A Federal-Provincial Co-operative Study

Price $3.50




Electronic Capture, 2011

The PDF file from which this document was printed was generated by scanning an
original copy of the publication. Because the capture method used was 'Searchable
Image (Exact)', it was not possible to proofread the resulting file to remove errors
resulting from the capture process. Users should therefore verify critical information in an
original copy of the publication.



The Undiscovered Mineral Endowment
of The Canadian Shield in Manitoba

by

Asman Azis, George S. Barry and lan Haugh

MINERAL BULLETIN
MR 124

Mineral Resources Branch
Department of Energy

Mines and Resources
Ottawa

PUBLICATION
72-1

Mines Branch

Department of Mines,
Resources and Environmental
Management

Manitoba




Information Canada
Qttawa 1972

Price $3.50 Cat. No. M38-2/124

II




ABSTRACT

The undiscovered mineral endowment of the (Canadian Shield) area of northern
Manitoba was estimated on the basis of geological opinion gathered by means

of questionnaires. From selected geclogists who are intimately familiar with
the area, a response was solicited in cerms of probabilicy of occurrence of
certain numbers of deposits of vacilous mineral commodittes, within glven ranges
of tonnage and grade. Such judgments were supplied for 480 tndividual "cells”
of one-half degree of longitude and one-quarter degree of latitude.

The individual judgments of the participating geologists were processed
by computer to yield an average expectaticn on mineral occurrences in each cell.
These average expectatfons are depicted in a series of mineral endowment maps of
various commodities.

It is emphasized that these endowment estimates do not const itute a
forecast of what actually will be found and mined. The results solely represent
estimates of the occurrence of undiscovered mineral deposits (down to currently
mineable depths), most of which could now be economically exploited; some would
currently be sub~-economic, but could be expected to become economic within two
decades as 3 result of technological advance in mining e¢fflciency or by better
developed infrastructure. The estimate of the magnitude and distribution of
undiscovered mineral endowment may be used in focusing private exploration etforts
and in public planning for reglonal econemic development.

RESUME

Le potentiel minéral non découvert du Bouclter Canadien de la région nord du
Manitoba a ¢té estimé 1 la lumiére d'opintons géologlques recueiliies 3 1'atde

de questionnajres. Ces opintons d'un groupe de gevlogues spéclalement sélectio-
nnés pour leur comnalssance approfondie de cette réglon furent exprimés en terme
de probabilité d'éventualité pour un certatn nombre de glsements comprenant
plusieurs minéraux {ndividuels et plus spécifiquement en tenant compte de l'étendu
du tonnage et de la teneur de chaque gisement. Ces jugements furent rapporteés
pour 480 “cellules” tndividuelles mesurant un demi-degré de longitude sur un quart
de degre de latitude.

Les jugements individuels des giologues participants tyrent analysés par
ord{nateur pour en arriver 4 une moyenane expectative sur |'ensemble des gilsements
pour chague "eellule”. Ces moyennes expectatives sont représentées par une série
de "cartes de potentiel minéral” pour dlvers mindraux ¢t metaux.

On dofit appuyer sur le fall que ces potentiels estimés ne constituent pas
des prévislons de ce qui sera trouvé et mis en exploitation, mais plutdt, que ces
résultats représentent uniquement des estimés d'éventualité de la preésence de gise-
ments non découverts, qui pour la plupart pourratt €tre explottéy économiquement,
solt prisentement ou dans une ou deux décades, grice aux changements technologiques

ou par l'avénement d'une tnfrastructure plus dévelopée. L'estime de la grandeur et de

la distributlon du potentiel minéral non découvert peut servir d'indfcateur pour
1'exploration min{dre privée et pour unce metlleure planification publique en ce qui
a tralt au développement dconomique régional.
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PREFACE

In 1970, an extensive resource potential survey was concluded for
northern British Columbia and the Yukon Territory in connection
with a comprehensive analysis by the Ministry of Transport of
future rail transportation requirements in that region; the
methodology and results of this resource potential survey are
described in Mineral Information Bulletin MR 105. Encouraged by
the results of this survey, the Mineral Resources Branch of the
Department of Energy, Mines and Resources, Ottawa, and the Mines
Branch of the Department of Mines, Resources and Environmental
Management, Winnipeg, Manitoba, jointly launched a similar study
to estimate the undiscovered mineral endowment of the Canadian
Shield area in Manitoba and to assess its economic potential,

The results can be used in both governmental and private industry
planning for the formulation of strategies for mineral development
in the study area. This paper covers the first phase of the study,
mineral endowment estimation.

Future economic development of the study region, which
is mostly in the northern half of Manitoba, depends strongly on
the development of its natural resources. Mining in the Canadian
Shield area of Manitoba is only in its infancy as compared to that
in Ontarioc and Quebec, which would suggest that the undiscovered
mineral endowment of northern Manitoba may be considerable.

Although estimation of mineral endowment is hampered by
a great many uncertainties, planning nevertheless requires that
a quantitative appraisal of some sort be made in terms of the
size and grade distributions of possible mineral deposits. In
this study, these distributions were expressed and appraised in
terms of probabilities, The results are shown on a series of
mineral endowment maps.

While a major working role was played by the computer in
processing the data, the crucial ingredient was the basic infor-
mation that was fed into the study. This was gathered through
questionnaires from experienced geologists whose voluntary co-
operation formed the foundation of this analysis. All individual
responses were kept confidential; only responses in aggregated
form are contained in this report.

The results presented in this report serve as an example
of a successful co-operative effort by the mining industry,
consultants, professional institutes and governments. The
research also exemplifies a successful joint venture of provincial
and federal governments. Mr. G.S., Barry of the Mineral Resources
Branch, Ottawa, and Dr., I. Haugh of the Mines Branch, Winnipeg,
initiated and organized this study. Dr. A. Azis (MRB) handled
the computerization and interpreted all the obtained results.

Dr. J. Zwartendyk (MRB, Resource Potential Evaluation Section)
critically reviewed and edited the draft of the authors.




With appreciation for the excellent co-operation from
the participating geologists and the organizations they represent,
the Mineral Resources Branch and the Mines Branch publish the
results of this co-operative study. It is hoped that this publi-~
cation will foster additional interest in exploration in Manitoba,
leading to discovery of a greater part of the impressive estimated
mineral endowment here described.

W. Keith Buck

Director

Mineral Resources Branch

Department of Energy, Mines
and Resources

Ottawa

J.S. Roper

Director

Mines Branch

Department of Mines, Resources
and Environmental Management

Manitoba

April 1972
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THE UNHUISCOVERED MINERAL ENDOWMENT OF THE CANADIAN SHIELD
IN HANITGBA

&z
Azman Azis*, George S. darry* and Ian Haugh**

INTRODUCTION

Estimating a region's unknown mineral endowment is a difficult
undertaking that has to be conducted with a sound realization
of the inherent hazards. In effect, such an assessment can be
little more than a sophisticated approach to crystal ball gazing.
The cardinal assumption made here is that if enough geologists
ponder an area's mineral history and apply their knowledge,
experience and intuition, we can distil from their judgments

a meaningful appraisal of the remaining mineral potential

of a given region. A basic requirement is that the judgment of
each respondent be expressed in a form that can be analyzed

to provide a collective picture of the potential.

The approach used in this project is patterned on
a survey done for northern British Columbia and the Yukon Territory
(Barry and Freyman, 1970). That study involved a comprehensive
analysis of resource potential and possible transportation require-
ments. The published material represents only a part of the
assessment; the overall study also involved the simulation of
exploration effort, economic evaluation of deposits that might
be discovered, and mine production (Harris, Freyman and Barry,
1970).

Upon analysis of the results of the Northwest study, a
joint committee from the Department of Energy, Mines and Resources,
Ottawa, and the Department of Mines, Resources and Environmental
Management, Manitoba (formerly Mines and Natural Resources),
-recommended to the respective Ministers in January 1970 that
a joint mineral resource study be undertaken, patterned on
the Northwest analysis. Such a joint study was approved in
principle in March 1970 and initiated during late April 1970.

¥ Mineral Economists, dineral nesources Brarch, Department of
Energy, Mines and Resources, Uttawa.

#* Chief Geologist, Mines Branch, Jepartment of iines, Resources
and Environmental Management, Manitoba.




PREVIOUS WORK REGARDING ASSESSMENT OF MINERAL ENDOWMENT*
Qualitative Approaches

There exists a considerable body of literature that illustrates

the qualitative approach to assessing the mineral endowment

of a region and that describes future expectations of mine
development based on such an assessment. Such an approach

focuses on the gathering of information on known and potential
deposits and on a qualitative evaluation of the relative geological
promise of certain tracts of mineralization., Examples are

the Royal Commission Report evaluating the proposed railway

to Pine Point (Manning, 1960), and the Battelle study on the
Pacific Northwest (1961).

Quantitative Approaches

Quantitative approaches to the assessment of mineral endowment,
as aids to exploration and regional resource surveys, are a
relatively recent development. Allais (1957) did the pioneering
work on mining districts in the Sahara; he used a spatial analysis
based on the distribution of minerals in a well-developed area
to assess the mineral endowment of other areas. Since then,

the literature on quantitative methods has been growing rapidly,
but most of it applies to petroleum. Among the relatively

few developments in the quantitative theory for metallic and
nonmetallic minerals, the most significant contribution was

made by Harris (1965), who employed multivariate analysis to
establish relationships between some geological parameters

and the known resources of a thoroughly explored and developed
area. Applying probability theory, he used those relationships
to infer the probable mineral endowment in a less well developed
area,

Comparable experimental methodologies are also being
developed by the British Columbia Research Council and by the
Geological Survey of Canada. The GSC approach is to estimate
the mineral potential of a region by sampling on geological,
geochemical and geophysical variables in rather restricted,
geologically well defined regions.

Another approach is to use the opinions of geologists
who are familiar with the geology of the study area. This method
is based primarily on “subjective probability"; a geologist states
his expectation of possible mineral occurrences in terms of tonnages,
grades and number of deposits. It was used in the study of re-
source potential and transportation requirements of the Canadian
Northwest (Harris, et al., 1970) and is basically the one employed
here,

#'".ineral endowment”, as used in this report, refers to higher than
nomal concentrations of minerals present in tne earth's cruss, as
yet unknown, wihich, when discovered, micht te oconomically exploit-

able in the coming decades.




DESCRIPTION OF STUDY PROCEDURES

Study Area

The study area is a portion of the Province of Manitoba, lying
between latitudes 49°00' and 60°00', and longitudes §1°30' and
102°00'. It covers an area of 161,447,5 square miles, which
is about 64 per cent of Mamitoba. It includes all of the area
of Precambrian rocks of Manitoba, which is divided into the
Superior and Churchill provinces and contains the well-known
"Nickel Belt". The study area was divided into 480 cells of
300 to 400 square miles depending on latitude. The cells have
been grouped into 18 geological regions (Table 1 and Figure 1l).

Methodology

The methodology used to estimate the mineral endowment in
this study was originally formulated by Harris, Freyman and
Barry in their efforts to estimate the mineral endowment of
northern British Columbia and the Yukon Territory. It 1is
an application of probability theory to traditional geological
analysis: geologists' opinions are expressed in terms of
subjective probabilities.

The major operational problem with subjective prob-
abilities is that the stated resource potential of an area
is a function of the experience, imagination and attitude of
the geologist. In general, he will tend to underestimate
the resources; by and large, one might expect that pessimistic

TABLE 1
THE STLUY AREA
Geological Number of
Region Cells Area of Region
(square miles)

I West Hawk Lake 14 5,418.0
II Winnipeg River-Rice Lake 12 4,533.3
III Lake Winnipeg East 56 20,321.2
v Island Lake 14 4,962.3
v Cross=0Oxford-Gods Lakes 79 27,365.3
VI Fox River 16 5,396.2
VII  Nickel Belt 23 7,834.5
VIII Flin Flon-Wekusko Lake 10 3,470.0
IX Sherridon 15 5,133.9
X Pukatawagan 9 3,047,6
X1 Russell-Mynarski Lakes 15 5,032.4
XI1 Lynn Lake-Ruttan Lake 17 5,626,0

XIII Paskwachi-Southern Indian
Lake 20 6,506,5
XIV  Churchill River 37 12,186.7
Xv Brochet-South Knife Lake 50 15,948.4
XVL Seal River 35 10,771.0
XVII Munroe Lake 30 9,237.0
XVIII Thlewiaza River 28 8,656.6
Total 480 161,447.5




THE STUDY AREA
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and optimistic attitudes would balance out, but this is apparently
not the case since the "average" geologist seems to be somewhat

of a pessimist. The study area is a relatively unexplored

region whereas the bulk of a geologist's experience has been

in areas of active exploration, areas in which he is likely

to think the probability for discovery of additional deposits

is fairly good. He has no experience relative to what really
exists in an unexplored area and tends to be conservative about
its potential, This is evident from the distribution of individual
responses obtained for "well inown" cells and "very poorly

known" cells.

The approach used in this study for the evaluation of
mineral potential is very similar to that emploved in the Canadian
Northwest study. A few changes and additions were made in the
tornage and grade classifications and in the number and ctvpe of
mineral commodities being studied. These changes were necessary
to make the method applicable to the study area, which comprises
a different geological environment.

Participating Geologists
Seventeen geologists, familiar with the geology of the study
area, voluntarily participated in this survev. Eleven of
these geologists were from industry and two from the academic
ield (formerly having worked for industry). The other four
geologists were from federal and provincial government offices.
The questionnaires completed by these experts served as the
basic data for the analysis. The average opinion of these
geologists is represented as their estimate of the mineral
endowment of Manitoba.

General Geology of tne Area

The Canadian Shield of Manitoba is divided into two structural
provinces, the older Superior Province and the younger Churchill
Province. These geological provinces are separated by the
northeast-trending "Nickel Belt".*

The analysis required a generalization of geological
units. All rocks were grouped into four categories: volcanic
and sedimentary ("greenstone') belts, paragneisses and migmatites,
mafic and ultramafic intrusions, and granitoid rocks.

commodities Investigated

Fifteen commodities, most of them nonferrous metals, were investi-
gated in the survey. These are: copper, zinc, lead, nickel,
molybdenum, asbestos, tungsten, uranium, gold (and silver),
lithium, tin, beryllium, chromium, columbium and iron.

* por the comparative purposes of this analysis, it is assumed
that the Flin Flon-Wekusko greenstone oelt and the iLynn iaxe
greenstone telt are essentially remrants of older superior
rocks within the Churchiill trovince.




Some of these metals occur together, such as copper
and zinc, lead and zinc, and gold and silver. The survey was
astructured to give an expression of endowment for the "main
metal"”; other metals associated within the same deposit were
counted in terms of "equivalents" of the main metal by conversion
through the price ratio.

Mineral fuels (including coal) and nonmetallic minerals
were excluded as the survey only covered rocks of the Precambrian
Shield.

Tonnage and Grade Classification

The tonnage of ore considered in this study ranges from 0.5
to 200 million tons and was divided into seven classes: .5-1,
1-5, 5-10, 10-25, 25-50, 50-100, 100-200. A large low-grade
nickel deposit of 400 million tons would be considered as two
deposits.

Three grade categories were used in this survey: Low-
Grade, Medium-Grade and High-Grade (Table 2). These grades
were defined in consultation with geologists who took part in the
pilot survey. The low grade deposits would be uneconomic to exploit
at the present time, but if found may be held by a company for
development under improved economic conditions.

Prices Used in Analysis

To facilitate a comparison of the results obtained in this
study with those from the British Columbia and Yukon Territory
mineral endowment study, the same metal prices were employed.
These prices are listed in Table 3.

TABLE 2
GRADES CLASSIFICATION

Commodity Low=Grade Medium~-Grade High-Grade
Copper-zinc (% Cu) 0.5 - 0.9% 1.0 - 2.9 3.0 - 6.0
Zinc-copper (X Zn) 2,0 - 3.9 4.0 -~ 7.9 8.0 =~ 16.0
Lead=-zinc (X Pb) 2.0 - 3.9 4.0 - 7.9 8.0 - 16.0
Nickel (X Ni) 0.4 - 0.5 0.6 - 2,5 2,6 - 4.0
Molybdenum (% MoS2) 0.2 - 0.4 0.5 - 0.9 1.0 - 2.0
Asbestos (§/T) 2,0 - 5.0 6.0 =~ 15.0 16,0 - 35.0
Tungsten (X WO3) 0.2 - 0.4 0.5 - 1.9 2.0 - 3.0
Uranium (% U30g) 0.01 - 0.04 0.05 - 0.30 0.40 - 1.00
Gold ($/T) 5.0 - 9.0 10,0 - 41.0 41,0 - 70,0
Lithium (X Li) 1.0 - 1.4 1.5 - 2.4 2,5 = 4,0
Tin (X Sn) 0.3 - 0.5 0.6 - 0.9 1.0 - 2.0
Beryllium (% Be) 0.40 - 0.69 0.70 - 0.99 1.00 - 2,00
Chromite ($/T) 10,0 - 19.0 20,0 - 29.0 30.0 - 60.0
Columbium (Z Cby05) 0.15 - 0,19 0.20 - 0.29 0.30 - 0,60
Iron (X Fe) 15.0 = 25.0 25.0 = 45.0 45,0 - 60.0

* Read 0.999%.




TABLE 3
PRICES USEU Iii THE ANALYSIS

Commodity Price
(3/1b)
Copper .50
Zinc .15
Lead .15
Nickel 1.30
Molybdenum (MoS2) 1.70
Tungsten (WO03) 1.825
Uranium (U308) 8.00
Licthium .45
Tin 1.65
Beryllium 175
Columbium (Cb205) .85
Iron .01
liote: 1., ©Since ore values of asbestos, gold, and chromite

were given in the questionnaire in $/7, no price
for these commodities nas been listed in Table 3.

2. The price of uveryllium is vased on the price of
ore with a grade of 10-12% at 435-337/ton.

3. The price of iron is based on the price of ore
with average grade 51.5% at $10.55-310.8G/long ton.

Computation Technique

The questionnaire completed by the respondents for each cell
is shown in Figure 2. Its design was the result of a compromise
between a desire to gather a large amount of information for
probability analyses, and the constraint imposed by the time
each respondent could be expected to spend on the exercise,
in this case, no more than three or four days.

Basically the respondents were asked to complete a
form for each cell, according to their best judgment, to
provide quantitative responses to three questions, viz. what is:

(i) the most likely total number of deposits, of
any minerals studied, that might be found in a
cell (a unit area), in size and grade ranges
that would now be economic or close to {t;

(i4) the most likely distribution of mineral cate-
gories (as shown on the questionnaire) in
these deposits; and

(ii1) the most likely tonnage and grade of each
mineral category.
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For simplicity, these probabilities were expressed as index
numbers. All of these indices were evaluated through a computer
program that calculated the average number of deposits, tonnage,
grade and metal content for each mineral commodity expected to

be present in the cell.

The technique of computation can be summarized as
follows:

Let:

p;y = a probability index of the total number of deposits
in the cell, where: 1 = 1, 2, ..., 8 indicates the
class of the number of deposits (e.g., 7=9 deposits
is class No. 6 on the questionnaire);
qj = a probability index of the distribution

of mineral categories in the cell, where:
j=1,2, .u., 15 indicates the commodity
being studied;
rj = a joint probability index of the average
ki tonnage and grade of commodity j, where:
k=1, 2, ooy, 7and I =1, 2, 3 represent
respectively seven classes of tonnage and
three classes of grade (see questionnaire).
Furthermore let:
8 1S 13
P=3 5. Q=3 q. R =3 T r,
1=1 =1 k=1 =1
Then,

(1) The total number of mineral depostts in the cell:

8
M =2 {(pi Py m.}
1=1
where: m, = mudponts of the classes in the number
of depostts.
{2) The number of deposits of commodity ).
N =g, M
where: | = the commodity index.
(3) The average size (tonnage) of deposit of commodity ).
10,3 )
ro= z{(z r:‘l/k'> Ty
k=1 L\r=
where: l’k = nudpomts of tonnage classes tor commodity |
() The average grade of deposit of commodity )
T3 i 3 ! ,
=SS /s s eSSt LRSS
2 {2ty = e I
k=lil;l R u/ f:

where, ¢! = nudpomnts of grade classes for commodity
¥ ¥

(5) The total metal content of commaodity §n the cell
Cl=NVe [V o)

Based upon this information, a total metal content was

allocated to each cell. To derive the average metal content
per square mile, the amount of metal in the cell was divided

by

the area of the cell.




S Luail

Each respondent's data were processed to produce the
individual's expected values. Expected values for the study
were arrived at by taking the arithmetic mean of all individual
expected values., Statistical procedures were used to test the
significance of these figures.

Output of Computer lodel

A sample of the computer output is shown in Table 4, for one
mineral commodity in cell X. Seventeen respondents were evaluated
in this case. This is a relatively small sample; consequently,
the results reflect statistical bias.

The average number of deposits in cell X, as computed
from the subjective probabilities given by the seventeen
respondents, is 2.25 with a standard deviation of 1.43 and a
95% confidence interval of 1.49 to 3,01, The low expectation
is no deposits at all, while the high expectation is the occur-
rence of five or six deposits.

The following formulae were used to compute the standard
deviation and 95% confidence interval:

where:  n = sample size.
S = standard deviation,
X, = value of observation,

n
X =manarX, =2 \/n
1=

Clgg = 957 confidence interval,
t g7¢ = value ol student - tdistaibution at(n- 1)
degrees of treedom,

Since the questionnaire was designed in a form in which
the subjective probabilities for tonnage and grade are inter-
dependent (joint probability) and since the amount of metal
content was derived from these figures, only a weighted average
may be computed for grade and tonnage per deposit.

In addition to the amount of metal content per square
mile, the computer output shows the expected total amount of metal
content in the cell (in the lower right hand corner of Table 4).

10
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A SAMPLE OF COMPUTER QUTPUT FOR CELL X (17 RESPONDENTS)

TABLE 4

NICKEL
Geologists # Deposits Tonnage Grade Metal Content
per Deposit
(million tons) (%) (tons/sq.mi.)
A 2.67 93.1 2,62 19,140
B 0.00 0.0 0.00 0
[4 1.13 8.3 1.78 492
D 1.33 19.0 1.85 1,381
E 2,37 19.7 1.59 2,176
F 4,44 21.4 1.54 4,324
G 1.08 37.1 0.67 794
H 1.94 134.4 1.40 10,753
I 5.40 98.1 0.76 11,834
J 3.30 37.2 2,00 7,245
K 4,00 9.0 1.94 2,058
L 1.18 21.0 1.80 1,309
M 3.25 67.2 1.32 8,493
N 1.84 2.7 1.40 205
o} 0.85 20.7 1.70 880
P 1.33 1.5 0.65 39
Q 2.13 18.6 0.58 674
Average 2,25 45.0% 1.42% 4,223 .
Std. Deviation 1.43 - - 5,459
Tonnage Most Likely Tonnage at Grade Range of (%) Tonnage Most Likely Metal Content (million tons)
Class** 0.4-0.5 0.6-2.5 2.6-4.0 Total Class 0.50 1.60 3.30 Total
Midpoints¥**
S5- 01 0.030 0.050 0.0 0.080 0.75 0.00011 0.00060 0.0 0.00071
1 -5 0.056 0.090 0.007 0.153 3.00 0.00084 0.00433 0.00071 0.00588
5 - 10 0.057 0.187 0.073 0.317 7.50 0.00212 0.02241 0.01814 0.04268
10 - 25 0.143 0.356 0.063 0.562 17.50 0.01249 0.09967 0.03661 0.14876
25 - 50 0.060 0.278 0.050 0.388 37.50 0.01117 0.16693 0.06228 0.24038
50 -100 0.205 0.259 0.049 0.513 75.00 0.07694 0.31093 0.12037 0.50823
100 -200 0.131 0.096 0.010 0.237 150,00 0.09828 0.23091 0.04710 0.37629
Total 0.681 1.316 0.252 2.250 Total 0.20195 0.83578 0.28521 1.32294

* Weighted Average.
#% Millions of toms.



In the bottom part of the table, the distributions shown are
of tonnage and metal content at various levels; the figures
are based on the aggregate subjective probabilities.

RESULTS Alu ANALYSES

General

The results of the survey are summarized in Table 5. A series
of maps accompanying this report portray the regional distri-
bution of the estimated mineral endowment. The total "place
value" of the mineral commodities studied was calculated using
the commodity prices shown in Table 3. The expected gross
place value of minerals in the study area, is $73.4 billion.
The figures in Table 5 are for the whole study area, which
covers about 161,447 square miles.

The major points revealed by the survey are as
follows:

- On the basis of the replies from the seventeen
respondents who participated in the survey, 470
mineral deposits occur in the whole region, exlud-
ing deposits of mineral fuels, and nonmetallic and
industrial minerals which were not considered in
this study.

- The estimate for the total “place value" of the un-
discovered mineral endowment in the study area
is $73.4 billion, The place value is the
nominal value in the ground, before costs of
exploration, development, mining, processing
and transportation have been considered.

- 0f the total ores expected to occur within
Manitoba's Canadian Shield, about 19 per cent
are in the low-grade or "submarginal" category,
58 per cent are in the medium-grade category,
and 23 per cent in the high-grade category. The
high- and medium~grade ores are considered to be
economic for exploitation at current market
prices and production costs.

- The average place value of undiscovered mineral
endowment in Manitoba's Precambrian rocks (up
to mining depth of about 5,000 ft) is expected
to be about $455,000 per square mile. Approxi-
mately one undiscovered mineral deposit with an
average place value of about $156 million is
expected to occur per 344 square miles (about
the equivalent of the average cell size).

12




THE UNDISCOVERED MINERAL ENDOWMENT OF MANITOBA

TABLE 5

EELLETSAAT 2 A3 TSI T AT I AT I Z ST R I A XD SIS RTW S LIIT R B cTmRam mT

The Estimates of Number of Deposits, Tonnages, Place Values and Grades of Mineral Commodities

Average per Deposit

TOTAL

Commodity # Derosits Total Ternege Totul Place Value Tonnage Place Value Average Grade
(million tons) {million §) (million t.) (million §) (%) ($/ton)

Copper 176. 740.62 14,185.3 4.21 80.60 1.92 19.15
Zinc 45, 206.84 3,377.9 4.60 75.06 5.44 16.33
Lead 13. 48.73 750.5 3.75 57.73 5.13 15.40
Nickel 81. 1,404.60 41,883.8 17,34 517.08 1.15 29.82
Molybdenum 14, 257.2 4,410.0 18.37 315.00 0.50 17.15
Asbestos 6. 62.1 634.9 10.35 105.82 N 10,22
Tungsten 4. 8.4 307.8 2.10 76.95 1.01 36.64
Uranium 19. 130.7 2,993.4 6.88 157.55 .14 22,90
Gold 92. 189.2 3,439.8 2,06 37.39 - 18.18
Lithium 11, 29.8 433.2 2.71 39,38 1.61 14,54
Tin 1. 5.9 371.5 5.90 371.50 1.92 62.97
Beryllium 0.3 .6 1.3 2,00 4,33 .59 2,17
Chromium 5. 44,1 37.3 8.82 7.46 -~ .84
Columbium - - - - - - -

Iron 3. 117.0 533.3 39.00 184,43 23.6 4.73

470.3

73,380.0




Nickel, copper, molybdenum, gold, zinc, and
uranium are the principal minerals expected to
occur in the region. The aggregate value of
these minerals accounts for about 96 per cent
of the total place value of the study area
(Table 6). However, it should be noted that
of the above, molybdenum is expected to occur
largely in "submarginal" grades.

TABLE 6
PRINCIPAL HINEKALS OF THE STUDY AREA

Ore Tonnage
(million tons)
Subeconomic Economic
Commodity Grades Grades Place Value
($ billion) (% of total)

Nickel 542 863 41.9 57.1
Copper-zinc 244 497 14,2 19.3
Molybdenum 177 81 4.4 6.0
Gold-silver 92 98 3.4 4,7
Zinc-copper 68 139 3.4 4.6
Uranium 3.0 4,1
Others 3.1 4.2
Total 73.4 100.0
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None of the seventeen geologists expected the occur-

rence of columbium deposits in the region, while
only a few of them indicated probable occurrences
of lead, lithium, tungsten (wolframite), asbestos,
tin, beryllium, chromium and iron deposits.

With the exception of nickel deposits in the
Nickel Belt, most of the expected deposits are

of small size with relatively high grades. The
average size of a deposit is generally below

10 million tons and most of the estimated deposit
sizes are even below 5 million tons. Only
nickel, molybdenum, asbestos and iron are
expected to occur in large deposits of over

10 million tons.

0f the 470 deposits thought to be present, 349
(or 74%) are accounted for by copper=-zinc, gold
and nickel. The estimates imply that Manitoba
could have an additional 176 copper-zinc deposits,
92 gold deposits and 81 nickel deposits. The
average tonnage and grade of these deposits are
4.2 million tons at 1.92% Cu (= $19.15/ton) for
copper, 2.1 million tons at $18.18/ton for

gold, and 17.3 million tons at 1.15% Ni

(= $29.82/ton) for nickel.




Most of the deposits are estimated to have an
average grade between $14.50 and $37.00 per ton
of ore (Table 5). The expected distribution of
certain grade ranges of the undiscovered
mineral endowment in Manitoba's Precambrian
rocks is shown in Table 7.

TABLE 7

GRADE DISTRIBUTION OF MANITOBA'S
MINERAL EHDUWMENT

Grade Range % of Total
Tonnage of Ore
($/ton)
Less than 10 5.0
10 - 20 47.3
20 - 30 47.3
Qver 30 Wb
Total 100.0

The aggregate mineral endowment value for the sub-
regions in the study area ranges from $46,000 per
square mile for the Lake Winnipeg East region to
$3,893,000 per square mile for the Nickel Belt.

The regions of lowest endowment (having an aggre-
gate endowment value of less than $100,000 per
square mile) are Region III - Lake Winnipeg East,
Region X - Pukatawagan, and Region XV - Brochet-
South Knife Lake (Figures 3 and 4)., Most of
these regions are underlain by granitoid rocks
and contain little or no metavolcanic and meta-
sedimentary rocks. Although their average endow-
ment is low, some respondents still consider that
a few deposits could still be located in these
regions and have portrayed their judgment by
"allocating" one deposit to a dozen or more cells
within each region.

The richest regions, which contain more than $800,000
worth of mineral endowment per square mile, are
Region VII - Nickel Belt, Region VI - Fox River,
Region VIII - Flin Flon-Wekusko Lake, and Region

XIl - Lynn Lake-Ruttan Lake (Figure 3).

Manitoba's production of nickel, copper, zinc,

gold and silver has come mainly from these regions.
The Nickel Belt and Fox River regions are considered
to be predominantly nickel-bearing regions, contain-
ing more than 1,400 tons and 300 tons of nickel

per square mile respectively.
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On the other hand, in the Flin Flon-Wekusko Lake
and Lynn Lake-Ruttan Lake regions copper and

zinc are the predominant minerals. On the average,
over 700 tons of combined copper-zinc are expected
for every square mile of these regions.

Table 8 and Figure 5 show the principal minerals
that are estimated to be present within the richest
geological regions of the study area. It is
significant that the nickel endowment estimate

for the Nickel Belt overshadows other values.

The place value of $29.2 billion for nickel

in this region corresponds to 40 per cent of the
entire endowment estimate for Manitoba.

MINERAL COMPONENTS
IN THE FOUR REGIONS WITH THE HIGHEST
MINERAL ENDOWMENT VALUES

MINERAL RESOURCES BRANCH
DEPARTMENT OF ENERGY, MINES AND RESOURCES

NICKEL

COPPER

ZINC

GOLD

MOLYBDENUM

OTHERS

Vil Vi Vil Xl
GEOLOGICAL REGION

Figure 5
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TABLE 8

ENDOWMENT VALUES OF MAJOR METALS
FOR THE FOUR REGIONS WITH THE HIGHEST MINERAL WEALTH

= . AR e T3 e maaa

S s . . =

Region V11 Regicn V1 Region VIl Regicn XI1I

Nickel Be:t Fox River Flin Flon - Wekusko Lake Lynn leke -~ Ruttan Lake
Commedity Value or % of Totml Value cf 2 of Total Value of 2 of Total » Value of % of Total
Hdowment Value Endcwment Value Endowment Value Endowment Value
(millicr § {millicn §) {millicn §) (million §)
Nickel 29,163,1 95.6 4,727.0 69,2 673.5 18.1 1,397.0 28.5
Copper 428.3 1.4 1,186.8 17.4 1,967.5 52.8 2,250.8 46.0
Molybdenum 545.2 1.8 1423 2.1 24.8 .7 100.1 2.0
Zinc 127.3 .4 72.7 1.1 511.6 13,7 567.2 11.6
Gold 79.8 .3 60.1 .9 331.9 8.9 374.8 7.7
Others 156.3 .5 638.5 9.3 217.7 5.8 207.4 4.2 4
TOTAL 30,500.0 100.0 6,832.5 100.0 3,727.0 100.0 4,897.3 100.0
Area (sq. mile) 7,834.5 5,396.2 3,470,0 5,626.0
Aggregate value of l
mineral endowment
per sq. mile
(thousand $§) 3,893.0 1,266.0 1,074.0 870.0
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example:

1)

(11)

The distributions of nickel, copper, molybdenunm, zinc,
gold, uranium and lead are shown on the mineral
endowment maps. These maps are based on the amount or
value of metal content in the cell. They can be

used as a guide for exploration for a specific
commodity. On the other hand, Map I ("Aggregate")
{llustrates aggregated values of all minerals

studied and can be used as a guide for regional
multiresource development planning. The expecta=
tions portrayed may also be used in the appraisal

of trade-offs that must be considered in resource
development projects, and in schemes that would
preclude future use of certain resources in a

given region.

Comments on Interpretation of Results

At this point, it is important to emphasize that the results
of the survey can be interpreted only as an expectation of
the mineral potential in the study area. This potential can-
not be interpreted as known economic reserves because, for

the deposits must still be discovered through
exploration, and this involves uncertainty,

The major factor that determines the rate of
discovery in general is the amount of explora-
tion expenditure, but many other factors influence
discovery such as depth and size of deposit, the
type of cover and the topographical conditions of
the area;

those deposits that are discovered through explora-
tion will be subjected to an economic evaluation.
Some of the low grade deposits included in the
endowment would not be economically exploitable
under current economic conditions, even though
future improvement in technology and expansion

of the transportation network are eventually
expected to make their exploitation economically
feasible,

Many factors must be considered in the economic
evaluation, and most of them are subject to
change through time. Among these factors are
costs associated with, development, operation,
transportation, power, capital, depreciation,
depletion allowances, federal and provincial
taxes, royalties, duties, prices of input factors
and product prices,




One of the essential requirements in this type of
endowment survey is to avoid taking the results completely at
their face value as far as absolute numbers or dollar values are
concerned. The results should only be interpreted in the light
of their relative values., Thus we can identify, within a large
region, numerous subregions (a cell or group of cells) that in
a relative sense are expected to be very promising, average, or
below average, while some are identified as having little or no
mineral potential., Such judgments can be of substantial value
to planners if there is an assurance that the collective judgment
represents a broad and statistically valid sampling of expert
opinion.

We should, however, be able to expect logical relation-
ships between estimated endowment values and what has already
been discovered or extracted from a surveyed region and its con-
tiguous areas. We should be able also to compare values obtained
in one "geological province" with those of another, and to
examine the results in the context of recent metallogenic studies
and concepts.

In general it is easy to accept a certain minimum
potential but perhaps rather difficult to establish what is a
logical ceiling for mineral endowment expectations. From past
experience, we find that economic geologists or mineral
economists tend to be much too conservative in their estimates.
One example of this was seen in the 1952 Palev Commission's
Presidential Report (U.S.) which underestimated the continent's
ability to greatly increase mineral production. An example
closer to home is the recently completed northern British
Columbia and Yukon Territory study in which the estimated endow-
ment, although high at first glance, is conservative when compared
to some mining districts in the Cordilleran region of the con=-
tiguous United States,

As stated earlier, the total estimated undiscovered
endowment of Maniteoba's Canadian Shield, in terms of gross
value, is $73.4 billion, or $455,000 per square mile, This is
twice as high as the value of $220,000 per square mile for the
Canadian Northwest (minor metals and minerals as well as fossil
fuels were not taken into account {n either study)., But the high
value for Manitoba is primarily due to the high expectation of
nickel occurrences in the Nickel Belt; if we exclude nickel, the
value for other minerals is $195,000 per square mile.

Map I “Aggregate" shows that 31 per cent
of the survey area contains 85 per cent of the total mineral
value., This spatial distribution of values predictably centres
around the Nickel Belt, Fox River, Flin Flon-Snow Lake-Wekusko
Lake, and Lynn Lake-Ruttan Lake regions, characterized mainly
by large greenstone belts and nickel-bearing environments. How-
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ever, the area of influence is much more extensive, reaching
into many subregions underlain by schists and gneisses of
sedimentary origin as well as into areas of poorly defined
geology.

Comments on tne Spatial Distribution of Individual
Commodities (viaps II to VIII)

Wtckel. Nickel is the most important metal in the study area.
At the price listed in Table 3 ($1.30/1b Ni) its place value
constitutes more than 57 per cent of the total value of mineral
endowment in the survey area (40X from Nickel Belt). It {s
estimated that there are about 1.4 billion tons of undiscovered
nickel ore having an equivalent average grade of 1.15%Z nickel or
containing about 16.2 million tons of metal. If we consider only
the medium- and high-grade ores (ores with a grade of at least
0.6 per cent nickel), the undiscovered nickel endowment of
Manitoba is estimated to be about 862.7 million tons of ore
containing 13.5 million tons of nickel (Table 9). This is
equivalent to 1Y times the cumulative provincial nickel production
to 1970 (700,000 tons since 1955).

TABLE 3

ESTIMATEDL TUNKAGES UF HICKEL URE
IN THE STUDY AREA

Ore Classification urade ure ‘‘onnage
(% 4i) (million tons) (% of total)
Low=-Grade 0.4-0.6 541.9 38.6
Medium=Grade 0.6=-2.6 726.7 51.7
High-Grade 2.6=4.,0 136.0 9.7
Total 1,404.6 100.0

Cells which show a high potential for nickel correspond
either with areas of known ultramafic rocks or with areas of known
nickel sulphide mineral deposits, or both, The indicated potential
for the Nickel Belt and Fox River areas best exemplify this
observation. Obviously the prediction of a potential for a
given area is only as good as the information available from
judging that area. Thus the continued refinement of our present
knowledge of the distribution of ultramafic rocks will lead
to a substantial re-cvaluation of the results of this survey.
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The most important nickel region is Region VII - the
Nickel Belt (Figure 6) with an estimated endowment of 11.9
million tons of metal representing 73.4 per cent of the provincial
total. (Based on tomnage of ore rather than metal content,
the percentage is 68.2.)

The Nickel Belt is a complex zone of metamorphic and cata=
clastic rocks with numerous ultramafic bodies and associated
nickel sulphide deposits. The predicted high potential indicated
for this area has an obvious correlation.

Thirty-one nickel deposits are estimated to lie undis-
covered in the Nickel Belt with an average size of 31 million
tons each; six of these would average 68 million tons at 0.96%

Ni, and 25 would average 22 million tons at 1.32% Ni.

Against this background, the Mineral Resources Branch
of EMR, Ottawa made an independent estimate of total ore for
most known deposits within the Manitoba Nickel Belt. Twelve
deposits were considered, six with grades of 0.45% to 0.9%

Ni: Mystery, Moak, Grass, Bowden, Bucko and Hambone; and six

REGIONAL DISTRIBUTION OF
NICKEL ENDOWMENT IN MANITOBA

MINERAL RESOURCES BRANCH
DEPARTMENT OF ENERGY MINES AND RESQURCES
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with grades of 1.0% to 2.7% Ni: Pipe, Birch Tree, Soab North,
Soab South, Manibridge and Thompson. The estimate of tonnages
was based on the geological assumption that mineable grades of
ore persist for most deposits to depths of 2,000 to 3,000 feet.
Birch Tree and Pipe orebodies were assumed to persist to a depth
of 4,000 feet and Thompson to 5,000 feet. The estimated cumu-
lative total is 1,500 million tons of ore containing 13 million
tons of nickel, which is several times as much as measured and
indicated reserves. This suggests that the estimate of the
unknown nickel endowment is realistic and perhaps even on the
conservative side,

After the Nickel Belt, next in order of importance are
Region VI (Fox River), Region XII (Lynn Lake-Ruttan Lake) and
Region IV (Island Lake), which, respectively, contain 11.8 per
cent, 2.7 per cent and 2.4 per cent of estimated tonnage.

Seven nickel deposits averaging 24 million tons at
1.10% Ni are expected to occur in the Fox River area (Region VI).
The indicated high potential for this area is directly related
to the Fox River sill, a differentiated layered ultramafic-mafic
body. The body consists of approximately 78% ultramafic rocks
and provides an excellent exploration target for potential nickel
sulphide deposits. The westernmost half to two thirds of the
body is covered by the survey.

The tonnage distributions of nickel deposits in the
Nickel Belt and Fox River areas are shown in Table 10,

Analysis of individual responses for the Nickel Belt
and Fox River regilons reveals a wide divergence in the expecta=-
tions of each geologist. More than half of the total number
of respondents expected the Nickel Belt region to contain in
excess of 9 million tons of nickel (metal content); a few
of these expected even more than 20 million tons. On the other
hand, a third of the respondents expected less than 5 million
tons of nickel in the area.

Six deposits of smaller size are expected in Region XII
(Lynn Lake-Ruttan Lake). The nickel-copper sulphide deposit
contained within the Lynn Lake gabbro and the presence of similar
gabbroic bodies in this area result in the indicated high potential,

Region IV (Island Lake) is thought to contain four
deposits. The presence of a belt of ultramafic rocks, some with
contained nickel sulphide mineralization, is responsible for the
potential assigned to this area.

In Region II (Winnipeg River-Rice Lake), the presence of
the Dumbarton nickel sulphide deposit, closely associated with
rocks of the Bird River sill, is responsible for the indicated
potential in the southeastern part of this area. The slightly
higher potential indicated for the northwestern part reflects
the known association of nickel sulphides with ultramafic rocks
of the English Brook area.
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TABLE 1¢
THE PRIWCIPAL REGIONS FUR NICKEL

Avg. Metal Ore Tonnage as
Tonnages of Ore (million tons) Avg. Content per % of Total
region Low~Grade Medjum-Grade High-Grade Total Grade sq. mile Manitoba Ore
(0.4-0.5% i)  (0.6-2.5% Wi)  (-.6-L,0% Ni)
(% i) (tons) (%)
VI1 Nickel Belt 350,7 508.8 98.7 958.3 1.17 1,431 68.2

VI Fox River 79.5 74.4 11.8 156.6 1.10 337 11.8




For Region VIII (Flin Flon-Wekusko Lake), a generally
low potential is indicated. The slightly higher value in the
Iskwasum Lake cell (lat. 54° 37', long. 100° 50') reflects the
presence of ultramafic rocks in this area.

Copper. Copper is expected to be the second largest contributor
to the mineral endowment in the study area. Of the total
expected place value of $73.4 billion for all commodities, an
estimated $14.2 billion (or 19.3 per cent) is represented by
copper. The expected occurrences of copper deposits are more
evenly distributed than those of nickel.

The undiscovered copper and copper-~zinc* endowment of
Manitoba is estimated at more than 740 million tomns averaging
a computed 1.92Z copper; this is about 14.2 million toms of
copper. Table 1l shows a breakdown of grade categories. Up to
1970, Manitoba had produced more than 900,000 tons of copper; the
estimated endowment is almost 16 times this figure.

TABLE 11

ESTIMATED TONNAGES OF COPPER ORE
IN THE STUDY AREA

Ore Classification urade Ore Tonnage
(& Cu) (million tons) (% of total)
Low=Grade 0.5-1.0 264,2 33.0
Med ium~Grade 1.0-3.0 397.7 53.7
High-Grade 3,0~6.0 98.8 13.3
Total 740.7 100.0

The principal copper areas are Region VIII (Flin Flon-
Wekusko Lake) and Region XII (Lynn Lake-Ruttan Lake) (Figure 7),
with an average estimate of more than 4.0 tons of metal content
per square mile (Table 12). Approximately 22 copper deposits are
expected to occur in the Flin Flon-Wekusko Lake region and 17
deposits in the Lynn Lake-Ruttan Lake region. The size distri-

* Most of the Maritoba copper ore corntains zinc, which is pro-
duced as a coproduct. In sucn cases, where the zinc com-
ponent had a lower value than the copper component, zinc
was converted to "corper equivalent" in tnis survey (via
the ratio of their prices), ¥For grade categories of com-
bined metals, see Table 2.




TABLL 12
THE PRINCIPAL KEGIONS FOR COPPER

Avg., Metal Ure Tonnage as
Tonnoges of ure (million tons) Aveg. Content per % of Total
negion Low-Grade HMedium=-Grade High-CGrade Total Grade sq. mile Hanitoba Ore
(0.9-0.9% Cu)  (1.0-2.9% Cu)  (3.0-6.0% Cu)

(% Cu) {tons) (%)
Vi1l Flin Flon-
Wekusko Lake 10,0 42,7 23.8 76,5 2,57 567 10,3
X11 Lynn Lake-
Ruttan Lake 24,2 67.3 13.8 105.2 2.14 400 14,2
Vi Fox River 20.5 33.4 7.2 61.1 1.94 220 8.2
1X Sherridon 10.5 22,8 9.1 42,4 2,15 178 5.7
\Y Cross-Oxford-

Gods Lakes 1.88 87
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bution, however, indicates that more than two thirds of these
deposits contain less than 5 million tons of ore each., The
tonnage distributions of the copper endowment in the most
important regions are shown in Table 12.

Further analysis of Regions VIII and XII shows that
there is a closer agreement among the respondents on the un-
discovered endowment of copper than on that of nickel. O0f all
respondents, about two thirds expected more than 1 million tons
of copper (metal content) in Region VIII; almost half expected
more than 2 million tons of copper (Table 13). For Region XII,
again about two thirds of the respondents expected more than 1
million tons copper; about a quarter of them expected more than
3 million tons. The average expectation of undiscovered copper
endowment is 1.97 million tons of metal for Region VIII and
2.25 million tons for Region XII.
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TABLE 13
COPPER - ANALYSIS OF RESPONSES

Jumber cf Resctordents

Millicn Tons Region VIII Regicn XIZ Reglions
of Metal Flir Flon- Lynn Lake YIIT ané XII
Contant Wekusko Lake Ruttan Lake
<l 6 5 2
1-4 9 9 7
>4 2 3 8

The copper endowment estimate shows the expected good
correlation of high values with greenstone belts, with the highest
cell values found in Regions II, V, VI, VII and XII, While the
greatest confidence is revealed in Regions VIII and XII, the two
major copper-producing areas of the province, it is significant
that the Rice Lake (Region II), Oxford-Knee-Gods Lakes (Region V),
Kistigan (Region V), Red Cross (Region V), and Fox River (Region
VI) belts in Superior province are all rated exceptionally
highly, especially wihen it is realized that there has been no
copper production frou these areas, and exploration for copper
has been far less than in the established producing regions.
Mumerous copper showings are present, however, in all these belts.
0f particular interest is the high potential assigned to the east
end of the Fox River belt, and tiie small Whitefish Lake green-
stone belt to the south (Region VI). Copper associated with
nickel sulphide deposits is expressed in "nickel equivalent” so
that the high endowment of this area is associated with the green-
stones and not the Fox River sill.

The estimated endowment in Churchill Province, while
showing the expected close correlation of high values with the
Flin Flon-Snow Lake and Lynn Lake-Ruttan Lake greenstone belts,
also shows an optimistic outlook for the large areas of meta-
sediments and paragneisses which underlie much of this region.

The Sherridon cell (Region IX), where known deposits exist, is
exceptionally highly rated, but the rest of the Kissevnew gneisses
and their counterparts south of the Lynn Lake greenstone belt,
the Southern Indian Lake gneiss belt, and the metasediments and
paragneisses north of lat. 58° are all viewed optimistically.

The influence of the Geological Map of Manitoba (Manitoba
Mines Branch, 1965) is readily apparent particularly in the lesser
known areas. Thus, for example, the high value cell (Region XVI)
northwest of the Knife Delta on Hudson Bay is clearly related to
the small area of greenstone on the Seal River. Similarly in the
far north, higher values are given to cells containing metasediments
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and metavolcanics (unit 1 on each map) as opposed to para-

gneisses and granitoid rocks, and little potential is shown

for the large drift-covered areas such as those between latitudes
58°00' and 58°30'. An exception to the latter, however, is the area
around Buckland Lake, northeast of the Northern Indian Lake,

which is one of the least geologically known areas in the province.

olyodenum, Molybdenum is the third most significant metal
expected to occur in the survey area.* The place value for this
metal is estimated to be about $4.4 billion. The greater propor-
tion (68%) of the molybdenite ore, however, is anticipated to
grade lower than 0.5% MoS; (Table 14),

TABLE 14

ESTIMATED TONNAGES OF MOLYBUENUM ORE
IN THE STUuY AREA

ure Classification Grade ore Tonnage
(2 ¥oSy) (million tonms) % of total)
Low=Grade 0.2-0.5 176.5 68.6
Medium-Grade 0.5-1.U 68.0 26.4
High-Grade 1.0-2.0 12.7 5.0
Total 257.2 100.0

The estimated molybdenum values show a very sporadic
and uneven distribution. This distribution is very probably
influenced partly by known occurrences and partly by an unwilling-
ness to write off larpe areas completely., It is also possible

¥ The estimates on molybdenum given in this section must be
interpreted with caution as they are likely to be much too
nigh., GSee the last paragrapn of this section.




that some cells considered highly favourable by a minority of
respondents suffered 'dilution" through a lack of similar know-
ledge on the part of the majority.

Of the six cells showing values of more than 30
thousand tons of metal, only three contain known occurrences as
shown on published maps, i.e., High Lake-Falcon Lake, Island Lake,
and Marshall Falls (on the Gods River).

Except for the Nickel Belt region, the areas of higher
molybdenum endowment do not coincide with regions where major
amounts of nickel and copper ores are anticipated (Table 15
and Figure 8). This differs from British Columbia and the Yukon
where most of the known molybdenum occurrences are associated
with copper or nickel deposits.

REGIONAL DISTRIBUTION OF
MOLYBDENUM ENDOWMENT IN MANITOBA

MINERAL RESUURCES BRANCH
DEPARTMENT OF ENERGY. MINES AND RESOURCES
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TABLE 15
THE PRINCIPAL KEGIUNS FOR MOLYBDENUM

negion

‘EEE E EET EEEEI S == AT S E m A AT X

Avg. Metal
Tonnages of ure (million tons) INTA Content per
Low-Grade Medium=-Grade High=Grade Total Grade sq. mile

(0.2-0.4% Mosy) (0.5-0.9% Molp) (1.0-2,0% MoSp)

Ore Tonnage as
% of Total
Manitoba Ore

(% MoSp)  (tons) (%)

1 West Hawk Lake 7.8 4.6 0.3 12.7 1.10 26 4.9

14Y Island Lake 10,1 5.3 2.5 17.9 .57 21 7.0

VI1 Nickel Belt 28.4 9.8 0.8 39.0 .41 20 15.1
v Cross-0Oxford~-

Gods Lakes 78,0 23,7 3.8 105,5 .50 19 41,0




The average expected size of molybdenum deposits in
the study area is about 18 million tons with a place value of
about $315 million (cf. the smaller copper deposits with an
average size of 4.2 million tons and an average place value of
$80 million). No molybdenum has been produced in Manitoba up to
the present time, but the results of this survey suggest that the
future exploration prospect for molybdenum ir Manitoba may be good.
However, the results obtained for molybdenum must be modified
owing to an inappropriate classification of grades on the original
questionnaire. Sampling of individual opinion indicated that respondents
would most readily consider the possibility of occurrence either
of large deposits of low grade material (0.1 to 0.2% MoSj)
or of very small deposits (.05 million tons) of high grade. The
questionnaire, however, forced the respondents to enter probability
numbers for conceptually higher grades (minimum 0,2% YoS,) leading
to an anomalously high estimate for molybdenum. The writers chose
not to completely discount the final results but suggest that the
estimates would probably be more realistic if they were halved.

vold. The place value of gold in the study area is estimated at
about $3.4 billion, represented by 189 million tons of ore with an
average grade of $18 per ton. About half of the ore would have a
grade of better than $10 per ton (Table 16). The gold deposits
are expected to be mostly small, averaging about 2 million tons

of ore per deposit.

TABLE 16

ESTIMATED TOHNAGE UF GOLD ORE
IN THE STUDY AREA

Ore Classification Grade JUre Tonnage
(5/ton) {million tons) (% of total)

Low~Grade 5.0-10.0 91.6 48.4
Medium-Grade 10,0-41.0 84,7 44,8
High~-Grade 41,0-70.0 12.9 6.8

Total 189.2 100,0

Most of the expected gold endowment (s associated with
the greenstone belts of the Superior and Churchill provinces,
with sporadic values elsewhere. These scattered values, rather
than reflecting a definite knowledge of some potential,
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probably reveal the respondents' reluctance to totally reject
an area. The highest values occur in the Rice Lake (Region II),
Gods Lakes-Knee Lake (Region V), Snow Lake (Region VIII) and
Lynn Lake (Region XII) cells (all former or potential gold-
producing areas) and in the Tod Lake (Region XII), Wass Lake
(Region IV), and Meades Lake (Region XVI) cells, where gold occur-
rences are also known,

Pertinent figures on the principal gold regions are
listed in Table 17; the average values of gold per square mile
area for each region are shown in Figure 9.

REGIONAL DISTRIBUTION OF
GOLD-SILVER ENDOWMENT IN MANITOBA
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TABLE 17
THE PRINCIPAL REGIONS FOR GOLD-SILVER

Avg. Metal Ore Tonnage as

Tonnages of Ore (million tons) Avg. Content per % of Total
Region Low-Grade Medium-Grade High-Grade Total Grade sq., mile Manitoba Ore
(5-9 $/7) (10-41 §/T) {k1-70 $/T)
{3/ton) {000 $) (%)
VI1I Flin Flon-
Wekusko Lake 11,2 7.7 1.0 19.9 16.68 96 10.5
11 Winnipeg River-
Rice Lake 7.3 4.8 1.3 18.4 20,73 84 9.7
XI1 Lynn Lake-
Ruttan Lake 8.8 9.2 1.4 19.4 19.32 67 10.3
IV  1sland Lake 7.8 7.2 1.0 16.0 17.43 56 8.5
I West Hawk Lake 4.3 4.4 0.9 9.6 20,31 36 5.1
\ Cross-Oxford-
Gods Lakes 25.0 18.4 2.2 45,6 15.19 25 21,1
Seal River 6.2 4.6 0.7 11,5 18.85 20 6.1




Manitoba has long been a gold producer; up to 1970, cumu-
lative production was more than 4.3 million ounces. The place value
of the undiscovered gold endowment of Manitoba, estimated in this
survey, is about $3.4 billion, slightly more than 20 times the
value (at $35/0z) of all the gold produced in Manitoba up to date.

Zine. Zinc is estimated to have a total place value of $3.4
billion. The expected average size of deposits is 4.6 million
tons, with an average grade of 5.4%Z zinc. (In zinc-copper deposits,
the copper was converted to "zinc-equivalent" by the use of their
price ratio, if copper values were on the average lower than zinc
values.) This average size is relatively small, but since the
grade of many of the deposits is fairly high, many of them would

be economic if discovered. The distribution of grade categories

is shown in Table 18.

TABLE 18

ESTIMATED TUNNAGES uF ZINC ORE
[Ii THE STUDY AREA

Qre Classification urade ure Tornage
(% Cun) (million tons) % of total)
Low=Grade 2.0= 4.0 65.4 33.1
Medium~Grade 4,0=- b,V 119.3 57.7
High-Grade 5.0-lu.U 19,2 9,2
Total 206.Y 100.0

The estimated endowment for zinc shows a distri-
bution similar to that for copper but with generally lower values
and more restricted extent. In Superior Province, a good
correlation exists between Liigh zinc values and the greenstone
belts; similarly, the highest values of all are found in the two
major greenstone belts of Churchill Province (Regions VIIL and
XI1) which are the two major zinc producing areas of the province.
On the other hand, the belts of metasediments and paragneisses
throughout Churchill Province are viewed with considerable
optimism and have a relatively higher estimated endowment for
zinc than for copper.
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Table 19 and Figure 10 provide pertinent data on
expected distribution of the zinc endowment.

REGIONAL DISTRIBUTION OF
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Figure 10

In the metasedimentary and paragneissic belts of the

north (Regions XVI, XVII and XVII1), slightly fewer cells in

total contain values for zinc than for copper, but the zinc values

are generally higher, This is particularly evident in the cells
around Stoney and Askey lakes (Region XVII). Regions XIV and XV

show

a similarly negligible response for zinc as for copper, but

in Regions VII, IX, X, XI, XII and XIII, the paragneisses, e.g.,
north of the Lynn Lake=Ruttan Lake greenstone belt (Region XII)
and the Kisseynew gneisses around Nelson House-Rat Lake, etc.,
(Regions X and XI), show the same generally higher values for

zinc
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than for copper as in the north. The exception to this is
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TABLE 19

THE PRINCIPAL REGIONS FOR ZINC

Avg. Metal Ore Tonnage as
‘'onnages of Ore {(million tons) Avg. Cuntent per % of Total
Region Low-Grade Medium=-Grade High-Grade Total Grade sq. mile Manitota Ore
(2.0-3.9% Zn) (4.0-7.9% 2n) (8.0-16.0% 2n)
(2 Zn) (tons) (%)

VII1 Flin Flon-

Wekasko lLake 1.1 17,7 3.7 28.5 5.98 491 13.8
X1I Lynn Lake~Ruttan

Lake 9.8 20.0 3.6 33.4 5,66 336 16.1
XVII  Munroe Lake 9.0 14,1 1.4 24.5 4,94 131 11.9
IX Sherridon 4.4 6.6 1.0 12.0 5.41 126 5.8
X1 Russel-Mynarsky

Lakes 4.4 6.7 0.8 11.9 5.20 123 5.8
1v Island Lake 3.0 6.1 0,9 10.0 5.60 113 4.9
XIII Paskwachi-

Southern Indian

Lake 5.1 7.2 0.9 13,2 5.20 106 6.4
XVII1 Thlewiaza River 7.1 8.2 1.1 16.4 4,06 88 7.9
\ Cross~Oxford-

GCods Lakes 6.4 13.8 2,6 22,8 5.80 48 11,0




the easterly trending belt of gneisses through Sherridon (Region IX)
in which copper is dominant. Zinc values in the two main green-—
stone belts in Churchill Province (Regions VIII and XII) are
generally lower than for copper, with the exception of the Flin
Flon cell (Region VIII) and two cells in the Ruttan Lake area
(Region XII) which are also three of the four most highly rated
cells in the province.

A relatively low zinc endowment is expected for the
Nickel Belt (Region VII) but the Kisseynew gneisses flanking the
belt to the northwest show a relatively strong response. The
very high zinc value in the Split Lake cell (Region VII) appears
to be surprisingly high, particularly as neighbouring cells are
viewed with considerably less optimism.

A close correlation between estimated zinc endowment
and greenstone belts is evident in Regions IV, V and VI with al-
most invariably lower values for zinc than for copper, and a more
restricted distribution. Extremely high zinc values, however, are
estimated for the Semmens Lake cell (Region V) and for the cell
immediately south of St. Theresa Point on Island Lake (Region 1IV).
In Regions I, II and III, zinc values are consistently lower than
those for copper. One "anomalous" value in the Harrop Lake cell
(Region III) may reflect an unwillingness on the part of the
respondents to write off Region III entirely.

Uranium, A sizeable tonnage of uranium ore is visualized in

the study area, although almost half of the deposits are expected
to grade lower than 0.05% U30y4. The average grade for the study
area is 0.14Z Uj0g and the total estimated tonnage of ore is 130
million (Table 20). The average size of the uranium Z:posits

is estimated to be about 7 million tons with an average value of
$157 million. The principal regions for uranium are shown in
Table 21,

TABLE 2u

ESTIMATED TUINNAGES CF URANIUM ORE
IN THE STUUY AREA

Ore Classification urade Jre Tonnage
(# U30g)  (million tonms) % of total)
Low=Grade L0l= .05 59.38 45.4
Med jum-Grade .05~ .40 53.99 41.3
liigh-Crade .40-1,00 17.29 13.2
Total 130.71 100.0
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TABLE 21
THE PRINCIPAL REGIONS FOR URANIUM

Avg. Metal Ore Tonnage as
Tonnages of Ore (million tons) hvg. Content per % of Total
hkegion Low=Grade Medium-Grade High=Grade Total Grade sq. mile Manitoba Ore
(.01-.05% U308) (.05-.k0% U304) (.40-1.0% U504)
(% u508) {tons) (%)
XVIIL Thlewlaza
River 7.8 15.4 4.5 27.17 0.20 7 21,2
XV1 Seal River 3.4 5.8 1.4 10.6 0.24 2 8.1
VI Fox River 14,6 4.8 0.0 19.5 0.07 2 14.9
I West Hawk
Lake 2.3 2,2 0.7 5.1 0.21 2 3.9
Xv Brochet=-South
Knife Lake 12,4 .7 6.5 27.6 0.08 1 21.1
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In most parts of the province a low poteantial for
uranium mineralization is indicated, but a few restricted areas
have been singled out for more significant endowment. Superior
Province is viewed most pessimistically although the Caddy Lake
and Rice Lake areas (Region I), where uranium mineralization is
known to exist, register about 1,000 short toms. The reason
for the optimism shown for the Fox River area (Region VI) in the
northern part of Superior Province is not known.

Churchill Province is viewed more favourably with
both the Misty-Nicklin lakes belt (Region XVIII) and the continu-
ation of the Wollaston belt (Region XVIII) accountably register-
ing higher values. Recent exploration for uranium has focussed
on these sedimentary belts. Significant values are shown in
the sedimentary belts further east, with the highest values in
this region apparently associated with the Great Island group of
sediments (Region XVI). There are no reported occurrences of
radicactive minerals from the latter area.

Otner commodities. Of the other commodities investigated, namely
lead, asbestos, tungsten, lithium, tin, beryllium, chromium,
columbium, and iron, relatively small amounts are expected in the
study area, Although some of these commodities are expected to
occur in one or two sizeable deposits by some of the respondents,
the results obtained average to very low values since the dispersion
of responses was high. For iron, some respondents did not wish
to reply because of lack of expertise; therefore, although
three iron deposits of about 39 million tons each with an average
grade of 23.6% Fe were suggested as Manitoba's endowment, such
an estimate does not reflect any kind of general opinion. This
proviso also applies to estimates of six asbestos deposits of 10.4
million tons (or $1U6 million each) and one tin deposit of 5.9
million toms (5371 million place value) which are expected to
occur in the study area,

Lead has not been a prime exploration target in the
shield of Manitoba and hence respondents may be less familiar
with this commodity. Lead occurrences in Manitoba are generally
poorly documented and are generally mentioned en rdusarni In
association with the other more significant mineralization such
as Cu=Zn. Lead sulphide (galena), commonly silver-bearing, is
associated with many of the Cu-Zn deposits in Manitoba such as
Fox Mine, Ruttan Mine and particularly the Chisel Mine, but ic
appears to be generally of limited extent and sporadic in dis-
tribution (vein/fracture fillings ?). Significant amounts of
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lead are recovered from the ore at the Chisel Mine. It is surprising

that the Chisel Lake cell (Region VIII) has nevertheless been given a

relatively low rating, especially as the Ghost Lake deposit (Zn-Cu-Pb-
Ag-Au) also lies in this cell.

None of the respondents expected the occurrence of columbium
deposits. Several respondents indicated some confidence in occurrences
of tantalum, cesium, thallium and other minor metals. However, the
computer program used did not have the capacity to process these.
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