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Highlights

Solid-earth sciences serve Canada in nu-
merous ways and provide essential ser-
vices in major growth areas of the Cana-
dian economy.

This study relates to the solid part of
the earth and includes geology, geophy-
sics, geochemistry, physical geography,
hydrogeology, soil science, and several
related disciplines. It embraces research
and development, scientific data collec-
tion, and scientific information activities
related to these disciplines.

Here, for the first time, is a detailed ac-
count of solid-earth science activities in
the mineral and construction industries,
federal and provincial government agen-
cies, and research councils and universi-
ties.

The study describes the present pat-
terns, and proposes major improvements
for earth science activities during the
next decade. The most important,ﬁnd{ngs
and conclusions follow.

The importance of earth sciences in
our national life extends far beyond the
development of mineral resources, al-
though this activity remains the most im-
portant for the 6 000 earth science profes-
sionals practising in Canada. Earth
sciences contribute to other important
objectives, including regional and north-
ern development, improved building and
engineering ‘construction, urban plan-
ning, development of water resources,
management of renewable resources such
as agricultural soils and forests, multiple
land use, and pollution control.

In 1968, the total earth science expen-
ditures in Canada were:

Research $ 30 million
Development 6 million

Data interpretation 30 million
Data collection 217 million

Exploratory drilling 172 million
Scientific information 13 million
Total $ 468 million

Excluding expenditures by industry on
exploratory drilling, the financial partici-

pation of the various sectors in these acti-
vities is: industry, 80 per cent; federal
government, 12 per cent; provincial gov-
ernments, 6 per cent; and universities, 2
per cent.

Notwithstanding the importance of
earth science activities in Canada’s deve-
lopment, the great majority of Canadians
have scarcely a rudimentary knowledge
of the earth on which they live. The fast-
growing interest in our physical environ-
ment, the mounting pressures concerning
landscape preservation and anti-pollu-
tion, the need for improved urban plan-
ning, and the importance of natural re-
source development in Canada highlight
the relevance of earth sciences for Cana-
dians.

Students in our secondary schools
should be given the opportunity to learn
the principles of science through discov-
ery of the physical world in which they
live-the atmosphere, the lakes and rivers,
the oceans, the mountains, the rocks, the
minerals-so that science can be seen to
be relevant and useful. We thus submit:

Provincial departments of education
should encourage and promote the
teaching of earth science in secondary
schools.

For several years there has been a
shortage of earth science professionals in
Canada. Of the positions available in
1968 for earth scientists, only 35 per cent
were filled by the output of Canadian
universities; scientists from abroad filled
a large part of the Canadian need. Of
graduate students now in geology, geo-
physics and physical geography, over 40
per cent are non-Canadians.Universities
must face the challenge of increasing the
number of graduates while simulta-
neously fostering research training.

In spite of the present major rejuvenat-
ing process in geology, comparable to
that experienced by physics in the 1890s,
and the important contributions of geolo-
gy and geophysics to Canada’s economic
and regional development, many earth
science departments in Canadian univer-
sities are inadequately housed. We con-
clude:



Government and university administra-
tors should take steps to improve earth
science facilities in the universities.

Centres for special studies (centres of
excellence) in earth sciences should be
developed in some universities, with the
support of government and industry.
These centres should focus on important
national scientific problems, with special
emphasis on studies of earth features
which are uniquely or best developed in
Canada. We conclude:

The following fields are exceptionally
suited for special Canadian studies (in al-
phabetical order): Cordilleran studies,
marine sciences, mineral exploration re-
search, northern terrain research, Precam-
brian studies, and Quaternary studies. Be-
cause of earth features best developed in
Canada, geomagnetism, geotectonics, gla-
ciology (including snow and ice), meteorite
crater studies and mineral deposits geology
are well suited for Canadian research.

Canadian earth scientists are not
exempt from “solitudes”. A major objec-
tive of policy in earth sciences should be
better co-ordination of their activities and
establishment of better communications
among geoscientists in industry, govern-
ment and universities. Earth science acti-
vities should be considered as an area for
federal-provincial co-operation and co-
ordination and should avoid constraints
arising from matters of jurisdiction. In
conjunction with several conclusions ap-
pearing in this report on the subject of
co-ordination, we submit:

The major advisory functions on the ori-
entation, and to some extent the funding,
of earth science research in Canada should
be distributed as follows:

a) National Advisory Committees (such
as the National Advisory Committee on
Mineral Resources Research recommend-
ed herein), multidisciplinary in nature,
representative of all major sectors and
funded by the federal government, to ad-
vise governments and industry related to
research in major national missions;

b) Research Committees formed by
scientific and professional societies, to
achieve co-ordination among specific
6

earth science disciplines, to provide ad-
vice on future research, and to perform
related functions:; and

¢) Committees of the National Research
Council to provide grants-in-aid for uni-
versity research. N

The mineral industry is by far the lar-
gest performer of earth science activities
in Canada and the largest employer of
earth scientists. The sustained growth of
this industry is essential to Canada’s eco-
nomic and social development. To this
end, mineral exploration should be vi-
gorously pursued and encouraged. Re-
search into new methods and instrumen-
tation for increasing the efficiency of
mineral exploration warrants particular
encouragement in industry, government
agencies and universities. Thus, we con-
clude:

The Canadian Government should adopt
measures to encourage the mineral in-
dustry to carry out, or support, more “in-
Canada” earth science research. Industry
should co-operate fully with government
agencies and universities in the establish-
ment of the Canadian Geoscience Data In-
stitute, the establishment of central core
storage libraries, the conduct of research
in mineral exploration and drilling tech-
nology, and the provision of research fel-
lowships associated with industrial sabbati-
cal leaves. Universities should, before
1975, double their present level of research
in economic geology and triple it in explo-
ration geochemistry and geophysics.

Earth science research should be act-
ively pursued in areas of major concern
related to building and engineering con-
struction, urban planning, multiple land
use, management of renewable resources,
control of pollution, and geochemical
aspects of nutrition and health. Conse-
quently, we submit:

Geotechnical research and development
by the construction industry and the engi-
neering profession should be encouraged
through tax incentives. Better co-ordina-
tion is needed among the various govern-
ments, including municipal authorities, to
ensure an adequate earth science input in
urban and regional planning.



Scientific investigation and mapping of
surficial deposits and landforms should be
accelerated to meet the rapidly growing
needs of better land use and ensure the
proper development of renewable resour-
ces. Education, training, mapping and re-
search relating to renewable resources
should emphasize a multidisciplinary ap-
proach to problems.

There is very little earth science basic
research in Canada that anyone would
wish to curtail. The level of this research
is barely adequate to meet the need for
fundamental scientific knowledge relating
to national endeavours and research
training. By improving the effectiveness
of our earth science activities, building on
existing strength, and promoting research
on typical Canadian problems such as
the Precambrian Shield, northern
terrains, Quaternary geology and the like,
Canada could readily acquire, at relat-
ively minor cost, a greater position of
prestige in international science while
still nurturing science that is of immedi-
ate benefit to the nation. This is why we
recommend:

A comprehensive and multidisciplinary
program of research into the origin and
evolution of the Canadian Shield should be
undertaken in Canada during the next
decade.

Finally, we have developed in this re-
port a basic philosophy on the role of
earth sciences and natural resource deve-
lopment in Canada’s programs of assis-
tance to developing countries. Several of
our conclusions on this subject in
Chapter VIII have far-reaching implica-
tions, not only for the Canadian Interna-
tional Development Agency but for the
Canadian earth science community as
well. Thus we conclude:

National resources development and its
necessary input of earth sciences should be
an important component of Canada’s
programs of external aid. A realistic target
for earth science activities in these pro-
grams is $30 million by the year 1975, in-
volving 200 man-years of professional and
60 man-years of technical manpower. In
this connection, the Department of Energy,

Mines and Resources should establish an
Overseas Branch, funded by CIDA, to pro-
vide a permanent cadre for earth science
work overseas.

The Solid-Earth Sciences Study Group



Conclusions

In the following list, conclusions appearing
in the text are grouped according to the
major themes or functions to which they
relate, and subgrouped according to the
major sector primarily addressed.

Communications and Co-ordination

Federal and Provincial Governments
Earth science activities should be clearly
designated as an area for federal-pro-
vincial co-operation and co-ordination
to meet the needs of the country; the
planning and conduct of these activities
should not be subject to constraints
arising from matters of jurisdiction (/1.7
p. 90)

The Department of Energy, Mines and
Resources should convene a national
conference of representatives from earth
science mapping agencies in the federal
and provincial governments and users in
industry to: a) summarize the current
level of knowledge and rate of progress
in completing the earth science map re-
quirements of the nation; b) review the
present standards of data collection, data
compilation (legends, etc.) and publica-
tion; ¢) define the future national and
provincial needs in terms of types of data
(geological, geophysical, geochemical, to-
pographic) and scales of publication; d)
develop detailed federal-provincial co-
operative programs for the completion
and publication of a national systematic
map coverage on 1:250 000, 1:50 000, and
detailed scales, and determine related
funding on a cost-sharing basis (V11.3,
p-277)

An ad hoc “Earth Science Committee
on Land Information” should be formed
by the Canadian Council of Resource
Ministers and charged with the task of re-
commending measures and mechanisms
designed to establish and maintain ap-
propriate communication between pro-
viders and users of earth science “land”
information, and particularly among
the various provincial and federal agen-
cies involved in this field (VI.10, p. 266)

Knowledge and evaluation of the engi-
neering significance of a wide variety of
terrain conditions and earth materials
and processes are essential to resource
development. A high level of Canadian
competence in geotechnique must there-
fore be maintained (V.1, p. 231)

Federal Government

A National Advisory Committee on Min-
eral Resources Research should be estab-
lished by the Department of Energy,
Mines and Resources to co-ordinate a na-
tional program of mineral resources re-
search (11.9, p. 95)

The National Research Council and
the Department of Energy, Mines and
Resources should review the roles of their
Associate and Advisory Committees with
a view to clarifying their mission-orienta-
tion and transferring increased responsi-
bility for the co-ordination of discipline-
oriented research to the appropriate pro-
fessional societies (11.10, p. 95)

Plans for the establishment of a Na-
tional Scientific and Technical Informa-
tion Service should recognize the desira-
bility of integrating earth science infor-
mation into the network. To this end, it
is important that earth scientists be repre-
sented on the secretariat and board of
directors of any bodies that may be
formed to direct the operation of the na-
tional network, and that the earth
sciences be fully included in the journals
of research, bibliographies, indices and
other information provided by the Ser-
vice (1115, p. 124)

The Government of Canada should es-
tablish a continuing interdepartmental
committee on earth sciences, with mem-
bership drawn from the user departments
and agencies (11.2, p. 87)

The Government of Canada should es-
tablish a task force to study its present
allocation of financial and personnel re-
sources to the national survey of
“surficial geological” materials and to
formulate a plan toward co-ordinating
and accelerating the federal effort to
meet rising needs of urbanization,
groundwater resources, engineering con-
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struction, waste disposal and pollution, as
well as the continuing needs of agricul-
ture (VIL4, p. 282)

It is essential to maintain liaison with
the United States resource satellite prog-
rams to ensure access to resource data
and technology of use to Canada. The
Federal Government should ensure that
the necessary international and national
co-ordination is developed and that re-
search is sufficient to ensure the fullest
benefits to the nation. The planning and
implementation of such an arrangement
should ensure the fullest participation
and data access by industry, universities,
and provincial government agencies
(VILS, p. 283)

The earth science research and services
related to regional and northern develop-
ment should be centralized in the De-
partment of Energy, Mines and Resour-
ces(11.3, p. 88)

The earth science activities of the De-
partment of Energy, Mines and Resour-
ces require closer co-ordination. This
can be encouraged by grouping a
number of the earth science activities re-
lating to non-renewable resources (pre-
sently located under four separate assis-
tant deputy ministers) under the assistant
deputy minister for geosciences (1.4,
p-89)

To make its results more quickly avail-
able, yet at competitive cost, the Geologi-
cal Survey of Canada should be assigned
complete responsibility for its own publi-
cations (11.5, p. 89)

Within the sphere of Canadian geo-
technical activities, effective organiza-
tions exist to foster communication and
to co-ordinate Canadian geotechnical
research. Representative membership
and continued financial support for the
national advisory research committees
are essential to effective communication
and co-ordination of research effort (V.5,
p. 243)

Provincial Governments

Consideration should be given to the for-
mation of provincial earth science co-or-

dinating committees composed of senior
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representatives of user departments and
agencies, as well as of other groups per-
forming earth science research in the pro-
vinces, to provide a forum for discussion
and co-ordination of earth science activi-
ties at the provincial level, and to appraise
and evaluate current work in terms of pro-
vincial and national goals (11.13, p. 108)

Industry

The mineral industry should co-operate
fully with government agencies and uni-
versities in establishing the Canadian Sys-
tem for Geoscience Data and contribute
to the formation of a Canadian Geo-
science Data Institute (IV.14, p. 215)

Universities

Universities should define the basis upon
which they would be willing to integrate
their research-training policies with the
research activities of government agen-
cies, research councils, and industry.
Such definition should include the basis
(obligations and privileges) for temporary
appointments, the sharing of facilities
and expenses, and the basis of supervi-
sion of graduate students either on
campus or in the matching organization.
Government and industrial organizations
located near university campuses should
initiate discussions on means of sharing
facilities and personnel in the interests of
national effectiveness (11.8, p. 91)

The growth of earth science university
groups involving geologists, geophysicists,
geochemists, geographers and others
should be encouraged, and so should the
development of soil science groups in-
volving as many of the essential disci-
plines as possible (I11.8, p. 153)

Scientific and Professional Societies
Scientific societies should play a more ac-
tive role in bringing earth science into the
public eye. Government agencies, in-
dustry, universities and museums should
co-operate more closely in educating the
general public on the Canadian georama
and stressing the importance of earth
science activities in reaching national
goals (1114, p. 139)



A Council of the Canadian Earth
Science Societies should be established to
provide advice to governments and to
perform many of the common functions
necessary for the development of the
earth science professions in Canada.
Leaders of the earth science societies
should convene a meeting of senior
members to examine areas for co-ordina-
tion and co-operation and the formula-
tion of long-range plans (11.14, p. 120)

Scientific and professional societies
concerned with geotechnique should play
a more active role in informing govern-
ment authorities and educating the gen-
eral public about the cost benefits of the
use of geotechnique in the early planning
stages of physical development, to avoid
terrain misuse and foster economic and
safe construction (V.6, p. 244)

Education and Training

Provincial Governments

Provincial departments of education
should encourage and promote the teach-
ing of earth science in secondary schools,
so that science can be seen to be relevant
to the physical world in which the stu-
dent lives, and in order that the funda-
mental principles of science be taught
within the frame of reference of man’s
environment. Universities should help in
the training of high school teachers and
the development of the audio-visual aids
and texts required for this modern course
(1115, p. 143)

To avoid excessive dispersion of ener-
gies and encourage the development of
excellence in earth science research and
training, provincial governments and uni-
versities should not authorize the estab-
lishment of new advanced-degree pro-
grams in the earth sciences except where
there is a demonstrable demand for earth
scientists with a certain type of specializa-
tion. These programs should be estab-
lished only where the ratio of bachelor
graduates to faculty has been greater
than 2 to 1 during four consecutive years,
and on the basis of firm commitments
from the local government and university

to provide a minimum faculty of 10, as
well as adequate teaching and research
facilities (111.10, p. 164)

Universities

Canadian universities are not meeting
national manpower needs in most earth
science fields, in terms of both output of
professionals and the type of graduates
produced. In addition to providing better
physical facilities for earth science de-
partments, universities are urged to fulfil
the nation’s earth science manpower
needs by encouraging more students to
enter the earth science professions,
adapting several of their courses to meet
these needs, and promoting the wide-
spread introduction of a modern earth
science course in secondary schools
(1116, p. 147)

Undergraduate training in the earth
sciences should be broadly based, with
increased emphasis on the unifying con-
cepts in geology, modern theories of glo-
bal evolution, basic sciences, statistics,
and computer technology. Better balance
in curriculum content should be achieved
by greater consideration of national man-
power needs, as well as greater inter- and
intra-departmental communications and
co-operation. “No-thesis” advanced de-
grees should be introduced to meet the
needs in the expanding sectors of the
economy and the interdisciplinary areas
in which Canada may, in the future,
make rapid strides (111.7, p. 152)

Adequate training of professionals in
the various aspects of geotechnique
should be supported at the postgraduate
level on the basis of strong interrelations
among university departments of civil
engineering, geology, and other disci-
plines of earth science. Interdepartmental
instruction and research in geotechnique
should be fostered by the universities and
encouraged through research grants
(V4 p 239)

Canadian universities should foster
and expand graduate programs in hydro-
geology, both through specific training-in
an earth science context-in subjects spe-
cific to hydrogeology, and by providing
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a broad base in hydrological sciences, en-
vironmental sciences and water resource
management (VI1.4, p. 262)

Industry

Industry should provide training oppor-
tunities to female as well as male earth
science students, and provide more ca-
reers for women in the earth sciences
(I11.9, p. 153)

Economic Development

Federal-Provincial Governments
Government-funded and operated core
storage libraries should be established to
improve the effectiveness of Canadian
mineral exploration and to promote earth
science research on Canadian problems
(IV.13, p. 214)

Present topographic mapping at the
1:50 000 scale should be accelerated to
ensure full coverage of all provinces and
designated areas of the Yukon and
Northwest Territories prior to 1975. Tar-
get dates and funding of 1:25 000 scale
topographic mapping in urban areas
should be established through federal-
provincial consultations (VII1, p. 274)

The present rate of geological mapping
at 1:250 000 (4-mile scale) should be ac-
celerated to ensure complete national
coverage by 1980, with uniform standards
of information and precision. Goals for
the sequence and rate of coverage of 4-
mile studies, as well as follow-up investi-
gations in economic areas on a 1-mile
scale in the Northwest Territories and
Yukon, should be established co-opera-
tively by the Department of Indian Af-
fairs and Northern Development and the
Department of Energy, Mines and Re-
sources, and performed by the Geological
Survey of Canada. Similar 10-year goals
for systematic geological mapping should
be established through co-operative agree-
ments with the provincial governments
(VIL2, p. 276)

Provincial governments should acceler-
ate their detailed geological mapping (at
scales of 1:50 000 or larger) of the urban
and surrounding population growth
12

areas, with particular emphasis on surfi-
cial materials, land forms and hydrogeo-
logical data. Federal government agen-
cies should assist in these programs,
particularly in individual pilot studies,
and provide geotechnical compilations
and analyses of national interest ( V.3,

p- 236)

The proposed National Advisory Com-
mittee on Mineral Resources Research
should assume the responsibility of deve-
loping and monitoring a national prog-
ram for exploration, exploitation, and
policy formulation related to the non-
renewable resources of Canada’s conti-
nental shelves (VII.6, p. 286)

General land inventories and associat-
ed land research providing scientific in-
formation for various purposes should be
assigned priorities by appropriate gov-
ernment agencies (at the federal and pro-
vincial levels) on a basis similar to that
used in assigning priorities for topogra-
phical mapping (VI.8, p. 265)

Provincial Governments

The present level of earth science activity
by provincial departments is insufficient
to meet regional requirements, and
should be increased correspondingly to
reflect the present and potential revenues
derived from the mineral industry (11.12,
p- 98)

Geological mapping agencies in Can-
ada, and particularly agencies of provin-
cial governments, should increase mar-
kedly their output of geological work
oriented specifically to environmental
and land use planning. This work should
be concerned with bedrock as well as un-
consolidated earth materials and terrain
(VL6, p. 264)

Municipal Governments

Each major city should have at least one
geotechnical engineer, whose functions
should include the systematic collection
and compilation of earth science data
from all available sources and the dis-
semination of this information for urban
planning and construction needs (V.2,
p-235)



Industry
For several of our major mineral com-
modities, including uranium, the “life
index” of the 1967 “measured” and “in-
dicated” reserves is too low in relation to
anticipated market demand and Canadi-
an production expectations to 1985; thus,
mineral exploration must continue to be
vigorously pursued (IV.8, p. 194)
Assuming that new fiscal regimes will
not hamper the normal progress of the
mineral industry and the tempo of mine-
ra] exploration, it is estimated that in
1985: a) the gross value of Canadian
mineral production will reach $10-12 bil-
lion a year compared to $4.7 billion in
1968; b) exploration expenditures may
attain $1 billion a year compared to
about $400 million in 1968; and c) the
number of geoscientists in mineral explo-
ration may exceed 8 000, compared to
4000 in 1968 (1V.7, p. 194)

Research

Federal-Provincial Governments
Science policy makers and research-fund-
ing organizations in Canada should re-
cognize that research and development in
mineral exploration must be encouraged
as a means of promoting economic deve-
lopment, and accept the fact that this
R & D is frequently and necessarily per-
formed in the field (1V.4, p. 189)
Increased attention should be given to
scientific investigation of land dynamics
and geological hazards, combining basic
concepts of sedimentology, hydrology,
geomorphology, soil and rock mechanics
(V19 p. 266)

Continuing increase in the use of the
groundwater zone, both as a source of
water supply and as a medium for dis-
posal of liquid and semi-liquid wastes,
requires effective application of concepts
and techniques of hydrogeology as well
as administrative co-ordination of rele-
vant aspects of environmental and water
resource management procedures. All
levels of government should recognize
this need for co-ordinated action (VL1.5,
p. 262)

The management of water resources
must be based upon pertinent land data
in addition to information on the water
itself, thus requiring an important input
from earth sciences (V1.3, p. 258)

New geotechnical programs within the
various areas of responsibility of federal
and provincial government agencies
should be directed toward providing new
knowledge in the fields of urban geology,
engineering geology, rock mechanics,
hydrogeology, muskeg and permafrost,
as an aid to national development and
increased Canadian geotechnical compe-
tence and manpower capacity in these
fields (V.11, p. 249)

In setting priorities for pedological and
surficial geology inventory surveys, in-
creased emphasis should be placed on
forest lands, particularly in relation to
forest land inventory (V1.2, p. 258)

Soil science in Canada should be broa-
dened, in terms of both training and re-
search. In addition to fulfilling its tradi-
tional role in agriculture, soil science
should meet the expanding needs of for-
estry, water resources, soils engineering,
mineral exploration and regional plan-
ning (VL1, p. 255)

Federal Government

To meet the urgent need for better infor-
mation concerning Canadian scientific
manpower, the Federal Government
should direct one of its agencies to deve-
lop a comprehensive manpower register,
to be operated on a contract basis by the
appropriate professional and scientific so-
cieties (I11.1, p. 50)

It is in the national interest that the
Federal Government reassess its current
level of expenditure on earth science acti-
vities. In the light of a reassessment, in-
volving consultations with provincial gov-
ernments and industry, the Federal Gov-
ernment should establish realistic goals
and levels of expenditure and activity: to
meet the needs of national economic dev-
elopment and encourage the growth of
the mineral, agricultural and construction
industries; to support regional and north-
ern development; to meet the cultural,

13



environmental and recreational needs of
Canadians; and to provide the necessary
assistance in external aid (11.6, p. 89)

To encourage the mineral industry to
develop research centres in Canada and
increase their level of mineral exploration
research, consideration should be given
to tax abatements calculated on the total
yearly research budget spent in Canada
(1V.9, p. 203)

To accelerate development of Canad-
ian expertise and knowledge concerning
northern terrain and permafrost phenom-
ena, increased research funds should be
made available at universities to encour-
age earth scientists and engineers to spe-
cialize in these fields. As recommended
in Chapter 111, a centre of excellence in
northern terrain research should be one
of our national priorities (V1.7, p. 264)

The Earth Science Grant Selection
Committee of the National Research
Council should include earth scientists
from industry or government; this Com-
mittee should be more selective in judg-
ing grant request (/1.11, p. 96)

Industry

The 1985 target for geotechnical research
and development expenditures should
reach 2 per cent of the value of the engi-
neering costs of construction to which
geotechnique applies. This target will be
of the order of $15 million, or approxi-
mately four times present geotechnical

R & D expenditures (V.7, p. 247)

An eastern and a western centre of ex-
cellence in mining exploration research
should be established with the close co-
operation and support of industry, gov-
ernment and some universities (IV.10,

p- 205)

The mineral industry should support
more research on the usefulness of
various combinations of geological, geo-
physical and geochemical methods in a

variety of geological conditions and Ca-
nadian terrains (IV.1, p. 188)

To take full advantage of the wealth
of scientific knowledge that could be ob-
tained from operating mines where ore-
bodies are exposed in three dimensions,
14

mining companies should post a research
geologist at each of their major mines or
mining districts to systematically gather
and carefully analyse the geological data
that could otherwise be irretrievably lost
(Iv.2, p. 189)

Industry and government agencies
should institute sabbatical leaves for their
scientists to pursue earth science research
in universities for certain lengths of time.
The mineral industry should avail itself
of the PIER program of industrial research
fellowships of the National Research
Council (1V.6, p. 189)

Universities
Canada should promote centres for spe-
cial studies (centres of excellence) in the
following earth science fields: Cordilleran
studies, marine sciences, mining explora-
tion research, northern terrain studies,
Precambrian studies, Quaternary studies,
and sedimentary geology (/I1.11, p. 169)
The following fields are exceptionally
suited for Canadian research (in alphabe-
tical order): geomagnetism, geotectonics,
glaciology (including snow and ice), min-
eral deposits geology, mining exploration
geophysics, muskeg studies, permafrost
studies, Precambrian research, and Qua-
ternary geology (111.3, p. 135)

Federal Government

The Dominion Bureau of Statistics
should clarify its definitions of scientific
activities to confirm that the earth science
activities performed in the field to ad-
vance scientific knowledge and discover
new applications of scientific principles
are to be categorized as research. Consid-
eration should also be given to including
under research and development the in-
terpretation of geoscientific surveys ser-
ving the operational needs of the mine-
ral exploration industry (L1, p. 33)

A comprehensive and multidisciplinary
program of research into the origin and
evolution of the Canadian Shield should
be undertaken during the next decade,

‘with particular reference to geodynamics

of proto-continents, and Precambrian se-
dimentation, volcanism, plutonism, meta-



morphism, and orogenesis. This program
should be under the general direction of
the Geological Survey of Canada and
should entail the active co-operation of
provincial agencies, industry and univer-
sities. A major synthesis of this research
should be published in 1980 (1111,
p.132)

Fundamental knowledge on the nature
and history of the major elements of
Canada’s geological provinces and their
correlation with similar elements in conti-
guous regions of the world should remain
a prime research objective of the govern-
ment agencies and university depart-
ments engaged in earth science activities
(111.2, p. 132)

" A national program of research and
development to improve Canadian explo-
ration drilling technology should be un-
dertaken jointly by the National Re-
search Council and Canadian-owned
drilling contractors, and with the co-oper-
ation of the mineral industry (1V.11,
p.211)

A national program of research should
be initiated by the National Research
Council to develop better instruments
and improved methods of borehole sur-
veying (IV.12, p. 211)

The Canadian Government should
adopt measures to encourage the mineral
industry to carry out or support more
earth science research in Canada (IV.3,
p-189)

The 1985 target for geotechnical re-
search and development expenditures
should reach 2 per cent of the value of
the engineering costs of construction to
which geotechnique applies. This target
will be of the order of $15 million, or
approximately four times present geo-
technical R & D expenditures (V.7,

p. 247)

The present level of federal govern-
ment support for research in geotech-
nique in the universities is at a minimum
and the annual growth of this support in
proportion to the budget increases of the
fund-granting agencies is sufficient only
to maintain this minimum. Support of
the present university research programs

must be continued, and the federal gov-
ernment fund-granting agencies should
be prepared to provide increased support
for new research programs in urban geol-
ogy, engineering geology, rock mechan-
ics, hydrogeology, muskeg and perma-
frost (V.10, p. 249)

Canadian universities should increase
their level of mineral exploration re-
search and, before the year 1975, double
their present level of research in eco-
nomic geology and triple that in explora-
tion geophysics and exploration geoche-
mistry (1V.5, p. 189)

The faculty of departments of civil en-
gineering, geology and geography
should pay more attention to the opportu-
nities for research and development in
urban geology, engineering geology, rock
mechanics, hydrogeology, muskeg and
permafrost, particularly as these fields
relate to national development (V.9,
p. 248)

Foreign Aid

A realistic target for the magnitude of the
earth science aid to developing countries
is $30 million for 1975, involving 200
man-years of professional and 60 man-
years of technical manpower allocated
annually to earth science activities
abroad (excluding manpower of contract-
ing firms) (VIII1.3, p. 303)

Natural resource development, with an
indigenous training component, should
figure pre-eminently in Canada’s exter-
nal aid programs. To ensure the avail-
ability of suitable experts for resource
development work abroad, CIDA should
define its earth science manpower re-
quirements for a five-year period to allow
for the orderly training and recruiting of
Canadians for Canada’s bilateral and
multilateral assistance programs (VII1.2,
p. 301)

In the resource field, Canadian techni-
cal assistance to developing countries
should be part of a concerted effort,
based on an integrated approach to na-
tural resource development, and with
good priority setting. The individual
programs should be multistage and sus-
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tained. Their performance should be as-
sessed through mid-project reviews and
post-project appraisals (VIIL4, p. 305)

The Canadian International Develop-
ment Agency should solicit more actively
the co-operation of other government
agencies for establishing the policies and
objectives, developing the planning and
supervising the execution of earth
science programs of foreign aid. The
present post of Foreign Aid Co-ordinator
in Geosciences should be upgraded to the
level of a senior official, who would be
attached to CIDA at the International
Development Committee level (VIII1.6,
p. 309)

The Department of Energy, Mines and
Resources should establish an Overseas
Branch, with a permanent cadre of earth
science specialists having the scientific or
technological competence, proper atti-
tudes, personal qualities and interest de-
manded for foreign work. This Branch
should be financially supported by the
Canadian International Development
Agency (VIIL7, p. 310)

The basic philosophy in Canada’s edu-
cation and training programs in the earth
sciences should be: a) all training should
aim at fulfilling the recipient country’s
most pressing needs; b) the major em-
phasis should be on training in the recipi-
ent country or in the UN-sponsored re-
gional earth science institutes, rather than
in Canada; c) training in Canada should
be specifically and exclusively oriented
toward the strengthening of counterpart
institutions in the developing countries;
d) training in Canada should be reserved
for really outstanding students, for senior
people who have had and will continue
to have extensive contacts with their fel-
low countrymen, and for instructors in
technical fields (VIIL.8, p. 315)

The Canadian International Develop-
ment Agency should develop immediate-
ly a program of “pairing” of certain earth
science departments of Canadian univer-
sities with their counterparts in develop-
ing countries, and also assume the finan-
cial support of all students and postdoc-
torate research fellows from these coun-
16

tries. The actual selection of these students
and research fellows should be done
mainly by the institutions concerned
(VIILY, p. 316)

The Canadian Government should fin-
ancially assist Canadian-owned mining
and petroleum companies with their
commercial mineral exploration prog-
rams in countries eligible for Canadian
aid, where it can be shown that such ex-
ploration programs will assist signifi-
cantly in reaching aid objectives (VIII.1,
p- 299)

The Canadian International Develop-
ment Agency should establish the policy
whereby the major scientific results aris-
ing from Canadian aid programs are
published in suitable journals, preferably
in the recipient country and with due ac-
knowledgment to Canada’s contribution,
and in Canada as well, where it should
be filed both at CIDA and the Overseas
Branch of the Department of Energy,
Mines and Resources (see Conslusion
VIIL7). The publishing costs should be
be built into the assistance budget
(VIILS, p. 308)
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Chapter |

The Nature
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“Crafty Men contemne studies;
simple Men admire them;
and wise Men use them.”

Francis Bacon, 1608

I.1 Prologue

Man is a compulsive discoverer. As this
report was being prepared, astronaut
Neil Armstrong became the first man to
set foot on the moon. This triumph of
science and technology illustrates man’s
appetite for knowledge and his urge to
explore and understand the universe.

The sciences dealing with the solid part
of the earth, which are the object of this
Special Study, cover a wide spectrum of
activities related to both the exploration
of our planet and our best use of it. As
Charles Kingsley remarked almost a cen-
tury ago, if we do not intend to live on
the earth as hermits, we must learn to
take full advantage of our physical envi-
ronment, whether it be for ensuring our
technology of affiuence or controlling the
environment for our comfort and safety.

In this report we indicate the extent to
which earth science activities affect im-
portant facets of our national life. In the
context of an expanding economy and an
increased use of earth sciences in the ser-
vice of the nation, we propose a number
of major goals to improve the effectiveness
of earth science activities in Canada.

Our land offers unsurpassed opportu-
nities for the study of many features of
the solid part of the earth, for example
Precambrian sedimentation and volcan-
ism, Quaternary features, etc. From a
purely scientific point of view we owe it
to ourselves, as well as to international
science, to apply our expertise to the
study of the earth’s phenomena, particu-
larly those well developed in Canada.

Earth sciences fit the Canadian scene
more than any other scientific discipline
and should be widely taught in our high
schools and universities. 1t is suggested in
this report that they become part of our
national culture. Indeed, without this
knowledge how can we intelligently enjoy
28

the beauties of nature and understand
the forces that created them? Would it
not be appropriate for Canadians to have
a better appreciation of their physical en-
vironment?

The mineral industry is a major con-
tributor to our national wealth and fo-
reign trade. The exploitation of mineral
resources 18 also an important factor in
regional development, including the de-
velopment of the North. It provides a
means of strengthening our sovereignty
in the Arctic and our claims to 1.5 million
square miles of continental shelf areas.
The sustained growth of this industry de-
pends on a continuous replenishment of
mineral reserves, which requires risk cap-
ital, improved technology, and the suc-
cessful application of earth sciences to
the search for new sources of minerals in
the earth’s crust.

The distribution, properties and equi-
librium conditions of soils, permanently
frozen ground, peat, ground water, and
various types of rocks affect engineering
structures. Earth sciences thus find im-
portant applications in the construction
industry, particularly in foundation engi-
neering, transportation, and urban deve-
lopment. Earth science research in such
fields as muskeg and permafrost must
help reduce northern construction costs
to the level of those farther south so that
people and industry can afford to move
to the North. Our ability to predict time,
place and magnitude of earthquakes,
landslides, floods and other earth haz-
ards is also very much dependent on our
knowledge of the behaviour of the earth
and the nature of surficial processes.

Earth sciences find important appli-
cations in the field of renewable resour-
ces. The materials of the earth’s surface,
and the geological processes which have
produced them, affect such resources as
agricultural soils, forests and ground
water. Proper management of these re-
sources is increasingly dependent on
earth science activities.

In foreign aid, Canada can provide im-
portant earth science expertise to help in
the natural resource development of



emerging nations. As discussed in Chap-
ter VIIL, it should be a major objective of
Canadian government policy to provide
this expertise on a much larger scale.

1.2 Purpose of the Study

The general purpose of this study has
been to conduct a comprehensive review
of Canadian scientific activities pertain-
ing to the solid earth, appraise their ade-
quacy, and recommend the goals of fu-
ture activities, including means of ensur-
ing their effective application to Canada’s
economic and social development.

1t should be stressed that this study
deals only with the solid earth below the
interface with air and water. The study
not only covers earth science research
and development but also embraces
related activities such as scientific data
collection, scientific information, and
various aspects of training.

More specifically, the aims of the study
have been:

1. To survey the organization of the
solid-earth science activities in Canada
and to compare this framework with that
of other countries.

2. To survey and evaluate all activities
in solid-earth sciences of industry, gov-
ernment agencies, universities and other
organizations.

3. To study solid-earth science expen-
ditures, including their sources, distribu-
tion and effectiveness.

4. To study the numbers, distribution
and qualifications of personnel engaged in
solid-earth science activities.

5. To inquire into the training of sci-
entists and technicians in these fields, in-
cluding the influence of foreign research,
and to examine the supply and demand
for these people.

6. To review the means and the effect-
iveness of information exchange through
publications, meetings, seminars, re-
fresher courses, professional and scientific
societies.

7. To outline major objectives for the
various solid-earth science disciplines rel-
ative to the country as a whole and to

its geological provinces, weighing their
importance and indicating the activities
required to meet the objectives.

8. To define the Canadian expertise in
solid-earth sciences, which may benefit
developing countries through training
programs, exchange of scientists, and use
of Canadian expertise in natural resource
development.

1.3 Scope of Study

This study is very broad in scope and
covers matters of organization, man-
power, expenditures, information ex-
change, scientific development, cultural
aspects, economic development, regional
development, and other practical appli-
cations of earth sciences affecting Can-
ada’s economic and social well-being.
Some 40 scientific disciplines are includ-
ed (see Appendix 4).

The study embraces the exploration ac-
tivities of the mining and petroleum in-
dustry (mineral output of $4.7 billion in
1968), the geotechnical aspects of the
construction industry (an industry of
$12.2 billion in 1968), as well as soil and
land use in relation to agriculture and
forestry. It takes into account the mul-
tiple geoscientific activities of federal
government agencies, particularly the
Department of Energy, Mines and Re-
sources, and of provincial departments of
natural resources, provincial research
councils, and public utility companies,
such as provincial hydroelectric power
commissions. The study includes the de-
partments of geological sciences, geophy-
sics, physical geography, soil sciences (ex-
cluding fertilities studies), mining engi-
neering (rock mechanics only) and civil
engineering (soil and rock mechanics
only) in some 35 Canadian universities.

The earth sciences relating to the hy-
drosphere and the atmosphere have been
excluded because these subjects have
been dealt with in other special studies
of the Science Council, namely, Upper
Atmosphere and Space Programs in Can-
ada (Study No. 1), Physics in Canada:
Survey and Outlook (Study No. 2), Water
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Resources Research in Canada (Study No.
5), and Chemistry and Chemical Engi-
neering: A Survey of Research and Devel-
opment in Canada (Study No. 9). The im-
portant field of snow and ice is not includ-
ed; it warrants a special study in itself.

The mineral industry is covered in this
report only to the stage of mine and
oilfield development. The various aspects
of mineral exploration are discussed in
detail, including exploratory drilling and
field surveys as well as field and labora-
tory research in geology, geophysics and
geochemistry, but excluding costs of stak-
ing and land acquisition, and develop-
ment drilling. In view of these limitations,
we urge the Science Council to sponsor a
continuation of the present study to cover
other essential aspects of mineral science
and technology in Canada.

1.4 Definition of Scientific
Activities in the Solid-earth
Sciences

Solid-earth sciences include geology, geo-
physics, geochemistry, physical geogra-
phy, geotechnique (application of earth
sciences to civil engineering), and disci-
plines such as soil mechanics, rock me-
chanics, petroleum geology, groundwater
geology, pedology, etc. (see Appendix 4).
This study is not confined to research
and development (R & D); it includes
data collection and scientific information

"The pas definition on this point is somewhat ambigu-
ous, namely: “Scientific R & D does NOT include geologi-
cal and geophysical surveys, mapping, exploration and
similar activities not resulting in scientific and technolog-
ical advance”. It is not clear whether these surveys are
specifically excluded or only those which do not result in
scientific or technological advance. When a survey is un-
dertaken, how can one appraise within a few months
whether or not this work will result in a scientific or tech-
nological advance? The “research” in physics or chemistry
done in a laboratory may not result in scientific advance,
yet it is classified as research because of the intent to dis-
cover new scientific principles. The same interpretation
should apply to earth science activities, whether carried
out in a laboratory or in the field, and whether done for
mineral exploration or another purpose. The reporting of
levels of earth science activity should be brought to a stan-
dard comparable to that in other fields of physical
sciences.
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services as well. It covers field work as
well as laboratory studies. Because in-
dustry accounts for much of these activi-
ties (see Table II.1), and the industrial
R & D surveys by the Dominion Bureau
of Statistics (DBS) generally exclude the
R & D component of mineral exploration
and industrial field surveys', we have
modified some of the DBS definitions of
scientific activities. The changes relate
principally to our interpretation of scien-
tific development (not to be confused
with development of mines or oilfields),
and to our recognition that field surveys
may be done for a research purpose, that
is, for the advancement of scientific
knowledge. Earth science research and
development is an essential component of
mineral exploration activities (see Section
1V.3) and a substantial portion of it is
carried out in the field (see Table 11.16).
For a geoscientist the earth is his subject
and the field his natural laboratory.
After studying the definitions common-
ly used by the Dominion Bureau of Sta-
tistics and the Organisation for Economic
Co-operation and Development (OECD),
and after discussion with research wor-
kers in industry, government and univer-
sities, we have divided scientific activities
into the categories listed in Table I.1 and
arrived at the definitions which follow.
These have been used throughout the
study and are illustrated by specific
examples abstracted from questionnaire
returns.

Table I.1- List of Scientific Activities
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A) Basic Research X X
B) Applied Research X X
C) Scientific Development X X
D) Scientific Data Interpretation X

E) Scientific Data Collection X X
F) Scientific Information X

These definitions are:
A) Basic research is undertaken to ad-
vance scientific knowledge, without a



practical objective. Scientific curiosity and
interest in nature guide the investigator.
This research develops science and pro-
duces results of broad fundamental signifi-
cance.

Examples:

1. Computation of the leaking modes
of elastic energy caused by a time-vary-
ing point source of energy in a layered
elastic medium;

2. Study of the origin and geological
history of the carbonatite complexes in
Canada;

3. Interpretation of the structure of
pingos in the Northwest Territories;

4. Separation of the components of the
total thermodynamic potential of a soil-
water mixture.

B) Applied research is the search for new
knowledge to achieve a practical objective.
It aims at serving mankind by applying
scientific results to a problem, process or
product. The nature of its motivation dis-
tinguishes it from basic research.
Examples:

1. Detailed geological mapping and
related laboratory investigations to deter-
mine ore controls and discover new prin-
ciples for mineral exploration;

2. Petrographic studies of Devonian
carbonate rocks for the purpose of relat-
ing rock characteristics to sedimentary
environments of petroleum accumula-
tion;

3. Research into a new technique for
filtering the spatial variations of the
earth’s magnetic intensity for improved
geophysical exploration;

4. Study of the relations between soil
properties and compaction for the design
of earth dams.

C) Scientific development is the use of
scientific knowledge in the experimental
production of a new device, product or pro-
cess. It includes the development of scien-
tific instrument prototypes and the conduct
of full-scale field trial of these instruments.
Examples:

1. Development of a three-compon-
ent-measuring aerial electromagnetic

unit, with associated flight testing;

2. Field experimentation in seismic,
aeromagnetic, and gravity surveys, which
are carried out before regular data gath-
ering to establish the necessary field
parameters and develop new surveys;

3. Geochemical field surveys to estab-
lish optimum sampling procedures;

4. Development of a new type of ex-
tensometer for in situ rock testing.

D) Scientific data interpretation, as the
name implies, is the interpretation of geo-
logical, geophysical, geochemical, and
drilling data, and related computer costs,
Jfor the purpose of meeting the operational
needs of industry.

Examples:

1. Interpretation of isopach, lithofa-
cies, and pressure gradient maps and
cross-sections, as an aid to petroleum ex-
ploration;

2. Interpretation of a geophysical sur-
vey to locate exploratory diamond drill
holes;

3. Computer processing of large vol-
umes of earth science data to define the
geometry and other physical character-
istics of subsurface features which may
contain economic mineral deposits.

Where new techniques and models are
developed, this activity becomes research.
The actual compilation of data, on the
other hand, falls under scientific data col-
lection.

It should be stressed that in this study
geoscientific data interpretation has been
included under “scientific development”.
The essential reasons for this depar-
ture from the procedures normally fol-
lowed by DBS are:

a) The interpretation of geological,
geophysical and geochemical surveys re-
lating to mineral exploration is a sophis-
ticated scientific activity involving semi-
or non-standard procedures. In general it
requires considerable experience and
scientific knowledge. In contrast with to-
pographic and bathymetric surveys, the
geoscientific surveys deal with natural
variables that present numerous discon-
tinuities and involve changes caused by
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numerous very complex factors. Further-
more, these variables are imperfectly
known and are hard to measure accur-
ately. As the discussion in Section IV.3
points out, no two mineral deposits or oil
fields are exactly alike. Consequently, in
attempting to unravel the hidden features
of the earth’s crust and reconstitute their
historical development, the interpretation
of these surveys requires the best scien-
tific knowledge available in order that
the probability of occurrence of economic
deposits may be appraised as exactly as
possible.

b) The interpretation of these surveys
constitutes the central activity of mineral
exploration companies. Of the $32 million
spent by mining and petroleum compa-
nies on “scientific development” in 1968,
we estimate that $30 million was spent on
scientific data interpretation (Table
11.2), compared to $7 million on basic
and applied research (Table 11.2) and
$343 million on scientific data collection
(Table 11.3). With data interpretation in-
cluded under development, the total
earth science research and development
of mining and petroleum companies in
Canada in 1968 amounted to 10 per cent
of their total earth science expenditures.
This percentage appears to be a realistic
estimate, for the mineral exploration in-
dustry is very much dependent on earth
science R & D for its progress.

c) Finally, scientific data interpretation
leads directly to innovation in the mine-
ral industry, that is, to the discovery of
economic deposits via the exploitation of
scientific knowledge.

E) Scientific data collection includes the
systematic gathering of topographic, hy-
drographic, geological, geophysical and
geochemical observations, as well as the
cost of exploratory drilling and routine
laboratory determinations. The collection
of data, particularly field data, is vital be-
cause its interpretation is the essence of
science.
Examples:

1. Exploratory diamond drilling for
discovering and outlining ore-bearing
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structures;

2. Airborne and ground geophysical
surveys to guide mineral exploration;

3. Routine computer processing of
earth science data, e.g. seismic data;

4. Routine porosity and permeability
tests on soil and rocks.

F) Scientific information includes all the
activities related to the dissemination of
solid-earth scientific and technological in-
formation, such as the costs of publica-
tions, drafting, earth science libraries, dis-
plays, purchase of computer programs and
well logs, and attendance at scientific
meetings.

This question of definitions of scientific
activities is not merely a matter of se-
mantics. “Scientific services”, such as
geological mapping, geophysical survey-
ing, land use mapping, etc., assume sin-
gular importance in natural resource dev-
elopment, as widely acknowledged by the
geoscientific community and recognized
by the Science Council of Canada.' If the
wording of some definitions is such that
important segments of industrial activity
are omitted from the national research
and development accounts, the contribu-
tions by government and universities ap-
pear as unduly inflated and the national
R & D picture becomes unrealistic. It is
felt that the definitions of R & D should
include the field activities which are per-
formed for the purpose of advancing
scientific knowledge and discovering new
scientific principles, including the princi-
ples guiding mineral exploration.

There is a widespread feeling in the
Canadian geoscientific community that

“*Scientific services™ include scientific surveys and data
collection, scientific and technical libraries and informa-
tion services, museums, etc. “Because of Canada’s great
size. the peculiarities of her geography, and the impor-
tance of natural resource development to her economy,
these scientific services are more important to Canada
than they are to many other nations. The usual definitions
of research and development exclude these activities...It
would be unwise of Canada to continue this practice and
to ignore the importance of these services.” Towards
a national science policy for Canada. Science Council of
Canada, Report No. 4, Ottawa, Queen’s Printer, October
1968. pp. 7-8.



the present exclusion of earth science
field research is unjustified both in prin-
ciple and on practical grounds. In our
considered opinion, it should not matter
whether the R & D is carried out in the
field or in the laboratory.

In view of these arguments, and in the
light of the findings contained in this re-
port, we submit:

Conclusion 1.1

The Dominion Bureau of Statistics should
clarify its definitions of scientific activities
to confirm that the earth science activities
performed in the field to advance scientific
knowledge and discover new applications
of scientific principles are to be categorized
as research. Consideration should also be
given to including under research and dev-
elopment the interpretation of geoscientific
surveys serving the operational needs of the
mineral exploration industry.

1.5 Organization of the Study

This study was initiated in September
1968 after acceptance by the Science
Council on June 25, 1968, of a detailed
proposal and outline prepared by Profes-
sor Blais. He, as Chairman of the Study
Group, and C. H. Smith, as Project Of-
ficer, were granted 16-month leaves of
absence by their employers to devote
their full time to this undertaking. The
remaining members of the Study Group,
who are listed in Appendix 2, partici-
pated on a part-time basis in the conduct
of the study and the preparation of this
report.

In the summer of 1968 the Science
Council appointed an Earth Science
Committee, with W. H. Gauvin as Chair-
man, to receive and review the Study
Group’s report and recommend it for
publication. This Committee prepared a
separate report' containing the Science
Council’s recommendations for action.
Further Council recommendations on the
funding of earth science activities will ap-
pear in a forthcoming series of overviews
related to the primary industries.

Study Group Meetings

A total of 16 days was spent on six formal
meetings held between September 1968
and November 1969. The complete re-
port was discussed by the Science Coun-
cil at its meeting on January 15, 1970,
and the Study Group held its final meet-
ing on January 29, 1970.

Meetings of the Science Council Commit-
tee on Earth Sciences

Between September 1968 and May 1969
this committee met three times to hear
and discuss progress reports from the
Study Group’s Chairman and Project Of-
ficer. In addition, the committee met four
times between November 1969 and Jan-
uary 1970 to prepare its final report to
the Science Council.

Meetings across Canada

Between October 1968 and April 1969
the Study Group made a survey during
which some of its members travelled

19 000 miles across Canada and conduct-
ed 128 formal meetings: 53 in 35 universi-
ties, 44 with representatives of 46 govern-
ment agencies, 14 with people from in-
dustry, and 17 other meetings, including
discussions with representatives of the
Treasury Board, the Department of Fi-
nance, and the Canadian International
Development Agency.

These meetings were attended by 1 509
persons: 364 faculty, 417 undergraduate
and graduate university students, 482
government earth scientists, 109 industry
personnel, and 137 others.

On the average, each of these 128
meetings was attended by four members
of the Study Group. All members of the
Advisory Committee attended one or
more meetings with at least one of the
above groups, thus gaining a better in-
sight on the study and a better apprecia-
tion of the feelings of the Canadian geo-
scientific community. In addition,
members of the Advisory Committee
were sent copies of all compilations,

'Science Council of Canada. Earth sciences serving the
nation-recommendations. Report No. 7. Ottawa, Queen’s
Printer, 1970.
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background papers, briefs, etc., and were
kept informed of progress at all times.

These meetings have been most benefi-
cial in motivating widespread interest in
the study and obtaining important opin-
ions from scientists and engineers in
various sectors of activity. Our initiative
of meeting with students in geology, geo-
physics and physical geography in many
Canadian universities has also been most
profitable.

Questionnaires

Questionnaires are the béte noire of an
inventory study. However, since we knew
of no other way to obtain quickly, and
from reliable sources, the quantitative
and qualitative information indispens-
able to reaching the aims of the study
(see Section 1.2), we designed four dis-
tinct questionnaires-for the mineral in-
dustry (and with minor modifications for
geoscience consultants), geotechnical
firms, university departments and gov-
ernment agencies. Parallel questions were
included in the four questionnaires, with
some modifications to suit each sector.
Copies of these questionnaires are on file
at the Science Council of Canada.

The questionnaire returns from in-
dustry and geoscience consultants were
coded and compiled in such a manner
that no members of the Study Group, ex-
cept the project officer and his executive
assistant, could actually identify the re-
sponding companies or individuals. An-
swers to specific questions were compiled
in voluminous data books, providing an
important basis for much of this report.
These data books, with coded answers,
are included in the Earth Science Open
File and may be consulted on request to
the Science Council of Canada. Table 1.2
presents the status of our questionnaire
survey.

Special Background Papers

Largely through the National Advisory
Committee for Research in Geological
Sciences, the Associate Committee on
Geodesy and Geophysics, the Associate
Committee on Quaternary Research, the
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Associate Committee on Geotechnical
Research, and the Geotechnical Division
of the Engineering Institute of Canada,
and also from a number of devoted scien-
tists from universities, government and
industry, we were most fortunate to obtain
40 special background papers covering

a wide range of earth science disciplines
(see Appendix 4). Most of these papers
were written and submitted before the end
of 1968. Each was circulated for critical
review to some 50 to 110 specialists.

To better appraise the fundamental
problems underlying the geology of Can-
ada and to define major goals according-
ly, a total of 13 regional and special back-
ground papers was also prepared.

In all, these special background papers
were sent to a total of 2 560 reviewers be-
sides the members of the Study Group
and the Science Council’s Committee,
who also reviewed them. An effort was
made to obtain a well-balanced cross-sec-
tion of opinions, and an average of 22 re-
views per paper was received. It is signi-
ficant that some were highly critical and
most provided valuable advice and sup-
plementary information. To encourage
the free expression of opinions, the
papers were sent anonymously.

These papers have been published se-
parately by the Geological Survey of
Canada under the sponsorship of the Na-
tional Advisory Committee for Research
in Geological Sciences’, and by the Ca-
nadian Institute of Mining and Metallur-
gy These two collections of papers pro-
vide a valuable contribution to solid-
earth sciences in Canada, and the Study
Group has used some of them exten-
sively and adapted several of their recom-
mendations in this report.

Briefs
In response to invitations sent in Oc-
tober 1968 to Canadian geoscientific so-

‘Smith. C.H.. ed. Background papers on earth
sciences in Canada. Geological Survey of Canada, Spe-
cial Paper 69-56. 1970.

?Geological provinces of Canada - Exploration and out-
look. CIM Bull. 63 (693): 23-49 and 63 (694): 185-213.
1970.



Table I1.2-Summary of Questionnaire Returns

Responding Organizations Total Complete %
Mailing Returns Coverage
Mining Companies 175 86 70+
Qil and Gas Companies 100 43 70=
Geoscience Consultants 310 48 400
Geotechnical Groups 93 37 700
Federal Agencies 28 28 100
Provincial Agencies 14 14 100
Provincial Research Councils 7 7 100
University Departments: 78 64 82
Geology 31 31 100
Geophysics (physics)¢ 7 7 100
Soil Science 4e 2 1
Geographyd 27 17 70
Civil & Mining Eng. Qe 7 f
Total 805 327 64

» Estimate based on percentage of complete returns and blank returns and other available statistics,
including the reported value of mineral production ($2.7 billion in 1968) of the responding mining and

petroleum companies.

b Estimate based on the in-house earth science activities of these firms.
¢ Includes the geophysics divisions of Physics Departments.

d Physical geography only.
¢ Incomplete mailings.
t Not estimated.

cieties and other groups, we received 27
briefs (see Appendix 3). These briefs'
have helped us to appreciate the contri-
bution of earth sciences to the nation.

1.6 Organization of this Report

As seen in the “Table of Contents”, this
report is basically structured in relation
to major national goals. Rather than dis-
cussing the solid-earth sciences along dis-
ciplinary lines, we have attempted to
show how these sciences are serving the
nation. Using a general approach, we
have indicated how national goals such
as economic growth, education and per-
sonal development could be better served
in the future.

Four major considerations justify this
type of treatment: a) documented discus-
sions of individual earth-science disci-
plines can be found in the background
papers referred to above; b) our study re-
lates directly to national needs; c) this
type of treatment lends itself to national
science policy formulation; d) a discus-
sion of national goals will probably stand
the test of time better than a discussion
of individual scientific disciplines.

In keeping with this format, we have
introduced a number of repetitions and
profuse cross-indexing in the various
chapters to improve their readibility.

Finally, in addition to the “Highlights”
at the beginning of the report, the subject
matter is summarized at the beginning of
each chapter.

'Readers who have special interest in any of these
briefs may consult them at the Science Council of Can-
ada or contact the authors directly.
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Chapter I

General Patterns
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“...institutions are constantly
tending to gravitate. Like clocks,
they must be occasionally
cleansed, and wound up, and set
to true time.”

Henry Ward Beecher in “Life
Thoughts”

IL.1 Synopsis

The earth sciences' affect our national
life far beyond the frequently expressed
but limited view of their relation to the
mineral industry. This report by its very
structure indicates the relation of the
earth sciences to the primary resource in-
dustries (mining and petroleum, agricul-
ture, etc.), to construction and land plan-
ning and, of equal importance, to the
scientific, cultural and leisure activities of
Canadians. Our survey presents for the
first time some indication of the total
magnitude of earth science activities over
this broad spectrum of our national life.
Chapter I outlined the nature and
scope of our survey and warned the
reader that our use of the term “research
and development” (R & D) differs some-
what from the practice followed in re-
porting R & D expenditures to the Do-
minion Bureau of Statistics (DBS). For
those who wish to compare our data
with the results of other surveys in which
field activities are excluded from R & D,
this report separates industry data, where
possible, into laboratory and field compo-
nents. As mentioned in Chapter I, this
survey encompasses the full range of
scientific activities and is not confined to
R & D alone. In this regard it differs from
previous Science Council studies and
current surveys of industry by the Do-
minion Bureau of Statistics. Scientific
data collection is an important and costly

'For the sake of simplicity and brevity, the term
“earth sciences” will be used throughout this report as
synonymous with “solid-earth sciences”.

°If expenditures related specifically to construction. agri-
culture, external aid, etc. are excluded, the earth science
expenditures specifically related to the mineral industry
reach about 9 per cent of the total value of mineral pro-
duction in 1968.
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activity which cannot be ignored in earth
science policy and management. The cas-
ual reader must take note that the large
earth science data collection expenditures
(especially by industry) reported herein
should not be compared directly with the
R & D expenditures reported in other
surveys. '

This chapter presents data on the pres-
ent and proposed levels of earth science
expenditure and manpower utilization by
the industry, government and university
sectors in Canada, as well as information
on the organization, or other means of
co-ordination, of their activities. The
chapter thus forms a basis for the discus-
sion in succeeding chapters of future
goals and levels of activity.

I1.2 The National Level of
Activity

Expenditures on Earth Science Activities
The national expenditure on these activi-
ties during 1968 was $468 million (Table
I1.1), of which 87 per cent represents ex-
penditures by the petroleum, mining and
construction industries.”? The petroleum
industry was by far the largest spender,
accounting for 64 per cent of the total,
and eight pettoleum companies alone ac-
counted for 28 per cent.

The national expenditure on earth
science research and development was $66
million (14 per cent of the total, see
Table I1.2). Universities, provincial re-
search councils, and geoscience consul-
tants allocated over half of their earth
science budgets to R & D, while contrac-
tors and consultants in the construction
industry allocated less than 3 per cent.
Nevertheless, the petroleum industry was
by far the largest spender on R & D
(50% of national R & D expenditures),
due largely to the costs of interpretation
of subsurface geological and geophysical
data which in this report are included
under “development”.

The necessity of conducting numerous
and costly exploration surveys makes
data collection (Table 11.3) important in
earth science. Because of Canada’s size



Table I1.1-Total Expenditures on Solid-Earth Science Activities in Canada by Sector
of Performance, 1968

Sector of Performance Total Expenditures on R & D, Scientific Data Collection,
and Scientific Information

$ 000 7% of Subtotal
Industry -
Petroleum 299 364- 73
Mining 87 836 22
Consulting firms 4 443 1
Construction 717 0
Consulting firms 17 237 i ) 4
Subtotal 409 597 S 100
% of Total (87%)
Government
Federal 34 440 67
Provincial 15 389 30
Research Councils 1 769 3
Subtotal 51 598 100
% of Total (11%)
University 7 116
% of Total (2%)
Total 468 311
(100%)

a The last three figures are probably not significant. However, this mode of reporting has been adopted
throughout the report because of the detailed accounting of the expenditures reported in numerous catego-
ries and from many sources. In the text the figures are rounded off.

Table I1.2-Total Expenditures on Solid-Earth Science R & D= by Sector of Performance, 1968

Sector of Expenditures on R & D R &Dasa
Performance Function of
Total Basic Applied Developmenta Total Earth

Research Research Science Ex-

penditure in
each Sector

$°000 % $°000 % $°000 %  $°000 % %
Industry
Petroleum 32 165 77 1 801 91 3 794 59 26 570 79 11
Mining 7 091 17 131 7 1692 26 5 268 16 8
Consulting firms 2 281 5 47 2 540 9 1 694 5 51
Construction - - - - - - - - <1
Consulting firms 459 1 - - 400 6 59 <0.2 3
Subtotal 41 996 100 1979 100 6 426 100 33 591 100
% of Subtotal (100 %) (5%) (15%) (80%)
Governmentb
Federal 13 388 77 3782 89 7317 67 2289 100 39
Provincial 2 924 17 134 3 2773 26 17 <0.1 19
Research Councils
(Provincial) 1 156 6 352 8 790 7 14 <0.1 65
Subtotal 17 468 100 4 268 100 10 880 100 2 320 100
% of Subtotal (100 %) (25%) (62%) (13%)
Universitye 6 616 - 4 565 - 1720 - 331 - 93
% of Subtotal (100 %) (69 %) (26%) (5%)
Total 66 080 100 10 812 100 19 026 100 36 242 100 14
% of Total (100 %) (16%) (29%) (55%)

a See Chapter I for definitions and examples of R & D. For the purposes of this study, the interpretation of
earth science data and related computer costs is included under development although it may be carried
out for the purpose of meeting the operational needs of mineral and petroleum exploration.

® The earth science activities of government agencies relate to all classes of the industry sector distinguished
above, as well as to defence, external aid, etc. Hence it is not valid to equate the level of government
expenditures reported in this table with a specific industry.

¢ Based on reported operational costs of earth science departments corrected according to reported per-
centage (about 50 %) of time spent on teaching.
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Table I1.3-Total Expenditures on Solid-Earth Science Data Collection* by Sector of
Performance, 1968

Sector of Expenditures on Scientific % of Total Earth
Performance Data Collection Science Expenditures
$°000 % of Subtotal %
Industryv
Petroleum 263 266¢ 73 88
Mining 79 9524 22 91
Consulting firms 1 885 <0.5 43
Construction 697 <0.5 97
Consulting firms 16 538 5 96
Subtotal 362 338 100
% of Total (93%)
Government
Federal 15 438 58 45
Provincial 10 785 40 72
Research Councils 522 2 30
Subtotal 26 745 100
% of Total (T%)
University - - -
Total 389 083 - 83

= Data collection includes the systematic and continuous collection of topographic, hydrographic, geological,
geophysical and geochemical observations, as well as the cost of exploratory drilling and routine labora-
tory determinations. Data collection related directly to a research or development project is accounted for
separately.

b Expenditures relate only to scientific data collection in Canada and adjacent continental shelf areas.

¢ Including $140 million for exploratory drilling.

4 Including $33 million for exploratory drilling.

Table 11.4=Total Expenditures on Solid-Earth Science Information* by Sector of Performance, 1968

Sector of Expenditure 9% of Total Earth
Performance Science Expenditures
$°000 % of Subtotal %

Industry

Petroleum 3 933 75 1

Mining 793 15 1
Consulting firms 271 6 6

Construction 200 <0.5 3
Consulting firms 2400 4 1

Subtotal 5 263 100

% of Total (40%)

Government

Federal S5 614 79 19

Provincial 1 680 20 10

Research Councils 91v 1 5

Subtotal 7 385 100

% of Total (56%)

University 5000 - 7

% of Total (4%)

Total 13 148 - 3

(100%)

» Scientific information includes activities related to the dissemination of scientific and technological
information in the earth sciences, such as the costs of publications, drafting, purchase of computer
programs, libraries, displays, attendance at scientific meetings.

b Estimated.




and many remote areas, extensive use of
aircraft, ships and (potentially) satellites
is required to collect data for mineral ex-
ploration, national physical development,
and research. Subsurface exploration by
drilling requires large expenditures
(about 44% of the data collection costs).
Industry allocates nearly 90 per cent of
its earth science budget to scientific data
collection which, in 1968, amounted to an
expenditure of $389 million (83% of the
total national expenditure on earth
science activities).

Earth science information expendi-
tures (Table I1.4) were $13 million in
1968 (3% of the total). Government
agencies allocated a larger proportion of
their budgets (10 to 19%) to this purpose
than did industry and universities, princi-
pally because of their role in generating
maps and related forms of public informa-
tion.

Figure II.1 illustrates the regional dis-
tribution of earth science expenditures in
Canada during 1968. Not all expendi-
tures could be subdivided satisfactorily
on a regional basis. For instance, the geo-
technical expenditures related to con-
struction, soil science expenditures, and
certain federal expenditures related to
the Agricultural Rehabilitation and Dev-
elopment Act (ARDA) and other regional
programs are not included. Nevertheless,
the map is fairly indicative of the relative
distribution of expenditures both be-
tween and within provinces or regions.

The largest total provincial expendi-
ture was in Alberta ($178 million in
1968). Of the provincial totals, mining
exploration represents the largest item in
New Brunswick, Quebec, Ontario and
Manitoba. Petroleum exploration is the
largest item in Saskatchewan, Alberta
and the North. In Nova Scotia, most ex-
penditures are in university earth science
departments. In many instances, universi-
ty expenditures on earth sciences (re-
search and training) within provinces are
equal to or greater than the earth science
expenditures of the local department of
mines. In Ontario and Quebec, the de-
partments of mines spend less on earth

science activities than their counterparts
in the geotechnical field.

Manpower

Size of Earth Scientist Population
Approximately 6 000 professionals are
engaged in earth science activities in
Canada (Table I1.5), with 72 per cent em-
ployed in industry, 11 per cent in the fed-
eral government, 10 per cent in the uni-
versities, 5 per cent in provincial govern-
ment departments, 1 per cent in the re-
search councils, and 1 per cent elsewhere.
The Canadian earth scientist population
is approximately equal to the number of
earth scientists employed in federal agen-
cies in the United States (5 636 in 1967").

Fifty-eight per cent of Canadian earth
scientists are geologists, 18 per cent are
engineers, 14 per cent are geophysicists,
and 10 per cent were trained in other
physical sciences. This national distribu-
tion closely approximates that in the in-
dustry sector alone. Provincial agencies
differ from the national pattern in having
more geologists (Figure I11.2). There are
only three geophysicists in all of the pro-
vincial departments of mines.

In academic training, 21 per cent of
Canadian earth scientists have a doctor-
ate (the United States reported approxi-
mately the same percentage in 1966), and
41 per cent have a master’s or higher de-
gree. As might be expected, universities
employ a higher proportion of those with
doctorates, industry more with bachelor’s
degrees (Figure I1.3). Because of a lack of
detailed information on the number of
earth scientists engaged in industrial re-
search, certain assumptions have been
made to arrive at an estimate of 935 sci-
entists and engineers (full-time equiva-
lent) engaged in earth science research in
Canada (Table I1.7). This number repre-
sents 16 per cent of the total earth science
professional group. The equivalent pro-
portion for the entire Canadian scientific
and engineering work force in 1965 was

'Solid-earth science. A report of an ad hoc Working
Group to the U.S. Federal Council of Science and Tech-
nology. July 1967.
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Figure Il.1-Expenditures on Solid-Earth Science Activities by Province or Region, 1968 (Diameters of circles are relative
to the magnitude of total expenditures)
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Figures I1.2-Distribution of Earth Science Professional Manpower by Disciplines, 1968
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Figure 11.3-Distribution of Earth Science Professional Manpower by Highest Universily Degree, 1968
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Table 11.5-Solid-Earth Science Professional Staff* by Sector and Principal Discipline, 1968

Total Discipline
2 3
wn b Q -
1 > ‘% é - % g %ﬂ ‘g‘ 7]
3 g T g g %8 = B £5
2 Z. S O G G LGRS 5 Sa
Industry
Petroleum® 2 111 50 1 243 491 5 - = 296 76
Miningb 1 401 33 1 091 52 16 - 191 51
Consulting firmse 457 11 231 152 11 - - 47 16
Constructiond 250 6 34 2 - 5 - 209 -
Subtotal 4 219 100 2 599 697 32 s - 743 143
Government
Federal 666 65 251 52 9 30 38 205 81
Provinciale 303 29 209 3 1 1 1 84
Research Councils 63 6 33 6 5 1 7 4 7
Subtotal 1032 100 493 61 15 32 46 293 92
Universityt 593 - 297 64 40 97 25¢ 70 -
Total 5844 - 3 389 822 87 134 T1b 1 106 235

s Professionals engaged in earth science activities but trained in the disciplines indicated.

b Reported values are inflated by a factor of 1.428, based on our estimate of 709 response to industry

questionnaire.

« Reported values are inflated by a factor of 2.5, based on an estimate of 40 % response to the consultant

questionnaire.

4 Relates primarily to the design professions of the construction industry.
e Includes departments of mines, departments of highways, and power corporations.
t Includes research associates and postdoctorate fellows.

s Estimated.

b Does not include provincial departments of agriculture and forestry.

Table I1.6-Solid-Earth Science Professional Staff by Sector and Highest Degree, 1968

Sector Academic Level Total
Bachelors Masters Doctors
Industry
Petroleum 1 556 425 130 2 111
Mining 937 286 178 1 401
Consultants 297 105 55 457
Construction 125 100 25 250
Subtotal 2 915 916 388 4 219
Government
Federal 273 157 236 666
Provincial 150 64 89 303
Research Councils 16 19 28 63
Subtotal 439 240 353 1 032
Universities 23 70 500 593
Total Number 3 377 1 226 1 241 5 844
% (59%) (20%)= (21%)= (100 %)

» In contrast, the proportion of professional personnel engaged in R & D in all Canadian industries, and
trained at the Master level or above, was 24.2 per cent in 1965 (J. L. Orr, Statistical Data on Industrial
R & D in Canada, Department of Industry, Ottawa, March 17, 1967). The 41 per cent reported above
refers to earth science personnel engaged in all scientific activities, not only R & D, and indicates the
need for higher training even for personnel engaged in earth science data collection.
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14.3 per cent." On the basis of 1965 statis-
tics, as reported by the Science Council,
we estimate that the professional manpo-
wer in Canada devoted to earth science
research and development is approxi-
mately 5 per cent of the total national
manpower engaged in R & D. It is esti-
mated (Table 11.7) that over 50 per cent
of Canadian scientists engaged in earth
science R & D are in the fields of econo-
mic geology and applied geophysics.

Sources of Earth Science Manpower
Before 1967, Canadian universitics were
the principal source of Canadian profes-
sional earth science manpower. At pres-
ent, however, the largest input is through
immigration (Table I1.8). The number of
geologists immigrating to Canada rose
from 58 to 336 between 1962 and 1968.
In 1968 there were 146 from European
countries (52 from Great Britain) and 98
from the United States. One hundred
and twenty-nine immigrant geologists in-
dicated Alberta as their destination and
the next largest group (91) moved to On-
tario. A similar picture exists in the min-
ing engineer category, where 174 entered
Canada in 1968 as landed immigrants, 92
of whom came from Europe (55 from
Great Britain) and 42 from the United
States.

Canadian universities graduated a com-
bined total of 503 students in the fields
of geology, geophysics, physical geogra-
phy and mining engineering during 1968
(Table IL.38). Of these, we estimate that
315 entered the labour force. The output
of geologists and mining engineers was
considerably less than the number of im-
migrants in these fields (Table I1.8). We
estimate that in 1968 Canadian universi-
ties provided only 35 per cent of the geolo-
gists and 27 per cent of the mining engi-
neers required by industry, government and
universities.

To obtain a complete picture of
changes in the population of earth scien-

Jackson. R.W.. D.W. Henderson. and B. Leung. Back-
ground studies in science policy. Science Council of Can-
ada, Special Study No. 6. Ottawa, Queen’s Printer, 1969.
p. 47.
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tists in Canada, information on deaths
and retirements, emigration from Can-
ada, and number of Canadians trained in
other countries would be required. This
information is generally lacking. The
U.S. Institute of International Education
reported that in 1967-68 there were 206
Canadians studying earth sciences in the
United States at all levels (102 in all
aspects of geography, 85 in geology and
the rest in geophysics, geochemistry and
related earth sciences). It is thus estimat-
ed that about 20 Canadians graduate in
geology in the United States each year.

Growth Areas in Earth Science Manpower
Projections of manpower supply and de-
mand are frequently inaccurate in sub-
stance and misleading in application.
This is particularly true in the earth
sciences where: a) professionals trained in
allied disciplines, e.g. physics, chemistry
and mathematics, may readily enter the
earth science labour force; b) scientists
may equally leave the labour force for
employment in unrelated managerial or
educational posts; c) scientists may prac-
tise their profession in a variety of mis-
sions related to the mining, petroleum,
construction, governmental and academic
fields. Similarly, in defining the appropri-
ate level of teaching in the earth sciences,
it would be quite improper to consider
enrolments solely in relation to the needs
of an immediate employer, without hav-
ing regard to the equally important ad-
vantages of cultural courses on the envi-
ronment in which we all live.

During the period 1964-68, the princi-
pal growth in earth science employment
took place in the mineral industry and
among university staffs. The average an-
nual increase of earth scientists in the
mineral industry was 226 (not including
replacements owing to retirement, etc.).
In the construction industry there was an
annual increase of 80 during the same
period. The annual increase in the univer-
sity sector was 30, which was about equal
to the total Canadian Ph.D. output in the
earth sciences. In the federal government,
the Department of Energy, Mines and



Table I1.7-An Estimate of the Professional Man-Years Spent on Solid-Earth Science Research,
Related to Sector, 1968

Sector No. of Professionals Full-Time Equivalent
Engaged in Earth (Man-years)
Science Research

Industry

Petroleum 211s 211

Mining 140= 140

Consultants 460 46

Construction 23 23b

Subtotal 420 420

Government

Federal 600 240¢

Provincial 270 108¢

Research Councils 60 40¢

Museums 13 7

Subtotal 943 395

Universityf 300 120e

Total 1 663 935

» Industrial R & D manpower estimated to be 109, of earth science professionals in industry, on the basis
of the proportion of R & D funding to total scientific activities (10%) and the proportion of Ph.D.s to
total professionals in the mineral industry (9.2 %).

b This is the actual number reported, not an inflated figure, and relates primarily to the design professions.
« Estimated on the basis of 109 of total staff (663) being engaged in administrative duties, and 409 of
remainder engaged in R & D (as opposed to other scientific activities).

d Estimated as for federal government.

e Estimated that two-thirds of professional man-years are involved in R & D, Ratio of R & D expenditures
to total expenditures is 65 %;.

i Estimated on the basis of 300 graduate faculty spending a reported 40 % of their time on R & D activities.
&« The Bonneau report (p. 45) of the National Research Council (1969) gives an equivalent estimate of 165
man-years for all earth science departments (including meteorology and oceanography).

Table I1.8=Source of Canadian Geologists and Mining Engineer Manpower, 1968

Source Number
Geologists Mining
Engineers

1. Immigrationa 336 174
2. Canadian universitiesb

Bachelor’s level 121 42

Master’s level 36 20

Ph.D. level 36 193 3 65
3. U.S. universities (Canadian citizens)e 20 -
4. Other foreign universities (Canadian citizens)d 10 -
Total possible additions to labour force- 559 239

» Immigration statistics published by Department of Manpower and Immigration.

b Qur survey indicated that over the period 1966-68, 459 of the bachelor graduates, 409 of the master
graduates, and 59 of the doctoral graduates continued their education. The total number of graduates
during 1968 has been deflated accordingly to arrive at the number entering the labour force. However, no
correction has been made for the non-Canadian content of the graduating class, which may lower the
M.Sc. and Ph.D. totals by as much as 40 %].

¢ Estimated. The U.S. Institute of International Education reported that 85 Canadians were studying
geology in the United States, at all levels, in 1967-68.

d Estimated.

* No reduction is made for the emigration of geologists and mining engineers from Canada.
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Table I1.9-Anticipated Annual Requirements of Solid-Earth Science Professionals, 1968-1972

Sector Annual Increase (Professionals)
In Estab- Replace- Total
lishment mentss

Industry

Petroleum and Mining 226b 105 331

Consultants 20 14 34

Construction, inc. Consultants 20 8 28

Subtotal 266 127 393

Government

Federal 20 20 40

Provincial 20 9 29

Research Councils 3 2 5

Subtotal 43 31 74

University 30 18 48

Total 339 176 515

» Assuming a 3 % replacement of total staff arising from retirements, deaths, other occupations, etc.
b Based on employment trends during the period 1964-68.

Resources increased its earth science staff
at the rate of 15 a year. This increase
took place largely in the Inland Waters,
Marine Sciences, and Observatories
Branches, while the Geological Survey of
Canada had a net increase of only one
professional over the five-year period.

The outlook for future employment
varies among sectors but is generally very
promising. Sixty-nine per cent of the 120
mining and petroleum company re-
spondents indicated that their activities
would probably increase, while 26 per
cent indicated they would probably re-
main the same. Several companies stated,
however, that these expectations were
very much dependent upon future gov-
ernment fiscal policies. An indication of
the intended growth in university faculty
appointments is given in the Bonneau re-
port', where a growth of 220 in earth
science faculty is forecast over the period
1968-72. This seems optimistic, and a
growth of the order of 150 would appear
to be more realistic. Provincial depart-
ments of mines forecast an increase in
staff of 80 geologists over the next five
years, principally in the larger depart-
ments. The future employment of earth
scientists in the federal government is
currently limited by a “freeze” in em-
ployment, but moderate employment op-
portunities can be foreseen to fill vacan-
48

cies arising from staff turnover. Con-
sidering all these factors, we estimate that
there will be an annual requirement for
approximately 515 earth science gradu-
ates until 1972 (Table II. 9).

Using a deflating factor? of 300 sopho-
more students resulting in 220 bachelor
graduates, we arrive at a forecast of 350
bachelor graduates in geology in 1971,
based on the sophomore class of 1969. Of
this number, 55 per cent, or 193, may
enter the labour market directly (based
on employment trends of Canadian earth
science graduates in 1966-68). The future
number of masters and doctoral gradu-
ates is less dependent on the current
enrolments than on the entry to Canada
of foreign students who form a large part
of the graduate population (44%). Using
an optimistic estimate, we consider that
there will be a maximum of 100 masters
and 50 doctoral graduates in geology in
1971.

On the basis of the above consider-
ations, there will continue to be a short-
age of Canadian geologist graduates to
meet Canadian needs until after 1972
(the end of our forecast period). The an-

'National Research Council of Canada. Projections of
manpower resources and research funds 1968-1972. A re-
port of the Forecasting Committee (Chairman: L.P. Bon-
neau). Ottawa, 1969.

“Based on data from the American Geological Institute.



ticipated growth rates after 1972 in the
mineral industry alone will require an in-

creasing number of earth scientists (Chap-

ter I'V). and we can see no return to a
balance of supply and demand without a
considerable increase in the number of
geology students in Canadian universi-
ties. Furthermore, we are not considering
here the number of geology graduates re-
quired for teaching earth sciences in the
secondary schools in Canada (Chapter
I11), nor those required for increased
earth science activities in foreign aid (see
Chapter VIII, Section 11). The potential
additional personnel requirements arising
from future expansion of these two pro-
grams are indicated in Table I11.2. The
picture is much worse in the case of min-
ing engineering, although equivalent
manpower data are not available. We be-
lieve it is also true in the field of applied
geophysics, although in this case physics
graduates contribute significantly to
meeting the rising demand.

1t is our judgment that the output of Ca-
nadian graduates in geology, geophysics
and mining engineering should be in-
creased as soon as possible. In a number
of universities this could be achieved with-
out a significant increase in facilities.

Student Employment

A large seasonal employment of earth
science students by industry, government,
and increasingly by universities, is a Ca-
nadian practice not commonly followed
in other countries. The policy of hiring
and assisting in the training of summer
students was established by the Geolo-
gical Survey of Canada before World
War I, and has had an extremely benefi-
cial role in the training of Canadian earth
science manpower. The Canadian system
is beneficial to employers and students
alike and could be considerably expand-
ed with the ultimate purpose of encour-
aging a sense of national identity among
young students as they explore the vari-
ous regions of our country. We estimate
that during the summer of 1968 more
than 2 570 students were employed in
earth science projects in Canada (com-

pared to a total of 1 760 undergraduate
and graduate geology students enrolled
in Canadian universities in 1968).

The weighted annual increase of sum-
mer student requirements during the last
five years has been 5.5 per cent, and
there is every indication that this growth
will continue. Unfortunately, this em-
ployment is immediately susceptible to
changes in the economy. The period of
the late fifties was a time of recession
when employment opportunities were re-
duced. It is considered that any reduction
in the summer employment of students is
shortsighted and harmful to student train-
ing and morale. It is extremely important
that employers recognize their obligation
to aid the training process, and that they
provide increased summer work opportu-
nities for students.

A National Manpower Register

In the course of our study we were con-
tinually reminded of the annoyance caus-
ed by the many and varied question-
naires which are circulated to gather in-
formation on manpower, expenditures,
opinions, conditions, etc. We share this
general attitude. We were, nevertheless,
equally impressed with the inadequacies
existing in the present earth science data
collection systems, and we were forced to
design and circulate additional question-
naires.

Our coverage was extensive but still
only partly successful. Yet we were able
to discover many facts and imbalances
bearing on earth science policy which
were not previously apparent. It is a mat-
ter of concern to us that no mechanism
exists to continue an improved version of
our manpower survey over the next few
years.

We were impressed with the United
States National Register of Scientific and
Technical Personnel, a biennial survey
which provides statistical information on
the supply, utilization and characteristics
of the nation’s scientists. This register is
maintained by contract to the appropri-
ate scientific agencies. The American
Geological Institute and the American
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Meteorological Society jointly survey
manpower in atmospheric, earth, marine
and space sciences. The resultant data
are invaluable to those engaged in policy
formulation, education, recruiting and re-
lated matters in the earth sciences. Since
the earth science population in Canada
is only a small part of the total profes-
sional population, and similar problems
also exist in the other scientific sectors,
we consider that the development of an
earth science professional manpower reg-
ister is contingent on the existence of a
National Manpower Register covering all
scientific fields in Canada.

Hence we conclude:

Conclusion 11.1

To meet the urgent need for better infor-
mation concerning Canadian scientific
manpower, the Federal Government should
direct one of its agencies to develop a com-
prehensive manpower register, to be
operated on a contract basis by the appro-
priate professional and scientific societies.

I1.3 The Mineral Industry

Definitions

The Canadian mineral industry appears
to be more heterogeneous in terms of
types of activity, variations in the size of
individual companies and related factors,
than any other Canadian industry. Hence
the use and interpretation of industrial
statistics or problems related to the min-
eral industry must be undertaken with
full understanding of its internal variabi-
lity and the recognition that generaliza-
tions based on the whole industry may be
quite untypical of certain components

of it.

One classification of the mineral in-
dustry used frequently in this report is
based on the materials exploited. For
example:

1. The mining industry, referring not
only to those companies active in mining
as such but also those engaged in mineral
exploration alone. The Financial Post
Survey of Mines (1969) lists the names of
50

2 949 mining companies. This number
provides a first approximation of the
number interested but not necessarily in-
volved in earth science activities. Of this
number, 102 companies produce over 95
per cent of Canada’s output of metals
and industrial minerals. The 86 compa-
nies who responded to our questionnaire
account for approximately 63 per cent of
the national mining output. Also, there
are some 150 consultants and contractors
engaged in supplying earth science ser-
vices to the mining industry.

2. The petroleum and natural gas in-
dustry, again referring not only to those
engaged in production, but also to explo-
ration companies and the consultants and
contractors supplying earth science ser-
vices. The Financial Post Survey of Oils
(1969) lists the names of 756 petroleum
and natural gas companies. Of this
number, about 100 account for approxi-
mately 97 per cent of Canada’s oil and
natural gas production. The 43 compa-
nies who responded to our questionnaire
account for approximately 62 per cent of
the national production. In addition,
there are more than 150 consultants and
contractors engaged in supplying earth
science services to the petroleum industry.

3. Companies engaged in the extraction
of structural materials (clay, cement, lime,
sand, gravel] and stone). The value of
mineral production by these companies
in 1968 was $444 million. Their actual
expenditure in earth science activities
was very small and has not been included
in this survey.

The significant distinction between (1)
and (2) is further indicated by the fact
that each has its respective trade associa-
tion, for example, the Canadian Petrole-
um Association and Independent Petrole-
um Association of Canada for the petro-
leum industry; and the Mining Associa-
tion of Canada, Prospectors and Deve-
lopers Association, and several provincial
Chambers of Mines for the mining in-
dustry. In a sense, the distinction extends
to scientific societies (the Alberta Society
of Petroleum Geologists on the one hand,
and the Geology and Industrial Minerals



Divisions of the Canadian Institute of
Mining and Metallurgy on the other), as
well as drilling associations (the Canadi-
an Oil Well Drilling Association, and the
Canadian Diamond Drillers Association).
These distinctions are now beginning to
narrow, especially with the entry of pe-
troleum companies into mining explora-
tion.

A second subdivision of the mineral in-
dustry relates to the sequence of activity
in the industry itself. The sequence is as
follows:

1. Exploration
2.Development
3. Production
4. Processing
5. Marketing

Some mining companies are engaged in
stage 1 activities only, while others en-
compass stages | to 5. Earth science acti-
vities related to the mineral industry are
largely confined to stage 1, with the ex-
ception of underground geological map-
ping and reservoir studies related to dev-
elopment and production, and a small
amount of mineralogical and petrological
studies related to the concentration and
recovery of economic minerals. The gross
value of metallic, non-metallic and struc-
tural material products and fuels (coal,
oil and gas) produced in 1968 was $4.7
billion. This is a hybrid number, based
on the value after stage 3 for some com-
modities (e.g. iron ore and oil) and after
stage 4 for other commodities (e.g. cop-
per and nickel). In view of the fact that
this study reviews only part of the total
scientific activity of the mineral industry,
and because of the importance of all
aspects of the industry to the national
economy, we consider that a special
study of scientific activities related to the
production and processing of mineral re-
sources is warranted.

A third classification of the mineral in-
dustry is based on size. Table I1.10 illus-
trates the relationship between the size of
companies in the mineral industry (based
on gross value of production) and the

magnitude of expenditures on earth
science activities. The table shows quite
clearly that the financial capability to un-
dertake the whole range of earth science
activities (research, development, data col-
lection) is concentrated in a small number
of companies; thus, the statistics and con-
clusions derived from the expenditures of
the larger companies do not necessarily
apply equally to the smaller companies.
For instance, emphasis on the protection
of proprietary information or the deve-
lopment of research laboratories may
benefit only the larger company, whereas
the provision of scientific data and relat-
ed research by public organizations (gov-
ernment and university) is the lifeblood
of the smaller company.

The Structure and Growth of the Mineral
Industry

The present size, structure, diversity and
growth of the mineral industry have been
largely determined by Canada’s diverse
geological framework, combined with the
effects of resource development, market-
ing progress and government policies
since the 1940s. The value of total out-
put increased more than ninefold in the
period 1945 to 1968 (Figure 11.4); the in-
crease for fuels was more than fourteen-
fold, for non-metals more than tenfold,
and for metals eightfold. In volume
terms, output increased almost sixfold,
the increases for the fuels, non-metallics
and metals being ten-, five- and fourfold
respectively. The all-time growth in value
of mineral production to 1945 was less
than one-eighth, in current dollar terms,
of the increase that took place from 1945
to 1968.

The 1968 value of output of $4.7 bil-
lion (Figure 11.4) was obtained from
metals (53%), fuels (28%), industrial min-
erals and structural minerals (19%). This
general relationship has held in recent
years although, in the mid-1940s, metals
accounted for nearly two-thirds of total
output (Figure 11.4).

The physical volume of output, as ex-
pressed in terms of volume indices, rose
four times in the period 1950-68 com-



3 Table IL.10~Relation Between Earth Science Expenditures® and Size of Reporting Company, 1968

Average Expenditure per Company in terms of

Average Expenditure per Company in Earth
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$°000 $°000 $°000 $°000 $°000 $°000 $°000 $°000 $°000  $°000 $°000
Petroleum over $50 million 8 127 852 202 266 1 375 13 913 225 782 6 170 17 7343 1 670
less than $50 million 30 78 571 0.2 38 245 2 308 29 189 949 7 1215 258
Non-producer 3 3 188 0 50 55 931 27 133 205 0 660 65
Mining over $50 million 6 25 532 5 80 282 3 864 24 838 535 23 1926 1096
less than $50 million 42 24 138 2 14 29 522 7 116 41 28 135 67
Non-producer 31 11 870 0 15 25 342 4 129 108 60 182 14
Total Expenditures
(all companies) 120 271 151 1 739 4 940 22 171 239 010 3 291 25 247 86 582 3 521 120 041 35 760
% of Total Companies’
Expenditures 100 <1 2 8 88 1 10 32 1 44 13

= The expenditure of $271 million reported by 120 mining and petroleum companies is classified in this table in terms of both scientific activities and disciplines.




Figure II.4-Growth of Canadian Mineral Production by Classes, 1945-68
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Figure I1.5-Growth of the Canadian Mineral Industry compared with Indices of Industrial Production and Manufac-
turing Production, 1935-68
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Table I1.11-Value of Mineral Production by Classes, Selected Years, 1930 to 1968

Year Metallics Non- Structural Mineral Total
Metallics Materials Fuels
$ million $ million $ million $ million $ million

1968 2 492.6 446.9 443 .3 1 342.5 4 .725.3
1960 1 406.6 197.5 322.6 565.8 2 492.5
1950 617.3 94.7 132.3 201.2 1 045.5
1940 382.4 26.1 42.5 78.8 529.8
1930 142.6 15.4 53.7 68.2 279.9

pared with less than three times for the
industrial economy as a whole (Figure
11.5).

A further indicator of growth is the
Gross Domestic Product (GDP) at factor
cost. The mining sector GDP increased
three and a half times from 1950 to 1967

and, in the latter year, was 90 per cent that

of agriculture, compared with one-third in
the early 1950s. In the same period, min-
ing advanced from less than double the
value of the forestry GDP to four times
its value. The real domestic product
index for the mineral industry grew at an
annual average rate of 8.7 per cent in the
period 1946-68, compared with 1.7 per
cent for agriculture, 2.3 per cent for for-
estry, and 5.5 per cent for manufacturing.
Although Ontario, Alberta and Quebec
account for about two-thirds of the value
of Canada’s mineral production, there is
a good distribution of exploration and
other mineral industry activities across
the country; in fact, exploration is often
most active in regions of lower produc-
tion such as the North. This widespread
activity is indicative of the countrywide
character of mineral resource develop-
ment and the aggressive effort being
made to test the mineral potential of
Canada’s varied geological environments.
Canada’s economic position would be
improved if new sources of some miner-
als could be discovered at locations more
economically accessible to major markets.
In a country as large as Canada, trans-
portation can be the main obstacle to
profitable production. This was the case
with coal in the past, and transportation
now stands as one of the princinal obsta-

cles in moving crude oil to larger markets
in eastern Canada. Successful exploration
for oil off the east coast would diversify
the geography of petroleum production
and permit a greater degree of self-suffi-
ciency. The degree of self-sufficiency and
the ability to produce and market greater
quantities of minerals will depend con-
siderably on the geographic distribution
of mineral discoveries in relation to ad-
vances in transportation technology.

The geographical diversity of explora-
tion and production is paralleled by the
diversified mineral output (Table 11.12).
Canada’s mineral production includes
some 60 minerals and, while only 10 min-
erals account for about four-fifths of the
production value, there are very few min-
erals-such as manganese and tin-which
Canada could not produce in quantities
sufficient to meet its own needs.

The active mineral development prog-
ram in Canada (some 125 new mines
brought into production during the
period 1955-65) has resulted not only in
a broad regional distribution of produc-
tion facilities across the country but also
in extensive processing facilities. The pro-
cessing structure of the mineral industry
in the late 1960s can be described in
terms of : copper and nickel-copper
smelters in Ontario, Quebec and Mani-
toba (total capacity of about 9 million
tons annually); a nickel refinery in Al-
berta; lead and zinc smelting and refin-
ing facilities in British Columbia, Mani-
toba, Quebec and New Brunswick; and
plans for a major zinc smelter in the Por-
cupine area of Ontario. The many other
facilities designed to process metals in-
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Table I1.12=-The Ten Leading Commodities in Canadian Mineral Production, 1968

Value of production

Per cent of

($ million) total value
Petroleum 937.3 19.8
Copper 607.9 12.8
Iron ore 532.7 11.3
Nickel 528.2 11.2
Zinc 326.9 6.9
Natural gas 225.3 4.8
Asbestos 185.0 3.9
Cement 152.0 3.2
Sand and gravel 129.5 2.8
Natural gas by-products 126.1 2.7
All other minerals 974 .4 20.6
Total 4 725.3 100.0

clude capacity to produce about 12 mil-
lion tons of steel ingots annually. Process-
ing facilities for industrial minerals have
been established in many parts of the
country and also contribute greatly to re-
gional development.

The country’s petroleum refining ca-
pacity, while concentrated in Quebec and
Ontario, is sufficiently dispersed to meet
regional needs and to supply practically
all of the country’s requirements in petro-
leum products. Natural gas processing
capacity has been rapidly expanding in
western Canada, and important by-pro-
ducts such as sulphur and propane more
than meet Canada’s requirements. The
capital investment and the employment
associated with processing facilities con-
stitute an important multiplying effect of
mineral development.

Mineral-producing Operations in the
Provinces and Territories

As a further description of the regional
structure of mineral-producing opera-
tions-which in turn are the bases for
processing, transportation and marketing
activities-brief reference is made to the
principal minerals produced in each of
the provinces and territories in terms of
1968 data. Table I1.13 gives the produc-
tion value by provinces for selected years
from 1950 to 1968.

Figure I1.6 illustrates the value of the
leading minerals produced in the prov-
inces and territories. Mineral production
in British Columbia has grown and diver-
sified rapidly in recent years, with atten-
tion now centring on copper and molyb-
denum in the central and northwestern
parts of the province. and on coal in the

Table II.13=Value of Mineral Production by Provinces and Territories (in millions of dollars)

Province 1950 1955 1960 1965 1968

Ontario 367 584 983 993 1 356
Alberta 136 326 396 794 1 092
Quebec 220 357 446 716 729
British Columbia 139 189 186 280 389
Saskatchewan 36 85 212 328 357
Newfoundland 26 68 87 207 310
Manitoba 32 62 59 183 209
Northwest Territories 8 26 27 77 116
New Brunswick 13 16 17 82 88
Nova Scotia 59 67 66 | 57
Yukon 9 15 13 13 21
Prince Edward Island - 1 1 1
Total 1 045 1 795 2 493 3 745 4 725
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Figure IL.6-Value of Leading Mineral Commodities by Province and Territory. 1968 (Diameters of circles are propor-
tioned to the total provincial expenditure)
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southeast. The oil and gas industry domi-
nates the mineral economy of Alberta,
which produces two-thirds of the coun-
try’s crude oil and four-fifths of its natural
gas. The chief value of Saskatchewan’s
mineral output is in crude oil and potash,
but uranium, other metals, and struc-
tural materials are also produced. The
recent rapid development of Saskatche-
wan’s potash resources has provided a
mining capacity sufficient to supply over
one-third of the world’s requirements.
The most important metals produced in
Manitoba are nickel and copper. The
Thompson Mine nickel area, and north-
western Manitoba adjacent to the Sas-
katchewan border, are favourable areas
for base metal prospects.

Ontario produces a diversity of metals
and structural materials. Nickel from the
Sudbury area continues to be the most
important mineral, but the development
of a very large zinc-copper-lead-silver de-
posit near Timmins, a revival of uranium
activity at Elliot Lake, and iron ore pro-
duction in the northwestern parts of the
province have served to diversify and in-
crease mineral output. Quebec remains
the leading asbestos producer in Canada
and the second largest copper producer.
These two minerals, and a large output
of iron ore, are the leading mineral prod-
ucts of that province. Like Ontario, Que-
bec produces a large volume of structural
materials for the construction industry.
New Brunswick is primarily a base metal
producing province, with exploration and
production centred in the Bathurst area.
Coal has long dominated Nova Scotia’s
mineral economy; there are no signifi-
cant metal mines but there is an impor-
tant production of structural materials
and non-metallic minerals such as gyp-
sum and salt. Prince Edward Island’s
production is restricted to relatively small
amounts of sand, gravel and stone, and
is not shown in Figure I1.6. In New-
foundland and Labrador, iron ore is by
far the most important mineral product.
Areas offshore from the Atlantic Prov-
inces offer favourable prospects for oil
and gas, which are undergoing active
58

exploration.

In the North, mineral exploration has
been reactivated. New metal mining in
the Ross River area is a highlight in the
Yukon. In the Northwest Territories, the
Pine Point mine on the south shore of
Great Slave Lake is the principal produ-
cer, but exploration for oil and gas is
widespread. As a result of the Prudhoe
Bay oil discovery in northern Alaska, pe-
troleum exploration in the Mackenzie
Delta area and the Arctic Islands has
increased considerably, and new occur-
rences have been found in the Mackenzie
Delta region.

The Importance of the Mineral Industry
in the Canadian Economy

There are many indicators of the impor-
tance of the mineral industry in the Ca-
nadian economy. In 1968 the value of
mineral production was equivalent to
approximately 7 per cent of the Gross
National Product, compared with 4.2 per
cent in 1945. This is a minimum assess-
ment of the industry’s contribution, as it
does not take into consideration the value
of manufacturing activities dependent on
the mineral industry or the multiplying
effect in the transportation and service
industries. Within the manufacturing
group of industries, for instance, there
are four components-primary metals,
metal fabrication, non-metallic mineral
products, and petroleum and coal prod-
ucts-which are directly mineral based.
These four industries account for over
one-fifth of the value of all manufac-
turing in Canada.

The primary stage of the mineral in-
dustry, including the production of both
mines and oil fields, accounts for over
one-third of the “value added” in the
production process by all primary indus-
tries (agriculture, forestry, fishing, mining
(including oil and gas), and electric
power), and for about one-tenth of all
industrial production in the Canadian
economy. The growing importance of the
mining and oil industries in the primary
production sector of the Canadian econ-
omy, as indicated by the concept of value



added in the production process, is indi-
cated in Table I1.14. Trends in the late
1960s suggest that the relative impor-
tance of the mining and oil industries will
continue to increase.

Total wages and salaries paid in the min-
eral industry are almost double those paid
in forestry and well over three times the
income to labour in agriculture. Corpora-
tion profits, before taxes, of companies
engaged in mining and oil production
constitute about 11 per cent of the corpo-
ration profits of all industries. Business
gross fixed capital formation in the min-
eral industry accounts for 8 per cent of
total capital formation by industry in
Canada. When amounts expended in
mineral-based manufacturing and in
pipeline transportation and marketing
related to petroleum and natural gas are
added to primary sector investment, the
percentage of direct mineral industry
investment is increased to 15 per cent of
total annual investment by industry.

Companies engaged in mining and oil
production and in related manufacturing
activities, such as smelting and refining,
metal fabrication, petroleum refining,
and non-metallic mineral processing, pay
almost 20 per cent of all federal income
taxes. These companies are also major
contributors to provincial and municipal
treasuries.

Minerals and metals hold a prominent
position in Canada’s external trade,
currently accounting for about 30 per
cent of all merchandise exports compared
with 20 per cent in 1950 (Figure I1.7).

The industry is strongly export oriented;
the equivalent of almost two-thirds of its
production goes into the export market,
largely to the United States. Minerals
and mineral products make up one-half
of Canada’s 20 leading exports. Canada’s
position as fifth largest world trader is
due in no small part to the large and
growing exports of the mineral industry.
The importance of the primary mineral
industry, including oil and gas, in the
country’s trade is well illustrated in the
comparisons for 1964 and 1968 of foreign
trade balances (exports less imports) for
the key sectors of the economy (Table
I1.15). The mineral industry exceeded all
other sectors in the size and growth rate
of its trade balance.

The mineral industry has a major im-
pact on regional development throughout
the country. Possibly this is most drama-
tically illustrated in terms of oil industry
activity in western Canada. The oil in-
dustry has greatly enhanced the econo-
mic position of the Prairie Provinces, and,
being a substantial consumer of capital
goods produced elsewhere in the country,
has thereby made a major contribution to
the total economy. Since 1947 some $12
billion has been spent in the develop-
ment of oil and gas resources in western
Canada, and this has had a widespread
multiplying effect. Governments in Can-
ada have received an estimated $3 billion
of the total funds expended by the in-
dustry as direct payment for mineral
rights and royalties. The gross value of
the petroleum industry’s output since

Table 11.14~Percentage Production Contribution by Industry in the Primary Sector, Selected Years, 1951-67

1951 1956 1961 1966 1967

% % Za % %
Agriculture 56.3 42.3 34.4 41.1 35.1
Forestry 15.1 16.2 12.9 8.5 8.9
Fishing 2.5 2.6 2.6 2.7 2.4
Mining (including oil and gas) 17.7 26.4 33.6 33.3 37.8
Electric Power 8.4 12.5 16.5 14 .4 15.8
Totals 100.0 100.0 100.0 100.0 100.0
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Figure I1.7-Value of Canadian Merchandise Exports by Commodity Class, 1950-68 (Rise in manufacturing curve arises
from exports of motor vehicles and parts
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Table I1.15-Trade Balances for Key Sectors of the Economy, 1964 and 1968

Sector 1964 1968

$ million $ million
Farming 646 356
Fishing 11 3
Forestry 24 26
Mining 771 1 345
Manufacturing — 858 —879

1957 has aggregated over $10 billion.
The increased resource activity related
to the growth of the petroleum industry
has provided support for a population
one million greater than would have
been possible had the industry not deve-
loped. The industry provides employ-
ment opportunities for many professional
and technical workers. Some indication
of this impact can be seen in the increase
of professional engineers, scientists and
technical personnel in western Canada,
from 6 700 in 1941 to 19 500 in 1961. Al-
though these people were employed in a
number of industries, the petroleum in-
dustry and related activities accounted
for a very large part of the increase.
Important regional benefits from min-
eral industry growth can also be noted in
relation to many new mining develop-
ments of the past 20 years. Each new
project serves to push back the frontier
and to provide employment in the towns,
transportation facilities, and many service
industries associated with mine develop-
ment and operation. The multiplier effect
throughout the economy is considerable,
inasmuch as one worker’s activities in
mining and petroleum at the primary
production level give rise to employment
for as many as five or more workers in
other sectors of the economy. A large
new coal mining operation in western
Canada is estimated to have an employ-
ment multiplier of seven.' Revenues ac-
cruing to various sectors of the economy,
resulting from mineral production, exceed
revenues generated in the economy by
other primary industries and by many se-
condary and tertiary industries. The im-
pact of mineral industry activity on the

economy is correspondingly greater than
that resulting from agriculture, forestry,
fishing, and many manufacturing and
service industries.

Although the mineral industry has
achieved a prominent place in the Cana-
dian economy, it is beset by a number of
problems. For example, the industry is
characterized by a high degree of foreign
ownership and control; in the mining and
smelting industries, foreign ownership is
62 per cent and foreign control, 59 per
cent; comparable figures for the petrole-
um industry are 64 per cent and 70 per
cent. The high degree of foreign partici-
pation tends to restrict the amount of
earth science research that might other-
wise be carried out within Canada. Petro-
leum companies have tended to concen-
trate their research efforts in research
centres outside the country even for
problems that relate directly to Canadian
exploration. To the extent that this hap-
pens, it prevents Canada from enjoying
the benefits of active research programs,
such as the building up of a cadre of re-
searchers, the introduction of foreign re-
search results, and the financial returns
associated with capital and operating ex-
penditures on research activities.

Another problem facing the mineral
industry is the chronic shortage of well-
trained earth scientists and technologists,
attributable in part to living and working
conditions in remote mining and oil

'The impact of the coal mining operations of Kaiser Re-
sources Ltd. on the Canadian economy. Report prepared
for Kaiser Resources Ltd. by Hedlin-Menzies and Asso-
ciates Ltd. 1969.
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operations. This is an important factor in
restricting the ability to compete against
the more glamorous “space age” indus-
tries for scarce professional manpower.
The geography of our mineral resources
also constitutes a problem and demands
that certain priorities be placed in miner-
al development. In the competition for
foreign markets, the far-inland location
of mineral operations sometimes imposes
a serious transportation penalty which is
gradually being lessened through re-
search on transportation technology.

Level of Earth Science Activities in the
Mineral Industry

Expenditures

The expenditure data obtained from our
survey of the mineral industry are sum-
marized in Table 11.16." The principal
check on these results comes from DBS
reports, although no absolute comparison
is possible because, as explained in Sec-
tion 1.4, the Dominion Bureau of Statis-
tics has used other definitions of scientific
activities and other modes of reporting.
As a result, the statistical data on the
mineral industry included in pgs reports
refer essentially to the mining and metal-
lurgical or refining activities of the min-
eral industry alone.

Data on petroleum exploration expen-
ditures have been collected by the Do-
minion Bureau of Statistics since 1965,
and information on previous years is
available from the Canadian Petroleum
Association. The pss reports indicate
the net cash expenditures of the oil and
gas industry and include: a) geological
and geophysical expenditures, and b) ex-
ploratory drilling expenditures; however,
no attempt has been made to categorize
these expenditures in terms of scientific
activities (R & D, data collection, etc.).
Our estimate of the total geological and
geophysical expenditure by the petrole-
um industry (1968) is $129 million com-
pared with a pBs reported expenditure
of $150 million.

Data on the total exploration expendi-
tures of mining and exploration compa-
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nies have been collected by the Domin-
ion Bureau of Statistics only since 1967,
although partial data exist for earlier
years. Our estimate of mining explora-
tion expenditures in 1967 is $76 million
(Table I1.17). This total compares fa-
vourably with the DBS estimate of $70
million for all outside exploration ($53
million), plus half the “on-property ex-
ploration and development” and half
“the related administration and overhead
charges”.

Part of the basic and applied research
reported by petroleum companies in-
cludes the cost of research conducted in
laboratories in the United States or
Europe. Field research includes, for
example, studies of carbonate reefs to
develop models for oil exploration, and
regional studies to identify and interpret
factors controlling the origin and distri-
bution of ore deposits. The geological re-
search of consultants involves the initia-
tion and conduct of new exploration
projects. Geophysical firms are involved
in research and development related to
instrument development, part of which is
funded by industrial R & D programs of:
the Department of Industry, Trade and
Commerce; the National Research Coun-
cil; and the Defence Research Board.
Most companies consider that the federal
government incentive programs for in-
dustrial research should be broadened to
stimulate more research in Canada (see
Section IV.5).

Scientific development includes not only
the development of geophysical instru-
ments but also the costs of interpretation
of geochemical, geophysical and geologi-
cal data. The latter activity represents the
synthesis of large amounts of data, with
computers and other methods being used
to define the geometry of parts of the
earth’s crust which may contain economic
deposits. Where new techniques and
models are developed, this becomes re-

'Our questionnaire survey included a number of
qualitative questions on earth science activities, the replies
to which are summarized in Appendix 6.
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Table I1.16=Total Solid-Earth Science Expenditures of Mineral* Industry Related to Type of Scientific Activity, 1968

Type of Scientific Activity Total Petroleum Industryb Mining Industrye Consulting Firmsd
Expenditures
Office Field Total Office Field Total Office Field Total
(Labo-  (Explo- (Labo-  (Explo- (Labo- (Explo-
ratory) ration) ratory) ration) ratory) ration)
$°000 A $°000 $°000 $°000 % $°000 $°000 $°000 % $°000 $°000 $°000 %
Basic Research 1 979 0.5 1801 - 1 801 0.6 125 6 131 0.1 47 - 47 1.2
Applied Research 6 026 1.5 2 709 1 085 3 794 1.3 972 720 1 692 1.9 406 134 540 12.1
Development 33 532 8.6 25170 1 400 26 570 8.9 3 622 1 646 5 268 6.0 1277 417 1 694 38.1
Scientific Data Collection
A. Surveys & lab. studies 172 546 44.1 16 515 107 192 123 707 41.3 4 551 42 581 47 132 53.7 654 1 053 1 707 38.4
B. Exploration drilling 172 557 441 - 139 559 139 559 46.6 ~ 32 820 32 820 37.4 - 178 178 4.0
Scientific Information 5 003 1.2 3933 - 3933 1.3 793 - 793 0.9 277 - 277 6.2
Totals Amount 391 643 100.0 50 128 249 236 299 364 100.0 10 063 77 773 87 836 100.0 2 661 1 782 4 443 100.0
% (16.7%) (83.3%) (100.0%) (11.5%) (88.5%) (100.0%) (59.9%) (40.1%) (100.0%)

s Mineral industry is defined as including the mining and petroleum industries.

b On the basis of replies from 41 companies which account for 62 7 ($0.8 billion) of the annual gross value of petroleum production, we estimate that 70 %] of the annual expenditure
on solid-earth science activities was reported (90 % of the research and 69.6 %, of the remaining scientific activities). Hence the reported expenditures on research have been divided

by 90 % and the remaining activities by 70%;.

¢ On the basis of replies from 79 companies, which represent $1.9 billion (63 %) of the 1968 production, we estimate that 707, of the total earth science expenditures were reported
(90 % of the research and 69.6 % of the remaining scientific activities). Hence the reported research expenditures have been divided by 907, and the remaining scientific activities by

70%.

d Includes geological and geophysical firms involved in activities related to the petroleum and mining industries. The return on our consultant questionnaire was very low (15%). We
empirically estimate that our survey represents 40 % of the in-house earth science activities and hence the reported expenditures have been divided by that amount.




Table I1.17-Growth in Solid-Earth Science Expenditures of Canadian Mining and Petroleum Companies,

1964-68> (in millions of dollars)

Scientific Petroleum Companies Mining Companies
Activity

1964 1965 1966 1967 1968 1964 1965 1966 1967 1968
Geology 11.7 14.0 14.7 159 17.5 11.2 152 18.2 17.0 18.3
Geophysics S1.1 59.1 76.2 112.1 111.2 5.9 9.7 11.0 10.2 11.5
Geochemistry 0.1 0.3 0.2 0.8 0.5 1.9 3.3 39 4.6 4.5
Exploratory Drilling 84.9 105.8 127.4 125.6 139.6 18.3 26.3 29.7 27.4 32.8
Other Related Expendituresﬁ 17.1 18.9 23.5 26.8 30.6 10.3 13.0 15.1 17.1 20.8
Total ~ 164.9 198.1 242.0 281.2 299.4 47.6 67.5 77.9 76.3 87.9
Ratio® 0.16 0.18 0.21 0.22 0.22 0.02 0.03 0.03 0.03 0.03

= Expenditures represent our estimates for the entire mineral industry.
b Ratio of exploration expenditure to production value.

search. Where semi-standard procedures
are followed, this represents the develop-
ment stage of scientific activities leading
hopefully) toward economic exploita-
tion of the scientific knowledge that has
been generated. Scientific development
therefore represents a central activity of
exploration companies. As defined
herein, it represents the major scientific
activity conducted in the office and labo-
ratory.

Scientific data collection includes the
systematic collection of both surface and
subsurface data. Canada is so large that
this activity is the most expensive. In-
dustry collects data principally in areas of
known or suspected economic signifi-
cance, and uses geological, geophysical
and geochemical techniques in attempts
to improve the success of exploratory
drilling. Drilling is the main expense in
industrial data collection, but large sums
are also spent on seismic and other re-
gional surveys. Data collection encom-
passes a multiplicity of projects of vary-
ing scope, detail and quality which, be-
cause of competition and their proprie-
tary nature, are often duplicative. Infor-
mation is released to meet the minimum
requirements of governmental legislation,
while the rest is either destroyed (e.g.
drill cores left on the ice or in “scram-
bled” piles), retained in company files, or
in a few cases transmitted to data centres
located outside the country. To an outsi-
der, certain aspects of industrial data col-
lection resemble a situation in which
every airline has to collect its own
64

weather data.

The levels of earth science expenditure
of petroleum and mining industries have
grown steadily during the period 1964-68,
as shown in Table 11.17. The annual ex-
penditures of the petroleum industry are
between 3.0 and 3.7 times those of the
mining industry, as a result of larger
expenditures on geophysics and explor-
atory drilling. The expenditures of the
petroleum industry on exploration have
increased at a faster rate than the gross

value of petroleum production (Table
I1.17).

Manpower

The professional manpower engaged in
earth science activities in the mining and
petroleum industries is classified in Table
I1.18 in terms of specialities and acade-
mic degrees. Geologists and geophysicists
together compose 82 per cent of this in-
dustry personnel. However, the propor-
tion of geologists to geophysicistsis 21 to
1 in the mining industry and 22 to 1 in
the petroleum industry. Geochemists rep-
resent only 1 per cent or less of the popu-
lation. Doctoral degrees are more com-
mon among earth scientists in the mining
industry (12%) than in the petroleum in-
dustry (6%).

Table I1.19 shows that the professional
staff of petroleum companies has grown
at a rate similar to that of the staff of
mining companies during the period
1964-68. If one allows a 3 per cent re-
placement rate for attrition (retirement,
death, etc.), the average new earth



Table 11.18=Earth Science Manpower in Canadian Mineral Industry, 1968-

Specialty Degrees Subtotal

B.Sc. M.Sc. Ph.D.

Geologists & Geological

Engineers

Petroleum 841 291 111 1 243
Mining 680 253 158 1 091
Consulting 158 45 28 231
Subtotal 1 679 589 297 2 565
Geophysicists

Petroleum 386 89 16 491
Mining 24 18 10 52
Consulting 80 54 18 152
Subtotal 490 161 44 695
Geochemists

Petroleum 2 - 3 S
Mining - 6 10 16
Consulting 5 3 3 11
Subtotal 7 9 16 32
Mining Engineers

Petroleum 32 3 - 35
Mining 177 7 - 184
Consulting 8 1 - 9
Subtotal 217 11 - 228
Other Engineers

Petroleum 231 30 . 261
Mining 7 - - 7
Consulting 33 2 3 38
Subtotal 271 32 3 306
Physicists

Petroleum 7 4 - 11
Mining 6 = -

Consulting - - 3 3
Subtotal 13 4 3 20
Chemists

Petroleum - 2 -

Mining 13 2 - 15
Consulting 5 - .

Subtotal 18 4 - 22
Mathematicians

Petroleum 17 4 - 21
Mining 3 - - 3
Subtotal 20 4 - 24
Other Professionals

Petroleum 40 2 - 42
Mining 27 - - 27
Consulting 8 - - 8
Subtotal 75 2 - 7
Total 2 790 816 363 3 969

s Estimates of total numbers of professionals engaged in earth science activities in the Canadian mineral
industry in 1968, based on 120 questionnaire returns which have been inflated by a factor of 1.4 to arrive
at an estimate for the total mineral industry.
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science employment in the mineral in-
dustry has been 369 per annum during
the last five years. In view of the lower
rate of graduation from Canadian uni-
versities, and the decreasing proportion
of graduates entering industry (as op-
posed to teaching, etc.), it is apparent
that the immigrant component of this
personnel has increased rapidly since
1964. If the mineral industry continues to
grow at the same rate as in 1964-68 (Fig-
ure I1.9), with the same rate of increase
in earth science manpower, it may well
be that by 1980 more than 6 700 will be
engaged in mineral exploration, com-
pared to about 4 000 in 1968 (Table
11.19).

I1.4 The Construction Industry

Definitions

Construction is an activity not only of
those contractors and consultants en-
gaged in the construction industry
proper, but also of the labour forces of
utilities, manufacturing, mining and log-
ging firms and government departments.
Construction statistics reflect the value
and level of activity of all these groups,
many of whom are not employed in the
private sector or primarily engaged in
construction as such. The scale of con-
struction activity may range from large
dams, highways and bridges to single-
family dwellings.

Every structure is in contact with the
ground and depends on surface materials
for its stability and performance. The
term “geotechnique” is used to describe
the earth science activities applied in the
construction industry. These activities in-
volve application of the principles and
techniques of engineering geology, soil
and rock mechanics, geomorphology,
muskeg, snow and ice studies, hydrogeo-
logy, and geophysics. According to R.F.
Legget, “it is strange to reflect upon the
paradox of the long-standing acceptance
in scientific circles of the application of
geology to mining ventures, and to the
discovery and extraction of petroleum, in
contrast with the neglect of the corres-
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ponding but much more frequent appli-
cations of geology to the works of the

99 1

civil engineer”.
Present Levels of Activity

Expenditures

Since 1961, the value of construction in
Canada has risen rapidly, to exceed $13
billion in 1969 (Figure I1.10). It is fore-
cast that the annual volume of construc-
tion will rise to $20 billion by the year
1980 (Legget, op. cit.). In addition, Cana-
dian contractors, consultants and geo-
technical specialists are becoming in-
creasingly involved in construction activi-
ties in developing countries through the
Canadian International Development
Agency and the United Nations Develop-
ment Program.

The construction industry has been
growing faster than the Canadian econ-
omy as a whole. This is apparent from
an examination of the value added to
production in the various resource and
secondary industries. Since 1961 the
average annual increase in this indicator
for the construction industry has been
11.5 per cent, compared with 9.5 per cent
for all other industries. Over the period
1935-61 the average annual increase was
10 per cent for construction, compared
with 8.5 per cent for all other industries.
Thus, the construction industry has
helped to increase the rate of economic
growth in Canada. Its prominent position
as a growth industry and its relative im-
portance in the economy are seen from the
fact that in 1935 the value of construction
was 2.6 per cent of the Canadian Gross
Domestic Product; by 1961 it accounted
for 5.5 per cent and currently is close to
6.5 per cent. In the entire group of pri-
mary and secondary industries it is sec-
ond only to manufacturing in its contri-
bution to the Gross Domestic Product.

The total expenditure on geotechnical
research and development in Canada

'Legget, R.F. Geotechnique and national develop-
ment. In The earth sciences in Canada. Edited by ER.W.
Neale. Roy. Soc. Canada, Spec. Publ. No. 11, 1968. p. 188.
1968.



L9

Table I1.19-Growth in Solid-Earth Science Professional Staff of Canadian Mining and Petroleum Companies, 1964-68

Degree Petroleum Companies Mining Companies Consultants

1964 1965 1966 1967 1968 1964 1965 1966 1967 1968 1964 1965 1966 1967 1968
Bachelors 1 221 1274 1364 1 446 1 556 599 659 781 853 937 98 125 168 258 297
Masters 273 290 323 379 425 156 174 211 246 286 40 63 75 108 105
Doctors 100 110 116 124 130 100 120 140 161 178 25 33 40 45 55
Total 1594 1674 1803 1949 2 111 855 953 1132 1260 1 401 163 221 283 411 457




Figure [1.8-Growth in Earth Science Expenditures of the Petroleum and Mining Industries, 1964-68
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Figure IL.9-Growth in Earth Science Manpower in the Mineral Industry, 1964-68
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Figure 11.10-Growth of Canadian Construction Industry, 1952-69 (Figures include new construction and repair)
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during 1968 was approximately $4 mil-
lion, or 0.03 per cent of the value of
non-residential and engineering construc-
tion' (Table 11.20). The corresponding
expenditure on all forms of geotechnical
activity was $33 million, or 0.3 per cent
of the value of construction.

University groups, principally depart-
ments of civil engineering and, to a lesser
extent, departments of geology, mining
and geography, conduct over half the
geotechnical R & D in Canada, from
funds provided through federal govern-
ment agencies. However, consulting firms
perform over half the total geotechnical
activity on behalf of clients in both the
private and public sectors. The geotech-
nical expenditures of provincial agencies,
which include the departments of high-
ways, public works, and utilities, are
greater than the total earth science ex-
penditures of the provincial departments
of mines ($8.6 million versus $6.8 mil-
lion). Provincial government agencies
perform 70 per cent of the geotechnical
work of all government agencies, the lar-

'Geotechnical activities relate primarily to new construc-
tion in the non-residential and engineering categories of
construction expenditures, and hence the costs of residen-
tial construction have been deleted from these compari-
sons.

gest performers being those of Ontario,
Quebec and British Columbia. As with
industry, much of this activity is underta-
ken to meet the needs of specific con-
struction projects, and hence is “con-
sumed” on the site. The generation of
new public knowledge in geotechnique is
a much more restricted activity, being
predominantly pursued in the universi-
ties and by selected government agencies,
e.g. the National Research Council and
the Geological Survey of Canada. Little
effort is made by government agencies to
collect, summarize, interpret and dissemi-
nate the vast amount of geotechnical
data which is available from major con-
struction projects.

The level of geotechnical activities in
the federal government in 1968 is indicat-
ed in Table I1.21. Eighty-two per cent of
the activities are conducted to meet the
operating needs of other federal prog-
rams - external aid, farm rehabilitation,
airport construction, defence construc-
tion, and public works - rather than to
generate scientific knowledge for public
use. Only the Division of Building Re-
search of the National Research Council,
and branches of the Department of En-
ergy, Mines and Resources, publish geo-
technical information for general use by

Table I1.20-Total Expenditures on Geotechnical Activities by Sector of Performance, 1968

Sector of Total R & D» Scientific Data Collection Scientific
Performance Infor-

Laboratory Drilling and Other mation

and Office  Sampling Field

Activities
$°000 $°000 $°000 $°000 $°000 $°000

Industryv
Contractors 717 = 402 139 156 20
Consulting firms 17 237 459 4 984 8 590 2 964 240
Government
Federal 3 805 548 1 425 1 000 685 147
Provinciale 8 550 450 2 430 3 250 2 310 110
Universityd 2 250 2 200 - - - 50
Total 32 559 3 657 9 241 12 979 6 115 567

» R & D and data collection expenditures were reported as percentages of total geotechnical costs rather

than fixed amounts.

b Questionnaire returns from industry were multiplied by 1.56, on the basis of the proportion of reported
capital costs of projects to the total new construction in non-residential and engineering categories reported

by the Dominion Bureau of Statistics.

¢ Based on partial returns and estimates. The subdivision into scientific activities is based on the propor-

tions indicated by the reporting agencies.

4 The university expenditure is difficult to estimate because of the distribution of geotechnical activities

among various engineering and science departments.
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Table I1.21-Total Earth Science Expenditures of the Federal Government on Geotechnical Activities Related

to Construction and Transportation, Year 1968-69

2 B =

3 = = 2

E 5 =5 a e & &=

s - .8 B 5 £.3 s

& g g% 8% & 887 &g

A [ @ < a] @RA0 @5
$°000 $°000 $°000 $°000 $°000 $°000

1. Dept. of Energy, Mines & Resources: Mines

and Geosciences Sector 100= - - 20 70 10

2. Canadian International Development Agency 150 - - 150 -

3. National Research Council: Division of

Building Research 572 143 171 86 115 57

4. Canada Dept. of Agriculture: Prairie Farm

Rehabilitation Administration 850 - 35 - 785 30

5. Dept. of Transport: Engineering Design

Division 1 800 - 18 . 1 732 50

6. Defence Research 33 - 33 - - -

7. Dept. of Public Works: Testing Laboratories 300 - 40 2 258 -

Total 3 805 143 297 108 3110 147

» Only costs related to engineering geology are indicated here. Of course, the general-purpose topographic,
geological and geophysical mapping of the Department also finds widespread application in the construc-

tion industry as in the mineral industry.

the industry. On the provincial level, an
even smaller proportion of the data from
geotechnical activities finds its way into
general public use.

Manpower

The number of professionals engaged in
geotechnical activities in Canada repre-
sents approximately 10 per cent of the
national earth scientist population (Table
11.22). Although the contractors and con-
sultants are grouped, the geotechnical
personnel in industry is employed almost
exclusively by consultants or the design
professions rather than by contractors. In
contrast to other areas of earth science
activity, engineers form the major specia-
lity group (85%), although the distribu-

tion of degrees is not significantly dif-
ferent from that in the national earth
scientist population.

Figure II.11 shows the 1963-68 growth
in geotechnical manpower, as indicated
in returns to the Study Group. The figure
clearly illustrates the growing geotechni-
cal expertise in response to the rapid ex-
pansion of the construction industry in
Canada.

IL.5 The Federal Agencies'

General
Canada supports a wide range of earth
science activities at the federal level.

'Descriptions of the departments and their functions are
given in Appendix 5.

Table I1.22-Geotechnical Manpower in Canada, 1968

Sector Total Degree Speciality

Bachelor Master Doctor Engineering Geology Other
Industry 250 125 100 25 209 34 7
Government
Federal 123 98 18 7 117 1 5
Provincial 105 84 16 5 80 25 -
University 70= - 5 65 60 6 4
Total 548 307 139 102 466 66 16

» Exclusive of graduate students.
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Figure I

T11-Growth in Geotechnical Manpower in Industry and the Federal Government, 1963-68
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Their origin dates from the founding of
the Geological Survey of Canada in
1842. Now 11 departments or agencies
(Figure I1.12) spend $53 million annually
and employ 663 professionals in earth
science activities (Tables I11.23 and 11.24).
Fifty-nine per cent of the expenditures
and 71 per cent of the personnel are in
the Department of Energy, Mines and
Resources (32% of the latter in the Geo-
logical Survey of Canada). Some depart-
ments, such as Energy, Mines and Resour-
ces, are equally funders, performers and
co-ordinators of earth science activities.
Others, such as the Canadian Interna-
tional Development Agency, are funders
alone. Still others, such as the Depart-
ment of Transport and the Department
of Public Works, are principally perform-
ers and consumers of earth science activi-
ties to meet the internal needs of their
departments.

The federal government has many rea-
sons to use the earth sciences in the im-
plementation of its national policies
(Table 11.25). The Canadian Internatio-
nal Development Agency spends 12 per
cent of the federal earth science budget
as a means of aiding developing coun-
tries. The Defence Research Board places
emphasis on seismology, geomagnetism
and geotechnique, for nuclear detection,
submarine detection and terrain analysis
in the North. The Department of Agri-
culture supports soil science studies for
agricultural development. The Depart-
ment of Energy, Mines and Resources ac-
counts for 59 per cent of the federal earth
science expenditures: to provide the na-
tional basis for economic development
through airphoto, topographic, geological
and geophysical and hydrographic maps;
to support the development of specific re-
gions; to perform research and develop-
ment in geological, geophysical and geo-
chemical sciences for mineral resource
development; and to sustain general
physical science research. The Depart-
ment of Industry, Trade and Commerce,
as well as the National Research Council,
encourages R & D in geophysical instru-
mentation as a factor in the growth of se-
74

condary industry. The Defence Research
Board does likewise, but only to meet de-
fence needs. The National Research
Council funds earth science research in
Canadian universities as part of its role
in promoting scientific research in Can-
ada, and performs earth science research
related to the construction industry. The
Department of Regional Economic Ex-
pansion is a funder of earth science acti-
vities for regional needs. Similarly, the
Department of Indian Affairs and North-
ern Development supports earth science
activities for northern development. Fi-
nally, the National Museum and the Na-
tional and Historic Parks Branch of the
Department of Indian Affairs and North-
ern Development portray the earth
sciences to the public in their cultural
and recreational programs.

The Federal Government as a Funder of
Earth Sciences
The federal government’s expenditure on
earth science activities in 1968-69 was
$53 million (Table I1.23), accounting for
11 per cent of the national total (Table
IL.1). Of the federal government’s research
and development expenditure of $18 mil-
lion, 31 per cent supported the conduct
of R & D in universities and industry.
Table I1.25 illustrates the breakdown
of federal funding in terms of the various
functions for which earth sciences are
employed. Expenditures had to be as-
signed somewhat arbitrarily, as most
earth science expenditures benefit many
government functions beyond the imme-
diate responsibilities of individual de-
partments. For instance, the grants-in-aid
of university research by the Defence Re-
search Board and by Energy, Mines and
Resources might well be classed under
“general research” (Table I1.25, item 6)
rather than under the respective func-
tions of the granting department (defence
or economic measures). Activities of the
Geological Survey of Canada are divided
into: (1) mineral industry support, 50 per
cent; (2) regional development, 30 per
cent; (3) general purpose mapping, 20
per cent. Nevertheless, the estimates of



Figure I1.12-Solid-Earth Science Activities in the Federal Government, 1969 (Circles are proportional to size of expendi-

ture and size of in-house activity (black)
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Table I1.23=Total Solid-Earth Science Fundings by the Federal Government, Year 1968-69

Department and Unit ° K] - °
: g : £ 135
= E 38 5 £ 3 £ 3 253
o < - - - Q g o
EH 2% L 2 552 g8 £32
© 8 < a 2838 3 Evegd
$°000 $'000 $°000 $°000 $°000 $°000 A
1. Department of Energy, Mines & Resourcest
A. Mines & Geosciences Sector (incl. Mineral Development) 24 152 3 162 4 931 1 601 10 091 4 367 93
B. Water Sector (solid-earth activities only) 6 727 643 1 063 600 3 507 914 99
Subtotal 30 879 3 805 5 994 2 201 13 598 5 281 94
2. Canadian International Development Agency 6 030 -~ - 630 4 640 760¢ 0
3. Department of Indian Affairs & Northern Development
A. Northern Mineral Development & Assistance Grants 5 290 - - - 5 290 - 0
4. National Research Council
A. Division of Building Research 533 143 132 86 115 57 100
B. Canadian Journal of Earth Sciences 107 - 107 100
C. Earth Science grants 3171 2 146 842 183 - - 0
D. Associate committees in earth sciences 33 - - - - 33 0
E. Industrial Research Assistance Program 77 - 77 - - - 0
Subtotal 3 921 2 289 1 051 269 115 197 17
5. Department of Agriculture
A. Soil Research Institute 1 181 207 532 - 395 47 100
B. Prairie Farm Rehabilitation Administration 850 - 35 . 785 30 100
C. Departmental grants (soil science research) 32 9 23 - - - 0
Subtotal 2 063 216 590 - 1 180 77 98
6. Department of Transport
A. Engineering Design Division 1 800 - 18 - 1 732 50 90
7. Department of Regional Economic Expansion
A. Atlantic Development Board 35 - 35 - - - 0
B. Canada Land Inventory 1 250 - - - - 1 250 0
Subtotal 1 285 - 35 - - 1 250 0
8. Defence Research Board 800 138 662 - - - 62
9. National Museum of Natural Sciences 139 28 27 - 42 42 100
10. Department of Industry, Trade and Commerce 116 - - 116¢ - - 0
11. Department of Public Works
A. Testing Laboratories 300 - 40 2 258 - 100
Total Federal Expenditures . - 52 623 6 476 8 417 3 218 26 BSS 7 657 67

» Eldorado Nuclear Ltd. is classified under




¢ Expenditures on earth science education and training.

CRE - . is clasgified under
s, T’t& S, for further subdivision.

the industry sector in this Study.

4 Expenditures under PAIT. Payments made under the IRDIA program are assigned to overall research programs of companies rather than specific projects, and it is not possible to
classify them in terms of solid-earth sciences. IRDIA payments to companies classified as ‘““‘mines, oil wells and gas wells" in 1968-69 were $745 000.

Table I11.24-Federal Government Professional Personnel Engaged in Solid-Earth Science Activities, Year 1968-69

Department and Unit Geology Geophysics  Geo- Geography Soil Engineering Other Total
chemistry Science Physical
Sciences
1. Department of Energy, Mines & Resources
A. Mines & Geosciences Sector
1. Geological Survey of Canada 163 11 7 10 - 5 15 211
2. Observatories Branch 9 28 - - - - 24 61
3. Surveys & Mapping Branch - - - 2 ~ 47 - 49
4. Mines Branch 8 - - - - 13 19 40
5. Polar Continental Shelf Project 3 4 - 2 - - 2 11
B. Mineral Development Sector
1. Mineral Resources Branch 22 N = 1 N 13 - 36
C. Water Sector
1. Inland Waters Branch 19 1 2 7 - 3 5 37
2. Marine Sciences Branch 13 7 - - - 1 1 22
Subtotal 237 51 9 22 - 82 66 467 (70%)
2. Department of Transport = - N = - 82 = 82
3. Department of Agriculture
A. Soil Research Institute 4 - - 1 37 - 8 50
B. Prairie Farm Rehabilitation Administration - - - - - 17 - 17
4. National Research Council
A. Division of Building Research - - - 2 1 10 2 15
5. Dept. of Indian Affairs & Northern Development 6 - - - - 6 - 12
6. Defence Research Board 2 1 = 1 - - 5 9
7. Dept. of Public Works - . - N 8 = 8
8. National Museum of Natural Sciences 2 - N - N = 1 3
9. Cdn. International Development Agency - - - - - - - -
10. Dept. of Regional Economic Expansion
A. Canada Land Inventory - - - - — - -
3 Total 251 52 9 26 38 205 82 663 (100%)




Table I1.25-Total Expenditures on Solid-Earth Science Activities by Federal Departments and Agencies,
Year 1968-69, Classified According to Function»

Governmental Functions Expendiwure

Total Scientific R&D

Activities
$°000 %% $°000 %
1. Foreign Affairs
a) Contributions to international organizations (EMR, NRC) 37 - - -
b) Assistance to developing countries (CIDA) 6 030 - 630 -
Subtotal 6 067 12 630 3
2. Defence
a) Defence Research Board 800 2 800 -
Subtotal 800 2 800 4
3. Economic Measures
A. Primary Industry
"~ a) Agriculture (cDA) 1 213 2 771 4
b) Minerals (EMR) 6 936 13 3 943 22
¢) Water resources (EMR) 4 027 2 306 13
Subtotal 12 176 23 7 020 39
B. Secondary Industry
a) Industrial Research Assistance (NRC) 77 - 77 -
b) General Incentives for R&D (Dept. of Industry) 116 - 116 -
Subtotal 193 <1 193 1
C. Transportation
a) Air transport (DOT) 1 800 3 18 -
b) Road transport (DPW) 300 1 42 -
¢) Marine transport (EMR) 2 600 5 - -
Subtotal 4 700 9 60 <1
D. Construction
a) Building Research Division, NRC 533 1 361 -
b) Geological Survey of Canada 100 - 20 -
Subtotal 633 1 381 2
E. General Research (Physical Sciences)
a) University grants (NRC, etc.) 3177 6 3177 18
b) Polar Continental Shelf Project 1 991 4 966 5
¢) Observatories Branch, EMR 2 678 5 1 328 7
Subtotal 7 846 15 5 471 30
F. Regional Development
a) Northern Mineral Development (1AND) 5 290 10 - -
b) Geological Survey of Canada (307, of budget) 3 500 7 1 960 11
¢) Cdn Land Inventory & Atlantic Development Board 1 285 2 35 -
d) Prairie Farm Rehabilitation Administration 850 1 35 -
Subtotal 10 925 20 2 030 11
G. Other Economic Measures (general purpose mapping)
a) Surveys & Mapping Branch (EMR) 6 704 13 170 1
b) Geological Survey of Canada (209 of budget) 2 315 4 1 300 7
Subtotal 9 019 17 1 470 8
4. Culture and Recreation
a) National Museum 139 - 55 -
b) National Parks & Historic Sites 10 - - -
¢) Geological Survey of Canada 25 - = =
Subtotal 174 <1 55 <1
Total 52 533 100 18 110 100

» This is the functional classification of government expenditures adopted by the Treasury Board of the
federal government. General Government, Social Measures, and Education classifications are excluded.
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expenditures shown in the table are
sufficiently accurate to allow analysis,
and to indicate the low levels of funding
that exist.

In Chapter VIII we reach the conclu-
sion that the federal expenditure of $6
million on earth sciences in the foreign
aid program should be increased to reach
a level of $30 million by 1975. We do not
have at hand ready yardsticks to assess
levels of earth science expenditure relat-
ed to defence, agriculture and water.

In 1968 the federal expenditure on
earth science activities related directly to
the mineral industry (Table 11.25) was $7
million.” Those expenditures related to
regional development, including northern
development, are not included in this es-
timate since they are a “charge” on the
entire economy, not on the mineral in-
dustry specifically. The need for in-

'If we add to this the expenditures of the Mines Branch
of the Department of Energy, Mines and Resources relat-
ed to mining and metallurgy, the total federal expenditure
for scientific activities bearing on the mining industry was
approximately $ 15 million.

creased federal funding to meet the
scientific needs of industry are developed
in succeeding chapters. Evidence that the
mineral industry is “paying its way” is
presented in Figure I1.13 and Table 11.26,
which summarize government revenues
from the mineral industry.

The proper level of funding of earth
science activities related to regional deve-
lopment is a matter of political decision
arising from economic considerations.
Twenty per cent of the federal earth
science expenditures can be classified for
this purpose, three-quarters of which
(approximately $8 million) are spent
north of the 60th parallel. This sum can
be compared with $6, million spent by the
Canadian Government on earth science
activities in developing countries.

The federal expenditure on general-
purpose mapping can be assessed in
relation to the present extent of national
coverage, and the present rate of progress
by federal and provincial agencies in
completing the national coverage to ac-
ceptable standards. These matters are

Table I1.26~Federal Government Revenues from the Mineral Industry

Department Purpose Year
1965-66 1966-67 1967-68 1968-69
$million $million S$million $million
Indian Affairs and Revenues from mining operations 1.17 1.26 0.76 0.80
Northern Development Revenues from oil operations 6.27 1.77 2.00 9.60
Subtotal 7.44 3.03 2.76 10.40
Energy, Mines & Offshore oil permits - 0.11 0.10 0.64
Resources Federal leases in provinces - 0.30 0.28 0.31
Subtotal - 0.41 0.38 0.95
Year Year Year Year
1965 1966 1967 1968
Finances Corporation income tax from
companies classified by DBS as:
Gold mines 2.5 2.4 1.7
Iron mines 3.7 2.8 1.1 °
Other metal mines 25.7 20.5 29.0 %
Coal mines 0.3 0.2 0.1 =
Oil & gas wells 9.0 14.1 46.5 ]
Nonmetal mining 14.0 16.9 11.4 °
Quarries 1.2 3.4 2.6 “
Mining services 6.2 2.5 2.4
Subtotal 62.6 62.8 94.8

» Revenues from companies classified under smelting and refining, iron and steel mills, iron foundries,
petroleum refineries, and coal and oil products are not included in this tabulation.
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Coal mines 0.3 0.2 0.1 =
0il & gas wells 9.0 141 46.5 s
Nonmetal mining 14.0 16.9 11.4 )
Quarries 1.2 34 2.6 ~
Mining services 6. 2.5 2.4
Subtotal 62.6 62.8 94.8

a Revenues from companies classified under smelting and refining, iron and steel mills, iron foundries,
petroleum refineries, and coal and oil products are not included in this tabulation.
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Figure II.13-Federal Expenditures on In-House Solid-Earth Activities (A), compared with Total Federal In-House Ex-
penditures on other Scientific Activities (B). and Solid-Earth Science Expenditures of all other Sectors-Industry, Univer-

sities and Provincial Agencies (C). 1968-69
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discussed in Chapter VII, where it is indi-
cated that the present rates of completion
of the topographic, geological and geo-
physical mapping of Canada are not ade-
quate for the immediate needs of nation-
al development.

The federal level of funding earth
science research (excluding contract re-
search) in the universities is summarized
in Table I1.27. If we include major equip-
ment and travel grants, this amounted to
over $4 million, or $6 700 for every earth
science professor in the geology, geophy-
sics, geography, engineering and agricul-
tural departments of Canadian universi-
ties. The number of grants (594) awarded
in 1968 is remarkably close to the num-
ber of faculty members plus research
associates (593 in total) shown in Table
IL.5. This situation is not uncommon in
the funding of university research in
Canada. There are at least 10 different
sources of federal funds for university
research in the earth sciences, over half
being in the Department of Energy,
Mines and Resources (Table 11.27). Only
grants of the National Research Council
and the Geological Survey of Canada
cover the complete range of earth science
specialities. A number of specialities
(Quaternary geology, glaciology, seismo-
logy, geomagnetism, rock mechanics, soil
mechanics, and hydrogeology) can expect
to obtain support from three or four
agencies, while one (mineral economics)
requires support outside the normal
granting committees. Despite these multi-
ple sources of research funds, the level of
support, as well as the relative levels of
support between disciplines, is established
primarily by the National Research
Council earth science grants. This situa-
tion has led the National Advisory Com-
mittee on Research in the Geological
Sciences to comment':

“The large increase in NRC grants has
resulted in the majority of applicants for

'Eighteenth Annual Report (1967-68) of the National
Advisory Committee on Research in the Geological
Sciences. 1969. pp. 2-3.

GSC grants also receiving substantial
grants from NRC.In fact, in the last few
years, 75 to 80 per cent of the applicants
for GSC grants have been awarded grants
for the same or similar projects a month
or so before the applications for GSC
grants are reviewed. As a consequence,
75 to 80 per cent of the GSC applications
are, in effect, for supplements to NRC
grants. Because NRC awards are on the
average less than two-thirds of the
amount requested, these supplements are
needed and justified. However, it means
that in reviewing the GSC applications,
after providing for the 20 to 25 per cent
not already receiving NRC grants, the
Projects Subcommittee has no recourse
but to divide the balance equally be-
tween the 75 to 80 per cent of the appli-
cants receiving NRC grants whose pro-
jects have already been reviewed by
NRC. This has led the NAC to consider
means whereby the GSC grants may be
directed to fields or major projects which
the Committee through its subcommit-
tees considers as particularly deserving of
support.”

The level of earth science funding in Ca-
nadian universities and the adequacy of
the funding mechanisms are discussed
more fully in Chapter I11.

Direct federal funding of earth science
activities in provincial agencies is remar-
kably low, although examples exist of
projects which were funded and per-
formed co-operatively by both groups.
The federal-provincial acromagnetic
program is a good example. A case can be
made that the constitutional division of
responsibilities for the administration of
mineral resources under the British
North America Act is a barrier to the
flow of federal funds in support of
provincial departments of mines. As a
result, in a number of provinces, earth
science expenditures in the universities
(largely supported by federal funds for
research) are higher than those in provin-
cial departments of mines. Federal sup-
port of earth science activities in provin-
cial research councils has come largely
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% Table I1.27-Grants-in-Aid= of University Research in the Solid-Earth Sciences, Year 1968-69

Solid-Earth Science Funding Departments Totals
Speciality

National Defence Dept. of Department of Energy, Mines and Resources

Research Research  Agriculture Geological Mines Observa- NACWRR: NACGR¢ Surveys Mineral

Council Board Survey of Branch tories and Resources

Canada Branch Mapping  Branch
Branch

No. $000 No. $'000 No. $°000 No. $°000 No. $'000 No. $000 No. $°000 No. $000 No. $°000 No. $°000 No. $°000
Geology
Paleontology & paleobotany 29 223 - - - - 12 29 - - - - - - - - - - - - 41 252
Mineralogy & crystallography 26 203 - - = - 10 15 - - - N - - - = - - = = 36 218
Stratigraphy & sedimentology 30 200 - - - - 17 35 - - - - - - - - - - - - 47 235
Petrology 30 180 - - - - 19 40 - - - - - - - - - - - - 49 220
Structural geology &
tectonophysics 17 148 1 6 - - 10 21 - - - - - - - - -~ - - - 28 175
Mineral deposits geology 15 119 - - - - 7 16 - - - - - - - - - - - - 22 135
Quaternary geology &
geomorphology 25 139 1 2 - - 5 8 - - - N - = 13 15 = - - = 44 164
Pedology 12 90 - — 8 32 - - - - = - - - - - - - - - 20 122
Glaciology (incl. snow & ice) 10 74 2 16 - = - - - - = - 3 22 - - - - - - 15 112
Marine geology 7 68 - - - - 2 4 - - - - - - - - - - - - 9 72
Computer applications 8 45 - - = - 5 43 - ~ - - - - - - - - - - 13 88
Subtotal 209 1489 4 24 8 32 87 211 - - - - 3 22 13 15 - - - - 324 1 793
Geophysics
Seismology 11 119 7 61 — - 3 6 - - 5 9 - - - - - - - - 26 195
Geomagnetism 10 103 2 18 - - 3 4 - - - - - - - - - - - - 15 125
Heat flow 5 61 - - - - - - - - - - - - - - - = = = 61
Exploration geophysics 6 42 - - - - 1 2 - - - - - - - - - - - - 7 44
Marine geophysics 4 29 - - - - - - - - - - - - - - - - - - 29
Other geophysical research 10 84 - - - - 1 2 - - - - - - - - . - 11 86

Subtotal 46 438 9 79 - - 8 14 - - 5 9 - - - - - - - - 68 540




Table I1.27-Grants-in-Aid* of University Research in the Solid-Earth Sciences, Year 1968-69 (Concluded)

Solid-Earth Science Funding Departments Totals
Speciality
National Defence Dept. of Department of Energy, Mines and Resources
Research  Research  Agriculture  Geological Mines Observa- NACWRR:NACGR¢ Surveys  Mineral
Council® Board Survey of Branch tories and Resources
Canada Branch Mapping  Branch
Branch

No. %000 No. $°000 No. $'000 No. $°000 No. $°000 No. $°000 No. $°000 No. $'000 No. $'000 No. $'000 No. §000

Geochemistry

Isotope geochemistry 20 200 - - - - 6 12 - - - - - - - - - - - - 26 212
Inorganic geochemistry 18 184 - - = - 9 15 - - - - -~ - - - - - - - 27 199
Mineral synthesis 7 64 - - - - - - - - - - - - - - - - - - 7 64
Organic geochemistry 4 35 - - - - - - - - ~ - - - - - - - - - 4 35
Exploration geochemistry 5 29 - - - - 2 3 - - - - - = N = = - = = 7 32
Subtotal 54 512 - - - - 17 30 - - - - - - - - - - - - 71 542
Geotechnique

Soil mechanics 44 313 3 7 - - 2 4 - - - - - - - - - - - - 49 324
Rock mechanics 19 129 2 14 - - 1 2 11 38 - - - - - - - - - - 33 183
Hydrogeology 29 196 - - - - 1 2 - - - - 1 3 - - - - - - 31 201
Engineering geology 9 55 - - - - - - - - - - - - - - - - - - 9 55
Subtotal 101 693 5 21 - - 4 8 11 38 - - 1 3 - - - - - - 122 763
Photogrammetry 3 39 2 14 - - - - - - - - - - - - 2 2 - - 7 55
Geodesy - - - - - - - - - - - - - - - = 1 7 - - 1
Mineral economics - - - - - - - - - - - - - - - - - - 1 5 1 5
Total Solid-Earth Science

Grants 413 3171 20 138 8 32 116 263 11 38 5 9 4 25 13 15 3 9 1 5 594 3 705
% of Total University Grants 10 5 5 100 38 32 5 47 36 100 10

s Contracts for university research are not included. The earth science component of Northern Research Grants by the Dept. of Indian Affairs and Northern Development are not
included.
b Travel grants and major equipment grants are not included.
¢ National Advisory Committee on Water Resources Research grants, awarded jointly by Inland Waters, and Policy and Planning Branch..
® 4 National Advisory Committee on Geographical Research grants, awarded by Policy and Planning Branch.




through the Agricultural Rehabilitation
and Development Act programs (re-
search in geology, hydrology, geophysics,
and for groundwater and soil surveys), as
well as through the Atlantic Develop-
ment Board.

Federal funding of earth science activi-
ties in industry is also on a limited scale.
In terms of R & D funding, the practi-
cally total exclusion of exploration activi-
ties from research and development, by
definition, effectively limits earth science
R & D support to the field of geophysical
instrument development. It may be ar-
gued, however, that federal depletion
and other tax allowances, as well as the
Northern Mineral Development grants,
compensate for the need to provide sup-
port for industrial research and develop-
ment related to exploration.

The Federal Government as a Performer
of Earth Science Activities

General Level of Activity
Federal government in-house earth
science activities amount to 14 per cent
of the national expenditure on earth
sciences. With respect to R & D, federal
in-house expenditures are 20 per cent of
the national expenditure. This is in star-
tling contrast to the normal distribution
among sectors of R & D effort in all
sciences in Canada.' Earth science R & D
represents only 4 per cent of the federal
government’s total R & D in the physical
sciences (Figure 11.13).

Much of the federal in-house earth
science activity benefits a large part of so-
ciety and is conducted in support of the

'According to Senator A. Grosart in Challenges to the
Canadian Science Community, Report of the National
Science and Engineering Conference, Carleton University,
1969, “the mix was industry 17 per cent, universities 18
per cent, government in-house 62 per cent” in 1968. Our
data show that in the earth sciences. industry performs 64
per cent, universities perform 10 per cent, the federal gov-
ernment performs 20 per cent, and provincial agencies
perform 6 per cent. In the United States: “...the aggre-
gate of research undertaken by industry, State and local
governments and the academic community has been esti-
mated to be less than half the amount conducted by the
Federal Government.” Solid-Earth Science, a report of an
ad hoc Working Group to the U.S. Federal Council of
Science and Technology, July 1967.
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broad functions of the federal govern-
ment (Table I1.28). Sixty per cent of the
expenditure is allocated to scientific data
collection and information. Research and
development is performed as a support-
ing activity for government missions. In
1968, the federal in-house expenditure on
R & D (513 million) was twice the uni-
versity expenditure ($6 million).

The principal performers of federal ac-
tivities are also indicated in Table I1.28,
where they are related to the functions
served. The nature of their work is de-
scribed more fully in Appendix 5. Se-
venty-one per cent of the earth scientists
engaged in these activities are in the De-
partment of Energy, Mines and Resour-
ces (Table 11.24). Their fields of training
are: geology (38%), engineering (31%),
other physical sciences (12%), geophysics
(8%), soil sciences (6%), geography (4%)
and geochemistry (1%). The number of
carth scientists in federal agencies (663)
is comparable to the size of the earth
science faculty in universities (593).

Summary of In-House Earth Science
Activities

The earth science activities of the Depart-
ment of Agriculture (Table 11.28, item
2Aa) are concerned with the study of
soils, including their distribution, mineral
composition and alteration, and chemical
and physical properties. The in-house ex-
penditure of $2 million represents 3.6 per
cent of the department’s expenditure on
scientific activities.

The earth science activities of the De-
fence Research Board relate principally
to nuclear explosion, submarine detection
and terrain analysis (Table I1.28, item
la). They represent 0.8 per cent of the
total in-house scientific activity of the
Department of National Defence.

Earth science activities in the Depart-
ment of Energy, Mines and Resources re-
late to many functions of government
(see Appendix 5 for organization chart
and detailed descriptions). The accurate
description of Canada’s land surface
through aerial photography, geodetic and
topographic surveys, and the publication



Table I1.28-In-House Expenditures on Solid-Earth Science Activities by Federal Departments and Agencies,

Classified according to Function, Year 1968-69

Governmental Functions

Expenditure

Total Scientific R &D
Activities
$°000 % $°000 %
1. Defence
a) Defence Research Board 500 - 500 -
Subtotal 500 1 500 4
2. Economic Measures
2A. Primary Industry
a) Agriculture (CDA) 2 031 6 774 6
b) Minerals (EMR) 6 100 18 3 796 28
¢) Water resources (EMR) 3 952 11 2 231 17
Subtotal 12 083 35 6 801 51
2B. Transportation
a) Air transport (DOT) 1 620 S 18 -
b) Road transport (DPwW) 300 1 42 -
¢) Marine transport (EMR) 2 700 8 - -
Subtotal 4 620 14 60 -
2C. Construction
a) Building Research Division (NRC) 533 - 361 -
b) Geological Survey of Canada 100 - 20 -
Subtotal 633 1 381 3
2D. General Research (Physical Sciences)
a) Polar Continental Shelf Project 1 991 6 966 7
b) Observatories Branch, EMR 2 669 8 1319 10
¢) NRC Journal of Earth Sciences 107 - — -
Subtotal 4 767 14 2 285 17
2E. Regional Development
a) Geological Survey of Canada (30% of budget) 3035 - 1901 -
Subtotal 3 035 9 1 901 14
2F. Other Economic Measures (general purpose mapping)
a) Surveys & Mapping Branch (EMR) 6 705 19 172 2
b) Geological Survey of Canada (207, of budget) 1923 6 1 233 9
Subtotal 8 628 25 1 405 11
3. Culture and Recreation
a) National Museum 139 - 55 -
b) National Parks & Historic Sites 10 - — -
¢) Geological Survey of Canada 25 - - -
Subtotal 174 1 55 -
Total 34 440 100 13 388 100
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of the National Topographic Series of
maps are the role of the Surveys and
Mapping Branch (Table 11.28, item 2 Fa).

The Geological Survey of Canada pro-
vides geological support for several gov-
ernment functions. It meets the need for
systematic geological and aeromagnetic
mapping and inventory in federal lands
(over 50% of the Canadian landmass), for
regional correlations and for national
compilations (Item 2Fb). It conducts geo-
logical, geophysical and geochemical
field research for northern development
and for provinces to which it is commit-
ted under the terms of Confederation
(Item 2Ea). Thirty per cent of the field
expenditures in the year 1968-69 were for
work north of the 60th parallel. The Geo-
logical Survey conducts mineral resource
research on the origin of ore deposits, on
theories and techniques of geochemical
and geophysical exploration and related
instrument development (Item 2Ab). It
conducts geotechnical studies related to
power sites (Item 2Cb). In support of all
these activities it maintains core storage,
geological, mineralogical, paleontologi-
cal, meteorite and book collections, and
data banks. In the year 1968-69 its staff
published 92 memoirs, bulletins and
papers in the Survey publication series,
and 100 papers in scientific journals. In
addition some 700 aeromagnetic maps
were published.

The Observatories Branch' of the De-
partment of Energy, Mines and Resour-
ces applies physics to the study of the
solid earth. Although its activities are
classified under general research (2Db) in
Treasury Board classification, these acti-
vities meet national needs related to seis-
micity and earthquake hazards, nuclear
blast detection and the description of the
magnetic and gravity fields over Canada.
The Polar Continental Shelf Project
works closely with other Branches of En-
ergy, Mines and Resources to co-ordinate
and conduct earth science and other re-
search in the far North (2Da). The Mines
Branch uses the earth sciences and per-

'Renamed the Earth Physics Branch. effective | April
1970.
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forms related research to improve the
beneficiation of raw materials and deve-
lop mining technology (2Ab). The Miner-
al Resources Branch collects and analyses
economic data on non-renewable resour-
ces (2Ab).

The Marine Sciences Branch is re-
sponsible for charting the sea floor (2Bc).
It also conducts geological and geophysi-
cal surveys as part of its marine program.
The Inland Waters Branch uses ground-
water studies, glaciology and limnogeo-
logy in its function of investigating the
inland water resources of Canada (2Ac).

In total, the Department of Energy,
Mines and Resources had a professional
staff of 467 engaged in the above activities
in 1968-69. The expenditure amounted
to $31 million (Appendix 5, Table 5.3), or
approximately 40 per cent of the depart-
ment’s expenditure on scientific activities.

The National Museum of Natural
Sciences spent $139 000 (13% of its bud-
get) on earth science research and display
activities (Item 3a). It is the principal fed-
eral agency responsible for portraying the
earth sciences to the general public, yet
it has very little impact except in the im-
mediate Ottawa area. Immediate steps
should be taken to improve and enlarge
its displays of earth science materials, in-
cluding the preparation of well-illustrated
mobile exhibits portraying geological

_ processes and the newer concepts of a dy-

namic earth. The least that can be said

is that present staff positions and budgets
allocated to this Museum are wholly inad-
equate and completely below the expecta-
tions for a country such as ours, so richly
endowed with geological phenomena and
mineral resources.

The National Research Council is not
only the principal funder of earth science
research in the universities, but is also the
principal performer of federal geotechni-
cal research related to the construction
industry (Item 2Ca). Its expenditure on
this function is also extremely low in re-
lation to the value of construction in
Canada. In the year 1968-69, the Natio-
nal Research Council’s expenditures of
$533 000 on geotechnical activities were



0.8 per cent of the National Research
Council’s total in-house expenditures on
scientific activities. The federal earth
science expenditures of the Department
of Transport and the Department of Pub-
lic Works (Item 2Ba, b) represent geo-
technical activities required to support
the missions of these departments.

Evaluation of Federal Earth Science
Activities

The decentralized application and fund-
ing of earth sciences in federal depart-
ments is a recent and natural develop-
ment. Nevertheless it is accompanied by
problems of communication, co-ordina-
tion, and effective use of professional staff,
and several federal agencies have indicated
the desirability of closer co-ordination.
W.G. Schneider has indicated that “hori-
zontal integration” in government is
weak. He stated':

“While there is good vertical integration
within individual departments and agen-
cies, horizontal integration and an overall
synthesis of the total research effort tends
to be weak...unless a more effective hori-
zontal integration, together with some
across-the-board planning, is achieved,
our attack on problems is likely to be
fragmentary and totally ineffective. I do
not believe that the answer is to create
more departments and agencies. This
will only amplify the problem. Rather
we must build on present structures

and strengths and evolve some effective
means for an overall synthesis and a
more co-ordinated attack.”

Problems of commurication and co-or-
dination among earth science performers
in the federal government could be re-
duced by the formation of a continuing
federal committee on earth sciences, fol-
lowing a pattern proposed for the U.S.
Federal Council for Science and Technol-
ogy?, and we submit:

'Decision making at the National Research Council.
Address to National Science and Engineering Conference.
Carleton University. July 31-Aug. 1. 1969.

?Op. cit.

Conclusion I1.2

The Government of Canada should estab-
lish a continuing interdepartmental com-
mittee on earth sciences, with membership
drawn from the user departments and
agencies.

The functions of the proposed commit-
tee could include:

1. to provide for general discussion of
the utilization of the earth sciences in the
federal government, and for continuity of
appraisal and consideration in terms of
federal and national goals;

2. to provide a single authoritative in-
formation source of the federal govern-
ment’s activity in the earth sciences;

3. to provide a medium for program
co-ordination and for discussion of inter-
departmental relations;

4. to identify missing program ele-
ments and recommend appropriate ac-
tion;

5. to investigate further opportunities
for effective application of earth sciences
toward attainment of national goals; and

6. to undertake special studies at the
request of the Government of Canada.

Among the early tasks which could be
undertaken by the committee, we recom-
mend:

1. the preparation and dissemination
of a guide to federal activities in the
earth sciences (expanding upon Appen-
dix 5 of our report), and

2. preparation of a statement of the
Canadian government’s goals in the earth
sciences, taking into account the state-
ments of industry, the universities and
the scientific associations, as well as the
statements of federal earth science de-
partments as expressed in their program
forecasts, and the definition of criteria by
which to judge the government’s program
to achieve these goals.

Through questionnaire replies and
briefs, industry has indicated that it re-
ceives excellent co-operation from the
earth science agencies in government.
Nevertheless, the widespread distribution
of earth science activities through the
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federal government causes problems of
co-ordination and information flow. The
Alberta Society of Petroleum Geologists
(ASPG) pinpointed a specific problem:

“Members of the Alberta Society of Pe-
troleum Geologists, as representatives of
their various companies, have noted that
within that portion of government which
deals with regulations governing explora-
tion and basic exploration data, some
duplication and lack of communication
exist among the individual agencies in
Government. It should be emphasized
very strongly here that co-operation by
individual agencies within the Govern-
ment with members of industry is excel-
lent. But it is also apparent that co-opera-
tion and communication between such
agencies as the Geological Survey of
Canada, the Resources Administration
Division, the Department of Indian
Affairs and Northern Development, and
the Bedford Institute of Oceanography, to
name the more prominent, is not in the
same category as that between the indi-
vidual agencies and members of industry.
Misunderstandings as to the method of
determining the use and dissemination of
data obtained by the Department of In-
dian Affairs and Northern Development
and the Resources Administration Divi-
sion is common within the Geological
Survey of Canada and other agencies. It
is in the area of collection and dissemi-
nation of data that the ASPG is primarily
concerned. The Society, in addition to
this problem area, cannot see the merit
of the present breakdown of areas of re-
sponsibilities that are held on the one
hand by the Department of Indian
Affairs and Northern Development, and
on the other hand by the Department of
Energy, Mines and Resources in the ad-
ministration of the mineral wealth of that
part of Canada not administered by the
provinces. It is clear to the Society that
one agency could do the job as well as,
or better, than two.”

We agree in part with the observation
of the Alberta Society of Petroleum Ge-
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ologists, that there is a loss of economy
and efficiency in maintaining the mineral
resource administration of federal lands
in two separate federal departments.
Without precluding the responsibilities
of the Department of Indian Affairs and
Northern Development for the develop-
ment of northern lands, we consider that
a centralization of the scientific services
involved would result in better manage-
ment, economy, and service.

We submit:

Conclusion 11.3

The earth science research and services re-
lated to regional and northern development
should be centralized in the Department of
Energy, Mines and Resources.

Problems of horizontal integration
are equally applicable to the internal or-
ganization of the Department of Energy,
Mines and Resources, where concern and
involvement in program planning in a
vertical sense leave little time for hori-
zontal co-ordination. Hence statements of
sector, branch and division objectives as
proposed in program forecasts lead to
overlap of scope, and result in confusion
among the scientists charged with their
conduct. The following example of off-
shore earth science activities, appearing
in the department’s program forecast for
1970-71, illustrates the point:

Geoscience Sector

“The Gravity Division (Observatories
Branch) is charged with the preparation
and analysis of gravity maps over the
land surface of Canada, its inland lakes
and seas, and the adjoining continental
shelves.”

“The Geological Survey of Canada
Branch investigates, describes and ex-
plains the geology (including geophysics,
geochemistry, geomorphology and physi-
cal geography) of Canada, including the
continental shelves...”

“The Polar Continental Shelf Project
undertakes research and field surveys in
the continental shelf area of Arctic Can-
ada.”



Energy Sector

“The Resource Administration Division
is the federal agency primarily responsi-
ble for administering offshore mineral re-
sources.”

Water Sector

“The Marine Sciences Branch has been
given prime responsibility for providing
information on the physical (including
geophysical and geological) properties of
the marine environment of concern to
Canada.”

Given these circumstances, it is little
wonder that uncertainty exists in the
minds of a government officer when he
serves the public. We therefore conclude:

Conclusion 11.4

The earth science activities of the Depart-
ment of Energy, Mines and Resources re-
quire closer co-ordination. This can be en-
couraged by grouping a number of the
earth science activities relating to non-re-
newable resources (presently located under
four separate assistant deputy ministers)
under the assistant deputy minister for
geosciences.

Comments on federal earth science
publications were very favourable and in-
dicated that industry is highly dependent
upon them in mineral exploration prog-
rams. This dependence was evident in
praise expressed, but also in the strong
criticism of the delays in publication of
new data. Publication delay results from
a number of events starting with the au-
thor himself and his delay in finalizing
the manucript of this report, proceeding
to delays in editing and cartography, and
finally to delays in the preparation of
printing contracts and the printing itself.
The volume of manuscripts to be han-
dled and the requirements for translation
further add to processing difficulties. To
avoid the publication delay, many feder-
al scientists and agencies publish mainly
in outside scientific journals. The Geologi-
cal Survey has instituted an open-file sys-
tem for manuscript materials and has

placed increased emphasis on the publi-
cation of papers in offset form, and maps
in preliminary and uncoloured format,
rather than the publication of memoirs
and coloured maps. Nevertheless, further
improvements can be made. More rigor-
ous attention to schedules based on re-
cognized priorities is necessary. Better
lines of responsibility must be estab-
lished. We consider that final responsi-
bility for the editing of manuscripts
should lie entirely within the Geological
Survey. As well, the Queen’s Printer
should assign a printing contractor to
deal directly with the Survey manage-
ment on matters of publication. Hence we
conclude:

Conclusion I1.5

To make its results more quickly available,
yet at competitive cost, the Geological Sur-
vey of Canada should be assigned complete
responsibility for its own publications.

Our review of the scale and diversity
of federal earth science activities, as sum-
marized in Table 11.28, indicates that the
effort is not sufficient in a number of ca-
tegories. For example, the annual federal
level of expenditure on earth science
R & D related to minerals is only $4 mil-
lion, when the federal revenue from the
industry is $193 million and the annual
value of mineral resources produced in
Canada is $4.7 billion. Similarly the level
of federal activity related to the construc-
tion industry is below a satisfactory level.
We conclude:

Conclusion 11.6
1t is in the national interest that the Feder-
al Government reassess its current level of
expenditure on earth science activities. In
the light of a reassessment, involving con-
sultations with provincial governments and
industry, the Federal Government should
establish realistic goals and levels of ex-
penditure and activity to meet the needs of
national economic development and en-
courage the growth of the mineral, agricul-
tural and construction industries; to sup-
port regional and northern development; to
89



meet the cultural, environmental and recre-
ational needs of Canadians; and to provide
the necessary assistance in external aid.

It is anticipated that progressive decen-
tralization of federal earth science activi-
ties will take place in the years ahead.’
We concur with this philosophy to the ex-
tent that the decentralization is conduct-
ed in a planned and logical manner and
results in more effective use of the earth
sciences to the benefit of the region. A
pragmatic approach is required toward
the differing needs and capabilities of the
numerous regions of Canada, rather than
a legalistic approach. Hence we con-
clude:

Conclusion 11.7

Earth science activities should be clearly
designated as an area for federal-provin-
cial co-operation and co-ordination to
meet the needs of the country; the planning
and conduct of these activities should

not be subject to constraints arising from
matters of jurisdiction.

A second problem in regard to the re-
gionalization of governmental facilities is
the absence of ground rules or clear un-
derstanding of the relative working rela-
tionship and responsibilities of the uni-
versities, government(s), research councils
and industries who would be involved in
the activities of regional earth science
centres. The MacDonald report’ states:

“Geographical proximity can do much to
facilitate effective working liaison be-
tween government and university labora-
tories...we have observed that even
when intramural laboratories are located
on a campus, there is no guarantee of
collaboration... The underlying causes

of this phenomenon are doubtless varied
and complex...We are convinced that
some of the key contributing factors lie
in such tangible domains as the terms
under which laboratories can be used by
researchers who are graduate students or
who hold university teaching appoint-
ments. Looking at the other side of the

9%

relationship, the conditions under which
government employees are permitted to
teach in universities and engage in uni-

versity research are likewise important.”

We recognize that co-operation cannot
be legislated or induced. Nevertheless the
presence of general guidelines can often
provide an “umbrella” of common un-
derstanding under which individual sci-
entists may develop effective bonds at the
operational level. Already certain agree-
ments for co-operation exist between fed-
eral and university organizations outside
the field of earth sciences, and between
provincial research councils and universi-
ties as well. However such arrangements
are not common, nor are they well under-
stood. According to J. Ruptash, much of
the onus is on the universities. He said:®

“I submit the university has to take a
much broader view. I think you have to
involve all people in the educational pro-
cess. [ think you must realize that compe-
tence also lies outside the university. Our
right, within the university, is that con-
ferred by the state to grant and govern
degrees, but I think we can devise meth-
ods to broaden our approach. I know this
is not the traditional university point of
view, but I think it is one that has to be
accepted more and more.”

Our view on this situation relates as
much to industry and provincial agency
co-operation with universities as it does
to federal government co-operation.
Many Canadian cities already contain
not only a university with one or more
earth science departments, but also one
or more earth science groups employed
in the industry or government sectors. Al-
though each group has differihg objec-
tives, there is nevertheless sufficient over-
lap in scientific interest and laboratory

'Brief to the Senate Committee on Science Policy by
the Department of Energy, Mines and Resources, Ottawa,
p. 101.

20p. cit.

*Collaboration in research. /n Canadian Research &
Development, vol. 6, Nov.-Dec. 1968. pp. 22-23.



facilities to conclude that the potential
for further progress lies in defining a
basis for closer working relationships, in-
cluding the sharing of facilities as well as
personnel. Because the university is the
common denominator in these relation-
ships, we conclude:

Conclusion 11.8

Universities should define the basis upon
which they would be willing to integrate
their research-training policies with the re-
search activities of government agencies,
research councils, and industry. Such
definition should include the basis (obliga-
tions and privileges) for temporary ap-
pointments, the sharing of facilities and
expenses, and the basis of supervision of
graduate students either on campus or in
the matching organization. Government
and industrial organizations located near
university campuses should initiate discus-
sions on means of sharing facilities and
personnel in the interests of national effec-
tiveness.

We believe that the implementation of
these measures would provide, “almost
overnight”, the nuclei for development of
centres of excellence in the earth sciences.

The Federal Government as a Co-ordina-
tor of Earth Science Activities

The Problems of the Associate and
Advisory Committees

The federal government assumes a re-
sponsibility to develop and co-ordinate
national policies and programs in the
earth sciences as well as in other matters.
There are nine principal national earth
science committees, located in either the
National Research Council or the De-
partment of Energy, Mines and Resour-
ces (Table 11.29). The older committees
were formed just after World War 11, but
since 1964, four additional committees
have been formed in the Department of
Energy, Mines and Resources. Some
committees are structured along discipli-
nary lines, (e.g. Associate Committee on
Geodesy and Geophysics and National

Advisory Committee on Research in the
Geological Sciences) and others accord-
ing to departmental missions (e.g. Na-
tional Advisory Committee on Water Re-
sources Research). The disciplinary com-
mittees have been successful in promot-
ing the earth science specialities which
they represent. This has been especially
important in the absence of strong pro-
fessional societies which in other coun-
tries perform this role on behalf of their
membership.

Several of the major committees have
been limited in their role of co-ordinating
research by their non-representative
membership (absence of industrial or
provincial government representatives
and over-representation by universities ar
federal government). The general restric-
tion of funding to university-performed
research has not fostered the develop-
ment of mission-oriented research. Our
Study Group detected a strong expres-
sion from the scientific community that
too much of the earth science research in
Canada was impractical. In many ques-
tionnaires it was repeatedly pointed out
that not enough applied research was
being done by the universities, govern-
ments or industries. Many claimed that
too much over-specialization was occur-
ring, leading to overemphasis of certain
fields of basic research, while more prac-
tical fields were being ignored or inade-
quately handled. We received eight pro-
posals for a mineral exploration institute
in one form or another. These submis-
sions underlined the need for more re-
search in mineral exploration, whereas
other submissions or background papers
stressed the needs of other mission-
oriented projects in different fields. We
believe that the problem of increasing
mission-oriented research in the earth
sciences in Canada is closely related to
the problems of improving the co-ordina-
tion between the various agencies
currently carrying out research. To
achieve both objectives, we believe it is nec-
essary to reorganize and amalgamate the
various committees that are currently re-

sponsible on a national basis for research
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Table I1.29-National Committees Concerned With the Solid-Earth Sciences

Name

Sponsoring
Department

Objective

Membership

Fed.

Prov.

Ind.

Univ.

. National Advisory

Committee on
Research in the
Geological
Sciences (1949)s

EMR (Geological
Survey)

a) to co-ordinate geological
research in Canada

b) to suggest research proj-
ects that should receive at-
tention

c) to aid, insofar as possible,
in having problems under-
taken by qualified personnel
and in securing finances
where needed

d) reviews grants in aid of
geological research

4

. National Advisory

Committee on
Geographical
Researchb (1965)

EMR (Policy and
Planning
Branch)

a) provides continuing ad-
vice to the Minister on needs
and priorities for geograph-
ical research in Canada

b) assists in the co-ordination
of geographical research in
Canada

¢) promotes the development
of geographical research and
makes recommendations for
grants in aid of such research

. National Advisory

Committee on
Mining and
Metallurgy® (1968)

EMR (Mines
Branch)

Advises the Minister on: a)
mining and metallurgical re-
search in Canada; b) co-ordi-
nation of federal research
programs with others; c¢)
sponsorship of university and
other research programs and
projects

. National Advisory

Committee on Water
Resources
Researchb (1967)

EMR (Policy and
Planning
Branch and
Inland Waters
Branch

a) provides continuing ad-
vice to the Minister on needs
and priorities for research on
water resources in Canada
b) assists in the co-ordination
of water resources research
in Canada

¢) reviews applications for
grants in aid of water re-
search

. National Advisory

Committee on
Control Surveys
and Mapping? (1964)

EMR (Surveys &
Mapping
Branch)

Provides advice to the Direc-
tor, Surveys and Mapping
Branch on a) co-ordination of
federal surveying and map-
ping programs, b) promotion
and co-ordination of related
research and educational
programs, including the
sponsorship of worthy re-
search projects
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Table I11.29-National Committees Concerned With the Solid-Earth Sciences (Concluded)

Name Sponsoring Objective Membership
Department

Fed. Prov. Ind. Univ.

6. Associate Committee NRC To co-ordinate geophysical 18 1 2 12
on Geodesy and research in Canada and serve
Geophysicst (1945) as the National Committee
for Canada of the IUGG
7. Associate Committee  NRC a) to stimulate and co-ordi- 2 N - 13
on Quaternary nate Quaternary research in
Research (1966) Canada

b) to serve as the Canadian
National Committee for

INQUA
8. Associate Committee  NRC To co-ordinate and stimulate 10 2 6 4
on Geotechnical research on the engineering
Research (1945) and physical aspects of the
terrain in Canada
9. Canadian Committee  NRC (Successor to the Canadian
on QOceanography Joint Committee on Oceano-
(1959) graphy which was formed in
1946)

To co-ordinate the oceano-
graphic activities of all Cana-
dian government agencies; to
act, as designated by NRC, as
the national committee for
the Scientific Committee on
Oceanographic Research
(SCOR)

» Year of formation.
b Denotes committees which are only concerned in part with solid-earth science activities as defined for
this report.
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in the earth sciences.

The formation of advisory committees
to federal ministers responsible for na-
tional science-based missions has been
endorsed by the Science Council, and has
resulted in the establishment of a Nation-
al Advisory Committee on Water Resour-
ces Research.” Separate from water re-
sources research, there are four national
“missions’” which merit advisory commit-
tees with a large earth science input.
They relate to mineral resources, con-
struction, the physical environment, and
university research. The importance of
research activities related to these eco-
nomic and social missions is documented
in the succeeding chapters of this report.

A National Advisory Committee on
Mineral Resources Research

The importance of increased and better
co-ordinated research related to mineral
resources is documented in Chapter IV.
We consider that a National Advisory
Committee on Mineral Resources Re-
search (NACMRR) could provide the in-
creased thrust required to achieve
significant progress in the next decade. Its
activities should relate to the entire se-
quence of mineral resource management,
including exploration, production, mar-
keting and policy formulation. Hence it
must include, in its overall membership,
persons who are not specialists in the
earth sciences alone.

A reasonable structure for this com-
mittee could be based on three subcom-
mittees, concerned with (1) mineral ex-
ploration, (2) mineral production and pro-
cessing research, and (3) mineral eco-
nomics and policy research. These sub-
committees can be formed in part from
existing committees. The National Advi-
sory Committee on Research in the Geo-
logical Sciences (EMR) and the Associate
Committee on Geology and Geophysics
(NRC) have each been concerned with
geological and geophysical research rela-
tive to mineral exploration. The National
Advisory Committee on Mining and
Metallurgical Research (EMR) already
exists to promote mining and metallur-
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gical research in Canada. The proposal to
develop a subcommittee on mineral eco-
nomics and policy is new, and of increas-
ing importance to future Canadian re-
source development. The grouping of
these three subcommittees under a single
National Committee related to the min-
eral resource mission should provide for
better co-ordination and development for
the future. Together they may achieve
goals of lowering the risk element in
searching for mineral deposits, of increas-
ing the efficiency and effectiveness of
mineral exploration, of promoting the
application of new technology and
efficiency in mining and extractive metal-
lurgy, and of encouraging research into
new mineral policies.

The principles established for the co-
ordination of water resources research by
the Science Council® serve as a guide to
the structure of this proposed committee.
The terms of reference should require it:

1. To provide continuing advice to the
Minister of Energy, Mines and Resources
on research needs and priorities in miner-
al resources research in all sectors of the
economy, and on the application of
science to mineral resources management
and use;

2. To assist in the co-ordination of
mineral resources research;

3. To review and make recommen-
dations on applications for grants from
the Department of Energy, Mines and
Resources in aid of mineral resources re-
search.

The membership of the Committee
should be established as follows:

1. Members should represent all sec-
tors of the economy, that is, federal and
provincial public services, universities
and industry. No sector should dominate
the Committee;

2. The membership of the Committee
should reflect, as far as possible, the wide
range of disciplines that contribute to

'Science Council of Canada. A major program of water
resources research in Canada. Report No. 3. Ottawa,
Queen’s Printer, 1968.

20p. cit.



mineral resources research;

3. The senior representative of the De-
partment of Energy, Mines and Resour-
ces on the Committee should be ap-
pointed convenor of the Committee;

4. The chairman of the Committee
need not be a federal public servant; he
should be elected to the position by the
members of the Committee;

5. The chairman should be elected for
a term of three years, once renewable.
Members should also be appointed to the
Committee for three-year terms, once
renewable;

6. The Department of Energy, Mines
and Resources should provide the secre-
tariat and a non-voting secretary.

The Committee should have adequate
funds to stimulate increased mineral re-
sources research in universities, industry
and government through cost-sharing
programs. The essential criteria for allo-
cation of funds should be based on
achieving goals and priorities set by the
Committee. The funds of concern to the
Committee should form a separate and
identifiable item within the budget of the
Department of Energy, Mines and Re-
sources, and the responsibility for advis-
ing the Minister on the distribution of
these funds should rest solely with the
Committee and its appropriate subcom-
mittees.

We therefore conclude:

Conclusion I1.9

A National Committee on Mineral Resour-
ces Research should be established by the
Department of Energy, Mines and Resour-
ces to co-ordinate a national program of
mineral resources research.

The Future Development of Other Nation-
al Earth Science Committees

There remains a need to sort out the con-
trasting national committees who are
concerned with the health of specific dis-
ciplines, and those concerned with the
furtherance of specific missions. The roles
of the former could well be assumed by the
scientific societies and it is in the interest

of the growth of science in Canada that
the federal government should transfer,
and the professional societies should under-
take, the responsibilities for national co-
ordination of discipline-oriented research.

The Study Group has not been able to
develop the above concept to a final con-
clusion. We would consider that certain
roles of the National Advisory Commit-
tee on Research in the Geological
Sciences and the Associate Committee on
Geology and Geophysics (to name only
two) could be performed equally well by
scientific societies. The Associate Com-
mittee on Geotechnical Research of NRC,
on the other hand, fills an important role
directed toward the construction in-
dustry. It could be strengthened through
restructuring toward the style of the Na-
tional Advisory Committee described
above, and with assignment to the Com-
mittee of funds to promote geotechnical
research.

Another “mission” wherein national
co-ordination and stimulus are required
relates to man’s environment-its present
state, its quality, and means of maintain-
ing it for the future good of Canadians.
The environmental earth sciences, which
involve the lithosphere (solid earth), hy-
drosphere (water) and atmosphere have
an important contribution to make in
solving problems of the environment.
Earth science research related to the
physical environment is uncoordinated
in Canada. The structures of the National
Advisory Committee on Research in the
Geological Sciences and the Associate
Committee on Geodesy and Geophysics
tend to maintain a disciplinary emphasis.
Overemphasis of disciplinary priorities
tends to mute the potential contributions
which can be made to the service of man.

As a result of the views presented above,
the Study Group is of the opinion that:

Conclusion 11.10

The National Research Council and the

Department of Energy, Mines and Resour-

ces should review the roles of their Asso-

ciate and Advisory Committees with a view

to clarifying their mission orientation and
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transferring increased responsibility for the
co-ordination of discipline-oriented re-
search to the appropriate professional so-
cieties.

Underlying the health of the earth
sciences, as well as other sciences, in Can-
ada is the state of funding provided by
the National Research Council to main-
tain strong, first-class educational institu-
tions that can provide highly trained
manpower and stimulate the creation of
new knowledge. The principal support
for earth science research toward this
“mission” is provided by the Earth
Science Grant Selection Committee of
NRC (Table 11.27). This support should
continue to be provided by the National
Research Council. We are of the opinion
that the present level of support is rea-
sonably adequate in terms of the size of
faculty and number of Canadian gradu-
ate students. Nevertheless, the federal
government must increase the proportion
of research support channelled through
other mission-oriented departments, and
the effectiveness of the Earth Science
Grant Selection Committee should be
improved. The Committee has been too
generous in recent years toward the less
able and less productive applicants. It
has been composed entirely of university
professors, and greater objectivity, as well
as assistance with the difficult task, could
probably be provided by inviting one or
two scientists from government or in-
dustry to participate. Hence, we con-
clude:

Conclusion 11.11

The Earth Science Grant Selection Com-
mittee of the National Research Council
should include earth scientists from in-
dustry or government, this Committee
should be more selective in judging grant
requests.

I1.6 The Provincial Agencies

General Statement
The first provincial geologist was Sir Wil-
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liam Logan, who was assigned the task
of ascertaining the mineral resources of
the Province of Canada in 1842, for “a
sum not exceeding one thousand, five
hundred pounds”. Logan and his staff
were located with the federal government
at the time of Confederation, reporting to
the Governor General. At the same time,
the ownership of mineral resources was
vested with the provincial governments.
As succeeding provinces joined in con-
federation- Manitoba, Prince Edward Is-
land, British Columbia and Newfound-
land-the responsibility to “assume and
defray the costs of the geological survey”
was allocated to the federal government,
along with defence, customs and other
matters of common national interest.
Earth science capabilities within pro-
vincial governments developed slowly. In
1902, W. G. Miller became the first pro-
vincial geologist in the Bureau of Mines
of Ontario. At present, the combined pro-
fessional staffs of the provincial depart-
ments of mines totals approximately 200,
the largest departments being those of
Ontario, Quebec and Saskatchewan. Pro-
vincial research councils also undertake
earth science research. The first was
formed in Alberta in 1921. At present,
there are five provincial research coun-
cils, employing 63 professionals in earth
science research. In some provinces, earth
science activities are also performed in
departments of highways, of agriculture
or forestry, and by provincial utilities.
When one considers the earth science ca-
pabilities in universities and local miner-
al or construction industries, the potential
for co-ordinated regional earth science in
some parts of Canada is considerable.
The growth of earth science expertise
at the provincial level has been a neces-
sary and important development, which
allows greater attention to be given to the
local or regional differences which char-
acterize Canada. This section of the re-
port documents only briefly the nature of
existing provincial earth science agencies
and considers some means whereby their
effectiveness can be further increased.



Provincial Departments of Mines and
Resources

The typical provincial depart‘npent of
mines. represented by the British Colum-
bia Department of Mines and Petroleum
Resources, the Saskatchewan Depart-
ment of Mineral Resources and the Nova
Scotia Department of Mines, is shown in
Figure II.16A. It consists of a minister re-
sponsible to cabinet solely for the miner-
al sector, a deputy minister, and separate
branches for mines (one or more), petro-
leum and natural gas (one) and geology
(one). The geology function in Alberta is
conducted by the Alberta Research
Council rather than the Department of
Mines and Minerals. In Ontario, respon-
sibility for petroleum is allocated to the
Department of Energy and Resources
Management rather than the Department
of Mines, and hence there are two spokes-
men for the mineral industry in the pro-
vincial cabinet.

In the remaining provinces the mineral
resource function is combined with other
resource activities in a single department,
usually referred to as a Department of
Natural Resources because of its hybrid
nature. In Quebec, for instance, the typi-
cal structure referred to above exists larg-
ely in the Mines Branch (the petroleum
function is minor); the Waters Branch
and the New Quebec Branch form the
other major components (Figure IL.16B).
In New Brunswick and Manitoba, the
Mines Division and Mines Branch respec-
tively perform the mineral resource func-
tion, and the Deputy Minister of Natural
Resources is also responsible for resource
functions related to fish and wildlife, and
lands and forests. In Newfoundland, re-
sponsibility for agriculture is also includ-
ed in the Department of Mines, Agricul-
ture and Resources.

Hence the organization for mineral
resource functions (and earth science ac-
tivity within this function) in provincial
governments is derived from a basic
structure (Figure I1.16A) and modified to
meet specific provincial needs. There is
an overall correlation between the impor-
tance attached to the mineral resource

function (as indicated by the appoint-
ment of one or more cabinet ministers re-
sponsible for mineral resources alone)
and the revenue derived from mining, al-
though exceptions are present.

The expenditures of provincial govern-
ments on services to the mineral industry
are generally low, on average being less
than | per cent of the revenue derived
from the mineral industry (Table I1.30).
The relationship between provincial reve-
nues and expenditures for all provinces
is illustrated in Figure II.14. Although
revenues from the mineral industry in-
crease annually, the expenditures of pro-
vincial mines departments have not in-
creased sufficiently to remain ahead of
rising costs of operation. Alberta receives
by far the largest revenue from the min-
eral industry. Only Nova Scotia and New
Brunswick spend an amount equivalent
to their revenue on mines and minerals
(Figure I1.15).

The total provincial expenditures on
solid-earth science activities amounted to
$7 million in 1968 (Table I1.31), approxi-
mately equivalent to 60 per cent of the
budget of the Geological Survey of Can-
ada. Their total professional staff was
approximately 200 (Table I1.32), or gen-
erally equivalent to the staff of the Geo-
logical Survey.

The average number of earth science
reports issued annually by provincial de-
partments of mines, and by research
councils, is tabulated in Table I1.32A.
Members of industry indicated, in re-
sponse to questionnaires, their apprecia-
tion of the usefulness of these reports and
the accompanying maps. Among the
metal mining companies, maps and re-
ports of the Ontario Department of
Mines rated most highly, and those of
Quebec, Saskatchewan, British Columbia
and Manitoba received recognition. The
petroleum companies commended the
Saskatchewan Department of Mineral
Resources most frequently on the quality
of its publication services.

The activities of provincial mines de-
partments are discussed further in suc-
ceeding chapters of this report. In
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Table I1.30-Importance of the Mineral Industry in the Provincial Economy, 1968

Province Value of Mineral Direct Provincial Provincial

Production 1968 Income from Expenditure on

Minerals Minerals

$ million $ million $ million
British Columbia 391 50 (13%)= 5 (1%s
Alberta 1 080 223 (22%) 6 (%)
Saskatchewan 371 35 9% 3 (0%
Manitoba 208 3% 1 K1%)
Ontario 1 340 19 (% 4 (L1
Quebec 731 20 (3% 4 (L1%)
New Brunswick 87 0.3 (1% 0.3 (<1%)
Nova Scotia 58 1 (1% 1 1%
Newfoundland 324 3 A% 1 1%

4 590 354 (7%) 25 (<1%)

» Percentages are expressed in relation to total value of provincial mineral production,

Chapter IV we indicate the importance of
core storage libraries and the current
practices of provincial agencies in estab-
lishing such facilities. We also indicate
their important role in establishing and
maintaining a nationwide system of earth
science data storage and retrieval. In
Chapters V and VI it is indicated that to
some extent, provincial departments play
a traditional role of supporting the needs
of the mineral industry, while giving
insufficient attention to the equally im-
portant role of environmental earth
sciences in provincial and municipal
affairs. We consider this weakness should
be overcome. In Chapter VII we describe
the current rates of progress in systematic
earth science mapping in Canada and in-
dicate that current rates of progress are
insufficient to meet national needs. In
this context, it is important that provin-
cial and federal agencies plan together, to
develop common standards, to define fu-
ture provincial and national needs, and
to develop co-ordinated programs to
meet these needs. Hence, we conclude:

Conclusion 1I.12

The present level of earth science activity
by provincial departments is insufficient to
meet regional requirements, and should be
increased correspondingly to reflect the
present and potential revenues derived
from the mineral industry.
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Provincial Research Councils and
Foundations

The provincial research councils and
foundations play an important role in the
scientific activities of their respective
provinces. Such organizations are unique
to Canada, and date from 1921 when the
Alberta Research Council was estab-
lished. They are administered by coun-
cils or boards which vary in government
representation, from the Alberta Research
Council, with a number of provincial
cabinet ministers on its Council, to the
Ontario Research Foundation, with none.
All have university and industrial
members.

The various councils and boards are
established as bodies corporate to assist
in the expansion of the economy of the
province in which they are located, by
undertaking research and development
for industry and government. Each re-
ceives a provincial government grant.
The British Columbia Research Council
is the least dependent on provincial gov-
ernment funds. The New Brunswick Re-
search and Productivity Council receives
over 80 per cent of its funds from a pro-
vincial grant. The Ontario Research
Foundation receives a provincial grant
which matches their research contract
revenue.

The Organisation for Economic Co-
operation and Development, in its review
of national science policy, has found it



Table I1.31=Solid-Earth Science Expenditures of Provincial Mines Departments, Related to Type of Activity, 1968

Province Department or Agency Total Total Solid- Basic Applied Development Scientific Scientific
Dept’l. Earth Science Research Research Data Information
Budget Expenditure Collection
$°000 $°000 $°000 $°000 $’000 $°000 $°000
Alberta Mines and Minerals» 1 930 - - - - - -
Oil and Gas Conservation Board 2 592 100 -~ - - - -
British Columbia Mines and Petroleum Resources S 192 397 - 77 - 310 10
Manitoba Mines and Natural Resources 6 979 662 - 103 18 519 22
New Brunswick Natural Resources 10 314 300 -~ 133 - 132 35
Newfoundland Mines, Agriculture, and Resources 6 978 308 - 15 - 291 2
Nova Scotia Mines 953 438 - 87 - 311 40
Ontario Mines 3 838 1 700 34 765 - 316 585
Energy and Resources Management 18 702 181 . 18 - 27 136
Prince Edwards Is. Industry and Natural Resources 345 - - - - - -
Quebec Natural Resources 14 669 1 983 100 954 - 614 315
Saskatchewan Mineral Resources 2 849 770 - 170 - 275 325
Total Amount 75 341 6 839 134 2 322 18 2 795 1 470
% 100 5 35 <1 38 22

8 * The Alberta Research Council conducts earth science activities in Alberta on behalf of the province.




Figure II.14-Total Direct Revenues and Expenditures of Provincial Governments on the Mineral Industry, 1959-68
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Figure I1.15-Revenues from the Mineral Industry related to Expenditures on Solid-Earth Science Activities, by Province,
1968
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Figure I1.16 A-Typical Organizational Structure of a Provincial Department of Mines, as in British Columbia, Saskatche-
wan, and Nova Scotia

Minister

Deputy Minister

Petroleum and Geological Mines Branches
Natural Gas Branch 1-3 dealing with
Branch (incl.) A. Inspections
Petroleum Geology) B. Mineral lands

C. Assessments and Statistics
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Figure II.16B-Typical Organizational Structure of a Provincial Department of Natural Resources, as in New Brunswick
and Manitoba and, in a Modified Form, in Quebec and Newfoundland

Minister

Deputy Minister

Mines Branch Resource Branches Regional Branches
(responsible for mines,  (separate branches responsible (responsible for technical
petroleum and geology  for fisheries, forestry, wild- services in specific
functions) life, land use, water) regions)
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Table 11.32-Earth Science Staff of Provincial Departments of Mines, 1969

Category O @ G @ 5 ® (D (® (9 (10) Totals
Scientists & Engineers:

Bachelors 2 2 1 14 5 5 6 14 11 4 64
Masters 4 4 5 4 18 - 4 7 1 3 50
Doctors 1 3 2 18 14 - 6 14 - 15 73
(Vacant) 2 - 1 - 7 1 - - - - 11
Subtotal 9 9 9 36 44 6 16 35 12 22 198
Supporting Personnel:

Technicians 1 5 4 31 48 9 2 7 - 5 112
University Students

(in man-years) 9 3 5 35 30 2 10 24 - 120
Subtotal 10 8 9 66 78 11 12 31 - 232
Total 19 17 18 102 122 17 28 66 12 29 430

(1) Newfoundland Department of Mines, Agriculture and Resources.
(2) Nova Scotia Department of Mines.
(3) New Brunswick Department of Natural Resources.
(4) Ministere des Richesses Naturelles du Québec.
(5) Ontario Department of Mines.
(6) Ontario Department of Energy and Resources Management.
(7) Manitoba Department of Mines and Natural Resources.
(8) Saskatchewan Department of Mineral Resources.
(9) Alberta Oil and Gas Conservation Board.
(10) British Columbia Department of Mines and Petroleum Resources.




Table I1.32A-Earth Science Reports of Provincial Government Agencies (exclusive of publications of staff
members in professional journals)

Agency Title Average No. Issued
per Year over
Period 1963
o
g 2
> 2 E
o0 o
2 & 5 3
o 8 8 £
Q © O O
1. B.C. Dept. of Mines Annual Report 1 - - -
Bulletin 1.5 - -
2. Alberta Research Council Bulletins 3 - - -
Reports 4 .
4. Saskatchewan Dept. of
Mineral Resources Reports 5 1 - 2
4. Saskatchewan Research Council Reports — 10—
5. Manitoba Dept. of Mines &
Natural Resources Publications 5 - - -
6. Ontario Dept. of Mines Geological Reports 10 - - -
Industrial Mineral Reports 3 - - -
Mineral Resources Circular = - - 1
Miscellaneous Papers 7 - - =
7. Quebec Dept. of Natural Preliminary Geological Reports 11 - - -
Resources Final Geological Reports 7 - - =
Special Studies 2 - - 1
8. New Brunswick Dept. of Mineral Resources Reports 0.5 - - -
Natural Resources Reports of Investigations 1.s - - -
Information Circular 1 - 1 -
9. New Brunswick Research & Research Notes 3 - - -
Productivity Council
10. Nova Scotia Dept. of Mines Annual Report 1 - - 1
11. NovaScotiaResearch Foundation Reports - -
— 1_
12. Newfoundland Dept. of Mines, Bulletins, reports, information circulars s - - -

Agriculture & Resources
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convenient to group these bodies as gov-
ernment agencies and independent estab-
lishments. Although this grouping is not
exactly correct, it does indicate the
amount of provincial government re-
search in which each is engaged. For
example, the Alberta Research Council is
very heavily committed to provincial
government research programs.

The British Columbia Research Coun-
cil, the Ontario Research Foundation, the
New Brunswick Research and Productiv-
ity Counci] and the Nova Scotia Research
Foundation have each moved into new
laboratories within the last two years, and
the Alberta Research Council has recent-
ly enlarged its facilities.

Each council or foundation has been
active in the earth sciences. Their solid-
earth science expenditure in 1968 totalled
$1.8 million (Table I1.33) and they em-
ployed 63 professionals on these activities
(Table 11.34). The amount of provincial
support available has determined
whether these activities originate as in-
house or as responsive programs. The Al-
berta and Saskatchewan Research Coun-
cils have programs in surficial geology.
The Nova Scotia Research Foundation is
active in geophysical exploration. The
New Brunswick Research and Productiv-
ity Council is committed to mineralogical
investigations. The British Columbia Re-
search Council has a research program in
mineral microbiology. All of them have
excellent facilities in analytical chemistry
which are particularly useful to earth
sciences. They have engineering and ap-
plied physics divisions which can work on
instrument development related to the
solid earth. For example, the Ontario Re-
search Foundation is growing crystals for
use in activation analysis; it could ex-
pand this work to include the develop-
ment of special instruments for whole-
rock analysis by using the same tech-
nique. A number of research councils
have specialized research apparatus, such
as the electron probe and mass spectro-
meter. All have X-ray diffraction equip-
ment. Some have a variety of sophisticat-
ed geophysical exploration equipment.
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The Saskatchewan Research Council had
the first carbon-14 dating laboratory in
Canada.

These organizations are well suited to
investigate regional problems related to
the practical applications of earth
sciences, and given sufficient incentives,
could readily increase their activities in
this field. One method would be for the
federal government to provide earth
science research and development contracts
related to the regions where these orga-
nizations are located.

Co-ordination of Provincial Earth Science
Activities

The multiple responsibilities of provin-
cial governments for mineral resources,
for education, and for municipal govern-
ments and urban development require
that they play a key role in the develop-
ment and implementation of science poli-
cies. Earth science activities in provincial
governments are performed principally in
the departments of mines, or of natural
resources, but in some provinces they are
pursued as well in departments of high-
ways, agriculture or forestry, or by pro-
vincial utilities. When one includes the
earth science capabilities in provincial re-
search councils, in universities, and in
local mineral or construction industries,
the potential for effective regional earth
science programs is considerable. The
problems of planning and communi-
cation described as existing between fed-
eral government departments exist
equally at the provincial level. Hence the
formation of provincial earth science
committees, similar to the interdepart-
mental committee proposed for the feder-
al government, could serve a useful func-
tion. Provincial earth science committees
could have terms of reference similar to
those of the proposed federal committee,
but should include within their frame-
work the related university, research
council, and possibly industrial groups
and representatives from regional labora-
tories funded by the federal government.
Since the departments of mines have the
greatest concentration of earth science



Table 11.33-Solid-Earth Science Expenditures of Provincial Research Councils, Related to Type of
Activity, 1968

Council Total Basic Applied Develop-  Scientific  Scientific
Expendi- Research Research  ment Data Information
ture Collection
$°000 $°000 $°000 $°000 $°000 $°000

Alberta Research Council 976 146 473 4 279 73

British Columbia Research

Council 46 - 39 - 7 ~

New Brunswick Research

and Productivity Council 86 43 26 - 9 9

Nova Scotia Research

Foundation 116 5 38 2 66 5

Saskatchewan Research

Council 545 158 214 8 161 4

Total Amount 1 769 352 790 14 522 91

% 100 20 45 1 29 5

Table I1.34-Earth Science Stafl of Provincial Research Councils, 1968

Category (1 ) 3) (4 (5) Total
Scientists and Engineers:

Bachelors 2 2 4 5 3 16
Masters 1 - 2 15 1 19
Doctors 3 3 8 14 - 28
Subtotal 6 5 14 34 4 63
Supporting Personnel:

Technicians 4 4 15 25 1 49
University Students

(man-years) 3 1 1 12 1 18
Subtotal 7 5 16 37 2 67
Total 13 10 30 71 6 130

(1) Nova Scotia Research Foundatjon.

(2) New Brunswick Research and Productivity Council.
(3) Saskatchewan Research Councjl,

(4) Alberta Research Council.

(5) British Columbia Research Coyncil.
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activity and expertise in most provinces,
the provincial ministers appear to be the
logical initiators of provincial action in
this regard.

Conclusion I1.13

Consideration should be given to the for-
mation of provincial earth science co-or-
dinating committees composed of senior
representatives of user departments and
agencies as well as of other groups per-
forming earth science research in the prov-
inces, to provide a forum for discussion
and co-ordination of earth science activi-
ties at the provincial level, and to appraise
and evaluate current work in terms of pro-
vincial and national goals.

11.7 The Universities

General

The first Canadian geology department
was founded at the University of Toronto
in 1853, and by the end of the 19th cen-
tury there were six departments in Can-
ada.' The most impressive growth has oc-
curred since 1949, during which period
the number of departments has increased
from 15 to 30, with 23 providing gradu-
ate instruction. Although geography was
taught in a few Canadian universities be-
fore the 1930s, commonly in close associ-
ation with geology departments, a rapid
increase in geography departments came
after World War I1.> By 1950 there were
8 geography (or joint) departments, with
6 providing graduate studies; by 1969 the
number had risen to 35 (those offering
graduate work to 25), and the faculty to-
talled 300° (as compared with 278 in ge-
ology departments).

The earth sciences in Canadian univer-
sities are dispersed through approximat-
ely 62 departments of geology, geophy-
sics (physics) and geography in 33 uni-
versities, not to mention the university
departments of mining engineering (rock
mechanics), civil engineering (geotechni-
que), chemistry (geochemistry), and soil
science (pedology). The study of the
earth is, therefore, a more widespread ac-
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tivity on the university campus than ta-
bulations of the geoscience departments
themselves would suggest. We enter a
note of apology at this point. Although
we had extensive contact and response
from the geology, geophysics, and the ge-
ography departments specializing in
physical geography, our coverage of the
non-specialized geography departments,
the soil science departments and the civil
engineering departments is poor. On a
number of occasions the Study Group
noted that even on the same campus sev-
eral earth science faculty members were
unacquainted with one another or with
the courses and research projects under
way in separate departments. This ab-
sence of co-ordination undoubtedly
affects the training programs of students
as well as the potential development of
local centres of excellence in the earth
sciences. Furthermore, with the increas-
ing interest in earth sciences, whether at
the college or secondary school level, and
the frequent focus on man and his envi-
ronment, increased co-operation becomes
imperative. It is essential to student train-
ing as well as to university administration
that co-ordinated training and research
programs be developed between the
earth science departments within univer-
sities and among the departments of
neighbouring universities.

The Students

The entry of students into earth science
courses at university is largely unplanned
and accidental. A survey conducted by

'An excellent account of Canadian geology departments

may be found in Geological education in Canada, by C.
W. Stearn. In The earth sciences in Canada. Edited by
E. W. R. Neale. Royal. Soc. Canada, Spec. Publ. No. 11.

1968. pp. 52-74.

“Robinson. J, L. Geography in universities. The Canadian
Geographer, 11: 216-229. 1967.

*It should be stressed that the faculty engaged in teach-
ing physical geography are only about 25 to 30 per cent
of the total number in geography departments. Since
physical geography is frequently taught as a first-year
course, and the subject matter usually includes subjects
not covered by this study (e.g. climatology), the actual
number of faculty actively engaged in physical geography
as defined in this study is probably only 87.



the American Geological Institute' indi-
cated that the majority of undergraduate
geology students in the United States and
Canada became interested in geology as
a result of the introductory course at the
college level. Students enrolled in geolo-
gy or geophysics in Canada can readily
obtain summer employment in the field
activities of industry or government, and
most universities encourage them to do
SO.

The undergraduate enrolment (Table
11.36) and graduation patterns in the
earth sciences have been cyclic in nature
(Table 11.37 and Figure I1.17). The
number of bachelors graduates in geolo-
gy has reached a level of 250 in 10-year
intervals (1949, 1959, 1969). Such fluctua-
tions have occurred nearly contempo-
raneously in the United States and Can-
ada, and in the past were largely respon-
sive to, though somewhat out of phase
with, industrial manpower demands. The
1949 peak represents the veteran gradu-
ates after World War II.

In the United States at least, the de-
pendence on industry demands has de-
creased considerably because of the gen-
eration of other employment opportuni-
ties (secondary school teaching, urban
and environmental geology, and ocean-
ography), as well as increased opportuni-
ty for graduate study. In Canada too,
fewer than one-third of the geology and
geophysics graduates in 1966-68 entered
the mineral industry, even though the in-
dustry is the largest potential employer.
Almost 50 per cent of the bachelors and
masters graduates continued their educa-
tion. Almost 50 per cent of the Ph.D.
graduates entered the teaching profession
(Table I1.37). Because of a broader em-
ployment base, it is unlikely that such
fluctuations in the enrolment pattern will
occur as extensively in the future. It is
disturbing, nevertheless, that despite a
considerable increase in the number and
size of geology departments, the number
of bachelors graduates in 1969 (247) was
less than the number graduated in 1949
(252).

The enrolment of masters students in

geology and geophysics has increased
steadily in the period 1958-68, from 95

to 332 in geology and from 11 to 72 in
geophysics. This growth has been in re-
sponse to an increasing student popula-
tion, an increasing number of depart-
ments, and increasing non-Canadian stu-
dent enrolment (about 44% in 1968-69).
However, the number of masters gradu-
ates in geology and geophysics has shown
little increase (Figure I1.17) when consi-
dered in relation to the growth in number
and size of departments. This indicates
an increasing failure rate or delay in
graduation, during the past 10-year
period.

The enrolment of doctoral students in
geology has increased from 75 to 217
(Table 11.36) during the period 1958-68
(geophysicists from 8 to 63) for reasons
similar to those affecting the masters
entolment. However, the number of
graduates has not kept pace with the rise
in enrolment, apparently for the same
reasons. In 1969 the 15 doctoral degree-
granting departments of geology graduat-
ed 28 students, a number equal to their
annual new staff requirements for the
years 1969-70 and 1970-71. The doctoral
situation in geophysics and physical ge-
ography is equally poor. There were only
four Ph.D. graduates in physical geogra-
phy from Canadian universities during
1968. The situation led Stearn? to con-
clude that:

“...the recent increase in the number of
universities offering graduate work in ge-
ology has not been accompanied by an
increase in the number of students seek-
ing this training...It is difficult to justify
the establishment of additional Ph.D.
programs in Canada until the national
demand justifies it.”

The output of Canadian earth science
graduates in 1968, and the estimated
number entering the labour force, are
summarized in Table I1.38. This may be

'Snyder, J. L. Why major in geology? Students answer.
Geotimes, pp. 13-14. April 1969.
*Stearn, op. cit.
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Figure I1.17-Graduates in Geology and Geophysics from Canadian Universities, 1948-69 (M.Sc. graduates in geophysics
(not plotted) increased from 6 to 18, and Ph. D. graduates from | to 10 during the 1948-68 period)
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Table 11.35-Summary of Earth Science Departments in Canadian Universities, 1968+

Type of No. of Faculty Students Expenditurese
Departments Departments

Undergrad. Grad.

$°000
Geology 30 278 1 1950 561 8 737
Geophysics (Physics) 7 41 474 123 1 203
Physical Geographye 25 87 1454 128 1 850
Total 62 406 1 387 812 11 790

s Our data on mining and civil engineering, and soil science departments are not complete.

b Excluding first-year students.

¢ Including operating and equipment expenditures (80 % of total), building renovations and new buildings.
d Excluding first- and second-year students.

e These estimates include also the departments that did not respond to our questionnaire survey.

Table I1.36~Enrolments in Geology and Geophysics in Canadian Universities, 1959-68=

Type of Years Non- Bachelor (year) Master Ph.D.
Department Majors
1 &2 3 4

Geology® 1968-69 6 804 902 398 251 332 217
1965-66 6 579 - 250 189 189 157
1962-63 5 482 - 242 211 156 95
1958-59 - - 291 231 95 75

Geophysics 1968-69 120 19 41 33 72 63
1965-66 123 - 20 15 33 33
1962-63 53 - 34 22 20 21
1958-59 - - 28 10 11 8

= Data for years prior to 1968 obtained from surveys of the American Geological Institute,
b Includes geological engineering.

Table I1.37-Employment Patterns of Canadian Geology and Geophysics Graduates, 1966-68

Field of Employment Level of Graduation
on Graduation
Geology Geophysics
B.Sc. M.Sc. Ph.D. B.Sc. M.Sc. Ph.D.
% % % % % %
Mining or Petroleum Industry 36 37 23 20 14 5
Government 3 9 23 6 8 27
Secondary School & College Teaching 11 8 - 15 6 -
University Teaching or Research - - 45 4 6 59
Continued Education 45 39 2 53 62 9
Other Occupations B 7 7 2 4 -
100 100 100 100 100 100

No. of Graduates Accounted for 408 161 77 47 49 22
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Table I1.38-Solid-Earth Science Graduates from Canadian Universities, 1968

Discipline Total Estimated Nos. entering
Labour Forcea
B.Sc. M.Sc. Ph.D. B.Sc. M.Sc. Ph.D.
Geology 220 62 38 121 36 36
Geophysics 27 18 10 10 6 9
Physical Geography 41 18 4 18 10 4
Mining Engineering 42 20 3 42 20 3
Total® 330 118 55 191 72 52

» These numbers include non-Canadian graduates, many of whom returned to their homeland.
b Our survey of the soil science and civil engineering departments is too inadequate to provide meaningful

data for this table.

compared with the number of depart-
ments and faculty members listed in
Table I1.35. For instance, a total of 278
geology professors resulted in the gradua-
tion of 320 geology students (at all
levels), of whom about 193 entered the
labour force. It is apparent that although
the Canadian geology departments have
increased in both size and number there
has not been a comparable increase in
the graduate output.

The Faculty

Departments of Geology

In 1968, the size of faculty in individual
geology departments varied between 2
and 19, with over half of the departments
having a faculty of more than 10 mem-
bers (exclusive of research assistants

and postdoctorate research fellows). The
total faculty was 278, with 191 teaching
at the graduate level and associated with
35 postdoctorate research fellows and 25
research assistants (Table 11.39).

A comparison with the total popula-
tion in each province shows that the pro-
vincial distribution of geology faculty is
essentially the same as that of the general
Canadian population, with the exception
of Quebec which is on the low side (20%
of the national faculty in geology, com-
pared to 29% of the population).

Of the 30 departments, 11 are situated
in Ontario. However, the number of geol-
ogy professors in Ontario is only 1.6 per
cent of the total “full-time equivalent”
faculty in that province, compared to 1.8
per cent on a national basis (278 profes-
12

sors in geology, compared to 16 529 full-
time faculty in all fields). The total
number of undergraduate geology stu-
dents in Ontario represents 0.5 per cent
of the total university enrolment in that
province, whereas the graduate student
enrolment is 2.0 per cent of the total
graduate student enrolment in physical
sciences in that province. Both percen-
tages for Ontario are very close to the na-
tional average. Thus, the only apparent
anomaly in Ontario is the relatively large
number of geology departments, but it
may logically be argued that such a pat-
tern reflects the proliferation of Ontario
universities and the strong tendency to
regionalization of higher education.

Of the 30 departments listed in Table
I1.39,' the following 10 departments had
no graduate program in 1968: Brandon,
Brock, Lakehead, Laurentian, Loyola
College, Mount Allison, St. Francis Xa-
vier, St. Mary’s, Sir George Williams and
Windsor. These had an average stu-
dent/faculty ratio of 3.5 compared to 4.4
for the others (in the latter case the ratio
becomes 7.0 if graduate students are in-
cluded).

The eight largest departments (Al-
berta, British Columbia, Calgary, Mani-
toba, McGill, McMaster, Queen’s and
Toronto) had in 1968 an average of 15
members in faculty, 80 undergraduate
students and 45 graduate students. Each
received an average of $185 000 from the
National Research Council as operating

'A new department of geology and geography has since
been established at the Université du Québec, Montreal
Campus, with an initial faculty of six members.



Table I1.39-Distribution of Geology Departments by Province, Year 1968-69 (numbers in brackets are percentages of the national total)

Province Universities Faculty PDF= RAb Teche  Students Oper. Research Research % Equip. Funding®
Exp.ec Exp.f Equip.s
B.SC. P-G¢ NRC DRB Univ. Ind. Others
$°000 $°000 $°000
Newfoundland Memorial 10 - - 4 30 24 279 59 50 70 = 28 2 -
4 3 (3) 4 ) 2 n
Nova Scotia Acadia,Dalhousie, St. 18 - - 5 94 25 313 87 285 66 7 24 - 3
Francis Xavier, St. Mary’s (6) (4) (8) 4 (&) 4) (&)
New Brunswick Mount Allison, 16 - - 7 47 17 325 74 120 37 - 13 14 36
New Brunswick (6) (5) @ 3 (5 3) (2)
Quebec Ecole Polytechnique, 56 5 6 27 193 109 1 126 326 1 209 65 N 32 1 2
Laval, Loyola, McGill, 0 (1% (24 (20 (16) (19 a7 (14) (19)
Montreal, Sir George
Williams
Ontario Brock, Carleton, Lake- 101 19 16 62 362 206 2 708 1 195 2 561 47 - 44 1 8
head, Laurentian, Ottawa, (36) (56) (64) (45) 30 @37 (42) (50) 41)

Queen’s, McMaster,
Toronto, Waterloo,
Western Ontario,

Windsor
Manitoba Brandon, 16 3 2 5 65 36 431 104 418 77 - 22 1 -
Manitoba (6) (8) ® 4) () (6) @) 4) @)
Saskatchewan Saskatchewan 16 1 - 5 71 27 297 109 520 65 3 3 28 1
(6) 3) 4 6 (5 (5 4 ®
Alberta Alberta, 26 3 1 14 153 79 643 273 807 33 - 59 3 5
Calgary 9 9 4 (10) (13) (14 (10) (12) (13)
British Columbia British Columbia 19 3 - 7 180 38 360 167 250 22 - 50 10 18
Y] &) &) (15) @) )] @) C)]
Total 30 Departments 278 34 25 136 1 195¢ 561 6 482 2 394 6 220 _
Legend.:
a Postdoctorate research fellows. f Research operating grants.
b Research assistants. & Undepreciated dollar value of research equipment within the geology departments.
¢ Technicians. b Source of funding of research equipment.
4 Postdoctorate students. i This column of bachelor student enrolment does not include first-year students.

E e Operating expenditures of departments. Note: Figures in brackets are percentage of the national total.




research grants. It is of interest to note
that the University of British Columbia
and Queen’s University alone had about
one-quarter of all geology students
enrolled in Canadian universities,
whereas McGill, McMaster, Ottawa and
Western had an undergraduate/ graduate
student ratio of less than 1.

The average professor of geology is 38
years old and received his Ph.D. in 1957.
Although most geology professors are
Canadian by birth, 67 per cent received
their highest degree outside Canada
(one-third in the United States and one-
fifth in the United Kingdom). About 40
per cent have worked for one or more
years in industry, and 36 per cent in gov-
ernment.

Departments of Geophysics

Seven institutions in Canada grant de-
grees in geophysics: Alberta, Dalhousie,
Memorial, Toronto, British Columbia,
Western Ontario, and McGill universi-
ties. The first four have geophysics locat-
ed in physics departments; the last one
has geophysics associated with mining
engineering. Thus, only two (British Co-
lumbia and Western Ontario) have sepa-
rate geophysics departments. In most of
these institutions, the prevailing research
preoccupations and activities are in phys-
ics of the earth rather than applied geo-
physics, with the result that very few geo-
physics graduates enter industry (only 20
to 25 a year, not even enough to compen-
sate for “replacements” of practising geo-
physicists).

In 1968, the total geophysics faculty in
these departments totalled 41, with
whom were associated 17 postdoctorate
research fellows and 6 research associates
(Table 11.40). In addition, there were an-
other 14 professors of geophysics in 8 ge-
ology departments but none in the geolo-
gy departments of 15 universities, in spite
of the fact that these had a total of 88
professors of geology. In our opinion this
situation is anomalous; even though a ge-
ology department is small, it should have
at least one geophysicist on staff to pro-
vide balance in earth science curriculum
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content.

Of these seven departments, only that
of the University of British Columbia had
a substantial undergraduate student
enrolment in geophysics (Table 11.40).
Most draw a substantial number of their
graduate students from physics, engineer-
ing physics and such fields, besides geolo-
gy and geophysics proper. The propor-
tion of non-Canadian graduate students
is about 45 per cent, about equal to the
national average for all graduate students
in physical sciences and engineering.’

The average professor of geophysics is
36 years of age and received his Ph.D.
in 1959. Of the 41 professors indicated in
Table 11.40, 34 per cent have worked for
one or more years in industry and 24 per
cent in government (in geology the
equivalent. percentages were 40% and
36% respectively). Only 49 per cent re-
ceived their highest degree outside Can-
ada (one-third in the United States),
compared to 67 per cent in geology and
77 per cent in physical geography.

Departments of Geography (Physical
Geography)

As an earth science discipline, physical
geography is taught mainly in depart-
ments of geography. In many universities
it constitutes a very minor component of
the broad range of geography interests.
According to our estimates (Table 11.41),
physical geography is taught in approxi-
mately 25 universities, although there are
only four major departments specializing
in this field.

Total faculty in physical geography is
estimated at approximately 87, who are
assisted by only 3 postdoctorate research
fellows and 7 research assistants. Based
on our limited statistics, the average
physical geography professor is 35 years
of age and received his Ph.D. in 1961.
The same statistics indicate that 77 per
cent of these professors obtained their
highest degree outside Canada (mostly in
the United States, the United Kingdom,
and New Zealand).

'National Research Council. op. cit., p.52.



Table I1.40=Distribution of Geophysics (Physics) Departments by Province, Year 1968-69 (numbers in brackets are percentages of the national total)

Province Universities Faculty PDF RA Tech Students Oper. Research Research % Equip. Funding
Exp. Exp. Equip.
B.Sc. P-G NRC DRB Univ. Ind. Others

$°000  $°000 $°000

Newfoundland Memorial 2 2 - 1 - 6 67 45 75 33 - 65 - 2
©) (12) 4 ©)] () 3

Nova Scotia Dalhousie 5 1 1 1 - 9 112 44 250 60 30 5 5 -
(12) (6) 4 @) an (6) an

Quebec McGill 3 2 - 2 1 12 90= 103 465 83 - 15 - 2
@) (12) (N (3) (11 ® 13 21

Ontario Toronto, 16 8 1 12 13 39 425 368 450 43 6 42 3 6
Western Ont. 39) (46) (43) (X)) (32) (41) (45 (20)

Alberta Alberta 8 3 1 8 3 25 219 147 550 50 - 42 2 6
(20 (18) (29 (6) (20) (21 13 (25

British Columbia British Columbia 7 1 3 4 30 32 127 100 450 60 5 5 - 30
an (6) (50) (14) (64) (26) (12) (12 (20)
Total 7 Departments 41b 17 6 28 47¢ 123 1 040 807 2 240

Legend: Same as in Table I1.39.

» Estimates.
_ ® Does not include about 14 professors of geophysics in geology departments.
= ©° Third- and fourth-year students only.




Table I1.41-Distribution of Physical Geography in Universities, by Province, Year 1968-69

Students
.
3 % > is S S
T oos L. = 3 o 5 s 3%
° = %) 2 73 7]
& 5 & g o £ o a S  wd &g
$°000 $°000 $°000
Newfound-  Memorial 1 - - - - - 12 - 10e
land
Quebec McGill 12 1 3 4 17 24 363 82 70
Ontario Guelph, Ottawa 22 - - 7 86 35 408 40 220
Toronto,
Waterloo,
Western, York
Manitoba Manitoba, 3 - - 2 49 5 53 10 15¢
Winnipeg
Sask. Sask. 3 - - 6 3 40 10 10e
Alberta Alberta, 8 1 1 2 14 10 105 19 150
Calgary
British Simon Fraser, 12 - 1 5 26 10 171 25 65
Columbia U.B.C,
Victoria
Total 16 Depts. 61 2 5 20 198 87 1152 186 540
Est. Total= 25 Depts. 87 3 7 29 293 128 1 646 204 1 850

Legend.: same as in Table 11.39.

a Includes the Study Group’s estimates for the following departments of geography who did not complete
a questionnaire: Brandon, Brock, Carleton, Laval, McMaster, Montréal, Queen’s, Sir George Williams,

and Windsor.

b Includes only third- and fourth-year students in physical geography.
< Includes only graduate students in physical geography.

The absence of a department of geog-
raphy serving the seven universities in
New Brunswick and Nova Scotia is note-
worthy, particularly since these two prov-
inces combined have six university de-
partments of geology. Four of these de-
partments are small, with limited growth
potential both in terms of student enrol-
ment and research possibilities. Conse-
quently, we urge these universities to give
proper consideration to transforming
their geology departments into earth
science departments and adding geophy-
sics, oceanography, physical geography
and soil science to the curriculum. We
recommend that these departments con-
centrate on providing broad undergrad-
uate education in the earth sciences, and
specialize in the training of high school
science teachers (see Section I11.7).

Although our survey of the geography
departments is far from being complete,
it is of interest to note that for the 16 de-
partments shown in Table 1141, the
larger part of the research equipment in
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physical geography has been funded di-
rectly by the universities. In contrast, the
major funder of research equipment in
geology and geophysics has been the Na-
tional Research Council (Tables 11.39
and I140).

Lastly, it should be noted that the size
of faculty shown in Table 11.41 should
not be judged only in terms of the
numbers of students indicated. As in ge-
ology and geophysics, instruction in the
earth sciences is given in these depart-
ments to very large numbers of non-
majors.

Other Departments

Unfortunately, our data for the earth
science component of other university de-
partments (soil sciences, geotechnique,
etc.) are too incomplete to yield meaning-
ful statistics. Our failure to achieve good
coverage there is in part due to the scope
of this study and our difficulties of ex-
tracting unequivocally the earth science
component of their education and re-



search activities. Some professors have
commented for instance on their own
difficulties in identifying the earth science
aspects of their research in soil mechanics
and rock mechanics. To some extent,
somewhat similar difficulties were en-
countered in our coverage of physical ge-
ography in geography departments.

In the absence of meaningful statistics,
we can note however the relative isola-
tion of most soil science departments
from geology departments and, to a
smaller extent, geography departments.
Likewise, there is relative isolation of
rock mechanics and soil mechanics from
geology in our universities, the former
being located generally in mining or civil
engineering departments.

I1.8 The Earth Science Societies
and Associations

The Societies

Scientific societies play a vital role in the
scientific activities of a nation. They pro-
vide the major forum for communication
among scientists and are the basic media
for maintaining communications among

industry, government and universities at

the “grass roots” level.

There are 17 large earth science groups
in Canada, although 9 of these are incor-
porated in larger societies supporting
other disciplines or objectives (Table
11.42). Most of these groups are growing
at a rapid rate; for example, the Geology
Division of the Canadian Institute of
Mining and Metallurgy grew from 1 100
to 1 800 members over the period 1962-
68. There are probably another 35 local
earth science societies or groups, small
and intermittent in nature, that gather to
exchange information and ideas of spe-
cialized or regional interest. These in-
clude geological discussion groups, geo-
physical and geotechnical societies, and
branches of the Canadian Institute of
Mining and Metallurgy in many cities
and mining towns.

Many of the larger scientific societies
are the Canadian analog of United States
societies, for example:

-Canadian Institute of Mining and
Metallurgy and the American Institute of
Mining, Metallurgical and Petroleum En-
gineers;

- Alberta Society of Petroleum Geolo-
gists and the American Association of Pe-
troleum Geologists;

-Geological Association of Canada and
the Geological Society of America;

~Mineralogical Association of Canada
and the Mineralogical Society of
America;

-Canadian Society of Exploration
Geophysicists and the Society of Explora-
tion Geophysicists.

Canadian scientists commonly hold
membership or official office and publish
in the organs of both societies, and in one
instance the Canadian society is formally
affiliated with its U.S. counterpart. It is
estimated that half the results of research
in the earth sciences obtained by Canadi-
ans are published as scientific papers out-
side Canada.' In general, however, a cer-
tain sense of nationalism has tended to
prevent a formal organic linkage of the
Canadian societies with their larger coun-
terparts in the United States.

The principal role of the societies has
been to encourage the growth of the
sciences related to their area of interest
through support of publications and an-
nual meetings. Earth scientists publish re-
gularly in the publication series of 13 Ca-
nadian societies.

The objectives of the societies are over-
lapping, uncoordinated and in some
cases in need of redefinition (Table 11.42).
Their limited financial resources have
prevented them from developing into a
major force in the formation of earth
science policy; perhaps their response in
this area might be described as one of re-
action to change rather than forward
planning and action. Minor interest has
been shown in the matter of professional
or public standards as defined in the ob-
jectives of professional engineering, agri-

'Harrison. J. M.. D. C. Rose. and R. J. Uffen. The nature
and organization of earth sciences in Canada. In The earth
sciences in Canada. Edited by E. W. R. Neale. Roy. Soc.
Canada, Spec. Publ. No. 11. 1968. pp. 3-12.
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Table I1.42-Major Canadian Earth Science Societies and Associations

Name Year of Member- Principal Objectives
Forma- shipt
tions
A. Geology - -
1. Geology Division of the 1945 1 805 To provide a meeting ground for profes-
Canadian Institute of Mining sional geologists in Canada
and Metallurgy
2. Alberta Society of Petroleum 1928 1 473 To promote the science of geology, partic-
Geologists 102e ularly as it relates to petroleum geology in
Western Canada
3. Geological Association of 1947 1 300 To advance the science of geology and to
Canada promote a better understanding thereof
throughout Canada
4. Mineralogical Association of 1955 865 To advance knowledge in crystallography,
Canada 435¢ geochemistry, mineralogy, petrology and
allied sciences
5. Canadian Society of Soil 1954 300 To foster all branches of soil science
Science
6. Earth Sciences Division of the 1882 95 To recognize high distinction and stimulate
Royal Society of Canada achievement in the earth sciences; to im-
prove communication; to sponsor surveys
of the state of earth sciences and suggest
improvements
7. Geotechnical Division of the 1962 175 To provide a forum for discussion of engi-
Engineering Institute of neering problems
Canada
8. Geology Section, I’ Associa- 1931 To promote geology among geologists of the
tion Canadienne Francaise French language in Canada through the or-
pour I’Avancement des ganization of annual meetings
Sciences (ACFAS)
B.>Get;phyisics7 o
1. Canadian Society of Explora- 1949 800 To promote the science of geophysics, espe-
tion Geophysicists cially as it relates to petroleum exploration
2. Canadian Well Logging 1955 200 ) jo;lco;rage research related to the inter-
Society pretation of well logs in oil and other
mineral-bearing rock formations
3. Earth Physics Division of 1962 112 To promote and encourage the application
Canadian Association of of physics to problems related to the inte-
Physicists rior, the surface and the atmosphere of the
earth
4. Canadian Exploration Geo- 1953 135 To promote the science of geophysics, espe-

physical Society

cially as it applies to the exploration of
minerals other than oil; to foster the com-
mon scientific interests of geophysicists
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Table I1.42-Major Canadian Earth Science Societies and Associations (Concluded)

Name Year of  Member- Principal Objectives
Forma- shipb
tiona
C. Geography
1. Royal Canadian Geograph- 1929 269 Advancement of geographical knowledge
ical Society fellows, and in particular the general diffusion of
13 713 information on Canadian geography
general
members
2. Canadian Association of 1951 600 Development of geography and promotion
Geographers of communication among geographers in
Canada
3. Association des Géographes 1962 40 Promotion of scientific communication be-
de ’Amérique frangaise tween geographers of the French language
D. Topography
1. Canadian Institute of Sur- 1882 1 192 To further the professional knowledge of
veying members; promote professional interest in
surveying and mapping; enhance usefulness
of profession to public
E. Interdisciplinary
1. Arctic Institute of North 1945 250 To encourage and support scientific research
America fellows, pertaining to the polar regions
1 700
associates
F. Mining and Petroleum
Associations
1. Canadian Petroleum Asso- 1952 99 To foster better understanding between pe-
ciation troleum and natural gas industry and the
public; encourage co-operation with gov-
ernments; provide forum for discussion of
matters affecting welfare of members
2. Independent Petroleum Asso- 1961 185¢ To create an environment conducive to
ciation of Canada growth and prosperity of oil companies
operating in Canada
3. Mining Association of 1935 102¢ To project the news of the Canadian mining
Canada industry on a national scale and present its
views to government in regard to policies
affecting exploration, mining and pro-
cessing, and the development of exports
4. Prospectors and Developers 1932 1 400 To co-ordinate and project the views of the
Association of Canada 175¢ membership through annual scientific and

business meetings and liaison with provin-
cial and federal governments

» Where the earth science division is only a part of the Association, the year of commencement of the division
is given.
b Corporate membership indicated separately, c.
¢ Corporatc membership.
d Attempts arc being made to establish a Canadian Geotechnical Society, which will replace this Division
but will become a ““‘Constituent Society’” within the Engineering Institute of Canada.
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cultural and other associations. Neverthe-
less, significant examples of active public
service include the recommendations of
the Geology Division of the CIMin 1947,
which resulted in the formation of the
National Advisory Committee on Re-
search in the Geological Sciences, as well
as the support of this study through the
submission of briefs (see Appendix 3).

Formal liaison between the existing
earth science societies is practically non-
existent, and the co-ordination that does
exist is due principally to a small number
of individuals who serve on more than
one executive. The societies lack perma-
nent secretariats and depend entirely
upon the part-time services of their elect-
ed officers, except in those instances
where partial secretariat services are pro-
vided by societies that support other dis-
ciplines, such as the Engineering Institute
of Canada, the Canadian Association of
Physicists, the Chemical Institute of Can-
ada, the Canadian Institute of Mining
and Metallurgy, and the Royal Society of
Canada. The latter situation has been
very beneficial to the support of earth
sciences in Canada and has helped to fos-
ter fruitful interdisciplinary contacts.
Nevertheless, they have tended to delay
the generation of a “critical mass” to deal
adequately with problems specifically re-
lated to the earth science profession in a
national and professional sense.

Earth science societies have a unique
role to play in providing a parliament for
the views of the individual earth scientist
where he may speak for himself rather
than depend on his institution to speak for
him. Matters of professional standards
and salaries are immediate and down-to-
earth concerns. Explaining earth sciences
to the public, especially where they inte-
grate with social problems, is a responsi-
bility and interest of the individual earth
scientist. Criticism of national programs
in earth sciences should be fostered in
open discussion rather than left smoul-
dering in isolated “coffee-break discus-
sions”. The stimulus for encouraging the
teaching of earth sciences in secondary
schools must come from the societies who
120

are less confined by the British North
America Act or other restraints than
other groups. Hence we conclude:

Conclusion 11.14

A Council of the Canadian Earth Science
Societies should be established to provide
advice to governments and to perform
many of the common functions necessary
Jor the development of the earth science
professions in Canada. Leaders of the
earth science societies should convene a
meeting of senior members to examine
areas for co-ordination and co-operation
and the formulation of long-range plans.

The Council could establish a central
secretariat modelled somewhat after that
of the American Geological Institute and,
to a lesser extent, after the secretariats of
the Canadian Association of Physicists
and the Chemical Institute of Canada.
Funds for the secretariat would be pro-
vided by the member societies, grants
and contracts from government, dona-
tions from industry, and advertising. The
responsibility for initial action in this re-
gard would appear to rest with the Geo-
logical Association of Canada and the
Alberta Society of Petroleum Geologists.
The new organization itself might well
evolve from that being established for the
1972 International Geological Congress
in Canada. The Council would perform
the following functions on behalf of its
member societies and the profession:

1. Advise governments (federal, pro-
vincial, municipal) on matters of scien-
tific problems or priorities involving the
earth sciences and national economic and
social goals;

2. Advise governments, industry and
universities on the development of the
various disciplines and the fostering of
research in the various fields of earth
sciences;

3. Advise and co-operate with the Ca-
nadian International Development
Agency on matters relating to Canadian
earth science technical assistance to dev-
eloping countries;

4. Advise the public on the social and



cultural as well as the economic value
and implications of the earth sciences,
especially in matters of pollution, natural
hazards, recreation, and quality of the
environment;

5. Sponsor activities in earth science
education, especially the development of
earth science curricula and teaching aids
in secondary schools, and the training of
teachers;

6. Provide information services for the
earth science profession, industry and
governments, such as a register of scien-
tific and technical personnel, information
on manpower and salaries, career pam-
phlets, student counselling;

7. Provide services for the member so-
cieties, such as billing, membership list
maintenance, addressing and mailing of
ballots, assistance with publications, as-
sistance with annual meetings;

8. Maintain communication among
earth scientists in Canada through distri-
bution of a monthly newsletter (modelled
after Geotimes);

9. Maintain communication with the
scientific, engineering and technological
community in Canada through active
participation in SCITEC';

10. Maintain liaison with the Ameri-
can Geological Institute and other inter-
national professional societies that con-
duct similar earth science functions in
their respective countries.

The Associations

Separate from the scientific societies, with
their emphasis on individual member-
ship, are the associations representing
mining or petroleum companies (Table
11.42). They maintain permanent secre-
tariats with the financial support received
from their corporate membership. They
are concerned primarily with intra-in-
dustry, industry-government, and in-
dustry-public relationships rather than
with science as such. Nevertheless, the
Mining Association of Canada maintains
an internal committee on mining and
metallurgical research, and the Canadian
Petroleum Association has a committee
on geology, geophysics, core storage, etc.

They exchange scientific information
which while not reaching the public do-
main through meetings or publications, is
periodically reflected in association state-
ments on policy matters (e.g. the brief of
the Mining Association of Canada to the
Special Senate Committee on Science
Policy, May 1969).

I1.9 Earth Science Libraries

General
Most Canadian earth science libraries
have developed in response to the needs
of local groups, and many still fill that
role alone. In places, however, networks
are developing for the exchange of li-
brary documents in response to the pub-
lication explosion and rising acquisition,
storage and handling costs. At the same
time, the role of libraries is slowly chang-
ing from that of a passive custodian of
knowledge to that of a dispenser of infor-
mation. The change calls for radical
shifts in the attitude of librarians as well
as in their methods of library orga-
nization. New developments in computer
technology, reproduction techniques and
interlibrary communications now provide
a basis for the development of more co-
hesive library networks. Such changes are
imminent or are in the process of imple-
mentation in Ontario and elsewhere. It is
essential that earth scientists and earth
science libraries participate in their im-
plementation and development to ensure
that there is an increased flow of infor-
mation to the earth science community.
Science Council Report No. 72, as well
as the related documents prepared by

'SCITEC is an acronym for The Association of the
Scientific, Engineering and Technological Community of
Canada, an organization founded in January 1970 which
is expected to group more than 60 scientific and engineer-
ing national societies and speak for more than 100 000
members of these societies and others. SCITEC’s objective
is “to marshall the scientific, engineering and technolog-
ical community to provide leadership and to communi-
cate, co-operate and work within itself, with government
and the public in the national interest in those arcas in
which it can make a competent contribution.”

*Science Council of Canada. A policy for scientific and
technical information dissemination. Report No. 7. Ottawa
Queen’s Printer, 1969.
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J.P.L Tyas et al.” for the Science Council,
provide useful guidelines for the imple-
mentation of an information network. A
purpose of this section, which draws
heavily on these studies, is to indicate
special features of earth science libraries
which must be considered in the broader
context of library networks in Canada.

Present Situation

The library of the Geological Survey of
Canada, consisting of about 100 000 vol-
umes, is probably the most comprehen-
sive collection of geological publications
in Canada. This library has been deve-
loped to meet the needs of the Geological
Survey and consequently reflects the
changing interests of that department. It
is particularly rich in complete runs of
geological journals and publications is-
sued by government geology departments
and geological societies throughout the
world. It should be thought of as supple-
menting the National Science Library.?

The Ontario Department of Mines Li-
brary is the largest of those operated by
provincial departments. Its holdings in-
clude 32 500 volumes, 13 000 miscella-
neous reports and pamphlets, and 9 500
geological and geophysical maps.?

Among university libraries, Queen’s
geology holdings are probably the second
best in Canada. Its library holds 34 000
volumes, with extensive coverage of
geological survey reports, geological
maps, and periodical and society publica-
tions.

Industrial libraries are smaller in size,
reflecting the narrower interests of the
company concerned. Most companies re-
tain a minimum library of government
and company reports which form the
basis for planning exploration activities.
Larger companies retain sizable collec-

"Tyas, J.P.I, et al. Scientific and technical information
in Canada. Science Council of Canada. Special Study No.
8, Parts I and II. Ottawa, Queen’s Printer, 1969.

’Lamb, W. K. and 1. E. Brown. Federal government li-
braries in Ottawa. In Report of the National Librarian.
1968.

*Downs, R. B. Resources of Canadian academic and
research libraries. Report of the Association of Universi-
ties and Colleges of Canada. Ottawa, 1967.
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tions of textbooks. The Imperial Oil Re-
gional Information Centre in Calgary, for
instance, contains 1 000 textbooks on ge-
ology and 500 on geophysics, and the
Gulf Oil Company library contains 2 500
books.

It is fair to state that most Canadian
earth science libraries operate to meet the
needs of local user groups but participate
infrequently and reluctantly in interli-
brary exchanges. The trend to link uni-
versity library services in Ontario and the
Atlantic Provinces is encouraging. The li-
brary most active in encouraging “out-
side” use of its facilities is that of the
Geological Survey of Canada, which dis-
tributes its monthly accession lists to 500
persons in industry, universities and gov-
ernments. Regional libraries are also
maintained in Calgary, Vancouver, Yel-
lowknife and Whitehorse.

Future Trends

The Science Council of Canada has indi-
cated that a major component of infor-
mation policy is “the optimum utilization
of existing information services and sys-
tems and the development of new ones.
The widespread geographic distribution
and activity of earth science users across
Canada, especially in the mining indus-
try, demand an effective information
network. All sectors of the economy have
a role to play. Hence, the initiatives of
individuals, institutions and organiza-
tions are important. Well-maintained
catalogues -and bibliographies are neces-
sary. Regional sub-networks linked by an
efficient communications system are re-
quired to overcome the effects of dis-
tance. Because of the substantial costs in-
volved, every region-let alone every li-
brary-cannot hope to assemble complete
earth science collections. Hence the im-
portance of a network to inform and
transmit information to the user.

The federal role in this field has been
described in Science Council Report No.
7. This role is essentially that of a cata-
lyst. The National Research Council Act
empowers that institution to “establish,
operate and maintain a national science



Table I1.43-Canadian Earth Science Libraries and Holdings, 1969

Province Library Holdings Totals
Alberta University of Alberta 22 100
University of Calgary 6 250
Alberta Research Council 31 450
Geological Survey of Canada (Calgary) 40 000 99 800
British Columbia University of British Columbia 8 400
Department of Mines & Petroleum Resources 4 100
British Columbia Research Council 50 12 550
Manitoba University of Manitoba 11 000
Department of Mines and Natural Resources 4 000 15 000
New Brunswick Mount Allison University 5 000
University New Brunswick 4 000
Department of Natural Resources 500
Research and Productivity Council 350 9 850
Newfoundland Memorial University 4 700
Department of Mines, Agriculture and Resources 2 500 7 200
Nova Scotia Acadia University 2 500
Dalhousie University 8 000
St. Francis Xavier University 500
St. Mary’s University 500
Department of Mines 1210
Nova Scotia Research Foundation 700 13 410
Ontario Brock University 5 000
Carleton University 6 300
University of Guelph 500
Lakehead University 1 600
Laurentian University 4 000
McMaster University 10 000
University of Ottawa 2 700
Queen’s University 34 000
University of Toronto 12 000
University of Waterloo 20 000
University of Western Ontario 10 500
Department of Mines 50 000
Ontario Research Foundation 150
Royal Ontario Museum 6 000
Department of Energy, Mines and Resources:
Geological Survey of Canada, Ottawa 100 000
Mines Branch 1 500
Observatories Branch 13 700
Water Sector 3 500
National Science Library 4 500 285 950
Quebec Ecole Polytechnique 15 000
Université Laval 1 950
Loyola College 750
McGill University 12 510
Université de Montréal 15 000
Sir George Williams University 1 000
Department of Natural Resources 8 300
Arctic Institute of North America 3 000 57 510
Saskatchewan University of Saskatchewan:  Saskatoon 14 000
Regina 300
Department of Mineral Resources 520
Saskatchewan Research Council 7 500 22 320

Source: SES questionnaires.
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library”. The National Science Library
states that it is “responsible for ensuring
that Canadian scientists, engineers and
industrialists have direct and immediate
access to publications and information
required in their day-to-day work”. The
Science Council has recommended that
“the promotion of federal participation in
the development of a national network of
scientific and technical information ser-
vices, and the implementation of the fed-
eral components of a national policy”

be the résponsibility of the National Re-
search Council. It is a matter of concern
to this Study Group that the principal
national earth science library, which is at
the Geological Survey of Canada and
hence outside the National Science Li-
brary administration, may not maintain
a level of interchangeability comparable
to that existing among the sciences en-
compassed in the National Science Li-
brary system. As indicated by Lamb and
Brown’, the Geological Survey library in-
cludes substantial collections which are
not duplicated in the National Science
Library, and “there should be no need to
duplicate in the national libraries items
from these specialized collections, provid-
ed the material can be made readily
available either on interlibrary loan or
through photocopies. They should be
considered, therefore, as forming part of
the national library resources of the
country.” Hence we conclude it is of vital
importance that:

Conclusion 11.15

Plans for the establishment of a National
Scientific and Technical Information Ser-
vice should recognize the desirability of in-
tegrating earth science information into
the network. To this end, it is important
that earth scientists be represented on the
secretariat and board of directors of any
bodies that may be formed to direct the
operation of the national network, and
that the earth sciences be fully included in
the journals of research, bibliographies, in-
dices and other information provided by
the Service.
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The provincial role in this field requi-
res a close liaison among university, de-
partments of mines, and research council
groups in the region. The universities, as
the major regional custodians of books
on all aspects of earth science, have a
major role to play. In Ontario the linking
of university libraries by a common com-
puterized system provides a common
basis for cataloguing, preparation of
awareness lists, etc. It would appear most
economical if this capability were made
available to industry and government
groups as well. Maximum effectiveness in
communication would require compati-
bility among the different library facili-
ties concerned. In the Halifax-Dartmouth
area a plan to develop a compatible sys-
tem among different user agencies has
been proposed.? The provincial depart-
ments of mines, having the major respon-
sibility for the dissemination of earth
science information in their region, must
play a leading role in these develop-
ments. They might well show leadership
by reviewing and publicizing the earth
science library services and opportunities
available to the public in their respective
regions. The Ontario Department of
Mines, following the recommendations of
a Select Committee on Mining of the Le-
gislative Assembly, has already moved
toward centralizing its library facilities
and integrating them with a data centre
in its Information and Education Section.

'Lamb and Brown, op. cit., p. 28.
*Tyas, op. cit.. Part 11, Chapter 6. pp. 41-49.
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“and some rin up hill and down
dale, knapping the chucky stanes
to pieces wi’ hammers, like sae
mony road-makers run daft-they
say it is to see how the warld was

made!”

Sir Walter Scott in ““St. Ronans’
Well”, 1824

III.1 Synopsis

The mosaic of earth science activities pre-
sented in Chapter II naturally elicits the
question of a science policy that not only
supports fully the application of science
and technology in the service of the na-
tion (see following chapters), but also
lays sufficient stress on the development
of the science itself: The purpose of this
chapter is to discuss the important role
that research must continue to play in the
development of Canadian earth sciences,
the particular responsibilities of academic
institutions in this regard, and the oppor-
tunities in earth sciences for personal
development.

Science must satisfy man’s appetite for
knowledge. Scientists have a particular
responsibility towards disseminating their
knowledge of the earth so that the lay-
man may better enjoy the beauties of na-
ture, and better understand the forces
that have created, and are modifying, our
physical environment. If we do not want
to live on the earth as hermits, our cul-
ture should at least include elementary
notions of the world underneath and
above us.

Perhaps the most important conclusion
in this whole report is the need to intro-
duce a modern course in earth science in
all secondary schools across Canada. Be-
sides improving the scientific attitudes of
young students, this course will provide
tangible evidence that science is, indeed,
relevant to man and his environment.

We have in Canada a “georama”
which, in several respects, is unique in
the world. Many of the earth’s crustal
features, several of them extremely an-
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cient, are excellently displayed. Opportu-
nities in Canada to search into the mech-
anisms that have created these features
and to unravel the complex history of the
earth appear almost unlimited. More
than any other science, the earth sciences
fit the Canadian scene. By building on
existing strength, encouraging further
study of our georama, and promoting the
practical applications of earth sciences to
Canada’s economic and social develop-
ment and technical assistance to develo-
ping countries, Canada could readily ac-
quire a position of prestige in interna-
tional science.

Our universities bear a fundamental
responsibility towards the flourishing of
earth sciences. Their present role in this
respect is not completely satisfactory. Not
enough graduates of the type needed by
industry are being produced, too many
professors work in isolation from industry
and government agencies, not enough re-
search is done on important national
problems, and too many idiosyncracies
pervade the university research effort.
Furthermore, many earth science depart-
ments are either located in some of the
oldest and most run-down buildings on
campus, or are critically short of space.
Together with the departments con-
cerned, the higher university administra-
tion is in good part responsible for this
deterioration.

Universities are more than repositories
of knowledge; they exist to serve society.
They may well provide the unifying force
for bringing together the various
branches of earth sciences. For evolving
a dynamic science, the university depart-
ments of earth sciences must attract a
greater number of high calibre students
than in the past, a challenge that can in
part be met through the widespread in-
troduction of earth science in secondary
schools.

Basic research in earth sciences must
be vigorously pursued in our universities.
Our country is so large, our resource-
based industries are so vital to the eco-
nomy, and the need for new principles
is so important to improved mineral ex-



ploration technology, to safer and more
economical construction, and to better
land use, that such research must not be
allowed to fall behind in either quantity
or quality. Nevertheless. it is felt that
mission-oriented basic research. particu-
larly that relating to field problems,
should receive preferential encourage-
ment. In addition, more funds and better
research facilities should be made avail-
able to the universities to specifically and
preferentially increase their research into
the practical applications of earth
sciences, thereby promoting better train-
ing of students to meet the particular
needs of industry.

One of the objectives of Canadian
science policy should be to encourage
centres for special studies in earth science
in selected Canadian universities, involv-
ing close collaboration of universities,
government agencies and industry. We
propose in this chapter a series of princi-
ples to guide the establishment of such
“centres of excellence”.

111.2 Are Earth Sciences Different
from other Physical Sciences?

This question not only calls for a defini-
tion of the intrinsic features of earth
sciences but invokes their relationship
with other physical sciences. The follow-
ing section, which is intended primarily
for the reader unfamiliar with earth
sciences, answers this question in general
terms.

The intrinsic features of earth sciences
can be summarized as follows:

1. Knowledge of time. For an earth sci-
entist, the dawn of human history is a
mere few seconds at the end of the long
day during which the earth was formed,
oceans and continents were created, and
primeval life appeared. If all the events
affecting the earth during one century
could be summarized in one page, the
history of our globe would fill a library
of more than 100 000 thick volumes.

We have in Canada an assemblage of
rock formations spanning almost the en-
tire geological time scale, many of them

older than 2 500 000 000 years. The abso-
lute ages of these formations are known
from the so-called “radioactive clocks”,
namely the measurement of quantities of
certain elements which decay with time
at a rigorously fixed and measurable rate.
The relative ages, on the other hand, are
known from fossil assemblages and
various relations between rock forma-
tions.

The knowledge of vagaries of nature,
and the historical reconstitution of the
earth’s crust and prehistoric life for
various eras and periods of the geological
time scale, provide challenging opportu-
nities for earth science research in Can-
ada.

2. Knowledge of prehistoric life. Life
appeared on our planet more than 2 000
million years ago. It had most humble
beginnings, as witnessed by the fossil re-
mains found in rocks. At one time it de-
veloped into gigantic forms as dinosaurs.
Paleontology teaches us that man is the
product of an extremely long evolution,
and we learn from paleo-ecology that
man appeared when the habitat recently
became hospitable. The question
remains, however, as to how many cen-
turies will elapse before this earth be-
comes inhospitable again and what will
then happen to man.

3. Knowledge of forces of nature. A
small earthquake may release more sur-
face energy than several atomic bombs
put together." A single lava flow may
bury an entire city. An oceanic tidal wave
may erase from the map an entire beach
settlement. A flood may carry bridges
and houses as if they were matches.
These examples and other earth hazards
in the “scare” category are vivid illustra-
tions of the forces of nature. Yet there
are many more but much less obvious
examples illustrating these forces, for
example the formation of a mountain
chain, the formation of an ice sheet over

"The volcanic explosion of Krakatoa in the Pacific
Ocean released energy estimated as the equivalent of 150
megatons of TNT, compared to the bomb of 20 megatons
of TNT-equivalent dropped on Hiroshima; yet, the Kraka-
toa explosion engendered only a very mild tremor.
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half a continent, the drifting of continen-
tal blocks in the geological past, and the
present apparent spreading of ocean
floors. These are less obvious because
their understanding rests on the reconsti-
tution of the present and past earth’s fea-
tures. An earth scientist must have a
good appreciation of these forces in order
to interpret intelligently the various re-
cords found in rocks of certain ages.

4. Knowledge of scale. Intimately relat-
ed to the knowledge of forces is the
proper notion of scale necessary in the
understanding of physical phenomena.
Earth scientists study phenomena rang-
ing in scale from an atom to a mountain
belt 10 000 miles in length. The observer
may be a mineralogist studying atomic dis-
locations in a crystal or a geophysicist
measuring magnetotelluric currents of
the earth’s interior. The size of pheno-
mena is manifest in many ways other
than the mere physical size of the earth.
For example, the quantity of heat, its
mode of transfer from the interior to the
surface, the bulk physical and chemical
behaviour of materials under pressures
and temperatures unattainable in the
laboratory are some of the more chal-
lenging manifestations.

The laws of physics and chemistry
have evolved from laboratory investiga-
tions of “closed systems”. Geological
phenomena generally belong to “open
systems” and obey these laws “more or
less”. The main problem for the earth sci-
entist is to reach in the laboratory the
“geological order of magnitude” in terms
of high to very high temperatures and
pressures, the time necessary for reac-
tions to take place, and the large number
of chemical variables affecting the na-
tural systems. His main problem is that
he has no empirical laws to help him pre-
dict the behaviour of materials at depths
greater than a few tens of kilometres, and
what the effect of “very long time” might
be on sluggish reactions. Furthermore,
certain materials may behave as perfectly
elastic bodies under certain conditions,
but in the long term they may flow like
syrup. Time is admittedly a most impor-
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tant variable affecting geological phe-
nomena.

Curiosity is the begetter of great ad-
ventures and the common quality of all
adventures. The discoveries of pure
science stem from man’s curiosity. In
most physical sciences, these discoveries
are a mental adventure. In the earth
sciences, however, the activities are both
a mental and a physical adventure, for it
is in the field that the earth scientist has
his laboratory, where he observes phe-
nomena and where he measures certain
things. To Charles Darwin the mountains
of South America were as exciting in the
19th century as Neil Armstrong found
the landscape of the moon in 1969.

The American missions on the moon
and the familiar television image of as-
tronauts picking rocks convey to the gen-
eral public the impression that much of
the activity in earth sciences resides in
the collection of scientific data. Yet, as
emphasized throughout this report, data
collection-important as it is-is only one
of several scientific activities essential in
earth sciences.

The links between earth sciences and
other physical sciences are most evident
in the interdisciplinary fields of geophy-
sics and geochemistry, both of which
have experienced spectacular growth in
the last few decades as a result of ad-
vances in the “mother sciences™ of phys-
ics and chemistry. The links between geo-
physics and physics are illustrated best by
the spectacular advances in geophysical
instrumentation of recent years, in elec-
tronic circuitry in particular. They are
also apparent in the distribution of geo-
physicists in Canadian universities, most
of whom are attached to departments of
physics rather than geology.

The most exciting scientific advance of
this century is probably the quantum
theory. The birth of this theory occurred
at the beginning of the century, yet the
problems which created the necessity for
it had been known for half a century.
Likewise, the full impact of this theory
did not become significant to geoche-
mistry until 1940. The first stage of geo-



chemistry was the chemical analysis of
rocks by “wet methods”. With the under-
standing of atomic and molecular spectra
provided by the quantum theory, and the
development of optical and X-ray specto-
graphs, it became possible to analyse
trace elements in rocks on a routine
basis. With the subsequent development
of X-ray fluorescence, flame photometry,
atomic absorption and neutron activa-
tion, the scope of instrumental analysis of
rocks and minerals has greatly expanded.
With the invention of the microprobe by
the French physicist Castaing, it is now
possible to obtain an accurate chemical
analysis on a volume of mineral of 107"
cubic centimetre, and thus obtain new in-
sight on physical matter.

The history of science contains numer-
ous examples of major scientific develop-
ments which actually started from the
study of minerals or rocks. The theory of
evolution was developed from a study of
the fossil record. As we enter the space
age and gain new knowledge on the na-
ture of the universe, there are signs that
the earth sciences-along with the infant
planetary sciences-are moving together
and converging in many ways. If so, an
important synthesis of the earth sciences
might be approaching. An indication that
this scientific revolution is already in the
offing is the scientific observation in the
1960s that large segments of the surface
layers of the earth are spreading apart at
the rate of a few centimetres per year,
with “new crust” being formed along the
lines of disjuncture. As explained by Wil-
son’, what distinguishes this hypothesis of
sea-floor spreading from previous hypo-
theses of earth mechanics is its startling
precision, as shown by the fact that three
different features of the earth all change
in exactly the same ratios: a) the direc-
tion of magnetic polarity in lava flows
(measured in millions of years); b) the
widths of successive strips of magnetic
anomalies over ocean basins (measured
in hundreds of kilometres); and c¢) the di-
rections of the feeble magnetization of
samples (a few centimetres apart) taken
at intervals along a deep-sea core, which

are systematically reversely magnetized
at intervals which are in a constant ratio
for all cores. “This revolutionary theory
has been developed through the contri-
butions of geologists from all parts of the
world, especially those who have recently
studied the petrology of ocean floors and
islands, geochemists who have provided
chemical guides to the probable nature of
the earth’s interior, geophysicists who
have devised instruments for studying the
sea floor and the earth’s interior and
measuring the age and history of rocks.
In large measure, the revolution can be
said to have come about because of de-
fence spending, which provided-for the
first time-abundant knowledge of hid-
den places on the ocean floors, of the
moon and Mars, and of the earth’s inte-
rior (through new seismic arrays built to
detect atomic bomb explosions)”.?

A century ago, geology was the leading
science in Canada, with such prominent
scientists as Sir William Logan, Sir Wil-
liam Dawson, Hunt, Tyrrell, and several
others. Geologists played a very major
role in the establishment of the Royal So-
ciety of Canada. They were “naturalists”
of broad scientific knowledge and high
culture. Geology is far from having de-
clined in Canada in this century, but it
has been eclipsed-perhaps temporarily
-by the faster rise of the “glamour”
fields of atomic physics, molecular biolo-
gy. electronics, cybernetics, and a few
others. However, as some of these fields
lose their freshness and appeal to stu-
dents, and as earth sciences gain new mo-
mentum owing to major scientific discov-
eries and their increased use in the ser-
vice of the nation, and because of the in-
terest created by the Apollo space mis-
sions, it may be that earth sciences will
again acquire a position of pre-eminence.
This has been emphasized by Sir Edward
Bullard, a distinguished geophysicist at
Cambridge University, in these terms:
“We are in the middle of a rejuvenating
process in Geology comparable to the

"Wilson. J. Tuzo. A revolution in earth science. CIM
Bull. 61(670): 185-192. 1968.
*Wilson, op. cit.
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one that Physics experienced in the 1890s
and to the one that is now in progress

in Molecular Biology”." As stated at the
beginning of this chapter, these sciences
fit the Canadian scene very well, which

is now the subject we wish to discuss.

II1.3 The Canadian Georama

The term “georama” is our word for the
geological riches of this country and our
heritage from nature. If we want to be
more than hermits on this vast land of
ours, we must first of all possess know-
ledge about it, not only to learn where
to find economic minerals to sustain our
economy or use the surface to our best
advantage, but also to enjoy the land-
scape and the reconstitution of its ex-
tremely long history. The accumulated
and organized knowledge of “man and
his world” should, in our opinion, be-
come part of our culture.

Canada has been richly endowed from
a natural resource standpoint. In land
area it is the second largest country in the
world, but in continental shelf area and
length of coastline it ranks first. Less than
1 per cent of Canadians have a real notion
of its size or have crossed it from coast
to coast and south to north. Canadian
earth scientists know the Canadian terri-
tory because of their mineral exploration
activities in “civilization” as well as in the
most remote and forbidding places.
When speaking of regional development,
they know what it means because many
of them still live in remote mining com-
munities or have worked in the North or
the Far North for extended periods.
When we advocate financial inducements
for people working in the Far North (see
Conclusion 1V.15), we express our con-
cern for a just society extending to the
barren lands where people live and work
for the benefit of all Canadians.

Still on the question of geography, our
continental shelf areas (1.5 million sq.
miles approximately) offer promise of
discoveries of large petroleum resources,
and perhaps economic concentrations of
certain minerals such as gold and tin.
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However, as explained in the following
chapter, extensive application of earth
sciences and large expenditures are pre-
requisites for making these discoveries.

From a purely geological standpoint,
Canada has much to offer. It has the lar-
gest continuous Precambrian Shield in
the world. Its excellent and innumerable
exposures make it the ideal field labora-
tory to learn about ancient volcanism,
igneous intrusions, metamorphism, sedi-
mentation and tectonics, not to mention
primeval forms of life. Interest in the
Precambrian is paramount because it is
such a rich repository of hidden mineral
deposits, especially nickel, copper, zinc,
iron, and gold. However, from a purely
scientific point of view, the Shield is an
extraordinary resource for developing
basic knowledge of what happened to the
earth during the last 3 billion years. Its
outcrops having been swept clean by re-
cent glaciation, and being unadulterated
by weathering, such as occurs in tropical
countries, the opportunities to decipher
in Canada the early history of the earth
are almost unlimited. Because of its large
size (see Figure 111.1) and complex histo-
ry, the Shield is a good place to analyse
in detail broad variations in tectonic style
and develop new approaches to global
tectonics.

Each geological province within the
Canadian Shield offers special opportuni-
ties for earth science research. For exam-
ple, the Grenville province contains 90
per cent of the world’s known anortho-
sites and shows an extraordinary devel-
opment of rocks of the granulite facies;
it is an easily accessible natural labora-
tory for the study of typical Canadian
problems and for fundamental research
in orogenesis and metamorphic petro-
logy. The Superior province, in the cen-
tral part of the Shield, is the largest and
best exposed single block of the most an-
cient rocks on earth; concentrated study
of the Archean in Canada could produce

'Bullard, E. The origin of oceans. Scientific American,
September, 1969.



Figure III.1-Geological Provinces of Canada
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major advances in the knowledge of
proto-continents and yield new concepts
for finding new mineral resources. Spe-
cial opportunities may also be found in
the other provinces of the Shield, and
this leads us to conclude:

Conclusion I11.1

A comprehensive and multidisciplinary
program of research into the origin and
evolution of the Canadian Shield should be
undertaken during the next decade, with
particular reference to geodynamics of
proto-continents, and Precambrian sedi-
mentation, volcanism, plutonism, meta-
morphism, and orogenesis. This program
should be under the general direction of
the Geological Survey of Canada, and en-
tail the active co-operation of provincial
agencies, industry and universities. A
major synthesis of this research should be
published in 1980.

The other geological provinces forming
the Canadian georama include the Appa-
lachian region, the Lowlands, the Great
Plains, the Cordillera, the Arctic Islands,
the Atlantic and Pacific continental mar-
gins, all of which are shown in Figure
II1.1. The development of each of these
regions is very much dependent on earth
science activities, not only for mineral ex-
ploration, but also to evaluate terrain for
engineering projects, transportation
routes, agricultural land, forest land, land
reclamation projects, waste disposal
and-not to be forgotten-the selection of
recreation and wilderness areas.' Further-
more, research on the geology of these
regions is needed to develop new major
principles in earth sciences, ranging in
scope from crustal-plate tectonics to trace
element distribution in a particular rock
formation. Henceforth we conclude:
Conclusion I11.2
Fundamental knowledge on the nature and
history of the major elements of Canada’s
geological provinces and their correlation
with similar elements in contiguous regions
of the world should remain a prime re-
search objective of the government agen-
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cies and university departments engaged in
earth science activities.

II1.4 Historical Development of
Earth Sciences in Canada

As may be expected, the first geological
observations in Canada were made by
“voyageurs” and mainly by military
officers and naturalists staffing various
expeditions, such as the Frobisher expe-
dition in the 1570s and the Franklins ex-
pedition in the 1820s. However, geology
was seeded in Canada in 1816 when the
famous French mineralogist Abbé Hauy
donated 429 prized mineral specimens to
the Séminaire de Québec to help estab-
lish its Musée de Minéralogie et de
Géologie. The first regular lectures in
mineralogy, given at the Séminaire by
Abbé Jean Holmes, started in 1822.

Toronto saw the birth of the first uni-
versity department of geology in Canada
in 1853, as well as the first geophysical
laboratory (founded by Henry Lefroy in
1840). University research in geophysics
started in 1928 when, at the request of
the Geological Survey of Canada, the
Departments of Physics at McGill Uni-
versity and the University of Toronto
began investigations in geophysical pro-
specting methods.

Apart from lectures given in the early
19th century as part of courses in natural
philosophy or natural science, Canadian
geology was really born with the found-
ing of the Geological Survey of Canada
and the appointment of William Logan
as its first Director in 1842, It is interest-
ing to note that apart from a meteoro-
logical observatory established earlier by
the British Army, the founding of the Geo-
logical Survey of Canada in 1842 marks
the beginning of organized scientific re-
search of any kind in this country.

Logan was the first Canadian scientist
to receive, in 1851, the highest award
from the Royal Society of London. In

'These and other aspects of the geological provinces in
Canada are discussed in the 10 background papers pub-
lished in the CIM Bulletin of January and February, 1970.



1856 he was knighted for his contribu-
tions as a scientist. Sir William Logan
played an important role in bringing
Canadian geology to world attention. In
1863 he published a splendid monograph
of 933 pages on the geology of Canada.

The history of the Geological Survey
contains several illustrious names, includ-
ing Tyrrell, Dawson, McConnell, Mcln-
tosh, Faribault, Low, and several others,
whose works are still used as references
today. T. Sterry Hunt, one of the original
workers of the Geological Survey, is cre-
dited with the first Canadian observa-
tions in oil geology and is considered re-
sponsible for first proposing in 1858 the
anticlinal theory of oil and gas accumula-
tion.

The Geological Survey has been in
continuous operation since 1842 and is
still considered one of the best geological
surveys in the world. Our study shows
that this opinion is widely held in Can-
ada, especially in the mineral industry.
Interestingly enough, in its 128 years of
existence the Geological Survey has cost
only an average of $750 000 a year ($100
million in total), a small sum compared
to the mineral industry investments (see
Chapter IV) and the signal services ren-
dered in the form of basic and applied
earth science services (see Appendix 5).

The founding of the Dominion Obser-
vatory in Ottawa in 1905 was an impor-
tant development in Canadian geophy-
sics. Canadian geodesists have pioneered
in the establishment of accurate control
for mapping over large areas, by using
shoran and other techniques. The Cana-
dian seismological network is one of the
finest in the world in terms of standards,
uniformity, and areal extent. The Obser-
vatory has pioneered in the use of aero-
planes for transporting gravity meters
and has, consequently, surveyed extensi-
vely the gravitational field over large
parts of Canada, in a great variety of
conditions. In conjunction with university
researchers, geophysicists of the Observa-
tory have also produced important new
knowledge in geomagnetism and heat
flow.

An essential trait of the historical dev-
elopment of Canadian earth sciences is
the key role played by the provincial de-
partments of mines. In addition to de-
tailed geological mapping of very large
areas, these agencies have contributed
much new knowledge on the geology of
mining districts, particularly in Ontario
and Quebec (see Section I1.6). They have
been instrumental in promoting Canada’s
mineral resource development since the
beginning of this century.

The evolution of geotechnique in Can-
ada was sparked by the establishment in
1947 of the Division of Building Re-
search within the National Research
Council. This organization has produced
invaluable research in the application of
geology to public works, including impor-
tant studies in soil mechanics, permafrost
and muskeg, snow and ice, avalanche
protection, and the effects on buildings of
vibrations, caused by blasting and earth-
quakes. With the Associate Committee
on Geotechnical Research this orga-
nization has played an important role in
fostering Canadian research in these im-
portant fields, especially in universities.

The advancement of physical geogra-
phy in Canada can in large measure be
credited to the research activities of the
Division of Quaternary Research and
Geomorphology of the Geological Sur-
vey of Canada, which incorporates parts
of the former Geographical Branch of the
Department of Energy, Mines and Re-
sources. A few Canadian universities
have contributed significantly to this
field, even though most academic re-
search is in the other fields of geography
and the majority of faculty in physical
geography has been trained abroad.

The development of rock mechanics in
Canada is closely associated with the re-
search activities of the Mining Research
Centre of the Mines Branch (EMR), which
was established in the 1960s. In the last
few years, however, a growing number of
universities and mining companies have
been expanding their research in rock
mechanics.

The development of mine geology was
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initiated by Douglas Wright, who worked
at Porcupine in 1912. Before that all geo-
logical work in mines was done by min-
ing engineers, because it seemed to the
mine managers of the time that geologists
were too academically oriented. Geolo-
gists have long since demonstrated the
usefulness of their work in mining opera-
tions.

Before World War II, most mining ex-
ploration was carried out by prospectors,
although these men relied heavily on
government geological maps and reports
in their work. Prospecting for hidden de-
posits began in the 1920s but became
dominant only after World War II. The
services of geologists, geophysicists and
geochemists are now used extensively in
mining exploration, following the well-
established pattern in petroleum explora-
tion (see Chapter 1V).

The historical development of the
various disciplines in earth sciences is dis-
cussed at some length in the background
papers referred to in Appendix 4, and in
Special Publication No. 11 (1968) of the
Royal Society of Canada.

IIL.5 General Appraisal of
Current Level of Canadian
Activity in Earth Sciences

Research versus Data Collection

Canada is such a vast country that in
two-thirds of the principal fields of earth
sciences the current activity still consists
predominantly of scientific data collec-
tion, and it is anticipated that many fields
will remain in this stage for several years
to come. Some other fields like mineral
deposits geology, tectonophysics, petro-
logy and others are on the threshold of
the stage of analysis, interpretation and
synthesis of vast quantities of available
data. These latter fields will require a
tremendous increase in data handling,
whereas the former will likewise need to
be marshalled to conform to modern
methods of data storage and retrieval. In-
deed, the need for the development of
standards and data storage and retrieval
systems is stressed in almost all of the
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briefs and background papers submitted
to this Study Group.

Approximately one-third of the fields
listed in Appendix 4 might be described
as being in the stage of major synthesis
and interpretation, because either they
are fields in which Canadian science is
eminent or they are fields of international
scope in which Canadian scientists have
made valuable but still relatively modest
contributions. We could cite these fields,
but every specialist of other disciplines
would probably feel outraged at being
left out and would get the wrong impres-
sion that data gathering is unimportant.

The concentration on scientific data
collection has been necessary because of
Canada’s special situation as a vast,
sparsely populated, northern country.
This concentration accounts for Canada’s
image abroad of a country strong in
mine-finding but weak in broad syntheses
of international significance. Although
theoretical research and broad syntheses
in several fields of earth sciences should
now be particularly fostered, the costly
and time-consuming data collection must
still be carried on.

Level of Activity in Various Fields of
Earth Sciences

On a national and international basis, the
level of activity in the various fields of
earth sciences in Canada may be subjec-
tively described in terms of the following
levels:

1. High Level: exploration geophy-
sics, geochronology (isotope geoche-
mistry), geomagnetism, geophysical in-
strumentation, mineral deposits geology,
soil mechanics, and stratigraphy.

2. Intermediate Level: crystallo-
graphy, electronic data storage and re-
trieval, geodesy, geotectonics, gravity,
meteorite crater studies, mineralogy, min-
ing geology, paleontology, pedology, pe-
troleum geology, petrology, structural ge-
ology, tectonophysics, and volcanology.

3. Low Level: biogeochemistry, coal
geology, engineering geology, environ-
mental geology, exploration geoche-
mistry, geomorphology, glaciology, heat



flow, hydrogeology, inorganic geoche-
mistry, magnetotelluric studies, marine
geology, marine geophysics, mathemati-
cal geology, muskeg studies, organic geo-
chemistry, paleobotany, palynology, per-
mafrost studies, photogeology, physical
geochemistry, physical geography, Qua-
ternary studies, remote sensing, rock me-
chanics, and sedimentology.

Canada obviously cannot excel in all
earth science fields, but it is somewhat
disturbing to note the low level of activity
in so many fields and, more particularly,
to find in the third category several disci-
plines which are directly relevant to Ca-
nadian terrain conditions and have im-
portant practical applications. It should
be emphasized, however, that a low level
of activity in a particular discipline does
not necessarily signify low quality of re-
search.

Earth Science Fields Especially Adapted
to Canada

Certain features such as the north mag-
netic pole are unique to Canada, while
others such as the Precambrian Shield,
the erosion and deposition features of the
Ice Ages, and the fold belts found in
Canada are shared with other nations, al-
though they are particularly well or best
developed or exposed in this country. For
example, the southwestern part of the
Northwest Territories is seismically

one of the most quiet areas in the world,
which makes it an ideal region for study-
ing the energy spectra of earthquakes
and atomic explosions from anywhere.
Canada is not only fortunate to have
these features available for research but,
as the sovereign power, it bears the re-
sponsibility for seeing that they are ade-
quately studied from a theoretical and
practical point of view.

A total of 45 principal earth science
fields were investigated in an effort to
discover the special relevance of these
fields to typical Canadian problems and
their opportunities for reaching interna-
tional scientific pre-eminence. The cri-
teria used in this “suitability study” in-
clude the large size of Canada, the cold

climate of the country, the fresh and
abundant rock exposures, the nature of
Canada’s geological history and the pecu-
liarities of its georama, the nature of its
natural resources compared to other
countries, as well as the history of Cana-
dian excellence and leadership in these
fields.

The principal fields which satisfied sev-
eral of this kind of criteria were classed
as exceptionally suitable for Canadian re-
search. Fields which are suitable primari-
ly because of the vast area of Canada
were classed as very suitable. The remain-
ing fields, which are also important (pe-
troleum geology employs more geologists
than any other fields) but not peculiar to
Canada, can be expected to produce use-
ful Canadian contributions. However,
these contributions are not likely to be as
important as those of several other coun-
tries where larger population, heavy in-
dustrialization, and availability of resour-
ces for “big” science are more important
factors. Table III.1, in which this clas-
sification is given, provides an indication
of those fields which are, or could be,
preferentially developed in Canada on
account of natural advantages. The table
does not, however, give ratings according
to specific national needs.

According to this study, 10 earth
science fields can be classed as except-
ionally suitable for developing excellence
in Canada, while 13 other fields are very
suitable mainly on account of Canada’s
vast size, and 22 other fields are impor-
tant but not specifically characteristic of
the Canadian scene. We thus submit:

Conclusion 111.3

The following fields are exceptionally suit-
ed for Canadian research (in alphabetical
order): geomagnetism, geotectonics, gla-
ciology (including snow and ice), mineral
deposits geology, mining exploration geo-
physics, muskeg studies, permafrost studies,
Precambrian research, and Quaternary

geology.

In most scientific disciplines Canada
can only contribute to their growth in re-
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Table I11.1-Environimental Suitability of Solid-earth Science Fields to Canada®

Exceptionally Very Important but not
Suitable Suitable Peculiar to Canada
Geomagnetism Computer storage and retrieval of | Basic geochemistry
Geotectonics E.S. data Biogeochemistry
Glaciology Geochronology Crystallography
Mineral deposits geology Geodesy Engineering geology
Mining geophysics Geomorphology« Environmental geology
Muskeg studies Gravity Exploration geochemistry
Permafrost studies Heat flow Hydrogeology
Precambrian research Marine geology Magnetotelluric studies
Quaternary geology® Marine geophysics Mineralogy

Meteorite crater studies Paleobotany

Mining geology Palynology

Paleontology

Soil mechanics
Volcanology

Rock mechanics

Petroleum geology
Petroleum geophysics
Petrology
Photogeology
Physical geochemistry
Remote sensing
Sedimentology
Seismology
Stratigraphy
Structural geology
Tectonophysics

= Fields listed alphabetically in each column.
b Includes palynology of the Quaternary.
¢ Includes physical geography.

lation to their nourishment of the econ-
omy and in terms of its limited financial
resources and relatively small population.
However, in fields which are except-
ionally suited for Canadian research,
such as those enumerated above, the pol-
icy should be to encourage preferential
growth in order to achieve pre-eminence
as soon as possible.

Important Canadian Contributions in
Earth Sciences’

Canadian scientists are making out-
standing contributions in five major
fields of earth sciences, namely, in alpha-
betical order:

1. Continental drift, global tectonics,
and tectonophysics.

2. Geochronology on a regional basis,
especially that of the Precambrian.

3. Mineral deposits geology.

4. Mining exploration, including min-
ing exploration geophysics and geophysi-
cal instrument development.

5. The Precambrian.
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Of the 44 (out of 55 canvassed) depart-
ments who answered this question, the
above fields appeared in more than half
of the answers. They also clearly stand
out in questionnaire returns from in-
dustry and government agencies, and are
mentioned repeatedly in briefs and back-
ground papers submitted to this Study
Group.

A second group of important contribu-
tions includes the subjects mentioned in
25-50 per cent of the lists. This group in-
cludes the following fields, again listed
alphabetically:

1. Carbonate reefs.

Cordilleran studies.
Glacial processes and ice mechanics.
Marine geophysics.
Permafrost studies.
6. Quaternary and Pleistocene studies,

Dk v

‘This judgment is based essentially on questionnaire re-
turns from university departments of geology, geophysics.
and geography. Had several departments of civil engineer-
ing been included (see Table 1.2). the relative position of
contributions from geotechnique would probably be some-
what different.



and geomorphology.

7. Regional geophysical surveys, aero-
magnetic surveys in particular.

8. Seismology.

9. Stable isotope studies, sulphur in
particular.

10. Soil mechanics.

A third group includes the fields men-
tioned in 10-25 per cent of the cases:

1. Astroblemes.

2. Crust of the earth.

3. Exploration geochemistry.

4. Geological field methods.

The background papers (see Appen-
dix 4) indicated several fields which are
greatly underdeveloped or lagging in
Canada, especially the following:
Biogeochemistry.

. Magnetotellurics.

. Physical geochemistry.
Permafrost.

Remote sensing.
Sedimentology.

S s —

International Activities of Canadian Earth
Scientists

The general image of Canadian earth
scientists abroad is that of good mine-
finders, and of experts in field methods.
However, in the last decade or so their
international scientific stature has been
growing rapidly as a result of major con-
tributions of both theoretical and practi-
cal significance.

International recognition is indicated
by the fact that Canada will host the
XXIV International Congress in Mon-
treal in August 1972, where more than
6 000 delegates from 100 different coun-
tries are expected. Canada will also host
the XXII International Geographical
Congress in Montreal in August 1972, for
which an important program of physical
geography is being prepared.

The Sixth International Conference on
Soil Mechanics and Foundation Engi-
neering, grouping 1 500 delegates, was
held in Montreal in 1965. The Interna-
tional Union of Geodesy and Geophysics
met in Canada in 1957. In addition, Ca-
nadians have been presidents of interna-
tional unions in the earth sciences as well

as of large American associations in most
of the earth science fields. It is significant
that the first president of the Internatio-
nal Union of Geological Sciences was a
Canadian geologist and that another Ca-
nadian was president of the International
Union of Geodesy and Geophysics dur-
ing the International Geophysical Year
of 1957.

I11.6 Earth Science in the
Public Eye

Earth scientists and people in the mineral
industry are prone to ask why, as a na-
tion, we have not been more sensitive to
our physical environment and the
sciences relating directly to it, and why
earth science is generally not taught in
our secondary schools. Likewise, we may
ask why so many well-educated Canadi-
ans know so little of the Canadian
georama, and why so many earth science
departments are housed in the oldest or
most uninviting buildings on university
campuses. These questions naturally elic-
it the problem of bringing earth science
into the public eye.

The Science Council of Canada' has
recognized that one of the goals in setting
Canadian science policy should be the
“enhancement of opportunities for per-
sonal development”. We wholeheartedly
support this concept because cultural
development of the individual should be
one of the principal objectives of any na-
tion.

Scientists tend to isolate themselves
from “the rest of the world” and forget
that the general public, who financially
supports the research, needs to be edu-
cated on the aims of science and its role
in modern society. Earth scientists in this
country are no exception, as very little
has been done to date to inform the gen-
eral public on the nature of earth
sciences and their contribution to the dev-
elopment of Canada. The image of earth
scientists is too frequently associated with

*Science Council of Canada. Towards a national science
policy for Canada. Report No. 4. Ottawa, Queen’s Printer.
1968. p. 13.
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the occasional swindle in mining or pe-
troleum business, and the public fails to
realize that earth science activities in this
country are not uniquely tied to the min-
eral industry.

In recent months science policy has
caught public imagination through news
released from the Science Council of
Canada and the Senate Committee on
Science Policy. “This interest in science
and science policy should have the effect
of making the scientist more socially con-
scious of his role and more articulate in
his public expression of responsibility”.’
The most recent expression of this grow-
ing awareness on the part of scientists
and engineers is the creation of SCITEC
(see Section I1.8).

In this regard, we wish to develop here
the thesis that earth science is potentially
the most inspiring science for the layman.
Scientists ought to satisfy man’s natural
curiosity about his physical environment,
the mountains and valleys, the lakes and
rivers, the rocks and minerals, the fossils,
the sea, the climate: in short, the world
around him. Earth science is a dynamic
science, full of challenges and opportuni-
ties. How truly inspiring is the notion
that our physical environment is contin-
ually changing under the forces of na-
ture, that continents are not fixed forever,
that the ocean floors are spreading, that
the crust is sinking in places and rising
in others, that rocks contain documents
billions of years old, that human life is
the culmination of an extremely long and
arduous evolution in a world that has, at
times, been most hostile.

Anyone who has watched a crowd of
visitors in a public museum of minerals
and fossils can certify that people of all
ages are attracted by the beauties and
curiosities of nature. But even more in-
spiring is the notion of continuous
change on the earth, and the general con-
cepts of the processes that have affected
the earth’s crust through very long
periods of time.

As we enter the so-called post-indus-
trial revolution, man will have increas-
ingly more leisure time on his hands.
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Would it not be appropriate for Canadi-
ans to derive greater enjoyment from
their travels and holidays through some
basic understanding of the immense
wealth of natural phenomena exposed
under their very eyes? Would it not be
reasonable to expect that the layman
possessing elementary knowledge of the
earth would better appreciate the value
of his heritage from nature? Is it not de-
sirable that people cultivate interests by
collecting minerals, rocks, fossils? Could
we not adopt a national vocation in the
earth sciences, both in scientific and cul-
tural development? Surely, for a country
as richly endowed in natural phenomena
as Canada, with such a diverse georama
(see Section I11.3) and such mineral re-
sources (see Chapter IV), there is merit
in recognizing this particular vocation in
cultural development.

There are undoubtedly many ways to
bring science to the layman and we can-
not possibly cover them all in this report.
However, the following suggestions illus-
trate what could be done to bring the
physical environment into proper per-
spective in the eyes of the layman.

1. Televised lectures by prominent earth
scientists on the new revolutionary
aspects of earth science, such as sea-floor
spreading, continental drift, mountain
building, the origin of life.

2. Museum displays that not only il-
lustrate collections of fossils, minerals
and rocks but also show schematically
the earth processes, and represent graph-
ically the many still unresolved prob-
lems in earth science.

3. Colour films illustrating geological
phenomena, and their importance to
man.

4. Guidebooks describing the earth
features that can be observed in national
parks and along highways.

5. Road maps giving locations of inter-
est to “rockhounds” and fossil collectors.
6. Road plaques giving popularized
explanations on the geological features

observable at particular locations.

'Wynne-Edwards, H. R. Science, the moon and the
mission. Science Forum, Dec. 1969.



7. Press releases discussing geological
phenomena or natural catastrophes that
have occurred in some part of the world.

8. Publication of popular books on
geology and other earth sciences.

9. Above all, as discussed in the next
section, the introduction of a modern
earth science curriculum in secondary
schools.

The responsibility for bringing earth
science into the public eye obviously falls
on the entire earth science community.

Industry, government agencies and
universities all have a major role to play.
We therefore suggest:

Conclusion 111.4

Scientific societies should play a more ac-
tive role in bringing earth science into the
public eye. Government agencies, industry,
universities and museums should co-operate
more closely in educating the general pub-
lic on the Canadian georama and stressing
the importance of earth science activities

in reaching national goals.

II1.7 The Teaching of Earth
Science in Canadian Secondary
Schools

The introduction of a modern earth
science curriculum at the Grade 8 or 9
level, followed by a more advanced
course at Grade 12 or 13 is, we believe,
most desirable.

Rationale for Introducing Earth Science
in Secondary School Education

1. The earth sciences, by their very na-
ture, furnish aspects of scientific culture
that physics, chemistry, mathematics and
biology do not provide (see Section
I11.2).

2. The teaching of earth science in se-
condary schools can be very beneficial in
providing the student with a proper un-
derstanding of the fundamental princi-
ples of general science, because earth
science (including meteorology) is highly
relevant to the student’s environment.
The teaching of science in the general

framework of man’s environment affords
a unifying purpose and provides a con-
tinuum which relates all science subjects
to a prolific common denominator - the
study of the physical environment.’

a) The unifying purpose is provided by
a perspective of matter, space, time, and
energy (see Section I11.2) in relation to
man’s focal point of interest - his environ-
ment on this planet. This framework
brings together and enlightens all areas
of science. For example, biology, physics,
chemistry and mathematics are involved
in the discussion of the materials and
processes which shape our environment.
Astronomy, geology, geophysics, geoche-
mistry, oceanography, geography and
meteorology bring into sharp focus the
major scientific aspects of the earth. The
following examples illustrate how various
science topics can be taught in the frame
of reference of man’s environment:

-Linking the behaviour of gases and
principles of thermodynamics to the study
of the atmosphere, water transport, and
climates. The story of how evaporation,
condensation and pressure-temperature
relationships are involved in forming
clouds, causing rain and winds, and how
these processes are driven by solar energy
affords a meaningful interplay of ideas
and concepts which relate to the real
world. The principles of gas behaviour
are treated. The treatment is made in-
teresting by relating the principles to fa-
miliar experiences which are then viewed
from a different perspective.

- The structure of solids is beautifully
documented by earth materials. All stu-
dents are fascinated by the way mica sep-
arates into thin sheets, the superb quali-
ties of diamond, and in strong contrast to
diamond, the very low hardness and dull-
ness of graphite - another compound of
carbon. A youngster discovering for him-
self the constancy of the interfacial angles
in crystals, whatever the provenance, age
and the size of these crystals, is naturally
inspired by finding this high degree of

'See R. E. Bisque. Why teach earth science in our secon-
dary schools. escp Newsletter, No. 12, pp. 1-2. July 1966.
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order in solids, an experience that predis-
poses him to learn more about atomic
structure and the properties of matter.
Besides delivering the message that
“things act according to the way they are
put together”, this confrontation intro-
duces the student to materials which
comprise the bulk of the earth’s crust, to
the minerals which ensure our technology
of affluence, to the soils which nourish
the vegetation. This in turn adds mean-
ing to subsequent discussions of other en-
vironmental aspects, the landforms, the
features of erosion and deposition, which
involve the earth materials through inter-
play with the weather.

—Radioactivity can be introduced and
discussed not only from the point of view
of atomic explosions but also, and impor-
tantly, its use in obtaining the absolute
ages of earth materials. Like many scien-
tific principles, this topic can be treated
without involving the geological appli-
cation - in a formal and more or less “dry’
manner. But how truly inspiring can it be
to the youngster to discover that certain
minerals contain minuscule geologic
clocks which enable scientists to date
phenomena that are billions of years old.
This story provides the factual basis for
the student’s appreciation of geologic
time and the introduction for his reason-
ing of what nature can accomplish during
hundreds of millions of years.

Each of these three topics-behaviour
of gases, structure of solids, and radioac-
tivity - may in a modern earth science
course be treated just as they might be
in a general science course, except for
one thing: the relevance of these topics
to the student’s environment. Thus, as a
science-teaching medium, earth science
affords a strong unifying theme - the envi-
ronment.

b) The continuum is the universe, the
earth, the moon, the quasars. For the
young student, the earth is the focal sub-
ject. However, this same subject brings
with it the atom-to-universe involvement
and a comprehension of scale in both
space and time - an inspiring frame of ref-
erence! With the recent missions to the
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moon, this framework assumes singular
significance especially when the student
learns, for example, that one of the min-
erals found in moon rocks is byrownite,

a feldspar named after our national capi-
tal city (“Bytown” in the early days) by
T. Thomson in 1836!

3. Another important aspect of the
teaching of earth science in secondary
schools is the opportunity it offers for in-
teresting laboratory investigations, for the
student to discover things through his
own efforts in the classroom as well as
outdoors. With the “personal discovery”
approach by the student, the teacher can
easily initiate discussion and introduce
further enquiry. The emphasis becomes
“how we learn” rather than “what we
know”. The methodology thus becomes
investigative and experienced-centred.
An earth science course is really no less
amenable to an investigative approach
than any other science course. In fact, it
is more amenable than most, in view of
the added potential of field trips and the
ready availability of earth materials and
natural processes.

4. The earth science framework in
high schools leads easily to appreciation
of timely problems, such as water and air
pollution, weather modification, space
missions, desalinization of sea water,
water supply for our continually expand-
ing cities, scars on the landscape, geologic
hazards, navigation of foreign oil carriers
in our Arctic waters, selection of recre-
ation and wilderness areas, and a host of
topics which will ultimately confront the
electorate represented by the younger
generation.

5. The introduction of earth science in
high schools will be beneficial to both the
college- or university-bound student and
the terminal student. It provides impor-
tant elements of basic science in its most
relevant aspects. It conveys the message
of science in the service of man. It
teaches the student that scientific enquiry
can be very enjoyable and rewarding.
For example, the student can “discover”
that light and dark objects absorb radiant
energy differently (with a light, two ther-



mometers, and two cans, one black, the
other shiny); he may observe that the re-
sultant differences in air density cause
motion which can be seen by releasing
chalk dust or smoke in thehvicinity; a dis-
cussion of winds caused by unequal heat-
ing of the land and water masses by the
sun is a natural follow-up.

6. Through notions of paleontology,
earth science provides a basic under-
standing of the evolution of life on this
planet, an important element of culture.

7. If properly taught, earth science can
distinctly improve the scientific attitudes
of high school students towards science.
In particular, the course can help them
to sharpen their power of scientific obser-
vation and improve their inductive rea-
soning.

8. The introduction of earth science
into the high school curriculum also as-
sists the student in his future career ori-
entation. This particular aspect is of great
significance in Canada, where there has
been a chronic shortage of earth science
professionals and scientists, and a now
critical shortage of professional man-
power in the mineral industry (see Sec-
tion 11.2). We consider that the major rea-
son for the low student enrolment in geo-
science in Canadian universities is that
earth sciences are virtually unknown to
students until they reach university, and it
is then often too late for them to decide
to enter these important fields.

9. Finally, we consider that the intro-
duction of earth science in high schools
would encourage a greater proportion of
bright students to enter this important
field of science. In view of the great op-
portunities in Canada for earth science
activities, both in the pursuit of pure
knowledge and its application to the na-
tion’s welfare, earth science should get its
fair share of the “bright young lads and
lasses”.

The Earth Science Curriculum Program
(ESCP) in the United States

This multimillion-dollar program of the
American Geological Institute, which was
established in May 1963, took more than

four years to develop fully. The teaching
material was prepared with the help of

a prestigious panel of specialists who
wrote units of the preliminary text during
summer sessions. The material was tested
in selected high schools across the United
States, after which the high school teach-
ers commented and criticized. The teach-
ing text was then rewritten and published
in preliminary volumes for wider distri-
bution, followed by teacher evaluation of
its contents. In 1967, Houghton Mifflin
Company published the new material in
four volumes - student text, student labo-
ratory manual, and two teacher’s guide-
books - under the general title Investigat-
ing the Earth.

The contents of ESCP, which are in-
tended for Grade 9 students, are present-
ed using every available technique to
make the subject matter stimulating,
meaningful, and relevant. The text is up-
to-date with such subjects as continental
drift discussion. The student is given
some ‘“unsolved problems” to develop his
perception, imagination, and deductive
reasoning.

The student’s text is an attractive, very
well illustrated. modern textbook of
science. The subject matter includes units
on:

- the changing earth (its materials,
shape, motions, forces and energy)

- the earth cycles (atmospheric, oceanic,
surficial, and in depth)

- the earth’s biography (the historical
records in rocks, the present and past life,
development of continents, the evolution
of landscapes)

- earth’s environment in space.

The approach, illustrated by laboratory
assignments, is scientific and utilizes the
principles and methods of geology, as-
tronomy, physics, chemistry, biology, and
mathematics. In short, it is a splendid
text.

The ESCP in the United States is
financed by the National Science Foun-
dation, and is one of its most recent cur-
riculum reform projects. In 1963, this
Foundation spent about $320 million, of
which more than $40 million were de-
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signed for “Institutes”, programs primari-
ly intended to improve teaching in pri-
mary and secondary schools. In 1969, the
National Science Foundation sponsored
41 summer institutes in ESCP and earth
sciences.

Impact of the Earth Science Curriculum
Project in the United States

The impact of ESCP in the United States
is measurable in terms of student perfor-
mance and course appeal. According to
the American Geological Institute, the re-
sults of the Test of Science Knowledge
(TOSK) on college students with and with-
out the Earth Science Curriculum Prog-
ram suggest that students who had fol-
lowed the ESCP course were already close
in science ability to college students
ahead of them and having had high
school chemistry, physics and biology.
The results indicate that ESCP is a very
effective program for improving the scien-
tific attitudes and abilities of students.

On the other hand, ESCP has experi-
enced a tremendous expansion since it
was inaugurated, starting from an educa-
tional “curiosity” and now being a stan-
dard part of the junior high school curric-
ulum in the United States. For example,
in the State of Oklahoma, earth science
was taught in 18 schools in 1962-63; in
1968-69 the number had increased to
162. The State of Ohio had 60 earth
science teachers in 1963-64; in early 1969
this number had increased to more than
600." From 1968 to 1969 the earth science
student enrolment (Grade 9 alone) in
American high schools increased by almost
100 000 to reach 841 422 in 1969.2 The
current enrolment is approaching the ob-
jective set in 1963 of 33 per cent of all
ninth graders. Significantly, it is estimated
that about 18 000 teachers were engaged
in 1969 in the teaching of earth science in
American high schools, compared to 2 500
in 1963.

Use of the ESCP materials (Investigat-
ing the Earth) is increasing rapidly in the
United States. It is estimated that more
than 350 000 American students are now
using these materials.’
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A New Course on Time, Space, and
Matter

The course Time, Space, and Matter, al-
though not exclusively or even primarily
an earth science course, uses a kindred
approach to that of ESCP for the teaching
of science at the secondary school level.
Another American science education
project of the National Science Founda-
tion, this course was developed at Prince-
ton University and completed at Rutgers
University.

This science course emphasizes doing
science rather than recounting its
achievements. The course consists of nine
interrelated investigations which enable
to student to learn about the nature and
history of the physical world through
direct observation and inference.* Several
themes are integrated into a sequential
format (“the story line”), which provides
continuity from one investigation to the
next. These nine investigations are:

1. Encountering the Physical World...
motion and substance

2. Exploring A Slice of the Earth...a
first look at the earth

3. From Microcosm to Macrocosm...
extending the senses

4. Levels of Approximation...obser-
vation and the need for precision

5. Dimensions and Motions of the
Earth...measuring time, space, and
matter

6. The Surface of the Earth...a re-
cord of ceaseless change

7. The Grand Canyon of the Co-
lorado...a closer study of earth change

8. The Surface of the Moon...records
of the past

9. World in Space...dimensions on
a vast scale.

Since the course combines several dis-
ciplines, some of which may be unfamil-
iar, the course content is described in
Teacher “Folios”, one for each investiga-

'Reference: escp Newsletter, No. 19. May 1969.

?Reference: £sce Newsletter. No. 20. September 1969.
p-12.

*Reference: esce Teacher Information Bulletin. Nov. 1969.

‘Time, space, and matter...investigating the physical
world, a conspectus. Princeton University, 1968.



tion. As the student proceeds through
each investigation, he records his obser-
vations and interpretations in a Record
Book. While pursuing each investigation,
he uses his Investigation Books. These
books, which consist almost entirely of
photographs, have been developed to
provide the student with an opportunity
to observe and interpret phenomena
which would otherwise not be accessible
to him. The selection, sequence, and jux-
taposition of pictures serve to advance
the “argument” of a particular investiga-
tion.

“The course seeks to establish an envi-
ronment within which the student can
learn basic principles of science as he
works to answer questions and solve
problems that are of intrinsic interest.
The student is thus in a position to ac-
quire not only specific and general
knowledge about science but, in addi-
tion, to develop techniques for solving
problems and acquiring knowledge of his
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own .

Current Level of Earth Science Teaching
in Canadian Secondary Schools

In contrast to the 18 000 teachers in the
United States, we estimate that less than
100 are teaching geology or earth science
in high schools in the whole of Canada.?
Only two provinces seem to have a
course that includes earth science or geol-
ogy even in its title. In most Canadian
secondary schools, “bits and pieces” of
earth science are taught as a part of
courses in science or geography, mostly
by teachers who either know very little
of modern earth science or show little in-
terest in it. The teaching of earth science
by “arts-trained or arts-minded geogra-
phers” is clearly unsatisfactory because
these teachers do not have adequate
training in science and mathematics, not
to mention practical or field experience
in various earth science activities. Fur-
thermore, adding to our disenchantment
is the fact that where earth science is ade-
quately taught in the high schools, the
universities in the province will generally

not accept the course by allowing it uni-
versity entrance credits. Surely, this is not
a healthy situation for a country like
ours, which depends on earth science in
so many national and regional undertak-
ings.

In view of this situation, the foregoing
arguments, and the documentation as-
sembled in this report, we submit what
is perhaps our most important conclu-
sion:

Conclusion I11.5

Provincial departments of education
should encourage and promote the teach-
ing of earth science in secondary schools,
so that science can be seen to be relevant
to the physical world in which the student
lives and in order that the fundamental prin-
ciples of science be taught within the
frame of reference of man’s environment.
Universities should help in the training of
high school teachers and the development
of the audio-visual aids and texts required
for this modern course.

Proposal for an Earth Science Program
in Canadian Secondary Schools

The widespread introduction of earth
science in secondary schools obviously
cannot be accomplished in one year. But
if we are to develop adequately our next
generation of scholars, and provide basic
science education to the electorate of the
post-industrial era, we must begin now to
rejuvenate the teaching of science in se-
condary schools. We must initiate a new
approach in teaching methodology fo-
cussed on man’s environment and on ac-
tual problems. We must break down the
barriers that artificially separate physics,

'Pallrand, G. Time, space, and matter. EscP Newsletter,
No. 19, May 1969. pp. 11-12.

’In a survey of high school science teachers in Canada
in 1965-66, Dean A. B. Van Cleave of the University of
Saskatchewan reported (Chemistry in Canada, October,
1967) 2 327 teachers of science, of whom only 81 were
teaching geology and 10 of these had no university train-
ing! According to Dean Van Cleave, if the equivalent of
at least four university courses in a teaching topic would
be required of these teachers. less than half of Canadian
high school science teachers would be qualified.
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chemistry, and mathematics from the real
world in which the young student lives.
The introduction of earth science to
achieve this reform of high school cur-
riculum may be planned and realized as
follows:

1. Earth science educator groups
(ESEG) should be formed immediately in
each province to:

a) survey the effectiveness of science
courses at the junior high school level;

b) provide a forum for university and
high school teachers interested in the
teaching of earth science at the secondary
level;

¢) obtain the opinions of industry and
natural resource government depart-
ments as to the desirability of introducing
more earth science in secondary schools;

d) make the necessary representations
to their respective departments or minis-
tries of education, including the approval
in principle of Conclusion IIL.5 above.

2. Once recognized by the depart-
ments of education, each ESEG could pro-
vide these departments with valuable
advice on:

a) programs for training teachers in
earth science, including summer institutes
modelled after those of the American
Earth Science Curriculum Project;

b) the best student texts and teachers
manuals available;

¢) the most appropriate equipment
and supplies for laboratory exercises;

d) the most useful earth science films
and other audio-visual aids available.

3. It is recommended that the Council
of Ministers of Education of Canada spon-
sor a National Earth Science Conference
in 1971 for the purpose of obtaining:

a) a detailed account of the status of
earth science teaching in the high schools
of each province;

b) an analysis of how earth science
could best be integrated into the teaching
of general science at the junior high
school level:

¢) a full perspective of the Earth
Science Curriculum Project in the United
States and a measure of its effectiveness
in improving the scientific attitudes of
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students;

d} astudy on the desirability of mak-
ing available an advanced earth science
course at the senior high school level for
students wishing to enter university;

e) an appraisal of the needs for more
technological institutes or technical
schools oriented towards the needs of the
mineral industry;

f) suggestions and recommendations
regarding the further implementation’ of
a program of earth science teaching in se-
condary schools (including the views of
scientific societies engaged in earth
sciences activities).

4. It is further recommended that the
Federal Government and the provincial de-
partments of education co-operatively dev-
elop a national program specifically aimed
at improving the quality of science teach-
ing in Canadian secondary schools. In ad-
dition to adequate financial support for
teacher training, this program should in-
clude an accelerated production of Cana-
dian science textbooks, films and other
audio-visual aids.

5. To introduce earth science in secon-
dary schools as soon as possible, it is sug-
gested that the American manual Investi-
gating the Earth be used as is until 1975
Or 50.

6. Canadian earth science societies
should investigate immediately the desir-
ability of sponsoring the preparation of
a Canadian text on earth science, for use
in high school teaching. This new text-
book could be essentially Canadian in
inspiration and content.

7. Canadian earth science societies
should initiate immediately the prepara-
tion of an earth science laboratory man-
ual, with major emphasis on Canadian
geological features. The funds for prepar-
ing this manual could perhaps be provid-
ed by the Canadian Geological Founda-
tion jointly with the Canadian Institute
of Mining and Metallurgy.



111.8 Role of Universities in Earth
Science Education and Training

Universities fulfil a major role in modern
society. Their modus vivendi can be said
to be twofold: transfer of knowledge,
through education and training, and
production of new knowledge, through re-
search. In this section, we discuss the first
of these two essential functions. with par-
ticular emphasis on manpower training
to satisfy national needs.

Universities as a Source of Earth Science
Manpower

The full acceptance by university ad-
ministrators of the “education and train-
ing” function imposes upon them the re-
sponsibility of being attuned to the pres-
ent and future manpower requirements
of the nation. These needs can be ex-
pressed in terms of numbers of profes-
sional graduates and scientists required
but also, and importantly, in relation to
the type and quality of graduates. Since
the mineral industry is by far the largest
employer of earth science manpower in
Canada (see Table 1L.5), faculty must be
particularly well aware of the manpower
needs of this very important industry. Fa-
culty must also co-operate closely with
government agencies in their essential
missions of promoting Canada’s econom-
ic and social development. An “ivory
tower” attitude on the part of faculty is
detrimental to the attainment of this
manpower goal which, unfortunately, is
very hard to define in realistic quantita-
tive terms.

According to our survey, it appears that
Canadian universities are not producing
sufficient numbers of professionals in most
earth science fields to meet national needs.
During the last five years, there has been
a noticeable shortage of these profes-
sionals, particularly in the mineral explo-
ration sector of industry. Industry, gov-
ernment agencies and universities have
had to recruit abroad to satisfy their
manpower requirements. The shortage is
particularly evident in geology and geo-
physics. The manpower situation can be

seen in terms of the following statistics.

Geology

1. More geologists immigrated to Can-
ada in 1968 (Table I1.8) than the total
output of geology graduates (all levels)
from all Canadian universities combined
(Table 11.38). that is, from 30 depart-
ments.

2. Whereas the number of geologists
in the Canadian mineral industry in-
creased by 215 annually during 1964-68,
the average number of geology graduates,
who entered all fields of employment
during 1966-68, was only 162 per year,
namely 93 bachelors, 39 masters, and 30
doctors. Of these 162, an average of 95
entered the mineral industry annually,
representing 59 per cent of those who en-
tered the labour force, and 44 per cent
of the new earth science professionals
hired by the mineral industry.

3. The total number of geologists in
Canada being currently in the order of
3400 (Table IL.5). a replacement rate of
3 per cent (for retirements, deaths, etc.)
signifies that a minimum of 100 new
graduates in geology are needed each
year for replacements. This number rep-
resents more than half of the geology
graduates entering the labour force each
year!

4. The larger provincial departments
of mines, in Quebec and Ontario espe-
cially, have reported to us on their
difficulties in finding suitable candidates
for meeting their geological staff require-
ments.

5. It is estimated that in 1966-68 the
size of faculty in geology departments in
Canada increased at an average rate of
about 30 per year, this number being
equivalent to the total number of Ph.D.
degrees granted in geology in Canada.

6. Geologists are also needed in geo-
technical activities, soil sciences, high
school teaching’, foreign aid, etc. Unfor-

'In the United States, the estimated number of high
school earth science teachers added each year to the 2 500
in 1963 has increased from 1 000 in 1964 to 3 000 in 1968,
whereas the number of graduating seniors in geology rose

from 1800 in 1964 to 2 400 in 1968. In escp Newsletter,
No. 19, May 1969. p. 2.
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tunately, our coverage of these other
needs is very incomplete, but we may
surmise that the aggregate demand in
these other fields is at present in excess
of 100 geologists per year.

7. Figure I1.17 illustrates the cyclic na-
ture of the geology graduation patterns in
Canadian universities, which is in large
part related to the cyclic demand for ge-
ologists in the mineral exploration in-
dustry (see Section IV.6). A significant
feature of the bachelors graduation pat-
tern is that it is always out-of-phase with
industrial manpower demand, with the
consequence that geology graduates are
in short supply when they are most need-
ed, and in ample supply when the indus-
trial demand has sagged considerably.

8. According to our statistics for the
1948-69 period, we estimate that the addi-
tion of 1 member to faculty in geology has
resulted in the addition of 1.4 professional
graduates per year.

On the basis of figures obtained from
the Jackson report’ and the Macdonald
report’, and using a + 2 years lag factor
for the number of bachelors in relation
to present size of faculty, we estimate
that the current “bachelor graduate pro-
ductivity” in physical sciences and engi-
neering departments in Canada is 1.9
bachelor graduates per faculty member,
compared to 1.1 in geology (excluding
the graduates at the master’s and Ph.D.
levels). The difference in ratio is in part
due to the fact that geology instruction
is also given to a large number of non-
majors (in 1968 a geology faculty of 278
taught courses to 6 804 non-majors),
whereas engineering professors teach
generally only to professional students.
Another reason for this difference is the
fact that several departments of geology
in Canada have developed into “gradu-
ate schools”, in part at the expense of
a low productivity of bachelor graduates.

dents in all geology departments was 44
per cent, which is also the proportion of
graduate students in all fields of physical
sciences and engineering who, in 1968,
were neither Canadians nor landed immi-
grants.® Although there is some obliga-
tion to repay the “cultural debt” to other
industrialized countries and there are, in-
deed, important advantages in having
graduate students of various nationalities
in our geology departments, we believe
that the proportion of non-Canadian grad-
uate geology students is presently too high.
We suggest that 25 per cent would be

a better proportion (it is 18% in the Unit-
ed States) and we urge the geology depart-
ments to increase their output of bachelor
graduates so as to increase the Canadian
content of graduate student enrolment.

Geophysics

1. The supply situation in geophysics
is even worse than in geology. For a
country that ranks first in the world in
mining exploration geophysics (see
Chapter IV), and has in Calgary the sec-
ond largest concentration of geophysicists
in the Western World after Houston,
Texas, the national output of geophysi-
cists in 1968 (by no means an exceptional
year) was 27 bachelors, 18 masters, and
10 doctorates from seven departments
(several of which are oriented towards
crustal and deep-interior physics of the
earth rather than exploration geophy-
sics).

2. According to our survey, the labour
force in the mineral industry increased by
55 geophysicists annually during the
period 1964-68 (equivalent to the total
geophysics graduation in 1968). This rep-
resents an & per cent annual increase

'Jackson, R. W., D. W. Henderson, and B. Leung. Back-
ground studies in science policy: projections of R & D
manpower and expenditures. Science Council of Canada,
Special Study No. 6. Ottawa, Queen’s Printer, 1969, p. 9.

*Macdonald, J. B., er al. The role of the federal government in
support of research in Canadian universities. Science Council
of Canada, Special Study No. 7. Ottawa, Queen’s Printer, 1969,
p. 52.

*National Research Council of Canada. Projections of
manpower resources and research funds 1968-72. A report of
the Forecasting Committee (Chairman: L. P. Bonneau).
Ottawa, 1969, p. 52.

9. Finally, still on the subject of geolo-
gy graduation pattern, it should be noted
that our departments of geology draw a
large proportion of their graduate stu-
dents from other countries. In 1968 the
proportion of non-Canadian graduate stu-
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with respect to a population of about 700
geophysicists (Table II. 5), compared to
a 6 per cent annual increase for the
number of geologists in the mineral in-
dustry. In contrast, less than 12 geophy-
sics graduates entered the mineral in-
dustry annually during 1966-68, or hard-
ly enough to provide only for replace-
ments. In spite of this, $123 million were
spent on geophysical exploration in Can-
ada in 1968, an increase of $66 million
over the annual expenditure in 1964
(Table I1.17). It is clear, therefore, that
Canadian universities are not producing
enough professional geophysicists to meet
national needs.

3. Figure I1.17 shows that the number
of bachelor graduates in geophysics has
remained at a very low level during the
past 20 years. On the other hand, during
the same 1948-68 period, the geophysics
M.Sc. graduates increased from 6 to 18
annually, while the number of Ph.D.
graduates rose from 1 to 10. In other
words, the geophysics graduation pattern
bears very little relation to the importance
of geophysics in this country, both in min-
eral exploration and in the investigations
of the physics of the earth, not to men-
tion the importance of geophysics in
Canada’s programs of external assistance
to emerging nations.

4. In Canada, much of the teaching
and academic research in geophysics is
done in university departments of physics
(see Section I1.7). This situation, which is
peculiar to Canada, has been beneficial
not only in developing the science itself
but also in attracting to geophysics an ap-
preciable number of B.Sc. graduates from
physics and certain fields of engineering.
Geophysicists in geology departments
also play an essential role in training geo-
physicists for industry. In this respect, the
unique location of geophysics in the Min-
ing Engineering Department at McGill
University should be critically reviewed.
We believe that it would be in the best in-
terests of McGill University and the miner-
al industry to integrate geophysics into
McGill’s Department of Geological
Sciences.

Physical Geography

The manpower situation in physical ge-
ography is somewhat better than that in
geophysics and geology, owing to limited
employment opportunities. However, the
output of graduates in physical geogra-
phy does not seem to exceed the demand.
For example, in late 1969 Canadian uni-
versities had outstanding requests for
more than 10 Ph.D. graduates in physical
geography, whereas all Canadian univer-
sities combined produced only 4 doctor-
ates in this field in 1968. The insufficient
output in physical geography in recent
years is also indicated by the fact that the
larger proportion of faculty in this field
has been trained abroad, in spite of all
the natural advantages that Canada
offers in physiography.

Other Fields of Earth Sciences

We do not have reliable statistics for
these other fields, but we strongly suspect
that the education and training being
given in Canadian universities in hydro-
geology, rock mechanics, soil physics and
chemistry, and biogeochemistry is not
sufficient to meet national needs, let
alone the needs for these specialities in
Canada’s external assistance programs
(see Chapter VIII). In contrast, the uni-
versities have developed a strong compe-
tence and appear to be producing enough
graduates in soil mechanics, in part be-
cause this speciality is located in depart-
ments of civil engineering rather than
earth science departments (the latter hav-
ing experienced difficulties in attracting
sufficient numbers of students). Finally,
because of low demand from industry
and government agencies, and
insufficient awareness of university ad-
ministrators, the education and training
in Canadian universities in the expand-
ing fields of urban geology, engineering
geology, northern terrain studies, and mul-
tiple land use are at a minimum level.

In view of these facts we submit:

Conclusion 111.6
Canadian universities are not meeting na-
tional manpower needs in most earth
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science fields, in terms of both output of
professionals and the type of graduates
produced. In addition to providing better
physical facilities for earth science depart-
ments, universities are urged to fulfil the
nation’s earth science manpower needs by
encouraging more students to enter the
earth science professions, adapting several
of their courses to meet these needs, and
promoting the widespread introduction of
a modern earth science course in secondary
schools.

Estimated Requirements in Earth Science
Manpower

In Table I1.9 we indicated that a total of
515 new earth science professionals may
be required annually to satisfy national
needs until 1972, based on employment
patterns during the period 1964-68. If, in
addition, we consider the potential de-
mand for graduates for earth science
teaching in secondary and technical
schools (see Section II1.7), increased geo-
science assistance to developing countries
(see Section VIII.3), urban geology and
various fields of geotechnique (see
Chapters V and VI), the total require-
ments may reach 8§35 annually during
1972-75 (see Table II1.2). Although the
latter estimate is optimistic, the distribu-
tion of potential requirements shown in
Table II1.2 may be of some help to uni-
versities in planning their development.

Student Views on Education and Training
A university is essentially an association
of students and professors. In our desire
to associate the student community with
this study, and obtain a unique input
from students, we have met with 20
groups totalling 417 undergraduate and
graduate students of geology, geophysics,
geochemistry, physical geography, in-
cluding a few in soil mechanics. This rep-
resents about one-quarter of all earth
science students in Canada. Some student
groups also submitted briefs (see Appen-
dix 3). The purpose of this section is to
report on the major views held by stu-
dents which, succinctly stated, follow.
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1. Earth sciences are virtually unknown
on campuses, except within earth science
departments. Several students remarked
that geologists are regarded as “a bunch
of guys who dress queerly and live in
tents...fellows who go out and look at
rocks”. All students groups interviewed
were unanimous in relating this wide-
spread ignorance or lack of awareness to
the fact that modern earth science is not
taught in Canadian secondary schools (in
strong contrast to the United States, see
Section II1.7). Students have commented
that the little earth science taught is given
mostly by teachers who are either igno-
rant of the fundamental scientific princi-
ples applying to the study of the earth or
are indifferent and adopt the attitude “I
have to teach this course - who could
lend me some rocks?””. When taught, the
course is usually given as a “filler”, creat-
ing the impression that it is of little
significance.

The lack of earth science teaching in
the high schools is the single most impor-
tant factor for the low enrolment of earth
science students in our universities. Only
24 per cent of the students polled plan-
ned careers in the earth sciences when en-
tering university. The rest “discovered”
earth sciences when happening by chance
to follow a university course in this sub-
ject.! Students acquiring a general edu-
cation seldom elect an earth science
course because of lack of exposure to this
subject in high school.

2. Earth sciences project a poor image
because geology departments are often
housed in the poorest and oldest buildings
on campus. Many students have com-
mented about the shortage of space in
several earth science departments. It is
quite ironic to find, for example, a de-
partment of geology having the largest

'In a survey conducted in 1968-69 in 400 geology de-
partments in the United States and Canada, the Ameri-
can Geological Institute learned from 1200 question-
naire returns that in 29.2 per cent of the cases the intro-
ductory geology course in college or the influence of
the college teacher were the dominant factors in career
orientation. Another 12.6 per cent chose geology be-
cause of previous hobbies. and 10.4 per cent were in-

fluenced by an earth science course in secondary school.
The other factors rated individually less than 6 per cent.



Table III.2-Estimate of Earth Science Graduates Required Annually to Meet National Needs, 1972-75

(replacements included)

Major Sector Total Anticipated Annual Requirements, 1972-75
Earth Geology Geo- Geo- Physical Geo-
Scientists, physics  chemistry Geog- technique®
1968 raphy
Mineral Industry=* 3 969 255 55 25 2 28
Construction Industry= 250 10 2 - 3 40
Renewable Resource Industries 150 s ) 2 5 10 5
Federal Government 666 20 6 5 5 15
Provincial Governmentse 366 20 5 5 5 20
Municipal Governments 50 3 - - 8 10
Universitics 593 20 10 10 10 10
Technological Institutes 50 7 5 - 2 5
High Schoolsd 100 60 25 5 35 -
Foreign Aide 16 20 10 5 5 17
Total 6 210 420 120 60 85 150
Annual Requirements according Bachelors 200 50 15 45 75
to Academic Degrees! Masters 120 40 25 20 30
Doctors 100 30 20 20 45
Average No. Entering Labour Bachelors 90 12 3 15 ?
Force Each Year During Masters 30 9 9 8 9
1966-68: Doctors 25 9 5 4 k4

a Including manpower for consulting firms, and assuming no radical change in manpower requirements

compared to the period 1964-68.

b Including, for sake of convenience, rock mechanics, soil mechanics, and hydrogeology, which are grouped

with the fields of geotechnique.
¢ Including the provincial research councils.

4 Applying only to requirements for earth science teaching in the high schools.
e Assuming that the program of earth science foreign aid proposed in Table VIII.3 will be accepted by the

Canadian International Development Agency.

t Distribution based cssentially on the proportions of bachelors, masters and doctors in the total Canadian

earth scientist population of 1968.

¢ See employment patterns during 1966-68, Table 11.37.

geology student enrolment in Canada
housed in temporary quarters and scat-
tered in 10 different buildings on campus,
when this department has played a major
role in the mineral development of the
province in which it is situated, as well

as elsewhere (its graduates over the years
having contributed directly to the finding
of more than $29 billion worth of eco-
nomic minerals!). It would appear that
mining companies are donating fairly
generously to university fund-raising
campaigns, but somehow this money
rarely finds its way towards improving
the facilities in mining engineering or
earth science departments.

3. The university should not become a
technical school. Students are aware of
the agitation from outside as well as
within the university for more technical
training and the introduction of terminal
graduate courses. The University of
Toronto graduate students in geology

summed up their attitude in acknowl-
edging the need for skilled geologists who
are proficient with current techniques. As
young men who may reach their peak
20-25 years hence, they maintain that a
broad theoretical training is necessary to
adapt to future advances. In their

words, “if knowledge is to be imparted

at university, it must be continually creat-
ed there” and Canada must not fall prey
to excessive concentration on the pursuit
of application of knowledge to the detri-
ment of advances in pure knowledge.

4. Earth sciences should not be divorced
from field problems. Some thoughtful
students have expressed concern about
the classroom environment: “Geology is
a prodigal son in the University. It must
be taught as a lab subject, yet in geology
the field is the lab. Most of the classroom
laboratories are rather mindless and we
do not learn much from them, because
the classroom is not the proper environ-
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ment for teaching earth sciences. The
exercises in the classroom should not be
divorced from field problems and practi-
cal applications.”

3. The problem-solving approach should
be stressed. Several students have re-
marked that “knowledge itself can be
found in any book, and the role of a uni-
versity professor is to teach the student
how to approach a problem and how to
solve it”.

6. Earth sciences provide exciting chal-
lenges. When asked what fields of earth
sciences are particularly interesting, most
students rallied in favour of the follow-
ing: dynamics of the earth’s crust and
processes of mountain building, new
methods of mineral exploration, oceanog-
raphy and exploration of the continental
shelves, groundwater studies, research on
pollution, ore and land conservation
studies, ice and snow research, properties
of the earth’s interior, origin of petrole-
um, computer technology and appli-
cations of statistics to earth sciences,
earth science activities in developing
countries. In several discussions, this
Study Group obtained the distinct im-
pression that students are generally inter-
ested in social and environmental prob-
lems, in noticeable contrast with former
generations of earth science students.

7. There are inadequate communi-
cations between students and industry. For
example, mining companies are often ac-
cused by students of using “old hat” tech-
niques and of being “stingy” about releas-

ing technical information. Although this ap-

plies to several companies, students do not
seem to have enough appreciation of the
effectiveness and low cost of many well-
tested and long-used techniques; they are
not sufficiently aware of the significance of
competitive information and the advan-
tages-as well as the disadvantages-of a
free enterprise system.

Many students had acrimonious com-
ments about their summer work for min-
ing and petroleum companies, and com-
plained they have been assigned to rou-
tine jobs with too few opportunities to
learn; however, they do not seem to real-
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ize that if these same jobs were given to
technicians or high school students, sum-
mer employment opportunities for them
would be greatly reduced. Understanda-
bly, students want responsible, challeng-
ing assignments. They are generally not
afraid of hard work and most of them do
not mind living in tents and far from civi-
lization during summer work.

The cyclic nature of employment op-
portunities in industry is often deplored,
but most large companies are now recog-
nizing that pronounced fluctuations in
manpower requirements are in the long
term detrimental for them and they are,
accordingly, trying to adopt better re-
cruiting policies. It would appear that
company training programs are often
oversold, with the result that students be-
come rapidly disillusioned in their sum-
mer work.

From the point of view of earth science
graduate students, industry fails to recog-
nize the value of their research training
and their potential contributions to in-
dustry’s development. Research opportu-
nities in industry have been described by
graduate students as being extremely
rare. However, many graduate students
are ignorant of industry’s goals and
methods.

8. Field work is important in the earth
sciences. Students like field work. They
feel generally that it is an essential com-
ponent of earth science education and
training. They have high praise for the
Canadian system which procures many
summer employment opportunities (see
Section I1.2). More than 80 per cent of
the students interviewed had field experi-
ence, and about two-thirds indicated that
they expect to be still doing some field
work 10 years after graduation “because
field work has to be done”.

_ There is, however, a marked tendency
for graduate students to choose university
work in the summer rather than industry
or government field jobs, because it may
well save them a year or more in gradu-
ate school. Many graduate students now
have research fellowships or assistant-
ships, and many have working wives, so



that field work as a source of income is
not as critical as it was a few years ago.
Government has made summer stipends
available in all university departments,
and university administrators are not
likely to treat earth sciences differently.
Summer research stipends generally
apply only to laboratory work, but they
should also be made widely available for
field research for students participating in
meaningful, well-directed and co-ordin-
ated field programs. Government agen-
cies and industry should take note of these
new patterns and provide salaries and
scientific opportunities to attract bright
graduate students in undertaking field re-
search during the summer.

9. Discrimination against women in
earth sciences should cease. Female stu-
dents in earth sciences are generally frus-
trated because of the very few field train-
ing and career opportunities in their cho-
sen field. At present, women represent less
than 1 per cent of Canadian earth science
professionals, in strong contrast with most
socialist countries where female geolo-
gists and geophysicists are not only work-
ing in the field but also in underground
mines. In Canada the situation is so bad
that many mining companies will not
even allow a female geologist to visit un-
derground workings!

However, women may soon make an
important breakthrough. Modern trans-
portation has outmoded the month-long
canoe trips in wilderness areas and the
pack trips in the mountains. Working
hours in the field may be much longer
than in other professions, but they are
often compensated by periodic leaves
and higher remuneration. We have now
reached the stage where women could
handle many of the field jobs. Many
women have a superior ability to pick
important details, and their patience gen-
erally exceeds that of men. Being often
more meticulous than men, they could
excel in detailed core logging, detailed
field surveys, scientific data interpreta-
tion, laboratory investigations, report
editing, translation, and the like. Society
now accepts men and women working to-

gether. There is no longer any reason to
perpetuate an ascetic approach to field
work, which ought to become attractive to
men and women. Companies do not send
employees to other cities for months on
end without their families, and they com-
monly fly their salesmen home for week-
ends. Why should they expect earth
science employees to “vegetate” in isola-
tion and difficult field conditions for pro-
longed periods? Costs of improving con-
ditions would add to the existing high
costs of field work, but these extra costs
are really very small in comparison to the
total investment in field activities.

The expected new direction of earth
science into environmental and urban
studies should open up suitable careers
for female as well as male earth scientists.
The widespread introduction of earth
sciences into Canadian secondary schools
would in itself provide a major field of
employment for women. Thus, it is im-
portant that women be given the fullest op-
portunity to acquire training and field
experience in earth sciences.

Role of Faculty in Education and
Training

Too few people criticizing university fa-
culty have first-hand knowledge of what
modern academic life really is. The pro-
fessor is expected to carry an appreciable
load of teaching and student research su-
pervision, besides pursuing his research
interests and coping with the profusion of
new scientific literature. Not only must
he strive toward excellence in research,
but he must also excel in motivating stu-
dents to learn his science. As an adviser,
he must help the student in developing
his natural talents and abilities; above
all, he must show him how to solve prob-
lems. As an educator, he must awaken
the student to his future professional and
social responsibilities. Also, he must
spend about one-fifth of his time on com-
mittees, paper work, and administrative
duties.

Having visited most university earth
science departments, this Study Group is
convinced that we have there many ex-
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cellent educators and research scientists,
and relatively little mediocrity. However,
too many professors appear to live in
“solitude’ and to be unconcerned about
what is happening outside their immedi-
ate environment. Industry has frequently
voiced criticism about the general orien-
tation of university research in earth
sciences, which has been described as es-
oteric and not sufficiently relevant to the
practical needs of the country. We often
heard the criticism that our graduate
schools are not producing enough of the
types of graduates needed in Canada.
Universities would do well to pay more
attention to these demands and reor-
ganize several courses to achieve better
balance in curriculum content.

By and large, the mineral industry (by
far the largest employer of geoscientists
in Canada) considers that students are re-
ceiving good undergraduate training in
our universities. However, many (includ-
ing students) have remarked that profes-
sors active in research are often drifting
away from undergraduate students in fa-
vour of their personal and somewhat
narrow research interests. The unifying
concepts in geology and the modern the-
ories of global evolution do not appear
to be sufficiently stressed in the curriculum.

In our opinion, there is now a need to
strengthen the geology and physical ge-
ography programs through the introduc-
tion of advanced statistical analysis and
computer technology courses, and to
make the “basic science” courses as rele-
vant as possible to the academic and pro-
fessional training.

The compartmentalization that divides
geology from geophysics on the one
hand, and from physical geography on
the other hand, is deplorable. It is desir-
able that individuals should specialize, but
for whole departments to be narrow and
neglect important related fields impedes
scientific development and retards the
practical applications of new knowledge.
In the past, when geophysical methods
were less developed and there was less
concern for geodynamics and global evo-
lution, this division was understandable.
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Likewise, when physical geography was
often a literary discourse, geologists un-
derstandably felt some reluctance to
work with geographers. But now. with the
need for major syntheses of crustal evolu-
tion and conceptual models for earth pro-
cesses. and the increasing concern for en-
vironmental studies and the developing
social dimension of earth sciences, this
dichotomy should cease.

Several carth science departments are
becoming concerned about internal and
external pressures to curtail their expan-
sion. With their low student enrolment,
they must counter these pressures by at-
tracting more students toward earth
sciences and become as viable as other
science departments. However, earth
science departments in Canada have
been particularly delinquent in not build-
ing a strong training program for high
school teachers in view of an eventual
earth science course in secondary schools,
and for not campaigning for such a
course to be introduced. Consequently,
the numbers entering geology and geo-
physics will still be markedly influenced
by the fluctuating manpower demand in’
mineral exploration in the years to come.
It is nevertheless evident that the “survi-
val” of many university departments of
earth sciences is tied directly to their suc-
cess in training high school teachers.

In view of the foregoing. we submit:

Conclusion 111.7

Undergraduate training in the earth
sciences should be broadly based, with in-
creased emphasis on the unifving concepts
in geology, modern theories of global evo-
lution, basic sciences, statistics, and com-
puter technology. Better balance in curric-
ulum content should be achieved by greater
consideration of national manpower needs,
as well as greater inter- and intra-depart-
mental communications and co-operation.
“No-thesis” advanced degrees should be
introduced to meet the needs in the ex-
panding sectors of the economy and the
interdisciplinary areas in which Canada
may, in the future, make rapid strides.




Conclusion 111.8

The growth of earth science university
groups involving geologists, geophvsicists,
geochemists, geographers and others
should be encouraged, and so should the
development of soil science groups involv-
ing as many of the essential disciplines as
possible.

Conclusion I111.9

Industry should provide training opportu-
nities to female as well as male earth
science students, and provide more careers
for women in the earth sciences.

I11.9 Role of Universities in Earth
Science Research

General Statement

Universities have a fundamental role to
play in the advancement of knowledge
and it is widely admitted that their pri-
mary responsibility in this regard is basic
research (for definitions, see Section 1.4).
Basic research is frequently classified as
either curiosity-motivated or mission-
oriented. Traditionally, the curiosity-
motivated research and the training
associated with it have characterized
institutions of higher learning.' On the
other hand, as the name implies, mis-
sion-oriented research is fundamental
research, generally involving team work,
which is conducted in relation to specific
missions of government departments or
agencies. Examples of “‘missions™ in the
earth sciences include the regional char-
acteristics of the earth’s magnetic field.
the distribution and properties of Can-
ada’s orogenic belts, the geomorphology
of the Arctic Islands, the features of Pre-
cambrian sedimentary rocks. etc. Most of
this research is carried out by govern-
ment agencies, with a small amount by
universities. By way of contrast, most of
the applied research in earth sciences is
undertaken by industry (see Sections IV.3
and V.7) and government agencies
(Table I1.2), and a smaller amount by un-

iversities (Table I1.2).

There is probably little basic research
in the earth sciences in Canada that any-
one - including scientists in industry -
would wish to see curtailed or stopped.
because so much needs to be done (see
Section II1.3). Basic research in this field
provides an important base for mineral
exploration technology (Section 1V.3),
improvements in geotechnique (Chapter
V), and natural resource development
(Chapter VI). In addition, Canada has a
fundamental responsibility in furthering
the knowledge of the Canadian georama
(see Section II1.5). However, as resources
of the nation are limited, the future growth
and support of basic research in earth
sciences in Canada should be consistent
with recognized national goals. 1f national
prosperity is seen as the first goal for
science in the service of the nation?, then
basic research in the earth sciences would
appear to be an essential ingredient for
a country which is so dependent on the
mineral industry for its economic well-
being as is Canada (Section 1V 2). “If
science is a decisive factor in economic
growth. and a tangible social force. it
must acquire purpose and direction. As
it has become a major item of national
expenditure, it must compete with other
objectives of national importance. The
argument must be to select among the
possibilities, and to channel the effort
toward a number of stated and central
targets.”?

Funding of University Research
Historically and traditionally, curiosity-
motivated basic research has been
viewed in most countries as the prerequi-
site, or the prerogative, of universities.
However. as the costs of universities to
the Canadian taxpayer have soared in

'Blackett. P. M. S.. In Proceedings of the Special Com-
mittee on Science Policy. The Senate. p. 89, Ottawa, 1968;
and Solandt. O. M.. National science and engineering cri-
tique. Trans. Roy. Soc. Can.. Vol. V1. Series IV. p. 38. June
1968.

Science Council of Canada. Towards a national science

policy for Canada. Report No. 4. Ottawa, Queen’s Printer. 1968,

pp. 13-14.
*Wynne-Edwards. op. cit.
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recent years, and the costs of graduate
training and academic research have in-
creased almost exponentially during the
last decade (Figure 5.3. Appendix 5). uni-
versities are becoming increasingly aware
that academic research should play a
greater role in the solution of economic,
political and social problems, a viewpoint
that receives strong support from indus-
try and government.

What has caused the change in univer-
sity attitude? In the earth sciences, one of
the principal factors appears to have
been the very rapid increase in research
funding during the past decade. To illus-
trate: the total earth science grants
awarded by the National Research Coun-
cil and the Geological Survey of Canada
increased 30-fold in 1958-69 (from
$120 000 to $3.6 million), whereas there
was only a 4-fold increase in faculty.
About 10 or 15 years ago so little funding
was available for earth science academic
research that the concept of a public
“investment” in university research did
not really arise. Until 1958, less than
$100 000 was allocated annually to earth
science research in the universities, and
the Geological Survey of Canada was the
major funder of this research. Since 1958,
however, the situation has improved radi-
cally and the National Research Council
is now the major funder, together with
the provincial governments. The Geolog-
ical Survey is currently providing less
than 10 per cent of the total grants-in-aid
to university research in the earth
sciences (Table 11.27).

The year 1964-65 showed a significant
upturn in earth science activity in Can-
ada:

1. It marked the beginning of an un-
precedented level of mineral exploration
activity (Figure IV.1);

2. It coincided with a rapid increase in
geology faculty (about 65 professors
added during 1950-65, versus a net in-
crease of 155 since 1965);

3. Finally, it corresponded to a rapid
increase in the National Research Coun-
cil’s grants to university research (Figure
53).
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The growth rate of the National Re-
search Council’s funding of earth science
university research during the past dec-
ade is approximately parallel to that of
the physical sciences and engineering
(Figure 5.3). The proportion of grants al-
located to earth sciences is now approxi-
mately 10 per cent of the grants allocated
to all fields of physical sciences and engi-
neering.

The rapid growth of earth science re-
search capabilities and activities in Cana-
dian universities is illustrated by the con-
tinual decline in the ratio of sums grant-
ed to sums requested. The ratio for oper-
ating grants has dropped from 77 per
cent in 1963 to 55 per cent in 1969, and
that for equipment grants (5 000 to
$50 000) from 42 per cent in 1963 to 23
per cent in 1969.

In spite of the foregoing, we are of the
opinion that the present level of academ-
ic research support provided by the
National Research Council is reasonably
adequate in terms of size of faculty and
number of Canadian graduate students
in these departments. It seems adequate
for this particular type of support, which
is directed essentially at the individual
scientist. However, there is a pressing
need for support of university research
involving a large and costly field compo-
nent. We feel strongly that support for
the latter type of research should be pro-
vided by the Department of Energy.
Mines and Resources, where such re-
search is in the national interest and falls
within the major missions of that depart-
ment. The present scheme of funding,
whereby this department currently allo-
cates a good part of its university re-
search funding in geological sciences on
the basis of individual merit (and, indi-
rectly, for the support of graduate stu-
dents) is not satisfactory because it dupli-
cates the role of the National Research
Council. Inasmuch as there is a great
need for supporting multidisciplinary and
mission-oriented projects, especially those
having a large field component, we have
advocated in Section IL.5 that the funds
normally allocated to the National Advi-



sory Committee for Research in Geologi-
cal Sciences be turned over entirely to
mission-oriented national advisory com-
mittees, such as that proposed herein for
mineral resources research (Section I1.5).

As a matter of principle, the National
Research Council should remain the
main source of funds for scientific re-
search in the universities, but each mis-
sion-oriented department in the federal
government should provide substantial
amounts of research money in fields
specifically related to its major missions.
The Defence Research Board, for exam-
ple, would naturally continue to support
extramural research related to national
defence.

Many university research programs
have a large field component. The recent
decision of the National Research Coun-
cil to introduce three-year term grants,
starting in 1970, is particularly commend-
able because it will permit earth scientists
to plan their field research activities well
ahead of time, thus enhancing the quality
of their work. This new procedure may
also help to counter the “publish or
perish” syndrome pervading academic
institutions, and it may preferentially
encourage the publication of major syn-
theses rather than papers of small
significance.

Earth Science Grant Selection Commit-
tee of the National Research Council

The Study Group believes that this com-
mittee has done a good job in appraising
equitably the hundreds of applications
submitted annually. The initiative of this
committee, in publishing in 1969 a report'
on its activities and findings, is commend-
able. We urge the National Research
Council to encourage this practice, so as
to keep the university community in-
formed of the progress achieved and the
difficulties encountered.

As everyone knows, the Earth Science
Grant Selection Committee has the
difficult task of appraising the scientific
excellence of applicants. We believe that
university professors, good and unbiased
as they may be, should not alone have

the prerogative of serving on grant selec-
tion committees. Surely there are scien-
tists in industry and government who can
also appraise scientific excellence, includ-
ing that in basic research. We are of the
opinion that one or two scientists from
industry and government should be invit-
ed to serve on this committee for the
specific purpose of judging the scientific
merits of the applicants. This should in
no way be construed as an attempt to en-
courage applied research preferentially,
unless this becomes the policy of the Na-
tional Research Council.

The question is frequently raised
whether the Grant Selection Committee
should assume a more active role in
directing the growth of earth sciences in
Canada by recommending the full
amount requested for the best proposals
submitted by the best and most produc-
tive applicants, and also by assigning
priorities to certain fields or research
projects considered to be of greater na-
tional importance than others.

We are of the opinion that this Grant
Selection Committee has generally been
too generous in recent years towards
many applicants, and not generous
enough for the best and most productive
applicants. As stressed in Conclusion
I1.11, we urge this Committee to be more
selective in the future. Many applicants
express pious wishes and consider the
National Research Council grants as the
main vehicle for supporting graduate stu-
dents. This vehicle concept is right only
if the research training of students makes
them better equipped to discover new
avenues for the science and new appli-
cations for the well-being of the nation.
This concept must rest on a graduate pro-
ductivity base, there being little point in
continually increasing research funding if
the universities are not proportionately
producing more scientists to meet national
needs.

We also believe that a larger propor-
tion of university research should relate

'Blais, R. A., er al. Report of the Earth Science Grant
Selection Committee of NRC. National Research Council.
July 25, 1969. 11 p. mimeo.
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to national earth science objectives, for
example to better knowledge of the Pre-
cambrian Shield (Section 111.3). This
would not infringe on academic freedom
nor on the possibilities of conducting
pure research, because the research
worker would still have full liberty of
conducting research in the fields that he
likes best.

Research Training Patterns

By and large, the earth science faculty in
Canadian universities is a teaching fa-
culty. The average geology professor’s
time allocated to teaching is 45 per cent,
compared to 29 per cent in geophysics,
and 48 per cent in physical geography.
As shown in Table IIL3, geophysics alone
is competitive with the other physical
sciences in the amount of faculty time
spent on graduate supervision and re-
search. In geology, soil mechanics, soil
sciences, and physical geography, faculty
spends more time on undergraduate
teaching than do most other science
departments.

Table 111.3=Faculty Time Allocated to Graduate
Supervision and Research

Department ProportioT_
of Time
%
Acrospace 67
Astronomy 56
Geophysics 51
Chemistry 47
Physics 44
Biolog}cell Scicnces T 44 -
Engincering 35
Geology 34
Mathematics 33
Geography 30
Source: Estimates for geophysics, geology and

physical geography derived from our questionnaires;
others obtained from the Bonneau report, op. cit.,
p. 46.

The average graduate school geology
professor graduates one M.Sc. student
every three years (or one Canadian every
five years), and one Ph.D. student every
five years (or one Canadian every nine
years). He may expect to receive $8 500
annually from the federal government in
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support of his research (exclusive of
equipment grants).

In comparison, the average graduate
school geophysics professor graduates
one M.Sc. student every two years, and
one Ph.D. student every four years. He
receives from $10 000 to $15 000 an-
nually from the federal government for
his research.

In physical geography, the average
professor in graduate school graduates
one master’s student every 5 years, and
one Ph.D. student every 10-20 years.

The University Research Spectrum in
Earth Sciences

A study was made of the publication
record of Canadian geology professors
during 1963-67, based on the number of
titles per earth science speciality. The re-
sults indicate that the average geology
professor published two papers every
three years, with stratigraphers, paleonto-
logists and mineralogists being the more
prolific, and economic geologists and
petrologists among the least (Table 111.4).

The range of earth science research in
universities is documented by Table 1115,
where faculty members in geology, geo-
physics, physical geography, and some
engineering departments are classified
according to their principal field of re-
search. This composite picture gives in
effect the distribution of academic re-
search as it has developed through the
multiple decisions of university adminis-
trators and earth science departments,
and the personal preferences of faculty.
The distribution determines the “mix” of
speciality interests of earth science gradu-
ates from Canadian universities.

The largest grouping in Table IIL5 re-
lates to soil mechanics, which is mainly
taught in departments of civil engineer-
ing. The National Research Council’s list-
ing of graduate students at Canadian un-
iversities' shows 145 graduate theses in
preparation in soil mechanics and related
fields of geotechnical engineering.

'Graduate students at Canadian universities in science

and engineering, 1968-69. National Research Council. Ot-
tawa. July 1969.



The second major grouping relates to
physical geography and geomorphology,
largely resulting from the rapid growth of
geography departments in Canadian uni-
versities. This growth has resulted in hir-
ing of a relatively large number of geog-
raphers from the United Kingdom, Aus-
tralia and New Zealand, where physical
geography tends to be taught to a greater
extent than in the United States. As a
result, physical geography receives more
emphasis at the graduate level in Canadi-
an geography departments than in the
United States. This trend, as well as the
attractiveness of Canada for research in
physical geography. has combined to give
an enrolment of 100 or more at the grad-
uate level. It should be noted, however,
that many of this group are working on
problems of the hydrosphere and atmo-
sphere as well as geomorphology. How-
ever, on a speciality basis, a large
number of university earth science staff
and students engaged in problems of the
earth’s surface are located in departments
of geography rather than geology. Proba-
bly the largest number of these graduates
enter high school or university teaching.

The number of staff engaged in re-
search in stratigraphy. petrology, paleon-
tology, economic geology, mineralogy
and structural geology and the various
fields of geochemistry reflects an “equi-
librium situation”, as the 30 departments
attempt to develop a capability in the
basic fields of a geology department. The
trend of some larger departments to di-
versify into surficial geology (Quaternary
geology, geomorphology and physical
geography) encounters either conflict or
support from the geography depart-
ments; this is clearly an area for greater
co-operation in the future. Understanda-
bly and desirably, there is considerable
overlap in geophysics between geology
and geophysics departments, the field of
magnetotellurics being the only geophysi-
cal speciality not represented in a geolo-
gy department. This overlap is a healthy
one in bringing the knowledge and appli-
cation of geophysics to the geology stu-
dent and vice versa. It is of interest to

note that geophysics associated with geo-
logy departments tends to be more ap-
plied in nature (exploration geophysics,
remote sensing, marine geophysics. etc.),
compared with the more fundamental
physics of the earth generally taught in
physics departments.

The number of faculty members en-
gaged in geophysical research (and teach
ing) is quite low in comparison to geolo-
gy and physical geography, and marked-
ly so in comparison to the large expendi-
tures of industry on geophysical data.
Under these circumstances one can ques-
tion whether the present concentration of
effort on physics of the earth, as opposed
to exploration geophysics, is warranted.

The range of academic research is fur-
ther illustrated by Table I1.27, which
summarizes the federal government’s
grants-in-aid of university research ac-
cording to major earth science speciali-
ties. This tabulation supports the follow-
ing conclusions:

1. As indicated also by the principal
fields of research (Table 111.5), the domi-
nant research activity is in soil mechanics
(9% of total). Next are paleontology, stra-
tigraphy and sedimentology, petrology,
followed by mineralogy and crystallo-
graphy (these four fields accounting for
25% of total).

2. Isotope geochemistry and inorganic
geochemistry are also dominant (11% of
total).

3. Seismology and geomagnetism
dominate the academic research in geo-
physics (9% of total).

4. In contrast, the combined fields of
economic geology, exploration geophysics
and exploration geochemistry account for
only 6 per cent of the total grants-in-aid.
This is somewhat startling because:

a) the mineral industry spent $391
million on exploration in 1968, represent-
ing 83 per cent of all earth science expen-
ditures in Canada (Table II.1),

b) the mineral industry employs 68
per cent of all earth science professionals
in Canada (Table I1.5), and

c¢) the mineral industry is expected to
provide 71 per cent of the new earth
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Table I11.4=-Publications of Academic Staff in Canadian Geology Departments, 1963-67

Speciality No. of Titless Average No. of
Titles per Year
1. Stratigraphy and sedimentology 145 36
2. Paleontology 103 26
3. Mincralogy and crystallography 84 21
4. General geology 64 16
5. Structural geology 63 16
6. Petrography and petrology 53 13
7. Inorganic geochemistry 45 11
8. Economic geology 40 10
9. Mineral synthesis and stability relations 36 9
10. Quaternary geology 31 8
11. Other ficlds of geology 30 8
12. Isotope geology and geochronology 28 7
13. Historical geology 15 4
14. Exploration geochemistry 15 4
15. Marine geology 11 3
16. Computer applications to earth sciences 11 3
17. Geomorphology 10 3
18. Mathematical geology 9 2
19. Hydrogeology 2
20. Palynology 2
21. Heat flow 2
22. Physical properties of rocks and minerals 2
23. Volcanology 1
24. Scismology 1
25. Biogeochemistry 1
26. Other geochemistry 1
27. Rock mechanics 1

28. Exploration geophysics
29. Geomagnetism

30. Gravity

31. Organic geochemistry
32. Engineering geology
33. Environmental geology
34. Paleobotany

35. Petroleum geology

36. Photogeology

Total 855 212

a Titles are published papers. They may vary in magnitude from a book (10 books are included in this
compilation) to articles in guidebooks. Abstracts are excluded. Coding of title according to principal
speciality was provided by the author. Of course overlap in specialities will occur in many articles. In cases
of multiple authorship the count was divided by the number of authors. Since each staff member provided
a list of his publications, this caused no reduction due to multiple authorship among staff members.
However, when authorship was divided with a graduate student or an industry or government scientists,
only partial credit is included in this table.

= = N vk wn| ooy ] oo
A

158



Table IIL.5-Principal Fields of Research of Academic Staff in Canadian Earth Science Departments, Year

1968-69
Speciality Equivalent No. of Staff according
to Departmentss
8 z £
& ) & 38
- 3 £ sg 2
s 3 0§ i @
= O O A QO m
1. Soil mechanics 55.9 0.3 - 0.6 55.0
2. Physical geography & geomorphology 38.9 2.5 - 36.1 0.3
3. Stratigraphy & sedimentology 35.7 33.5 - 2.2 -
4. Petrography & petrology incl. volcanology 31.6 31.6 - N
5. Economic geology 24.5 22.0 - 2.5
6. Paleontology, incl. palynology & paleobotany 241 23.6 0.5 -
7. Structural geology & tectonophysics 23.6 21.1 - -
8. Mineralogy & crystallography 21.8 21.5 0.3 -
9. Isotope geochemistry & geochronology 15.8 10.3 S. - -
10. Quaternary geology 13.5 11.0 - 2.5 -
11. Inorganic geochemistry 10.5 10.5 - ~ -
12. Seismology 10.4 3.2 7. - -
13. Computer applications to earth sciences 9.3 4.5 2. 0.7 1.3
14. Mineral synthesis & stability relations 9.2 9.2 - - -
15. Exploration geophysics 8.3 6.7 1. - 0.3
16. Rock mechanics 8.1 3.5 - - 4.6
17. Geomagnetism 8.0 1.7 6. - -
18. Exploration geochemistry 6.3 6.3 - - -
19. Other geological fields 6.2 5.0 - 1.2 -
20. Engineering geology 6.0 4.2 - - 1.8
21. Other geochemical fields 4.8 4.8 - - -
22. Physical properties of rocks 4.8 1.7 2. 0.6 0.3
23. Marine geology 47 40 0. 0.2 -
24. Heat flow 4.1 1.0 1. - 1.3
méd(}logy/ 4.0 - - 4.0 ~
26. Photogeology 3.9 2.3 - 1.3 0.3
27. Miscellaneous geophysical fields 3.5 - 2. 1.0 -
28. Magnetotelluric studies 3.4 - 3.4 -
29. Petroleum geology 2.8 2.8 - - -
30. }mrogeologyi - 26 2.6 - - -
31. Historical geology - 2.6 2.6 - -
32. General and field geology 2.5 2.5 - - -
33. Biogeochemistry 2.3 1.3 1. - N
34. Marine geophysics 2.3 1.0 - 1.0 0.3
35. Remote sensing o 1.9 1.0 - 0.9 -
36. Geophysical instrumentation 1.7 - 1. -
37. Gravity 1.2 1.2 - - -
38. Environmental geology 0.7 0.7 - - -
39. Coal geology - - -
40. Geodesy - D - - -
Total 421.5 261.7 38.7 53.1 68.0

s Faculty members were asked to identify their principal field of research according to the list of 49 earth
science specialities supplied with our questionnaire. Where a member indicated more than one field of
research, he was divided proportionally among his several interests. The equivalent numbers should be
multiplied by 0.30 (geography), 0.35 (geology) or 0.50 (geophysics) to obtain equivalent man-years of
research and graduate supervision.

b Engineering data are not complete.

159



science employment opportunities in
Canada (Table 11.9).

I11.10 The Future Orientation of
University Research and Gradu-
ate Training

The level of research activity, education
and training, and major research objec-
tives in the various earth science disci-
plines, are discussed in detail in the back-
ground papers listed in Appendix 4.
Thus, the discussion that follows is of a
general nature only.

In Section II1.8, we recommended that
undergraduate education in earth
sciences be broadly based, irrespective
of the student’s future orientation. At the
graduate level, however, we recognize
that specialization is not only desirable
but necessary for scientific research. The
training of first-rate research scientists re-
quires a major investment in a few grad-
uate schools, with a concentration of spe-
cialists in chosen fields of special studies
(see Section I11.12), adequate research fa-
cilities, and sufficient time for the staff to
engage in their own research projects as
well as to carry out their teaching and su-
pervisory duties.

The general orientation of university
research and graduate training (two in-
separable functions) should be guided, in
part at least, by the following consider-
ations:

1. It should be critically examined
periodically by national advisory re-
search committees. Representing the na-
tional interest, these committees should
convey to universities the major opinions
of industry and government agencies
regarding earth science education and
training.

2. Within provinces or groups of prov-
inces there should be good liaison be-
tween chairmen of earth science universi-
ty departments to:

a) discuss common problems;

b) avoid unnecessary duplication of
expensive research facilities, and ensure
the fullest use of the existing facilities;

¢) co-ordinate the areas of future ex-
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pansion and the development of fields of
specialization in specific departments;

d) develop joint teaching programs at
the graduate-school level;

€) speak with a common voice when
soliciting the co-operation of government
agencies and industry in regard to gradu-
ate student training;

f) provide liaison with the local asso-
ciations of high school earth science
teachers;

g) make the necessary representations
to government and industry toward a ra-
tional development of earth sciences in
their universities.

3. To achieve better communications
with the “outside world” (reduce the
“credibility”” gap) and to promote interior
liaison, it is suggested that each universi-
ty appoint a small visiting committee to:

a) annually review the progress in all
earth science departments of university;

b) obtain first-hand knowledge of
current problems by talking to students,
faculty, and higher university administra-
tion;

c) submit the necessary recommen-
dations to the university.

4. Research training in the universities
may be judged in terms of:

a) the quality of the research (is it
good? is it relevant?);

b) the nature and degree of specializa-
tion acquired by the student (are we pro-
ducing the type of scientist needed?);

¢) the numbers graduates (are we pro-
ducing enough?).

Most earth scientists outside the uni-
versities think that the earth science re-
search training in our academic institu-
tions has swung too far toward esoteric
research and laboratory investigations.
The opinion is widespread that the uni-
versities are not meeting adequately the
nation’s needs for specialists in several
fields of earth sciences (e.g. exploration
geophysicists, economic geologists, min-
eral economists, hydrogeologists, north-
ern terrain specialists, environmental en-
gineers, etc.), and are producing too
many Ph.D. graduates in other fields (e.g.
isotope geochemistry, mineral synthesis).



That the universities should be free to
undertake basic research of their own
choice is sound in principle, but it has
resulted in concentrating research and
producing most Ph.D. graduates in fields
chosen by professors. In addition to the
development of science for its own sake,
universities should be encouraged to
direct a greater part of their research
activities toward fields in which the em-
ployment opportunities are geatest.

5. Several fields of earth sciences have
undergone major changes during the last
decade. The largely conceptual and de-
scriptive approach is rapidly being quan-
tified with greater emphasis on mathe-
matics, electronic data processing, physics
and chemistry. These healthy changes
must be supported by a sufficient amount
of theoretical research to gain a better
fundamental understanding of our planet
and pave the way to increased practical
applications of new knowledge.

6. Research on field problems must
continue to be important in our earth
science graduate schools. We have been
told by people in industry that some ge-
ology departments now refuse to accept
field problems for Ph.D. thesis require-
ments. As far as we know these reports
are unfounded. The misconception has
probably arisen from the fact that most
departments will not accept thesis sub-
jects which are essentially descriptive in
nature, a decision to which we subscribe.

7. Notwithstanding what is said above
about research specialization, every effort
should be made to bring together related
disciplines, in order to present integrated
view of earth problems. Geophysics and
geology together provide an outstanding
example of related disciplines. As an-
other case in point, a person wishing to
become proficient in geotechnique must
possess not only a good knowledge of
civil engineering practice and soil
mechanics, but of geology as well (see
Chapter V). Universities should find ways
of promoting multidisciplinary research
on problems of national interest, rather
than allowing too much “irrelevant” re-
search by isolated research workers.

8. A larger proportion of the basic
research in earth sciences carried out by
universities should be mission-oriented
and better co-ordinated with the research
carried out by government agencies.

9. Many earth science professors lack
practical experience and have little con-
tact with government and industry scien-
tists. Universities should encourage these
people to acquire diversified experience.
The hiring practice of universities should
be flexible enough to allow the hiring of
senior earth scientists.

10. Too many graduate students view
the object of their research as an end in
itself and aspire in professional life to do
exactly the same kind of work as they did
for their thesis. Faculty should encourage
students to apply their expertise to other
fields and discover new practical appli-
cations of their knowledge.

11. Universities should press govern-
ment and industry to institute sabbatical
leave systems so that non-university re-
search people can join university research
groups for extended periods. The result-
ing “mix” of talent should be most
beneficial toward reaching research
excellence in universities. It is a sad fact
that we do not have in Canada a univer-
sity centre of high standing that deals
with the whole fabric of the petroleum
and natural gas industry, nor do we have
a centre of mining exploration research
that even remotely approaches in reputa-
tion some American or British schools.
We are not much better equipped in the
field of Arctic and sub-Arctic studies.

12. In conjunction with their research
and graduate training functions, universi-
ties should remain responsive to industry
requests for refresher courses. It is some-
what strange, however, that in contrast
with the petroleum industry the mining
industry has initiated very few such re-
quests in the earth sciences. Yet, we fre-
quently hear the complaint from senior
professionals that the young student now-
adays speaks a much different scientific
language than the one they learned in
their school days.
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III.11 Basic Research in Industry
and Government Agencies

The broad patterns of research expendi-
tures in earth sciences in Canada are
given in Tables I1.2 and II.10. Three
main conclusions can be drawn from
these tables. First, basic research expendi-
tures in the petroleum industry far ex-
ceed those of the mining industry. Sec-
ond, the largest companies carry on most
of the basic research, out of proportion

to their absolute size. Third, expenditures
on basic and applied research, combined,
are dwarfed by those spent on instrument
development and scientific data collec-
tion and interpretation.

On the other hand, university expendi-
tures on basic research and graduate
training in the earth sciences are estimat-
ed to total $4.5 million (Tables 11.39 to
I1.41). The federal grants-in-aid of earth
science research amount to $4 million
(Table I1.27). Thus, the universities are
the largest performers of basic earth
science research in Canada, compared to
$4 million of in-house basic research in
federal government agencies, $2 million
in industry, and $0.5 million in provin-
cial departments and research councils.

The reaction of the mineral industry
and the construction industry has been,
in general, very favourable to the type
and amount of earth science research
carried out by the federal government
agencies. Provincial government agencies
were mentioned in questionnaires only in
passing, probably because they perform
very little basic research themselves, ex-
cept for one provincial research council.

III1.12 The Development of
Centres for Special Earth
Science Studies

Rationale

Science performance in Canada has fal-
len short of general expectations. Canadi-
an scientists working in this country have
never won a Nobel prize in natural
science. Yet with our population of scien-
tists and the large expenditure on scien-
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tific research, it might have been expect-
ed that at least one Canadian would have
received this international recognition. It
is true that Nobel prizes are not an abso-
lute measurement of scientific achieve-
ment and that Nobel prizewinners and
other geniuses cannot be made. They
can, however, be nurtured, given the
proper environment.

We have some reason to be uneasy
about our performance in the various
fields of science. It is time that we tried
to redesign our activities and institutions
to produce greater excellence in scientific
research. This does not necessarily call
for grandiose schemes nor a much larger
share of the Gross National Product.
Excellence can be reached by reinforcing
the programs that have the highest scien-
tific, social and economic advantage.

The essential criterion of excellence
must especially apply to our institutions
of higher learning and, in turn, character-
ize faculty and graduate students. Do we
have in earth science university depart-
ments many of the best men in the
country? Is the research conducted by fa-
culty avidly sought by earth scientists in
industry and government? Are our Ph.D.
students endowed with exceptional origi-
nality, flair and intellectual ability? Is the
earth science research in our universities
world-acclaimed, or at least well recog-
nized?

We believe that we have in Canada the
essential ingredients for making the earth
sciences a great science, both from the
point of view of fundamental knowledge
about the earth and the practical appli-
cations to economic and social develop-
ment. The question we want to answer,
in part at least, is how we can develop
excellence to a higher degree in the
future.

Although we have not attempted a
study of foreign institutions which may
be readily regarded as centres of excel-
lence in earth science research, we are
nevertheless aware of some outstanding
differences between several of these insti-
tutions and our own. Two major traits
emerge from these preliminary compari-



sons, namely, the aspects of “concentra-
tion of talent” and “intensity of efforts”.

Concentration

As a specific example, Charles Universi-
ty, in Prague, has a Division of Geology
and Geography comprising 65 staff
members with ranks equivalent to Cana-
dian professors, associate professors, and
assistant professors. This number does
not include the earth science faculty in
the Department of Economic and
Regional Geography.

Czechoslovakia has only two-thirds of
the population of Canada, yet none of
our universities has anything to compare
with the concentration of talent at Charles
University. Our largest group is only
one-third the size of the earth science fa-
culty at Charles University, which has as
many members in an earth science spe-
ciality as Canada usually has in a whole
university department.

Greater concentration can reasonably
be expected to be proportionately more
productive in Canada. Yet, the country
being so large, this concentration must be
regionalized. No one can question, for
example, the necessity of having a strong
earth science university group in Van-
couver, Calgary, Edmonton, Winnipeg,
Saskatoon, Toronto and Montreal, and
one in each of the Atlantic Provinces.
However, one wonders if we are not dissi-
pating our energies unnecessarily by hav-
ing too many earth science departments
in a given city or province. Montreal is
a case in point, with its six departments
of geology (Ecole Polytechnique, Univer-
sité de Montréal, Université du Québec,
McGill, Loyola College, and Sir George
Williams) and four departments of geog-
raphy' (Université de Montréal, Univer-
sit¢ du Québec, McGill, and Sir George
Williams). It has, in addition, two depart-
ments of mining engineering (one at Mc-
Gill, which includes mining geophysics,
and one at Ecole Polytechnique). This
proliferation is in part due to the neces-
sity of establishing separate departments
in the francophone universities. Even

de Montréal have joint teaching arrange-
ments, there is some duplication of effort
and research facilities in these two
departments.

In Ontario there are 11 departments of
geology, 10 departments of geography, and
2 departments of geophysics. New Bruns-
wick and Nova Scotia combined have
four departments of geology, one “de-
partment” of geophysics (in the Physics
Department at Dalhousie), but no
department of geography.

There are admittedly good reasons for
the existence of earth science depart-
ments in S0 many universities. One
wonders, nevertheless, if this proliferation
is conducive to excellence. The principles
we wish to stress are:

1. Additional first-degree programs in
the earth sciences should be established
wherever there is a regional and fairly
long-term demand for earth science grad-
uates. The suggested minimum graduation
for an earth science department is five
bachelors per year, which entails an earth
science student enrolment in the order of
50 (including first-year students). The
present “bachelor degree” departments
that are not viable should join with
others. For example, some geology de-
partments in the Atlantic Provinces and
some in Ontario, which have produced
an average of less than five bachelor
graduates per year during the last five
years, should seriously consider teaming
up with geography departments. The
smaller geology departments in the Mari-
time Provinces should perhaps establish
a joint geology-geography program, with
a concentration on high school science
teacher training. These departments and
others cannot reasonably hope to develop
advanced-degree programs in the near
future and, because of their particular
environment, cannot expect to build
strong undergraduate departments.
Therefore, they may as well reach excel-
lence in providing good, well-rounded,
basic training in the various aspects of

'Only McGill and Montréal have, however, a graduate

though Ecole Polytechnique and Université program in physical geography.
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earth sciences. To achieve this, they
require faculty input not only in geology
but also in geophysics and physical geog-
raphy, not to mention soil sciences.

2. The advanced-degree programs,
which should be established in relation to
excellence in certain fields of earth
science research, should be encouraged
only where there is a demonstrable de-
mand for earth scientists with advanced
degrees. New programs of this kind
should only be established in consider-
ation of what is offered by the other uni-
versities in the province or the region.
Duplication in major research endea-
vours should be avoided wherever possi-
ble. Thus we submit:

Conclusion 111.10

To avoid excessive dispersion of energies
and encourage the development of excel-
lence in earth science research and train-
ing, provincial governments and universi-
ties should not authorize the establishment
of new advanced-degree programs in the
earth sciences except where there is a dem-
onstrable demand for earth scientists with
a certain type of specialization. These
programs should be established only where
the ratio of bachelor graduates to faculty
has been greater than 2 to 1 during four
consecutive years, and on the basis of firm
commitments from the local government
and university to provide a minimum fa-
culty of 10, as well as adequate teaching
and research facilities.

Application

One important characteristic of .foreign
centres of excellence is their pursuit of a
particular field of research. In most cases
this intense application has been sus-
tained for a number of years, resulting in
the production of a large number of
specialists for the country and the world.
A typical feature of these centres is that
they have attracted top scientists, have
produced much research, and have en-
gendered a substantial amount of inno-
vation. One good example is the School
of Geochemistry of the Royal School of
Mines in England. Another is the Centre
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de Morphologie Mathématique, at Fon-
tainebleau in France, which comprises
some 25 experts in geomathematics,
statistics and computer technology.

Canada has lost many of its best scien-
tists because of their emigration to other
countries. The attraction of large foreign
research centres, well-equipped and
well-staffed with scientists and techni-
cians, has undoubtedly been a major fac-
tor in their emigration. It seems apparent
that we could counter this attraction if,
by some reorganization and more intense
application, comparable institutions were
established in Canada.

Canada is falling behind even in its
traditional fields of excellence. We have
prided ourselves on the excellence of our
mineral exploration techniques, but the
current situation is that Canada does not
even have in one place a laboratory with
staff and research facilities that compares
with that of the Geologic Research Divi-
sion of Kennecott Copper Corporation in
Salt Lake City, Utah. New techniques are
developed there that are beyond our
present capability.

The Canadian Scene
Earth science departments in Canadian
universities are numerous but staffs are
small (Tables 11.39 to I1.41). They are tra-
ditionally divided among many speciali-
ties in their attempt to cover the broad
range of pure and applied earth science
research. The effort is usually spread too
thin to produce the organization that can
engage in multidisciplinary synthesis and
analysis of data. A tendency is now dev-
eloping to channel the research of some
graduate schools into a limited number
of specialities, in an effort to avoid exces-
sive duplication. Centres of excellence
are thus beginning to emerge, but few
earth science departments are approach-
ing the critical size of 20 members used
as a yardstick of minimum size for earth
science research schools in the United
States.

Provincial government geological
groups tend to be small and strongly ori-
ented toward the production of data for



the mineral industry. A research compo-
nent has recently been introduced into
most of these groups to benefit from in-
house research and enable these agencies
to retain high quality staff.

Federal government institutions have
recently been criticized for excessive cen-
tralization in Ottawa, and because too
much of their basic research is remote
from the training of new scientists. The
earth science research carried out by
these agencies is generally considered to
be of high quality. The output, however,
is largely in terms of publications rather
than production of an adequate supply of
research personnel for the country. We
recognize that their primary role is to
look after national needs; the Geological
Survey of Canada, for example, cannot
reasonably be expected to devote much
attention to the training of scientists
without diminishing its research produc-
tivity. However, at the risk of over-sim-
plification, we would like to see more de-
centralization of federal government agen-
cies engaged in earth science activities, as

well as greater co-operation with universities

across the country, so that our human re-
sources may be employed in the most effec-
tive manner, not only in research but in the
training of earth scientists.

In all fairness to federal government

agencies, it must be admitted that the uni-

versities in Vancouver and Calgary have
not taken full advantage of the presence
of Geological Survey groups of scientists
in these cities. Co-operation must be a
two-way street, and universities should
solicit the support of government agen-
cies in their research programs, though
not to the detriment of the services these
agencies render industry.

Canadian industry, the mineral in-
dustry in particular, has produced many
important advances in earth sciences.
Our competitive economy system has
given us a mineral production which is
the envy of the world. However, competi-
tion in mineral exploration implies that
important applied research and field sur-
vey data must remain confidential for a
time. The implications of a competitive

mineral industry lessen the likelihood of
direct and full-fledged co-operation be-
tween industry and other research sec-
tors. Indeed, the mineral industry sup-
ports few research programs in the uni-
versities, and its funding of earth science
research equipment in universities is
small (see Tables I1.39 to [1.41). Because
of these and other factors, industry’s
main role may be one of advice and
financial support. Every attempt should
be made however to explore avenues of
industry-university co-operation, such as
the establishment of industrial fellow-
ships whereby a researcher from industry
could pursue some of his research in a
university for a certain time. The role of
industry in national co-operation is dis-
cussed more fully in Section IV.6.

A few research centres, such as the
Bedford Institute at Dartmouth, the
Great Lakes Institute at Burlington, the
Institute of Sedimentary and Petroleum
Geology at Calgary, and the Cordilleran
Section of the Geological Survey of Can-
ada at Vancouver, have been established
with direct financing by the federal gov-
ernment. These centres, which are now
well established, produce work of high
quality; it is important that they remain
fertile environments for brilliant scien-
tists.

In conclusion, we believe that the earth
science research effort in Canada is too
widely dispersed and poorly co-ordinated
to produce research excellence commensu-
rate with the efforts and expenditures
made. Better co-ordination and develop-
ment of centres appropriate to the Cana-
dian scene may produce the excellence
and innovation for which we have been
striving but have not yet attained.

Parameters for Centres of Special Earth
Science Studies
1. The centres should direct work on
future programs rather than be modelled
on yesteryear’s institutions. We need in-
novation in the design of institutions, as
much as anywhere else in research.

2. The centres should be appropriate
to Canada. They should provide a na-
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tional focus on important scientific prob-
lems, preferably those that have impor-
tant practical implications. In the earth
sciences we should take full advantage of
the earth features uniquely or best deve-
loped in Canada, and avoid duplication
or competition in areas of research which
are already well established in other
industrialized countries, except in areas
which are particularly relevant to Cana-
dian conditions (see Section IIL.8) and
the Canadian economy (see Chapters 1V,
V and VI). The ideal program would be
based on national needs and the scientific
opportunities of the Canadian scene.

3. The centres should be based upon
existing strength and a record of past
performance.

4. When possible, the centres should
be located where university and govern-
ment research facilities can combine to
produce greater strength. Government
research and data-gathering facilities
should be combined with the training of
new scientists. The university campus
appears to be the best site for the typical
centre, being close to faculty, graduate stu-
dents, and the university facilities such as
research equipment, specialized libraries,
technical services and computer facilities.

5. Industry should enter the decision-
making at some centres, either directly or
in the capacity of a “technical audit”.
Where possible, industry should take part
in the research program through the use
of industrial fellowships, contract re-
search, or other means. The results of the
research should be of use to industry,
which should be encouraged to use the
results. The output of trained people
from these centres should be of primary
interest to industry.

6. Most centres should contain compo-
nents of pure research, applied research,
development, innovation, data gathering,
and scientific information. They should
beware of over-specialization, and most
should use a multidisciplinary approach
to the solution of problems. Some centres
should specialize in solving problems
which are of direct interest to industry.

7. The area of research should be
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selected to provide a long-term, or self-
renewing, challenge so that the centre will
not tend toward a rigid structure with
resulting attempts to redesign the institu-
tion or concentrate on repair activities
whenever a particular program is satis-
factorily completed.

8. The best scientists should be en-
couraged to remain in research and stu-
dent training instead of being removed
from the research scene and burdened
with administrative duties. Canada’s
greatest brain drain of eminent scientists
is to fields of administration rather than
to foreign countries, and this is disastrous
for achieving excellence. The administra-
tion of these centres of excellence could
well follow the administration mode of
large hospitals.

9. Geography and communications
should be considered when choosing
locations for these centres, because most
of them are likely to be field oriented.

10. The centres should provide a vari-
ety of choices and alternative projects, so
that the individual may be free, within
limits, to choose his research. Complete
freedom of choice is not possible because
of financial and physical limits to the re-
search, and the particular orientation of
a given centre.

11. Each centre should seek to pro-
mote communications between re-
searchers in universities, government and
industry, and achieve good co-operation
in research in its major sector of activity.

Organization of Centres

Two major and contrasting types of orga-
nization have been suggested in the
various briefs to this Study Group (see
Appendix 3). One involves the creation
of an entirely new research institute with
a university campus as the suggested site.
The institute would be an “entirely au-
tonomous, privately incorporated, non-
profit organization, financed by industry
and government, with majority control in
the hands of directors appointed by in-
dustry”. The institute would be closely
associated with a university having com-
prehensive technical libraries and re-



search facilities, and would have formal
working arrangements with industrial or-
ganizations. The institute would have its
own physical plant and its staff would
conduct independent, largely industry-
sponsored research.

The other contrasting scheme envi-
saged would result from the co-ordination
and co-operation of existing groups of
university, government and (possibly) in-
dustry scientists, and the development of
a shared centre on a university campus.
Each group would maintain a certain de-
gree of autonomy in order to discharge
its own statutory responsibilities. Co-ordi-
nation would be achieved by physical
proximity of scientists working together
in a given subject area, by joint research
projects, joint supervision of graduate
students, and joint colloquium programs.

Support for the Concept of Centres of
Excellence

The concept of special centres to develop
excellence has received widespread sup-
port in the background papers, in general
submissions from industry, universities
and individuals, and in particular briefs
recommending the establishment of par-
ticular centres.

Industry supports the concept of the
“co-ordinated approach”. In its brief, the
Canadian Institute of Mining and Metal-
lurgy says: “There is some doubt as to
whether the resources now available are
being used as effectively as they might
be. At present, grants are being given in
aid of individual research or research
projects of limited scope. It would seem
reasonable that, with increasing comp-
lexity in earth science research subjects,
perhaps emphasis should be placed on
the larger project approach. That is, we
might encourage more co-operative re-
search efforts on different phases of large
projects by different agencies and/or in-
dividuals...When considering the larger
project aspect, joint projects between uni-
versity and industry and government
agencies, in certain fields, should be en-
couraged.”

The brief from the Exploration De-

partment of Imperial Oil Limited makes
several recommendations: “Industry
should help foster industrial research
institutes at selected universities... Go-
vernment should help universities set up
areas of excellence and support long-
range research projects in these institu-
tions, as a financial incentive and an
attraction to outstanding personnel... Uni-
versities should favour areas of excel-
lence...they should use people in gov-
ernment and industry.”

The consensus is clear that centres of
excellence should be established to in-
crease the effectiveness of earth science
research and development. We endorse
the general concept of such centres,
based on the parameters indicated above
and the cautions and requirements given
below.

Cautions in Development of Centres of
Excellence
Many arguments favour the establish-
ment of research centres. However, these
should not supplant other sectors of
scientific activity but rather strengthen
them. There is some danger that staff
members not in centres may lose morale,
and that universities and colleges with no
centre could not attract good staff and
students. Certain centres or institutes
might undercut some of our fast-develop-
ing research industries, particularly in the
area of exploration geophysics. Care
should be taken that the research would
support rather than interfere with in-
dustry of this type. Regarding the miner-
al exploration sector, we feel that the
proposed Institutes of Mining Explora-
tion Research (see Section IV.5) would
fulfil the role of centres of excellence and
be most helpful to the mineral industry.
The tendency to over-specialize with re-
sulting loss of balance in training should
be avoided, and undergraduate students
should not become involved in the activi-
ties of the centres at too early a stage.
We should also be aware of the experi-
ence of present institutes and centres.
The Stanford Research Institute, which is
an independent contract institute organ-
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ized somewhat like the first alternative
institute scheme proposed above (Section
[I1.11), was forced to abandon its earth
science section because of lack of con-
tracts and support from the mineral in-
dustry. Contract research is risky because
this type of research is the easiest thing
to turn off when money is tight; this
affects the sponsoring group very little
but has serious consequences for the cen-
tre itself. Unfortunately, sponsoring
groups take advantage of this cushion to
protect departmental budgets. This can
cause the disbanding of a good research
team that has been built up laboriously,
and the abandoning of important re-
search because of a short-term outlook.
Under these conditions, institutes or cen-
tres of excellence cannot attract high-
quality personnel.

Centres require centralization, prefera-
bly in one building. Groups working in
separate parts of the same city, such as
those involved in Project Pioneer in Win-
nipeg, have found that communications
break down and co-operation is difficult
with a separation of only a few miles.

Example of What a University Should
Provide

It is relatively easy to suggest centres of
excellence but difficult to ensure their
logical development and obtain firm
commitments from the organizations that
should support them. Government, in-
dustry and universities must guarantee
long-term support to the centres falling in
their major fields of interest, and each
sector must meet a list of requirements.
As an illustration, we give here the re-
quirements for the university sector in
the case of mission-oriented research:

1. The university must have demon-
strated reasonable interest and profi-
ciency in the specific area of research
proposed for the centre.

2. The geographic location of the uni-
versity should be suitable for the propos-
ed research.

3. The provincial government should
have demonstrated an interest in that
field of research.
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4. The university should have avail-
able large capital equipment for shared
research.

5. The university must have an admin-
istrative procedure for involving govern-
ment officers and industry personnel in
research and graduate student training,.

6. The university must make available
a suitable campus site for a government
or industry institute if a physical plant
is required and the university facilities
are inadequate.

7. The university must provide the
other sponsoring organizations with the
assurance that it intends to emphasize
the specific area of research as a subject
for graduate training and research.

8. The university should strengthen its
staff in the specific area and should
choose individuals who would give more
than lip service to the proposed co-opera-
tive research. This is important to ensure
that a flourishing group exists in the uni-
versity with which the incoming scientists
can interact. If the university group is too
small, it would simply be absorbed.

It goes without saying that the respon-
sibility of the respective sponsoring orga-
nizations must be clearly defined before
establishing a centre. The initiative, it is
suggested, should come from the univer-
sity and be addressed first to the federal
government, but with evidence of good
support from the local provincial govern-
ment and local industry.

Suggested Centres for Special Earth
Science Studies
We have received suggestions and pro-
posals for no less than 18 different cen-
tres of excellence. These proposals have
been carefully analysed, particularly in
the context of what is said above. Priori-
ty, scale and best location should be es-
tablished according to the parameters
and requirements suggested in this chap-
ter. Accordingly, we recommend the fol-
lowing fields for preferential earth science
development, in alphabetical order:

1. Cordilleran studies

2. Marine sciences (east and west divi-
sions)



3. Mining exploration research

4. Northern terrain studies

5. Precambrian studies

6. Quaternary studies

7. Sedimentary geology.

An eastern marine sciences centre and
a sedimentary geology centre are already
established. Mining exploration research
(see Section IV.5) and northern terrain
research should receive very high priori-
ty. Quaternary research should receive
high priority because of all the potential
applications of this field to renewable re-
sources, optimum land use and urban
planning. Precambrian studies should re-
ceive a relatively high priority, in line
with the program recommended in Sec-
tion II1.3. Thus, we submit:

Conclusion 111.11

Canada should promote centres for special
studies (centres of excellence) in the fol-
lowing earth science fields: Cordilleran
studies, marine sciences, mining explora-
tion research, northern terrain studies, Pre-
cambrian studies, Quaternary studies, and
sedimentary geology.
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