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McPHAR GEOPHYSICS

NOTES ON THE THEORY, METHOD OF FIELD OPERATION
AND PRESENTATION OF 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.



The values of the per cent frequency effect or F L 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 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,
or low resistivity of surface layer, the EM method can not be successiully
applied. The ability to differentiate ionic conductors, such as water

filted 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 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 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, 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 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 electrodes. (See
Figure 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 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, 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 metheod 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
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
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 Systemn., 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
sitvations in recording the data in the field.

The TP 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 symbel "TL" on 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 '"N'' on the
data plots indicates a station at which it is too noisey to record a reading.
If a reading can be obtained, but for reasons of noise there is some doubt
as to its accuracy, the reading is bracketed in the data plot { ).

In certain situations negative values of Apparent Frequency
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
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 or other similar reasons. Any symbol other than those dis-
cussed above is unigue to a particular situation and is described within

the body of the report.
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METHOD USED IN PLOTTING DI/POLE-DIPOLE
INDUCED POLARIZATION AND RESISTIVITY RESULTS

[ 2 3 4 5 6 7 8 9
Stations on line x = Etectrode spread length
n = Electrode separation
P P P
12-6,7 2,3-78 3,4-89
P P P P L
1,2-56 2,3-6,7 3,4-78 45-89 Apparent Resistivity
P P p P P

1245 2356 346? 45-78 5,6 89

i2 34 2,3- 45 345,6 4567 5678

/W\

M.F MF M.F. M.F M.F. M.F
1,2-3,4 23-45 34-56 45-67 56-78 6,7-89
M F. M.F. M.F. M.F. M.F
12-45 23-56 3467 4578 56-89
MF M.F MF M.F
L2-56 23-67 34-78 45-89 Apporent Metal Foctor
M.E M.F. M.F
,2-67 23-7,8 3,4-89

] ] i 3 i ' i
F.E FE F.E. F.E. F.E. F.E.

L,2-3,4 23-45 34-56 45-67 56-78 67-8,9

F.E. F.E. F.E FE. F.E.
,2-45 23-56 34-67 45-7,8 56-8,9
FE ‘FE fF.E. F.E.
1,2-56 2367 3,4-78 45-89 Apparent Percent
FE. FE. F.E. Frequency Effect

1,2-6,7 2,3-7,8 3,4-8,%

Fig. A




McPHAR GEOPHYSICS LIMITED

REPORT ON THE

INDUCED POLARIZATION
AND RESISTIVITY SURVEY
ON THE
IN AND C CLAIM GROUPS,
SCHAYT CREEK ARKA,
IIARD MINING DIVISION, b.C.
FOR

HECLA OPERATING COMPANY

1. INTRODUCTION
At the requast of the client, we have completed an Induced Pelarization

and Resistivity survey on the IN and € Claim Groups, Schaft Creek area,
Liard Mining Tivision, k.C, for Hecla Operatinag Company. The elaim groups
are situated at 537°33' north latitude and 130° 53" wast lomngitude.

The geolegy of the grid ares iiself is net available at the time this
report iz written, However, to the immaediate west, green andesites flank
the Hickman hHatholith and it {s believed that the geclegy of the tweo areas is
similar. Torite aad porphyry intrusives are known; copper minerals and
some pyrite have been located in the volcanics.

The 1P survey was carried sut to lecate any depesits of metallic
mineralisation which might be of economic valus. The work was completed
in July and August, 1972, using & McPhar P660 Mgh power variable frequency

IP unit operatiang at 0.3 and 5.0 cpe over the fellowing claims:
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IN - l. z. 3. " 27‘ :‘, 2,' ’0’ ”’ ,‘, ’,. “. 5’, u|

61, 62, 15, 76, 17, 18, B8, B4, 101, 102, 103, 104,
109, 119, 127, 128, 129, 130, 135, 13%6.

C - 10, 11, 12, 13, 14, 16, 33, 34, 33, 34, 37, 38, 99,
61, 62,
These claims are assumed to be owned or held uader eptioa by Hecla

Operating Company.

2. PRESENTATION OF RESULTS
The Inducad Polarisation and Resistivity reasuits are shown om the

following data plots in the manner dessribhed in the notes preceding this report.

Line Elsctrode Intervals =g, No.
C_Claim Group

24000N 200 feet IP 3991 -1
23500N 200 feet IP 5991 -2
23000N 200 feat P 9991-3
22000N 200 foet 1P 5991 -4
21000N 200 fest 1P $991-%
IN Gr

15008 (West Part) 200 fest IP 59%90-1
15008 (Central Part) 200 feet IP 5990-2
15005 (East Part) 200 feet IP 5990-3
70008 (West Part) 200 foet IP 3990-4

70008 (East Part) 280 feat 1P 5990-2
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Alse snclesed with this rapert are Nwys, 1. P, P, 3547 and 1. P. P. 4864,
plan maps of the C and IN Claim Grids at a scale of 1" = 400° and 300" respectivaly.
The definite, probable aad possibis Induced Polarisation anemalies are indicated
by bars, in the manmner shown on the legend, on thess plan maps as well as en
the data plets, These hars represent the surfsce projectiea of the anemalews
scnes as interpreted from the location of the transmittey and receiver elec-
trodes when the anomaleus vajues wers measured,

Since the Induged Pelarisation measurement is uuﬁﬁally an
aversging process, as are all potential metheds, it is frequently dfficult
to sxactly pinpoint the source of an anomaly. Certaialy, ne anomaly can he
locatsd with more accurasy thaz the slesctrede interval length; i.e. when using
200! slectrode intervals the position of a asrrow sulphide hedy san cmnly be
detarminsd to lie hetwaen two stations 200! apart. In order te definitaly
locate, and fully evaluste, a narrew, shallew source it is necsssary to use
shorter slectrede intervals. In erder te lecats sources at seme depth, larger
slectrode intexvals must he used, with a serresponding increase ia the un-
certainties of location. Therefers, whils the sentre of the indicated anomaly
prebably correspends fairly well with source, the leagth of the indicated
anomaly aleng the line should net be tahen 50 represeant the eunet sdgss of
the anomalous material.

The claim informatien shown cn Nwis. 1. P. P, 3547 and 1. P. P, 4864

has been taken from maps made available by the staff of Heeln Operating

Comipany.
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3, DISCUSEION OF REXSULTS

The IP results 2s plotted on "wg, 1. P. P, 4864 are only appreximate
in positien, as the hase map which was provides hy the client iz net true to
scale,

The geology of the grid avrea is not_ knowa, bat the mineralisation in
the azes to the immediate west iy assaciated with high resistivities and it
seems probable from these results that this iz true, in part at least, of this
survey area, Pecause of this, if and where it is true, the metal factors
will he low in magnitude and may not he indicative of the true situstion.
Therefore the survey results are dincussed with regard to heth n:etal factor
and frequency effect anomalies,

The resistivities are variable across the width of the survey lines,
but the lines are too far apart to maks reliable correlations betwsen high and
low resistivity contacis. As an example, this contact on Line 24000N lies
at 22W; on Line 23500N it lies at 24W and the high resistivity sone ceases
at 12W; on Line 23000N the sone has narrowsd drastically, the wastern
contact being at 26 W and the eastera contact at 20W, The high resistivities
probahbly reflect a specific reck type, hut more data are nesde to he cortain,
With sufficient data, the changing resistivities would ha 3 geod guide in

geological mapping,

C Claim Group

Five lines were surveysd over the northera portian of the grid an#
are discussed below in detail. In the discussion, unless an anomaly is
specified as baing metal factor or frequency effect, it reflects anomalous

values for hoth.



Line 24000N
A probable snemaly from 36W to 38W is shallow, with the tsp of the

source at less than 100*. Some depih extant {5 indicated.

A weak, shallow anomaly from 22W to 24W reflects decreased
resistivities, but the {requency effscts, which are three te four timas over
background, show this imcrease from 14W to 30W., The resistivities indicate
a change ia rock type at 22W., One pussible interpretatien 3 that weakly
dizsseminated mineralizsation iz preseat from 14W to 30W in more than ons
type of hast rock.

This may alsc be trus further to the anat, where thers is & very waak
maetal factor anomaly {rom 2W to 4W, but the {requency efflects are maderstaly

angmalous from 8W to the end of the line, whare the anomaly is incomplets.

iine 23300N
A definite, shallow anomaly axteads frem 40W te 42W; the top of the

socurce is less than 100! daep. This amomaly is on strike with prabable
anomalies te the nerth and south and with tham is designated Zone A,
“uring the IP survey, a salf potantial effect of 3 mv was masswred with the P660
receiver from 40W to 42W. Ground geelogy might pessibly lecats outcropping
mineralisation over this anomaly; if not, the ssurce sheuld he chacked My drilling.
The drill hole should be located te test the source at a vertical depth of 150
below 41 W,

A probable to possible shallew anomaly axtends from Z8W to 34W and
is correlated with anomalies to the north and south to form Zene B, Two weak

anomalies extend from 14W to 18W and 6W to 10W, The fraquency sffest



Y-
anomslies are much mere sxtensive and of grester magnitude {sss Dwy,
1.P, 3991-2). Itis recemumendad that Jrilling be initiated te; a) test the
source of the Zone B anomaly at a vertical depth of 150! under 31 W snd
1) 1o test the source of the weak metal factor anomaly, hut stremg {requency

eoffsct anomaly, from 14W to 18W at s vertical depth of 150 undar 16W,

Line 23Q00N
A possible anemaly from 48W to the western end of the lins, where it

is incomplete, shows semae depth extent; the top of the seurce is less tham 100
in deapth,

A prohabis anomaly (Zane A} sxtends from 42W to 44W, The
magnitade of the anomaly iscreases with depth. A very weak asemaly from
34W te 36W s near 200' dasp - this is the Zone B asomaaly. The frequency
sffects are anomaleus in varying magunitade from 44W o 18W; frem 12W to 2W;
from 4E to 28K and from 35E to 37E., There are ceincident metal factor

anomaliesz as follows!

6L to 8K - possihle with the top at & depth near 100,

14E to0 1 8E - definite - the xmagnitude inaresnes with depth.
This is the nerthera anomaly of Zone C,

32E to 41E - possible te probanle. This anemaly is suspect

except frem 35E to 37K as the frequansy affects
are very near hachground.

It is recommended that the sanomaly frem 14X to 18K bhe &rilled te check

the source at & vertical depth of 150* under 146E,

I1ine 22000N
Anomalous fraquency efiects are much more extensive than metal
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factor anomalies, varying ia depth and magunitude {see Dwg. IP 5991 -4},
There are coincident metal factor anomalies from 4E to 6E {(definite and
shallow), Zone C, and from 12E to 14E (possible and relatively desp,
cires 2001).

The prohable frequency sffect anomaly frem 0 teo 4E, where there

is no metsl facior anomaly, could be checked at a depth of 100" helow I E,

Line 2]1000N
A definite, shallow anomaly was located from 08 to W, Thse pattera

of the ancuialy suggests & source dipping at sheut 43° to the east. This saomaly
is correiated with anomalies to the nerth into Zone C,
A very wesk anomaly extends from 10F to 14E,

The snomalous frequency effects ars alightly more extensive.

IN Claim Gresp

Two widely separated lines were surveyed,

Line 15008
Weak anomalies were located as follows: 3IW te 31W; 29W te 27TW;
23W to 15W; 2E to 4K; K to 8E; 12F to 14E; 27E to 104AE and 96AE to 90AE,
A probable anomaly sxtends from 25E to 2ZTE. An incomplete definite amemaly
sxtends sast from 4AE. The fraquency sfiect anemalies are much more
extensive and they are greater in magnitade, in geonsral. It will he necessary
at some place on the grid to test the source of hoth 2 metal factor saomaly
and a {requency effect anomaly in order to determine which is more representative

of the mineralization. Recommaendations for that purpose have heen made for C

Claim Group; the results should he applied to the interpretasion of this grid,



Line 70008
A narrow, weak, metal factor anomaly from 12E to 14E may be a

resistivity low, but & weak frequency sffect anomaely is offsat to the east by
one electrode interval and the two may be related.
A definite to probable snomaly extends from 22F to J0E where there
is aa interval of 200!, then the anomaly continues from 32K te 40K, The
apomsious frequency effects vary somewhat in magnitude snd extead heyond
the metal factor anomaly to S4E, It is recommended that the definite pertion
of the asomaly be checked at a vertical depth of 150 to 200" below 25X by
Arilling. The eastern flank of the anomaly could he similarly tested below 37E,
Weak frequancy sffect anomalies were located fram 61X to 43F; 64E to
64E; 68E to TOL and 84X to BAL.
A broad anomaly extends frem 94X to 114K, varying in magnitade
from possible to definite. FEsckground resistivities sre moderately high as
are the frequency effects. The top of the scurce of the definite pertion from
101E to 107K {s at a depth nsar 100" and the source from (10X to 112E reaches
its highest magnitude near 200'. Three 4rill holes are recommaended here as
followss
1) to test the anomaly at a vertical depth of 100* below 97E.
2} to test the anomaly at & vertical depth of 150* helow 106K,

3) to tast the anomaly &t a vertical depth of 200" below 111E,

The frequency affects are modarately anomalous from 1 14E to 126E,
At 124E, the resistivities decresse sharply; at 126E the frequency effects
decrease. It seems probadble that there is 2 change in rock type at 124X,

The metal factor anomaly from 118E to the ead of the line, whare it is
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incomplets, is coincident with a frequency effect anomaly at 118E to 126X,
From there east, the decresss in frequency effects makes the definite metal
factor anomaly sesm less significant. However, the anomaly ceuld he checked

at a vertical depth of 100* below 129K,

4. CONCLUSIONS
S Claim Growp

Thres narrow sones of anomaleus IP effscts wers outlined hy the survey,
Howsver, frequency sffect anomalies were much hrosader in extent. The
resistivities of ths country rock are high and weuld thus result in low metal
factors, masking all but the strongest metal factor results. It is therefere
impertant to eatablish which of the twe readings is the hatter criterion for

intarpretation. Trilling recommaendations were made with that {n mind,

IN Clajm Oroup
Tha samse commaents apply te ts grid. If the drilling is carried

out and the resuits ares sncouraging, inurmﬁmh:pmhl lines should he

b

surveysd,

Mariom A, Coulle,
Geologist,

"ated: September 28,1972
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ASSESSMENT DETAILS

PROPERTY: Y“IN" Growp MINING DIVISION: Lisrd
SPONSOR: Hecla Operating Coampany PROVINCK: British Columbia
LOCATION: Schaft Creek Area

TYPE CF SURVEY: Induced Polarination

OPERATING MAN DAYS: 38 DATE STARTED: July 19, 1972
EQUIVALENT 8 HR. MAN DAYS: 57 DATE FINIBHED: August 6, 1972
CONSULTING MAN DAYS: l NUMBER OF STATIONS: 169
DRAUGHTING MANR DAYS: 5 NUMBER OF READINGS: 1404
TOTAL MAN DAYS 63 MILES OF LINE SURVEYED: .29
CONSUL TANTS:

Fhillp G. Hallef, 15 Baraweed Ceurt, Don Mills, Ontarioe.
Marion A. Goudie, 739 Military Trail, West Hill, Ontarie.

FIELD TECHNICIANS:

Alex B, Walcer, 112 Rutherford Road North, Brampton, Ontarie.
8., Dunbar, 46387 Laagazs Ave., Vanecouver, B.C.

Plus 2 Helpers:

L. Bingham, 7989 Patiarsen Ave., Bursaby, B.C.

K. Matheson, 3760 Marine Drive, Burmadby, B.C.

DRAUVCGHTIMEN:

F.R. Pesx, 38 Torvemns Avenus, Torosate 6, Omtario.
N. Lade, 299 Jasper Avenus, Oshawa, Ontarie,
V. Young, 703 Cortes Avesue, Bay Ridges., Ostarie.

Dated: September 28, 1972
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STATEMENT OF COST

Heela Mining Company
TINT Greup
L%m m‘! !t C.

Crew; A. Walesr - 8. Duabar
94  days Opersting:
7-3/4 days Operating @ 5268.00/day

1-3/4 days Oparating
24 days Bad Weather )

day BRAreakdown

Expenses prorated 7-3/4/13

Alr fare 22.73
Alr LI to survey 338.16
Taxis 20.36
Meale 43.04
r::.!ﬂﬂ and Brekerage 99. 40
Telephons and Telegraph 2.07

§25.7¢
+1o% 53,58

Extys labour (provated) 351.47
+20%

mhd’ s.pt.mh' zs' 19" ’..-’d’, T T S

$2,083. 75
N.C.

380.00
N.C.

578. 34
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ASSYSSMENT DETAILS

PROPERTY;: *C" Growp MINING DIVISION: Liard
SPONSOR: Hecla Opersting Company PROYINCK: British Ceolumbia
LOCATION: Schaft Cresk Area

TYPE OF SURVLEY: Ianduced Polarization

OPERATING MAN DAYS; 29 DATE STARTED: July 17, 1972
EQUIVALENT 8 HR, MAN DAYS: 434 DATE FINISHED: August %, 1972
CONSULTING MAN DAYS: 1 NUMBER OF STATIONS: 16§
DRAUGHTING MAN DAYS; L] NUMBER OF READINGS: 1308
TOTAL MAN DAYS: 494 MILES OF LINE SURVEYED: 6.1
CONSULTANTS:

Philip G. Hallef, 15 Barzwoesd Ceurt, Den Mills, Oataric.
Marion A. Goudie, 739 Military Trail, West Hill, Ontarie.

D TECHMIC
Alsx B, Walgsr, 1121 Rutherford Road Nerth, Bramptem, Ontario.
8. Dumbary, 4687 Langars Ave., Vancouver, B.C.
Plus 2 Helpers:
1.. Bingham, 7989 Patterson Ave., Burnsby, B.C.
K. Mathesom, 3760 Marine Drive, Buraaby, B.C.

DRAVGHTESMEN:

F.R. Peer, 38 Torrens Avenue, Toremts 6, Ontarie,
N. Lade. 299 Jasper Avamue, Oshawa, Ontaris.

V. Youag, T03 Cortes Avenue, Bay Ridges, Omtaric.

GROPHYSICS LIMITED

Dated: September 28, 1972
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STATEMENT OF COST

Hacls Mining Company
"*CH" Group
Schaft Creek Avea, B.C.

Crew; A. Walecsr - 8, Dunhar

74 days Operating € 5165,.00/day $1,921.25

24 days Travel }

3/4 day Preparation) 34 days @ $100.00/duy 328,00
{ day oOff N.C.

Expenses prorated 7i/15

Alr fave 21,27
Alr 1ift to survey 316.24
Taxis 19.04
Meals 40.26
Freight and Brokerage 92.97
Telaphone and Telegraph 1.92
491.80
+10% 49.18
540.98
Extrs labour (proxated) 326.80
+ 20% 65. 76
394. 56

$3,101.79
STE———

MePHAR GEOPHYSICS LIMITED

i

pmu’ G- Wl
Geophysicist

Dated: September 28, 1972
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CERTIFICATE

1, Philip George Hallaf, of the City of Toremte, Provines of

Ontaric. do hereby cartify that,

| I8 I am & gesphysicist residing at 15 Barawoed Court. Dom
Mills, Ontario.

2. I am a gradusts of the Massachusetts Institute of Techuelegy
with 2 B.Sc. Degres {1952) in Geology and Geophysies, and a Ph. D,
Degxes (1957) in Geophysics.

3. 1 am a member of the Socisty of Explorstion Geophysicists
and ths Eurcpean Association of the Exploratien Geaphysicists.

4. I am a Professional Geephysicist, registered in the Prevince
of Ontario, the Province of British Columbia and the State of Arisons.

5. I have no direct or indivect interest, nor do | expect te receive
any interest dirvectly or indirectly, ia the property or securities of
Hecla Mining Company or any affiliste,

6. The staterments mads in this report are based on 2 study of
published geoclogical literature and unpublished private reports.

7. Permission is granied te use in whole ir im part for assessmant

and qualification requirements but not for advertising purposes.

Dated at Toronto

This 28th day of Sept ember, 1972
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INDUCED POLARIZATION AND RESISTIVITY SURVEY
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HECLA OPERATING COMPANY

“IN" GROUP —SCHAFT CREEK AREA
LIARD M. D., BRITISH COLUMBIA
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Mc PHAR GEOPHYSICS

INDUCED POLARIZATION AND RESISTIVITY SURVEY
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