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GLEN COPPER MINES LTD.
REPORT
ON
PROPERTY IN
HALLIDAY AND MIDLOTHIAN TOWNSHIPS
LARDER LAKE MINING DIVISION
ONTARIO
SUMMARY AND CONCLUSIONS:-

Glen Copper Mines Ltd. has the right to acquire 28 un-
(”"' patented mining claims in Halliday and Midlothian Townships,

approximately 40 miles south of Timmins. Widespread low grade
lead-zinc-copper~silver mineralization has recently been ex-
posed intermittently in a series of over 50 trenches covering
an area 3600 feet long and 500 feet wide. The mineralization
.occurs in rhyolite and dacite breccia, the same favourable
volcanic rock types which host most of the Timmins Area's base
metal deposits including Texas Gulf Sulphur's Kidd qunship
~ deposit.
Sampling carried out by the writer, has yielded values
as high as 4.37% combined lead-zinc and 0.34 ounces of silQer
per ton along with low copper values over widths of up to 20

feet, but the average tenor of the mineralized zone is less




than this.

Continuity and grade of the exposed mineralization has
not been established but because of the extent and character
of the deposit an exploration program to investigate the pro-
perties potential for large low grade deposits and smalier
higher grade concentrations is warranted. Since deposits of
this nature are frequently zoned mineralogically, emphasis is
placed on deep exploration.

In order to assess the prpperties possibilities the
writer has recommended an extensive exploration program con-
sisting of geological mapping, geophysical survest&gé[d?émond

drilling.

INTRODUCTION:

This report was prepared at the request of the Directors
of Glen Copper Mines Ltd. Its purpose is to outline an explor-
ation program in order to assess the base metal potential of a
property located in Halliday and Midlothian Townships, Ontario.
Glen Copper Mines Ltd. has the fight to acquire the property.

Prospecting and trenching recently completed on the pro-
perty by two Timmins area prospectors has uncovered widespread,
low grade lead-zinc-copper mineralization. These showings have
been exposed intermittently over an area 3600 feet long and 500

feet wide. The report outlines an exploration program designed
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to test for the possibility of either outlining a large ton-
nage low grade base metal deposit or smaller concentrations of
higher grade mineralization.

The writer visited the property on June 10, 1971. All
trenches and known mineralized outcrops were examined and sam-
ples were taken from areas containing typical mineralization,
The author studied all of the data relating to the property

available at the Ontario Department of Mines.

PROPERTY :
The property consists of twenty-eight contiguous unpat-~
ented mining claims totalling approximately 1120 acres, more

precisely described as follows:-

CLAIM NO. STATUS ACRES
255465V Unpatented 40
278570 ‘ " 40
278571 w 40
278572 » " 40
278573 " 40
292002 ' " 40
232003 " ' - 40
292004 " 40
292005 " . 40
292006 " 40
292007 " 40
292008 " 40
292009 " 40
292010 " 40
292011 " 40
292012 " 40
292013 " 40
293217 " ‘ 40
293218 " 40

293219 " 40
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293220 Unpatented 40
293221 " 40
293222 " 40
293223 " 40
293224 " 40
293225 n 40
293226 " 40
293395 " 40

The titles of these claims were ascertained at the Ontario
Department of Mines and it is understood that Glen Copper Mines
Ltd. has the right to acquire the property, although no legal
document to this effect has been examined by the writer. The

claims are in good standing until July 1972.

LOCATION AND ACCESS:

The property straddles the township line between Halliday
and Midlothian Townships in the Larder Lake Mining Division of
Ontario. The south boundary is situated along the north shore
of Rhyolite Lake.

The property is approximately 40 air miles south of the
Town of Timmins and is accessible by gravel road from the towns

of Timmins and Matachewan.

HISTORY:

According to records available at the Ontario Department
of Mines, part of the property was prospected for gold in the

1940's. Chip samples obtained at that time from a pit on the
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property assayed as high as 0.44 ounces of gold per ton. There
is no record as to the width or continuity of these values.

Two old pits, caved and overgrown by vegetation were observed by
the writexr in the approximate area described in the Ontario
Department of Mines records.

It was these old reports of gold which originally attracted
the two Timmins prospectors to the area in 1969 and while they
were prospecting for gold, base metal minerélization was dis-
covered. Since then work has been concentrated on the base metal
possibilities of the property and no attempt has been made to
locate the gold occurence described in the old reports.

The work recently completed by the two Timmins area pros-

pectors consists of prospecting and a large amount of trenching.

GENERAL GEOLOGY:

The property is underlain by the same favourable volcanic
rock types which host most of the Timmins area base metal deposits
including Texas Gulf Sulphur's Kidd Township deposit, Kam - Kotia
Mines Ltd. deposit, Canadian Jamieson Mines Limited deposit and
Jameland Mines Limited deposit.

The area is largely overburden covered but there are suf-
ficient outcrops to outline the general geology. The general
geology is described by E. 6. Bright in the 0.D.M. Geological

Report 79, "Geology of Halliday and Midlothian Townships" as
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follows:-

"The map - area occupies the greater part of a felsic
volcanic dome which covers the adjoining townships of Sothman,
Halliday and Midlothian™. The "dome, lies near the western flank
of the Round Lake granitic batholith".

"All the bedrock in the map - area is of Precambrian age.
Felsic (dacitic to rhyolitic) metavolcanics in the central area
of the Halliday dome are interstratified with and surrounded by,
intermediate (andesitic to dacitic) metavolcanics. On the north-
east margin of the dome, metasediments are intercalated with
minor disconformity, between a younger and older volcanic series.
The metavolcanics and metasediments along the margins of the dome
occupy axial areas of tight folds, Ultramafic and mafic sills
and stocks intrude the outer rhyolitic strata of the dome, and
younger, Matachewan-type, diabase dikes occupy some of the north-
trending faults and fractures that traverse the map - area”.

The property is underlain by hortheast - trending rhyolite-
dacite breccias locally intruded by small granitic dikes. The
dip of the schistocity of the rock is vertical or predominantly

steeply south.

MINERAL DEPOSITS:

More than 50 trenches have been blasted in the outcrop

areas to expose widespread, low grade lead-zinc-copper mineral-
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ization intermittently over an area of 3600 feet by 500 feet.
All sulfide minerals have been leached out of the bedrock down
to a depth of approximately 1 ft. and it is only where trench-
ing has exposed unweathered bedrock that the base metal sulfides
are evident. For this reason and because of overburden cover
continuity of mineralization between trenches has not been

established and this will require detailed exploration,
'J__,_,..w...,m T T T e, »..\_\

Sulfide mineralization occurs i ffﬁ§glite breccia host ’/;>
rock and consists of pyrite, sphale i;e, galena and chalcopyrite

in order of abundance. These sulfides occur in three habits;
(1) as disperse disseminations in rhyolite fragments, (2) as
thin films and lenses along fractures, and (3) as matrix filling
surrounding rhyolite breccia fragments.

The host rock is silicified and shows varying degrees of
sericite and chlorite alteration,

Although good grade mineralization assaying as high as
4.12% zinc, 0.25% lead and 0.05% copper can be observed in widths
of up to 20 feet, the average tenor of the mineralization appears
to be considerably lower grade.

Because of the extent and character of the exposed mineral-
ization the potential for a large tonnage low grade deposit
warrants investigation. Emphasis should be placed on the depth

potential of the property since zoning of both the grade and type

- e
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of mineralization can be expected in this type of deposit. The
possibility of locating smaller concentrations of higher grade
mineralized zones should also be investigated.

Becauée of the disseminated nature of mineralization and
because the major mineral present (Sphalerite) is non conductive,
electromagnetic techniques will probably not be successful in
detecting this type of mineralized zone. However pyrite and
galena (both of which are present in small amounts) if present
in sufficient concentrations would be detectable using Induced
Polarization methods. A magnetometer survey would also be use-

ful for geological correlation in the overburden covered areas.

" SAMPLING:

Two separéte bulk samples were faken. Sample No. 2 is
composed of mineralization from pits in outcrop areas "A" and
"B" and sample No. 3 from pits in outcrop area "C". A separaté
sample was taken from the best grade trench in area "C" and is
representative of a width of 20 feet. Samples 2 and 3 are select-
ed grab samples and are not necessarily représentative of the
average grade of the mineralized area. They serve only as an
indication of the widespread nature of the mineralization. Truly
representative samples would require a large complex sampling
program and is beyond the scope of the investigation carried out

by the writer.
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.‘ The following is a list showing the assay results. The

R )

sample locations are shown on the attached plan.




Sample No,

No. 1

No, 2

No. 3

Zinc %

4,12

1.80

2.45

Lead %

0.25

0.59

1.40

- 10 -

Copper %

0.05

0.05

0.08

Silver oz, Combined

pexr ton. Lead~zinc
%

0,34 4,37

0.22 2.39

0.40 3.85

b
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RECOMMENDATIONS :

It is therefore recommended that the property be mapped
geologically by a competent geologist. Emphasis should be
placed on outlining alteration patterns and zonal disperse-
ment of sulfide minerals. As an aid to correlating geology in
overburden covered areas a sensitive magnetometer survey should
be completed. Sphalerite, the main sulfide mineral present in
the mineralized showings is not normally detectable using elect-
rical geophysical surveys. There is however small‘quantities
of pyrite, galena and chalcopyrite present in the showings and
these sulfide minerals should be detectable using Induced
Polarization geophysical techniques. It is therefore also re-
commended that this type of survey be carried out over the en-
tire property.

It is also recommended that a diamond drillprogram be
initiated to test the continuity of the mineralized areas.
Holes should be drilled to a vertical depth of at least 1000
feet in order to determine if the tenor of the mineralization
tends to improve at depth. A tentative general layout of the
drill holes is shown on the accompanying map, however this is
intended only as a guide and the exact locations and direction
should be based on the results of the geological mapping. In
all, ten diamond drill holes totalling 12,000 feet are re-

commenhded to cross section the known mineralized zones at
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appropriate intervals. There is a possibility that results of

the geophysical work will warrant some follow up diamond drill-

ing. Since holes numbers 3,4,7 and 8 are in area covered by

overburden their location should be dictated by the geophysical

results.
The tentative details of

as follows:-

S~

D.D.H. No. Length
1 1200
2 1200
3 1200
4 1200
5 1200
6 1200
7 1200
8 1200
9 1200

10 1200

the recommended drill'holes are

Dip

—600

-60°

-60°
-60°
-60°
-600
_600
-60°
-60°

-60°

Direction

S18°E
N18°wW
§32°E
N32°%W
N

N32%

The cost of completing this work is estimated as follows:-

Line cutting (38 miles @ $100/mile).....cc....$ 3800.

. Magnetometer Survey (38 miles @ $85/mile)..... 3230.

Geological MappinNg..eeseecsececssssccssassssss 5000,
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Induced Polarization Survey
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(38 miles @ $400/mile)eeaveccncssaess 15,200,

Diamond Driiling (12,000 feet @ $10/ft)..... 120,000.

Assaying (Lead,zinc,copper,silver @ $3/
assay, 509 of core assayed at
10 fOOt intervals>...oc..’..."..b 7'200.

Engineering,Field supervision,Transportation
Servicing (5 months @ $3000/month)...eceeeeee 15,000.

contingenCieS ls%no..oooooooooot...o..“"" 251400.

Timmins, Ontario.
September 20, 1971.

Total....$ 194,830.

Respectfully Submitted
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CERTIFICATE

I, the undersigned, E. W. Bazinet of the Town of Timmins, in
the District of Cochrane, and Province of Ontario, hereby

certify: '

1. That I am a Mining Engineer and reside at 456 Brousseau
Ave., Timmins, Ontario.

2. That I graduated from the University of Toronto in 1955
with a Bachelor of Science degree, and that I have been
practising my profession continuously since that time.

3. That I am a member in good standing of the Association
of Professional Engineer of the Province of Ontario,

4. That I do not have nor do I expect to receive directly
or indirectly an interest in the propertles or securities
of Glen Copper Mines Ltd. -

e
5. That the accompanying report on the property in Halliday

‘and Midlothian Townships which Glen Copper Mines Ltd.

has the right to acquire is based on my personal ex-
amination of the property, and an examination of avail-
able reports and maps.

Respectfully Submitted

FNAD gy,

,og? ¢ Z’ f

September 20, 1971.
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RIPORT ON
AN I.P. SURVEY OF 28 CLAIMS .
HALLIDAY AND MIDLOTIIAN TOWNSHIPS, ONTARIO,
LARDER IAXKE MINING DIVISION
for '
GLEN COPPER MINES LIMITED

STMMARY

1. An I.P. survey totalling 10.1 line miles was conducted under the
supervision of Mr. S.L. Sandner on claims betweon Sirola and Rhyolite '
Lakes, Halliday and Midlothien Towships, Larder Lake Mining Division, ~
Ontario, for Glen Copper Mines Limited during the period October 24 o
to 30, 1971 inclusive.

2. The survey was carried out on N-S lines spaced 400 feet apart. A

Hewitt Enterprises pulse~type I.P. instrument was used with a standard' .f L

Wenner electrode array with “a" spacings of 400 feet.

3. Chargeability results indicate a large anomalous area in the northern""
and western parts of the claims group, part of vhich coincides with
lmovm mineralized outcrops. Within this large area are 5 anomalous
peaks the four westernmost of which appear worthy of more detailed v
examination. The northern two of these peaks are of particular interest

because they coincide in part with knowm mineralized rock. The southern. -

two peaks occur within a regional shear zone and are of'lower priority
* than those to the north. | -

4. Apparent resistivity results show the somewhat unexpected result that 30

low values are superimposed over areas of known mineralization.

5. Self potential results are gonerally difficult to interpret but in the A* B
northwestern part of the claims group have a northwestern trend that
corresponds with a very. pronounced chargeability high.

6. Cround magnetometor data for the western part of tho property have
trends that parallel the rogional structural trond. The pattern in tho
eastern part of the claims group is much more complicated. S

FIRIE W
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INTRODUCTION

During the period October 24th to 30th inclusive a field party
under the supervision of Mr. S.L. Sandner conducted an I.P. survey of 28°
contiguous claims in Halliday and Midlothian townships, Larder Lake Mining
Division, Province of Ontario, for Glen Copper Mines Limited. Total lengthl,;~ :
of grid lines surveyed was approximately 10.1l miles. Pugpoée of the survey!ff f¥
was to obtain specific targets for further detailed examination in an area *i.
of lmown mineralization. This report describes the instrumentation, field -
procedures and results of the survey. The I.P. survey was originally
recommended by Mr. E.W. Bazinet, P. Eng. (1971).

Access to the property is by an all-weather road south from Timmins,
Ontario, some 60 miles to Sirola Lake near the site of the abandoned Stears
Gold Mine. Sirola Lake is;crossed by canoe to its southwestern end whered';u
the survey grid is located.

The 28 full size, contiguous claims in the group surveyed have
c¢laim numbers as follows: 255465,I278570-278573 inelusive, 292002-292013
inclusive, 293217-293%23%6 inclus;ve and 293395. The properfy has not been
visited by the writer. This reporf is based on various published data for ;ﬂ o

the area and survey results obtained'by Mr. S.L., Sandner, and is written at f5‘:*1

' . t
A

the request of Mr. Sandner.
The claima occur in'an area mapped by Bright (1970) as boing under- B
lain by felsic metavolcanics of Archean age. This wnit consists of a

variety of rock types including rhyolite, dacite, tuff and various sericite
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and sericite-chloritc schists. Some of the rhyolites and dac;tes are
pillowed, fracturcd, amygdaloidal and/or porphyritic., Most of these
varicties are indicated as being present on the property. Mineralized
specinmens from the proporty examined by the writer occur in a fractured
and brecciated rhyolite with sulphides (mainly sﬁhalerite) concentrated in‘
fractures and interstitial to angular fragments. Bazinet (1971) describes
the results of recent work which includes 50 trenches that expose low
grade lead=-zinc-copper-silver mineralization intermittently over an area
3,600 feet long and 500 feet wide. Assays os high as 4.37% combined lead-
zinc and 0.34 oz. Ag per ton over widths of up to 20 feet have been obtained
although average grade is lower. |
The ground control grid was established prior to the induced polar-
izatioa survey. The grid consists of north-south trending cross lines
(approximately), crossing a single east-west trending (approximately) base
line. The cross lines are 400 feet apart. The base line is located about
2,500 south of the north boundary of the property and crosses all but the

easternmost 1,300 feet of the property.

Total line mileage for the induced polarization survey was 10,1 miles..

The normalized induced polarization, resistivity, and self-potential data‘ f

are shown on accompanying figures;with a'horizontalvscale of 1"7- 400!.>'
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THE INDUCED POLARIZATION SURVEY

General Considerations of the Pulse
Dype Induced Polarization Method

Two varieties of induced polarization surveys ere in common use

today in mineral exploration. The first is the time domain or pulse type7M ="'”‘

method in which a steady direct current is impressed on the ground for a;1' “'
few seconds and then abruptly terminated. A fraction of a second after\l’l"

cessation of current impulse, the decay voltage, (caused by sub=surface j?fgf‘

capacitive-like storage) is measured. The second method is the variablex;f3jf5” |

(dual) frequency technique or frequency domain., In this variety, the
percentage difference between the impedance (a.o.’resistanée) offered at‘a,
two separate frequencies, is measured.

The Hewitt (HEW 100) I.P. unit is a time domain unit and the exact
method of measurement is outlined in the field procedure section,

The reader is referred to Wait! J.R. (1966), for a thorough treat= ” v
ment of frequency domain, and Seigel, H.0. (1966) and/or Brant (1966), for . -
a discussion_of time domain. - -

. I.P. effect oceurs when a current is passed through a volﬁme’of
rock containing electrichl-condﬁctors. Geophysical conductors, or -
“metallic minerals® include most sulphldes, (pyrite, chalcopyrite, bornite, *
molybdenmto) cortain oxides, clays, graphlte and certain micas. | ‘

Dmplrlcal methods have shown, however, that sulphzdes differ from

other geophysical conductors in that charge bullds up on them in an f;ﬁ(ﬂﬁV*Tf‘f

LI
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exponential manner. In tho field, this means that.the impressed 4V
meaﬁured by the receiving pots climbs steadily during fhe current pulse,
Also, sulphides sometimes demonstrate an.almost unique polarizatioﬁ
response, known as metallic polarization. Either type of response is the
best test available for distinguishihgvsulphide response from that of
other geophysical electronic conductors.l Apart from the sulphides, minerals
with highly unsatisfied basal lattice surfaces act as leaky condensers and
give rise to I.P. effects. All common rocks are responsive to some degree;f
and this response is designated background. It is commonly equivalent to
one volume percent of scattered pyrite, and probadbly due to unsatisfied
charges at lattice imperfections, ﬁineral and rook boundaries, fractures,
and S0 On. ) | *
Pactors othef than the amount of m;tallic conductors which affect
I.P. response are grain size,,conductivify of mineral, porosity, tortuosity
(pore geometry), type of gangue minersls, cémposition and amount of pore‘k
fluid, degree of alteration, and mode of mineralization (disseminated,
lode, vein type, etc.). -
The apparent resistivity is also measured during the I.P. survey.
Rogers, (i966), has pointed out that the resistivity of rock is only
slightly influenced by changes in‘the sulphide content at low levels. Mucht
of the change is due to othor effects such as moisture content, fracturing,i

pore space, ground water, extent, degree and type'of alteration, type of °

sulphides and mode of sulphide distribution, etq;'gabwaver,”alteration in
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combination with increased sulphidoe content, not uncommonly affects the

resistivity significantly. Unfortunately, there are many additional

causes for resistivity variation and rarely can sulphides be recognized or

predicted from resistivity data alone.
Previous‘to current impression, the receiving pots are balanced,
and thus, the self-potential vaiue in millivolts is often a useful geo~
physical tool. VWhen metallic lustered sulphide minerals are situated in a
suitable geological~hydrological environment, the sulphides oxidize and a
natural or spontaneous "battery effect" occurs. Often the self-potential
effect over sulphide bodies is negative and in the order of a few hundred
millivolts.
With a Wenner electrode configuration, the self-potential and first
derivative of the self-potential are valuable information if the transit

interval is equal to, or is one~half the "a" spacing dlstance. in other

. cases, where the "a' spacing and transit 1nterva1 are not evenly propor—

tional, the self-potential results are of 11ttle useful value.

Bibliographv
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Mining Geophysics, Volume ‘I, Case Histories.

Seigel, H.O. (1966) Three Recent Irish Discovery Case Hictories using

Pulse Type Induced Polar;zatmon - S, E.G. volume I, Case Histories - p p. 341

Rogers, G.R. Introductlon %o the Search for Disseminated Sulphides, L

S.E.G. Volume I.

Field Procedure

A Hevwitt Enterprises Pulse Type IP was used throughout the survey.

The standard Vennexr electrode array was omployed with an "a'

spacing {one-third the distance between the current electrodes) of 400 feet. I'f_

A brief description of the field procedure follows.
Prior to voltage application, the self-potential is balanced, and

recorded, between the two receiving pots "a" feet apart. Normally a

voltage of 250, 500 or 1,000 volts is impressed.between the back electrode.ﬁfo" e

(one "a" behind the instrument) and front electrode (two "a® in front of = -

the instrument). The electrodes consist of a single (or multiple) steel ;efZ ;f

. stake. A four second pulse of d.c. current is applied, during which-time‘ ’

the .I {current in milliamperes) and 4V (impressed EMF in millivolts) is

observed and recorded. Three-tonths seconds after cessation of pulse, the, . 7 .

residual (decay) voltage is integrated for 0.8 seconds (on integration
function #1). Prom these data, tho apparent d.c. resistivity and normalized
induced polarzzatlon value may be caloulated, as desorlbed zn the data fef»'.

ELy
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reduction portion of this report.
The transit interval was 400 foet along all the oross lines, and

the front electrode positive.

Induced Polarization hata Reduction

The following information was recorded by Mr. J. Dinham, the

instrument operator, at each pulse stations

1. The property, operator's initials, job and page number, "a" spaclng, L

transit interval and remarks on topography.} Hf

2. The line and station co-ordinates;
3. The self-potential reading in millivolts (S.P. (mv);i‘fj
4. The current in milliamperes (I ma); | |
5. The impressed EMF in millivolts (aV mv);

6. The induced polarmzatlon decay voltage in mllllvolts (IP mv)

7. The resistor capacitor switch (R.C.) settlng, zlf“m -
8. The current electrode voltage switch value;
9. The integration function switch (I.F.) setting;

10. The pulse time in seconds.

From this data, the apparent resistivity“is‘calculatad:fromifhe:foliowing}L:' o

relation:
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Where: Rho

It

apparent resistivity in ohm-feet

Pi 3.1416

u

"ot = 1/3 distance between the current electrodes

' The noxmalized IP value is obtained by utilization‘of th9ffol1owing¥ "éffffgiqu  f‘

relations

IPnorm = IP (mV) x 100 xk x R.C. ~ . L
av (mv) Cot

Where: IP norm = normalized IP in millivolt seconds per m;llivolt:+} :?‘ﬁ.f

or milliseconds

X = a constant aependinglon the IF gettingéf;fr;)"“'

R.C. = resistor - capacitor shwat. . .. .~




3 E::iI'>E::3 3 £33 3 E!iﬁ B3 E33 Eiii a3 g 23 &3 £33 £33 !!7il'f::3 3

DISCUSSION OF RESULTS

Results of the swurvey are shown on three contour maps, each with ‘
a scale of 1 inch equals 400 feet. These are (1) chargeability (figure 1),l
(2) apparent resistivity (figure 2), and (3) self ﬁotential (figure 3).
In addition, contoured results of an independent ground magnetometef sqrveyv
are included (figure 4).as an aid in interprotation of the I.P., survey results. '

v

Charseability

Chargeability data were'analyzed graphically on log probability |
paper. This anélysis indibated that two lognormal populations could dbe
scparated effectively by a threshold value of about 10 milliseconds. In
other words, chargeabiiity values greater than 10 belong to a high ér
anomalous population whéreas vaiues below lO'represent Background readings.ff_j,e:
The 10 millisecond contour on figure 1, therefore, effectively separates
vénomalous areaé from areas characterized by background readings. It can '
be seen that a fairly large area including much of the northern and'westerh  _ o
parts of the claims group features aﬂomalous chargeability values. Withinf*:ﬁk""
this aros are 5 pronownced highs that varrant dotailed consideration. It G
should be noted that the mineralized areas shown by Bazinet (1971) lie - o
entirely within fhe anomalous region of normalized I.P., values, but do not;{f3 .
coincide exactly with the five localizéd areas of very high values,.

Tho trend of minoralization shown by Bazinet (1971) follows the
regional geologicgl trend in the area as mapped by Bright (1970), approxis= Ll
. mately northeasterly. The no:theastern—moat.anomalous'high}extepding squth-f jf5"

L. 1 v
L I
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southwesterly from the southwestern end of Sirola Lake coincides with an . B "”‘,

outerop scarp and therefore, might be a function of physiography and

structurc rather than mineralization, ‘Of the remaining four anomalous

‘ highs, the two northernmost are most olosely associated with lmown minerale o

ization and warrant close examination. These two anomalous highs are

characterized by northwesterly trends and are largely coincident with

apparent resistivity lows (cf. figure 2). The two southernmost anomalous  :‘- " 

highs near the western boundary of the claims group occur in an area of no =

outcrop. It is therefore difficult to interpret their significance. They‘if','&

do, however, occur within a much larger area mapped by Bright (1970) as 8 ?fi'

shear zone of regional oxtent. The possibility that these two anomalously ffn> F

high ohargeablllty zones yepresent a part of the ahear zone that is

mineralized, should not be ignored.

Apparent Resistivity

Contoured apparent resistivity values are shown in figure 2. The

most significant aspect of this map is that Jnown minefalization correlates

with relatively low to moderate values of apparent rosistivity. This is ffﬂ[‘\?t'

a somewhat unexpected result because the abundant mineral in surface

showings, sphalerite, is a poor conductor.! As Bazinet (1971) points out,:;bi ;‘,E‘:

however, mincral zoning may prevail and other highly conducting aulphidesﬁ;‘;f‘V:

night be present at depth.

Apparent resistivity maps are as.a ru1e difficult,fq‘interpr¢t =?l”
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because of the effects of wet overburden, water table, shear zones and |
variations in lithology. Consequently, little else canlbetsaie of these f,if :

|l

data.

Self Potential

Self potential results, shown in figure 3, are highly variable over'ftj;ili'
short distances. One feature, however, ma& be of considerable importance. | '
In the northwestern part of the cleims group a very pronounced,northwesterly::_»;
trend %o S.P. contours is ovident., This might serve fo verify the northe -

westerly trend of a pronownced and coincident chargeability anomaly that in ff7ﬁ"”‘

‘part coincides with known mineralized outcrops.

Ground Magnetonmeter Survey

Contoured results of a ground magnetometer survey done independontly fﬁ’
of the I. P. survey considered here are shown in figure 4.. The area of lnown
mlnerallzatlon 1ncludes readings mainly in the range 600 to 700 gammas wmth ‘

a fev values above and below these limits. The genoral trend of masmetio
contour lines in the westorn‘part of tho claims group where known mineral-"vza_\

ization is located, parallels the regional geological trend, ~ The patter@?ff"‘

is much more complicated in the eastern part of the group. =
CONCLUSIONS

Knovn mineralized areas in the northwestern part of the eladms 1y

group are characterlzed as follows:
(1) They are located 1ntermittent1y in a zone that approximately w]:tf;}
parallels the reg10na1 geological trend as shown by f&gf;}'ﬁji*7 o
. Bright (1970) TR ”4;5;‘a,a,,4”§~;;;ﬂ‘ﬁ;;x*'*;;;: el
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(2) They ocour in an area of gonerally moderate magnetic
intensity relative to values throughout the claims group.
Generalized magnetic trend lines in and near lkmown
mineralized arcas parallel the regional geological trend,

(3) A1l knovm mineralized outcrops as figured by Bazinet (1970) lie L: ﬂ”‘
within a larger zone of anomalous chargeability values. S
Within the large area characterized by anomalous -chargeability
values are 5 anomalous peaks. The easternmost of these coincides with a
scarp and appears to have lowest priority. The two northernmost anomalous:?efﬁ}__
peaks of the remaining 4 coincide in part with known mineralized outcrops }zi’

and have approximately northwesterly trends (opposed to the northeasterly

_ regional geological trend). This northwestern trend is substantiated by

similer trend on the S.P. map. The two anemelies in question occur in an

area of low apparent resistivity values. They warrant detailed examinatiop;:‘
South of these two anopalies are 2 additional chargeability highs o

that occur in a shear zone of regional extent (Bright, 1970). Outerops ara M ;'w

not kmown in the immediate vicinity of these anomalies but the possibility -

that they represent mineralized parts of the shear zone cammot be ignored.
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SUMMARY

An induced polarization and resistivity survey was executed over
an E-W grid in the northern parts of Halliday and Midlothian Twps.

The background chargeabilities and resistivities obtﬁined over the
felsic metavolcanics are in the nejghbourhood of 5 milliseconds, and ranging up
to 10,000 ohmmeters respectively.

At least three parallel bands of polarizable material are detected.
Zone B, which is the center band, shows the strongest responses, with Zones
A and C respectively south and north of Zone B being som.ewhat wea1'<er.

‘ Ai laitial drill program totaliing 1,800 feet in length is recom-

mended to investigate the sources of anomalous polarization,




. ' REPORT ON AN

INDUCED POLARIZATION SURVEY
HALLIDAY AND MIDLOTHIAN TWP.,
LARDER LAKE MINING DIVISION
ON BEHALF OF
GLEN COPPER MINES LTD,

INTRODUCTION

During the period July 18th to 26th, 1972, an induced polarization
survey was conducted in Haliiday and Midlothian Twps., Larder Lake Mining
Division, Northern Ontario, under the direction of Mr. P. Robertshaw, M. Sc.,
of Seigel Associates Limited, on behalf of Glen Copper Mines Ltd.

The property is located in northern Haliiday and Midlothian Twps.,
approximately 20 miles west of Matachewan, Northern Ontario (Figure 1).
Access is by dirt road from Highway 566 to the Stairs Midlothian Mine, then by
logging road to Sirola Lake.

During the period June lst to 10th, 1972, Mr. J.R. Boissoneault,'
P.Eng., conducted a magnetometer survey over the property and performed
geological mapping as well. This work does not fall under the responsibility of
Seigel Aésociates Limited. The results, however, are iricorporated in this

report and used in the interpretation.

L)

GEOLOGY

The grid area is underlain by Precambrian felsic metavolcanics
consisting of brecciated rhyolites, rhyolite-dacite, sericite sclists, etc. This
area is located within the northeastern part of a 20-mile long rhyolitic dome

(Geology of Halliday and Midlothian Townships, Geological Report #79,
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’E.G. Brig'ht, 1970). A number of showings occur on the property, mainly close

to thé base line, indicating widespread pyrite and sphalerite mineralization. The
paragenisis of the mineralization here is uncertain and direct coincidence of
sphalerite and pyrite concentrations may not occur. Minor lead and copper,

and some silver occur in some showings.

Sphalerite, although a metallic sulphide mineral, is considered

‘undetectable to induced polarization methods due to its high resistivity

(especially in the case of low-iron forms). The purpose of the induced polar-
ization survey, therefore, was to detect concentrations of other sulphides

(pyrite, galena, chalcopyrite, etc.) with which.sphaler'it‘e may be associated.

METHOD AND INSTRUMENTATION

During the present survey, a 2.5kw Scintrex Mk VII time domain.
pulse-type indﬁced polarization unit was employed (see Specification Sheet
attached). The receiver was the remote-triggered Scintrex IPR-VII. Curreﬁt-
on and -off times of two seconds we‘re used, and normalized transient polar-
ization voltages are integrated from .45 seconds to 1.10 seconds after current-
off time. The resulting quantities are expressed in units of milliseconds and
called the.chargeability, 'M'. Beside the chargeability, the resistivity, in
units of. ohmmeters, is simultaneously measured. Anomalous induced polar-
ization responses may result from metallic sulphides, graphitic and carbon-
acecous material, as well as from clay minerals, chlorite, s.‘ericite, serpentin-
ized rocks and other platey minerals derived from weéathering, etc. Itis not

always possible on the basis of induced polarization data alone to discriminate

between these potential sources of anomalous polarization.

I/
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over several base metal deposits are 'described in the accompanying article

The principles, field procédures and nature of results obtained

by Dr. H,O. Seigel entitled "Induced Polarization Method'".

PRESENTATION OF DATA

The induced polarization results are presented in profile form on
Plate 1, on a horizontal scale of 1'" = 400 feet. The interline spacing is not té)
scale. The chargeabilities are plotted with a vertical scale of 1"“=l10 milli-
seconds, and the resistivities are on a logarithmic v'e‘rtical scale for which
1.33" ='a factof of 10. The datum level for tbe resistivity profiles is 100 ohm-
meters. s |

The 3-array electrode configuration was Qséd thro'ughéut the
otential dipole always to the north,

The magnetic results obtained by Mr. J.R., Boissoneault are
shown in contour pl'an on Figure 2 on a scale of 1" = 400' , and a contour inter-
val of 50 gammas. A McPhar M-700 magnetometer was uséd.

The location of pits and trenchles (Figure 4) and the geological
results (Figure 3) are shown on separate plates on a scale of 1" = 400' .
Showings are indicated by means of a circle and a description of the rocks
found. The pits and trenches are numbered Qith the percentages of zinc and
lead, and ounces of silver and gold tabulated.

The anomalous zones obtained with the 200-foot electrode spacing

are presented on the base of Figure 2 in Figure 5.

s




DISCUSSION OF RESULTS | .

| | The magnetic contour plan shows a N60C strike direction, which
is undoubtedly related to the formational strike of the felsic metavolcanics.
The relief is in general low (150 gammas), ranging from the low 500 gamma
values to the higher 600 gamma values, as marked on Mr. J.R, Boissoneéult's
contour plan. Several narréw, linear structures have been shown, which might
suggest that the different rhyolite horizons are not exceeding 50-100 feet in

. thickpess. However, in sections where the contours dre wider apart, more .
massive. rhyolite bodies might be present. It is difficult to say if the. change

in magnetic values is directly related to a‘change in magnletite céntent only,

or that remnant magnetism is part of the pattern displayed.

'fhe geological plan shows that on many plages pyrite, iron o#ides,
minor copper,‘ zinc or lead have been found. The assay results reveal that the
highest zinc content is 2.10% (pit #28).

The background chargeability level obtained employing spacings
ranging from 100-400 feet are approximately 5 milliseconds (southern parts
of "lines 20-28E), The corresponding resistivities are in the neighbourhood of
10,000 ohmmeters, and the magnetic contour plan shows a more-or-less homo-
geneoﬁs mass with values ranging from 400-600 gammas. However, on the
average, they lie between 450-550 gammas.

This 5 millisecdnd level is quite normal for unmineralized rhyo-
litic rocks, and one might assume that values Fising over 1'0 milliseconds are

anomalous.

s
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' " Anomalous regions are shown on all lines. The profile patterns
sugge.st that at least three parallel anomalous zones are present in the eastern
part of the grid. These zones seem to merge into one vast anomalous region to
the west of line 0+00. The strongest chargeabilitiés were measured on lines
0+00 and 4E employing the narrowest spacing (100 feet). A value of 39 milli-
seconds was measured at line b+00 at station 5450N, and a value of 36.7 millj-
seconds on line 4E at station 6+50N. Comparing the peak amplitudes and curve
shapes of the anomalous zone directly north of the baseline on lines 0400, 4E
and 8E suggests that two parallel bands of steeply-dipping material are éoming
close to surface. The material might incre.ase_in volume or }Se'rcentage'of
sulphide with dépth.

| further to the west the chargeability level increases gradually,
showing a broaa anomaly on line 12W of approximately 25 milliseconds, with
no apparent change in resistivity from on or about 5,000 ohmmeters. Comparing
the chargeability and resistivity results on this line shows that the strongest
chargeabilities correspond with minor decreases in resistivities. The same is
obvious on lines 0+00, 4E and 8E. This might suggest that a certain amount of
interconnection between the polarizable grains (sulphide) might occur even
though 'the writer does not want to call it massive mineralization.

The anomalous zones are superimposed on Figure 2 (Mr. J.R.

Boissoneault's magnetic contour plan), and in Figure 5 the chargcabilities
indicated are those higher than 10 milliseconds ’obtained with the 200-foot

electrode separation. The main zone described above is labelled 'B',




®

Two other zones are indicated on Figure 5, labelled 'A' and 'C'.
Both,‘ as mentioned earlier, parallel Zone B, but they are of lesser strength.
H0we§er, the peak amplitudes of Zone A on line 8E and 12E, of approximately
20 milliseconds, might sﬁill be representing 1-3% of sulphides by volu'me while
Zone B near its highest peaks might contain as much as 5-7% of polarizable
material by volume. Zone C is interrupted by Patricia Lake (lines 16E, 20E
and 24E), but possibly reappears on line 28E near station 19N,

Figure 5 shows that the anomalous zones parallel approximately
the strike direction as given by the magnetics. It is of great importance to see
that the pits as lécatedv between line; 0400 and 8E immediat’ely around or ﬁorth
of the baseline are not underlain directly by the chargeability peaks but are
located neax; t}lle proximities of thev ‘anomalous zones. One might therefore
assume that bétter sulphide values will occur at depth, and that the pits only

might reflect patchy mineralization,

CONCLUSIONS AND RECOMMENDATIONS

An induced polarization and resistivity survey was executed over
an E-W grid in the northern parts of Halliday and Midlothian Twps. The eleven
lines vary in length from 1, 300 feet to 3, 400 feet.

.

The background chargeabilities and resistivities obtained over the

. felsic metavolcanics are in the neighbourhood of 5 milliseconds, and ranging

up to 10,000 ohmmeters respectively, Five milliseconds might be considered
normal for unmineralized felsic metavolcanics. The magnetic contour plan as

obtained from Mr. J.R. Boissoncault reveals a relativeiy homogeneous

i
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magnetic p'attern over the area in the'southwesterr’n part of the grid, which only
reveaied background chargeability levels. |

Most of the grid shows sfrong chargeabilities, an'd F'igure 5 shows
the zones as delineated from the 200-foot electrode separation and a 10 milli-
second cut-off level. At least three parallel bands of polarizable material are
detected. Zone B, which is the center band, shows the strongest‘ responses, .
with Zones A and C respectively south and north of Zone B being somewhat
weaker. However to the west these three zones most likely merge, presenting
chargeabilities in the range of those obtained over Zone B.

At the présent time it ié suggested to test only parts of those
zones by means of diamond drilling:

1; Collar on line 0+00 at station 8400N; drill 45° south

. for 400 feet depth. |

2. Collar on line 0400 at station 0+50N; drill 45° north

for 400 feet.
Holes 1 and 2 were discussed between the writer and Mr. J. R, .
Boissoneault and started 100' further away from the anomaly than suggested by
the geophysical results, to allow intersecting of possible sphalerite.
3. Collar on line 4E at station 5450N; drill 45° north for
400 feet.

4. Collar on line 12E at station 6+00S; drill 45° north for
300 feet depth.

5. Collar on line 28E at station 14N; drill 45° south for

300 feet.




®

extension of those zones would be pre'dicated on the results of these initial

Additional drilling on Zones A, B and C, as well as the western

holes, whereas the above holes are up to 400 feet recommended length this
length is intended as a minimum one. In the event that interesting sulphide -
mineralization persists beyond the indicated depth in any one of the holes, this

hole should obviously be extended.

Respectfully submitted,

L,

c., P.Eng.,

Jan Klein, /M.
Geophysicist.
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The induced polarization method is
based on the electrochemical phenom-
enon of Overvoltage, that is, on the
establishment and detection of double
layers .of electrical charge at the
interface between ionic and electronic
conducting matertal when an electrical
current s caused to pass across the

interface.

In practice, two different field
techniques (Time Domain and
Frequency Domain} have been
employed to execute surveys with this
method. These techniques can yield
essentiolly equivalent information but
do not always do so. Instrumentation
and field procedures using both
techniques have evolved considerably
over the past two decades. Much
theoretical information for quantitative
interpretation has been accumulated.

All naturally occurring sulphides of
metallic lustre, some oxides and
graphite, give marked induced
polarization responses when present in
sufficient volume, even when such
materials occur in low concentrations
and in the form of discrete,
non-interconnected partiéles.

Induced Polarization is the only
method presently available which has
general application to the direct
detection of disseminated = sulphide
deposits such as “porphyry type” or
bedded copper deposits, and bedded
lead-zinc deposits in carbonate rocks.

A number of case histories are
documented where standard geo-
electrical and other geophysical

methods failed to yield an indication of
sulphide mineralization detectable by
the induced polarization method,

Each rock and soil type exhibits
appreciable induced polarization
response, usually confined to 'a
relatively low amplitude range, which is
characteristic of the specific rock or
soil. Certain clays and platey minerals
including serpentine, sericite and
chloritg, sometimes give rise o
abnormally high responses. These
effects are attributed largely to
so-called “membrane” polarizations,

Despite a moderate amount of
laboratory and field investigation, it is
not feasible in general to differentiate
between induced polarization responses
due to Overvoltage and non-metallic
sources, nor to differentiate between
possible sources within each group.

Because of other variables, it is
likewise difficult to uniquely equate a
specific induced polarization response
to a specific percentage of metallic
content, although mean relationships
have been established.

Through the measurement of
secondary parameters, such as the
transient decay curve form character-
istics, one may obtain wuseful
information relating to the average
particle size of metallic responsive
bodies or to the influence of
electromagnetic transients on the LP,
measurements. The latter effect
becomes prominent when surveys ure
made in areas withk highly conducting
surface materials, e.g. semi-arid regions,

i




Induced polarisation method

By Dr. HAROLD O, SEIGEL
President, Scintrex Limited

THE induced polarization (or L.P. as it
is commonly known) method is, in
application, the ncwest of our mining
geophysical tools, having come into
active use only in late 1948, Its roots
extend somewhat farther back,
however. Schlumberger (1920) reports
having noted a relatively lengthy decay
of the residual voltages in the vicinity
of a sulphide body after the
interruption of a primary D.C. current.
Unfortunately, mcasurements in
non-mineralized areas gave rise to
rather similar residual polarization
potentials, so he apparently aban-
doned his efforts.

In the late 1930’s in the U.S.S.R,
{Dakhnov, 1941) LP. measurements
were being made in petroleum well
logging in an attempt to obtain
information relating to the fluid
permeability of the formations
‘traversed by the well. Dakhnov
mentions the possible application of
the method to the exploration for
sulphide mineralization, although it
would appear that no such use was
being made use thereof at that time.
Unfortunately the volume of Dakhnov
did not come to the attention of
abstracters in North America until the
spring of 1950.

Active development of the LP.
method as applied to mineral
exploration in North America
commenced with the writer’s theoreti-
cal study in 1947 of the phenomenon
of Overvoltage and his report (Seigel,
1948) on its possible application to
geophysical prospecting. Laboratory
and subsequent field investigation,
sponsored by Newmont Mining
Corporation in 1948 eventually led to
the development of a working field
technique and the recognition of
polarization effects in all rocks (Seigel
1949).

Contemporaneously and indepen-
dently D.A. Bleil (Bleil 1953)
indicated the possibility of utilizing

L.P. in prospecting for magnetite and
sulphide mineralization but apparently
did not recognize the presence of
non-metallic polarization ecffects in
rocks.

Until 1950 all L.P. measurcments
were of the ‘“‘time-domain™ type (see
below). In 1950, as the result of some
laboratory measurements, L.S, Collett
and the writer suggested the method
of measuring I.P. effects using
sinusoidal current forms of different
frequencies. J.R. Wait expanded
greatly on the possibilities of this
approach and successful field tests
were carried out in that year. The
work of the Newmont group is
summarized in a monograph (Wait

1959).

Since “1950 several groups have
been active in the development of the
1.P. method by means of theoretical
laboratory model and field studies.
Prominent among these groups has
been that at the Massachusetts
Institute of Technology (Hall of 1957)
(Madden 1957) (Marshall 1959).

Within the literal meaning of the
term, polarization is a separation of
charge to form an effective dipolar
distribution within a medium. Induced
polarization is, therefore, a separation
of charge which is due to an applied
electric field. It may also include
phenomena which cause voltage
distributions similar to those due to
true polarization effects,

For practical purposes, only
polarization effects with time
constants of build up and decay longer
than a few milliseconds are of
importance. This usually excludes such
phenomena as dielectric polarization
and others which are encompassed by
the normal clectromagnetic equations.

In order to measure L.P, effectsin a
volume of rock one passes current
through the volume by means of two
contact points or electrodes and

measures existing voltages across two
other contact points.

Theoretically, any time wvarying
current form can be used, but in
practice only two such forms are
employed. In the first technique a
steady current is passed for a period of
from one second .to severdl tens of
seconds and then abruptly interrupted.

The polarization voltages built up
during the passage of the current will
decay slowly after the interception of
the current and will be visible for at
least* several seconds after the
interception. This is termed the “Time
Domain’ method.

The “Frequency Domain” method
entails the passage of sine wave current
forms of two or more low, but well
separated, frequencies, e.g. 0.1 and 2.5
c.p.s., or 0.5 c.p.s. and 10 c.p.s.

Since polarization effects take an
appreciable time to build up, it.can be
scen that they will be larger at the
lower frequency than at the higher, so
that apparent resistivities or transfer
impedances between the ‘current and
measuring circuits will be larger at the
lower frequency. The change of
measured resistivities with frequency
is, therefore, an indication of
polarization effects. _

Further discussion of the precise.
quantitics measured in the Time and

"Frequency Domain methods will be

resumed after a presentation of some
of the polarization phenomena
involved.

When a mctal electrode is immersed
in a solution of ions of a certain
concentration and valence, a potential
difference is established between the
metal and the solution sides of the
interface. This difference in potential
is an explicit function of the ion
concentration and valence, etc.

When an external voltage is applied
across the interface a current is caused
to flow and the potential drop across
the, interface changes from its initial

3
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value. If the electrode is a cathode it
becomes more negative with respect to
thegiolution, whereas if it is an anode,
ih’omcs more positive with respect
to The solution,

- The change in interface voltage is
called the “Overvoltage” or “Polariza-

‘tion Potential” of the electrode. If the

clectrode is a cathode, we speak of
“Hydrogen Overvoltage” and, if an
anode, of “Oxygen Overvoltage™,

These Overvoltages are due to an
accumulation of ions on the electro-
lyte side of the interface, waiting to be
discharged. The charge of these ions
will be balanced by an equal opposite
charge due to clectrons or protons on
the electrode. side of the interface.

For small current densities the
Ovcrvoltage is proporhonal to the
is a linecar
phenomenon. The variation of
Overvoltage with several other factors
is presented in the writer’s Doctoral
Thesis. . {Seigel, 1949). The time
Fonstant of build up and decay is of
the order of several tenths of seconds.

Overvoltage is, thcrcforc, esta-
blished whenever current is caused o
flow across an interface between ionic
and electronic conduction. In normal
rocks the current which flows under
the action of an impressed E.M.F. does
so by virtue of ionic conduction in the
clectrolyte in the capillaries of the
rock.

There are, however, certain rock
forming minerals which have a
measure of electronic conduction, and
these include almost all the metallic
sulphides (except sphalerite), graphite,
some coals, some oxides such as
magnetite, and pyrolusite, native
metals and some arsenides and other
minerals with a metallic lustre.

When these are present in a rock
subjected to an impressed E.M.F.,,
current will be caused to flow across
capillary — mineral interfaces and
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Decay Curves for Metallic and Non-metallic
Minerals (after Wait, 1959).

hydrogen and oxygen Ovcrvoltagcs
will be established. Figure 1 is a
simplified representation of what
happens to an electronic conducting
particle in a rock under the influence
of current flow.

Despite attempts by various
workers to investigate the source of
non-metallic LP, in rocks, an adequate
explanation of all observed effects is
still lacking. A number of possible
contibutory agents have .been
established. Vacquier ‘(Vacquicr et al,
1957) has carefully examined strong
polarization effects duc -to certain
types of clay minerals,

These effects he believed to be
related to electrodialysis of the clay
particles, This is only one type of
phenomenon which can cause
“jon-sorting” or “membrane effects”.

For example, a cation selcctive
membrane zone may exist in which
the mobility of the cation is increased
relative to that of the anion, causing
ionic concentration gradients and,
therefore, polarization effects (see also
Marshall, 1959}, Much work remains
to be done to .determine the various
agencies, other than clay particles,
wlifch " can cause ' such membrane
effects.

Time Domain Meihod: Figure 2
show? the typical transient LP, voltage
decay forms for various rock forming
materials in a laboratory testing
apparatus, Sce also. Scott (1969). A
primary current time of the order of
21 seconds ‘was employed on thele
tests. ‘

It will be noted that the voltages
are plotted against”the logarithm of
the decay time and are approximate
linear functions*of the log t for
reasonable lengths of time (t). The
amplitude of the transicnt voltages has
been normalized with respect to the
steady state voltage existing immediat-
ly before the interception of the
primary current.

In order to indicate the magnitude
of the LP, cffects one may measure
one or more characteristics of the
transient decay curve and relate it
back to the amplitude of the measured

primary steady state voltage prior to
the interception of the primary
current,

It may be shown that the ratio is
Vs/Vp, i.e. pecak polarization voltage
to the primary voltage just before
interception is a physical property of
the medium, which has been called the
“Chargeability” of the medium,

Since it has been demonstrated that
most 1.P, decay voltages arc similar in
form but differ in amplitude (for the
same charging time) one can take the
average of several transient voltages at
different timmes, or indeed use the time
integral of the transient voltages as a
diagnostic criterion. The advantage of
averaging or integrating lies in the
suppression of earth noises and of
electromagnetic coupling effects.

The chargeability is often desig-
nated by the letter *M". If. the time
integral is used the units of M will be
in millivolt secondsfvolt or milli-
seconds. If one or more transient
voitage values are measured and
normalized, M will be dimensionless.

For homogenecous, isotropic
material, the value of M is independent
of the shape or size of the volume
tested and of the. location of the
electrodes on it. It is a true physical
property. For a given medium it is
dependent on the current charging
time and on the precise parameter of
the decay curve measured. There are
also subsidary variations with
temperatures and electrolyte content,
etc.

Frequency Variation Method:
Figure 3 shows typical curves of the
variation of normalized resistivities

with frequency for various sulphide,
graphite and non-metallic rock
minerals in artificial mixtures. Both
the fact of the variation of apparent
resistivity with frequency and the
presence of phase angle lags may be
used to indicate the presence of 1.P.
effects, although generally only the
first is so employed. :

Since the 1P, phenomena may be
shown to be linear, within the usual
range of voltages and currents, there is
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a direct relationship between the
transient curve form and the variation
of apparent resistivity with frequency.
To arrive at a dimensionless parameter
equivalent to the chargeability, one
would have to normalize the apparent
resistivity, by dividing by the
resistivity at one particular frequency.
The factor used is called the “‘Percent
Frequency . Effect” or P.F.E. and is
defined as (R1 — R2 /R1) x 100 where
Ri1 and RQ2 are the apparent
resistivities at the lower and higher
frequencies used (Marshall, 1959).

A second paramcter is sometimes
employed which is really a mixture of
‘physical properties. It is called the
Metal Factor (M.F.) and is propor-
tional tg P.F.E./R2 or to M/R. As
such, it serves to emphasize 1.P. effects
which occur in obviously conductive
environments, i.e. concentrated
sulphide deposits or sulphides and
graphite in shear zones.

Since it is not a dimensionless
factor nor a truc single physical
property, it is subjcct to variation
related to the changes of shape and
resistivity of the medium under
investigation, rather than simply to

variations in polarization character-.

istics,

. In tmy opinion, the metal factor has
some merit in emphasizing 1P,
anomalies due to concentrated
metallic bodies, but should not be
used as a primary indicator of
abnormal L.P. conditions.

Figure 4 ‘shows a block diagram of
apparatus commonly used in field
operations with the time-domain
method and the primary current. and
resultint voltage wave forms. The
transient voltage amplitudes are
considerably exaggerated to be visible.

Power sources up to 30 K\ V.A,,
5000 volts and .20 amperes have been
employed where extreme penetration
is desired in low resistivity areas. The
current-on time T ranges from one

1

second to as much as 30 scconds, and
the current-off time t may be as much
as 10 seconds. It is not strictly
necessary ‘to employ a cyclic current
wave form, but considerable advan-
tages in signal-to-noise ratio are
achieved thereby.

Most of the receivers now
tmployed are remote triggering, i.c.
they are internally programmed,
triggered by the primary voltage pulse
and do not require a cable intercon-
nection to the cycle timer on the
power control unit, Figure 53 shows a
typical time-domain remote-triggered
receiver (Scintrex MK VII, Newmont-
Type). This particular receiver has
several interesting features.

For one, there is a memory circuit
which provides an automatic self
potential adjustment at the tail end of
each cycle. For another, it has the
ability to integrate  the area either
below the transient curve (standard M
measurement) or above the transient
curve (denoted as the L measurement)
over a specific time interval, The ratio
of these quantities gives a direct

Typigal Modern Timé Doméin 1P. Receiver
{Scintrex Mk. Vi)

FIGURE 5b

Typical Modern Time Domain |.P, Unit (Scintrex Mk Vil)
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Domain

Array Fmployed Advantages Disadvantages
-“cr Time For local vertical Poor depth
profiling. penetration.
Requires four
liremen,
Three Electrode Time and Three linemen. Susceptible to
{or Pole-Dipole) Frequency Universal coupling. surface masking
Good depth effects.
penctration,
Dipole-Dipole Frequency  Good resolution. Complex curve
Universal coupling. forms. Low order
signals. Susceptible
to surface masking
effects.
Gradient Time Minimum masking. Couples best withs

Two linemen only. steeply dipping
Excellent depth bodies.
penetration. Low order signals.
Excellent

resolution. Can
use multiple
receivers for speed.

measure of the decay curve form,
which may be of diagnostic value (see
below). In areas of low electric earth
noise useful measurements may be
made. with primary voltages as low as
8300 microvolts. Figure 5bh shows a
complete typical modern time domain
induced polarization unit (Scintrex
MkVII) of which the Newmont-type
receiver above is a part.

Figure 6 shows a block diagram of a
typical frequency domain field
apparatus and voltage- wave form,
Since the primary current and earth
voltages are usually measured by

scparate devices' and . their ratio
employed to obtain the apparcnt carth
resistivity and its variation with
frequency, it is common practlcc to
adjust the current to a standard value
and maintain it there to the required

‘accuracy.

The primary wave form is usually a
commutated D.C. Commonly up to 6
frequencies are available in the range
of 0.05 to 10 c.p.s. Figure 7 shows a
typlcal modern frequency domain
measuring unit. This unit has a high
degree of power line frequency (50
c.p.s. to 60 c.p.s.) rejection,
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Typical Modern Frequency Domain Receiver
{Geoscience).

It measures both the primary
voltage and the change of primary
voltage with change in operating
frequency, the latter to an accuracy of
about ¥0.3% when the former exceeds
100 microvolts. It has the added
feature of a phase lock volimeter
which assists in making measurements
under low signal-to-noise conditions. .

Common field electrode arrays are
shown in Figure 8. The electrodes
marked C are current electrodes and
those marked P -are potential or
measuring electrodes. Fach of the
electrode arrays has its own advantages
and disadvantages in respect of depth
of penctration, labour requirements
for moving, susceptibility to earth
noise, electromagnetic earth transients
and interline coupling. The following
table summarizes the features of these
arrays.

For each array (except the gradient
array) the basic electrode spacing “‘a”
is selected to give adequate penetra-
tion down to fhe desired depth of
exploration. For the pole-dipole and
double dipole it is customary to obtain
several profiles for different values of

a” or for integral values of n from 1
to as much as 4. ’

For the symmetric arrays (Wenner
and Dipole-Dipole) the measured
values are plotted against.the midpoint
of the array. When using the -Three
Electrode Array (time-domain) the
station position is taken to be the
midpoint of the moving current and
the nearest potential electrode. When
using the Pole-Dipole (frcqucncy
domain) the station position is taken
as the midpoint between the moving
current electrode and the midpoint of
the two potential electrodes.

With the Gradient array it is the
midpoint of the two potential
electrodes. For the Three Electrode
array and  Pole-Dipole these station
locations are not unique and represent
conventions only. -

LP. data may be plotted in profilc
form or contoured, although it should
be noted that somewhat different
results will be obtained with different
line oricntations so that contouring is
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Theoretical Response of Two Layer Earth,
Wenner or Three Electrode Array.

not strictly justified. Profile inter-
pretation is superior, particularly for
shallow, confined bodics, because
multiple pcaked curves may arise from
such bodics using certain. clectrode
arrays, and the plotted peaks may give
an erroncous impression of the
location of the polarizable body.

To obtain the variation of physical
propertics with depth, expanding
arrays may be used with any of the
clectrode systems, keeping the spread
centre fixed and simply changing the
relative spacing “a"”. This is of
particular value where it is known or
expected that vertical variations of
physical properties will be much
greater than lateral variations.

As th¢ spacing is increased the
influence of the dceper regions
becomes more significant. and the
resultant resistivity and LP. curves
may often be interpreted to give the
depth to discontinuities in physical
properties and the physical properties
themselves. _

Common practice in presenting
frequency domain results is to plot the
measured data below the line at a
depth equal to the distance of the
station position (as defined above)
from the mldpomt of the pomentlal
dipole. When this is done for a variety
of values of “n" a pscudo two-
dimensional, section, results which
show, albeit in a markedly distorted
fashion, the variation of physxcal
properties with depth,

A mathematical representation of
I.P, effects has been developed by the
writer (Seigel, 1959), which relates the
observed L.P. response of ‘a hetero-

geneous medium. to the distribution of:

resistivitics and LP, characteristics. To
a first approkimation it is equally
applicable to any LP, parameter
measured in the time and frequency
domains.

From this theory, one may predict
the anomalous responsc to be

. surface, . as is

expected from a specific body with a
given chargeability and resistivity
contrast. For example, Figure 9,shows
the form factor ¥ plotted for the
‘Fhree Electrode Array for a sphere for
various values ofV, where/ is the ratio
of the electrode spacing to the depth
to the centre of the sphere, The sphere
response is proportional to F times the
chargcability contrast, times lts.
volume and times a resistivity-ratio
factor. A number of such theoretical
curves, for the pole-dipole and
gradient arrays, using sphgres and
cllipsoids as models, may be’scen in
the paper by Dicter (1969) et al.

Curves of this sort permit one to
interpret anomalies due to_localized
bodies. It will be scen that for each
array ‘there is an optimum spacing for
a body at a particular depth, and,
therefore, there is some meaning to
the term *“depth of penetration”,
except for the gradient array.

" When the dimensions of the
polarlzablc medium are large in
comparison with its depth bclow
often the case,
particularly in investigation of
porphyry copper type depos:ts a two
layer approximation is adequate.
Theoretical curves based on this
approximation (Figure 10) may be
used to interpret the results of
expanding Wenner or Three Electrode
array depth determinations.

For . more complex geometrics.
mathematical solutions in closed form
are often lacking. For such cases one
may resort to model studies (e.g.
Figure 11 for buried dike.) or to
computer calculated solutions.

The most productive use of the L.P.
method to date has been in the
exploration for déposits of metallically
conducting mincrals, where the
amounts and degree of interconnec-
tion of these minerals are too low to
give rise to an elecctromagnetically
detectable body.
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Model Response of 8 Dike, Dipole-Dipole Array {courtesy K. Vozoff).
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/ OVERBURDEN thr? ?lcctromagneuc dctcct.lon is
feasible it is usually far more rapid and
. F. Ea BETHSAIOA economical to apply electromagnetic
: N GRANODIORITE induction methods to the problem,
FAULT & - ~ m SKEENA QUARTZ The 1.P. method is the only
. bloRITE geophysical tool available which is
119 L N R . N
2 ,[ m WINERALIZED capable of direct dectecting 1 percent
DIORITE - pynn, or less by volume of metallic
}\ ehalcepynte, bormite conducting sulphides.
It is best used, therefore, where there
is a high ratio of economic minerals to
SECTION 1SN, LOOKING NORTH FIGURE 12 fotal sulphide mineralization. Included
in the proper 1.P. range are such types of

deposits as disseminated copper ores, in
Geophysical and Drilling Results, Lornex Porphyry Copper Ore Body, British Columbia, porphyry or bedded forms; lead-zine
Canada (courtesy Lornex Mining Corp. Ltd.} deposits, particularly of the bedded
) type in carbonate rocks; gold and other
deposits which have an association with
disseminated metallic conductors. For
many of these mineral occurrences the

by 2250 A=A L . . s g
LP. method is unique in providing
a2 2400, 1500 oo detection.
Figure 12 shows time-domain
fet—200 7 4200\ @ Pel2nm £

discovery traverses over a typical newly
discovered porphyry copper deposit in

93N -~ 94N 95N 96N 97N 98N 99N DON 10IN 102N British Columbia. The lateral limits of
> : * - Y T At * the mincralization can be readily

e . determined from the geophysical data,
as well as the depth to the upper surface

a-l — 0.8 (MF)e of the mineralization.
) Figure 13 shows adiscovery traverse
»-2 07 ( over a major bedded body of
s sphalerite-galena-marcasite

mineralization in carbonate rocksin the
' ' Pine Point area, Northwest Territories,

93§ 94N 95N 96N 97N 98N 99N 100N WOIN 2N  Canada. For comparison purposes both
: ' ' gravity and Turam clectromagnetic
profiles on the same section are shown,

It is intcresting to note that, despite

18" OF MASSIVE ORE an appreciable resistivity depression
~ over the mincralization there is no
FIGURE 14  significant Turam responscat 400 c.p.s.
"The conductivity of the ore is, in fact,

Geophysical and Drilling Results Lead-Zinc-Copper Ore Body, Heath Stecle Mine, New 10 higher than that of the surficial
Brunswick, Canada (courtesy P, Hallof). deposits in the general arca, so that

8




electromagnetic and resistivity methods 20 - + 2000

icld, in themselves, no uscful ARRAY
ormation.

’ P, ¢

The gravity mcthod, although : '

‘ yielding a positive response in this 1_|°°.J_Td_l_ !
STATION

instance, does not provide a good

. reconnaissance tool in thisarea because
of karst topography and-other sources
of changes in specific gravity.

S
i

) ‘1000
Onc occasionally encounters a

deposit of the “massive sulphide” type
which is normally thought of as an
‘electromagnetic type of target because
of its high conducting sulphide content,
but which, obviously because of the
lack of large scale continuity of the
conducting sulphides, docs not respond
to the clectromagnetic techniques.
Figure 14 shows an intersection of ore TS
grade material of this type, in New ’
Brunswick, Canada, wherc electro-
magnetic mecthods had yielded negative
results,
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In many types of ore deposits the - ot

bulk of the LP. response is due to the E_—:l g‘ot%%h‘l!rrlccﬁi?az_;touz
accessory non-economic sulphides, SCALE
usually pyrite and pyrrhotite, and the  ©
ore minerals themselves are in the i She%,Beiv% , 25-8%
minority. A true test of the sensitivity . ' LA
of the 1.P. method is an example of a
low grade disseminated deposit with no
such accessory minerals. Figure 15

illustrates such a case, with an LP. uc'nou ::"' :AR:INO Noor FIGURE 18 :
discovery section over the Gortdrum ELECTRODE ARRAY - 4100

-copper-silver-mercury deposit in  Geophysicel and Dritling Results, Copper-Silver Ore Body, Gortdrum Mines, Iretand (courtesy

Ireland. The ore mincrals consist of  GortdrumMines, Ltd.). .

chalcocite, bornite and chalcopyrite in
a dolomitic limestone, and there is less
than 2% average by volume of metallic ¢
conducting minerals. . : i
Whereas the bulk of I.P. mecasure- L ‘
ments in mineral exploration has,
naturally, been made on surface, the
technology of drill hole exploration has o
been well developed, particularly by the
Newmont group (sce Wagg, 1963). The
time-domain method is suitable for drill
hole applications since it permits a 00
rclatively close coupling of the current
and potential lines in a small diameter e Ve
bore hole. 4 \"/ CRARGEABILITY
The three electrode array has been i;
extensively employed for logging ' ;:}
purposes, with a varicty of electrode T — L
spacings to give varying ranges of
detection away from the hole. In this
fashion the variation of electrical
properties with distance from the hole
may be determined. A second, I
“dircctional log” then gives informa- ¢
tion on the direction of any anomalous ; N
material indicated by the detection log. i TOPOGRAPHY
Whercas the LP. mcthod is usually
employed as aprimary ¢xploration tool
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. it may play an auxiliary role as well, c.g. s 328 08 »s | 268 25 225 208
.' to distinguish between metallic and FIGURE 16
ionic conducting sources of other types
of electrical anomalics, ¢.g. electro-
magnetic.
Figure 16 shows a typical conduct-
ing zone revealed by a ground Geophysical Recognition of Overburden Trough, Northwest Quebec, Canada.
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electromagnetic survey which was later
ren, by drilling, to be due to
burden conduction in a bedrock
trough. The LP. response is in the
low-normal range, The gravity profile,
also shown, corroborates the presence
of the bedrock depression.

Attempts have been made by a
number of workers to employ the I.P.
method in the field of groundwater
exploration {e.g. Vacquier, 1957,
Bodmer, 1968) but with no consistent
success as yct. There are variations of
chargeability from one type of non-
consolidated sediment to another, but
these fall, in general, within arelatively
small range compared to the usual
sulphide responses.

More investigation remains to be
done in this area before a definitive
conclusion can be reached. It is clear
that more accurate measurements will
have to be made in groundwater LP,
than in base metal LP. investigations.

The LP.. method has a number of
recognized limitations, some of a funda-
mental nature and others of a tempo-
rary nature reflecting the current state
of the art. On a unit coverage basis the
method is relatively expensive to apply,

" costing between $200 and $500 per line

mile surveyed, in most instances. This
cost has, however, been progressively
reduced by advances in instrumentation
resulting in decreased weight, increased

sensitivity and rejection of earth noise
effects. Some degree of improvement is
yet to be expected in this area. '

The same geometric limitations
apply as with the resistivity method
employing the comparable array. As a
rule, a body of up to 10 per cent
disseminated metallic conductors
cannot be detected at a distance from
its nearest point much exceeding its
mean diameter. This detectability may
be somewhat improved by the use of
sccondary criteria, but such improve-
ment is likely to be only marginal,

Since Overvoltage is essentially a
surface phenomenon the LP. response
from a given volume percentage of
metallic conductors generally increases
as the individual particle size is

_decreased. From the usual simple LP.

measurements, thercfore, onc cannot
reliably predict the percentage by
volume of such conductors in adeposit
as there may be a variation of particle
size throughout the deposit.

Still less can one differentiate
between metallic conductors (e.g.
chalcopyrite, galena, pentlandite) of
economic intcrest and those of non-
economic interest (e.g. pyrite,
pyrrhotite and graphite). In addition we
cannot even reliably differentiate
between metallic sources of I.P,
responses. The latter may include
certain types of clay and, in consoli-

. LEGEND:
A LP PROFILES THALE ELECTAODL ARRAY
—— CHARGEARILITY ELLCTROOT SPACING
20y .= RESISTIVITY /" Gt gt $00° 1000
mmucounsj / \-—>"\\ e oNM-METALS
mI / . '\'_7."&7, . 300
ST T SRR I s S RO A A .
° { oo e - °
- s t T T v T Y r d °
o L L-121 +70 W b
GRAVIYY_ PROFILE 1]
. """'“n—'--'/.\'\c 0
R D wiLLIsALS
AXIS 1P JONE os
N 4
[y M M Y - 40
" L-121 470 W
B 5 1P PROFILES el
\ .
© . b — 000
Pl o
MILLISECONDS K ‘\.'.‘ -/'/\< ONM- METRLS
' 'tu/ A 0o -
; ¥ ‘/f“:%;f" ’
P e O
r v r v ]
o L-7450W
£3)
GRAVITY PROFILE
20 P el
uIL“G“.‘lI ;‘MO{‘.\' ‘llolll‘
10 e T (L
osd ® — AXIS 1P 20NE
ol - - . J -
"o N L." +50W wow
FIGURE 17

Possible Ambiguity of Induced Polarization Results, Pine Point Area, Northwest Territories,

Canada.
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dated rocks, such platey alteration
minecrals as serpentine, talc and sericite.

Empirically it has been found that,
on the average, 1% by volume of
metallic sulphides will increase the
chargeability by about 2 — 3 times,
depending on the host rock type.

Figure 17 shows a section across
each of two anomalous 1.P. areas in the
Pine Point area, Northwest Territories,
Canada. Scction A is a discovery
traverse across an ore body containing
one half million tons of 11,4 per cent
combined Pb and Zn and coming within
40 ft. of the ground surface. Section B is
a traverse across what proved, by
drilling, to be a karst sink hole, filled in
with. a wvaricty of unconsolidated
material including boulders and clay.

Based upon the chargeability
amplitudes and the relative resistivity
depressions the second case would
appear to be far more promising than
the first. In such cases the gravimeter
has sometime proven to be of value in
resolving the two types of occurrence
but there is the very real possibility of
the coincidence of a sink hole and a
lead-zinc deposit, which would give rise
to an uncertain resulting gravity
response.

Any normal transient (time-domain)
polarization decay and equivalently any
curve of variation of apparent resistivity
with frequency may be simulated by
means of a mixture of metallic
conductors of a suitable particle size
distribution.

It is, however, possible in an area of
common geology, that the various
possible sources of L.P. responses may
have significantly different character-
istic curves in cach of these two
domains. A more thorough analysis of
these curves at significant points is,
therefore, of value.

Modern receivers in both domains
{Figures 5 and 7) have the ability to give
curve form information as well as a
single quantity related to an LP,
amplitude.

Komarov (1967) documents such an
example over a copper nickel deposit in
the U.S.S.R. where, effectively the

. sulphide responses have a longer time

constant than the normal non-metallic
polarization, '

An important source influencing L.P.
measurements is the electromagnetic
response of the earth, For a given
clectrode array the electromagnetic
effect is dependent upon the frequency
times the conductivity and the square
of the spacing. In the frequency domain
this source becomes troublesome
(communication from P.G. Hallof)
when:

1. The electrode spacing is 500 ft. or
overand n= 8 orgreater.

2. The highest frequency employed
is 2.5 c.p.s. or greater.
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3. The average carth resistivity is
lower than about 25 ohm metres.

Llectomagnetic effects are present in
time-domain measurements as well,

of course, but are usually of lesser
amplitude for the same array and earth
conductivity, because the effective
frequencies employed in the time
domain are considerably lower
{commonly 0.03 to 0.125 c.p.s.).

In the extreme, the electromagnetic
response of a conducting earth may
seriously interfere with useful LP.
measurements in either domain.

In the time domain 1.P. measure-
ments commonly only a single
amplitude (at a specific time after
current interruption) or an average

- amplitude over an interval of time after
the current interruption is used to
characterize the transient decay curve
and act as a measure of the induced
polarization characteristics of the
medium in question.

It has been known since 1950 that
useful sécondary information: is
available in the shape of the transient
decay curve associated with time
domain induced polarization measure-
ments. Equivalent remarks may be
made in respect of frequency domain
measurements where, instcad of
measuring the average slope of
resistivity frequency over one decade of
frequency, more information is
obtained about the shape of this curve.

The type of information inherent in
the curve shape relates primarily to two
factors — {a) average metallic particle
size associated with the source of an
anomalous 1.P. response, and (b) the
presence of electromagnetic transients
arising from highly conducting geologic
units. For convenience we will restrict
the following remarks to time domain
mecasurements, although equivalent
statements may be made in the
frequency domain.

It has been established through
‘laboratory measurements that (a)
metallic conductors of large average
particle size give rise to time domain
decay curves of relatively long time
constant, and (b) metallic conductors
of small average particle size giverise to
decay curves of relatively short time
constant. For these reasons, if a shape
factor as well as an amplitude factor of
the decay curve can be established we
may obtain information which is
helpful in some of the following
circumstances:

(1) very large or very small metailic
particles — the response from these may
distort the shape as well as the
amplitude of the transient curve. Thus
rather small amplitude anomalous
metallic responses may be recognized in
the presence of equal LP. relief due only
to non-metallic variations.

(2) two different types of anoma-

lous response materials, in the same
survey area, but differing in average
particle size and/or decay curve form —
e.g. serpentine, graphitic particles -of
small average size and coarse grained
metallic sulphides.

One additional and rather common
circumstance is the presence of
(ionically) highly conductive over-
burden or consolidated rock units (e.g.
saline overburden or shales). These
units can give rise to electromagnetic
transicnts of sufficiently long time
constant to affect the wusual LP.
amplitude measurement.

The shape of the E.M. transient is, in
practice, markedly different from that
of the usual LP. transient, having a
much shorter time constant than the
latter. In addition, the polarity of the
E.M. transient is often reversed to that
of the LP., transient. Curve shape
measurements can provide a clear
indication of the presence of significant
E.M. interference and even a
semi-quantitative estimate of the latter,
enough to allow a correction factor to
be applied.

Equipment of the type illustrated in
Figures 4 and 5 (e.g. Scintrex MK VII
System) permit appropriate transicnt
curve shape information to be obtained.
Common to all the transmitters in this
system is the ability to pass a repetitive,
interrupted square wavce pattern current

into the ground, as shown on Figure 4.
The current-on time may be 2,4, or 8
seconds and the current-off time may
be likewise sclected. Measurements of
L.P. transient curve characteristics are
made during the current-off time.

Figure 18 shows the quantitics
mecasured by the Newmont-type
receiver. In these receivers onc scts the
gain of certain amplifiers common to
both the primary voltage Vp and
transicnt voltage Vit mcasurcments so
that thesc voltages are essentially
normalized,

The usual amplitude measurement
performed by thesc receivers consists of
an integration of the arca under the
transient curve over a specified interval
after the interruption of the primary
current and is designated by the letter M
— the *chargeability” namely, 0.45
seconds to 1.1 seconds.

The 0.45 second delay time allows
most E.M. transients, switching
transients and interline coupling effects
to disappear prior to the making of the
measurement. Different measuring
intervals may be employed under
specific conditions.

In addition to M, the Newmont-type
MK VIl receiver-is equipped to measure
a quantity “L" which is defined as the
time integral of the area over the
transient curve, for a specified time
interval, taking as reference voltage the
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FIGURE it

Operation of Scintrex Mk V11 (Newmont-type) 1.P. System.
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transient voltage value at the beginning
of the time interval. In practice, the

jaberval selected is 0.45 seconds to 1.75

‘wnds, as shown on Figure 18,
although different intervals may be
employed under certain conditions,

The ratio of L/M is taken as 4«
sensitive ‘indication of transient curve
shape. It has been well established, by
many tens of thousands of LP.
measurements with these systems in
many parts of the world, that the L./M
meceasurements in non-metallically-
mineralized areas, for a given current
wave form, are constant within better
than 20%.

Significant departures from these
ratios usually imply an abnormal
condition — cither an anomalous
metallic polarization response,
electromagnetic or interline coupling.

Figure 19 shows a range of transient
curves and their possible cause. For
cach case the “‘normal” transient curve
is also shown. These cases illustrate the
sensitivity of the L/M ratio to the
transient time constant. A significant
increase in L/M implics an abnormally
short time constant, (Case A) reflecting
cither positive E.M. effects or small
particle size. This should, in either case,
normally be accompanied by an
increase in apparent chargeability M,

A modest increase in L/M ratio,
reflecting an increase in time constant
(Case B) may reflect cither the presence
of large particle size metallic
conductors, in which event an increase
in M may or may not be appreciably
reduced.

Cases C and D show the cffect of
reversed polarity E.M. transients of
increasing amplitude. In Case C there is
ashort term Vtreversal and, although M
is only slightly reduced, L/M s
considerably reduced. In Case D, which
is considerably more extreme, Vt is still
rising at 0.45 seconds, so that 1. and
thus L/M are,. in fact, negative. M is
considerably reduced from its normal
value in this case, but a warning to this
cffect is clearly indicated by the L
mcasurement.

A quantitative estimate of the E.M.
transient response and, therefore,
correction for it, may be obtained by
onc of a number of means. One may, for
example, vary the current-on time, e.g.
from 2 seconds to 8 scconds. The E.M.
transient, being of relatively short time
constant, will not change. The L.P.
response will change by an amount
which is fairly predictable, assuming a
normal decay form. We thus obtain two
cquations in two unknowns from which
the true P, response may be derived.

Curve shape measurements may be
made in other ways as well, for
example, by actually recording the
complete transient decay curve.
Whereas theoretically uscful, such

2

measurcments have proven unwieldy
from a weight and time standpoint. To
obtain clean decay curves requires a
high signalfnoise ratio and thus high
powers,

In the frequency domain the
equivalent curve form information

.would be obtained through the use of

three or more properly selected
operating frequencies.

There is a continuing rivalry between
protagonists of time-domain and
frequency domain measurcments. All
that is clear is that neither method is
superior in allrespects to the other. The
same phenomenon is being measured in
different ways often with different
arrays and the results are presented
different formats {pseudo-sections in
the frequency domain versus profiles in
or contour plans in the time domain).
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Significance of Curve Shape {L/M)
Information.

The “Metal Factor’”, which is a
mixture of physical properties, is
commonly presented with frequency
domain measurements only. These
differences are largely superficial and
are based on separate historical
devclopments and subjective prefer-
ences.

There is a direct mathematical
transformation between 1.P. measure-
ments in the two domains. Theoreti-
cally, at lcast, the same information can
be obtained in either domain.
Practically, however, there are certain
differences. '

The time domain measurcments arc
absolute, i.e, arc measured in the
absence of the steady state voltage and
are disturbed only by earth noises as a
background. The amplitude of these
measurements is usually less than 1% of
the steady state voltage, but even so
they can usually be madc to an accuracy
of better than 10 per cent even in
unmineralized rocks.

The limit of useful sensitivity is -
‘related only to the regional uniformity

of the background L.P. response. In the
frequency domain the 1P, response is
measured as a diffcrence in transfer
impedances. This difference can be
measured with ai accuracy of only
0.3% with extremely stable equipment.
Since the non-mctallic background
P.F.E. over the interval of 0.1 to 2.5
c.pis. is usually less than 1%, the
probable error of these measurements
may be 30% or more.

For this reason it is seen that it is
feasible to obtain greater sensitivity of
measurement in the time domain. This
increased sensitivity is of value in areas
of Idw “‘geologic” and electrical noise.
By -‘geologic noise” is meant the range
of variation of 1.P. parameters within
the normal rock types of the area. The
application of LP. to groundwater
prospecting may have to develop
through the time domain avenue
because of the sensitivity requirements,

The frequency domain equipment
requires somewhat. less primary power
than the time domain equipment
because the former measurements in an
A.C. one with the ability to use tuned
filters and amplifiers as well as devices
as phase-lock detectors. This advantage
is not -so marked as it once was, as
current time-domain equipment, with
its self adjusting earth voltage balance
and ability to sum any desired number

of integrations, provides a high degree

of noise rejection.

Under truly random noise condi-
tions the summation of n integrations
provides the usual 1/3/ n reduction in
statistical noise and is a powerful
non-subjective means of noise
suppression. The suppression of A.C,
power line noise is much better with the
time domain - (integrating type)
measureménts than with frequency
domain measurements. ‘

Reference has alrcady been made
above to the relative effects of the
electromagnetic response of the garthin
both methods. Similar remarks apply to

‘capacitative and inductive coupling

effects between current and potential
cables, although such effects can be
largely avoided in any event by careful
positioning of the cables, except
possibly in drill hole surveying. So far,
only in the time domain may usefutdrill
hole measurements be made with both
current and potential clectrodes’lying
side by side in a small diameter bore
hole.

An individual geologist or geo--

physicist ‘may have had his first
acquaintance with or instruction in the
I.P. method using cither the time
domain or frequency domain. He
becomes familiar with the arrays used
and with the method of presentation of
data cmployed. Thercafter, he tends to




resist switching to the other domain in
the belief that not only will he have to
deal with different geophysical
quipment and clectrode arrays but also
vith different quantities, presented in
quite a different fashion. This is
erroneous.

So far as arrays are concerned the
time domain uses them all —
dipole-dipole, pole-dipole (three
electrode) Wenner and gradient
(Schlumberger). The frequency domain
commonly uses only the first two and is
restricted from using the latter two
because of interline coupling effects,

Of the quantitics measured in both
domains the resistivity is, of course, the
same, making due allowance for units,
The time domain ‘“‘Chargeability’ is,
normally very nearly proportional to
the “Percent Frequency Effect” or

_“P.F.E.”. The so-called “Metal Factor”

is the ratio of P.F.E./Resistivity, and
would, therefore, be equivalent to the
ratio of Chargeability /Resistivity.

The time domain data presentation

is commonly in the form of profiles and
contour plans.

The frequency domain presentation
is commonly in the form of *pscudo-
sections” showing the differcnt spacing
results displaced progressively down.
wards with increased electrode spacing.
Either type of data may be presented in
either form of course, to suit the tastes
and experience of the individual geolo-
gist or geophysicist,

The Gradient array is very useful in
obtaining bedrock penctration where
the bedrock is highly resistive compared
to the overlying overburden. In such
cases using the pole-dipole or
dipole-dipole array very little current
actually penctrates the bedrock and the
L.P. characteristics observed are those of
the ovérburden only. As was mentioned
above, only time domain measurements
may be carried out using this array.

There is a special practical advantage
to the time domain measurements in
areas where it is very difficult to make
good ground contact. In such areas the
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problem of keeping the primary current,
rigidly constant, necessary for the
frequency domain measurements,
becomes severe.

In the time domain, if the primary
current varies by as much as 10% during
the measurement the absolute error in
the chargeability may only be about
5%, which is not significant, This
problem is often encountered in very
arid areas, ¢.g. parts of Peru, Chile and
other desert regions.

Despite these slight effective
differences both methods of LP,
exploration have amply demonstrated
their value through important mineral
discoveries in many parts of the world.
The role of 1.P. in mineral exploration is
well acknowledged and rapidly
expanding.

The writer wishes to thank the
various sources of case histories and
illustrations cited in the text and in
particular, Dr, Keeva Vozoff and Dr.
Philip Hallof for valuable contributions.
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T R N CE R SEWEY & T s i Time Domain method, are very sensitive and accurate tools

A7
408 for Induced Polarization prospecting. The Transmitter and Re-
ceiver are light-weight, small-sized units of advanced, solid-
state design, predominantly featuring Integrated Circuits. The
latest (Mk VI!) LP. system offers a choice of three transmitters
of different capacity (IPC-7) series which can be combined

with the same Newmont type receiver (IPR-7).

The IPR-7 receiver is self-triggering, which removes the need
for a direct cable connection between transmitter and receiver.
As a result, mobility and operational flexibility are increased.
Further advantages of the IPR-7 are, automatic self-potential
compensation, automatic summation of any desired number of
polarization signals, built-in A.C. noise filter and the ability
to obtain transient curve shape information.

The IPC-7 transmitters all provide alternating, interrupted square
wave current pulses of 2, 4 or 8 seconds duration and equal
on and off times.

All Mk Vil systems are of extremely rugged construction and
have an excellent record of performance under the widest
variety of climatic and topographic conditions and temperatures
ranging from —20°F to 130°F {(—30°C to 55°C).

Due to the inherent noise suppression capability of this system,
I.P. surveys can be conducted closer to sources of spurious
electrical noise, such as power lines or mines. The receiver
cannot be falsely triggered by a short duration electrical pulse.
The direct reading of chargeability values enables even a rela-
tively inexperienced operator to Immediately recognize an
_anomaly.

ILLUSTRATIONS: S

Top: IP 25W System — lightweight and portable.
Center: In-situ use of IPR-7 receiver.
Bottom: IPC-7/15 kW Transmitter.
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15 kW TRANSMITTER

The construction
of this control unit is of modular design with solid
state electronics and high voltage switching. Because
of its larger size and weight, the dummy load is pack-
aged separately. The 15 kW motor generator set pro-
vides single phase, regulated 400 Hz current. It is
driven by an air-cooled Volkswagen industrial engine.
This power system and control unit are adequate for
all mineral exploration problems, including exploration
for porphyry copper bodies to depths in excess of
2000’ (600 m). - ‘ .

SPECIFICATIONS:
Control Unit:

Max. output voltage 5,000 V (D.C.)
Max. output current 20 amps

Dimensions 18%"x 27"x 27"
(47 cm x 69 cm x 69 cm)
Welght 170 Ibs. (77 kg)

Motor Generator Set:
" Max. output power 15 kW ({single phase)
Output voltage 208 V (A.C.}, 400 Hz

‘ elght 500 Ibs. (227 kg)
nmy Load:
Dimensions 10”x 10”x 20”
{25cmx25cm x 51 cm)
Welght 75 lbs. (34 kg)

Max. power dissipation 15 kW
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- Power Supply

IPR-7 NEWMONT TYPE RECEIVER

“This LP. receiver measures the chargéabllity (M) by Inte-

grating the area under the decay curve for 0.65 sec. with
a delay of 0.45 sec. after the transmitter cut-off. This delay
under most conditions largely eliminates the influence of
electromagnetic transient effects. Besides the chargeability,
which is read directly on a meter scale, it is possible to
measure the “complement” (L) of the decay curve and thus
obtain a sensitive curve shape factor. In this fashion, it is
possible to learn more about the nature of the sources of
anomalous chargeablility and the influence of electromagnetic
transients. Since the signal to noise ratio increases approx-
imately as the square root of the number of readings taken,
effective filtering is achieved by the automatic summing of
as large a number of readings as necessary, Both M and
L are read directly without the necessity of computation,
giving an Immediate Indication of anomalous conditions.

Although the integration measurement provides a high de-
Elree of A.C. noise suppression, a special 60 Hz filter (50

z opt.) has been incorporated to further reduce possible
power line interference. A simulatinn network is provided
for calibration and general function testing of the receiver
in situ.

SPECIFICATIONS:

Primary voltage range 0.0003 V - 30 V
Accuracy +3%

Input Impedance 300 kilohms

Chargeability:
reading range 0 - 100 and 0 - 300 msec.
accuracy +5%

Curve factor: :
reading range 0 - 100 and 0 - 300 msec.

accuracy +5%
8P and Yellurle nolse
compensation .
Manual + 15V : ‘
Automatic depending on primary voltage range:

up to +£10 V total on 30 V range

rechargeable nickel cadmium
batteries:

rated life 45 hours per charge

Temperature range —20°F to 130°F {—30°C to 55°C)

" Dimenslons 14"x 11"x 62"

{36 cm x 28 cm x 16 cm)

_‘Welght 13% Ibs.. including batterles (6 kg)
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2. I am a graduate in geology of the University of British Columbia,
1954, |
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exploration; in the latter years, in posts of considerablé
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4, I am a professional engineer registered in the Association of
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~INTRODUCTION

This is a report on progress on the property held under option
by Glen ¢opper Mines Ltd. in Halliday and Midlothian Townships,‘Ontario.
The writer outlines the work done to date with the results obtained and

recommends further work.
Appended to this report are the following:

Ontario Department of Mines GCeological Report # 79

"Geology of Halliday and Midlothian Townships" E,GC, Bright 1970

Scintrex Ltd. Report on an Induced Polarization Survey, Halliday

i and Midlothian Twp, ILarder lLake Mining Division on behalf of
Glen Copper Mines Ltd,

Jan Klein, M. Sc., P. Eng.
Geophysicist

-E.W. Bazinet, P. Eng.

i - Report on Property in Halliday and Midlothian Townships, Larder

Lake Mining Division, Cntario. September 20, 1971

! J. Boissoneault

Glen Copper Mines Ltd. Macnetcometer Survey Larche Property,
Midlothian Township, Larder Lake Mining Division (Map at scale

of 1 inch = 400 feet)
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,M'.amond drill logs of DDH #l and DDH #2,

:)‘
'

Newmont-~Mining Corporation (employees)

Diamond drill logs DDH #1 - $5, #7 - #8
Geological map titled "Halliday. Project" at scale of 1 inch = 400 feet.

List of assays taken on diamond-~drill core as assembled by Mr,
Guilford Brett from samples taken by J. Boissoneault (DH #1 -~ #4) and

J. Larche and G. Brett on remaining holes,




PROPERTY

The property consists of twenty-eight contiguous unpatented

mining claims as listed below:

Claim Number No. of Claims ~Township ~Acres
255465 | 1 Halliday 40
278570 to 278572 3 | Midlothian 120
278573 o 1 Halliday ' 40
292002 to 292013 12 Midlothian 480
293217 to 293226 lb Midlothian 400
293395 1 Halliday 40

Location and Access

The claims are situated within Halliday and Midlothian Townships
in £he Larder Lake Mining Division, Ontario. Access is by gravel rcad
from Timmins or Matachewan. Float planes can land on Sirola Lake near
the north edge of the property, approximately 40 air miles south of

Timmins,

Historz

The property lies directly to the south of the former Stairs Mine.
Activity there in the 1940's resulted in this property being prospected
for gold., One chip sample from the proverty assayed .44 oz, Au pver ton.
The writer has been unsuccessful in determining the source of this

sample.reported by the Ontario Department of Mines, although several
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.ld pits are present in the vicinity,
C eyt

The current owners of the property were first attracted to the

i

" area by the reported gold values. In their prosvecting they discovered

the base-metal mineralization which has been the focus of attention

since that time.

~Glen Copper Mines Ltd.. optioned the property'in November 1971.

WORK DONE

The following work has been done on the property:

Trenchinq

The prospectors have done a very creditable job of pitting and
trenching most mineralized areas. Some of the trenches are simply re-
openings or expansions of former trenches done in the search for gold.

Many are, however, sizeable new excavaticns in mineralized bedrock.,

Magnetometex Survey

In November 1971, Mr. John Boissoneault performed a magnetometer

sufvey over the property.

I.P. Survey

In the fall of 1971, S.L. Sandner of S.L. Sandner Associates

completed an I.P. survey of the property.
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"W, . . ) . .
’ On the writer's recommendation a second I.P, survey was undertaken

:in July 1972'by Scintrex Ltd., over portions of the claims in the

Ld

vicinity of the known mineralization.

Geolougical Surveys

A sketch geologic map was prepared by J. Boissoneault as a hy-

product of the magnetometer'survey. The writer has traversed much of

the ground but has not produced a geologic map.,

In November 1972 employees of Newmont Mining Corporation of Canada
1td., working by agreemént with Glen Copper Mines Ltd. prepared a

geologic map at a scaleof 1" = 400°',

Diamond Drilling

Eight diamond drill holes were drilled for Glen Copper for a

total footage of 4124 feet. The holes ranged in length from 113 feet
to 1031 feet,

-GEOLOGY

Mapping of the area by the Ontario Department of Mines was completed
in 1970. (1) The property lies within a large rhyolite dome of Archean
age, The rocks of the dome are chiefly rhyolite to dacite with local

bands of andesite and ultramafic material.

(1) E.G. Bright, Geology of Halliday and Midlothian Townships.

Ontario Department of Mines Geological Report # 79
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‘l' The property lies toward the‘north edge of the dome just to the

souﬁh of a series of infblded drﬂintercalated sediments and pyroclastics,

also of Archean age,

Within the claims area the roéks are entirely rhyolites of
rhyodacites, These include massive structureless units, with and with-
out quartz phenocrysts; a tuffaceous unit, rhyolitic breccias suggestive
of coarse pyroclastics; rhyslite breccias apparently developed through
cataclasis and intensely sheared derivatives of these rocks now repre-

sented by sericite and chlorite schists.,

Throughout the area mapped there is a pervasive ENE'ly trending
schistosity. This is most pronounced in the schistose areas but even
in the most massive units shear planes, schistose elements and stretched

fragments trend in this direction,

In spite of the varied types of rhyodacite present none of the

- workers to date has succeeded in obtaining a bedding attitude. Strikes

within the bedded rocks to the north are near east-west with generally
steep northerly dips. These may reflect the approximate attitude of
the rhyolites. However, since that portion of the dome south of the
sediments is approximately four miles across and is without major
lithologic change it would appoear likely that there is repetition by

faulting and/or folding.

Alteration of the rhyolites is extremely widespread. The minerals
recognizeabkle in hand specimen are sericite, fuchsite, ankeritic carbonate,

chlorite and silica.




. sericite (chromian?) is common. In hand specimen it compares well with

In the vicinity of the known mineralization a peculiar greenish

similar alteration at Kidd Creeek, Fuchsite (?) occurs as discreet
crystals and shreds in some units within the mireralized zone., Ankerite
occurs within the mineraliéed zone in conjunction with the phyllosilicates
but is d#velOped to its maximum elseﬁhere. Chlorite occurs both within

and beyond the mineralized -zone but is the least common phyllosilicate

where the rock is well miheralized.

Irreqular quartz veinlets a fraction of an inch in thickness are
cormmon in the mineralized areas. These often contain pyrite, spialerite |

and to a lesser extent chalcopyrite and galena. : i

~Magnetometer Survey Results

The magnetometer work by Boissoneault shows a low relief (a total
of 430 gammas) and when contoured a pronounced northeasterly grain.
A Bxeak in the magnetic contours at 16 to 20 E suggests a structural

discontinuity, possible a fault.

Scintrex in the discussion of results of their I,P, survey include

(2)

a discussion of the magnetometer results,

I.P. Survey Results

The initial I.P. survey (Sandner) appears not to have been successful,
Correlation with known geologic features is poor as is correspondence

with the later survey.

(2)

Scintrex Ltd: Report on an Induced Polarization Survey, Halliday and

Midlothian Twp. Larder Lake Mining Division on Bechalf of Glen Copper

.Mines Ltd. by Jan Klein, M,Sc,, P, Eng, Geophysicist
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. | The Survey performed .bilz Sci'r'_j_lgrex Ltd. is discussed at length in
:their report‘(q.v.) In general'fhree parallel bands of polarizable |
méterial were indicated (A B & C). Of these, Zone B was tested gquite
exﬁensivély in drilling @rill holes 1, 2 and 3)and Zone A was probed
to a lesser extent with a éingle hole (drill hole #5), Zone B is

i + represented in holes 1, 2 and 3 by increased pyrite,

Diamond Drill Results

Bazinet recommended 12000 feet of diamond drilling to explore the
known mineralized zone. To date only 4124 feet have been conpleted,
The writer suggests that this is hardly a sufficient test of the potential

of the extensive mineralization known to occur on the property.

In general, drill holes which penetrated I,P, Zone B intersected
P large sections containing 1 to 10% pyrite. Asscciated with the pyrite
3 and to some extent along the south wall of the intensive pyritization,
i sphalerite and minor galena occur sporadically disseminated and in quartz

veinlets.

Nothing approaching ore-grade material was cut in any of the holes.




CONCLUSTIONS AND RECOMMENDATIONS

Work to date has only partially tested the 3600 foot long pyritized
zone known on the Glen Copper Mines ILtd. option. Final assessment of
the work will recuire drafting of drill sections and interpretations

of the geophysics and surface geology in relation to the sections,

It is also desirable to plot the positions of the known intersections
on the supposed walls of the sulphidized zone to indicate the areas tested
and further attempt to relate the results to any areas which might be

expected to carry potential massive sulphide base-metal deposits.
The writer believes that such work will better indicate:

1., The amount of the zones as yet untesfed.

2. Any trends which may exist in the extensively drilled area in
the vicinity of line OOE.

3. The geometry of the sulphide zone and the relationship between
the heavy pyrite, the base-metals and possible the alteration

pattern.

On completion of the above‘work, further diamond-drilling will be
in order. The writer believes a minimum of 4000 feet will be necessary

to establish whether further work is desirable,

Respectfully Submitted R

. ‘:,\ 7( \\; W> J
. (—?/L-/ /\_,.// 4o e —

Earl D. Dodson, P. Eng,
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GLEN COPPER MINES LTD.
706-1111 W, Hastings St.
Vancouver 1, B.C.

February 28, 1973

Minister of Natural Recources o b
Queens Park '
Toronto, Ontario

ATTENTION: Mr. Leo Bernier

Dear 8ir:

Please find enclosed copy of Swastika's Certificate of Analysis
as requested.

Yours truly,

7
Ny /: T

G. Brett
President
GLEN COPPER MINES LTD.

GB:1IS
Enclosures: 2




S AM LHNE M A Sontw TELEPHONE 8$42-3244
» MTNG LAABON B A PR e i P.O. DRAWER 10

e . S“ (lqtlk(l, Ont ............

SWASTIKA LABORATORIES fﬁﬁﬁ’éo
@ertificate of Analysts

?',~» P
Ctﬁ( NOMWW[§92§”

. We hurve assayed v osAMPles Of
six split core
Pecened e . .and subpitted by . o e o . e
Sept.2,1972 Glen coppor Limit.ed,
. ~with the following results: ‘
. pari._John Boissonaault, E8Qa ..o scmmems ciiioseiemmiee L
Sanple Gold Silver Lead Zinc
Vo, Ozs. Oss. ‘ <
' . W3 vicket N{l Nil 0.08 0,19
WAO1 & BLBC? N{il Nil 0.06 0.09
, BL 827 Nil N{)
B4 828 - N1l N1l
B4 829 0.005 Trace
Special N{l 0.78

SWASTIKA x.Aaot;’Aronms LIMITED,

e

Vo ~tahlished Nerth American custom, unless it iy «ymmrnlly stated otherwise gold and silver valuen
mwr\.cd ol Lhese htus have not been adyusted Lo soiepensate Tor iosses wnd gatns inhoerent 0 the fire assay procesx
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oo | Swastika, Ont.,.....‘..‘.. ........ g 19......
@ SWwWASTIKA LABORATORIES TiMITED
| Qertificate of Analysts .
kyﬁ/‘/ NO"&‘”M’ ..........
We have assaved . gocamegap oo samples of -~ —gplit-core and putp—

Recenned Aug.’ﬂ,l??? . .and submitted tn GIGHCOPPOI'.mmBLimit!dT""“

e WiIth the folluwing cesults:

oo pari...John Bolssonsault, E8Q. PoBfge - oo s
Sanple Gold Si{lver Copper.  lead Zinc
¥o. Oss. Oss. ; < <
4,816 N{l Nil None Trace
4817 Nil 0.01 None Trace
4819 Nil . } 91 None Trace
4820 Nil Trace None L., 0,01
4821 Ni) Nl None None
b 4,822 N{l Nl None . - None
4823 Nil Trace None None
L824 Nil 0.0 ~ None None
L4825 N{l Nil None None
L8256 Ni Trace None , None
BA8O4 0.00% 0.19 0.1) 0.)
BL, 805 Ni) 0.07 - 0,03 0.
B4 806 Ni) 0.02 0.02 0.32
B4 807 0.005 Nil 0.13 0.23
B4 808 0.005 0.06 0.01 0.01

S8WASTIKA LABORATORIES LIMITED:
f
per

fit™

v

in accordance vith long-extablished North American custom, unleas {t is specifically stated otherwise gold and ailver values
reported on these sheets have not been adjusted to compensate for loxses and gains inherent in the fire assay process.
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Sample Gold - Silver ' Copper ..
No. Ons. Oss. im o

B 481) Nil . 0.03 0.0 None
B L4812 N1l Trace 0.01 None
B 4813 Ni1l : 0.02 0.01 None
B 4814 Nyl o 03 None = Trace
B 4815 Nil 0.0 None Trace

o Ty cctabbehed Ntk American eastan g uriessoat s specifieally stated ctherwise poid and silver values
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LERRYTS

THE T A0 B e b Lt

SECURITIES ACT, 1967

Neither the British Columbia Scewities Comntission ror the Vancouver Stock Exchange has in any way
passed upon the merits of the sceurities offered Liereunder and any sepresentation 1o the contrary is an offence.

Britisu Cor.uamia Securinies CoMMISSION
VANCOUVER STOCK EXCHANGE

GLEN COPPER MIIM:S LIMITED

Head Office - 706 -

(Addrcs\ o! hc ad nlhcc and rt;nlcud nlluc N mmmny )

Registered Office: 1403-1030 VWest Georgia

Strcet, Vancouvcr 5, B. C.

Stﬂcmcnt of Material Facts

1. Give details of the circumstances relating to the offering of
the securitics and any material changes in the afliirs of the
issuer.

2. Sct out the description, designation, and number of shares
being offered by the issuer or selling sharcholder.  If any
of the shares being offered are 1o be offered for the
account of a selling sharcholder, name such sharcholder
and state the nunber of shares ovned by him, the number
to be offered for his account. and the number to be owned
by him after the offering.

See Item l attached

Sce Item 1 attached

3. Set out the price (o the public. underwriting discounts or
comntissions and the estimated net procceds 1o the issuer
or selling shurehalder, on both a per share and an acgre-
pate basis. M it is not possible to state the plice 1o the
public or the underwriting discount or commissions, the
methed by which
explained.  Give the ran
previous 90 days.

2¢ of the market price durmg the

4. State the principal purposes for which the estimated net
proceeds to be derived by the issuer srom the sale of the
shares to be offered are intended to be used and the ap-
proximate amount intended to be used for cach such
purpose,

See Item 1 attached

Sece Item 4 attached

S. State the laws under which the issuer was incorporated and
whether incorporated by memorandum of association, 1et-
ters Patent, or otherwise or under a particular part of an
incorporating Statute dealing with mining companics and
the date theceof.

R.C. Companies Act - Memorandum
of Association dated November
19, 1965

6. Give names, addresses, and chief occupations for the past
five years of the officers and directors of the issuer.

Sec Jtem 6 attached

7. State the share capitalization of the issuer showing author-
ized and issued capital.

8. Give particulars of any bonds, debentires, notes, mort-
gages, charges, lieny, or hypothecations of the issuer,

9, Qutline bricfly the manner in which the <hares beinz offered
are 1o be disttibuted, grving particodars of any nuh' wnding
or pmpuw\l nnd-rumu o, sl or nr::-'n KR teng
cluding the nume and aalie ool o K
chaser, or up(u\ll\c Cise \Illlli.ll ;" hwttaty ol sube
anderwnting o sub-ophon srrecienls suisiaidin oo org-
powd to e viven and puiicniare of ans g
p(upn\nl AN NCOD O a0y Ston atlements, Lo ey
atd a Les s of Torame B i ans it o8, i ST LD ane
directoin wdowotten o spoaed spates,

-

pocin of

|

i

.1,800,000_shares_

Authorized: 3,000,000 shares without
nominal or par value with a maxinun
price of $1.00 per share. Issued:

Nil

Sce Item 1l attached

IR G
LISTINE




21, Give the apprepite divect remnneration, incliding gmonnts Guilsoxd Brett ~ $400.00

. for scrvives tendered, paid or payibie by the issuer snd it
sidianics duiing the past year 1o the imside
;::l‘::;il'llc‘ during, the past year (o the smiders of the Glen luck ~ $000.00

22, Give l\ncf particulars of all options 10 purchase (ccuuncs
(other than such as are pranted or proposed 1o be pranted
to sharchalders as such on o pro raia busis) outstanding
or propesed 1o be piven by the issuer and its subsidiatics .
1o any person or company, naming cach such person Nil
or company and showing separately all such options out-
standing or proposed to he given to the insiders of the
issuer of its subsidiarics.

23, State the prices at which shares of the issuer have heen
issued for cash during the past year. If any shares have
been issucd for scrvices, siate the nature and value of the| Sce Item 23 attached
services and give the nume and address of the person or .
company who reccived such shares, State the number of
shares issued at cach price.

24. Give the dates of and pariies 10 and the general nature
of every matcrial contract entered into by the issuer or any | See Item 24 attached

subsidiary within the preceding two years which is still in
cffect and is not disclosed in the foregoing.

25. Give particulars of any other malerial facts relating 1o the
shares proposed to be offered and not disclosed pursuant to Nil
the foregoing items,

26. 1f assets include investments in the shares or other securi-
ties of other companics, give an itemized statcment thereof
showing cost of book value and present market value,

See Item 26 attached

27.

CERTIFICATE OF THE COMPANY

mﬁc\?\ﬂY{ Dated Julf 12th, 1971

USTING d/@ %«Z (%)

7

g//g?’) 7 /’_ ;/ + [Corporate Scal.)
I i

o T Ry v

CERTIFICATE OF UNDERWRITER OR OPTIONEE

Dated j//l/ "’2 ./7/
J /7

To the best of our knowledge, informa- m:s'r COAST SECURITIES LIMITED
Ltionand belicf, the foreqgoing CONSTILNLES - - o crigufle o oo iosissrsevns svaninssnens
full, truve and plain disclosurc of all  2e ‘/‘(/ %—-D

material facts relating to the securi- S ““dd

tics offered by this Statement of
taterial Facts,

°




Name

Glen Huck
President and Director

Andrew Robertson
Director

Guilford H. Brett
Director, Vice-President
and Managing Director

Thomas S. Mackay
Director

Alexander W. Fisher
Director

W. Earl Essery
Secretary-Treasurer

Address

Box 545
Vanderhoof, B. C.

130 South Oxley Street
West Vancouver, B. C.

3641 West 48th Avenue
Vancouver, B. C.

801 - 1200 Alberni Street
Vancouver, B, C.

1870 West 35th Avenue
Vancouver, B, C.

2323 West 2nd Avenue
Vancouver, B. C,

ITEM 10

Occupation for

Rancher

Mining Executive

Mining Executive

Investment Dealer

Barrister and
Solicitor

Corporate
Secretary

The beneficial shareholders in the Underwriter, West
Coast Securities Ltd. 306 - 845 West Pender Street, Vancouver, B. C.,

are as follows:

Class of Number of
Name of Shareholder Shares Shares centa
James D. Thomas
2088 Westdean Crescent
West Vancouver, B. C. Common 299 99, 9%
W. R. Bullen
1079 Roselea Crescent
Richmond, B. C. Common 1l .01%
ITEM 12
1. Omineca Mining Division - lLegqate Creek, East of

Terrace, British Columbia.

The Company owns the following mineral claims free
and clear of all encumbrances:

Llain

Carmin 1-2

Recoxd Nos.

42867-8

Carmin 5~-8 42871-4
Carmin 13-18 45879-84
Carmin 23-28 45724-9
Carmin 31 45732
Carmin 37 45738
Carmin 39 45740
Carmin 41 45742
Carmin 46 45747




®
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Claim : Record Nos.
I @U” Dome 25-40 incl. 32587-32602 incl.
3\ Dome 41A 36223
Iron Cap 7 1650
“}“%L\f\\m@ Iron Cap 8 1651
Dome 42-76 incl. , 38493-38527 incl.
Brett 6-13 40520-40527 incl.
Brett 1-8 Fr. incl. 40159-40166 incl.
Brett 9 fr. 39969 :
Brett 11 - 14 fr. 40516-40519

Reed Mines Ltd. (N.P.L.) was incorporated by Memorandum
of Association, pursuant to the provisions of the B. C. Companies
Act., on the llth day of December, 1970. It is a private company
and is authorized to issue 5,000,000 shares with a maximum price
or consideration of 50¢. Of the 5,000,000 shares authorized, a
total of 500,000 shares have been issued for properties as here-
after set out. The registered office of Reed Mines Ltd. (N P.L.)
is 845 Hornby Street, Vancouver, British Columbia, and its
directors and officers are:

Donald Esplen Director, Vice-President
and Secretary-Treasurer

Jack Ashton Director and President.

Reed Mines Ltd. (N.P.L.) holds the above claims pursuant
to an option agreement with Joseph Reed dated May 25th, 1971. The
Agreement provides for a $500.00 down-payment, $5,000.00 to-be
paid to Mr. Reed on July 15, 1971, $5,000.00 on the 15th day of
November, 1971, and a further $5,000.00 on the 15th days of March,
July and November in each subsequent year until such time as the
property is placed into production. At such time as the property
is placed into production Mr. Reed is to receive a royalty payment
of 4% of the net proceeds derived from the operation of the pro-
perty.

The Company has an Agreement with Reed Mines Ltd. (N.P.L.)
dated June 4th, 1971, pursuant to which 250,000 shares of the
Company would be issued to Reed Mines Ltd. (N.P.L.) for and in
consideration of the issuance of 250,000 shares of Reed Mines Ltd.
(N.P.L.) to the Company. The Agreement also provides for the
granting of an option to the Company to purchase a further 4,250,000
shares of Reed Mines Ltd. (N.P.L.) at a price of 20¢ per share,
such money to be either paid by the Company to Reed Mines Ltd.
(N.P.L.) or spent by the Company on the properties of Reed Mines
Ltd. (N.P.L.). No part of the option can be exercised until at
least $100,000.00 has been paid or spent by the Company. There
are presently 500,000 shares of Reed Mines Ltd. (N.P.L.) issued
and outstanding.

The above Dome, Iron Cap and Brett claims were held by
the Company and Brettland Mines Ltd. (N.P.L.) pursuant to an option
agreement with Joseph Reed until May of 1971. Pursuant to an agree-
ment with Pacific Petroleums Ltd., Pacific Petroleums Ltd., spent a
total of $105,234.30 on the property before terminating the agree-
ment. The work was managed by Guilford Brett and supervised and
directed by P. E. Hirst, P.Eng., in conjunction with Mr. Pearse,
geologist, who acted as resident manager of the program.

Most of the work was directed towards evaluating the po- -
tential of molybdenum and tungsten mineralized areas in the vicinity
of the Cirque Creek, specifically anomalies 1, 2 and 3. Lesser
attention was devoted to evaluating anomalies 4, 5, 6 and 7,
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3. Omineca Mining Division -~ 25 miles N, W, of Smithers,
British Columbia.

The Company is also the owner of six Coal Licences being
numbers 516 - 521 inclusive,’ which were acquired by the Company
for a cost of approximately $2,200,00. Adjacent to these licences
are licences owned by Kaiser Resources Ltd. and Western Coal & Coke
Ltd. (NPL). On April 1, 1970, the Company entered into an Agreement
for the exploration and development of all of the properties held by
the three companies. Pursuant to the Agreement Kaiser Resources Ltd.
spent a total of $60,000.00 on the licences. A report dated October
1, 1970 was prepared on the properties by G. P. Gormally, B, SC.
under the direction of Allan A. Johnson, B. SC. and supervised
by J. E. Morris, P. Eng. The following quotation is from this report:

"Geological mapping has reduced the potential
coal bearing area to a maximum of 2 square miles.
Using an 8 foot average seam thickness, a
possible reserve of 35 million tons could be
calculated for this area, However, various
features of the coal make mineable reserves of
this magnitude very improbable,"

As a result of this conclusion the report did not recommend
the expenditure of any further monies on the licences.

ITEM 18

Of the 750,000 shares issued for properties Glen Huck received
500,000 and Guilford Brett 250,000 shares. Of the 750,000 shares 500,000
remain in escrow with the registrar and transfer agent of the Company
pursuant to an escrow Agreement providing inter alia, that except
with the written consent of the Superintendent of Brokers for the
Province of British Columbia, the holders of escrow shares shall not
sell, deal in, assign or transfer in any manner whatsoever or agree
to sell, deal in, or assign beneficial ownership or interest in them
and that without the written consent of the Superintendent, the
transfer agent shall not accept or acknowledge any transfer, assignment,
declaration of trust, or other document evidencing a change in legal
or beneficial ownership of interest in the said shares except as may
be required by reason of a death or bankruptcy of any one or more of
the holders of the escrow shares, in which case the transfer agent shall
hold the said certificate representing such shares for whatever
person or persons, firm or corporation that may thus become legally
entitled thereto and that, in the event of the Company losing or
not obtaining good and marketable title to, or abandoning, or
discontinuing development of any of the property which was or formed
part of the consideration for any of the said 750,000 shares, or in
the event of the property not being as represented, there shall be
surrendered by way of gift to the Company for cancellation such
number of the said shares as the Superintendent in his sole discretion
deems fair and equitable.

ITEM 19

The following shareholders own more than 5% of the
outstanding shares of the Company:

Glen Huck 427,167 shares

Guilford Brett 191,420 shares
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CHASE T ESCI

A person who has entered into a contract for the
purchase of a security to which this Statement of Material Facts
applies is entitled to rescission of the contract where:

(a) such purchaser has not received a copy of, the Statement
of Material Facts, the latest financial statement and re-
ports, and a fair and accurate summary of the report on
the Company's property that issued the security:

(b) written notice of intention to commence an action for re-
scission of the contract is served on the person who con-
tracted to sell the security within sixty (60) days of the
date of delivery of the written confirmation of the sale of
the security; and

{c) the purchaser is still the owner of the security.

In an action for rescission under the above para-
graph the onus of proving delivery of the documents referred to
in paragraph (a) above is upon the person who, under the con-
tract, was or would be the seller of the securities.

No action shall be commenced after the expiration
of three months from the date of service of the notice referred
to in paragraph (b) above.

SUMMARY OF P. E. HIRST & ASSOCIATES LTD.'S
REPORT ON THE DOME, IRON CAP AND BRETT CLAIMS
HELD UNDER OPT )4 E

The 1970 work programme has indicated that molyb-
denite (and tungsten) mineralization occurs over a wider area
than previously established. Within an approximate 3,600 foot
square, three separate and different types of molybfenite (and
tungsten) deposits have been recognized, viz:

1. disseminated in a heavily clay altered porphyritic granite;

and
2. as fracture fillings in meta siltstones; and
3. as desseminations in skarn zones peripheral to or capping

porphyritic granite and allied intrusives.

These zones were the prime targets for the 1970
drilling, which failed to encounter any economic grades in two
of the areas (Anomalies 1 and 2), but insufficient work has been
done to evaluate the molybdenite-scheelite mineralized skarns in
Anomaly 3.

Further work is recommended to evaluate a possible
small openpit potential of combined moly-tungsten mineralization
in Anomaly 3, and a deep drill test is recommended to test for an




Current:

Cash

Accounts receivable

Prepaid insurance
~Investments, at nominal value
Mineral claims

Coal licences

Equipment, at cost

GLEN COPPER MINES LIMITED

BALANCE SHEET

May 31, 1971

ASSETS

233.53
1,597.50
195, 00

Deferred exploration and administration expenditures

Current: :
Accounts payable

Capital stock

$

LIABILITIES

SHAREHOLDERS' EQUITY

Common shares without nominal or par value

Authorized
Issued and fully paid

Deduct Deficit

NOTE: Capital stock issued

3,000,000 shares
1,800,000, see note 1,222,500.00

783,856.13

© 2,026.03
2,00
4,600.00
150.00
3,434.81

433,229.29

1 443,442.13

—

4,789.26

Number of Shares

438,643.87

S——————————

$ 443,442.13

Amount

For mineral claims (now abandoned) 750,000

$ 750,000.00
For cash 1,050,000 472,500.00
1,222,500.00

1,800,000




. GLEN COPPER MINES LIMITED

STATEMENT OF DEFICIT

for the year ended May 31, 1971

Balance at beginning of year ' 8,750.00
Additions during year

Mineral claims abandoned 757,800.00

Investments, write-off to nominal value 17,306.13 775,106.13
Balance at end of year . $ 783,856.13

GLEN COPPER MINES LIMITED

STATEMENT OF DEFERRED EXPLORATION AND ADMINISTRATION

for the year ended May 31, 1971

Balance at beginning of year 423,204.65

Additions during year
Exploration
Government fees and taxes 1,230.00
Insurance and workmen's compensation 348,90
Rental income : (160.00)
. Sundry 61.93
' 1,480.83
Equipment write-off ] 4,023.38 5,504.21
Administration
Rent 450.00
Administration fee 2,400.00
Salaries ' 1,371.90
Iegal 867.55
Stock transfer expense 1,127, 44
Shareholders' information 151, 82
Telephone 604.20
Listing fees 300.00
Sundry 20.02
Interest earned o (97.50)
Management fee income ’ {2,675,00) 4,520,43

Balance at end of year $§ 433,229,29

P ————————————
e ——————
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" NOTE 1:

Reed Mines Ltd. (MNPL) acquired the following mineral
leases and claims for and in consideration of 500,000 shares:

Mineral Claim " Record Numbers
Brett 1 - 4 inclusive 39846 - 39849
Brett 5 39850

Brett 10 39970

Mineral Lease " Record Numbers
Monarch ' 4754 - 36.73 acres
Searcher #6 4753 - 33.90 acres
Searcher #2 4755 -~ 47.00 acres
E.B. Fraction 4760 - 12.25 acres
Searcher #4 4756 - 36.51 acres
White Pass 4741 - 25.72 acres
Searcher #5 4739 - 18.08 acres

" The shares were issued as follows:

200,000 shares - John M. Ashton
200,000 shares - Donald C. Esplen
100,000 shares = Joseph Reed

NOTE 2:

In June 1971, the Company, together with Glen Copper
Mines Ltd., entered into an Agreement whereby Glen shall assume
all of the obhligations of Reed Mines Ltd. to Joe Reed, including
making all payments due to Joe Reed thereunder.

NOTE 3:

The Company has an Agreement with Reed Mines Ltd. (NPL)
(hereinafter called "Reed") dated June 4, 1971, pursuant to which
250,000 shares of Glen Coprer Mines Ltd. (hereinafter called "Glen")
would be issued to Reed for and in consideration of the issuance
of 250,000 shares of Reed to Glen. The Agreement also provides
for the granting of an option to Glen to purchase a further
4,250,000 shares of Reed at a price of .20¢ per share, such money
to be either paid by Glen to Reed, or spent by Glen on the
properties of Reed. No part of the option can be exercised until
at least $100,000.00 has been paid or spent by Glen. There are
presently 500,000 shares of Reed issued and outstanding.
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