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PREFACE

In December, 1981, the Ontario Geological Survey's 4th Annual Geoscience Research 
Seminar featured a panel discussion with the theme "Exploration Technology in the 1980s 
  Ontario's Priorities". This publication includes the panelists' complete papers present 
ed at the seminar.

E.G. Pye
Director
Ontario Geological Survey





Exploration Technology in the 1980s — Ontario's Priorities*

Introduction

RJ. Uffen*
The purpose of the panel discussion was to outline im 
portant problems and challenges facing mineral explora 
tion in Ontario during this decade, to attempt to identify 
priorities, and to suggest possible directions for research 
and development.

The panelists were chosen to represent the spec 
trum of viewpoints which arise in the exploration industry, 
academic research groups, and government agencies. 
The participants also provided a wide degree of experi 
ence in geological, geophysical and geochemical explo 
ration including engineering, field exploration, economic 
analysis and regulatory requirements.

The five panelists were:
R.B. Barlow, Chief, Geophysics/Geochemistry Section, 
Ontario Geological Survey;
R.W. Hutchinson, Professor of Geology, University of 
Western Ontario;
W.O. Karvinen, President, W.O. Karvinen and Associ 
ates Limited;
N.R. Paterson, Paterson, Grant 4 Watson Limited, and 
Chairman of the Ontario Geoscience Research Grant 
Program;
R. J.Uffen (Chairman), Professor of Geophysics, Queen's 
University, and Chairman of the Exploration Technology 
Development Fund, Ontario Geological Survey.

The panelists presented ten-minute initial state 
ments which were followed by vigorous discussion and 
questions from the audience. Nearly everyone recog 
nized the current depressed conditions in the mineral 
exploration industry and the difficulties of maintaining 
research activities during a severe economic recession, 
but the speakers were generally optimistic about the 
long-term possibilities. Many practicable proposals were 
put forward for improving our ability both to discover new 
mineral deposits and to sell, abroad, the sophisticated 
instruments and services originating in Ontario.

R.B. Barlow set the scene by reviewing the declining 
research and development expenditures in terms of Ca 
nadian gross national product and the health of the 
exploration industry in Ontario. He identified clearly the 
need for "seed" money, the manpower requirements, 
and several instrumental and technological opportunities 
and current developments. Notable among these are the 
Ontario Geological Survey test ranges, airborne electro-

1 A panel discussion held at Annual Geoscience Research 
Seminar of the Ontario Geological Survey, December 1981, 
Toronto. Approved for publication 8 August, 1982, by E.G. 
Pye, Director, Ontario Geological Survey.

2Chairman of panel discussion, Professor of Geophysics, 
Queen's University.

magnetic systems and the probability of resource satel 
lite digital map-making.

R.W. Hutchinson made an eloquent plea for reinter 
preting geological data, for reassessing conventional 
theories and interpretations of ore deposition in the light 
of the scientific principles of volcanology, sedimentology 
and tectonics. In particular, he stressed the importance 
of geologic time in understanding the characteristics of 
ore deposits. He also made a plea for more research 
money from the mineral industry.

W.O. Karvinen zeroed in on the opportunities for 
research and development in areas covered by glacial 
deposits. He made the case for geochemical prospecting 
of drift and pointed out the large areas of Ontario which 
remain inadequately explored. He carefully analysed the 
requirements for improved knowledge of glacial history 
and overburden depths. He reviewed the technologies 
available for sampling basal tills and underlined the pos 
sibilities for using indicator minerals to identify metal 
logenic provinces beneath glacial deposits.

N.R. Paterson dealt with problems of exploration in 
four areas of Ontario: (1) Cobalt Embayment, (2) James 
Bay Lowland, (3) Churchill Province-Superior Province 
boundary, and (4) southwestern Ontario Paleozoic 
Basin. He outlined the need for electrical conductivity 
measurements and indicated where he believed high 
frequency electromagnetic or magneto-telluric methods 
could best be used. He stressed the need to know the 
electrical conductivity in three dimensions, and made the 
exciting proposal that the important areas of Ontario 
could be mapped by magneto-telluric methods at a 10 
km spacing, in a very few years, at a moderate cost. He 
also proposed the application of existing "pattern recog 
nition" techniques of remote sensing to the statistical 
analysis and correlation of geophysical, geochemical 
and geological data.

R.J. Uffen reviewed the terms of reference of the 
Exploration Technology Development Fund of the Ontar 
io Geological Survey, and explained its goals, priorities, 
procedures and financial arrangements. The fund has a 
budget of S1 million per year for the promotion of ap 
plied research and technology in the form of joint ven 
tures, with shared funding, between Ontario companies 
and the Ontario Geological Survey. It includes develop 
ment of new techniques, increasing effectiveness of ex 
isting methods, field testing of prototypes, and marketing 
and manufacture of instruments and equipment.

Running through all these presentations, and in the 
subsequent discussion, were a few major underlying 
themes:
(1) There are large areas of Ontario with great potential 
for future ore discoveries. These have not yet been ex-



plored because of the presence of thick overlying rocks, 
which hamper many existing exploration methods. There 
exist, in principle, methods of exploration and of interpre 
tation which could be applied, but they need research 
and development. Glacial drift analysis, airborne electro 
magnetic systems, borehole logging systems, magneto 
telluric sounding and pattern recognition are a few exam 
ples.
(2) Many existing exploration methods can be greatly 
enhanced by up-dating with modern data processing 
methods and more rapid interpretation. In addition, for 
the best use of available and future methods we still 
require fundamental data on the physical and chemical 
characteristics of various formations, especially those of 
the Quaternary.

(3) There are world-wide, as well as local opportunities 
for selling our Ontario-developed knowledge, skills, in 
struments and exploration services. However, we are 
limited by the availability of consistent funding, depend 
able manpower and organizational structures which will 
maximize the exploration of our small, but very high 
quality, innovative resources. We have the ideas, we 
have competent people, we have enthusiasm and opti 
mism. What we need is a framework which includes 
incentives and opportunites to exploit these bright ideas 
and bright people in a time of economic recession.

The panel discussion went a long way toward ac 
complishing its goal of identifying opportunites, priorities 
and future directions for our exploration research and 
development.



Chairman's Remarks

R.J. Uffen1
As my contibution to this panel, it was suggested that 
l tell you briefly a little about the Ontario Government's 
new Exploration Technology Development Fund (ETDF), 
which is under the auspices of the Board of Industrial 
Leadership, or BILD, Program.

The purpose of this fund is to foster a program of 
mission-oriented applied research in mineral exploration 
technology which would directly encourage the ad 
vancement of exploration geophysics and geochemistry, 
thereby stimulating the effective search for economic 
mineral deposits.

The ETDF, with a budget of 31 million a year for four 
years, promotes joint ventures in research and develop 
ment with Ontario companies. The fund finances 60 
percent of all activities relating to a proposal to a maxi 
mum government contribution of S150 000 per year. 
Capital equipment and/or subcontracts will not exceed 
350 000 per year or 33Va percent of the total project cost, 
whichever is less.

This program supports applied research and devel 
opment leading to the manufacturing and marketing of 
equipment, techniques and facilities which will support 
increased efficiency and effectiveness of mineral explo 
ration in Ontario.

ETDF Grants are of a maximum of three years and 
will include the following:
1. Physical and chemical characterization studies of 

mineral deposits and overburden, leading to the ad 
aptation of instrumentation or techniques which will 
aid mineral exploration.

2. The development of new airborne systems or modifi 
cation of existing airborne equipment for improved 
detection of deeply buried mineral deposits, explora 
tion targets buried beneath conductive overburden, 
or disseminated mineral deposits.

3. The development of new portable ground systems or 
modification of existing ground equipment for im 
proved detection and mapping of deeply buried min 
eral deposits, exploration targets buried beneath con 
ductive overburden, or disseminated mineral depos 
its.

4. The development of concepts and techniques in ex 
ploration geochemistry for glaciated, Canadian Shield 
environments.

5. The development of borehole logging systems and 
suitably related drilling techniques for improved de 
tection and mapping of physical and chemical proper 
ties, geometry and textures of mineral deposits and 
overburden.

6. The development or implementation of laboratory 
support equipment, not presently available in Ontario, 
for the purpose of offering improved analytical service 
to mineral exploration companies.

1 Professor of Geophysics, Queen's University.

7. The development of data acquisition and signal 
processing hardware and software for real-time and 
post-time collection and interpretation of field data.

All non-technical aspects of the fund will be adminis 
tered by a full-time professional administrator contracted 
and supervised by the Ontario Geological Survey. The 
administrator will report to the committee chairperson, 
and the Director of the Ontario Geological Survey, jointly.

All technical matters of administration will be carried 
out by the Review Committee which will comprise three 
representatives from government agencies in Canada, 
three university staff members, and six industry repre 
sentatives. The chairperson will be appointed by the 
Ontario Geological Survey from amongst the committee 
members. The committee will report to the Director of 
the Ontario Geological Survey who will be a non-voting 
member (total membership 13).

Appointments to the committee from the universities 
and industry will be on a rotational basis. Appointments 
will be for up to three years, renewable once, with at least 
one appointee being replaced after the first year and two 
appointees in subsequent years of operation of the fund.

Appointees will declare any conflict of interest that 
may arise in respect to a specific proposal or ongoing 
project and will abstain from committee discussion and 
voting on that project. All committee members and liai 
son officers will be required to sign a confidential disclo 
sure agreement.

The grant recipient shall have all patent rights, title, 
and interest to and in any invention process or informa 
tion resulting from the carrying out of a project under this 
program. The Government of Canada and Provincial 
Governments shall have a royalty-free, non-exclusive 
licence to use such invention, process or information.

Field testing of prototype instruments and method 
ology will be considered an integral part of any applied 
research project.

If possible by May 15 following the fiscal year, the 
grant recipient will submit a brief annual summary report 
on the results of the research work completed in a form 
and to a standard suitable for reproduction and publica 
tion in a Confidential Summary of Research Activities. 
Aside from the handling of sensitive data, it is clearly 
understood that the grant recipient will be free to publish 
the data and results of his work in the scientific journals, 
provided that the source of funding and all relevant work 
by Ministry staff are properly acknowledged.

Within 12 months of the termination of the research 
project all data and other materials obtained as a result 
of the project must, where requested by the committee, 
be made available to the public in a data repository 
maintained by the Ontario Ministry of Natural Resources. 
Six copies of a final report shall be submitted not later 
than six months after termination of funding by the Minis 
try.

In 1981, ETDF committee members met twice and 
allocated 3800 000. Fifteen projects were approved from 
thirteen companies. Approximately one-third of the allo 
cation was for modernization of existing technology, and 
two-thirds went to new research and development 
projects. The grants ranged from 310 000 to 3100 000 
each.



Directions for Research and Development in the 1980s

R.B. Barlow1

INTRODUCTION
When introduced to the topic of research and develop 
ment in mineral exploration technology few of us have 
any real perspective on Canada's total expenditures in 
this area. On a global scale one may ask, "Where is 
Canada rated with respect to other countries regarding 
the percentage of research and development relative to 
its gross national product?" It is also probable that few 
of us today have a clear perception of the market-price 
relationship that manufactured geophysical and geo 
chemical equipment has with familiar mass produced 
instrumentation of comparable complexity.

l would like to review some of the projects we have 
carried out in the past few years that we think aid either 
directly or indirectly in the development of exploration 
technology. Following the review, l wish to propose some 
areas for research and development in exploration tech 
nology that could be strategic to the goal of either direct 
mine-finding or to mineral resource potential evaluation.

CANADIAN EXPENDITURES ON 
RESEARCH AND DEVELOPMENT
A perspective on total research and development ex 
penditures in Canada can be gained from Figure 1. The 
figure shows clearly that prior to 1971, research and 
development expenditures were rising at approximately 
the same rate as the value of expenditure dollars, where 
as after 1971, research and development expenditures 
rose at a much faster rate than the value of the expendi 
ture dollars. The net results can be seen in the lower 
graph where the ratio of research and development ex 
penditures to the gross national product has fallen from 
approximately 1.2 percent to below 1.0 percent (current 
ly 0.9 percent). Of interest is the fact that this current 
percentage is approximately one-half of the financial 
effort most industrial free world countries are giving to 
research and development relative to their gross national 
products.

1 Chief, Geophysics/Geochemistry Section, Ontario 
Geological Survey.
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Figure 1. Expenditures on research and development in Canada.



It is important to realize that the Canadian position 
in research and development expenditures is also related 
to changes in our import duty and tariff status with regard 
to electronic components and other equipment. This 
position can be shown as a negative factor over the past 
decade. In addition, the lower currency value of Canadi 
an dollars with respect to electronic-component manu 
facturing countries also represents a negative effect in 
the value of research and development dollars. The pat 
terns l have been discussing affect the general climate 
of the relatively small service industry that carries out 
research and development in mineral exploration tech 
nology which, l might add, is largely located in Ontario.

ECONOMICS OF DEVELOPING 
TECHNOLOGY

Considering problems closer to the industry itself for 
a moment, l wish to turn your attention to the market- 
price relationship relative to developing instrumentation 
for mineral exploration. For the purposes of this discus 
sion, l will confine my comments to the development of 
geophysical instrumentation. The economics of develop 
ing geochemical instrumentation, although similar in 
many respects, is unique where new analytical instru 
mentation is developed as a result of broader applica 

tions associated with other fields of science, such as 
analytical chemistry.

The Canadian geophysical industry, which is largely 
located in Ontario, has been in existence for approxi 
mately 30 years. It can easily be defined as a service 
industry which is currently active on a global scale, sup 
plying a variety of contractable airborne and ground 
surveying techniques, as well as manufacturing survey 
systems for ground, airborne and borehole logging appli 
cations. The companies on the whole are small scale, 
averaging about S1 million in gross sales per annum; 
gross sales of individual companies are as much as about 
|lO million per annum. Currently 70 to 80 percent of 
gross sales revenue is derived from outside Canada.

The survival rate of companies included in this indus 
try has been remarkable considering the exposure to 
severe fluctuations in exploration activity cycles which 
have taken place over this period. Research and devel 
opment efforts within these companies, often amounting 
to 10 percent of gross sales, has been of paramount 
importance in realizing, firstly, the high survival rate, and 
secondly, a respectable global market position.

To illustrate the differences between instrument de 
velopments in the geophysical industry and those of 
other manufacturing industries, l have constructed a 
diagrammatic representation between price and market 
(Figure 2). The relationship of the stages of development,

Market vs. Price

Fully
Engineered 
Develop 
ment

Prototype 
Development

Cost Per Unit...................
Cost Per Line kilometre. 
Skilled Labour Cost.......

Figure 2. Relationship between market and price for technology.



from early prototypes through final engineering, to unit 
price and sales volume, to cost per line mile and utiliza 
tion (airborne systems), and to skilled labour and produc 
tion labour is shown as it relates in time. Time lines from 
t0 to \ 2 are perhaps more representative of the market- 
price relationships of geophysical instruments whereas 
time lines t3 and t4 would be achieved by other electronic 
equipment of similar complexity such as stereo receivers. 
This observation is most probably due to market satura 
tion. The magnitude of possible sales is very much less 
for geophysical equipment than what we would expect 
from stereo sales.

One can argue the cost l benefit of this industry com 
pared to other developing industries in terms of dollars, 
however, l think we would all agree on the strategic 
importance of this service industry to Canada. Consider 
ing the increasing role technology has played with regard 
to ore discovery and exploration in general, one can 
easily extrapolate our increasing dependence on tech 
nology in tandem with the advancement of the more 
conceptual ideas on ore forming processes.

SOME EXAMPLES OF OGS 
INVOLVEMENT IN EXPLORATION 
TECHNOLOGY DEVELOPMENT
DIRECT INDUSTRIAL FUNDING

The previous speaker, Dr. Uffen, has supplied us with a 
clear overview of the Exploration Technology Develop 
ment Fund, l should like to add three important com 
ments with regard to the general concept of this type of 
government involvement.
1. Given that our industrial capacity exists at a high level 

in Ontario, this fund is directed at supplying research 
and development dollars or "seed money" for improv 
ing our existing technology in addition to advancing 
new ideas. The key words are "seed money".

2. The fund in many cases includes money for testing 
prototype instrumentation.

3. It appears that approximately half the funding is being 
directed at utilizing the high technology labour force 
and in addition creating new high technology labour 
force opportunities. Recent studies carried out by 
large corporations in the United States have pointed 
out some of the positive benefits of increasing the high 
technology labour force with regard to the economy 
of a country.

We are very optimistic with regard to the positive 
effect this involvement will have on exploration. We hope 
to see a greater involvement by mining companies in 
general, regarding direct funding of technology over the 
next decade. It is also anticipated that other government 
agencies will become involved at a higher level in this 
area.

Another example of funding, although perhaps not 
so direct, is the commercial aeromagnetic gradiometer 
development program. By recognizing the merit and rele 
vance of aeromagnetic gradiometer techniques as a geo 
logical mapping aid, we have organized a program jointly 
with the Geological Survey of Canada to facilitate the

transfer of this technology, which was originally devel 
oped and tested by the Geological Survey of Canada, 
to industry. Several areas in southwestern Ontario will 
be completed by the new survey platform in the 1983- 
1984 fiscal year.

ESTABLISHMENT OF TEST RANGES

Currently, the Ontario Geological Survey is establishing 
a number of geophysical test ranges in Ontario so as to 
provide suitable sites for the following purposes:
(1) to permit geophysical instrument manufacturers to 
test and develop prototype equipment before design 
criteria are finalized;
(2) to permit educators of technicians, technologists, 
engineers, and scientists involved in applied mineral ex 
ploration geophysics to utilize well-documented areas 
for training and experimental use; and
(3) to permit mineral exploration companies access to 
a few examples of targets having a variety of conditions 
so that staff operator-training programs can be carried 
out.

IMPLEMENTATION OF A HIGH RESOLUTION 
ISOTOPIC DATING FACILITY

The Jack Satterly Geochronology Laboratory was es 
tablished in 1975 as a joint project between the Ontario 
Geological Survey and the Royal Ontario Museum. This 
laboratory has specially designed equipment and proce 
dures for dating Precambrian rocks with high precision 
and accuracy using the zircon-U-Pb method.

Constant attention to research and development of 
new methods, in addition to production dating, has 
shown that Early Precambrian rocks with ages in the 
range of 2.6 to 3.0 billion years can be dated with a 
precision envelope of   2 to 3 million years. This facility 
has provided our geologists with the technology needed 
to solve rather complex stratigraphic problems. It has 
also provided insight into the relative ages of base and 
precious metal ore deposits and into the possibility of 
using this technique to outline high potential areas for 
mineral exploration.

RESEARCH AND DEVELOPMENT IN RELATION TO 
REGIONAL SURVEYING

Current in-house research activity is focused on three 
important areas in geophysics and geochemistry that 
affect regional surveying techniques.

We are presently engaged in developing a useful 
interactive computer modelling system for 2 1 12 D gravi 
ty data. This system as presently designed allows the 
operator of a TSO graphics terminal to manually or auto 
matically vary the geometry of geological rock units to 
fit a series of gravity observations at relatively low cost.

In addition, modelling studies have been carried out 
on three multi-frequency airborne electromagnetic sys 
tems and one time-domain airborne electromagnetic 
system using a computer program developed by Dyck 
etal. (1980). The modelling studies provide information



on the response to short-strike-length conductors, and 
the effects on the response as geometric parameters are 
varied in addition to strike, dip, lateral coverage and 
depth of burial. We will be continuing our efforts in this 
direction over the next several years.

A new electronically triggered core sampler for lake 
sediment sampling is currently being developed so as to 
enable rapid collection of cores for regional geochemis 
try. Research carried out by the Ontario Geological Sur 
vey has clearly shown the advantages to be gained by 
analyzing the historic trends in geochemistry in addition 
to the areal coverage.

SOME SUGGESTIONS FOR NEW 
DIRECTIONS FOR RESEARCH AND 
DEVELOPMENT EFFORTS IN 
EXPLORATION
Despite a rather gloomy short-term economic climate for 
mining and mineral exploration activity it is necessary to 
focus our research and development efforts for the future 
and to proceed at an unhesitating pace to develop new 
exploration technology. It is becoming apparent to most 
of us that a combined effort will be needed which will 
involve researchers from industry, universities, and gov 
ernment to carry out mission-oriented applied research 
and development. At least several of the following sug 
gestions may be considered for a concentrated effort 
over the next decade.
1. An important area of consideration centres on the 

need for more research on mineral deposits. Past 
efforts in this field have been largely oriented towards 
understanding the genetic relationships of ore depos 
its, and relatively little attention has been paid to the 
physical (geophysical) or chemical (geochemical) de 
tection parameters.

2. Certain advancements are being made in the field of 
airborne electromagnetic surveying. We have a strong

international position with respect to this useful tech 
nique, however, future improvements will definitely 
require high capital investments. 
Another area where a strong effort is required is data 
processing. The advent of microprocessor-based re 
ceiver systems, primarily developed for field geophys 
ics, is creating a growing problem: how to process the 
enormous amount of geophysical data that will be 
collected in this decade. It is imperative that we devel 
op microcomputer-based systems to file and interpret 
large amounts of field data before larger computer 
systems are utilized.
Lastly, l would like to draw your attention to an excit 
ing new development which will require a devotion in 
effort over the next decade in order to utilize its poten 
tial. In the fall of 1982 a new resource satellite will be 
launched which will send digital imagery back to 
receiving stations on earth. This imagery will have a 
spatial resolution power of approximately 20 m2 per 
pick cell which when compared to the present capa 
bility of approximately one acre (4047 m2) per pick 
cell will become a practical tool for map making. It 
is not difficult to imagine that within a few years this 
development will permit digital imagery to replace 
common map making functions such as airphoto mo 
saics which are used presently as airborne survey 
base maps. Map distortion could become a thing of 
the past by utilizing the new data base. Great advan 
tages could be gained if geological, geophysical and 
geochemical data could be digitally processed and 
produced on controlled digital imagery.

REFERENCE
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Geophysical Technology for the 1980s

N.R. Paterson1

INTRODUCTION
We have been asked to address the question of what new 
technology is required to further mineral exploration in 
Ontario, and how can this be best developed. My over 
view on this subject is from the perspective of a consult 
ing geophysicist whose main contacts with Government 
and University are through membership on the review 
committees of the Ontario Geoscience Research Fund 
and the Exploration Technology Development Fund.

PROBLEM EXPLORATION AREAS
One can easily identify technological needs in Ontario: 
e.g., deeper penetration in the clay belt; deeper search 
under existing mining camps. However, l would like to 
focus attention today on four specific areas where new 
technology could be used to solve serious exploration 
problems.

I. COBALT EMBAYMENT

Despite considerable interest in this area, and we have 
heard at this conference about current research on a 
regional scale, exploration activity has been hampered 
by a number of serious difficulties. Chief of these is the 
difficulty of searching by geophysical means beneath the 
Nipissing Diabase for veins carrying silver and cobalt. 
The exploration possibilities for gold, uranium and other 
detrital deposits within or at the base of the Cobalt Group 
are difficult to determine because of the presence of the 
diabase and the generally thick stratigraphic section. 
Magnetic and seismic means of structural-stratigraphic 
mapping have not proved successful. The possibilities 
of high-frequency electromagnetic depth sounding need 
to be explored. Other electrical methods such as com 
plex resistivity could also be tested.

2. JAMES BAY LOWLANDS

This large area of relatively thin Phanerozoic rocks cov 
ers a Precambrian area of considerable potential. Not 
only that, the Paleozoic and younger rocks have them 
selves a major potential for hydrocarbons, including the 
lignite deposits of the Moose River Basin. Kimberlite 
pipes are also suspected in this area. Exploration within 
and beneath the sedimentary column here is handicap 
ped by difficulties of obtaining good seismic data, a

1 Paterson, Grant 8. Watson Limited.

frequently thick and conductive overburden, major ac 
cess problems together with a hostile climate, and an 
unusual scarcity of regional geologic information. An 
intensification of regional geophysical mapping and in 
terpretation is required, but specific means of exploring 
for minerals will still be lacking. In my opinion, magneto 
telluric (MT) and audio magneto-telluric (AMT) methods 
have the greatest potential for direct exploration in this 
area.

3. SUPERIOR-CHURCHILL BOUNDARY

The exact location of the boundary between the Superior 
and Churchill Provinces, between the Manitoba border 
and Cape Smith, Quebec, is a matter of controversy. It 
is generally thought to turn east-southeast through the 
Winisk River region of northern Ontario and to enter the 
Hudson Bay area in the vicinity of Cape Henrietta Maria. 
On the other hand, some feel that it may extend under 
Hudson Bay without touching Ontario. The importance 
of this major boundary is obvious from a consideraton 
of the mineral deposits of the Thompson-Moak Lake Belt 
in Manitoba, the Ungava Geosyncline, and the Labrador 
Trough in Quebec. Searching for the boundary in north 
ern Ontario will not be easy, as those who participated 
in the Winisk River exploration campaign of 1970-71 will 
agree. A mantle of Paleozoic and Pleistocene deposits 
of complex conductivity characteristics makes it almost 
impossible to explore the underlying Precambrian by 
conventional electromagnetic methods. Intensified grav 
ity and magnetic surveys, properly interpreted, followed 
by MT/AMT surveys, are recommended.

4. SOUTHWESTERN ONTARIO PALEOZOIC BASIN

Exploration for hydrocarbons in southwestern Ontario, 
including the areas covered by Lake Erie and Lake Huron 
has been handicapped by difficulties of obtaining good 
seismic results, a sometimes complex geological section 
(including the basement itself), and, lately, interference 
from cultural objects and activities. The area is one of 
considerable economic potential and has possibilities 
also for the development of underground storage reser 
voirs. Broad-band electromagnetic sounding methods 
might also be applied to exploration in this area.

NEW TECHNOLOGY
The above suite of problems have one aspect in com 
mon: a knowledge of the conductivity section could be

8



of major importance. By this, l do not mean a conductivi 
ty-depth sounding at a few discrete points. Such data 
are seldom meaningful in solving structural problems. 
Likewise, closely spaced soundings along scattered pro 
files often fail to reveal the important signatures. Anyone 
who has been faced with interpreting magnetic or gravity 
data along such profiles will appreciate this difficulty. 
Given magnetic or gravity data in two dimensions reveals 
trends and textures that are of utmost importance in 
recognizing and identifying lithologic changes and struc 
tural boundaries. Having conductivity data on a regional 
scale, not just in two but in three dimensions (as we would 
have with magneto-telluric or audio magneto-telluric) 
would open up whole new avenues for regional geologi 
cal interpretations. Such an objective is not in the least 
far-fetched. A program of 10 km spaced MT/AMT 
soundings covering the whole of Ontario could be done 
in two years at a cost of not more than S5 million. In the 
James Bay Lowlands, a summer's program for two crews 
would achieve the desired results. Interpretation would 
keep us all busy for several years.

Pattern recognition has been applied extensively to 
remote sensing data but only sparingly in conventional 
geophysics. Techniques are available for recognising the 
signatures of different terrains in multi-spectral scanning 
and photography. Why not in magnetics and gamma-ray 
spectrometry? Going one step further, statistical 
software packages are now available for correlating vari 
ous data sets and recognising patterns that show a 
degree of statistical correlation. For example, medical 
statisticians might easily tell us that the incidence of 
cancer is highest in fair-skinned second sons of Anglo- 
Saxon fathers who played baseball in grade eleven. 
Given that statistics have a bad reputation, it would still 
be nice to know how the signature derived from two- 
dimensional magnetic, gamma-ray spectrometic, gravity 
and MT/AMT data over, say, the Detour Lake mining 
camp differs from that over adjacent metavolcanics and 
surrounding gneisses. Much of the data needed for mak 
ing these statistical comparisons is already available. 
Additional data could be obtained at reasonable cost. 
Most of the software is accessible and there are many 
graduate students in Ontario hungry to tackle problems 
as interesting and challenging as this one.

Finally, much more research is necessary into the 
electrical properties of rocks. We need to get to the 
bottom of anomalous electromagnetic responses in 
some terrains. Are we witnessing induced polarization 
effects, or dielectric effects? Possibly, parametric and 
geometric soundings with wide-band EM will reveal new 
information on rock properties that will lead to improved 
interpretation and, conceivably, mineral identification.

RESEARCH POLICY
We are entering an era of "megaprojects" not only in 
the industrial sector but also under federal government 
auspices as well. The Hon. Mr. McEachen stated recently 
that the 1980s and 1990s will require megaprojects in 
the development of Canada's natural resources.

We do need megaprojects to solve some of the 
problems l mentioned earlier and some of these can

justifiably be carried out in the public sector   not only 
by Ottawa but by Ontario as well. In this context l would 
make a special plea for strong, central management 
wherever more than one organisation or agency is in 
volved. In the past, a number of projects have failed to 
realise their full potential because authority for various 
aspects of the work has been dispersed among universi 
ties, government departments, research institutions and 
industry, without providing for a strong central authority 
to coordinate the activities and synthesize the results.

In the case of projects where Ontario is a major 
partner, and the work is being done in Ontario, the 
responsibility for coordination and synthesis should be 
with the Government of Ontario. We should remember 
that megaprojects cost millions of our dollars, and we 
should make them as effective as possible.

In recent years, as a member of the review commit 
tees of both the Ontario Geoscience Research Fund and 
the Exploration Technology Development Fund grant 
programs, l have had some exposure to the problems 
of stimulating exploration-oriented research at universi 
ties and in industry in Ontario. The problems are three 
fold:
1. Shortage of manpower.
2. Lack of real interest in exploration at most universi 

ties.
3. Shortage of funds in the private sector.

The Ontario Geoscience Research Fund and the 
Exploration Technology Development Fund grant pro 
grams are an excellent start but, already, the above 
problems are limiting their effectiveness. Funds allocated 
to both programs are currently underspent. The pro 
grams may have to be modified in order to attract more 
interest. Before doing this, however, we should consider 
whether what we would be doing is equivalent to beating 
the donkey rather than attracting him with a carrot. No 
amount of beating will force the donkey to move (except 
very reluctantly) unless there is some reward at the end 
of the road. The reward in the case of the Exploration 
Technology Development Fund program is clearly profit 
derived from the sale of goods and services. Cyclical 
exploration activity due to changes in investment climate 
and metal markets, reduces incentive and has much 
more influence on industrial research than could be pro 
vided by any change in this grant program.

In the case of the Ontario Geoscience Research 
Fund program, the incentive is harder to define but, in 
the end, it comes down to a healthy exploration climate 
and the associated career opportunities. There is little 
incentive to do post-graduate exploration research at 
universities if this does not lead to meaningful and gainful 
employment. Unfortunately, the cyclical nature of the 
industry robs the employment market of the continuity 
necessary to build active and healthy research centers 
at most Ontario universities.

In closing, l would like to commend the Ministry of 
Natural Resources on its appreciation of the necessity 
for sustained exploration research in Ontario. This appre 
ciation stems, in part, from the success achieved by 
Ontario geoscientists in the past and manifests itself in 
the form of continuing support through programs such 
as we have witnessed at this annual seminar.



The Surficial Domain — Exploration Technology in the 1980s
W.O. Karvinen1

INTRODUCTION
Wun respect to Ontario's priorities for exploration tech 
nology in the 1980s, there is one discipline or field of 
earth sciences which, above all others, has great poten 
tial and need for research and development: that is the 
application of Quaternary or Pleistocene geology to find 
ing ore deposits.

For a period of at least 100,000 years and perhaps 
for as long as two million years, the bedrock of most of 
Canada and all of Ontario was periodically sampled, 
crushed to varying sizes, deposited and partly eroded 
and re-deposited by at least four major episodes of 
continental glaciation. This action has left representative 
samples of ore from all mineral deposits that were ex 
posed to glacial erosion, strewn down-ice in rapidly di 
minishing amounts to the southern limits of glaciation in 
the northern United States. (This is certainly a better 
sampling job than any exploration program could 
mount.) Because the general understanding among 
many explorationists has been that only chaos exists in 
glacial overburden with respect to metal and clast distri 
bution, and that glacial deposits are more of a hindrance 
than a help in finding ore, we have chosen not to put 
much emphasis on research and development of tech 
niques to make use of this medium in mineral exploration. 
Despite this attitude, a few iconoclasts have pursued this 
line of research (for example Dreimanis, Shilts, Averill, 
Lee, etc.), and combined with extensive research and 
application from other countries, particularly from Scan 
dinavia, some basic fundamental rules as they apply to 
exploration are now established. As a result of their 
teachings we are now quickly becoming aware of the 
potential of drift prospecting. This has been heightened 
by the recent need to find buried deposits (i.e. gold, 
diamonds, etc.) which do not respond to conventional 
exploration techniques.

This method, however, is only in its infancy: it is far 
less sophisticated and far behind other disciplines of 
earth sciences as they apply to mineral exploration. Be 
cause of its great potential and the need for basic re 
search and development, it is, in my mind, the one single 
discipline which will see great strides in the 1980s and 
holds the best potential for successful application.

DEVELOPMENT OF EXPLORATION 
TECHNOLOGY IN THE SURFICIAL 
DOMAIN

l see three areas of Quaternary geology, as it applies 
to drift prospecting, which are getting some attention,

President, W.O. Karvinen and Associates Limited.
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but need significant improvement and input:
(1) collection of basic data on the distribution of glacial 
deposits and on the glacial history of northern Ontario;
(2) research on the application of geochemistry and 
boulder tracing in glacial overburden; and
(3) research and development of apparatus capable of 
efficiently sampling glacial tills in remote bushlands of 
northern Ontario.

DATA COLLECTION

Although the "Engineering and Terrain Geology 
Maps" (scale 1:50 000), recently published by the Minis 
try of Natural Resources, cover most of northern Ontario 
and are a great improvement to our knowledge of the 
surficial distribution of glacial sediments, they are, at 
best, approximations, and details are lacking. In the last 
few years the Ontario Geological Survey has begun a 
serious effort to map the Quaternary geology of northern 
Ontario, having devoted nearly all their previous history 
to southern Ontario. This mapping will greatly assist 
mineral exploration using surficial deposits.

Documentation of the glacial history, particularly as 
it applies to glaciation prior to the Late Wisconsin period 
would be useful to the explorationist. In terms of till 
prospecting using geochemistry or boulder tracing, it is 
important to know the presence and distribution of older 
till sheets and the ice directions associated with each. 
Documentation of up to six till sheets in the Moose River 
Basin has been made by Skinner and several interglacial 
periods have been recognized in southern Ontario; the 
Shield area in between has revealed interglacial material 
between two tills in Cargill Township, Currie Township, 
and the Lower Notch Falls on the Montreal River.

Knowledge of the number of tills, their respective 
ice-directions and distribution in an exploration area is 
vital for meaningful till sampling and interpretation of 
results. In boulder tracing it is also most important to 
establish this information early in the program.

Data should also be collected and plotted on Quat 
ernary maps to show overburden depths and type of 
material encountered at depth. Diamond drill logs and 
well records could provide some of this information. This 
would greatly assist in planning overburden sampling 
programs.

Lastly, we should be paying more attention to locat 
ing and documenting mineralized and related rock boul 
ders. The Ontario Geological Survey's Mineral Deposit 
Circular 17, "Ontario Occurrences of Float, Placer Gold 
and Other Heavy Minerals", is a good start, but it is 
surprising to learn it contains only about 100 known 
localities. In comparison, 2000 well-mineralized boulders



of unknown origin are documented in Finland, a country 
one-third the size of Ontario.

GEOCHEMISTRY AND BOULDER TRACING

Although many geochemical studies in various forms 
have been done in the Canadian Shield of northern On 
tario, many of these programs have ignored the type of 
glacial material in the exploration area and thus interpre 
tation of results has been difficult. The provenance of the 
different types of glacial deposits was summarized by 
Shilts(1976):
". . .all Quaternary and modern sediments in glaciated areas 
can be regarded as "derivatives" of bedrock. Till is the first 
derivative, because in most cases it is a melange of bedrock 
types eroded by glaciers and crushed to various sizes during 
transport. Second derivative sediments comprise glaciofluvial 
and glaciolacustrine sediments which, through water sorting, 
have eroded and concentrated certain textural portions of the 
glacial load that, in the absence of these processes, would have 
been combined into various facies of till. . . . Third derivative 
sediments comprise modern stream, lacustrine and some ma 
rine sediments."

Depending on what medium is sampled, different 
results are expected. Because of the lack of complexities 
and many uncontrollable parameters, basal till geo 
chemistry is probably the simplest and easiest to inter 
pret of all the several types of overburden and thus, most 
effective. However, you have to be sure to consistently 
sample only till, and in areas of several tills, not to mix 
them.

Assuming till is the best medium to sample, research 
is needed to answer the following questions:
1. What size fraction or weight fraction of till should be 

analyzed to bring out the important geochemical 
anomalies? This will vary from metal to metal.

2. What sample size of till is optimal for each metal or 
deposit type?

3. What critical indicator minerals should we look for in 
till when searching for various metals?

4. What^nique trace elements and indicator minerals 
couldreveal the tail of an important mineralized fan, 
miles or tens of miles down-ice from the source?

Documentation and case histories covering these 
questions are needed in Ontario as valuable guidelines 
for exploration. In addition, government surveys on the 
geochemistry of tills combined with regional Quaternary 
mapping should continue and be expanded along the 
lines of the Kirkland Lake Initiative Programs. These 
would outline potentially new metallogenic provinces 
and mineralized areas under extensive overburden. Ori 
entation studies around known deposits to establish 
baseline data for a given area would also be of great help.

OVERBURDEN SAMPLING EQUIPMENT

Although basal till is present in many places on the 
Shield, the distribution is generally erratic, and usually, 
even on the scale of a property, large areas are covered

with up to several tens of metres with sand, gravel, silt, 
clay and organic material. Often where till is exposed at 
surface, it is in areas of bedrock topographic highs, and 
even here digging or boring is necessary to get through 
oxidized and leached material associated with surface 
weathering above the water table.

To sample till, three basic types of equipment are 
available: light portable percussion drills or augers using 
several kinds of samplers; backhoes mounted on timber- 
jacks; and reverse circulation drill rigs. Each is limited and 
selection of the equipment best suited for the job must 
be carefully made. Portable percussion samplers are 
cheap and quick to use, but the sample is usually small 
and, in thick sands it cannot penetrate much more than 
20 m. Backhoes are also inexpensive and are capable 
of getting a big sample and allow for an examination of 
the overburden profile, boulders and fabric analysis. 
However, they are limited to depths of less than 5 m and 
are not capable of being moved in swamps and heavy 
forests. Reverse circulation drills, on the other hand, have 
the capability of penetrating several hundred feet of any 
kind of overburden. Also, bedrock samples and a contin 
uous sample of the overburden is obtainable. However, 
they are expensive to employ and are limited because 
of the bulk of equipment necessary to carry out the 
operation. They are not cost effective for small jobs.

Each apparatus has its limitations. Thus it is evident 
that there is room for technological development of 
equipment suitable for overburden and terrain conditions 
in northern Ontario. The ideal apparatus would be:

(1) simple and rugged in design to minimize break 
downs and to maintain maneuverability;

(2) capable of locomotion in any type of northern 
Ontario terrain in winter or summer;

(3) able to retrieve samples of bedrock and till sever 
al kilograms in size;

(4) capable of penetrating any type of overburden 
to depths of at least 30 m; and

(5) cheap and efficient, efficiency depending mostly 
on the rate of penetration and sampling and time re 
quired to move between sampling sites.

There is also much room for improvement in sam 
pling bits as well as application of recent developments 
in ultrasonic drilling to overburden sampling.

This has been a brief overview of overburden pros 
pecting methodology and the directions in research and 
technological development which l see evolving during 
this decade. Because these methods have seen limited 
effective application here, the Province of Ontario is, in 
this respect, still virgin and unexplored territory and holds 
great potential for the discovery of rich ore deposits.
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The Geological Challenge — Exploration Technology in the 1980s

R.W. Hutchinson1

INTRODUCTION
l hope that at the end of this panel discussion there will 
be a vigorous expression of opinion concerning explora 
tion technology in Ontario, particularly from the many 
industry geologists in the audience. It is perhaps unfortu 
nate that they do not have a direct voice on the panel 
itself. My own comments are presented from two biased 
viewpoints: that of a geologist, not of a geochemist or 
geophysicist, and that of a university teacher not directly 
involved in exploration.

THE GEOLOGICAL CHALLENGE
The geological challenge in Ontario derives not so much 
from economic factors of mineral supply, demand and 
price, although these are of short-term importance, as 
from severe geological and geographical limitations on 
the number and size of favourable areas for resource 
exploration. Very simply stated, there are only a limited 
number of geologically favourable locations to explore. 
What is more serious, and herein lies the geological 
challenge, all these have been explored before, probably 
several times, albeit with varying degrees of competence 
and thoroughness. Archean "greeenstone" belts of 
northern Quebec and Ontario are a prime example. Yet 
they remain favourable, as evidenced by their prolific 
production and new discoveries, and they are the only 
ones available. It is therefore essential to re-explore these 
areas but it is imperative to do so using new or improved 
technology. Otherwise, barring outright good luck, one 
may expect only to find more or less what was found 
previously.

Improved geophysical or geochemical technology 
involves new or improved measuring devices or systems. 
Geological technology requires the application of an 
improved genetic concept or an improved understanding 
of a particular geological environment. For example, is 
the Manitouwadge district an exact replica of the Noran- 
da district, or does it represent a somewhat different 
geological environment? If so, what is that environment, 
and what are its broad tectono-stratigraphic relation 
ships within Archean greenstone belts? Answers to 
these questions are absolutely critical to exploration for 
other districts like Manitouwadge and other deposits like 
the Geco mine. And so the geological challenge is to 
continually improve our knowledge of ore-forming 
processes and our understanding of the geological envi 
ronments in which they were operative. But knowledge

1 Professor of Geology, University of Western Ontario.
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of ore deposits, their genesis and environments is inher 
ently imperfect. Although many detailed improvements 
might be suggested by every individual, based on his own 
experience, bias and interests, perhaps improvements 
can be made in five broad or general areas.

1. Current geological technology too often fails to recog 
nize its own need for improvement; it "forgets" that 
it is imperfect, and therefore partly incorrect. 

The geological challenge places a high premium on con 
tinual development and application of new concepts or 
of improved understanding, which are essential to suc 
cessful exploration. Geological technology must there 
fore be continually willing, indeed eager, to consider new 
ideas and to test their applicability to many types of ore 
deposits. Clearly this requires an open-minded approach 
and a willingness to change, to reconsider older estab 
lished or previously published geological interpretations. 
Examples may be current re-evaluation and re-explora 
tion of Huronian rocks in the Cobalt area as outlined by 
John Wood earlier in this symposium, or the applicability 
of exhalative genetic concepts to certain nickel and tin 
ores previously assigned to quite different genetic 
processes.

This openness and willingness to reconsider is not 
always and everywhere present, particularly perhaps 
amongst senior university or government researchers, 
possibly including your speaker. Too often these re 
searchers have apparently become totally convinced by 
the published and accepted views, in many cases their 
own! Moreover there is an understandable tendency for 
these researchers to be appointed to the editorial boards 
of geological journals where concepts are aired through 
publication, and also to be appointed to research grant 
review committees through which funds are provided. 
Thus their thinking tends to dominate work in the related 
area, and the vital development of new geological con 
cepts or improved understanding may be inhibited.

2. Current geological technology is too narrow and too 
introspective. It is too much concerned with detailed 
investigations of profitable deposits themselves, and 
too little concerned with their broader, external geo 
logical relationships.

Unquestionably, detailed studies of ore deposits dealing 
with their size and grade, mineral economics, mineralo 
gy, textures, structural control, geothermometry, 
geobarometry, major and minor element content, and 
isotope geochemistry have contributed to the knowledge 
of ore deposits, l do not discount their significance or 
importance, yet it is no longer adequate to investigate 
the many parameters of an ore deposit itself. Geological



technology must be broadened in order to relate the 
orebody in proper perspective to its surrounding geologi 
cal setting or environment. Ore must be treated as simply 
another, albeit economically unique rock type. Its lith- 
ological setting, whether in igneous, sedimentary or 
metamorphic rocks must be considered. Its stratigraphic 
relationships to its host rocks, both locally and regionally 
must be evaluated. The tectonic environment under 
which both ore and host rocks were formed, and possibly 
deformed, must be interpreted. In short a broader, geo 
logically comprehensive or metallogenic approach to ore 
deposits geology must supplement, not displace the 
earlier, narrower, detailed studies.

The need for this broadening of scope is illustrated 
by brief reflection on the major advances in ore deposits 
geology over the past two decades. These have come 
not primarily from introspective, detailed studies of the 
ores themselves, which all too often produce masses of 
complex, equivocal, multi-interpretable data, but rather 
from external, related subdisciplines in geology. For ex 
ample, the importance of oceanographic and geother 
mal research in contributing to knowledge and under 
standing of hydrothermal systems is paramount. The 
application of stratigraphic principles has been vital in 
understanding the distribution of, and in exploring for 
stratabound and strataform ore deposits. Igneous pe 
trology has provided major keys to improved under 
standing of magmatic ore deposits. Clearly it is essential 
to broaden, not narrow studies in geological technology 
in order to develop essential new genetic concepts and 
improved understanding of ore environments. Specific 
areas for fruitful investigations are volcanology and the 
relationship between certain ores and volcanic process 
es; sedimentology and the relationship of other ores to 
both clastic and chemical sedimentary processes; tec 
tonic environments and their broad, but probably central 
role in governing types and locations of ore deposits in 
various stages of the tectonic cycle.

To broaden their scope, resource geologists must 
convince their colleagues in other basic geological disci 
plines not only that studies in these fields are essential 
to full understanding of ore deposits, but that co-opera 
tive work may be reciprocally beneficial to these fields. 
Despite their commercial value ores are simply rocks, 
whether of igneous, sedimentary or metamorphic deriva 
tion. Geologists in the basic disciplines who feel that 
because ores are valuable their study is somehow "less 
than scientific" are blinding themselves to the potential 
significance of these special rocks to their own fields.

3. Present geological technology does not adequately 
recognize the significance of evolutionary changes in 
ore deposits through time and therefore fails to em 
phasize time as an important dimension in controlling 
the distribution of mineral resources. 

Most, probably all major families of ore deposits exhibit 
distinctive changes in geological characteristics through 
time. Archean iron formations, for example, are quite 
different from Proterozoic ones, and these in turn are 
different from Phanerozoic ironstones. The same is true 
of massive base metal sulphide deposits, nickel deposits, 
gold ores and uranium deposits. For understanding ore

deposits, it therefore becomes vital to know what these 
changes are, when they occurred in the geological 
record, and what they reflect in terms of changing geo 
logic-tectonic processes through time.

Time thus becomes an important, real dimension in 
exploration; just as important as the other three dimen 
sions of space. Explorationists have long been accus 
tomed to exploring in the three space dimensions be 
cause they recognize the importance of changing ore 
environments in these dimensions. For example, lateral 
lithofacies changes in sedimentary rocks are recognized 
as important guides in exploration for Mississippi Valley 
type lead-zinc deposits like the Pine Point mine. The 
vertical (or stratigraphic) downward change from mas 
sive to stringer-disseminated ore is important in explora 
tion of massive base metal sulphide deposits. Recogni 
tion of time as an equally important, real dimension is 
equally vital in exploration because knowledge of the 
changes in ore deposits types through time will define 
when (i.e. in rocks of what age) to look and will also aid 
in defining where (i.e. in rocks of what kind) to look.

The significance of the time dimension has however, 
sometimes been overlooked in exploration. Some analo 
gies with paleontology may illustrate the point. Explora 
tion for porphyry copper deposits near porphyritic, sub 
volcanic Archean plutons of the Superior Province may 
be analogous to a search for dinosaur bones in Ordovi 
cian continental fluviatile sandstones. The space dimen 
sion (as defined by lithofacies) is correct, but the time 
dimension is wrong, allowing minimum chance for suc 
cess. Similarly, exploration for volcanogenic nickel sul 
phide deposits like those of Marbridge, Quebec, or Lang 
muir Township, Ontario, in ultramafic ophiolitic rocks of 
Phanerozoic age is analagous to a search for trilobite 
fossils in Cretaceous marine shales; wrong time dimen 
sion means poor potential. Brachiopods flourished, albe 
it with major evolutionary changes, from the Cambrian 
to the Recent and a mineral deposits analogue are the 
massive base metal sulphide deposits which span the 
entire geological column from the Archean to the Recent. 
If one cares to interpret this as a "plug" for massive 
sulphide exploration your current speaker would be last 
to "say him nay".

Comparative studies are important in broadening 
the understanding of ore deposits and in recognizing time 
as an important dimension. Comprehensive metallogen 
ic studies comparing ore deposits in differing geological 
space and time environments reveal similarities and dif 
ferences that are meaningful in understanding spatial 
and evolutionary changes in the host geological environ 
ments and genetic processes. Comparative studies in 
turn depend heavily on broad experience and on the 
simple, modern ease of travel which permits visits and 
comparison of deposits throughout the world. It is no 
accident that the remarkable advances of the last three 
decades in ore deposits geology coincide with vast im 
provements in the rapidity and ease of intercontinental 
travel. Those interested in improving geological technol 
ogy must provide opportunities for geological personnel 
to obtain broad experience through travel and compari 
son of ore deposits in many different space-time environ 
ments.
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4. Current geological technology is uncoordinated and 
therefore inefficient in its approach; its investigations 
are carried out by many independent researchers and 
are fragmented amongst industry, government and 
the universities.

All three have differing motivations and objectives: indus 
try is particularly interested in direct and applied studies 
that may lead to profitable discoveries or operations in 
the short term; universities are especially involved in 
more basic, longer term aspects; various government 
departments undertake both types of research, and in 
addition carry out special investigations that relate to 
their particular mapping or resource appraisal mandates. 
Although this division of effort is partly unavoidable and 
probably partly desirable, greater cooperation and com 
munication between the three agencies would be benefi 
cial. It might reduce duplication, fill obvious gaps and 
improve the quality and effectiveness of all the studies 
by broadening both the data base and the expertise 
applied. University researchers would benefit from the 
practical knowledge and experience of their industrial 
and governmental colleagues, and the latter would be 
broadened by the fundamental and longer-term insights 
of the former.

Another, perhaps more serious defect is the frag 
mented and individualistic approach of the many univer 
sity investigators across the country. Clearly, research 
is a very fragile and highly independent endeavour that 
proceeds, in large measure, from the mind of the investi 
gator. Funding agencies therefore must be (and generally 
are) extremely careful to recognize this innate quality, 
and not to stifle or impede research by over-administra 
tion or over-organization. Nevertheless, as one who peri 
odically reviews research grant applications, there is no 
question that the present system leads to duplication and 
overlap of effort, and sometimes perhaps, to gaps in 
coverage.

Admittedly these defects are particularly difficult to 
rectify without endangering the very essence of scientific 
freedom. They probably must be tolerated to a consider 
able degree. Perhaps, however, they could be sup 
plemented by planned, broader, integrated, cooperative 
and longer-term projects amongst the three agencies, 
and between groups of researchers, provided funds can 
be found to support such projects.

5. Current geological technology is inadequately fund 
ed; moreover, its funding comes from the wrong 
source. 

(a) Some remarks about level of funding:-
The comments of my colleagues on this panel con 

cerning geophysical and geochemical technology are 
interesting, for it seems that both these areas enjoy 
better funding than does geological technology. Perhaps 
this stems from the more physical or concrete nature of 
the systems and approaches used in comparison to the 
conceptual and abstract nature of geological technolo 
gy. Perhaps also it may relate to costs; it may be cheaper 
  because it is probably simpler   to take quantitative 
geophysical or geochemical measurements and reduce 
them to numerical values, than to prepare abstract geo 

logical evaluations and interpretations which are not 
readily quantifiable.

Whatever the explanation, funding is apparently 
more easily obtained for new or improved geophysical 
exploration systems, and new or improved analytical 
geochemical equipment, than for new or improved geo 
logical concepts and understanding. Major funding 
sources, particularly industry, appear to have more 
"trust or faith" in geophysics and geochemistry than in 
geology. Yet most explorationists would agree that geo 
logical concepts and understanding ought to provide (if 
they do not already) the central framework within which 
geophysical and geochemical systems are applied and 
their results interpreted.This is mainly a psychological 
problem which arises from the intrinsic nature of these 
fields, and has no simple solution. Perhaps its recognition 
here as a problem may aid in its appreciation by funding 
agencies, and hopefully, its rectification. For the present, 
funding is inadequate and a problem in geological tech 
nology.

(b) Some comments concerning sources of funding:-
There are three potential sources of funds to support 

improved geological technology: industry, government, 
and university. The last of these can be simply and 
quickly disposed of universities currently have no such 
funds; their declining government funding, plus endow 
ments, gifts, grants and tuition fees, are fully committed 
to maintaining quality teaching and educational needs. 

Although government is currently the main direct 
source of funds for research in mineral resources, gov 
ernment's ultimate source is through taxation of industry 
and individuals. The current emphasis on government- 
funded research is another problem in current explora 
tion technology. Firstly, it is indirect, and governmental 
perceptions of the prime needs and objectives of the 
minerals industry are, to a degree, influenced by many 
non-technical (political, geographical, bureaucratic) 
considerations, l do not imply that government-funded 
research in mineral resources is poor or undesirable; this 
is not true. My remarks are however intended to question 
the efficacy and wisdom of relying on government as the 
major funding source for mineral resource investigations. 
This leaves only industry as a possible funding source. 
Surely industry, in our free market society and economy, 
is the major beneficiary of improved geological technolo 
gy. It depends for its exploration on creative and innova 
tive application of new geological concepts, and it has 
the funds to support research in resource geology. More 
over industrial funds are provided out of profits and are 
at least partly creditable against tax owing. Considering 
these factors, it is questionable whether the minerals 
industry adequately, effectively and fairly supports geo 
logical technology. Important benefits are to be gained 
from substantial, long-term research expenditures by 
industry, either directly to its own exploration research 
ers, or indirectly to selected university investigators and 
projects. In either case, direct choice of research person 
nel and topic is possible, as is a direct and continuing 
consultative role as investigations proceed.

Again, let me qualify my remarks, l do not imply that 
industry has failed in the past to assist university pro-
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grams in minerals resource geology, for this is not the 
case. Industry provides both funds and information for 
many short-term, student thesis investigations, it assists 
repeatedly and significantly with field visits to its opera 
tions, and a few companies provide funds for research. 
But substantial sums, to permit longer-term, more com 
prehensive ana integrated research projects are exceed 
ingly rare, and it is suggested that industry consider 
whether it cannot, indeed should not provide them. This 
would vastly aid in improving mineral deposits research. 
Financially at least part of the funds would be recovered 
through tax credits. If publicized, the practice might also 
enhance the public's traditionally poor perception of the 
minerals industry in general.

Interesting examples are the Economic Geology Re 
search Unit at Witwatersrand University, the Precam 
brian Research Unit at Cape Town University and the 
Bushveld Research Unit at Pretoria University in South 
Africa. All are funded directly by grants from major min 
ing houses. The grants are on a substantial and continu 
ing basis. They permit a small permanent research staff 
at each unit which works jointly with affiliated university 
departments for support facilities, to the benefit of both. 
Research topics are selected in consultation with the 
funding companies. These research units have made a 
significant contribution to geological technology in the 
Republic of South Africa. It is suggested that similar

organizations, funded substantially and in similar manner 
would go a long way toward improving geological explo 
ration technology in Canada.

CONCLUSIONS
In summary, these criticisms and comments are intended 
to be constructive. There is nothing fundamentally wrong 
with geological technology   it is alive and well   but 
like wine with age, it could be improved. The geological 
challenge in meeting future mineral demand is to continu 
ally improve the understanding of mineral deposit envi 
ronments and genesis, and to apply the improved con 
cepts in exploration. To do so , resource geology must 
actively seek, promote and test new ideas. It must broad 
en its scope through close cooperation with other basic 
geologic disciplines, and by emphasizing the importance 
of time as a real dimension and of evolutionary changes 
in ore deposits. Research efforts might be improved by 
more integrated, longer-term projects involving coopera 
tion by government, industry and university investiga 
tors. Research funding for resource geology needs to be 
increased and a change from the current dependance 
on government funding to direct industry funding is desir 
able.
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