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Abstract

The Mineral Deposits Section of the Geological Branch, Ontario Division 
of Mines, formed April l, 1973, is required to describe and classify mineral 
deposits, particularly their geological environments, genesis, and reserves 
and resources. Each of the staff of six geologists is responsible for a 
group of mineral deposit types.

A number of projects and programmes are reviewed. A nomenclature for 
and classification of Mineral Resources for use in Ontario has been prepared. 
This is compatible with the national scheme.

The Mineral Map of Ontario has been revised and published. A Uranium 
and Thorium Deposits map, the first of a series of Deposit Distribution 
Maps, has been released and will serve as a model for the series.

Publication of additional compiled data will be published as Mineral 
Deposits Circulars; results of studies which include deposit mapping and 
original research will be published in Geoscience Reports and Papers.

Preliminary resource analysis studies have been undertaken for Uranium 
and Iron. As input to the Ontario Ministry of Natural Resources Strategic 
Land Use Plan a Mineral Potential Map of Ontario has been prepared. This 
map, based on the Geological Map of Ontario (l inch to 16 miles; 1:1,013,760), 
used 3 ratings of potential: High, Medium, and Least. Local planning re 
quires more detailed maps than these and a series of Mineral Capability 
Maps (l inch to 4 miles; 1:253,440) is envisaged.

The Mineral Deposits Section works closely with other Sections of 
the Geological Branch (Precambrian Geology, Phanerozoic Geology, Geophysics/ 
Geochemistry), the Regional and Resident Geologists of the Ministry, and 
is working with the Geoscience Data Centre of the Geoservices Section to 
develop better techniques to handle data and better geomathematical models 
for mineral deposits studies in Ontario.

The various programmes are interrelated. Continuous review in the 
light of changing concepts and new data will be necessary; a second edition, 
for example, of the Mineral Potential Map of the Province will incorporate 
the results of the resource analysis studies and of the mineral capability 
maps.

The Mineral Deposits Section continues the Geological Branch's 
tradition of service to the mineral exploration industry but adds to the 
branch ability to input data on mineral deposits and mineral resources as 
a basis for planning in such sectors as regional planning, strategic land 
use planning (zoning of crown land), transportation corridors, large park 
sites, resource evaluation, and environmental conservation. However, 
industry, through the professional bodies, should take part in public 
debates and hearings on such topics.
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MINERAL DEPOSIT STUDIES, MINERAL POTENTIAL EVALUATION, 
AND REGIONAL PLANNING IN ONTARIO

by 

James A. Robertson

INTRODUCTION

The purpose of this paper is to introduce to the Prospectors and 
Developers Association the activities of the recently formed Mineral 
Deposits Section of the Geological Branch, Ontario Division of Mines. The 
Mineral Deposits Section, which came into being on l April 1973, is required 
to describe and classify mineral deposits with emphasis on mineralogy, 
geometry, geological environment (both regional and local), reserves, and 
resource potential. The results will be disseminated as mineral deposits 
maps and mineral deposits circulars and papers, as well as by formal and 
informal discussion. In addition, the section provides government with 
Reserve and Resource Estimates and takes part in land use and transportation 
studies.

ACKNOWLEDGMENTS

The speaker is indebted to the staff of the Mineral Deposits Section 
and to T. Pauk of the Geoscience Data Centre for assistance in the preparation 
of and review of this paper. Dr. Springer assisted in developing the section 
on Mineral Capability Maps. Jan Michalik and Raymond Balgalvis gave advice 
on the graphics and undertook the preparation of the illustrative material. 
John Birch and E.J. Wade of the Mineral Resources Branch, Ontario Ministry 
of Natural Resources, cooperated in the development of The Ontario Mineral 
Resource Classification Scheme. The advice of Jan Zwertendyk of the Federal 
Department of Energy, Mines and Resources proved most useful and is grate 
fully acknowledged.

ORGANIZATION OF THE MINERAL DEPOSITS SECTION

The Geological Branch is responsible for the study of the geology and 
mineral deposits of Ontario. Its role is twofold: to provide all possible 
assistance to those engaged in the exploration and development of the pro 
vince's mineral wealth, and to evaluate and provide input into the management 
of Ontario's non-renewable resources for optimum social and economic benefit.

Chief, Mineral Deposits Section, Ontario Division of Mines, Toronto. Manu 
script accepted for publication by the Director, Geological Branch, Ontario 
Division of Mines, February 28, 1975.



- 2 -

On April l, 1973, the Geological Branch was reorganized to reflect the 
increasing role of geophysics and geochemistry in interpreting the geology 
of the province and the need for economic geology research as an aid in 
identifying favourable prospecting environments and the identification of 
areas of high development potential for government planning purposes. The 
branch comprises the director to whom report a senior geologist, Special 
Projects, and the supervisors of five sections, namely Precambrian Geology, 
Phanerozoic Geology, Mineral Deposits, Geophysics/Geochemistry, and Geo- 
services.

The role of the Precambrian Geology Section is to locate favourable 
prospecting areas in the Canadian Shield in Ontario through geological 
surveys and related research on the spatial and temporal relationships of 
mineral deposits to rock stratigraphic units and structures. The section 
is divided into four groups which are the Proterozoic, South Archean, 
Central Archean, and North Archean Subsections.

The Phanerozoic Geology Section has a similar role in areas underlain 
by all formations younger than Precambrian in age.

The Geophysics/Geochemistry Section aids in the interpretation of the 
geology of Ontario and the study of the occurrence and genesis of mineral 
deposits by determining the physical properties and the distribution of 
selected elements within recognizable rock-stratigraphic units through 
geophysical and geochemical surveys coordinated with other branch activities.

The Geoservices Section provides technical leadership to the regional 
and resident geologists of the Ministry's field organization, and coordinates 
the work of these geologists with that of the branch. The section's 
responsibilities include the scientific review, editing and publication 
of all geoscience reports and preliminary maps through the Scientific 
Review Office; preparing computerized indexes, developing methods of rapid 
retrieval, and maintaining files of geoscience data through the Geoscience 
Data Centre and the Assessment Files Research Office.

The responsibilities of the Mineral Deposits Section have already been 
briefly stated. Currently the section comprises six geologists: J.A. 
Robertson, Section Chief, is responsible for studies on uranium-thorium, 
land use planning, and transportation studies as well as administration; 
H.D. Meyn is responsible for iron-titanium deposits and miscellaneous 
metallic mineral deposits; J.B. Gordon is initiating studies on the gold 
deposits of Ontario and will be responsible for gold and silver; Dr. M. 
Jost is studying the geology of nickel-copper deposits; Dr. M. Vos is 
responsible for industrial minerals and material other than sand and 
gravel; Dr. A.E. Colvine, is responsible for copper-zinc-silver of the 
greenstone belts of the Precambrian Shield. In addition to the assigned 
responsibilities these persons have skills and experience which can be 
integrated in group studies to provide essential advisory services.
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In general the geologist working in the Mineral Deposits Section is 
assigned a commodity or group of commodities with similar geological 
characteristics. In undertaking a program the geologist has been asked 
to: (1) prepare a metal distribution map; (2) produce a review paper of 
recent literature on the mineral deposit type in question; (3) evolve a 
classification scheme covering the deposits in Ontario and to lay down 
the parameters for identification of favourable geological environments;
(4) visit on a continuing basis producing properties, exploration sites, 
company offices, and research units; (5) review the appropriate mineral 
resource data files in conjunction with the Geoscience Data Centre; (6) 
prepare a new or revised Mineral Deposits Circular; (7) make recommen 
dations for field or research programmes to be carried out by the Geological 
Branch and to take a leading part in such programmes as required; and
(8) dependent on the above programme, maintain an inventory of reserves 
and resources. This last activity is carried out in conjunction with the 
Geoscience Data Centre, after discussion with the Mineral Resources Branch 
as to significant parameters.

To carry out the programme, the obtaining, assessing, and dissemination 
of data and ideas is of prime importance. A close working relationship is 
maintained with other sections of the Geological Branch particularly those 
sections responsible for field surveys, and the storage and handling of data,

Contact is also maintained with Federal Department of Energy, Mines, 
and Resources and with industry and other interested parties to develop 
and test concepts and to avoid unnecessary duplication.

Sectors of the Ontario Government with which the Mineral Deposits 
Section is principally involved are other units in the Ministry/ the 
Ministry of Transportation and Communication, the Ministry of Treasury, 
Economics and Intergovernmental Affairs, and the Ministry of Energy.

Our relationship with the Mineral Resources Branch of the Ontario 
Division of Mines may require some clarification. This has arisen from 
the similarity of names. The functions are clearly different. The 
Mineral Deposits Section is part of the Geological Branch and our effec 
tiveness depends on our work being closely integrated with the rest of 
that Branch. The Mineral Resources Branch is one, if not the most sig 
nificant, of our external client groups, and depends on us for the re 
source data which it needs to carry out its policy development role.

The Classification of Mineral Resources

A major role of the Section is dealing with special requests for 
economic geology studies, generally as input to government planning. 
Resource analysis and communication of the results to non-experts has re 
quired the development of an Ontario Mineral Resources Classification scheme 
accompanied by a series of definitions of commonly used technical terms.
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In recent years this question has been discussed by both government 
agencies and professional groups. For uranium an international set of 
definitions has been in use for some time (OECD 1973). This divides Uranium 
Resources into reasonably assured resources (reserves of the mining engineer), 
and expected additional resources (known mining camps) in each of two price 
ranges; in the 1973 study less than $10.00 (current U.S. dollars) and be 
tween $10.00 and $15.00. The basic concept is that resources are classified 
on the basis of certainty of presence and of economic viability.

Figures l, 2, and 3 show a number of Mineral Resource Classification 
schemes which have been in use. In order to permit comparison, these 
schemes have been redrawn in similar format.

McKelvey (1972) of the United States Geological Survey extended the 
discussion to Mineral products in general (Figure 1). This scheme was 
used as the basis for preparing Professional Paper 820 of the United States 
Geological Survey by Brobst and Pratt, that monumental work on United States 
Mineral Resources. In Canada, the Federal Department of Energy, Mines and 
Resources adapted the principles presented by McKelvey for use in Canada 
(Zwartendyk 1972; 1973) (Figure 2). For simplicity, the Department of 
Energy, Mines and Resources uses numbers to denote existence classes and 
letters to designate viability. In 1973, the Ontario Division of Mines 
began using a modified form of the McKelvey Scheme (Figure 3). Resources 
were divided into reserves, conditional resources, and potential or un 
discovered resources.

Subdivisions of the major sectors could be made to fit the scheme 
developed by either the United States Geological Survey or the Department 
of Energy, Mines and Resources. In practice and in the interest of uni 
formity within Canada the approach of the Department of Energy, Mines and 
Resources has been adapted by the Ontario Division of Mines. A major 
problem was how to classify "possible reserves" of the mining engineer. 
The United States Geological Survey system effectively included "possible" 
with "proven and probable" as part of identified reserves. In Canada 
bodies such as the Ontario Securities Commission, Association of Pro 
fessional Engineers of Ontario, and the Canadian Institute of Mining and 
Metallurgy do not permit the aggregation of "possible" reserves with 
"proven and probable" and most statistics or compilations made available 
to us keep these two categories separate. Hence, in both the Ontario 
scheme and in the scheme of the Department of Energy, Mines and Resources, 
"possible" was included with the material "in known districts". This 
effectively conformed to the usage for uranium. However, the significance 
of "possible" to a planner becomes overly reduced if it is in a sector 
apparently labelled "undiscovered" or "potential".
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The Bureau of Mines, United States Geological Survey (Geotimes 1974) 
met this problem by dividing identified resources into demonstrated and 
inferred but retained the term reserves for the total. The Department of 
Energy, Mines and Resources (Zwartendyk 1975, personal communication) 
replaces hypothetical with surmised resources and the Ontario Mineral Map 
(ODM 1974) replaces hypothetical with expected additional resources but 
includes in that sector both "possible reserves" and "geologically 
prognosticated" resources thus conforming to the International Uranium 
Nomenclature.

Similarly the economic viability classes are broad and open to inter 
pretation. The United States Geological Survey system defined submarginal 
(approximately C class, Figure 2) as resources which would become economic 
at a current cost exceeding 1.5 times current price. As Zwartendyk (1972; 
1973) has pointed out most resource analysis is tied to a time span typically 
of 25 years and, therefore, defined economic viability in terms of the 
probability of a deposit being minable within a given time span. The 
present cost price ratio for say, a uranium deposit viable before 2,000 
A.D., would be very different from that for an iron or base-metal deposit. 
However, what clearly matters are the criteria used to meet the definitions. 
In any given study the criteria must be worked out by a team including 
geologists, engineers, metallurgists, and economists. The assumptions and 
criteria used must be clearly stated as part of any report.

It can be seen from Figures 2 and 3 that compatibility of Federal 
and Ontario nomenclatures has been accomplished. What remains to be 
achieved is some standardization of specific numerical criteria for each 
of the subdivisions.

Reserves, expected resources and their paramarginal equivalents 
(sectors IA, 2A, IB, and 2B in Figure 2) are the sectors of most practical 
significance. Expected additional reserves 1A (Reserves) is used in short 
term planning and to estimate the other sectors and 2A is used to define 
exploration targets and land use capability, whereas the paramarginal 
equivalents IB and 2B concern engineers and economists as well as land 
use planners and policy makers. The identification of processes and 
factors which move resources from one category to another, is increasingly 
a concern of government.

The search for large-tonnage, low-grade deposits capable of open-pit 
operation is also being monitored. Such deposits are often known as 
"porphyry deposits" by analogy with certain deposits in British Columbia, 
the southwest U.S.A., and Chile. Some bodies of Precambrian granite may 
contain sufficient gold or molybdenum to be amenable to large scale mining 
and certain volcanic rocks or sandstones may contain copper mineralization. 
The possibility of open pit mining for uranium at grades of h to 3/4 Ib is 
intriguing. Whilst large scale open-pit mines are anathema to the environ-
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mentalists, the continued functioning of our industrial complexes, not to 
mention our standard of life, will demand extraction of lower grade material 
with all the economy of large scale operations. The conflicts in land 
use, and the planning and regulation of phased or sequential multiple 
land use will require more and more attention from several sectors of our 
Ministry and of other Ministries.

It should be noted that in mining and economic geology the term Reserves 
means that material known to exist within defined geometrical limits and to 
be legally and profitably recoverable at a given time and price. Resources, 
in addition to reserves, include known material not currently economic 
(conditional resources) and such material (expected additional and specula 
tive resources) as can reasonably be expected to be found only after costly 
exploration programmes. In other disciplines the word resources tends to 
be equated with known economic material. In multi-discipline studies 
great care must be used in the use and definition of these terms.

Continuous updating of a resource analysis is required in light of 
new data and of new concepts in the geological, technological, and economic 
spheres.

PROGRAMME OF THE MINERAL DEPOSITS SECTION

For the rest of the discussion I would like to review some of the 
projects already undertaken by the Mineral Deposits Section.

MINERAL DISTRIBUTION AND METALLOGENETIC MAPS

A Mineral Distribution Map indicates the occurrence of mines, past pro 
ducing mines, prospects, and occurrences, whereas a Metallogenetic Map 
classifies the metalliferous deposits as to the type and mode of formation 
and relates these deposits to geology. Such maps readily display mineral 
ization patterns and are an essential early step in the identification of 
geologically important mineralization environments and subsequently the 
evaluation of resources.

MINERAL MAP OF ONTARIO

A well known example of a mineral distribution map is the Mineral Map 
of Ontario published on a simple geological base at a scale of l inch to 
25 miles or 1:1,584,000. This map was revised in conjunction with the 
Regional and Resident Geologists and published late in 1974. The format of 
the map is shown in Figure 4. The mineral deposits have been classified as 
producers, past producers, and occurrences. Marginal lists give alpha-
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Schematic layout of Mineral Map of Ontario.

ONTARIO MINERAL MAP
INDEX TO PRINCIPAL MINES AND MINERAL OCCURRENCES

Scale

Symbols Notes Reference \

Inset maps Significant mining areas

Gas 4 oil fields Metallurgical works Sand 4 Gravel 
in Ontario

Mineral statistics to 1973

4. Schematic Layout of Ontario Mineral Map 1974
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numeric listings for each Mining Division. Metallic deposits have been 
coded in red and non-metallic deposits have been listed. In addition, 
numerous unnamed occurrences are shown on the map face. The unnamed 
occurrences and the deposit lists are coded as to the principal mineralization 
type. Inset maps show the geology of eight of the major mining camps in 
Ontario. Additional inset maps show the distribution of natural gas and 
oil fields, sand and gravel, and metallurgical works.

Tables summarize (to 1973) growth of mineral production in Ontario, 
metal production in Ontario by principal mining areas, and the value of 
mineral production in Ontario by major commodity. A "historical highlights" 
listing gives the major events in Ontario mining history.

URANIUM AND THORIUM DEPOSITS OF ONTARIO

Uranium is one of the metals for which a distribution map has been 
completed (Robertson 1975a,b,c,d). Because uranium has only been explored 
for during the last 25 years and because regulations under the Atomic 
Energy Control Act have required compulsory filing of certain data, the 
data base is in better shape than for most other metals.

The classification used in Figure 5 is based on that of Robinson 
(1958) and is similar to that used in Canadian and International Publi 
cations (Lang 1958; Lang et al. 1962; Little 1974; OECD 1973). A more 
detailed genetic classification of uranium deposits on a worldwide basis 
has been given by Barnes and Ruzicka (1972) and elaborated on by Ruzicka 
(1975). Canadian deposits have also been discussed by Robertson, D.S. 
and Lattanzi (1974).

Ontario's radioactive element deposits fall into four broad groupings: 
1) those associated with igneous rocks; 2) those which form an integral 
part of sedimentary rocks; 3) those which were formed during passage of 
fluids either supergene or hydrothermal; and 4) those that were concentrated 
during metamorphism. Deposits associated with igneous rocks may be dis 
seminated magmatic deposits in granite, syenite or alkali-carbonatite 
complexes (e.g. Manitou Island in Lake Nipissing); pegmatitic segregations 
within or apophyses from such bodies; or metasomatic deposits in pyroxenites, 
skarns, or fenites at the margins of such bodies. Vein and replacement 
type deposits (e.g. Theano Point in the Montreal River Area) are the re 
sult of percolating fluids generally regarded as hydrothermal, but in many 
localities these are probably the result of supergene activity related to 
ancient land surfaces represented by unconformities. In most deposits 
existing data does not define the deposits. A further data problem exists 
with the pegmatite type, as many metamorphic pegmatites are slightly radio 
active (e.g. near Kaladar). So far, only the igneous pegmatites have 
proven of economic significance.
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The sedimentary uranium deposits are dominated by the pyritic quartz- 
pebble conglomerate of the Blind River and Agnew Lake areas which contain 
17 percent of the free world's proven uranium reserves and substantial 
resources of thorium and yttrium. All commercial deposits in the Huronian 
Supergroup are found in the Matinenda Formation. Other types which occur 
in Ontario are: (1) thorium-iron oxide conglomerates in the Lorrain 
Formation of the Upper Huronian; (2) uranium bearing argillites and grey- 
wackes; (3) traces of uranium with lignite and anthraxolite; and (4) recently 
discovered uranium carbonaceous material in the March Formation near Ottawa 
(Grasty et al. 1973).

For the uranium-thorium deposit maps (Figure 5) a symbol has been 
designated for each class of deposit with the size of the symbol indicating 
the amount of reserves and the shading showing the grade of mineralization.

CLASSIFICATION OF URANIUM DEPOSITS
TYPE
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Figure 5. Classification of Ontario Uranium Deposits
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URANIUM DEPOSITS

BANCROFT AREA

A PEGMATITE DEPOSITS 

CONTACT DEPOSITS

GRANITE

Figure 6. Inset Map - Uranium Deposits Bancroft Area
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These symbols have been plotted on prints from the Geological Map of 
Ontario (scale, l inch to 16 miles or 1:1,013,760) (Ayres et al. 1971) 
which allows the regional geological pattern of mineralization to be 
readily displayed. In areas where there are numerous occurrences, inset 
maps at suitable larger scale were included (e.g. Bancroft area, Figure 6). 
In Figure 6, the relationship of uranium deposits to a northeast-trending 
structure intruded by granitic bodies, stipple, is clearly indicated. 
Some deposits (triangles) are related to a particular phase of the intrusion 
(pegmatites) and other deposits (diamonds) are related to effects at the 
contacts of the granitic bodies.

Marginal notes summarize the classification scheme, briefly describe 
the principle Ontario deposits, and give data on production and reserves 
as available in December 1973. A selected list of references is also given. 
The principal sources were the deposit descriptions and locations published 
by Lang (1958), Lang et al. (1962), Hewitt (1967), and Robertson (1968b). 
These were supplemented by new data in the Geological Branch assessment and 
other public files.

It is anticipated that as information is made available and as explor 
ation proceeds that further editions of such maps will be issued. Improve 
ments to these and similar maps will depend in large part on feedback from 
the users. Other metal deposit maps nearing completion are Nickel Deposits 
in Ontario, and Iron Deposits in Ontario. Work is underway on Copper-Zinc 
Deposits of Ontario and Gold Deposits of Ontario and is planned for moly 
bdenum and silver. These maps are similar in format to the uranium- 
thorium map with the principal change being the addition when possible of 
alpha-numeric listing of mineral deposit names. It is anticipated that 
deposit names would be added to future editions of the Uranium and Thorium 
Deposit maps.

Following completion of these mineral deposit maps it is hoped to 
produce a metallogenic map of Ontario using as a base either the Geological 
Map of Ontario, or possibly a Tectonic Map of Ontario. It is clear that 
detailed maps combined with field work and supporting laboratory studies 
are required for individual camps and deposits.

MINERAL DEPOSITS CIRCULARS

This series of publications corresponds to the Mineral Resource 
Circulars and Industrial Mineral Reports published by the former Depart 
ment of Mines and Northern Affairs. These reports summarize the known 
data on occurrences. For example, deposits are listed by township, 
property, name and status and discussed under the headings: Main Metals, 
Location, Geology, History, Production and References. Assays, chemical 
data, and reserve data are given if available. Information on uses.
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markets, and specifications is generally included in the introduction. Some 
reports comprise studies of resources of specific areas rather than of parti 
cular commodities. An example of a mineral resource study underway is the 
second and final volume of the Mineral Resource Circular on Gold Deposits 
in Ontario. It is expected that this report will be placed on open file 
prior to the 1975 field season. An important adjunct to this study has been 
an input of data to the source mineral deposit files of the Geoscience 
Data Centre. The mineral deposit map of Gold Deposits in Ontario/ also 
nearing completion, will complete the first phase of the precious metals 
program.

MINERAL RESERVE STUDIES

Pilot studies on uranium and iron reserves have been completed for 
internal governmental use. The uranium study was prompted by the energy 
crisis and the impact of a potential resurgence of exploration and pro 
duction on the Elliot Lake, Agnew Lake, Bancroft and other areas and the 
iron study formed part of the preparation, by the Mineral Resources Branch, 
of a background paper entitled "Towards an Iron Ore Policy for the Pro 
vince of Ontario".

In the Elliot Lake area (Figures 7 and 8) both the surface and sub 
surface geology are well known (Robertson 1968b; Roscoe 1969; ODM assess 
ment files) . Figure 9 summarizes the geological relationships of the known 
ore zones. For any one ore zone or ore bed a knowledge of the mined out 
areas (Figure 10, after Chart E, Robertson 1968a) and the grade and thick 
ness of the material mined in the individual mines (mining company annual 
reports; Robertson 1968a) permits estimation of the remaining reasonably 
assured reserves. Of course at current or predicted uranium prices cut 
off grade of minable ore will be less than the historic figure. Based on 
the data given in Little (1974), Williams and Little (1973), Organization 
for Economic Co-operation and Development (1973) , ODM published reports 
(Robertson 1975a,b,c, and d), and following a rapid survey of data con 
tained in annual reports, the maximum reserves at Elliot Lake and Agnew 
Lake are placed at 190,000 tons of U3Og recoverable from ore with an 
average grade of 1.8 Ibs UaOs/ton of ore and recoverable at less than 
$10.00 US (1972)/lb U3O8 . A somewhat lesser amount with an average grade 
of 1.4 Ibs would be recoverable at prices between $10.00 and $15.00/lb 
U3^8* T^e worc^ "recoverable" implies 80 percent mining extraction with 
95 percent milling recovery. Estimated additional resources (possible 
and prognosticated ore) in the two price ranges may be as much again.

The reserves at less than $10.00/lb U3Og constitute 75 percent of 
Canada's reserves and 17 percent of the Free World's reserves. An addi 
tional l percent of Canada's reserves is located at Bancroft. Ontario 
reserves are capable of supporting annual production of at least 11,000
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Figure 8. Elliot Lake - Drillholes
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Nordic Ore Zone showing mined out areas (after Robertson 1968a)
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Figure 10. Plan of Nordic Ore-Zone
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tons 0303 and possibly more than 15,000 tons 0303 per year from existing 
or planned plants. However, the precise figure depends on the phasing of 
these plants and also on the grade of mill-feed as well as on the capacity 
of the plant. Availability of milling capacity is important in order to 
meet Canada's domestic requirements.

Given the present energy crisis, the proposed contract between Denison 
Mines Limited and Japan, the announced relaxation by the U.S. government 
of restrictions on imports of uranium, the success of the Candu reactors 
at Pickering, and the proposed reopening of the Faraday Mine in the Ban 
croft area, all point to an early resumption of intensive exploration 
for uranium. The challenge to the exploration industry has been outlined 
by Williams (1975).

The Federal Government Policies on export of uranium have been sum 
marized by Merlin (1975). In order to provide the requisite technical 
data on uranium reserves and resources the Department of Energy, Mines 
and Resources in conjunction with various departments of provincial 
government agencies such as the Ministry of Natural Resources, Division 
of Mines, began a detailed overall assessment of Canadian uranium reserves. 
The situation will be re-assessed annually with ore reserve calculations 
being based on a price for 11303 of twice the world price at the time of 
re-assessment. Currently, the two catagories are uranium at $15.00 and 
between $15.00 and $30.00. The debate of government policy on energy 
resources clearly underlines the importance of reserve and resource 
studies. The principles, of course, can be extended to other commodities.

MINERAL RESOURCE STUDIES 

Mineral Deposits as Geological Phenomena

Geological concepts such as basin analysis, the location of metal deposits 
in or close to volcanic piles, the significance of iron formation facies 
as an indicator of environment, and the classical concepts relating ore to 
rock types and structure are integrated to define geological environmental 
models. Papers and texts by such authors as Bateman, Billibin, Goodwin, 
Hutchinson, Sangster and Stanton, emphasize the nature of ore deposits as 
geological phenomena.

The paper by Barnes and Ruzicka, already referred to, is an excellent 
example of classification of ore deposits of a particular element (uranium) 
on the basis of relationships to the geochemical cycle. At the Prospectors 
and Developers Association Convention, Toronto, in March 1975, Ruzicka 
gave a paper in which he amplified this scheme (Ruzicka 1975).
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Quantitative Mineral Resource Studies

The models resulting from ore deposit studies are used in the attempts 
to assess Ontario's mineral resources.

Mineral resource estimation is a new but rapidly expanding field of 
the geological sciences. The pioneer work of Allais was published in 1957. 
Allais calculated the mineral production for a large section of the south- 
west United States and applied the results to a similar large area of the 
Sahara Desert. The study was essentially statistical and ignored geological 
parameters. Harris (1965; 1966) developed statistical methods (multi 
variate geostatistical inference) for comparing the geological parameters 
of test areas with those of control areas having known mineral production 
and reserves. The size of the cells was about 400 square miles (1,000 km) , 
which is an area that would contain most geological parameters under con 
sideration. Griffiths and Singer (1971) further analysed use of unit 
regional values as a measure of potential evaluation for large areas and 
concluded for areas such as States or Provinces that this value was inde 
pendent of geology. They further indicated that for the U.S.A. this value 
was $250 / 000 (US 1958) and that this value could be used to evaluate other 
areas.

Harris, Freyman and Barry (1970) developed "The Methodology Employed 
to Estimate Potential Mineral Supply of the Canadian Northwest - an 
Analysis Based upon Geologic Opinion and Systems Simulation" (Barry and 
Freyman 1970a,b). The method used to evaluate Mineral Endowment consisted 
of dividing the area studied into cells and asking a selected group of 
geologists to indicate the size, grade, and frequency of deposits present 
for a number of commodities in each cell. Statistical treatment of the 
resulting data resulted in "probabilistic forecast maps of mineral potential 
in tons of metal per square mile". The method was originally termed 
"subjective probability assessment" but is now known as the Delphi method. 
By using stated prices this could be converted to dollar values and the 
systems analysis was used to forecast tons and value of product which could 
be expected to be shipped if certain transportation links were built.

Of interest, in that it applied to a part of the Canadian Shield, was 
a similar mineral endowment study carried out in Manitoba by Azman, Barry 
and Haugh (1972).

De Geoffrey and Wu (1970) carried out a statistical study of ore 
occurrences in the "greenstone" belts of the Canadian Shield. By studying 
the frequency distribution of ore deposits in 100 square mile (250 km2 ) cells 
of the Archean "greenstone" belts and cover Proterozoic rocks of the Abitibi 
and Sudbury regions, they were able to predict the number and value of ore 
deposits in each of four (4) broad economic zones of the Canadian Shield.

In 1971, De Geoffrey and Wignall carried out a similar study restricted 
to the Grenville Province.
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In 1972, Agterberg and his associates at the Geological Survey of Canada 
published "the Geomathematical Evaluation of Copper and Zinc potential of the 
Abitibi area, Ontario and Quebec". Basically their method comprises "objec 
tive multivariable integration of certain geological and geophysical features 
and their systematic correlation with the occurrence of mineral deposits to 
yield tentative estimate of undiscovered resources" (S.C. Robinson in Fore 
word to Agterberg 1972, p.iii). The parameters were measured for cells 10 
km square.

In 1972, the Geological Branch of the Ontario Division of Mines was 
asked by the Ministry of Transportation and Communications to provide a 
mineral potential estimate for a large sector of northwestern Ontario. For 
comparison with other sectors of the economy the data was requested in 
dollars for each 'cell in a specified V3 latitude- 3*0 longitude grid with each 
cell being approximately 200 square miles (500 km^). Budget and time con 
straints were severe and a further disadvantage was that the field geologists 
were in the field at the time.

After a preliminary review of the literature, it was decided: a) that 
the Delphi methods should be rejected as 1) an in house study was required 
and the field geologists were not readily available and 2) the input format 
did not permit further analysis of geological reasoning; b) that the areas 
we would be concerned with were too small to permit use of the statistical 
regional mineralization analysis without consideration of local geology; 
and c) the very detailed geomathematical study of the Agterburg type would 
not be possible within the budgetory and time constraints but was a 
desireable longer term objective. The method adopted comprised a modified 
unit regional value per square mile with the modification that values or 
mineralization indices were derived for a number of geological environments 
which could be readily recognized on maps of the ODM Geological Compilation 
Series, (final map at l inch = 4 miles or 1:253,440, preliminary map at l 
inch s 2 miles or 1:126,720).

The appropriate 4-mile (1:253,440) scale and 2-mile (1:126,720) scale 
geological maps were brought up-to-date and coded into mineralization 
environments. The environment areas were measured and tabulated for each 
grid block.

In the meantime a number of control areas with known geology similar 
to the study area and with well-documented production and reserve data were 
selected. In the first study, data were tabulated by total dollar value 
but in subsequent studies the data were tabulated by amount of product and 
related to the geological environment on receded geological maps of the 
control areas. This information allows the recoverable product per square 
mile of each geological environment as represented in the control areas to 
be calculated. This value, the mineral index or unit regional value, can 
then be used to estimate the resources for the study area. For each product 
studied the calculated figure minus any previous production is the estimated
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TRANSPORTATION STUDY:

COMMODITY: COPPER ATS 0.67 PER POUND.

(BASED ON 1973 PRICES.)

Figure 11. Format of Mineral Resource Reporting Grid
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undiscovered resource which is then multiplied by a stated price factor 
to give a dollar value. The data can be manipulated to assume dis 
covery rates, production rates, and variations in prices of the com 
modities.

Data supplied to the Ministry of Transportation and Communications 
included a grid for each commodity showing the values and the price used 
(Figure 11). Explanatory text was also provided, the conclusions were 
used to test routes and alternatives suggested by traffic flow studies 
using factors derived in the Northwestern Cordilleran Study (Harris 
et al. 1970).

In the later stages of these studies the estimates are compared with 
those for other quantifiable sectors of the economy. Local knowledge as 
to terrain, both from engineering and aesthetic points of view, is also 
considered. An optimum route is selected and recommended. The next 
stage, public discussion would provide the mining and related industries, 
possibly through professional bodies, the opportunity to present briefs, 
should they so desire. This is true of all types of land use planning.

As a result of such resource studies, which now cover the Superior 
Province, questions on the mineral potential can now be answered on a 
consistent numerical basis. If there is discussion of withdrawing large 
areas from staking, say for a Provincial or National Park, it is possible 
to ascribe a value to the alienated mineral resources. Another benefit 
has been the recognition of areas where geological mapping is urgently 
needed and this has already influenced the field programme of the 
Geological Branch.

These and similar studies carried out by other agencies throughout 
the world suggest that for sufficiently large areas the average value for a 
square mile (2.6 km2 ) of shield-type terrain (US 1970) is $200,000 but that 
within the "greenstone" belts this rises to over l million dollars per square 
mile and for an exceptionally well endowed area such as Sudbury, 55.5 
million dollars per square mile. The uniformity in the results merely 
reflects the fact that all the methods, whether consciously or not, are 
comparing known areas with unknown.

Much work remains to be done in refining the method? geological para 
meters need to be identified for each mineralization type and environment 
found or likely to be found in Ontario; a probability factor needs to be 
built in; mineralization indices need to be calculated for commodities not 
yet analysed. Similar studies for Phanerozoic rocks are also desirable.
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MINERAL POTENTIAL MAP OF ONTARIO

On the basis of the principles given above and of known geology, a 
mineral potential map of the Province has been prepared as input to the 
Strategic Land Use Plan of the Ontario Ministry of Natural Resources. 
Geological Map of Ontario (scale, l inch to 16 miles or 1:1,013,760) 
(Ayres et al. 1971) has been receded to show areas of high, medium, and 
least mineral potential (Figure 12). As geological knowledge increases 
and concepts change these maps will evolve and further editions are an 
ticipated. Small scale versions are being included in the Strategic Land 
Use Plan documents being released to the public. The Mineral Deposits 
section is contemplating a second scale edition (l inch to 16 miles or 
1:1,013,760) to be started later this year. Further editions will be 
issued as data and concepts require.

MINERAL CAPABILITY MAPS

The uses of such maps in broad scale planning are obvious and great 
interest has been expressed within the Ministry and by Treasury, Economics 
and Inter-Governmental Affairs, Ministry of Transportation and Communi 
cations, and Ontario Hydro. The emphasis has been on broad planning be 
cause of course local offices will have access to more detailed information 
which cannot be shown at this scale. Whilst the described work in 
quantifiable and qualitative resource analysis met the needs for regional 
and district planning, there was clearly a need to provide similar material 
which would meet the needs of local planning. Since most of our work has 
been based on the Ontario Division of Mines Geological Compilation Series 
our goal was to prepare a 4-mile (1:253,440) scale series of mineral 
potential maps primarily for the use of planners, although it was realized 
that such maps would also be of use to the mineral exploration industry. 
Mccartney, Fyles, and Matheson (1974) published through a number of 
organizations (including the 1974 convention of the Prospectors and 
Developers Association) descriptions of the British Columbia Mineral 
Capability Maps. It was realized that both the British Columbia and 
Ontario groups were developing similar ideas and techniques. Subsequently, 
discussions were held at which several provincial and federal groups in 
terested in new maps were able to discuss problems of mutual interest.

Over the last year Dr. Janet Springer has been developing the design 
of Mineral Capability Maps at a scale of l inch to 4 miles or 1:253,440 
for use in Ontario. It is proposed to use a six fold rating of capability 
(Figure 13). This effectively doubles the three categories of the 16-mile 
(1:1,013,760) scale maps. It is also one more category than the B.C. maps. 
Categories 3 and 4 on the Ontario Scheme being roughly equivalent to 
category 3 of the B.C. Scheme. It is anticipated that the categories which 
will cause the greatest difficulties are 4 and 5. The formal definitions 
of the categories are given below.
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It will be noted that we are relating the mineral capability to the 
resource classification scheme rather than to the size of the potential 
deposits.

Category l VERY HIGH comprises those areas which contain "discovered" 
resources.

Category 2 HIGH encompasses those areas for which the lithology and 
setting is favourable and presence of showings leads 
one to expect viable deposits.

Category 3 MEDIUM the setting is favourable, but the geological comparisons
are broader, the resources must be considered speculative 
Little or no modern exploration has been carried out.

Category 4 MODERATE

Category 5 UNKNOWN

comprises areas and lithologies which have shown only 
moderate favourability for economic mineralization, 
and where, so far, no discoveries have been made. 
Further exploration could be stimulated by techno 
logical breakthrough such as greater depth penetration 
of geophysical exploration methods.

allows for areas where geological data are lacking, 
for example, where the geological maps are outdated 
or lacking or the bedrock is thickly drift-covered.

Category 6 LEAST encompases those areas and lithologies which are rarely 
associated with mineral deposits.

Figures 14 and 15 illustrate how the system is used. Figure 14 is a 
simplified portion of the recently published Ontario Division of Mines 
Geological map of the Burwash area (Lumbers 1974) and Figure 15 is a mineral 
capability map of the same area. The dominant geological features of the 
area are the Rutter Syncline , the Cosby Batholith and a series of faults 
which mark the southern boundary of a major graben proposed by Kumarapeli 
and Saull (1966).

The bedrock comprises Middle Precambrian sedimentary rocks metamor 
phosed and intruded by Middle Precambrian granitic rocks so that the assem 
blage comprises migmatite (1), gneiss (2), and granite (3), in turn intruded 
by gabbroic rocks of doubtful age (4), and granitic rocks of the Cosby 
Batholith (5), and alkalic syenite (6). Minor iron and silica occurrences 
are found in metasediments west of the Cosby Batholith. Nepheline, corundum, 
garnet, and graphite are recorded in the nepheline syenites but of these 
only nepheline is of economic interest and allanite occurs in the pegmatite 
in the country rock. The nepheline rocks contain too much iron to be of 
current interest to the ceramic industry (Hewitt 1960, p.186). Nepheline 
syenite could constitute a future alumina resource; however, there are
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Figure 14. Geological Map of Rutter Area (after Lumbers 1974)
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better and larger nepheline deposits elsewhere in Ontario (Hewitt 1960). 
The allanite occurrences are of slightly more than mineralogical interest 
and have been prospected for uranium and rare-earths (Hewitt 1960). The 
iron showings are unlikely to arouse interest at this time and silica de 
posits are small. The Cosby Batholith may be suitable for building stone. 
Further geological work would be required to define outcrops and the over 
all suitability of the rock, hence it has been rated 5.

Clearly when compared to other areas of the province this area does 
not contain any zones of very high or high potential. The syenite belt, 
and possibly a small body of gabbro, are considered of higher rating than 
the rest of the area but are only rated 4, and as noted the Cosby Batho 
lith has been rated 5. Thus one characteristic of the mineral capability 
map is that different rocks of different ages have the same rating. In 
some areas e.g. around the diorite and the nepheline syenite, an add 
itional zone has been rated with the igneous rocks to allow for spreading 
with depth, or for deposits adjacent to the contact.

The rest of the bedrock of the area has been rated 6: although it 
constitutes a wide variety of rock types and structures, there is little 
evidence of significant mineralization.

In addition to the bedrock lithologies and known mineral occurrences, 
consideration was given to the structural setting. If the regional fault 
pattern does mark the southern margin of the Ottawa-Bonnechere graben 
system as suggested by Kumarapeli and Saull (1966), the question arises to 
whether the area had a potential for carbonatite or kimberlite although 
none had been identified and whether zones adjacent to the faults should, 
therefore, be rated 5. This demonstrates several points - the need to use 
a team approach to preparation of these maps, the major role which con 
cepts play in the rating process, and the need for marginal notes on a 
map to explain the decisions made and the underlying assumptions.

So far, the discussion has only been of the bedrock resources. It 
is becoming clear that surficial deposits are playing an important role 
in resource planning not only in southern Ontario but also in northern 
Ontario. Where there are areas of possibly significant granular resources 
these are identified and shown on the mineral capability map. Six drift 
areas and a number of scattered small deposits of sand and gravel were 
identified on the Burwash sheet; parts of two of the larger drift areas 
on the geological map were coded as having sand and gravel rather than 
clay and these are indicated on the Mineral Capability map by distinctive 
patterns.

CONCLUSIONS

The Mineral Deposits Section has been formed to complement the work 
of the Geological Branch in the area of economic geology. Staff has been 
recruited and a number of programmes have been initiated and several pilot 
projects have been completed, or are nearing completion. The experience 
from these is being used to set goals and modify techniques.
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The work of the Mineral Deposits Section will lead to a better under 
standing of the ore-deposits of Ontario and will serve 1) to guide industry 
in the more efficient and least costly search for new deposits and 2) to 
provide government with a data and conceptual base for the planning of 
land use, transportation corridors/ and the resource development of the 
Province.

I should point out that a later stage in the planning process is public 
participation and the mining and related industries, possibly through the 
professional bodies, have then the opportunity to present briefs.
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APPENDIX

MINERAL RESOURCE CLASSIFICATION 

ONTARIO SCHEME (1975)
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For the purpose of the classification, a Resource is defined as a 
concentration of naturally occurring solid, liquid, or gaseous materials 
in or on the earth's crust in such form that economic extraction of a 
commodity is currently or potentially feasible. A broader term is Re 
source Base which constitutes all the commodity in question present in the 
earth's crust.

Resources are sub-divided into three groups: 

a) Discovered Resources

Discovered resources are specific bodies of mineral bearing material 
whose location, quality and quantity are known from geological evidence 
supported by engineering measurements. These resources are composed of 
proven and probable reserves plus conditional resources.

i) Proven Reserves

Proven ore is that material for which tonnage is computed from 
dimensions revealed in outcrops or trenches or underground working and/or 
drill holes and for which the grade is computed from the results of adequate 
sampling. The sites for inspections, sampling and measurement are so spaced 
and the geological character so well defined that the size, shape, and 
mineral content are established. The computed tonnage and grade are judged 
to be accurate within limits which must be stated. It must be stated 
whether the tonnage and grade of "proven" ore is in situ or extractable, 
with dilution factors shown, and reasons for the use of these dilution 
factors clearly explained.

The above definition is that approved for use in submissions to the 
Ontario Securities Commission. Calculated tonnages and grades are required 
to be accurate to within twenty percent. Proven ore may be taken as being 
the same as "measured ore" as the term is defined by the United States 
Bureau of Mines. Some jurisdictions include the phrase "legally extract 
able at the time of the study". This would exclude measured mineralization 
in, for example, a national or provincial park.

ii) Probable Reserves

Probable ore is that material for which tonnage and grade are computed 
partly from specific measurements, samples, or production data, and partly 
from projecting for a reasonable distance on geologic evidence. The sites 
available for inspection, measurement, and sampling are too widely or 
otherwise inappropriately spaced to outline the material completely or to 
establish its grade throughout.

Probable ore may be taken as being the same as "indicated ore" as 
defined by the United States Bureau of Mines.
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For purposes such as feasibility studies, summation of tons and grade 
of proven and probable ore reserves may be acceptable if it is stated that 
they are combined.

iii) Conditional Resources: Para-Marginal

Para-marginal conditional resources are discovered resources not at 
present economically mineable but which are expected to become so within 
the next 25 years with a likelihood of more than 50 percent.

The time span and probability factors may vary from case to case and 
must be stated. It must be noted that the definition refers to deposits 
which will become economically mineable. This does not necessarily mean 
that they will actually be mined within the stated time span.

iv) Conditional Resources: Sub-Marginal

Sub-marginal conditional resources are discovered resources not at 
present economically mineable but which may become so within the next 25 
years. The likelihood is, however, less than 50 percent although more 
than 10 percent.

b) Expected Additional Resources

Expected additional resources are undiscovered materials that may 
reasonably be expected to exist in known mining districts under known 
geological conditions.

Exploration that confirms the existence of expected additional 
resources, and reveals quantity and quality, will permit their reclassi- 
fication as proven or probable reserves or conditional resources.

Expected additional resources may be classified into economic, para- 
marginal, and sub-marginal categories in the same way as discovered 
resources.

A special case of expected additional economic resources are Possible 
Reserves which are defined as follows:

Possible ore is that material for which quantitative estimates are 
based largely on broad knowledge of the" geologic character of the deposit 
and for which there are few, if any, samples or measurements. The estimates 
are based on an assumed continuity or repetition for which there are reason 
able geological indications; these indications may include comparison with 
deposits of similar type. Bodies that are completely concealed may be 
included if there is specific evidence of their presence.
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Possible ore is similar to "inferred ore" as defined by the U.S. Bureau 
of Mines although, to most geologists, "inferred" is a considerably broader 
term than "possible".

The inclusion of possible ore in ore reserves for the purposes of cost 
and feasibility studies is not acceptable.

c) Speculative Resources

Speculative resources are undiscovered materials that may occur in 
known types of deposit in a favourable geological setting where no dis 
coveries have yet been made or in as yet unknown types of deposit that 
remain to be recognized.

Exploration that confirms the existence of speculative resources 
and reveals quantity and quality will permit their reclassification as 
proven or probable reserves or conditional resources.

Speculative resources may be classified into economic, para-marginal, 
and sub-marginal categories in the same way as discovered resources. This 
exercise has, however, limited practical value.
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