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McPHAR GEOPHYSICS

NOTES ON THE THEORY, METHOD OF FIELD OPERATION,
AND PRESENTATION CF DATA

FOR THE INDUCED POLARIZATION METHOD

Induced Polarization as a geophysical measurement refers
to the blocking action or polarization of metallic or electronic
conductors in a medium of ionic solution conduction.

This electro-chemical phenomenon occurs wherever
electrical current is passed through an area 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, or 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 from ionic in the solutions filling the

interstices 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 is allowed to flow through
the rock; i. e, as 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 it 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 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 time that

current has been passing through it in one direction.
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The values of the per cent frequency effect or F. E, are
a measurement of the polarization in the rock mass, However, since
the measurement of the degree of polarization is related to the apparent
resistivity of the rock mass it is found that the metal factor values or
M, F, are the most useful values in determining the amount of
polarization present in the rock mass, The MF values are obtained by
normalizing the F, E, values for varying resistivities.

The induced polarization measurement is 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 1P 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,
or 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 useful tool in checking EM



anomalies which are suspected of being due to these causes.

In normal field applications the [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
is due to the total of all electronic conducting minerals in the rock mass.
Other electronic conducting materials which can produce an [P 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 is applied to the ground at two points in distance
{X) apart, The potentials are measured at two other points {X) feet
apart, in line with the current electrodes is an integer number (n} times
the basic distance (X).

The measurements are made along a surveyed line, with
a constant distance (nX) between the nearest current and potential
electrodes. In most surveys, several traverses are made with various
values of {n); i.e. (n) = 1,2, 3,4, etec. 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 elecirode positions are 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 elecirodes. (See
PFigure A.) The resistivity values are plotted above the line as a mirror
image of the metal factor values below. On a second line, below the
metal factor values, are plotted the values of the per cent frequency effect.
In some cases the values of per cent frequency effect are plotted as
superscripts of the metal factor value. In this second case the frequency
effect values are 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
value from the line is determined by the distance {nX) between the current
and potential electrodes when the measurement was made.

The separation between sender and receiver elecirodes is
only one factor which determines the depth to which the ground is being
sampled in any particular measurement. The plots then, when
contoured, are 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 investi-
gations. The position of the electrodes when anomalous values are

measured is important in the interpretation,
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In the field procedure, the interval over which the potential
differences are measured is the same as the interval over which the
electrodes are moved after a series 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 are moved
cach 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
size of the mineral deposit being sought, the size of the expected anomaly
and the speed with which it is 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 is 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) are 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
values of (n}; i. e. the depth of the measurement is increased. When
the F'. E, values are plotted as superscripts to the MF values the third
section of data values is not presented and the F, E, values are not

contoured.



The actual data plots included with the report are prepared
utilizing an IBM 360/75 Computer and a Calcomp 770/763 Incremental
Plotting System, The data values are 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 or voltage {AV ) obtained at 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 is very low due to poor electrode contact, or the
apparent resistivity is 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.

In sorme situations spurious noise, either man made or natural;
will render it impossible to obtain a reading. The symbol "N'f on the
data plots indicates a station at which it is too noisey to record a reading.
If 2 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 certain situations negative values of Apparent Freguency
Effect are recorded. This may be due to the geologic environment or
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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indicated for the corresponding value of Apparent Metal Factor, In
contouring negative values the contour lines are indicated to the nearest
pesitive 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 or other similar 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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METHOD USED IN PLOTTING DiPOLE-DIPOLE
INDUCED POLARIZATION AND RESISTIVITY RESULTS
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McPHAR GEOPHYSICS LIMITED

REPORT ON

INDUCED POLARIZATION
ANL RESISTIVITY SURVEY
PROJECT 124, COLUMBIA RIVER GRID
(ARC & ROSE CLAIMS)
SCHAFT CREEK ARKA,

LIARD MINING TIVIBION, u.C.
FOR

PHELPS DODGE CORPORATION OF CANADA LIMITED

1.INTRODUCTION
During August of 1972 we carried out a reconnsissance Induce

Polarisation survey on the Arc and Rose claim groups for Phelps Todge
Corporation of Canada Limited. The claims are located in the Schaft
Creek area of british Columkia, appreximately 30 miles sewth of Telegraph
Creek; this location is in Liayd Mining Nivision, in the southeast quadrant
of the one-degree quadrilateral whese southeast cernar is at 37°N latitude
and 131°W lengitude,

The immaediate ares of the claim growp is helleved to ha wnderiain
by & mensonits intrusive, although outcreps are sparse throughout most of
the grid, At lsast locally the menzeaits is well fractured, altered and
minsralized with chaleopyrite, doranite and minor molyhdenite, The IP
survey was carried out to search for concantrations of metallic minerals
that might be of ecomomic value,. Measurements were made with & McPhar

P660 varishle frequency IP system operating at 0.3 and 5.0 Hs ever the
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following claims belisved to he owned or held under option hy Phelps Tedge

Corporsation of Canada Limited.

Arc 9, 11, 12, 13, 14, 23, 24, 28, 26, 27,28

Rose 4, 5, 6, 7, 8,10

2. PRESENTATION OF RESULTS
The Induced Polarisation and Rasistivity resuits are shown on the

following Jata plots iz the maaner escrihes ia the notes preceding this report.

Line_ Elsstrode Intervals Dy, Ne.
100N 200 feet IP 6011-}
S$0ON 200 feet 1P 6011-2
1600N 200 feet IP 6011-3
2400N 200 feet I? 6011 -4
3200N 200 fent IP 6011 -5
4000N 200 feet IP 6011-6
4800N 200 feot IP 6011-7
3600N 200 {est IP 6011 -8
A 200 feet 1P 66119

Also enclosed with this report is "wg, L.P. P, 3534, 2 plan map of
the Columbia River Grid at a scale of 1 = 400", The Aofinite, probable and
possihle Induce? Polarisation anomalies are indicate? hy hars, in the manner
shown on the legend, on this plan map as well as on the 4dats plots., These

hars repressnt the surface projection of the anomalous sones as interpreted
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from the loestion of the tramamitier sad receiver electrodes whea the
anomalous values wers measured.

Since the Induced Polarisation measurernesnt is essentially an
averaging proceas, as ars all potemtial methods, it is frequently #ifficult
to exactly pinpeint the source of an anemaly, Certalaly, ne asemaly can
be located with more accuracy thaz the electrede interval length; i.e. whes
using 200 electrode intervals the pesition of a narrow sulphide ety can
only he determined to lie betwesn twe stations 200* apart. In order te
definitely locate, and fully evaluate, 2 narrow, shallow semrce it s neces-
sary to use shorter elecirods intervals. Ia order to locats sources st some
Aepth, larger slectrode intervals must be used, with a correspending increase
in the uncertainties of location. Therefore, while the centre of the indicated
anomaly probably corresponds fairly well with seurce, the length of the
indieated anomaly slong the line should net he taken to represent the exact
edges of the anomalous material.

The grid infermation shown on "wg. I.P. P, 3554 has heen taken frem

raaps made availahle by the staff of Phelps Nedge Corporation of Canada Limited,

3, "ISCUSSION OF RESULTS
Line 190N
No strong axemaslies were located on this traverss hut there is a

probahle anemasaly centred at station S8E, Anomalies of this magnitude are
normally causes hy very small amounts of metallic minsralisation sad hence
are unlikaly 10 be of econsmic importance unless the source centains a high

ratio of ore sulphides to pyritse, This is the case in & few dms!iu. such as
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B renda Mines, when the total sulphide content is oaly abeut 1.5% (see
accompanying appeniin).

Throughout most of the traverse there is a small hut dlstinct incrense
in the apparent Frequency Effect with increasing electrods separation, but
this is accompanied by only a small incresse in the Metal Factor values,

There appears to be & change in rock typs or character {(i.e. slteratiom)
at the Base Line, judging from the increass? resistivity level on the west half

of the iine.

Line SOON

There 15 & possible weask anomaly centred at 12F to 14K and a Mstinct
F.E. high at 20W to 22W, Again there is a high resistivity sone on the western
part of the traverss hut the level decresses with incressing separation, sug-

gesting an edge effact.

Line 1600N

The resistivity level is low to moderate throughout Line 1600N and
the background M. F. values are higher, except for n = 1, Prohable anomalies
have hesn shown at 10W and 13E; in hoth instances there is a small but Aistinct

increase in the Frequency Effects.

Line 2400N
These results are similar to those ohtained on Line 1600N, with

a minor increase in the M. F, and F.E, values hetween 3X and 9K,

Line 3Z00N

No significant variations in IP response weres measured on this line.
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The resistivity level is somewhat higher than on Line 2400N.

Line 4900N
These results are bHlank except for a slight inerease in M. ¥. and

F.E. vzluas at the axtreme eastern end of the line.

800N and lin ON
No snomalies have bheen identified on either of these traversas. Thse
only variatisn in the IP response is 2 slight increase in F.E. with increasing

separation.

Lins A
These results are essentially hlank,

4. SUMMARY AND RECOMMENDATIONS

No 4definite amomalies, indieative of sither narrow concentrated

sources or widesprea’ dissominated sources, ware located by the 1P survey.
Weak responses were ohtained on Line 100N, Line 800N, Lime 1600N and
Line 2400N forming an irregular sone. However, the magnitude of the
anomaliss suggests rather sparse minsralisation that is unlikely to he of
aconomic interest unless there is a high propertion of ore minerals, such

as hornite and molyhdenite, Unless the geclaogical and gaocchemical data

warranted,

Robhert A, Tell,
Geologist,

lated: November 2,1972
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CERTIFICATE

I, Ashton W, Mullan, of the City of Vancouver, in the Province

of oritish Columbia, hereby certify:

1. That I am a geologist and 2 fellow of the Geclegical Asseciation
of Canada with a2 husiness address at Suite 811, 837 West Hastings Street,
Vancouver, 1,.C,

2. That 1 am registered as a mambver of the Asseciation of Professienal
Engineers of the Provinces of Ontaric and Pritish Columbia.

3. That I hold a R.8c. degree from McGill University.

4, That I have Seen practising my profession as a geologist for ahoui
twanty years.

5. I have no Mrect or indirect interest, nor Ao I axpect to receive
any interest directly or intirectly, in the property or securities of Phelps
TUodge Corporation of Canada Limited or any affiliate,

6. The statements made in this report are based on a study of published
geological literaturs and unpuhlishe? private reperts.

7. Permission is granted to use in whele or in part for assessment

and qualifieation requirements hut not for advertising purpeses.

"atad at Toronto

This Zad fay of Novemher 1972




SERTINICATE

I, Robert Alan Bell, of the City of Teronte, Prevince of Ontarie,

Ao herety cortify that:

1. 1 am a geslogist resifing st 33 “espwood Crescent, Ton Mills,
Catarlo,

z. I am a graduate of the University of Teronto in Physics and Geslegy
with the degres of Sachaler of Arts (1949): and a graduste of the University
of Wisconsin in Economic Geslogy with the degree of Ph. I, {1953).

3. xm.mmauumsmuzemcmmuuaum
of the Geeolegical Association of Casads,

4. 1 bave heen prastising oy prefessien for over fifeea years.,

5. I have no direct or indivest intarest, nor do I expect ts receive any
interest directly or iadfirectly, in the property or securities of Phalpa Dodge
Corporatisn of Canads Limited oy any affiliate.

6. The statements made in this repert are based on a study of puhlished
gealogical literature and unpubblished private reperts,

Te Permission is granied o wse in whale or in part for sssessment and

qualification requirements but not for advertining purpeses,

Tate? at Torento

This 2nd day of November 1972, W / @

Rmt A. ﬂﬁu. “Q Pi




McPHAR GEOPHYSICS

APPENDIX

EXPECTED I[P ANOMALIES FROM "PORPHYRY COPPER" TYPE
ZONES OF DISSEMINATED SULPHIDE MINERALIZATION

Qur experience in other areas 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 IP results is simple and
straightforward. The results shown in Figure | and Figure 2 are typical.
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The source of the moderate magnitude IP anomaly shown in
Figure 1 contains approximately 4% metallic mineralization. The zone is
of limited lateral extent and enough copper is present to make the minerali-
zation "ore grade'’. The presence of the surface oxidation can be seen in
the fact that the apparent IP effects increase for n = 2,

'NDUCED POLARIZATION 195 S B8 138 S 95 TS 35S 38 (5 N 3N

AND {p/2wr)o
65 44
DRILLING RESULTS .
FROM /7
WESTERN NEW MEXICO MS__Ms ®s 135 NS 95 7S 55 35 1S N 3N
U.SA. . {Felo

- S /25 28//50 \(45 7 60,45 30 20 35 30
n-2—20 5 35 /%% 60 7O sm
n-3—2-40 47 :

§0 70 84 89 Q—o 70 58 5§
n-a—50\ a5 - 90 90\ 70 &0 65/{:

LINE-4CW ns 17§ 5 § us a 75 55 ¥ 15 4 N

54 HY 128
07~ 98

23 s

FREQUENCIES-0-318 25 CPS.

*>—X —our AL —ww— K —»

i | \; 1 I > 1 s 175 138 135 ns a5 75 55 35 k] 3,1 3N
e

CVERBURDEN

~
“\ 7
5% to 10% SULPHIDES

7 N

X EQUALS 200 FEET

7% 1o 2%
SULPHIDES

5% SULPHIBES
FiG.2

The IP anomaly shown in Figure 2 has about the same magnitude
as that described above. [t should be noted that appreciably greater con-
centrations of metallic mineralization are present; further, there is little
or no copper present. These results illustrate the fact that IP results can
not be used to determine the exact amount of metallic mineralization present
or to determine the economic importance of a mineralized zone. In some
geologic situations zoning is present; the zones of mineralization of greatest
economic value may contain less total metallic mineralization than other
zonesd in the same general area.



In the proper geologic environment, the method will detect even
very low concentrations of metallic mineralization. The IP results shown
in Figure 3 located the ore zone at the Brenda Property near Peachland,
B.C. The zone containsg 1.0 to 1. 5 per cent metallic mineralization; how-
ever, the mineralization is "ore grade' because only molybdenite and chalco-
Pyrite are present.
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McPHAR GEOPHYSICS

INDUCED POLARIZATION AND RESISTIVITY SURVEY
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SURFACE PROJECTION
OF ANOMALOUS ZONES

DEFINITE ]

FROBABLE susssnarascsssuzizeen
POSSIBLE v xw 2w whwwy

Number at the end of anomaly
indicotes spreod used.

PHELPS DODGE CORPORATION OF CANADA LTD.

PROJECT 124, COLUMBIA RIVER GRID
SCHAFT CREEK AREA, LIARD M.D,B.C.

SCALE
ONE INCH EQUALS FOUR HUNDRED FEET

Departmant of
Mines and Pairoleum Resources
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DWG. NO.- T.P.-6011-2

-y 1767 19w D 2988 2520 1952 1650 1800 170 1208 605 )
B e/ = N\ . PHELPS DODGE CORPORAT ION
-2 2580 @ 2367 4200 5200 M26 2056 4osy kL 1820 1288 566 | :
PROJECT 124, COLUMBIA RIVER GRID,
-] — 22 2820 2822 4146 5080 3200 80 3080 4309 3185 1264 960 497 SCHAFT CREEK AREA, LIARD M.D., B.C.-
RESISTIVITY (RPP.) IN OHM FEET / 2n
260 . 26W T MW . 2W . 20W . 18K ' 16H " 14N © 12K  10W BN .. BHW UMW 2K 0 2E . WE .. 6E . . BE .. 10E .. 12E ... IME 16E 18E 20E 22E LINE NO.- 800N
4 : 1 ' . 4 . v L - . - 1 4 . 1 . . : . : VP YIEESd '
METAL FACTOR (APP.) . ' METAL FACTOR (APP.) ELECTRODE CONFIGURATION
| “«X—pt—NX—>X—>
-1 0.8 0.4 0.9 0.4 0.2 0.3 0.2 0.2 0.2 0.4 0.7 0.2 0.5 0.5 0.5 0.2 0.6 . . o 0.2 0.6 ———— N-1 TEI®|1I | O l
. : . B - : == ) \\ ; /,

-2 — ) N -2 N ,’

0.5 0.7 0.8 0.1 0.2 0.5 0.1 0.2 0.8 0.4 0.5 0.8 -0.2 -0.4 2.0 -0.4 2.0 2.0 2.3 . ,

N\ /

PLOTTING -\ ~

(l? N -3 POTNT —»X X = 200FT

N - 4 SURFACE PROJECTION

-3 . 1.7 1.4 0.3 0.4 ' 0.3 0.9 0.2 0.3 0.7 1.0 1.2 0.1 0.1 1.1 1.0 2.2 . .
-4 N 1.6 0.6 )/1.—3\ 0.9 0.9 )/1_2\ 0.6 0.8 1.0 1.1 1.0 0.4 ' o.a\\ //_2._1\\/1.5\ 2.1 /1—;\ OF ANOMALBUS zONES

. L] 2.5
-5 ' . N-5 UEFINITE somsmsnmin
. _ . » PROPABLE smanissism
' POSSIBLE 2777/
, S S

FREQUENCIES: _ 0.31-0,0 HZ

28W G A AW 24 204 18 CL 14 W 12H QW oM 6 yH 2H 0 2E Yt 6E . 8E . 10.Ek 13€ . I4E 16¢c . 18t . QE 2¢

A

FREQUENCY EFFECT (RPP.) IN ¥% | | | | FREQUENCY EFFECT (APP.) IN % NOTE: CONTOURS AT
LOGARITHMIC INTERVALS
l.-l.S"z.-so"S.--’. 5-10

-1 1.9 / 1.0 2.6 1.0 1.4 . 0.9 0.2 0.3 0.2 0.2 0.1 0.3 0.2 0.7 0.S 0.8 0.1 0.5 —— N - 1

-2 1.2 % 1.0 0.8 0.7 0.6 i 0.2 0.3 0.9 -0.2 0.5 og)/@ 1.2 . N-2

-3 u.s 5.1 ) 1.0 1.7 1.5 | 1.4 0.1 0.1 0.7 0.5 1.1 | 1.3 EEX I . N-3

-4 2.8 L4 1.7 13- 13 0.5 0.7 rfx:\s\ o.e\\ 1.3 //o:\ 1.2 N-U MC PHQR GEUPHTS I CS

e ‘s INDUCED POLARIZATION AND RESISTIVITY SURVEY

NOTE: THIS PLOT WAS PRODUCED BY MCPHAR COMPUTER DIVISION




436 368 \590 sua/ uS6 420 548 \\2‘-1:7 596 NR 560 N
o
408 418 498 486 37 21 699 620 459 3% Qeai N
T
328 370 37’ 3138 2N an 386 G\% 41y M/( 14 N
214 2’ A\ 360 330 227 250 248 426 654 1065 380 966 510 MR — N
RESISTIVITY (APP.) IN OHM FEET / 2w RESISTIVITY (APP.) IN OHM FEET / 2n
16 14N 12W 10K 8N . 6H N 2H .0 2E . 4E 6E 8E - 10E ' 12E - ME 16E 18E 20€ 22E
UTTRILITLRITINIRINIL] DV QW QY aF o aF v d IIIIIIIIIIIIIII /IIIIIIIIIIIIIIIIIIIIIIIIIIIIIli
METAL FACTOR (APP.) METAL FACTOR (APP.)

1.9 ,\o.‘u/, 1.4 0.3 0.4 0.4 0.4 NA N
2.7 3.7 << 2.1 N
2.9 2.8 1.3 N
TR N :
806

16 W 1YW 12W 10N L L L 2N 0 2E YE 6E 8E 10E _12E IYE __16E - _18E 20E ___RE

FREQUENCY EFFECT (APP.) IN % FREQUENCY EFFECT (APP,) IN %
0.y . 0.1 0.5 0.1 . 0.1 . 0.1 0.1 - 0.4 0.1 0.2 0.3 0.5 0.5 0.4 0.2 0.3 N — N
0.9 1.1 1 1.0 0.9 1.0 0.1 0.6 0.1 1.8 N
1.6 1.1 0.9 1.1 1.0 0.7 0.9 1.6 N
1.2 1y 1.4 0.8 0.9 - 0.6 0.3 1.4 N

DWG. NO.- I.P.-6011—-3

PHELPS DODGE CORPOGRATION
OF CANADA LTD.

PROJECT 124, COLUMBIA RIVER GRID,
SCHAFT CREEK AREA, LIARD M.D., B.C.

LINE NO.- 1600ON

ELECTRODE CONFIGURATION .

<-X—-D<——'NX——’<—X—'>
\ /
\ 7

\ /

PLOTTING - '\
POINT —=X X = 200FT

SURFACE PROJECTION
OF ANOMALOUS ZONES

DEFINITE ssssssss
PROBABLE tsenansnsensns
POSSIBLE 77777

FREQUENCIES: __0,31-0.0 HZ

NOTE: CONTOURS AT
LOGARITHMIC INTERVALS
1 . -l . 5—2l ‘3- '-So -7t 5_10

DATE SURVEYED: _AUC 1972

McPHAR GEOPHYSICS

INDUCED POLARIZATION AND RESISTIVITY SURVEY
NOTEs THIS PLOT WAS PRODUCED BY MCPHAR COMPUTER DIVISION




397 467

RESISTIVITY (RPP.) IN OHM FEET / 2n

TH SH 3H

-1 il | i |

$00 7 573 634 676

61e

1K 1E . 3E . SE . TE

000

\—

900 663
440 582 / 386

BESISTIVITY (APP.) IN OHM FEET / 2n

17JE 19E 2lt 23E

1 A ) |

METAL FACTOR (APP.)

0.6 1.0 2.8

M///:?\\:FQEJQSS

.0
0.4 2.3
e T ——
2.0 2.0 2.7 /3.0 3.2 2.4
—
0.7 N 3.7 3.8 3.8
7H §H 3N 1 W 1E 3E SE 7€

. 1 .
VIV IV IVl e e e e

1.8 \0.3‘/
\ 1.4
1.3 1.6

METAL FACTOR (APP,)

1.3

17E 19€ 21E ..23E

z

FREQUENCY EFFECT (APP,) IN %

0.4

0.2

1.2

1.8 1.7

1.5

1.0 / 1.§ 1.7 2.0 1.6

0.3 n 1.7 1.7 2.9

FREQUENCY EFFECT (RPP,) IN %

0.2 0.§

NOTE+ CONTGURS AT
LOGARITHMIC INTERVALS
1 . -l . S-Zc -3.—5. -7- 5-10

OWG. NO.- I.P.-6011-4

PHELPS DODGE CORPORATION
OF CANADA LTD.

PROJECT 124, COLUMBIA RIVER GRID,
SCHAFT CREEK ARER, LIARD M.D., B.C.

LINE NO.- 2400N

ELECTRODE CONFIGURATION

) —p——NY ——>e) >
A Y 7 )
\ Vd
N\ 7
N 7
N\ ’

\ 7/

PLOTTING -\ ~
PBINT —>X X = 200FT

SURFACE PROJECTION
OF ANGMALOUS ZONES

DEFINITE oos—
PROBABLE nsssanininm
POSSIBLE 7777~

FREQUENCIES: __0,31-5.0 HZ +<PB3E_SURVEYED: _BUG 1972

HEEESSIG,

ey
QQ“OF&(

A.W. MOLLCAN
BR )

McPHAR GEOPHYSICS

INDUCED POLARIZATION AND RESISTIVITY SURVEY
NOTEs THIS PLOT WRS PRODUCED BY MCPHAR COMPUTER DIVISION




1170 1215 1220 882 800 1317 910 965 N
864 > 1500 1735 863 8 1133 1178 759 86y ‘ < 1085 N
1040 1008 1914 1240 788 1320 1040 1100 688 / N
NR 1006 1062 1127 1010 1013 1084 1005 850 670 /-\ / 902 N
RESISTIVITY (APP.) IN OHM FEET / 2m RESISTIVITY (RPP.) IN OHM FEET / 2n
74H_ . S.H— . 31H , llH l‘E_. 31E , SIE : 7.E- . SAE 11‘5 : 131E. ISlE . 17‘E IQIE 21.E 2315
METAL FACTOR (APP,) METAL FACTOR (APP.)
NA 0.9 0.8 0.4 0.4 0.6 0.5 0.8 0.5 0.7 0.8 0.8 0.6 N
0.5 1.9 @ 0.8 N
1.0 1.9 1.2 N
1.4 N N
3986
7 5N 3N LN 1E 3E_ SE 7€ 9E 11E 13E ISE 17E 19E 2LE 23E
FREQUENCY EFFECT (APP.) IN % FREQUENCY EFFECT (RPP.) IN %
N 0.8 0.5 N
0.5 0.2 N
0.8 N
0.9 N
N

DWG. NO.- 1.P.-6011-5

PHELPS DODGE CORPORATION
- 0OF CANRDA LTD.

PRGJECT 124, COLUMBIA.RIVER GRID,
-SCHAFT CREEK AREA, LIARD M.D., B.C.

LINE NO.- 3200N

ELECTRODE CONFIGURATION
Y PN > >

B o

N\ /
\ /
A Y /

PLOTTING '~ ~
POINT —>X X =

200FT

SURFACE PROJECTION
OF ANOMALOUS ZONES

DEFINITE eosssmssses
PROBABLE unnunnm
POSSIBLE 2727277

FREQUENCIES: 0,31-5.0 HZ

DATE SURVEYED: _AUG 1972

NOTE: CONTOURS AT
LOGARITHMIC INTERVALS
1 - _1 . S-2l -3- -Sl —7l 5-10

McPHAR GEOPHYSICS

INDUCED POLARIZATION AND RESISTIVITY SURVEY
NOTE: THIS PLOT WAS PRODUCED BY MCPHAR COMPUTER DIVISION




w

n

N
1363 1623 1353 224 1076 816 1178 . N
NS
2120 1220 1440 1307 2160 1496 1058 998 1180 N
1212 Q 1214 199 7 1666 1350 1024 1100 N
1214 1161 1888 Ka:s\ 1596 /mse 1620 @ 1216 /;\ 1047 N
RESISTIVITY (RPP.) IN OHM FEET / 2w RESISTIVITY (APP.) IN OHM FEET / 2n
'-I‘H ) 2‘N _ p 2.E lllE A S.E' 8.E ' IQE o 1245.; llql‘E‘.‘ ISJE 181E 2(15 2?15
METAL FACTOR (APP.] METAL FACTOR (RPP.)
0.6 0.2 0.5 0.9 0.6 0.3 0.4 0.5 0.8 0.4 1.0 N
0.1 0.1 0.4 0.5 0.3 0.3 0.4 0.1 1.1 N
0.0 0.7 0.4 0.7 0.3 (0.9) 0.7 1.1 € N
0.5 0.6 0.8 0.7 (0.8) 0.3 0.1 1.4 N
3986
4N 2 M 0 2E NE 6E 8E 10E 12€ 4 E 16E 18E 20E 22
FREQUENCY EFFECT (APP.) IN % FREQUENCY EFFECT (RPP.) IN %
0.7 0.2 0.9 0.8 0.9 o.u 0.6 \;.1 1.0 N
0.1 0.2 0.5 0.6 0.6 0.y 0.7 N
0.1 0.8 0.6 0.9 0.7 N
0.6 0.8 /)/’L3 1.0 N

DWG. NOB.- 1.P.-60!1-6

PHELPS DODGE CORPGRATION

FREQUENCIES: __0,31-5.0 HZ

NOTE

LOGARITHMIC
l-—l 05-21 -3-—5.-70 5_10

OF CANRDA LTD.

PROJECT 124, COLUMBIA RIVER GRID,
SCHAFT CREEK AREA, LIARD M.D., B.C.

LINE NO.- YOOON

ELECTRODE CONFIGURATION

XN —>eX—>
N N 7 ” 7
\ /7
N\ V4

\ /
N\ /

PLOTTING '~ .

POINT —>X X = 200FT

SURFACE PROJECTION
OF ANOMALOUS ZONES

DEFINITE s
PROBABLE tnnnssssnnensns
POSSIBLE 727~/ 7

DATE SURVEYED: _AUGC 1972

CONTOURS AT
INTERVALS

McPHAR GEOPHYSICS

INDUCED POLARIZATION AND RESISTIVITY SURVEY
NOTE: THIS PLOT WRS PAODUCED BY MCPHAR COMPUTER DIVISION




S N
4 _ 1255 2107 3370 2130 2612 1366 1800 1480 1485 1248 NR N
NS
3 1323 2308 2929 2583 2791 2202 1239 1953 1360 1476 C 74 N
> j) 2354 3360 2252 2299 2148 1320 1890 1243 821 N
1 150 N 1388 3286 2908 2041 2446 2100 2253 1175 1500 //;_ N
RESISTIVITY (APP.) IN OHM FEET / 2n RESISTIVITY (APP.) IN OHM FEET / 2n
'-IJH . 21H P ZIE '-}IE SIE BJE lOlE 121E lll‘E 18‘E 181E ZOlE . 221E 21-11E 2615 2815
METAL FACTOR (APP.) METAL FRACTOR (APP.)
1 0.8 0.4 0.2 0.3 0.4 0.4 0.4 0.4 0.9 0.1 0.7 N
2 1.2 0.2 0.2 0.3 0.2 0.4 0.4 0.5 0.5 0.2 0.5 N
3 1.1 0.4 0.3 0.7 << 2.0 N
4 0.9 0.7 0.6 0.8 0.7 NR N
| 3986
YN 2H 0 2E uE 6E BE 10E 12€ I4E 16E 18E 20E 2E ME 26E 2BE
FREQUENCY EFFECT (HP;’.) IN % FREQUENCY EFFECT (RPP.) IN %
1 1.2 N
2 N
3 N
y NA N
S N

DWG. NO.- I.P.-6011—-7

PHELPS DODGE- CORPORATION
OF CANADA LTD.

PROJECT 124, COLUMBIA RIVER GRID,
SCHAFT CREEK AREA, LIARD M.D., B.C.

LINE NO.- 4Y800N

ELECTRODE CONFIGURATION

XN —>——>
N V4
N 7/
N\ /
N\ V4
N 7/

PLOTTING '\ ~
POINT —>X X = 200FT

SURFACE PROJECTION
OF ANOMALOUS ZONES

DEFINITE wesess—
PROBABLE tnntnssniinin
POSSIBLE 7777 7

FREQUENCIES: _ 0.31-0.0 HZ DATE SURVEYED: _AUC 1972

 PRESSIS,
QQ. q?‘ oF C‘é, ‘7(

A.W. MULL%;
Y \g .

NOTE:  CONTOURS AT
LOGARITHMIC I NTERVALS
l. -1 -5_2- _3-—51 -'71 5-10

McPHAR GEOPHYSICS

INDUCED POLARIZATION AND RESISTIVITY SURVEY
NOTE: THIS PLOT WAS PRODUCED BY MCPHAR COMPUTER DIVISION




N -4 15
N -3 1480
N -2 919 1236

RESISTIVITY (APP.} IN OHM FEET / 2nm

" 6N . UN .CHW

i 'y - i

1020

N

1104 N
1380 N

1228 < 1656 N
1326 NR — N

RESISTIVITY (APP.) IN OHM FEET / 2n

"L AE 26E 13 30¢E

Il A A /]

METAL FARCTOR (APP.)

N-1 0.8 0.y
N-2 0.1
N-3 0.1
N-U4
N-5

6N L 2M

o

0.1

0.1

METAL FACTOR (APP.)

0.5 R — N

0.2 0.1 N
0.1 N

1.ol : N
N

NE . 2BE 28 - 0E

FREQUENCY EFFECT (RPP.) IN %

0.1

0.1

N-1 0.y . 0.9
N-2 : 0.1
N-3 0.2
N-4§

N-5

2

FREQUENCY EFFECT (RPP.) IN %

/’j\\

0.7 ) —_—— N -
0.2 | 0.1 N -
0.1 N -
1.1 ‘ N -

FREQUENCIES: _0Q,31-5.0 HZ _ DATE SURVEYED: _AUG 1972

NOTE: CONTOURS AT
LOGARITHMIC INTERVALS
1 . -1 05-2- —Sl -5l -7c 5’10

DWG. NO.- 1.p.-6011-8 |

PHELPS DODGE CORPORATION
OF CANADA LTD.

PROJECT 124, COLUMBIA RIVER GRID,
SCHAFT CREEK AREA, LIARD M.D., B.C.

LINE NO.- S60Q0N

ELECTRODE CONFIGURATION

€Y —p—NY ——>—Y—>
\\ /I
\ /
N\ 7
\ /s

\ 7/

PLOTTING '\ .~
POINT —>X X = 200FT

SURFACE PROJECTION
OF ANGMALOUS ZONES

DEFINITE sss—
PROBABLE snnnun
POSSIBLE #~7~2 /77

McPHAR GEOPHYSICS

INDUCED POLARIZATION AND RESISTIVITY SURVEY

NOTE: THIS PLOT WARS PAODUCED BY MCPHAR COMPUTER DIVISION l



1545 1220 1994 \711_/ \1510 NR N
/ N/
1488 1448 1420 124 1200 Qeu/ N
1126 124 1248 1920 1088 11 870 N
1696 \ /75—3’\ 1193 144 1790 1564 /(57:_ R N
RESISTIVITY (APP.) IN OHM FEET / 2n RESISTIVITY (RPP.) IN OHM FEET / 2n
29JH 27.“'. ZS.H-- ’ 23}1_ ' ZLH" ' 19‘H' i 17‘H.‘ ‘ ISAH' 131H ll‘H.' ; 91H . 71H 5." 3‘N 1.“ LE
METAL FACTOR (APP.) METAL FARCTOR (APP.)
0.1 0.3 0.2 0.1 1.2 0.4 0.2 NA N
0.3 0.1 0.1 0.1 0.1 1.2 0.1 0.2 N
0.1 0.3 0.1 0.4 0.1 0.1 N
0.5 0.1 0.4 0.7 0.3 NR N
N
29H M 25 W 23N 21 M 19 W 17 ISH 134 11 H 9N M 5N 3N 1N . LE
FREQUENCY EFFECT (ARPP.) IN % FREQUENCY EFFECT (RPP.) IN %
0.2 0.2 - 0.2 . , 0.2 0.8 0.4 0.1 L) N
0.9 . 0.1 0.2 0.1 0.1 0.6 0.1 .2 N
0.2 0.4 0.1 0.2 0.1 0.1 N
0.7 0.1 0.6 0.6 0.2 - N
N

FREQUENCIES: _0,31-0.0 HZ

NOTE: CONTOURS AT
LOGARITHMIC INTERVALS
l . -1 . 5-2- -SQ-SQ "70 5—10

DWG. NB.- I1.P.-6011-9

PHELPS DODGE CORPORATION
OF CANADA LTD.

PROJECT 124, COLUMBIA RIVER GRID,
SCHAFT CREEK AREAR, LIARD M.D., B.C.

LINE NO.- A

ELECTRODE CONFIGURATION

Y —pe—N—>eY—>
N\ \ P rd
N V4
N\ 7/

7/
N\ V4

\
PLOTTING '\ ~
POINT —>X X = 200FT

SURFACE PROJECTION
OF ANGCMALOUS ZONES

DEFINITE =e——
PROBABLE  stannessnsnint
POSSIBLE #7777

DATE SURVEYED: _AUG 1972

McPHAR GEOPHYSICS

INDUCED POLARIZATION AND RESISTIVITY SURVEY
NOTEs THIS PLOT WAS PRODUCED BY MCPHAR COMPUTER DIVISION




-5 N -
-y , 2481 1750 1983 2378 2127 2388 2140 1532 <769 U 280 588 566 1027 670 N -
/ O

-3 3015 /950 2138 2585 2445 2700 1998 1582 1965 E) 4500 1120 1065 1465 N -
-2 4000 2238 2190 2620 M2~ 3162 2190 13 1998 2556 uST7 51u8 s 1046 1190 2350 1493 N -
-] —— a3 2807 2550 2130 3000 4170 2033 1214 1665 2430 I8 5036 umw S/ w0 e T —— N -
RESISTIVITY (RPP.) IN OHM FEEY / 2nm RESISTIVITY (APP.) IN OHM FEET / 2n

ZSJH : 26‘H ' 2'4.N 22.“ - 201N 18‘N ‘ lSlH o lliH 12.“ . lOlN ’ 81H . B.H u‘H ZLN 21E LILE . S‘E . BLE . IULE : 12‘E lLIlE ISlE 18}5 2015 22:5

ITITITITILLIITMITI NIV AV QV W 4V 49 4V ar 4 VAV AV 4V 4V 4V 4v 4 ?

METAL FRCTOR (RPP.) METAL FACTOR (APP,)

-1 0.3 0.5 0.4 0.6 0.5 0.2 0.3 0.5 0.4 08 —————— N-
-2 0.4 0.4 0.7 0.6 0.5 0.4 0.3 0.3 0.9 0.6 0.3 N -
-3 0.4 0.4 0.4 1.9 2.1 N -
-4 0.9 1.1 1.0 /1:\ /o.—;\ : 0.9 0.5 0.3 2.1 A:— N -
-5 N -

Bb -

28 M 264 24N 22 204 18 M 16 W 14 W 124 10H 8 W 6 4N 2 W 2E YE 6E 8E 10€ 12€ ME . 16E 18E - 13
FREQUENCY EFFECT (APP.} IN % FREQUENCY EFFECT (RPP,) IN %

-1 — I 1.4 IS S 1.3 . 1.4 1.0 1.2 0.8 \ 1.9 N -

——\’ N

-2 1.8 1.0 . 1.5 1.5 1.5 1.2 1.1 14 0.5 N -
-3 : 12 1.2 2.8 Q\n ' 2.3 2.0 (37‘ N -
-y 23\ 1.9 /_31\ 2.7 //1-.:\ 2.2 2.3 N -
-5 N -

OWG. NO.- 1.P.-6011—1

PHELPS DODGE CORPORATION
OF CANADA LTD.

PROJECT 124, COLUMBIA RIVER GRID,
SCHAFT CREEK AREAR, LIARD M.D., B.C.

LINE NO.- 100N

ELECTRODE CONFIGURATION

< X—>e—N—>X—>
\\ - /,
N\ V4
N\ 7/
N\ 7/

V4

PLOTTING ~ N
PBINT —=>X X = 200FT

" SURFACE PROJECTION
OF ANOMALOUS ZONES

DEFINITE eossssssss
PROBABLE tnmnninin
POSSIBLE 77777

FREQUENCIES: __0Q,31-5.0 HZ

DATE SURVEYED: _AUG 1972

NOTE: CONTOURS AT
LOGARITHMIC INTERVALS
lo-1-5-20-3.-51_7-5-10 m

ANy MULLAN
MWL ey L

McPHAR GEOPHYSICS

INDUCED POLARIZATION AND RESISTIVITY SURVEY
NOTEs THIS PLOT WAS PRODUCED BY MCPHRR COMPUTER DIVISION






