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I CLAIMS - LOCATION - ACCESS

The IAN-B group of claims consists of 27 contiguous full-

sized claims which are recorded as follows:

Claim Name Record No.
IAN 7 116 608
TAN 8 116 609
IAN 9 116 610
IAN 10 116 611
IAN 11 119 422
IAN 12 119 423
IAN 13 119 424
IAN 14 119 425
IAN 15 119 426
IAN 16 119 427
TAN 17 119 428
TAN 18 119 429
IAN 19 119 430
TAN 20 119 431
TAN 21 119 432
IAN 22 119 433
TAN 23 119 434
TAN 24 119 435
TAN 25 119 436
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IT

Claim

TAN
TAN
TAN
TAN
TAN
IAN
TIAN

IAN

Name

26
27
28
29
30
31
32
33

119
119
119
119
119
119
119

119

Record No.

437
438
439
440
441
442
443

444

The IAN-B group of claims is situated 72 miles NNW of Fort

St., James and 32 miles SSW of Germansen Landing. This group

is adjoining another group which consists of TAN 1 to IAN 6

minersl claims.

Access to the IAN-B group of claims is by helicopter from

either Fort St. James or Germansen Landing.

TOPOGRAPHY

The IAN claims lie between elevaiions of 4000 and 4300°

s
gentle hills whichoentirely timbered.

/3
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WORK DONE

Regional Geology

The IAN claims are assumed to lie across or near by a
major contact which is the Hogem batholith - Takla vol-"
canics contact (projected contact). In 1972 anomalous

8111t samples were found and the claims staked.

Surveys carried out in 1973

During the 1973 summer season a geochemical and geophy-
sical survey wes carried out on the claims. The geochemi-
cal survey covered the wheole property whereas the geo-

physical was carried out on a portion of it only.

The surveys also covered IAN 1 to IAN 6 mineral claims
which form another group. Works pevformed on these claims
are illustrated on maps accompanying this report to allow
a better interpretation of the results, However, only

the expenditures related to IAN 7 - TAN 33 mineral claims
are taken into account in the"Cost Breakdown" in Appen-

dix 1T,
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Geochemical Survey

Between July 4 and July 11, 1973 a crew of iwo men worked
on the TAN-B group of claims. The crew consisted of Jean

Paul Guelpa, geologist, and David Hepper, soil sampler.

It was intended to do the geoclogical mapping of the claims
along with the soil sampling. However, no outcrops were
found on the entire property. No geological report can,

therefore, be provided.

The so0il sampling was first carried out along the IP lines
previously cut by Menex Mining Ltd., These lines were cut
500 feet apart on TAN # 7, &, 9, 10, 18 and 19. Along these
lines samples were collected every 200 feet. Samples were
taken every 300 feet along lines 750 feet apart on the re-
maining claims, i.e. IAN # 20 through IAN # 33 incl, The

lines were run with a compass and a Topofil Chaix and flagged.

The soil samples were collected from the B horizon using a 4
foot steel auger. This auger was necessary because of the

unusually thick A horizon.

./5



350 samples were taken and sent to Min-En Laboratories to
be analyzed for Mo, Cu, Zn and Man., MN analysis was requested

to allow a better interpretation of other metal values.

3.4. (Geovhysical Survey

An induced polarization and resistivity survey was carried
out by McPhar Geophysics Ltd., between July 23 and July 29,
1973, The lines necessary for the survey had been cut pre-

viously by Manex Mining Litd., between June 1 and June 7, 1973.

65 miles of IP were run across IAN # 7, 8, 9, 10, 11, 18
and 19 along lines spaced at 500' intervals., The resulting
grid is illustrated on the "Plan Map" in Ph, G, Hallof's

and M, A, Goudie's report.

IV RESULTS

4,1, Geochemical Survey (see map # 1)

Anomalies - Several weak Cu and Mo anomalies appear. Over

a Mo background averaging 3 ppm it is possible to define two

anomalous isograde lines: 6 ppm and 10 ppm.
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Over a Cu background averaging 40 ppm it is also possible
to define two anomalous isograde lines: 86 ppm and 1 ppm.
The best anomalies are situated on IAN # 9 where we observe

a partial coincidence of Mo and Cu anomalies,

False anomalies - A number of isolated high Mo and Cu

values are obviously caused by high manganese soil contents.
In light of the study of the results and of our experience
elsewhere, we think that anomalous Mo and Cu values should
be disregarded when associated to manganese values over

1500 ppm.

Geophysical SBurvey

(Philip Hallof and Marion A. Goudie's repori)

Results of the geophysical survey are detailed in the en-

closed report by Philip Hallof and Marion A. Goudie.

The survey reveals the existence of anomalies gquite com-
parable to those found over the Brenda deposit a few years

ago.

ST



CONCLUSIONS

IP results have been replotted on map # 1 to allow com-

parison with geochemical results. Although all geochemical
anomalies are weak, we believe that wherever they coincide
with IP anomalies it is warranted to evaluate them further

through a preliminary drilling programn.

A minimum of 3 drill holes seems necessary to do this. These
holes should be diamond drilled and should have a minimum

depth of 400 feet.

Respectfully submitted,

f.\ oy
J.P. Guelpa Vo
Geologist ’ ['I' LtJﬁfi;N
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APPENDIX T

Personnel Certificates

GUELPA, Jean Paul: Geologist. Graduate of University
of Lyon, France, in 1966, Since then engaged
in mineral exploration in Quebec with the Depart-
ment of Natural Resources and in B.C. with Mokta
Canada Litd. and at present with Pechiney Development
Ltd.

HOPPER, David: 20 years old. Student. Has worked previously
as so0il sampler with Canadian Superior Exploration
in 1971 and with Pechiney Development Lid. in 1972

MANEX MINING LTD.

Vancouver based exploration firm
Address: 470 Granville Street, Vancouver, B.C.

MCPHAR GEOPHYSICS LTD.
Address: 837 Hastings Street, Vancouver, B.C.



APPENDIX  TIC

REPORT ON THE
INDUCED POLARIZATION
AND RESISTIVITY SURVEY
ON THE
IAN CLAIM GROUP, VALLEAU CREEK AREA,
OMINECA MINING DIVISION, B.C.
FOR

PECHINEY DEVELOPMENT LTD.

BY
PHIIIP G, HALLQCF, Ph.D,
AND

MARION A, GOUDIE, B.Sc.

NAME AND LOCATION OF PROPERTY:
IAN CLAIM GROUP, VALLEAU CREEK AREA,
OMINECA MINING DIVISION, B.C., 55°20'N - 124°47'W

DATE STARTED: JULY 23, 1973
DATE FINISHED: JULY 29, 1873 °
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McPHAR GEOPHYSICS LIMITED

REPCRT ON THE
INDUC €D PCLARIZATION
AND RESISTIVITY SURVEY
ON THE
IAN CLAIM GROUP, VALLEAU CREEK AREA,
OMINECA MINING DIVISION, I.C.
FOR

PECHINEY DEVELOPMENT LTD,

1. INTRODUCTICN

We have recently completed an Induced Polarization and Resistivity
survey on the Ian Claim Group, Valleau Creek area, Omineca M. L., E.C,,
for Pechiney Levelopment Litd. The property is situated at 55°20'N latitude
and 124*47'W longitude, two miles east of Ahdatay Lake., Access is by
helicopter.

The property is totally covered by glacial drift, but it is thought
that the grid may bte located near the eastern contact of the Hogem batholith
with volcanics of the Takla Group. Previous work consisted of detailed
geochemical soil sarmpling and ground magnetometer and geological surveys.

The IP survey was carried out to determine whether there was
a possible disseminated sulphide zone corresponding with # geocherrical
anomaly. The work was completed in July, 1973, using a McPhar P660

high power variable frequency IP unit operating at 0.3 Hz and S Hz over



the following claims:

Ian: 3 to 13 inclusive, 18, 10,

These claims are assumed to be owned or held under option

by Pechiney Development 1td.

2, PRESTNTATICN OF RESULTS

The Induced Polarization and Reeistivity results are shown on

the following data plots in the manner described in the notes preceding

this report,

Line Electrode Intervals uwg. No,
3000N 400 feet IP 6089-1
Z500N 400 feet IP 6089-2
2000N 400 feet IP 60893
1 500N 400 feet IP 6089-4
1000N 400 feet IP 6089.5
500N 400 feet IP 6089-6
0 400 fest IP 6085-7
5008 400 feet IP 6089-8
10008 400 feet IP 6089-9
15005 400 feet iP 6089-10

Also enclosed with this report is Dwg. 1. 7.7, 4910, a plan map of
the Ian Claim Group Grid at a scale of 1" = 200', The definite, probable
and possible Induced Polarization anomalies are indicated by bars, in the

manner shown on the lagend, on this plan map as well as on the data plots.,



These bars represent the surface projection of the anomalous zones
as interpreted from the location of the transm.itter and receiver electrodes
when the anomalous values were measurad.

£ince the Induced Polarization measurement is essentially an averaging
process, as are all potential methods, it is frequently difficult to sxactly
pinpoint the source of an anomaly. Certainly, no anomaly can be located
with more accuracy than the electrode interval length; i.e. when using
400! electrode intervals the position of a narrow sulphide body can only
be determined to lie between two stations 400’ apart, In order to definitely
locate, and fully evaluate, a narrow, shallow source it is necessary to
use shorter electrode intervals. In order to locate sources at some depth,
larger electrode intervals must be used, with a corresponding increase
in the uncertainties of location. Therefore, while the centre of the indicated
anormaly probably corresponds fairly well with source, the length of the
indicated anomaly along the line should not be taken to represent the exact

edges of the anomalous material,

3. DISCUSSION OF RESULTS

Two anomalous zones were located by the IP survey. Zonel
extends from: Line 1500N to Line 15008, where the zone is open. Zone ?
lies to the east of Zone 1, extending fron. Line 0 to Line 15008; this zone
is also open to the south.

The resistivities of the rocks underlying the survey grid are
moderately high to high, indicating that the rocks are either unaltered or

perhaps silicified. In this environrr.ent, the background IP respouse is



uniformly low und weakly disseminated :mineralisation shows only a

slight increase in IF values., A good exan:ple of this type of situation ina
the Frenda deposit, which is illustrated and described in the paper by
David K. Fountain, tound with this report, on pages 4 and 5, At Brenda,
The chalcopyrite and molybdenwmn mineralization was not associated

with pyrite and the weak iP response was very significant. A comparison
betwsen the 1F results shown in Figure & in the paper {age 4} and the

1P results on it.ine U of this grid, show that they are very similar,

The anorr.alies are much the same in both zones, varying only in
magnitude. Zone | appears to have the better potential, The top of the
source of the anomalies is relatively shallow, e.g. less than 200" in
depth. The pattern of the anomalies suggests a source of weakly
disseminated mineralization (see Appendix).

It is recommended that the source be checked by drilling. Suitable

drill locations could t.e selected on Line 0 and/or I ine 500N.

4, CONCLUSIONS AND RECOMNM ENDATICNS

The IP survey located two iP zones which are weakly anomalous.
The Erenda oretody, which is described and illustrated in a paper which
ts included in this report, shows the importance of investigating such
weakly anomalous zones and it has been recor.mended that the source
of the zones be checked by drilling. The zone n.ay well Le the source

of the geochemical anonaly.



ated: Septermber 14, 1973

Geophysicist

Marion A, Goudie,
Geologist.



ASSESSM ENT DETAILS

PROPERTY: lan Claim Group MINING DIVISION: Onm:ineca
SPONSCR: Pechiney Uevelopment Ltd. PROVINCE: British Columbia
LOCATION: Valleau Creek

TYPE CF SURVEY: Induced Polarization

OPERATING MAN DAYE: 20 OATE START £D: July 23, 1973
EQUIVAL ENT 8 HR.MAN DAYS: 30 AT E FINISHED: July 29, 1973
CONSULTING MAN DAYS: 2 NUME ER OF STATIONS: 128
DRAUGHTING MAN DAYS: 5 NUME ER CF READINGS: 765
TOTAL MAN DAYS: 37 MILES OF LINE SURVEYED: 8,7

CONSULTANTS:

Philip G. Hallof, 15 Earnwood Court, Jon Mills, Ontario,
Marion A. Goudie, 739 Military Trail, West Hill, Ontario.

FIELD T sxCHNICIANS:

J, Parker, Box 340, Choliceland, Saskstchewan.

J. Shippit, 1411 Schubert Orive, Kamloops, ¥.C.
Plus iExtra Labour:

M. Faust, 841 Selkirk Ave. Kamloops, £ .C.

J. Whittier, General elivery, Frince Rupert, & .C.

DRAUGHTSM. N

F. Foden, 103 Petworth Crescent, Agincourt, Ontario.
V. Young, 64 Highcourt Crescent, Scarborough, Untario.

Phigép-&; ~rigttot,
Gedphybiclat,
.\!h‘ ! 'g o

Jated: Septenber 14, 1973 e



STAT EM ENT OF COSY

Pechiney levelopment i.td.
JIan Project
Valleau Creek Area, £E.C,

Crew:- J. Parker - J. Shippit

8.7]1 line miles surveved - prorated portion $2,727.27
5 days Operating @ $388.38/day $1,941.90

i day Travel Y2 days 7 $100.00/day 200. 00

14 daye Preparation }

Crew expenses - prorated - op.days # 5/146:

Truck Rental 57.69
Vehicle expensas 22,25
Meals and Accomrmodation 225.98
Telephone and Telegraph 2.28
Supplies 5.22
Chain saw 28.63
342.05
+10% 34.20
376.25
Extra Labour ~ prorated op,days
€ 5/163% 174,24
+20% 34.85
209.09
$2,727.24

Dated: Septerrter 14, 1973



CERTIFICAT &

1, Philip George tlallof, of the City of Toronto, Province of

Ontario, do hereby certify that:

1. [ am a geophysicist residing at 15 Farnwood Court, ~on
Mills, TUntario.

2. ! am & graduate of the Massachusetts Institute of Technology
with a F.Sc., Degree {1952} in Geology and Tieophysics, and a Ph, [,
Degree {1957} in Seophysice.

3. I am a member of the Soclety of ixploration Geophysiciats
and the European Association of the Exploration Geophysicista,

4, I am a Frofessional Geophysicist, registered in the Province
of Ontario, the Province of Fritiesh Columbia and the State of Arizona.

5. ! have no direct or indirect interest, nor do I sxpect to receive
any interest directly or indirectly, in the property or securities of
Pachiney Jevelopment Ltd,, or any affiliate.

6. The statemr ents niade in this report are based on a study of
published geological literature and unpublished private reports.

7. Permission {e granted to use in whole or in part for assessment

and qualification requiren:ents but not for advertising purposes.

Dated &t Toronto

This 14th day of Septerrter, 1973




CSRIIFICATE

1, Marion A, CGoadie, of the City of Toroato, Frovince of

Ontario, do hereby certify that:

| I8 T ar: a geologist restding at 739 Military Trail, West Hill,
Cntario.
2., T an: a gradvate of tho University of ' ester» Ontaric with a

E.Sec. Uegree (1950 {p -innours Geology.

3. 1 am a mentar of the Geological Society of Amr erica,
4. 1 have hesn practising my profeseion for 23 vears,
5. 1 have ro Jdirect or indirect interest, nor do 1 expect to receive

any interest direcily or indirectly, in the property or securities of
Pechiney leveloprrent J.td,, or any affiliate.

6. The ataten.antx nade in this report a.xre bueed on 2 study of
published geological literature and unpublished private reports.

7. Permnisgion is granted to use in whole or in part for assessment

and qualification requirements but not for advertising purposes.

Dated at Toronto 6 5
This 14th day of Septembier, 1973 d"

Marion A, Counidie, E.%¢,




APPENDIX IT

Cost Breakdown

Line cutting by Manex Mining Ltd.
on IAN # 7 , g, 9, 10, 11, 18, 19
6.5 miles @ $180/mlle $ 1,080

IP survey by McPhar Geophysics Ltd.
on IAN # 7, 8, 9, 10, 11, 18, 19
6.5 miles out of B.71 miles 2,034

Geochemical survey
Sampler Salary: David Hopper
7 days @ $15/day $ 105

Supervision: J.P. Guelpa
3 days @ $50/day 150

Sample analysis: 350 samples
analysed for Cu, Mo, Zn, Mn
350 @ $2,65/sample 927

Drafting and typing 100 1,282

Total $ 4,396

$1,200 to apply to IAN # 7, 8, 9, 10, 11, 12 for 2 years
assessment.,

$2,100 to apply to IAN # 13 through IAN # 33 for one year
assessment.

A0 &\@%‘*—
ﬁfu%’ J.P. Guelpa”
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McPHAR GEOPHYSICS

NCTES ON THE THEORY, METHCD OF FIELD OPERATION,
AND PRESENTATION OF DATA

FOR THE INDUCED POLARIZATION METHOD

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

This electro-chemical phenomenon occurs wherever
electrical current is passed through an area which contains metallic
minerals such as base metal sulphides. Normally, when current is
passed through the ground, as in resistivity measurements, all of the
conduction takes place through ions present in the water content of the
rock, or soil, i,e, by ionic conduction. This is because almost all
minerals have a much higher specific resistivity than ground water.
The group of minerals commeonly described as '"metallic'', however,
have specific resistivities much lower than ground waters. The
induced polarization effect takes place at those interfaces where the
mode of conduction changes from ionic in the solutions filling the

interstices of the rock to electronic in the metallic minerals present



in the rock.

The blocking action or induced polarization mentioned
above, which depends upon the chemical energies necessary to allow
the ions to give up or receive electrons from the metallic surface,
increases with the time that a d. ¢. current is allowed to flow through
the rock; i.e, as ions pile up against the metallic interface the
resistance to current flow increases. Eventually, there is enough
polarization in the form of excess ions at the interfaces, to appreciably
reduce the amount of current flow through the metallic particle. This
polarization takes place at each of the infinite number of solution-metal
interfaces in a mineralized rock.

When the d. c. voltage used to create this d. ¢, current
flow is cut off, the Coulomb forces between the charged ions forming
the polarization cause them to return to their normal position. This
movement of charge creates a small current flow which can be
measured on the surface of the ground as a decaying potential difference.

From an alternate viewpoint it can be seen that if the
direction of the current through the system is reversed repeatedly
before the polarization occurs, the effective resistivity of the system
as a whole will change as the frequency of the switching is changed,
This is a consequence of the fact that the amount of current flowing
through each metallic interface depends upon the length of time that

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

The induced polarization measurement is perhaps the most
powerful geophysical method for the direct detection of metallic
sulphide mineralization, even when this mineralization is of very
low concentration. The lower limit of volume per cent sulphide
necessary to produce a recognizable IP anomaly will vary with the
geometry and geologic environment of the source, and the method of
executing the survey., However, sulphide mineralization of less than
one per cent by volume has been detected by the IP method under
proper geolegical conditions.

The greatest application of the IP method has been in the
search for disseminated metallic sulphides of less than 20% by volume,
However, it has also been used successfully in the search for massive
sulphides in situations where, due to source geometry, depth of source,
or low resistivity of surface layer, the EM method can not be successfully
applied. The ability to differentiate ionic conductors, such as water

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



anomalies which are suspected of being due to these causes,

In normal field applications the IP method does not .
differentiate between the economically important metallic minerals
such as chalcopyrite, chalcocite, molybdenite, galena, etc., and the
other metallic minerals such as pyrite. The induced polarization effect
is due to the total of all electronic conducting minerals in the rock mass,
Other electronic conducting materials which can produce an IP response
are magnetite, pyrolusite, graphite, and some forms of hematite.

In the field procedure, measurements on the surface are
made in a way that allows the effects of lateral changes in the properties
of the ground to be separated from the effects of vertical changes in the
properties. Current is applied to the ground at two points in distance
(X} apart. The potentials are measured at two other points (X} feet
apart, in line with the current electrodes is an integer number (n) times
the basic distance {X).

The measurements are made along 2 surveyed line, with
a constant distance (nX) between the nearest current and potential
electrodes, In most surveys, several iraverses are made with various
values of (n); i.e. {n}) = 1,2,3,4, etc. The kind of survey required
{detailed or reconnaissance) decides the number of values of (n) used.

In plotting the results, the values of the apparent resistivity,

apparent per cent frequency effect, and the apparent metal factor



measured for each set of electrode positions are plotted at the inter-
section of grid lines, one from the center point of the current electrodes
and the other from the center point of the potential electrodes. (See
Figure A.) The resistivity values are plotted above the line as a mirror
image of the metal factor values below. On a second line, below the
metal factor values, are plotted the values of the per cent frequency effect,
In some cases the values of per cent frequency effect are plotted as
superscripts of the metal factor value. In this second case the frequency
effect values are not contoured. The lateral displacement of 2 given
value is determined by the location along the survey line of the center
point between the current and potential electrodes. The distance of the
value from the line is determined by the distance (nX) between the current
and potential electrod_es when the measurement was made,

The separation between sender and receiver electrodes is
only one factor which determines the depth to which the ground is being
sampled in any particular measurement. The plots then, when
contoured, are not section maps of the electrical properties of the
ground under the survey line., The interpretation of the results from
any given survey must be carried out using the combined experience
gained from field results, model study results and theoretical investi=
gations. The position of the electrodes when anomalous values are

measured is important in the interpretation,
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In the field procedure, the interval over which the potential
differences are measured is the same as the interval over which the
electrodes are moved after a series of potential readings has been made,
One of the advantages of the induced polarization method is that the
same equipment can be used for both detailed and reconnaissance surveys
merely by changing the distance (X) over which the electrodes are moved
each timme. In the past, intervals have been used ranging from 25 feet
to 2000 feet for (X). In each case, the decision as to the distance {X)
and the values of (n) to be used is largely determined by the expected
size of the mineral deposit being sought, the size of the expected anomaly
and the speed with which it is desired to progress.

The diagram in Figure A demonstrates the method used
in plotting the results. Each value of the apparent resistivity, apparent
metal factor, and apparent per cent frequency effect is plotted and
identified by the position of the four electrodes when the measurement
was made., It can be seen that the values measured for the larger values
of (n) are plotted farther from the line indicating that the thickness of
the layer of the earth that is being tested is greater than for the smaller
values of (n); i. e. the depth of the measurement is increased. When
the F, E, values are plotted as superscripts to the MF values the third
section of data values is not presented and the F, E, values are not

contoured.



The actual data plots included with the report are prepared
utilizing an IBM 360/75 Computer and a Calcomp 770/763 Incremental
Plotting System, The data values are calculated, plotted, and contoured
according to a programme developed by McPhar Geophysics, Certain
symbels have been incorporated into the programme to explain various
situations in recording the data in the field,

The IP measurement is basically obtained by measuring the
difference in potential or voltage {A V) obtained at two operating frequen-
cies. The voltage is the product of the current through the ground and
the apparent resistivity of the ground. Therefore in field situations
where the current is very low due to poor electrode contact, or the
apparent resistivity is very low, or a combination of the two effects; the
value of (A V) the change in potential will be too small to be measurable.
The symbol "TL' on the data plots indicates this situation.

In some situations spurious noise, either man made or natural,
will render it impossible to obtain a reading. The symbol "N" on the
data plots indicates a station at which it is too noisey to record a reading.
If 2 reading can be obtained, but for reasons of noise there is some doubt
as to its accuracy, the reading is bracketed in the data plot ().

In certain situations negative values of Apparent Frequency
Effect are recorded. This may be due to the geologic environment or
spurious electrical effects. The actual negative frequency effect value

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



indicated for the corresponding value of Apparent Metal Factor. In
contouring negative values the contour lines are indicated to the nearest
positive value in the immediate vicinity of the negative value,

The symbol "NR' indicates that for some reason the operator
did not attempt to record a reading although normal survey procedures
would suggest that one was required. This may be due to inaccessible
topography or other similar reasons., Any symbol other than those dis-
cussed above is unique to a particular situation and is described within

th.e body of the report.
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ABSTRACT

The growth of the mining industry
in British Columbia in the last ten
years has been largely the result of
the development of large low-grade
copper and molybdenum depoasits.
There are two problems which must
be solved in the search for mineral
deposits of this type. It is necessary
to detect large volumes of rock con-
taining a low percentage of total sul-
phide mineralization and, secondly,
to get some idea of the economic sig-
nificance of this mineralization.

The standard geophysical explor-
ation techniques available have a va-
rying degree of application in the
search for disseminated sulphide de-
posits, The electrical methods, and
the induced polarization method in
particular, are the most successful di-
rect methods, and magnetic methods
have indirect application in most si-
tnations. This is illustrated by geec-
physical survey resulis from several
properties in British Columbia,

INTRODUCTION

WITHIN THE LAST TEN YEARS, there
has been a tremendous growth in
the mining industry of British Co-
lumbia. This growth has been larg-
ely the result of the discovery and,
more importani, the successful ge-
velopment of copper and molybde-
num deposits. These two metals
combined have supplanted lead and
zine in highest value of current
production, This paper will attempt
to outline how geophysics has been,
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and can be, applied to the explor-
ation for, and development of, cop-
per and meolybdenum deposits in
British Ceolumbia. In discussing
this, the application to property
situations will be covered in more
detail than the regional applica-
tions.

TYPE OF MINERAL
DEPOSIT

Perhaps the most significant
step in the emergence of copper
and molybdenum as the leaders in
British Columbia mineral produc-
tion has been the demonstration, at
Bethlehem Copper Corp. Lid., of
the successful and profitable de-
velopment and production from
large low-grade mineral deposits,
The more recent successes at En-
dako Mines Ltd. and British Co-
lumbia Molybdenum ILitd. have
firmly established the policy of
looking for these large low-grade
deposits in British Columbia. Cur-
rently in various stages of devel-
opment are the large-tonnage de-
posits of Brenda Mines Limited,
Noranda’s Newman Peninsula de-
posit, Lornex Mines, Stikine Cop-
per Lid., and others. -

The question is how, and with
what degree of success, can geo-
physics be applied to the explora-
tion and development of these



types of deposits, There is really
no all-inclusive term to deseribe
them. “Low grade™ carries a poor
connotation; “porphyry copper” is
not always correct in a true geolo-
gical sense; and ‘‘disseminated”
can include a broad range of va-
rying modes of sulphide dispersion.
The typical deposit contains min-
eralization having less than 1 per
cent copper or the equivalent wval-
ue in molybdenum or copper-mo-
lybdenum. Therefore, to be econo-
mical it must be very large or .in
such a form that it ean be mined
very cheaply. “Open-pit bulk ore”
might be the best deseription of
these deposits, although even this
term is not always correct.

In the search for mineral depo-
sits of this type, there are two
problems to which solutions are
required. First, it is necessary to
have a reasonably reliable tech-
nique for detecting the presence
of volumes of rock containing a
low percentage of total sulphide
mineralization. Second, it is desir-
able to determine the probability
of this sulphide mineralization be-
ing of economic significance. As it
turns out, the second problem is
the more difficult,

GEOPHYSICAL METHODS
AVAILABLE

For the purp'use of our discus-
sion, we will consider that the type
of deposit we are looking for con-
tains “sulphide mineralization scat-
tered as specks and wveinlets
through the rock and constituting
not over 20 per cent of the total

volume.” This is the definition for
disseminated sulphide as given in
the AGT Glossary, 1951. Economics
put the lower limit of mineraliza-
tion as being about 0.5 per cent by
volume, The per cent sulphide by
volume is a more meaningful geo-
physical criterion than the more
common classification of per cent
sulphide by weight. In the case of
sulphide mineralization, velume per
cent is less than weight per cent.
For example, 1 per cent chalcopy-
rite by weight equals approximate-
ly 0.656 per cent by volume.

The standard geophysical ex-
ploration technigues available have
a varying degree of application in
the search for the disseminated
copper-molybdenum depogits being
considered. In this regard, it should
be stressed that the high cost of
proverty access and the short sum-
mer field season in British Colum-
bia require that the most diagnos-
tic exploration procedures and tech-
nigues be applied. The cost of re-
turning te a property to carry out
another survey will often he great-
er than the extra expense of do-
ing a thorough job the first time.
In Figure 1, the various methods
available are listed, along with the
physical property measured and the
degree of application,

GRAVITY METHOD

Although useful in some ecaszes
as a regional or indirect tool, the
gravity method is generally of lit-
tle direct help in evaluating disse-
minated sulphide deposits. Due to
the small amount of sulphide min-

' PHYSICAL DEGREE OF
Fl
NEIOD D, APPLICATION

GRAVITY METHOD

DENSITY CONTRAST

LITTLE DIRECT APPLICATION
SOME USE AS REGIONAL
INDIRECT TOOL

RADIOMETRIC METHOD

RADIOACT IVITY

SOME USE AS REGIONAL
INDIRECT TOOL

ELECTRICAL METHODS

S P SELF POTENTIAL

ELECTROMAGNETIC

ELECTRICAL
CONDUCTIVITY

USEFUL DIRECT TOOL
UNDER SOME CONDITIONS

USEFUL DIRECT TOOL
IN LIMITED SITUATIONS
SOME USE REGIONALLY

RESISTIVITY ELECTRICAL DIRECT APPLICATION
CONDUCTIVITY IN LIMITED SITUATIONS

INDUCED POLARIZATION ELECTRICAL USEFUL DIRECT TOOL
POLARIZATION IN MOST SITUATIONS

MAGNETIC METHOD MAGNETIC USEFUL DIRECT TOOL

SUSCEPTIBILITY

IN SOME SITUATIONS
INDIRECT APPLICATION IN
MOST SITUATIONS

Figure 1.—Geophysical Methods Available and Application to Disseminated

Sulphide Deposits.
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eralization present, the density con-
trast between mineralized rock and
unmineralized rock is relatively
amall. Therefore, great accuracy of
elevation eontrol and topographic
correction would be requirved in the
gravity survey; and, from a prae-
tical standpoint, this density con-
trast can be considered to be unde-
tectable. As a further problem, the
density of the host rock in the min-
eralized area may be reduced by
fracturing and alteration, and a
leached or oxidized zone overlying
the sulphide zone would be expect-
ed to have a low density. The com-
bination of the above factors makes
the useful application of the gra-
vity method difficult,

RADIOMETRIC METHODS

Some use has been made of ra-
diometric methods to map the po-
tassium concentration associated
with the alteration patterns of dis-
seminated sulphide deposits. This
has been mainly carried out in con-
junction with other geophysical
methods as a regional reconnais-
sance tool. It has not, to the au-
thor's knowledge, been applied ex-
tensively on the ground, especially
in British Columbia.

ELECTRICAL METHODS

The most definitive physical pro-
perties of a disseminated sulphide
deposit are its electrical character-
istics. The metallic sulphide min-
erals themselves are highly conduc-
tive, conduct electronically and
therefore are polarizable, and, if in
a suitable geologic environment,
undergo oxidation and may develop
self potential. These properties
would suggest the application of
several standard geophysical meth-
ods: electromagnetic, both passive
and active induced polarization; re-
sistivity; and self potential.

Self Potential Method

Under proper conditions, the
self potential method is a useful
direct tool in the search for disse-
minated sulphides. However, the
simplicity of the equipment and
field technique of the SP method
is offset by the complexity of the
electrochemical and theoretical con-
siderations involved. Suffice it to
say that many SP anomalies are
due to non-sulphide and the ah-
sence of an anomaly does not pre-
clude the presence of sulphide min-
eralization.

A self potential anomaly, how-
ever, was indicated over Noranda's
Newman deposit, and drilling based
on the eombined SP and EM ano-
malies led to its discovery.

Electromagnetic Methods

In general, the basic problem in
utilizing electromagnetic methods
in the search for disseminated sul-
phide deposits is that a sulphide
content of up to 20 per cent in a
truly disseminated form does not
have a pronounced resistivity con-
trast and therefore does not have
an anomalous electromagnetic re-
sponge in the normal frequency
ranges employed. However, the sul-
phide particles in a disseminated
deposit generally are not uniform-
ly distributed, but usually are pre-
ferentially oriented along veinlefs
and fractures and may be electric-
ally continuous. As a result, they
behave clectrically as though more
sulphides were present. In addition,
the alteration and fracturing fre-
quently associated with mineraliz-
ation as a rule tends to lower the
over-all resistivity of the deposit.
It is seen, therefore, that electro-
magnetic methods can, in some
cases, be applied.

The majority of the standard
EM systems were designed for the
purpose of detecting steeply dip-
ping massive sulphides. The coil
configuration and frequencies em-
ployed were chosen to bias against
the detection of {flat-lying, poor
conductivity sources, the conduct-
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ive overburden of fthe Canadian
Shield, but also the characteristics
of the disseminated sulphide depo-
gits being sought in British Col-
umbia.

In Figure 2 are the results of an
electromagnetic survey on Line
22N and Line 24N across Noranda
Mines’ Newman deposit on the
Newman peninsula of Babine lake.
The EM survey was carried out
employing the JEM “Shootback”
method, which is an in-line, dip-
an gle-measurement, transceiver
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method developed by the staff of
Noranda Mines Limited. The large
negative angles over the sulphide
zone on Line 24N and Line 22N
are typical of the response of a
conductive source of greater width
than the coil separation, which in
this case is 200 feel. It was dia-
mond drilling of electromagnetic
anomalies of this type which led to
the discovery of the Newman depo-
sit.

The combination of fracturing,
alteration and the fact that the
mineralization at Newman is, in
many cases, interconnected along
fractures produced a sufficiently
low resistivity to be detectable by
the electromagnetic method. How-
ever, it can be seen from the ratio
between the 480-cycle-per-second
response and the 1,800-cycle-per-
second response that the source is
a poor conductor and in the Shield
would likely be interpreted as con-
ductive overburden and consequent-
Iy disregarded.

In the lower part of the figure
are the resulfs of the EM survey
on Line TON. The anomaly is simi-
lar to that obtained on Line 24N
over the sulphide zone. However,
drilling indicated the source of the
anomaly to be 150 feet of clay, the
conductivity being about the same
as that of the sulphides on Line
22N and Line 24N,

By way of comparison with the
results over Newman, Figure 2 il-
lustrates typical results employing
the Noranda “Shootback” EM
method across a vertical massive
sulphide zone. This is the type of



situation the method was designed
for and produces the most diagnos-
tic anomaly. Increasing the fre-
quencies employed in the electro-
magnetic aystems in order to de-
tect the poorer conductivity of dis-
seminated sulphides results in
greater susceptibility to clay beds,
shear zones and other spurious
electrolytic conductors. This is the
basic problem encountered with the
various methods employing VLF
radio signals, the frequencies of
which are 4 to 10 times those of
of the standard EM methods. Tt
should be noted that no discernible
anomaly was indicated over the
Newman deposit using a VLF sys-
tem.

The use of electromagnetic meth-
ods, including VLF and AFMAG,
has met with some success in map-
ping structures; however, the in-
herent problems mentioned above
exist in their use to detect disse-
minated sulphides directly.

Resistivity Methods

In general, the same basic prob-
lemns are encountered with the
regigtivity methods as with the
electromagnetic method; namely,
that the resistivity contrast in dis-
seminated sulphide deposits iz
small, if in fact there is a contrast,
and that resistivity variations of
this same order can hbe expected
from variations in rock types and
other non-sulphide sources., Exam-
ples of this will be shown later.
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Induced Polarization Method

The mosgt diagnostic electrical
property of disseminated sulphide
deposits iz the result of the mode
of electrical conduetion through
them. When electronic conducting
sulphide minerals are present with-
in ionic conducting rock materials,
the ground is polarizable and the
induced polarization method ean be
applied. The lower limit of volume
per cent sulphide necessary to pro-
duce a recognizable IP anomaly
will vary with the geometry and
geologic environment of the source,
and the method of executing the
survey. However, a rough figure of
between 0.5 and 2.0 per cent metal-
lic sulphide by volume, under most
conditions, is a pretty good “rule
of thumb” for this lower limit.

The successful application of the
induced polarization method at
Brenda Mines near Peachland, Brit-
ish Columbia, is a good example of
the ability of the method to detect
very low concentrations of metal-
lic sulphide mineralization if the
proper geological conditions exist.
At Brenda, the total metallic sul-
phide content of the deposit is be-
tween 1 and 1.5 per cent by weight
and less than 1 per cent by volume.
However, this sulphide mineraliza-
tion is largely restricted to chaleco-
pyrite and molybdenite, with minor
pyrite, and is therefore of economie
interest. In Figure % are illustrated
the results of the IP survey on
Line 0--00. The IP anomaly cen-
tered at 4W to 8W and extending
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Peachland, B.C. — Line 0400.
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from 4E to 18W, although weak,
correlates very well with the miner-
alized zone, The resistivities are
quite uniform, with a slight low
correlating with the area of inter-
est. The resistivity contrasts alone
would not be diagnostic enough to
outline the mineralized zone, espe-
cially when the normal resistivity
variations throughout the survey
area are considered,

In Figure 5 is presented a plan
of the area of the zone of mineral-
ization at Brenda. The individual
IP anomalieg are indicated, as well
as an outline of the over-all ano-
malous IP zone, It can be seen that
this anomalous zone fits very clos-
ely to the outline of the economic
mineralization. Sulphide mineraliz-
ation does correlate with the north-
east, northwest and southeast ex-
tensions of the IP zone, but it is
not of eurrent economic signifi-
cance.

At Brenda, the granodiorite host
rock has a uniform and low back-
ground IP response, permitting the
detection of the weak anomalous
response. Kxperience in the area,
however, has shown that the over-
all background IP response in the
area of the voleanie rocks, and es-
pecially in the region of the contact
between the wvolcanics and grano-
diorite, is so high that it wonld
not be possible to deteet the weak
Brenda anomaly were it in this lat-
ter environment, The source of
these anomalous effects is prima-
rily pyrite and magnetite.

In normal field applications, the
IP method does not differentiate
between pyrite and the economical-
ly important metallic sulphides
such as chaleopyrite and molybde-
nite. At Brenda, the lack of pyrite
with the mineralization of econo-
mic interest results in IP anoma-
lies of relatively small magnitude.
However, there has been increased
application of IP results in plan-
ning the drill program, as the
strongest anomalies represent the
greatest concentration of mineral-
ization of economic interest,

Figure & presents the results of
the induced polarization and resist-
ivity survey on Line 22N across the
Newman deposit. This is the same
line for which the EM survey re-
sults were indicated in Figure 2.
A very strong and distinet IP ano-
maly is indicated across the econo-
mic sulphide zone. The very low
resistivities over this zone, down
to an apparent resistivity of 2.6
ohm-feet/2x, indicate the alteration
and fracturing, and resultant in-
creased porosily, associated with
the economic mineralization. This
low resistivity also indicates why
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Figure 5—Brenda Mines 1.P’. Survey — 1965-66.
the electromagnetic method was “
successful. West of the economic
sulphide zone, the IP anomaly is s
still guite strong and drilling has et
indicated uneconomic sulphide min- -3 N
N2 B

eralization, mainly pyrite,

The IP survey of the area of the
Newman deposit has outlined large
zonea of sulphide mineralization
which were not detected by the
electromagnetic survey, either due
to masking by overburden or in-
gufficient resistivity contrast.
These results have changed the pie-
ture from one of an isolated zone
of economic sulphide mineraliza-
tion to one of a large area of sul-
phide mineralization, mainly py-
rite, in which occur isolated areas
where sufficient copper mineraliza-
tion is present with the pyrite to
he of economic significance. We
are faced with the second of our
two problems; namely, the ability
to separate economic metallic sul-
phide mineralization from unecono-
mic sulphide mineralization.
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Figure 7 illustrates the IP sur-
vey results from an area in north-
‘western British Columbia, They
form part of a large survey car-
ried out in the area. The figures
on the drill holes indicate percent-
age of total metallic mineralization.
As  the mineralization contains
chaleopyrite and bornite, it is con-
sidered to be of economic signifi-
cance, The IP survey in the area
located stronger anomalies, but in
general it was found that the larg-
est and strongest anomalies were
cauged by disseminated pyrite. The
copper mineralization is generally
associated with the well-defined IP
anomalies of weak to moderate in-
tensity.

The IP survey results illustrated
in Figure 8 are from a property
in the Babine Lake area of Brit-
ish Columbia, As a result of a re-
gional geochemical stream sedi-
ment survey, followed up by pros-
pecting and limited diamond dril-
ling, copper mineralization of pos-
sible economic interest was discov-
ered. An IP survey of the area was
carried out and outlined a large
area of over-all high IP response
within which oceurred zones of ve-
ry strong IP anomalies and inter-
mediate-strength IP anomalies.
This was interpreted to represent
a large area of sulphide mineraliz-
ation within which occurred zones
of increased concentration of min-
eralization,

Figure & is a section of Line
32N, which crosses the edge of this
area of high background IP re-

sponse. There is a distinct fall-off
of [P response to the east of 6E
on the line. The apparent resistivi-
ties are generally quite uniform
along the line and it is not possi-
ble to detect any change in the ap-
parent resistivity wvalues that
would correlate with the sharp
drop-off in IP response.

Diamond drilling on this same
property has indicated that the
strongest IP anomalies are due to
heavy pyrite mineralization and
that the economically significant
concentration of chalcopyrite min-

eralization is associated with the
more moderate IP response, indi-
cating a smaller total sulphide con-
tent. This is illustrated in Figure
9, which shows a portion of the
IP survey results from Line 12N,
The stronger anomaly to the east
is due to heavy pyrite mineraliza-
tion, and the economic mineraliza-
tion 18 associated with the more
moderate [P response to the west,

MAGNETIC METHODS

Except where magnetite or pyr-
rhotite is associated with the cop-
per-molybdenum mineralization,
and this is not common, magnetic
surveying is usually not success-
ful as a direct exploration approach
for the type of situation we are
dealing with, However, magnetics
are of great value when closely co-
ordinated with, and used in con-
junction with, the geological knowl-
edge of the situation. In general,
there is usually some “redistribu-
tion” of magnetite at the time of
mineralization. In some cases, mag-
netite appears to have been de-
stroyed by the alteration accompa-
nying mineralization, resulting in
low magnetic anomalies; in other
cases additional magnetite may be
introduced, resulting in magnetic
high anomalies. Unfortunately, the
magnitude of these magnetic ano-
malies is usually about the same
as would be expected from several
other geologic conditions, and
therefore the magnetic results are
commonly only of use when other
supporting evidence is available.
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The most obvious exception to
the above general statement is the
case of the Craigmont mine, which
does not really fit into the classi-
fication of the deposits being con-
sidered here. The discovery of this
deposit was due to the drilling of
a coincident magnetic and geochemi-
cal anomaly. Due to the direct as-
sociation of magnetite with the
chalcopyrite ore, the magnetic con-
tours clearly reflect the position of
the ore. However, even in this ease
it was found that a regional air-
borne magnetic survey indicated
several similar magnetic anomalies
which were due to geological va-
riations and did not represent po-
tential orebodies,

Figure 10 is a plan of the pro-
perty in the Babine Lake area, dis-
cussed earlier in conjunction with
Figure 8 and Figure §. The zone
of over-all high background IP re-
sponse is indicated, as well as the
stronger anomalies lying within the
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malies on the east side of the map-
area is due to heavy pyrite mineral-
ization. Superimposed upon the IP
results are the contoured resulis
of a ground magnetometer survey.
It was inferred. from early drilling
results that the magnetic anoma-
lies quite effectively outlined the
areas of concentrated chalcopyrite
mineralization within the large
mineralized area, and this became
the basis for planning the drill pro-
gram.

Magnetic anomalies of this same
magnitude are common within the
area, and magneties could not be
considered as a sole exploration ap-
proach. However, when combined
with other information, in this
cagse TP and geochemical results,
the magnetic survey resulis were
very useful.

SUMMARY

The preceding comments and ex-
amples have indicaied that no one

geophysical method can solve the

- problem of detecting large volumes

of rock containing a low percent-
age of total sulphide mineralization
and also give some idea of the
econemic significance of this min-
eralization. The electrical methods,
and more particularly the induced
polarization method, have proved
very successful in the direct detec-
tion of even very low perceniages
of sgulphide mineralization. How-
ever, in normal field procedure
they cannot differentiate beiween
the unecchomic sulphides, such as
pytite, and the economic sulphides
— chaleopyrite and molybdenite.
The magnetic method has proved
useful as an indirect application in
several situations.

The successful search for disse-
minated eopper and molybdenum
deposits in British Columbia re-
quires the application of beth direct
and indirect geophysical methods
in close conjunetion with geological
and geochemieal information.
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