t  aarverai 

p i n t s  ox1 this traverse. The most defixrite feature is a broad weak eone 

Line 10E 

On this line there is a 2osuible ueak anomaly a t  ZN tu 4N. 

Line 1ZE 

Again there is a poasible weak source a t  2K t,, 4N and alw a 

b r $ ~ a d  low magnitude anomaly a t  1 1s t at least ! 55. 

Line 14E 

The ,wisibae weak source i s  Aiii evident at  ZN to 41'4 and a 

sinlilar feature o c c u ~  s at  10s to 12s. 

i h e  16E and Line 18; 

chly mino variations in the It effects were measured on 

these two traverses. 

Line 23E 

Here there is a possible anomaly a t  4N to 6N, indicating a 

narrow weak sou-~ce. 

4. 5 U t i ~ : v l A i l Y  A N D  d E C O M K E N C A T b 3 3 J S  

;>efinite 19' anomalies of low to moderate magnitude were 

tourd near the 3ane Line on the weat >art  ti1 the grid. These anomalies 

for::c a zone croaoing the Sase  Line a t  a b w  angle and gradually becoming 



weaker t3 the ea 3 t ,  which apparently correlates with the known co,>2er - 
silver sane. The p s a i b i e  anomalies at 2N to 41': on Line 8E. Line 10E. 

Line 12E and Line 14E appear to form a weak extension of this zone. 

Since the strongest an?mai.f occuza oil Pine 2 it is I ecommended that 

several additional linLu be run farther west ii the te:rain will permit. 

D ~ i l l  .Holes 1.2 and 4 have teated the we:;tern isart of the IiL anomaly, 

and an additional hole mignt be driiird an I b e  3E to p a d s  under station 

0t00 a t  a vertical depth of 150' - 200'. 
The definite anomaAy shown at  ZS to 4S on Line 4E appears to 

be an isolated feature and hence the source may be too sinall to be ~f 

economic interest. 

Weak anornaliea occur on other sections of the grid but these 

a r e  not considered t:, be of ,>rime importonce. 

X:ci-'ilrrli GEOt HYSfCS LIXITED 

Robert ,:. Bell, 
Geologist. 

Dated: Zepternber 25 , l ' lbS  
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McPHAR GEOPHYSICS 

APPENDIX 

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. In recent years we have found 
that the IP method can also be very useful in exploring for more con- 
centrated deposits of limited size. This type of source gives sharp IP  
anomalies that a r e  often difficult to interpret. 

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. The data plots a r e  not sections 
showing the electrical parameters of the ground. When the electrode 
interval (X) is  appreciably greater than the width of the source, a large 
volume of unmineralized rock i s  averaged into each measurement. This 
is  particularly true for the large 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 
i s  small compared to the electrode interval ( i .  e. d X )  the measlire- 
ment for n = 1 will be anomalous. In Figure 1 the depth is  0. 5 units 
(X = 1. 0 units) and the n = 1 value i s  definitely anomalous; the pattern 
on the contoured data plot i s  typical for a relatively shallow, narrow, 
near-vertical tabular source. The results in Figure 2 a r e  for the same 
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  less depth. 

When the electrode interval is  greater than the width of the 
source, i t  is  not possible to determine its width or exact position between 
the electrodes. The true IP  effect within the source is  also indeterminate; 
the anomaly from a very narrow source with a very large true I P  effect 
will be much the same a s  that from a zone with twice the width and 112 
the true IP  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 true IP 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 normal practise is  to indicate the IP anomalies by solid, 
broken, or dashed bars,  depending upon their degree of distinctiveness. 
These bars  represent the surface projection of the anomalous zones a s  
interpreted from the location of the transmitter and receiver electrodes 



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 fairly well with the source, the length 
of the bar should not be taken to represent the exact edges of the anomalous 
material. 

If the source i s  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 nearly equal to the true effects within the source. When there i s  some 
depth to the top of the source, i t  i s  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 IP effect within the source. 

Our experience has confirmed the desirability of doing detail. 
When a reconnaissance IP survey using a relatively large electrode in- 
terval  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 IP 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' will be quite 
different from the original reconnaissance results with X = 300'. 

The data shown in Figure 5 and Figure 6 a r e  field results from 
a greenstone a rea  in Quebec. The expected sources were narrow (less 
than 30' in width) zones of massive, high-grade, zir~c-silver ore. An 
electrode interval of 200' was used for the reconnaissance survey in order 
to keep the rate of progress at  an 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 shorter electrode intervals. In most cases 
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' results a r e  shown in Figure 6. Subsequent drilling 
has shown the source to be 12. 5' of massive sulphide mineralization con- 
taining significant zinc and silver values. 

The change in the anomaly that results when the electrode in- 
terval i s  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 completion of this type of detail i s  very important, 
in order to get the maximum usefulness from a reconnaissance IP  survey. 
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McPHAR GEOPHYSICS 

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  

electr ical  cur rent  i s  passed through an a r e a  which contains metall ic 

minerals  such a s  base meta l  sulphides. Normally, when cu r ren t  i s  

passed through the ground, a s  in resis t ivi ty  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 a lmost  a l l  

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

The group of minerals  commonly described a s  "metallic", however, 

have specific resis t ivi t 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 metallic minerals  present  



in the rock. 

The blocking action or  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 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 at  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 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 is  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 passing through i t  in one direction. 



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 .  However, since 

the measurement  of the degree of polarization i s  related to the apparent 

resistivity of the rock m a s s  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 resis t ivi t ies .  

The induced polarization measurement  i s  perhaps the most  

powerful geophysical method for the direct  detection of metall ic 

sulphide mineralization, even when this mineralization i s  of very 

low concentration. The lower l imit  of volume p e r  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 l e s s  than 

one p e r  cent by volume has been detected by the IP method under 

proper  geological conditions. 

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  fo r  mass ive  

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

o r  low resistivity of surface layer ,  the E M  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 



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 metall ic minera ls  

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

other metall ic minera ls  such a s  pyrite. The induced polarization effect 

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

Other electronic conducting mater ia 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 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 

propert ies .  Current  i s  applied to the ground a t  two points in  distance 

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

apart ,  in line with the cu r ren t  electrodes i s  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  cu r 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 resistivity,  

apparent p e r  cent frequency effect, and the apparent metal  factor 



measured for each s e t  of electrode positions a r e  plotted a t  the inter- 

section of grid l ines,  one f r o m  the center  point of the cur rent  electrodes 

and the other  f r o m  the center  point of the potential electrodes.  (See 

Figure A.  ) The resis t ivi ty  values a r e  plotted above the l ine a s  a m i r r o r  

image of the meta l  factor values below. 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 ipts  of the me ta l  factor  value. In this second case  the frequency 

effect values a r e  not contoured. The la te ra l  displacement of a given 

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

point between the cur rent  and potential electrodes.  The distance of the 

value f rom the line i s  determined by the distance (nX) between the cur rent  

and potential electrodes when the measurement  was made. 

The separation between sender  and rece iver  electrodes i s  

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

sampled in any part 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. The interpretation of the resul ts  f r o m  

any given survey must  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 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 a m e  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 

same  equipment can  be used fo r  both detailed and reconnaissance surveys 

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

each time. In the past,  intervals have been used ranging f rom 25 feet 

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

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

The diagram in Figure A demonstrates  the method used 

in  plotting the resul ts .  Each value of the apparent resistivity,  apparent 

meta l  factor ,  and apparent p e r  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 f o r  the l a rge r  values 

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 tested i s  g rea te r  than for  the sma l l e r  

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

the F. E. values a r e  plotted a s  superscr ipts  to the MF values the third 

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

contoured. 



M E T H O D  U S E D  I N  PLOTTING DIPOLE-DIPOLE 

I N D U C E D  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  

S t a t i o n s  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,~-5,6 2,3-6,7 3,4-7,8 4,5-8.9 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 5,6-8.9 

n - I  P P P P P P 

n - l  M.F M F M. F. M.E 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 

n - 2  M.F. M.F. M. F. M.F. M.F. 
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 
12-5,6  2.3-6,7 3,4-7,s 4,5-8,9 Apparent Metal  Factor 

, 
I 2 8 9 

F. E F. L F E. F. E. F.E. F. E. n - 1  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  F. E. F, E. F. L 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. F. E. F.E. F.E. 
42-5,6 2,3-6.7 3.4-7.8 4.5-8,g Apparent Percent 

n - 4  F.E. F. E. F. E. Frequency Effect 
1,2-6,7 2,3-7.8 3,4-8.9 

F i g .  A 


































