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PREFACE

The first and second editions of this book, published in 1930 and 1935, were
quickly exhausted. Continuing demand has shown the need for a work of this
kind and has encouraged the Geological Survey of Canada to issue a third edition.
It does so-fully realizing that it is not a prospecting organization and that
geology and mineralogy, although the foundations of prospecting, are only part
of this large and complex subject. The Survey has, however, been closely associ-
ated with prospectors and prospecting for more than 100 years.

Because of the numerous changes in the various subjects treated in the
earlier editions, and the newly developed techniques that were not covered, the
present one has been almost completely rewritten. The first and second editions
consisted of articles written by different officers of the Geological Survey. This
had the advantage of drawing on the special knowledge of several men, but as
a result, some important topics were omitted, while others were given a dispro-
portionate amount of space. It was therefore decided to have the present edition
prepared by one author. Although he would be the first to point out that he is
not a prospector, he has had wide related experience in many parts of Canada
during his 28 years with the Geological Survey.

This publication is presented with the earnest hope that it may contribute
to the continued expansion of the Canadian mineral industry and to the success
of at least a few prospectors and companies.

GEORGE HANSON,

Director, Geological Survey of Canada

OtrAwA, February 1956.

23-828—1%4
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PROSPECTING IN CANADA

CHAPTER 1

PROSPECTING: PAST, PRESENT AND FUTURE

Prospecting, the search for valuable mineral occurrences, is an important
occupation in Canada because this country is one of the world’s important sources
of metals and minerals. Although agriculture is Canada’s leading primary
industry, forestry and mining vie with one another for second place, and the
annual value of production of metals and minerals, including petroleum, is
approaching one and a half billion dollars. Mining differs fundamentally from
agriculture or forestry because any mineral deposit, however large, will ultimately
be exhausted, and new deposits have therefore to be found to replace those
nearing exhaustion, as well as to supply new needs. Thus prospecting is the basis
of the mining industry, and there is considerable inducement for people to engage
in it, particularly in a country like Canada, with its well-established mining
industry, its large areas of promising territory, and its strong pioneer tradition.

Prospecting and prospectors are of many kinds, and both depend partly on
luck. Some persons engage in prospecting as a hobby or spare-time occupation;
some engage in it seasonally and do other work in the winter; some make pros-
pecting their sole occupation and spend the winter studying various phases of
the subject in preparation for the next season; some are graduates in geology,
geophysics, or mining engineering. Many prospectors work for themselves or as
members of partnerships or syndicates, and several companies devoted entirely
or partly to prospecting and to the exploitation of promising discoveries employ
scientists and engineers, self-trained prospectors, students, and ordinary labourers
in organized campaigns. The subject of prospecting is, therefore, a very broad
one, including amateurs at one extreme and highly trained scientific specialists
at the other. Between these extremes are many competent prospectors who have
become proficient by home study and experience, commonly supplemented by
attending special classes.

The purpose of this book is to supply basic information for those who wish
to become prospectors and for experienced prospectors who desire to review the
subject. It is hoped that it may also be useful to persons who contemplate
financing prospecting, and to companies that are considering a prospecting
campaign in Canada for the first time. Two points must be emphasized at the
outset. The first is that no one can become a prospector by study alone; there
is much important knowledge to be gained from books, but this must be augmented
by actually studying and handling specimens of minerals and rocks, and by
experience in the field, preferably under the guidance of an experienced prospector.

1



Prospecting in Canada

The second point is that this volume cannot cover more than the fundamentals
of the subject. It is designed primarily to give a would-be prospector with
average schooling sufficient information to permit him to begin with a sound
grounding, and to indicate where and how additional knowledge can be obtained.

The remainder of this introductory chapter is devoted to outlines of the
important part that mining plays in Canadian affairs, the history of prospecting,
its present characteristics and probable future trends, and a short explanation
of the scope and style of the chapters that follow.

The Stature of Canada’s Mineral Industry

In recent years Canada has experienced a great and far-reaching economic
development that has placed it among the principal industrial and exporting
countries and given it a place in world affairs that is remarkable in relation to
its relatively small population. This development is due to many factors, among
which the expansion of the mineral industry stands high.

In 1954 the value of Canada’s mineral production, including oil and structural
materials, was about $1,350,000,000. Although it is true that increased prices
per unit of most mineral products make this figure higher than an equivalent
production would have been worth several years ago, nevertheless there has been
a remarkable increase in the quantities produced; also, the addition of several
metals and minerals to the list has made the industry more diversified than ever
before. From about $64 million at the beginning of the century, the annual
value of production showed a slow general rise to $500 million in 1939. This
decreased slightly during the war, then began to increase much more rapidly
than formerly owing both to larger quantities and higher prices per unit. In 1950
the total value reached $1 billion* and it continues to rise yearly mainly because
of expanding output of nickel, copper, iron, and oil. Canada in 1954 was the
leading producer of nickel, platinum, and asbestos; second largest producer of
gold (and also of aluminum, but this is processed from imported ores brought
here to take advantage of relatively cheap hydro-electric power); third largest
producer of zinc; fourth in copper and lead, and a leading producer of uranium.
Production from the newly opened iron ore deposits in Labrador tipped the
balance so that this country now exports more iron ore than is imported. Discov-
eries of oil and natural gas during the last few years, mainly in Alberta, have
increased greatly the production of these commodities so that Canada now
supplies about half her oil requirements, on balance, and has large reserves of gas.
The importance of these developments is far from being only in the value of
production and in the contribution to the rising standard of living. The efforts
of prospectors and mining companies to find and develop new orebodies and the
large sums provided by investors constitute a great stimulus to business, employ-
ment, and secondary industries, and to the opening of remote regions. In 1954
one large mining company spent $60 million in prospecting and exploration of
discoveries, and the total spent by hundreds of companies in this way and in
related construction was many times that figure. Civilization and commerce
have always followed in the footsteps of the prospector, and, just as Western
Canada was developed after the mineral discoveries of the Cariboo, Klondike,
and other fields, so today a northern frontier stretching from the Yukon to
Labrador is being developed to a degree that would have been thought impossible
a few years ago. Few areas, except in the far north, are untouched, but many

* References to billions in this book are used in the North American sense, i.e. 1 billion= 1 thousand million.



Prospecting : Past, Present and Future

parts of the country hold possibilities for further prospecting, especially by
highly skilled men using modern methods.

Prospectors of the Past

Prospecting is probably among the oldest of human activities. According
to recent authorities, man probably commenced using weapons and tools of wood
and stone about 400,000 years ago and shaping them about 200,000 years later,
roughly at the same time as he began using fire. Clay for making pottery was
used by primitive people in many parts of the world. Gold nuggets and certain
precious stones such as turquoise, found in the beds of streams, early attracted
the aftention of man and were used as ornaments in very early times. Copper
found in the metallic state was more valuable to the ancients than gold, because
it could not only be shaped by hammering, as could gold, but it was harder and
could be made even harder by hammering. The advent of copper and bronze
may be said to have given man mastery over his environment for the first time,
and the transformation brought about was so marked that the period is known
as the Bronze (or Copper) Age, in contrast to the very primitive Stone Age that
preceded it. It must be understood that these terms denote a particular type of
culture that existed for different periods in different parts of the world, rather
than any fixed period of time; for example, the Eskimo have only recently
emerged from the Stone Age, while certain New Guinea tribes discovered within
the last few years are still in it.

In the lands surrounding the Mediterranean man learned early to shape
copper found in its native state, and to smelt the more common metals from
their ores. Long before the Christian era, gold, silver, copper, iron, lead, tin,
quicksilver, and many varieties of precious and semi-pFecious stones were well
known and widely used. Miners had learned not only the art of washing gravels
to recover minerals and ornamental stones, but also of mining solid rock in small
shafts and tunnels by driving copper or iron wedges into crevices, and by lighting
fires to heat rock faces, thus causing them to crack when cooled.

No doubt in the early part of the Stone Age every man was his own pros-
pector. Men with a special talent for finding, rather than mining and processing,
probably began to specialize in prospecting to some extent long before the time
of Christ. After the Middle Ages the great mining centre of Europe was in
Bohemia and Saxony, where the art of mining was developed to a remarkable
degree considering the facilities of the times, and where prospecting and the
study of geology and mineral deposits received great impetus. For example
Agricola, author of the earliest comprehensive work on mining, based on practices
in this region, wrote in 1556: “Many persons hold the opinion that the metal
industries are fortuitous and that the occupation is one of sordid toil, and alto-
gether a kind of business requiring not so much skill as labour. But as for myself,
when I reflect carefully upon its special points one by one, it appears to be far
otherwise. For a miner must have the greatest skill in his work, that he may
know first of all what mountain or hill, what valley or plain, can be prospected
most profitably, or what he should leave alone; moreover, he must understand
the veins, stringers and seams in the rocks. Then he must be thoroughly familiar
with the many and varied species of earths, juices, gems, stones, marbles, rocks,
metals, and compounds’’. Mining and prospecting also owe much to the peculiar
aptitudes of the men who searched for and worked the tin-copper mines of
Cornwall from the time of the Phoenicians to the present, and who carried their
knowledge to the far corners of the earth as the British Empire expanded.
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The first Europeans to reach this continent and to leave written records
found the natives using stone and a few copper tools and weapons. Many signs
of quarrying by natives, and a few of mining, have been found. All the early
explorers had the finding of gold and other metals as one of their objectives.
Cabot in 1497 noted that the natives of Newfoundland had copper. Jacques
Cartier in 1535 obtained a copper knife said to be from the Saguenay country,
and shipped to France some worthless stones he thought might be diamonds.
Sir Martin Frobisher on his voyage from England to Baffin Island and return
in 1576 brought back some rock rumoured to be gold ore, and succeeded in
obtaining support for a larger expedition in the following year, when he shipped
a great quantity of rock that proved to be worthless, thereby not only marking
the first recorded attempt at mining in Canada, but also exhibiting the tendency
to over-optimism that has too often accompanied the praiseworthy phases of
mining in this and all other countries. A few years later Champlain came to
Canada and in his retinue brought a specialist in mining named ‘‘Master Simon”’
to investigate mineral occurrences and try to develop them. He reported discov-
eries of iron and silver in 1604. After these beginnings, prospecting and a few
small mining operations were advanced to some extent by the early French and
English settlers in Eastern Canada, but mining did not become an important
factor, nor were prospectors numerous, until after the western gold rushes, when
great stampedes of fortune seekers followed the discovery of gold in California
in 1849, in the Cariboo in 1860, and in the Klondike in 1897. News of these finds
went around the world, bringing adventurers as well as many men with experience
in mining. The impact of these events on the development of the western United
States and Western Canada was partly direct, in the successful mining of large
amounts of placer gold, but much more in the pursuits to which many turned .
after a few years in the placer camps — some seeing the possibilities of prospecting
for veins and other ‘hard rock’ deposits, and others adapting themselves to
agricultural and business pursuits. From these beginnings British Columbia and
the Yukon became the great mining regions of Canada and remained so until
the possibilities of the Canadian Shield were realized and developed after the
discoveries at Sudbury in 1883 and at Cobalt in 1903 during the construction
of railways through these areas. As a result of these early developments in the
Cordilleran regioh and the Canadian Shield there emerged a group frequently
referred to as the ‘old-time prospectors’. The best of them had a good working
knowledge of geology and mining, but this qualification was not then as important
as it is today because these early prospectors were to a large extent travelling
untrodden paths where the more obvious occurrences could be found. Their
outstanding characteristics were ability to travel and live under pioneer condi-
tions, buoyant optimism, dogged perseverance, and open-handed hospitality.
They were adventurers willing and often eager to undergo hardship for the
opportunity to lead an independent and roving life and for the chance of ‘striking
it rich’. With back-packs, horses, and canoes they searched the streams, roamed
the hills, and travelled the waterways of the Canadian Shield until few large
areas south of the Arctic had not been prospected, at least in a preliminary way.
Their basic methods of prospecting were handed down from antiquity. These
methods, which are still the basis of all ordinary prospecting, consist of developing
a sharp eye for metallic minerals and the ‘signs’ that often accompany them;
tracing fragments of valuable minerals to their source; using the prospector’s
pan to isolate grains of heavy metallic minerals in sand, gravel, or powdered
rock; and scraping, pitting, and trenching to try to expose bedrock in promising
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places. The main interest of these men was in gold, but many learned also to
pay attention to other metals. Almost invariably they financed themselves or
formed a partnership with a ‘grubstaker’, who was commonly a local merchant
or other business man. Large and small mines that have since been exhausted,
as well as several of the largest present producers, were found by some of these
men, but, inevitably, most of them made only minor discoveries or none. For
the wealth they uncovered and for their contribution to the general opening up
of the country, these pioneers deserve a degree of credit that is only now being
fully appreciated. '

Prospectors of Today

Although few definite stages in the transition from the pioneers to the prospec-
tors of today can be recognized, important changes in men and methods began
about 25 years ago. This is evident in the rise of well-skilled prospectors who are
not trained engineers or scientists; in the larger group who have acquired some
technical training, generally by attending special short courses in prospecting;
in the undertaking of special geological investigations as an important method
of prospecting, and the recognition of the place of geologists in planning, super-
vising, or co-operating in organized prospecting campaigns; and in the develop-
ment of geophysical and geochemical techniques (see Chapters IX and X). The
change has accompanied a realization by mining and government officials that
the rate of depletion of known mines and the demands for certain materials not
being produced required more attention to all factors that might speed important
mineral discoveries, including facilities for the instruction of prospectors and
means of making prospecting successful and profitable. As a result, courses are
now given in several places and problems involved in prospecting continue to be
carefully studied. The change has also coincided with a remarkable expansion
and improvement in diamond drilling, which is now widely used to test the
favourable indications suggested by geological, geophysical, or geochemical inves-
tigations, as well as to explore mineral out-croppings found by ordinary pros-
pecting. Modern prospecting has also been greatly influenced by advances in
methods of transportation, mainly in the widespread use of ocuthoard motors and
float-equipped aircraft, which have been extraordinarily effective in speeding
and easing travel and permitting access to remote places, but which may at
times have caused too cursory an examination of the routes travelled. Collect-
ively, these factors have made prospecting today more complex, more organized,
and more a skilled trade or profession than it was 20 or 30 years ago.

The outstanding modern prospectors are men who make prospecting a full-
time occupation and who have devoted as much attention to learning the theorv
and practice of their calling as has a first-class mechanic or other skilled trades-
man. Their rise coincided with the increase in general education, whereby more
persons have in recent years received good schooling, which is a necessary
foundation for any technical trade. It coincided with the decline of the earlier
phase of prospecting in which only fairly obvious mineral occurrences were
found by relatively untrained men, and also with an increase in the amount of
risk capital ventured by individuals, syndicates, and companies, which made it
easier for a competent and reliable prospector to obtain backing or employment,
thereby encouraging more men to qualify themselves. These leaders of the
prospecting fraternity have learned their calling by home study, by attending

6



Plate IV R

prospectors.




Prospecting in Canad#

courses, and by working with veteran prospectors, engineers, or geologists. They
combine the best attributes of the old-time prospectors with the ability to
understand maps and reports and to make simple surveys, sketches, and system-
atic investigations with a dip needle or Geiger counter. Many of them own
prospecting equipment representing a substantial capital investment. They have
learned to keep notes, to take proper samples, and to prepare adequate reports
on their findings. They use sound common sense, and have acquired good
judgment in deciding what to prospect for and what area to select, and whether
a mineral occurrence has possibilities. Men of this calibre do not all make
important discoveries, and some deposits in recent years were found by pro-
spectors with limited experience, but most leading prospectors have made at
least a fair living. They are highly regarded by scientists, engineers, and mining
executives, and their services are always in demand.

Other prospectors have made some progress in acquiring skill and knowledge,
but for lack of aptitude, education, or incentive are not in the class of those
mentioned above. Many of these men work only part time at prospecting.
Some have found important deposits and others have profited to some extent by
sale of minor discoveries or claims. While the efforts of such men should not be
under-valued, it must be obvious that, as readily found deposits steadily become
scarcer, and as prospecting comes to depend more and more on indirect and
increasingly specialized methods, their continued success must increasingly
depend on continued study.

Another type of prospector is the amateur. In the past a relatively small
number of enthusiasts of this kind have followed prospecting rushes and mining
booms. Today the number has increased enormously, owing largely to over-
optimistic publicity and to the present interest in uranium. There will always
be a place for amateur prospectors if they will but familiarize themselves with
the fundamentals of the subject. Too many start out with little or no idea of
what is involved or how to acquire reasonable proficiency. They tend to expect
a large measure of assistance from government agencies by requesting individual
attention to queries of a general nature, instead of first studying the literature,
and they frequently submit samples of valueless rocks and minerals on the
off-chance that they may contain something of value. If they do obtain a signifi-
cant assay or identification, they are unable to form an opinion of the find from
a commercial standpoint, nor do they know what steps are necessary for the
testing of the find or for its disposal to a mining company if it turns out to have
commercial possibilities. All such matters have to be learned by study and
experience, and government agencies cannot take the place of these. Such
agencies try to be as helpful as possible to the amateur, but their ability to do so
is strictly limited, because they are not set up for this purpose.

It has often been supposed that geologists would be ideal prospectors, but
although geology has won important recognition in various phases of prospecting,
geologists have not usually proved the best prospectors in the ordinary sense of
that term. This is probably for two reasons, first, because the attention of
geologists is likely to be diverted by matters of general geological interest, and
secondly because geologists are usually trained to cover fairly large areas rapidly,
and to make necessary observations at one outcrop and then proceed to the
next, whereas the prospector must search every part of the outcrop and perhaps
scrape or dig to expose more of it. However, it is universally recognized that
geologlsts are invaluable in preparmg the maps and reports that guide prospecting,
in appraising discoveries, and in supervising organized prospecting programs.
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In ordinary surface prospecting, geologists and prospectors form a team, whether
it be in the relationship between government maps and reports and independent
prospectors or in formally organized ventures.

Geology also has an increasingly important place in the search for extensions
of known ore deposits and for additional buried ones in established mining
camps and in favourable areas generally. Mining companies employ geologists
in increasing numbers to conduct investigations of this kind on their own or
on unstaked ground, and government organizations do as much as they can
with limited staffs when the work may benefit more than one owner, Such inves-
tigations usually comprise detailed geological mapping of surface exposures and
mine workings and special studies of pertinent geological problems. In several
instances the results have successfully guided programs of diamond drilling
that revealed ore.

The application of such phenomena as magnetism and electrical conductivity
to the search for buried orebodies has also become recognized as an important
branch of prospecting, called geophysical prospecting. Some kinds of geophysical
investigations are done from aircraft, but most are done on the ground, as a
step between detailed geological investigations and diamond drilling. Another
kind of specialized prospecting, called geochemical, has proved useful under
certain conditions. Briefly, it consists of chemical tests to trace small amounts
of metal in rocks, soil, vegetation or water, which may lead to discovery of a
concentration of the metal. Some of the simpler geophysical and geochemical
techniques can be used by skilled prospectors and geologists, but most are
conducted or supervised by specialized physicists and chemists, the work being
combined with geological studies and interpretations.

A significant commentary on the status and trends of modern prospecting
in this country is contained in a recently published analysis.* This states that
seventy-seven important mines have been proved in the last 10 years. Almost
all of these have been brought to production, but a few are noted as being likely
to commence production in a year or two. It is estimated that thirty-one of the
seventy-seven, or 40 per cent, are old mines or partly explored prospects that
became productive since 1945 as a result of additional exploration or of changed
demands or prices for their contained metals. The remaining forty-six are classed
as new finds, most of which were discovered in districts that were previously
known to contain mineral deposits, although a few were in new areas. Many of
the new discoveries are attributable to a combination of conventional prospecting,
geological studies, or geophysical prospecting, but an attempt to assign them to
one of these categories revealed that twenty-two of the forty-six discoveries can
be attributed to conventional prospecting, as distinguished from more specialized
methods usually employed by scientists or engineers, and seventeen to diamond

" drilling of favourable zones chiefly indicated by geological studies, some being
along the possible extensions of previously known orebodies and some in more
speculative places. The remaining seven are classed as geophysical indications,
most or all of which were followed by diamond drilling. In this analysis, orebodies
found by the use of radioactivity detectors, which are relatively simple geo-
physical instruments, are attributed to ordinary prospecting because these
instruments were used by prospectors. These estimates show clearly the approxi-
mate number of new mines developed since World War II, the importance of
re-investigating known mines and districts, the fact that there is still an important
place for competent prospectors who are not engineers or scientists, and the
growing emphasis on geology and geophysics.

1 The Northern Miner, Annual Review, Nov. 25, 1954, p. 3.
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Prospectors of the Future

No one can predict the future of prospecting with certainty, largely because
chance plays such a strong part in this calling. The trends and facts of the
past and present nevertheless provide fairly reliable guides for envisioning the
prospecting of the next generation or so. The factors on which an opinion of
the future of prospecting can be based are:

(1) Most mines now producing were found 20 or more years ago.
Almost all of those found more recently, as well as the main ones
that will soon be in production, were discovered by well-qualified
prospectors, geologists, or geophysicists or by combinations of these.

(2) The number of outcrops that have not been examined carefully by
prospectors grows less year by year.

(3) Far more of the bedrock surface in most favourable areas is covered
by overburden than is exposed, therefore, it is logical to assume that
many buried deposits of ore exist and may be found by special
methods now available or which may be developed in future.

(4) Some kinds of deposits that are uneconomic today may become
important tomorrow because of new uses for metals and minerals
they contain, improved prices, or improved treatment or mining
methods. However, these will probably be large low-grade deposits
or occurrences of unfamiliar minerals, and prospectors will therefore
require special knowledge to benefit from such changed conditions.

(5) For 20 years or more there has been a trend toward the use of more
technical and scientific methods of prospecting.

All these considerations indicate that there will be an important place for
prospecting in Canada for many years to come; that there will be a place for
conventional methods of prospecting as long as any outcrops remain unvisited,
and as long as additional exposures are occasionally revealed, but that such
prospecting will be based more and more on technical knowledge and less and
less on luck; and that there will be increasing attention to special geological,
geophysical, and geochemical methods, and probably to methods that are not
now apparent. Therefore, it seems there will be opportunities for persons of fair
education who are willing to study and to develop keen powers of observation,
and who prefer an outdoor life at least in summer, to enter prospecting as a
skilled trade, to make it a part-time occupation or hobby, or to go on to become
engineers or scientists specializing in the more advanced methods. There seems
little doubt that the mining industry will employ reliable, qualified men in the
search for ore and that investors will back independent prospecting ventures
by similar men. Facilities for training prospectors as skilled tradesmen will
probably be increased, both by special courses and by courses given in technical
schools. Persons who are unable to obtain such instruction and who intend to
make prospecting their calling should be prepared to devote much time to
studying as well as to obtaining practical experience. Those who intend to
prospect as a minor occupation or hobby should devote as much attention to
study and practice as they would if making an intelligent approach to any other
hobby. Possibilities for occasional important discoveries by unskilled persons
will probably remain for some time, but their chances will diminish with every
passing year.
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About this Book

No publication on prospecting can contain any certain guides to success,
for this depends on a combination of luck, aptitude, perseverance, experience
and knowledge. The last is more important than ever before, and this book is
intended as an introductory one for those who are thinking of becoming pros-
pectors or of backing prospecting ventures. It will also be a reference for more
experienced prospectors. It is so designed that it can be used by those who
have to study independently, without attending courses, and also as supple-
mentary reading for those taking courses. Some matters that are beyond the
scope of ordinary prospecting are outlined in order to provide an idea of what
they involve; these matters are related chiefly to special methods of prospecting
and to the appraising of mineral deposits.

The next few chapters deal with fundamental subjects such as geology and
mineralogy. Space does not permit covering these subjects as adequately as is
desirable for a student of prospecting, but suitable introductory books for further
reading can readily be obtained; these subjects are therefore discussed only
sufficiently to form a beginning and to make the remainder of the book intel-
ligible. Later chapters deal more thoroughly with various phases of prospecting
itself, for which an up-to-date general book dealing with Canadian conditions
is lacking.

Numerous references are included so that the serious student can add to
his knowledge. It is not necessary for a beginner to purchase all the books listed
but he should obtain and diligently study some of the basic ones, such as those
on geology and mineralogy written in semi-popular style, and later should
gradually become familiar with literature on other phases of prospecting. Refer-
ences on specific regions, metals, and minerals can be consulted as the need
arises. Many of the references listed are government reports, or books published
commercially that can be ordered through booksellers. All federal government
reports including those of the Geological Survey of Canada are available
from the Queen’s Printer, Ottawa, to whom orders may be sent. Information on
other publications, including periodicals, may be obtained from booksellers and
orders placed through them. Persons living in outlying areas should write to a
bookseller, or to the public library in the nearest large city. Addresses of some
of the periodicals are given in Appendix V. Where prices are mentioned, they
are intended only to give an idea of the cost, as they are subject to change.
Some publications referred to are out of print and some that appeared in
magazines will be difficult or impossible for many readers to consult. These
references are given because they contain important information and because
many readers live in or visit cities where the publications may be found in
libraries such as those maintained by Chambers of Mines, provincial Depart-
ments of Mines, and branch offices of the Geological Survey of Canada.

After careful consideration it was decided not to ‘issue this publication in
pocket size, because the extent of the subject would require several small volumes
and because it is not necessary for a prospector to refer to many topics during
the day when he is actually prospecting. Instead, this is a book for study at
home and possibly on field trips when weight does not have to be kept at the
minimum. The prospector who desires to carry in his pocket information on
some matters can readily copy the particular data into a notebook; doing so
will permit him to make his own handbook to suit his own needs, and the act
of writing the information as notes will help him to understand and remember it.
Every effort has been made to define technical terms so far as possible, but
because many of the topics are technical, the beginner cannot expect to master
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them effortlessly. He may find it best to read through the various chapters
fairly quickly to form an idea of their content, then to reread them more care-
fully, omitting the chapters on special methods and geophysical prospecting
intended mainly for more advanced readers. Several appendixes placed at the
end of the volume contain tables and other information that may be useful to
some readers and not to others. Consideration was given to including a glossary,
but it was decided that the large number of terms that would have to be defined
would add unduly to the number of pages; instead, a comprehensive index gives
references to the pages on which terms are explained.

The writer hopes sincerely that this book may be useful, despite its imper-
fections. He begs that he may not be regarded as an oracle on prospecting
because the Geological Survey of Canada cannot cope, except through its publi-
cations, with requests for general advice on such subjects as the selection of
places to prospect, the advisability of prospecting for particular minerals, the
worth of discoveries or properties, or the merits of particular methods or equip-
ment.
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CHAPTER 1II

THE FOUNDATIONS OF GEOLOGY

The different aspects of prospecting cannot be understood properly without
an introductory knowledge of the processes that form and change the crust of
the earth. A reasonable acquaintance with geology is, therefore, essential for
prospectors and is desirable for everyone, for it is a fascinating subject in itself,
and one that greatly enhances appreciation of the world in which we live. These
processes are not difficult to understand, after a few fundamental facts have
been grasped.

The study of the earth is based largely on two important principles whole
truth has been demonstrated again and again. The first is that the earth is
almost inconceivably old (3 to 4 billion years), and the second that it has under-
gone many and extensive changes since it was first formed, and that these changes
are continuous in character. The crust has been, and is, constantly undergoing
changes that result in the destruction of certain parts and the construction of
others. The story of the earth’s crust is written in the rocks, and although it
is not yet completely interpreted, geologists have unravelled it to a fairly satis-
factory degree and have proved beyond doubt that processes at work today
could account for all the changes that occurred during the long ages of geological
time. Therefore, although geology deals largely with events that took place
millions of years ago, it is a very live subject because many of the processes
believed to have caused these events can be studied in operation at the present
time.

The Destruction of the Earth’s Crust

We usually think of such natural features as rocks, mountains, rivers, and
shorelines as permanent. A little observation, however, will soon show that this
is not the case. Rocks are gradually disintegrated by frost and chemical action;
mountains suffer landslides; rivers undercut their banks and change their courses;
shorelines are eaten away by wave action. These are the more obvious changes
taking place, but many others are constantly at work. These changes may seem
insignificant in relation to the earth in general, but when it is considered that
they have been going on for hundreds of millions of years, it will be realized
that their cumulative effect is enormous. Such changes are the foundation of
the science of geology.

The earth’s crust consists mainly of solid rock, called bedrock, which is
exposed at many places. Elsewhere it is covered by a relatively thin covering
of soil, sand, gravel, boulders, and angular fragments of rocks, which is collec-
tively called overburden. Both the exposed bedrock and the particles and frag-
ments of rock in the overburden are constantly being attacked by agencies related
in one way or another to the atmosphere.
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- The Foundations of Geology

The decomposition that takes place at the surface of a rock, or along cracks
in it, is generally the result of exposure to moisture in the form of rain or melted
snow and is appropriately called ‘weathering’. This effect can be seen on the
exterior of old stone buildings, where the surface of the blocks is changed in
colour and often has a rotten, crumbled appearance; the same changes occur
in natural exposures of bedrock or rock fragments. Only a few kinds of rock
are soluble in pure water, but most are soluble to some extent when water has
accumulated certain substances such as carbon dioxide from the atmosphere and
acids from the action of plants on the soil. Weathering is speeded by cracks in
rock, which expose additional surfaces and also tend to concentrate solvent action.

The loosening and removal of rock or of the products of weathering is called
‘erosion’ and takes place in different ways. One of the simplest is direct solution,
by which rock is actually dissolved in pure or impure water, but this is not so
important as other, mechanical, erosive processes.

A common cause of erosion, particularly in mountains where low temperatures
are frequent during summer nights, results from the expansive force of freezing
water that fills cracks. This causes pieces of rock to split away from the main
mass, and is largely responsible for the piles of angular fragments that accumulate
at the base of a cliff and are called .‘scree slopes’ by mountaineers and ‘talus
slopes’ by geologists.

One of the most powerful agents of erosion is water in motion. Everyone
is familiar with the gullies that form in fields after heavy rains have washed
away some of the soil, and with the way in which banks are undercut and caused
to slump by streams and waves. Less obvious is the way in which powerful
streams of water in rapids and falls scour the bed of a creek or river and detach
blocks of solid rock. Streams in flood move blocks and boulders, rolling them
along and bouncing them against one another so that they gradually are worn
and cracked into smaller and smaller pebbles and grains. Besides the action of
the water itself, the innumerable sharp particles of sand carried by a swift stream
have an abrasive effect that slowly wears down the hardest bedrock or boulders
in the path of the current. Similarly, waves pounding the shores of lakes and
seas wear the shores back and cause the detached material to be reduced in
size, both by the direct action of the water and by the abrasive effect of swiftly
moving sand particles in it. Streams gradually widen their valleys by changing
their courses from time to time, and slowly deepen the valleys. These changes
can at some places be noticed within the lifetime of a man, and when it isrealized
that the erosive processes may continue for millions of years it is not hard to
understand why running water is so effective in wearing down the land and in
sculpturing cliffs, hills, and valleys.

Although not so universally effective as running water, winds are important
causes of erosion in many regions. The effect of dust storms in blowing away
valuable top soil is a serious problem in many agricultural districts. Sandstorms
not only cause sand to be moved from place to place, but the abrasive effect of
sand particles blown swiftly against larger rock fragments and exposures of
bedrock acts like a sand-blast in wearing and polishing them.

Discussion of glaciers, which are powerful agents of erosion, has been left
until the last because they are less familiar and so require more explanation.
Perched near the summits of high mountains such as those of Western Canada
are many masses of ice, called alpine glaciers, that survive even the hottest
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summers. Larger glaciers, called ice-fields, exist in a few mountainous places
and cover great areas in such arctic regions as Baffin Island and Greenland.
Glaciers are formed wherever more snow falls in winter than melts in summer.
In such places, the weight of fresh snow causes the underlying snow to be com-
pacted and finally to recrystallize as solid ice. The lower part of a glacier moves
slowly by plastic flowage, because of the weight of ice and snow above it. Thus
the frozen water that falls as snow gradually moves to the lower end of a glacier
where it melts to feed a stream. If the rate of melting is less than the rate of
accumulation of fresh snow, a glacier increases in size and is said to be advancing;
if the melting predominates the glacier grows smaller and is said to be retreating.
Most glaciers are retreating at present, because we are living in a relatively
mild period, but at several times in the past the climate was cold enough to
cause great sheets of ice, up to thousands of feet thick, to cover large parts of
continents. After the ice-sheets had melted, but before the climate had moderated
to present conditions, alpine glaciers were much more numerous than they are
today and they joined to form long tongues of ice, called valley glaciers, that
flowed slowly down the larger valleys of mountainous regions.

Glaciers erode in several ways. The ice in the base flows around fragments
of rock and carries them along, to be deposited when and where melting occurs.
In addition, these fragments act like bits set in a gigantic slowly moving tool,
the larger ones gouging the overburden or bedrock in the path of the glacier,

Plafe V” Erosion in mountainous terrain, St. Elias Mountains, B.C,




Plate VIII

Erosion in Precambrian rocks
at falls and rapids on
Yellowknife River.

and the smaller ones striating and polishing knobs of bedrock into the familiar
grooved and rounded outcroppings so common in many parts of Canada. Also,
rock fragments fall from the sides of mountain peaks and valleys onto alpine
and valley glaciers and are carried along on the surface of the ice until melting
takes place. At the heads of alpine glaciers the ice freezes in cracks in rocks,
and around rock fragments, and plucks them away to form semicircular basins
called cirques.

Plate IX

Erosion along sea-coast, Gulf
of St. Lawrence. The rock is
sandstone.
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The Foundations of Geology

Thus the land areas that exist today are slowly being worn down by natural
processes, and the products of erosion are transported and deposited in ways
to be explained below. These processes of wearing away and depositing else-
where have operated in cycles again and again during the long ages whose history
is recorded in the strata laid down during successive geological periods. Except
for a slow increase in the amount of salts carried in solution in the waters of
the oceans, the removal of material from the land areas has always been balanced
by the déposition of sediments.

Transportation and Deposition

Eroded material is moved slowly toward the sea, sometimes being trapped
permanently at an intermediate point. The movement takes place in several
ways. A slow downward creep of rock fragments and soil occurs along the sides
of mountains and hills and on slopes below cliffs. This movement is often hastened
by slides caused by excessive soaking of the material by water or by the expansive
action of frost, or by snow avalanches. When material transported by creep or
slides reaches a stream it is added to the normal load of sediment that the stream
itself has eroded. Some of the coarser material carried by streams is deposited
as bars of boulders, gravel, or sand; the finer material is carried farther, to be
deposited as sand, silt, or clay in lakes or in the sea. The debris formed by the
erosion by waves is sorted by currents, so that the larger fragments and pebbles
remain as beaches, whereas sand is deposited in shallow water, and mud in deeper
water. Much of the material that is carried in solution to the sea remains in
this state to make the complex brine of sea-water that, contrary to popular
belief, is not composed of water and common salt only, but is a mixture containing
at least minute amounts of almost every element. Some of these elements,
however, are deposited from sea-water by chemical reactions, or by evaporation
in tidal ponds, and thereby form deposits of lime, salts, and various other
chemical sediments. As already mentioned, wind is also an agent of erosion,
and it transports and deposits large amounts of dust and sand in certain regions.
Because both water and wind drop sediments intermittently and because there
are slight changes in the colour and size of the particles so deposited, many
sediments formed by these agencies are clearly stratified, the thickness of indi-
vidual beds varying from thin layers to strata many feet thick. Glaciers carry
clay, sand, and larger angular or rounded fragments of rock and deposit these
materials as till in irregular sheets and ridges called moraines; or the finer
material may be washed into temporary lakes and rivers formed by water from
the melting ice, and deposited as stratified glacial clay, silt, sand, or gravel.

Sediments formed in any of the ways described above may later be eroded
while still in an ‘unconsolidated’ state such as ordinary sand and gravel, and
be re-deposited elsewhere, or they may remain and be buried deeper and deeper
by overlying sediments until they become compacted and cemented into hard
sedimentary rocks of the various kinds described later.
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Plafe XI } View of White and Yukon Rivers, Yukon Territory, showing streams
carrying sediments and depositing them along the valley floor.

Volcanoes and Intrusions

So far, only the strata produced from the wearing away of pre-existing
rocks have been discussed. Associated with such strata in many parts of the
earth’s crust are rocks of another kind, crystallized from a molten or almost
molten state. These rocks are grouped under the general name 7gneous (from
the Latin word for fire) and are divided into two main classes: volcanic rocks
formed at the surface; and intrusive rocks formed below the surface. Volcanoes
and the lavas they emit are among the most spectacular natural phenomena,
and as they can be studied in several parts of the world today, the origin of the
various kinds of volcanic rocks is well understood. Intrusive rocks cannot be
seen in process of formation because they are emplaced below the surface and
are exposed long afterwards by erosion. Therefore, our knowledge of the interior

and of the origin of intrusive rocks is based on indirect evidence, outlined as
follows.
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Plate Xl

23-828—3

A stock and small masses, dykes, and sills of granite and related rocks (white)
intruding metamorphosed sedimentary rocks (dark grey), in the Canadian Shield,
Northwest Territories. Three long, young, diabase dykes (dark grey) can also
be seen.
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It is known that the temperature within the earth’s crust increases down-
ward at an average rate of about 1 degree F. for each 60 feet in deep mines and
wells; this rate of increase is probably not maintained at great depths but the
interior is certainly at a high temperature, because hot waters of certain springs,
and hot lava, come to the surface in many places. The heat is probably in large
part generated by the natural disintegration of radioactive elements, such as
uranium. It is known, however, that the pressure also increases downward, and
although the temperatures at depth are great enough to melt the rocks if they
were at the surface, the pressures are so high that much of the material is forced
to remain in a solid or plastic state. This is substantiated by the behaviour of
earthquake waves, which travel as if the interior was mainly solid; they also
provide strong evidence that the interior is divided into zones of different com-
positions, which probably grade into one another. Another line of evidence is
afforded by the fact that the total weight of the earth can be calculated from
the effects of gravitation. The weight is much more than it would be if the
interior consisted of the same relatively light rocks that predominate in the
parts of the crust that can be examined. Therefore, it is clear that the interior
must consist of heavy, dense material whose weight at different depths can be
predicted mathematically. A third form of evidence is provided by meteorites,
which occasionally reach the earth. They are fragments of disintegrated planets,
so they provide evidence regarding the interior of planets. Meteorites are of
two kinds, some being heavy, dark rock and others a still heavier mixture of
nickel and iron, therefore, it is reasonable to suppose that the interior of the
earth is composed of similar material.

From the above-mentioned lines of evidence, which corroborate one another,
a fairly reliablé concept of the interior of the earth has been established. Study
of the pattern of earthquake waves shows that the crustal rocks with which we
are familiar may extend as much as 50 miles under the continents, below which
there is probably a zone of about the same thickness in which the material is
less elastic and probably near the melting point. Below this there is probably
a thick zone of dense rock that behaves as though it were solid; this zone probably
grades into a still denser one containing oxides and sulphides of metals; and this
in turn probably grades into a very heavy core composed of nickel and iron,
for which there is some evidence of a molten state.

In deeply eroded mountainous regions, or regions that were once moun-
tainous, it is common to find bodies of coarse-grained crystalline rocks such as
granite and diorite, which are called plutonic rocks to distinguish them from
other kinds of igneous rocks. The smaller bodies of plutonic rocks are called
stocks (see Figure 1) and the larger ones, if their areas are more than 40 square
miles, are called batholiths. The rock must have crystallized slowly and at
thousands of feet below the surface to permit growth of the fairly large grains
that characterize plutonic rocks. It is generally considered that this material
originated in the second zone, immediately below the 50-mile crustal one, and
that large liquid or plastic masses called magmas were introduced into the crust.
The variations in composition between different kinds of plutonic rocks are
generally believed to result partly from a splitting of material within the magma,
and partly from reaction of the magma with the adjoining crustal rocks. There
are, however, certain granitic rocks that show evidence of having crystallized
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Plate XllII Granite intruded by a small dyke of aplite, which in turn is cut by a dyke
of lamprophyre. The rock names are explained in Chapter Ill.
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Plate XIV

A sill of granite intruding sedimentary rocks.

from crustal rocks, particularly sedimentary ones, and probably at considerable
depths below the surface then existing, and after the crustal rocks had been
impregnated with solutions coming from greater depths. Some geologists now
believe that all plutonic rocks originate in this way, which is called granitization,
but most consider that some are formed by granitization and some by crystal-
lization from a liquid magma.

There are also finer grained intrusive rocks, with the same ranges of compo-
sition as plutonic rocks. They have three characteristic forms: small irregular-
shaped masses whose form has not been given a specific name; long, narrow
bodies called dykes that fill fractures crossing other rocks; and thin bodies called
sills that were injected parallel with the beds of sedimentary rocks, the flows of
volcanic rocks, or the bands of metamorphic rocks to be described later. The
rocks of dykes and sills owe their finer state of crystallization partly to their
smaller sizes, which permitted more rapid cooling, and probably also to the fact
that some of the molten material penetrated closer to the surface that existed
at the time of their emplacement, and thus could cool more quickly.

Lavas, which have about the same compositions as the rocks of dykes and
sills, issue from volcanoes and fissures. They flow on the surface or under water,
and cool and crystallize fairly quickly because they come in contact with air,
cool surface soils and rocks, or water. The various kinds of lavas correspond to
the kinds of plutonic rocks, the only essential difference being in the size of the
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Present land surface

_\
N
717 P Batholith ™

FiGure 1. Diagrammatic illustration of a batholith not yet exposed by erosion, with
related stock, dyke, and sills.

component crystals. Volcanic rocks of another class are formed from the accu-
mulations of volcanic ash and larger fragments that are ejected from many
volcanoes. Lavas, ash, and volcanic fragmental rocks are commonly clearly
interlayered because of intermittent deposition.

Movements in the Earth’s Crust

The crust of the earth is constantly subjected to stresses that cause defor-
mation in' the form of cracks, along which movement of one block of the crust
relative to another may take place, of great downwarpings and upwarpings,
and of contortions on smaller scales. These movements are no doubt caused,
to a large degree, by the slow increase in the weight of sediments accumulated
in large basins of deposition, the load forcing these basins to sink deeper and
probably causing a yielding of the plastic material beneath the crust. There is
doubtless also a corresponding lessening of pressure at depth in highland areas
as these are slowly reduced in weight by the effects of erosion. Thus the relatively
flat surfaces worn down by erosion are slowly uplifted to form plateaux. The
uplift causes streams to flow swifter and this increases their erosive power,
causing them to dissect a plateau into a second generation of mountains and
valleys. Such warpings, however, do not explain the cause of the great lateral
stresses required to produce some of the phenomena described below; theories
have been developed to explain them but the origin of the forces is not yet
well understood. *

The various forms of movement that take place in the rocks of the crust,
and the ‘structures’ that result, are of the utmost importance to prospectors
because many mineral deposits are related to them.
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Fracturing and Faulting

Rocks yield to stress by fracturing, by movement of solid masses, by recrys-
tallization that produces chemical compounds that are stable under the increased
pressure, and by plastic flowage under great pressure. The simplest structures
produced by stresses in rocks are fractures or joints, which range from small
cracks to fractures 100 feet or more in length. They commonly occur in groups

Erosion along a prominent faull in the
Plate XV Al
o Canadian Shield, Northwest Territories.

in which several fractures are parallel with one another or intersect one another
at angles that are more or less uniform for a particular group.® Continued stress
may cause the rock at one side of a fracture to move relative to the other,
producing what is called a fault. The walls of faults are usually polished and
grooved, forming characteristic surfaces called slickensides. The movement along
a fault commonly grinds the rock to form a clay-like deposit of crushed rock
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Elements of faults and fault movement
Plane ABC represents a fault plane Line @ indicates the strike slip
Line AB represents the strike of the fault Line b indicates the dip slip
Line BC represents the dip of the fault Line C indicates the net slip
B | C
2
Blocks illustrating Blocks illustrating
a normal fault a reverse or thrust fault
1, footwall; 2, hanging wall 1, footwall; 2, hanging wall

Faulted continuation of dyke\

4 of fault %

Doy /7

Observer looks
in this direction

D

Wlustration of right-handed fault movement

A perspective drawing showing a dyke projecting above the general land surface
because of its resistance to erosion, and displaced by a right-handed fault

GS.C

FiGUure 2. Diagrammatic illustrations of faults.
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A series of small normal faults in thinly bedded Precambrian quartzite.
Plafe XV’ (see Chapter Ill). The darker beds are quartzite containing consider-
able quantities of the mineral magnetite.

Plate XVII A fault plane exposed by erosion.




Pldfe XVIII A large dome-shaped anticline in sedimentary strata, Mackenzie Mountains.
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called gouge, which may be from a fraction of an inch to several feet thick.
Instead of producing gouge, the movement along a fault may cause the formation
of a shear zome, where the displaced rocks are separated by a band of sliced or
sheared rock; or the rock may be crushed into angular fragments, thus forming
what is called a crushed zome or brecciated zone between the walls of the fault.
Large faults can be traced for several miles, and the largest extend for hundreds
of miles. The displacement of the rocks at one side or other of such faults is
very great, being measurable in hundreds of feet, or even in miles. The movement
along Jarge faults causes intense vibration in the form of an earthquake.

In order to understand the descriptions of faults contained in geological and
mining reports it is necessary to be familiar with a few more definitions, which
are explained as follows. Although a fault is represented by a line on a geological
map or plan, the movement takes place along a surface that is called the fault
plane (see Figure 2A). The bearing of this plane, expressed as a compass direction,
is called the strike of the fault plane. Its downward slope is called the dip or
inclination. Some fault planes are vertical, but most are inclined at an angle
and, if so, the block of rock lying above the fault plane is called the hanging-wall
and the block below is called the foot-wall (see Figures 2B and 2C). If the
hanging-wall appears to have moved downward with respect to the foot-wall,
the fault is called a normal fault, whereas if the hanging-wall appears to have
been pushed upwards, the fault is called a reverse fault or thrust fault. As a rule,
the direction of movement is such that it can be measured horizontally as well
as in depth. The horizontal displacement is then called the strike slip and the
vertical displacement is called the dip slip, whereas the actual movement is
termed the net slip, as explained in Figure 2A. A fault whose movement is
almost entirely in a vertical direction is sometimes called a dsp slip fault or simply
a dip fault, and one that is mainly in a horizontal direction is called a strike slip
or strike fault. Horizontal displacement of a fault is sometimes referred to as
right-handed or left-handed, depending on the direction of the apparent movement.
For example, as illustrated in Figure 2D, if the observer stands at the contact
of a bed, vein, or dyke that has been faulted, and if he faces the fault, it is called
right-handed if the corresponding contact at the other side of the fault is to his
right. The word ‘contact’ is a common one in geological descriptions, referring
to the line or surface between two unlike bodies of rock.

Folding

Rocks also yield in the solid state by buckling into folds, which range in
size from tiny puckerings to sweeping arches and troughs miles in width. A fold
that is arched is called an anticline, and its trough-like neighbour is called a
syncline, (see Figure 4). An imaginary line along the crest of an anticline or
along the lowest part of a syncline is called the axis of the fold, and the sides of
the fold are called the limbs. Beds of stratified rocks are commonly found in
tilted positions, either because they are on the limb of a fold or because uplift
has occurred in an unequal manner. Geologists speak of the position of strata
as the attitude, and they measure and record the attitude of inclined beds by
what are called strike and dip. The strike is the bearing of an imaginary line
drawn horizontally along the plane of inclination, and the dip is the angle between
the horizontal and the plane of inclination; these terms are illustrated in Figure 3.
Similar measurements define the attitudes of fractures, dykes and veins.
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FIGURE 3. Diagram showing an outcrop of beds of sedi-
mentary rocks to illustrate directions in which dip and
strike are measured.

Mountain Building

Fracturing, faulting, and folding are commonly associated in a complex
process called mountain building, by which large quantities of stratified rocks
that accumulated in great sedimentary basins are uplifted and cast into the
complicated folds and fault blocks characteristic of mountain chains, and by
which older mountainous areas worn down by erosion are uplifted and rejuvenated
into secondary mountains. These processes are usually accompanied by igneous
activity; in fact, the generally held concept of the origin of magmas is that the
local release of pressure caused by upwarping permits the liquifaction of deep-
seated rocks that are normally prevented by pressure from existing in a molten
state.

Geological Succession

The various sedimentary and igneous rocks that underlie a particular region,
described in the order of their ages of deposition or intrusion, constitute what is
called the geological succession (see Figure 4). This varies from place to place
because deposition occurred at one locality while erosion went on at another,
because intrusions and volcanic activity occur only at certain times and places,
and because many of the rocks once formed may subsequently be destroyed by
erosion. Geological conditions generally differ from place to place in another
respect, namely, by the manner in which the rocks are tilted, folded, or faulted..

Despite these complications, by comparing the successions in many different
areas geologists have established a timetable whose broad features are applicable
to all the continents. This has been possible largely because of the presence of
fossils in almost all sedimentary rocks laid down during the latter part of geological
time, dating from the beginning of the Cambrian period, as explained below.
Fossils are imprints or remains of plants or animals buried in sediments and
preserved after the sediments became rocks. The time of the beginning of life
on our planet is unknown because the simplest living organisms, that no doubt
appeared first, lack shells or skeletons that could be preserved as fossils. Life
must have begun early, however, because rocks formed about 500,000,000 years
ago contain fossilized remains of many different, fairly advanced organisms,

31



Prospecting in Canada

Su

rface 11 {12

P

s \Q\ °\°\\::5 -
s S e A,
’— \ D\ e 'h

NN e
N e

. , =
-.\ —”;"’

An ancient series (1-3) consists of three conformable formations comprising
limestone (1), sandstone with lenses of shale (2), and younger limestone (3).
These beds were folded into anticlines and synclines, after which the upper ones
were eroded to form the ancient land surface (13). This surface was submerged
and on it was deposited another conformable series (4-7), comprising conglom-
erate and sandstone (4), shale (5), lava flows (6), and sandstone (7). These
formations and those of the underlying, folded series were uplifted and tilted.
Erosion then produced another land surface (14). This was submerged and a third
series (8-10) was deposited, comprising conglomerate and sandstone (8), shale
(9), and sandstone (10). The beds of this series remain in their original hori-
zontal position. A modern stream (12) has cut a valley in formation (10) and has
deposited sand and gravel (11). The lines (15) represent fractures older than sur-
face (13). A fault, (16), which has formed a wide shear zone, is also older than
surface (13). A later fault, (17) is younger than surface (13) but older than sur-
face (14).

G.S.C.

FiGUurE 4. Cross-sectional diagram illustrating geological successions.

which undoubtedly were not the first forms of animal life. Most sedimentary
rocks less than 500,000,000 years old contain fossils. It has been proved repeatedly
that the fossils deposited during any one period were much the same in any part
of any continent, whereas the fossils of each period show distinct differences
caused by the decline of certain species and the advancement of others. These
facts are of the greatest assistance to geologists, who are thus able to use fossils
to correlate rocks of the same age in different regions, and to work out the true
succession in regions where certain beds are missing or where beds are overturned
by intense folding.

Study of the successions in different parts of the world has shown that, for
the earth as a whole, geological time can be divided into definite intervals of
great duration. When these age intervals were agreed upon, those between times
of greatest mountain-building activity were called eras, and divisions within
eras, separated by much less intense crustal disturbances, were called periods.
Because of these cycles of mountain-building, uplift, and subsequent erosion and
deposition, the rocks representing different eras or periods are commonly separated
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Plate XIX Small folds in thinly bedded argillite and greywacke.

by ancient erosion surfaces called unconformities (see Figure 4). These are of
two kinds, called parallel unconformities when the strata above and below are
horizontal or equally inclined, indicating that erosion and perhaps uplift took
place, but that no folding occurred, and angular unconformities when the strata
below are folded or inclined in quite a different way to those above the uncon-
formity, thus indicating that the older rocks were folded or tilted before the
younger ones were deposited.

Because rocks formed during the vounger periods and eras are better
preserved it is easier to make distinctions between them, therefore, the time
units that have been agreed upon are progressively shorter, as illustrated in the
accompanying table, which like all geological tables and legends, has the younger
units at the top.

Although geologists prior to about 1920 did not have the means of estimating
the ages of rocks that are now available, they knew that geological time extended
for many millions of vears. This conclusion was based on measurements of the
average rate of accumulation of sediments being deposited in modern times.
When this rate was applied to the enormous thicknesses of sedimentary rocks
that were measured for one period after another it was obvious that each period
lasted several million years. This was corroborated in another way when it
became clear that the forms of life living in one period had evolved from those
of the preceding period, and that such changes could only have been accom-
plished very slowly. Today astronomers are convinced that the earth was formed
at least 3 or 4 billion years ago, and this is borne out by applving methods now
available for dating rocks that contain small amounts of uranium. That element
decomposes slowly, at a known rate, to form other elements. By making delicate
analyses of the amounts of uranium and its disintegration products present in
a suitable specimen, its age can be calculated. The oldest rock so far tested in
this way shows an age of 2,570,000,000 years by one method of analysis and
3,180,000,000 years by another method.
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The oldest time, called the Precambrian, lasted more than five-sixths of the
entire length of geological time. Because of the lack of fossils in Precambrian
rocks, and because these rocks are much deformed and, therefore, difficult to
trace from one region to another, it has not been possible to subdivide the
Precambrian as definitely as the younger eras. In Canada, Precambrian time
is divided into two sub-eras called Early Precambrian, or Archaan, and Late
Precambrian, or Proterozoic, but it has not yet proved possible to divide these
into periods applicable to all Precambrian rocks found in this country. Late
Precambrian time was ended in most regions by a pronounced period of erosion,
and this was followed by the Paleozoic era. Although accurate age determinations
are not yet available in sufficient numbers to permit precise dating, there is
good evidence that the Palzozoic era began about 500,000,000 years ago and
lasted about 300,000,000 years. It is divided into several periods, the oldest
being the Cambrian; the others are listed in the accompanying table. The
Palzozoic was succeeded by the Mesozoic era, divided into the Triassic, Jurassic,
and Cretaceous periods. The Mesozoic was followed in turn by the Cenozoic era,
which has been divided into several relatively short periods. The older of these
form collectively what is called the ‘Tertiary’, meaning the third large time

GEOLOGICAL TIME SCALE

. P Total estimated
Era Period Characteristic life time in years
Recent Man
Pleistocene 1,000,000
C . o Pliocene Mammals and modern
€nozoic L' Miocene plants
o | Oligocene
@ | Eocene
& | Paleocene 60,000,000
. Cretaceous Reptiles and cycad-like
Mesozoic Jurassic gymnosperms
Triassic 200,000,000
Permian Amphibians and lycopods
Carboniferous (giant club-mosses)
Palazozoic Devonian Fishes
Ordovician Higher invertebrates
Cambrian 500,000,000
5 | Late Precambrian Primitive invertebrates
}g (Proterozoic) and algee
§ Early Precambrian
£ (Archzan) Nil 3,000,000,000 or more
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division after the Late Precambrian. The Tertiary was followed by the Pleisto-
cene period, when the climate of the northern hemisphere became colder than
normal, causing great glaciers and ice-sheets to form over much of North America,
Asia, and Europe. The climate then became warmer, causing melting of the ice,
and these conditions of cold and warmth alternated so that four glacial stages
occurred during Pleistocene time.

In the preceding paragraphs, only time terms were explained. Geologists
also have a standardized way of distinguishing units of sedimentary and volcanic
rocks. The smallest sedimentary unit is called a bed or stratum, which may be a
fraction of an inch or many feet thick. Individual units of lava are called flows.
The smallest unit that can practicably be shown on a geological map is called a
formation. In rare instances a formation may consist of a single bed or flow,
but most formations consist of a succession of beds or flows, or both, deposited
during a short interval of geological time. They may be of only one kind of
rock, or alternating beds of different kinds. Formations are customarily given
names, such as ‘Ottawa formation' or ‘Belly River formation’. Some formations
have been traced for hundreds of miles, but all end eventually, either by lensing
out or by grading into other formations. Prospectors are prone to use the term
in other ways, speaking of ‘granite formation’, ‘lime formation’, ‘favourable
formation’, etc., but such usages should be avoided except in the case of ‘iron-
formation’, which is a recognized expression. Two or more formations in succes-
sion, related in such a way that it is desirable to refer to them collectively, are
called a group or a series, and are given names such as the ‘Windsor group’ or
the ‘Cariboo series’. A complete succession of formations for any one period
can rarely be found, but where obtained it is called a system, such as the ‘Cambrian
system’.

The ages of intrusive rocks can be estimated from the ages of the rocks they
intrude. For example, if a body of granite intrudes the youngest Triassic strata
and is overlain unconformably by earliest Cretaceous ones, it must have been
intruded and unroofed by erosion during the Jurassic period; and as the erosion
would require much time, the intrusion probably took place early in Jurassic time.

Suggestions for Additional Reading

This chapter is only the briefest outline of the main principles of geology.
included so that geological matters discussed in the remainder of the volume
may be understood by the general reader and by the beginner in prospecting.
A competent prospector will require further knowledge of elementary geology.
He will find it a most interesting study, and can pursue it either by attending
lectures or taking correspondence courses, as explained later, or by reading some
of the more popular books available. Some of these are listed below.

Raistrick, A.: Teach Yourself Geology; Hodder and Stoughton, Toronto. Price about $1.50.
This introductory book is No. 57 in the “Teach Yourself"’ series.

MacLean, A.: Geology for the Layman; Northern Miner Press, Toronto, 2nd Ed., 1947.
Price about $3.
A good, short, introductory handbook on geology.
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Fearnsides, W. G., and Bulman, O. M. B.: Geology in the Service of Man; Pelican Book A 123;
published by Penguin Books. Price about 40 cents.

An inexpensive book on elementary geology, including sections on geological maps and
mineral deposits. Although the treatment and examples are based largely on the geology
of Britain, this book would be useful as additional reading for a beginner.

Moore, E. S.: Elementary Geology for Canada; J. M. Dent & Sons (Canada) Ltd., Toronto, 1944.
Price about $4.
A useful elementary text on geology, noteworthy for its Canadian illustrations and
examples.

Longwell, C. R., Knopf, A., and Flint, R. F.: Physical Geology; Wiley & Sons, New York,
3rd Ed., 1948. Price about $5.

One of the most widely used introductory texts on geology. Although intended mainly
for use in university courses, its readability and numerous illustrations make it suitable
for anyone.

Carson, Rachel L.: The Sea Around Us; Mentor Books; New America Library.
Price about 50 cents.

This book contains very clear and interesting accounts of the parts the oceans play in
erosion and in the formation of sedimentary rocks, as well as other subjects of interest to
the student of geology.

Walker, ]J. F.: Elementary Geology Applied to Prospecting; B.C. Dept. Mines, Victoria, B.C.,
Revised Edition, 1953. Price 75 cents.
A useful elementary book on geology, mineralogy, and prospecting, with particular
reference to British Columbia.
Himus, G. W. H.: A Dictionary of Geology; Penguin Reference Books. Price 50 cents.

This inexpensive book provides definitions of numerous geological terms, names of
rocks, etc.
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CHAPTER 111

MINERALS AND ROCKS

Minerals

Minerals are the materials of which the rocks and ore deposits of ‘the crust
of the earth are made. A prospector should be able to recognize the main rock-
forming minerals and the principal commercial minerals, and some of the less
valuable ones that are commonly associated with valuable minerals and that
may, therefore, be clues in prospecting. From time to time he may require to
learn a few additional minerals for which there is a special demand. He should
also be acquainted with the general appearance of ores so that he will be able
to recognize occurrences of possible value even if he cannot identify the particular
mineral. Mineralogy is a very large and complicated subject; a competent
prospector does not need to have an extensive knowledge of it but he should be
well grounded in the fundamentals. The following explains the general principles
of mineralogy and discusses the additional knowledge that should be acquired
and the means of doing so.

The Elements

The matter of which the earth is made is divisible into elements that have
distinct chemical properties. The ninety-nine elements that have been identified
and named are listed in an appendix, together with the symbols that are used to
identify them in chemical formulas. Some elements are very abundant, some
moderately so, and some are rare. There is strong reason for believing that all
the elements in the crust of the earth have now been identified except four
unstable ones. Some elements exist by themselves in nature, but most are in
combinations of two or more different elements. These combinations are called
chemical compounds, and as there are about one hundred elements it is easy to
understand why the number of different combinations is very large. The atoms
of each element have distinct characteristics, and one or more atoms of one
element may combine with one or more of another element. For example, two
atoms of hydrogen combine with one of oxygen to form water; to express this
the formula of water is written ‘H,0O’.

The elements of direct interest to prospectors are of two kinds: metals and
non-metals. The metals are opaque to light, have a shiny ‘metallic’ appearance,
and in most cases can be deformed by hammering and are conductors of heat
and electricity. The non-metallic elements include the gaseous elements and
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such solid ones as sulphur, carbon, and silicon, which do not have metallic
properties. A few elements like arsenic and antimony are called semi-metals or
metalloids because they have some of the properties of both metals and non-
metals.

What is a Mineral?

A mineral is an element or, more commonly, a chemical compound of two
or more elements, that occurs in the earth. More precisely, a mineral is a naturally
occurring, homogeneous, inorganic substance having a characteristic chemical
composition and fairly definite physical properties. The phrase ‘naturally
occurring’ is included to distinguish between minerals and synthetic compounds
produced by man. Minerals are homogeneous, so that any fragment of a partic-
ular mineral has the same composition as any other fragment of the same mineral.
Minerals are inorganic, because by long-established custom such things as bones,
shells, pearls, and other organic materials are excluded, both because of their
origin and because they do not have a homogeneous molecular structure. Mercury
and water are classed as minerals because mercury is a liquid metal and because
water has a definite chemical composition and, particularly when in the form
of ice, a definite crystal structure. Petroleum and coal, on the other hand, are
not strictly classed as minerals because they are variable mixtures of several
chemical compounds; the petroleum and coal industries are, however, classed as
parts of the mining industry.

How Minerals are Classified

By long-established custom minerals are classified basically according to
their chemical composition and are divided into groups such as native elements
(gold, diamond, etc.), sulphides (compounds with sulphur, such as pyrite, which
is iron sulphide), oxides (compounds with oxygen, such as uraninite, which is
uranium oxide), carbonates (compounds with carbon and oxygen, such as calcite,
which consists of calcium, carbon, and oxygen), and several more complicated
groupings. Classified by this system, the total number of known minerals is
about two thousand.

Certain elements or compounds are intermixed in others and form what are
called solid solutions or series in which separate mineral names are applied
according to arbitrary limits placed on the amount of a particular element or
compound present. For example, silver forms a solid solution with gold, thus
accounting for the fact that most gold mines produce silver as a by-product
although no distinct silver minerals occur in the ore. Minor amounts of contained
silver do not prevent the mineral from being classed as gold, but if gold and
silver are present in solid solution in equal quantities, the mineral is called
electrum. A common example of compounds occurring in series is found in the
group of minerals called plagioclase feldspars, where separate names are applied
according to the percentages of sodium or calcium compounds present. Slight
variations also may occur in minerals because certain elements or groups of
elements having more or less the same properties as one of the essential compo-
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nents of a mineral, may be substituted for it in the crystal structure of the
mineral. In this way small amounts of manganese may occur, taking the place
of some of the iron in an iron mineral without changing its classification; many
other examples could be mentioned.

Many minerals are impure because small masses of another mineral occur
as tiny bodies called inclusions or as minute veinlets. Many of these are so small
that they cannot be seen except with the aid of a high-power microscope.

Apart from the basic chemical classification of minerals, it is often convenient
to classify them in other ways. For instance, minerals may be spoken of as being
metallic or non-metallic according to whether or not they display a metallic
shine or lustre. It should be noted that this refers to the appearance of the
mineral itself, not to the content of the mineral, because many minerals that
contain important amounts of a metal do not have metallic lustre. A useful
means of distinguishing metallic minerals lies in the fact that, if a metallic
mineral is powdered or is scratched across a piece of unglazed porcelain, the
powder or ‘streak’ is invariably darker than the solid mineral. When distin-
guishing between minerals that yield metals and those that do not, the terms
metalliferous and non-metalliferous may be used.

Minerals are also designated as primary or secondary. Primary minerals
are in the state in which they were originally formed. Many minerals when
exposed to moisture at or near the land surface are altered to other ‘secondary’
minerals in much the same way as a piece of iron rusts. Secondary minerals may
form large deposits, some of which are mined, but more commonly they form a
crust or ‘bloom’ that occurs in small quantities but which may be an important
clue for prospecting because it attracts attention and may lead to the discovery
of a deposit of primary minerals (see pages 140-142).

Identification of Minerals

Although minerals are classified chemically there are many other ways by
which they may be identified, such as by their lustre, colour, weight, hardness,
or crystal form. In a few instances, one characteristic is enough to permit definite
identification. For a fair number, two or three simple tests will suffice. Thus
by sight or simple tests that can be made in the field or at home, a mineralogist
can identify a few hundred minerals. Most minerals, however, can be identified
positively only by extensive laboratory work that may take the form of micro-
scopic examination, complicated chemical procedures, measurements of crystals,
or x-ray photographs that determine the internal crystalline structure. Fortu-
nately, most such minerals are rare and not of great importance in prospecting,
and most of the principal ones can usually be identified fairly readily. Therefore,
acquaintance with about one hundred principal minerals is more important for
prospectors than knowledge of all the remainder. It is not essential for a
prospector to be able to identify even that many, for, if he knows what ores
look like in general, he can send samples for assay, but it is very desirable to
know at least fifty or one hundred of the more important minerals.

Simple chemical tests can be made in the field, often with the aid of a
blowpipe to produce a hot flame from a candle or alcohol lamp. Portable kits
for testing minerals in the field or at home can be bought from dealers, or the
individual items can be bought separately. Certain other chemical tests can be
made in camp or at home by means of a few inexpensive acids, etc., that can
be bought at a drug store, and by using test tubes or even tumblers or old cups
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and saucers. Care must be taken to have the vessels clean and to keep the
chemicals from spilling and away from children. A magnifying glass or ‘hand
lens’ is useful for examining specimens. A list of useful aids to the identification
of common minerals is included in an appendix at the end of this book.

Acquiring Further Knowledge

The foregoing notes give only the barest introduction to mineralogy. The
best way to gain further knowledge or to refresh what one has learned before
is to attend one of the courses available in several parts of Canada. Information
about these is given in another chapter. If it is impossible to attend a course,
one can obtain good books intended for self instruction, some of which are listed
at the end of this chapter. Study of such books should be supplemented by
actually handling and testing specimens. Inexpensive sets of minerals and rocks,
and small individual specimens, are obtainable from the Geological Survey of
Canada, as explained in an appendix. Other specimens can be bought from
dealers, such as Wards Natural Sciences Establishment, Rochester, N.Y.
Minerals should also be studied in natural outcroppings, where the weathered
appearance is commonly quite different from that of the freshly broken specimens
available for study in courses or at home.

If one attends a course, minerals for study and methods of identification
will be recommended. For those who wish to learn by themselves, another
appendix lists minerals that are recommended for first attention, with notes on
their distinguishing characteristics. For carrying in the field, or other purposes,
separate copies of this table are available from the Queen’s Printer, Ottawa, at
small cost. A prospector will benefit by learning more minerals than are listed
in this table, and he may also make a hobby of collecting and identifying unusual
minerals. He should remember, however, that his main objective is to find
useful minerals in paying quantities.

Rocks

Rocks are substances that form fairly large units of the earth’s crust. The
distinction between minerals and rocks is that minerals are homogeneous sub-
stances that occur as crystals or grains, whereas rocks are aggregates of minerals.
They, therefore, occur in relatively large bodies. A few kinds of rock consist of
grains of only one mineral; examples are pure sandstone, composed only of quartz,
and pure limestone, composed only of calcite. Most rocks, however, consist of
fairly evenly distributed grains of two or more minerals. A few rocks, such as
coal, consist of organic matter that is not a mineral by strict definition:

In an academic sense, large bodies of liquids, snow, ice, sand, gravel, and
clay are rocks, but for practical purposes they may be disregarded in this connec-
tion. With this reservation, rocks are divided into three main classes called
igneous, sedimentary, and metamorphic rocks. Much has already been said, in
the preceding chapter, about the origin of igneous and sedimentary rocks; in the
following sections the characteristics and classifications of the principal kinds of
igneous and sedimentary rocks will be discussed. No mention was made of
metamorphic rocks in the previous chapter because they are a special class
formed from igneous or sedimentary rocks that have undergone certain changes.
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It is customary for geologists to use fairly simple classifications that can be
used in the field by ordinary observation or by use of a pocket lens or by a few
easy tests, and also to use if necessary more detailed classifications that can be
applied only after laboratory studies such as chemical analyses or examinations
with a microscope have been performed. Field classifications suffice for most
prospecting and for understanding the essentials of most geological reports;
therefore, they are the only ones discussed here.

Igneous Rocks

Almost all igneous rocks are crystalline As explained previously, they
result either from the cooling of liquid ‘magma’ introduced into the crust from
below, or from the melting or near melting of other rocks. Most of the mineral
grains that crystallize in this way do not get a chance to form crystal outlines
because they grow against one another and so form interlocking grains with
irregular outlines. In some instances, however, crystal faces develop. In most
igneous rocks the common rock-forming mineral is one of the feldspar family of
minerals, generally accompanied by smaller amounts of quartz. Other common
rock-forming minerals are those containing iron and magnesium, called ferro-
magnesian minerals, such as hornblende, pyroxene, and biotite; these minerals
are dark coloured. There are also many ‘accessory minerals’, such as magnetite,
which may occur in almost any kind of igneous rock in small amounts that do
not affect the classification of the rock. It is customary to class as acid rocks
the igneous rocks composed mainly of feldspar or quartz, with few or no grains
of ferro-magnesian minerals. Conversely, rocks containing much ferro-magnesian
material are called basic. These are unfortunate terms because they are widely
used in another sense in chemistry. More appropriate terms are siliceous, for
rocks containing much quartz or feldspar, and femic or mafic for the ferro-
magnesian rocks.

Separate classifications are used for the ‘plutonic’ rocks that form stocks
and batholiths, for the ‘dyke’ rocks that form dykes, sills, and small irregular
intrusive masses, and for the ‘volcanic’ rocks that form at the surface of the
earth. However, because these different kinds of igneous rocks all come from
the same sources, the compositions are related. For example, the same molten
material would produce granite if it crystallized coarsely as a stock, or aplite
if it crystallized finely as a dyke, or rhyolite if it crystallized finely as a flow of
lava. The mineral composition would be the same in all three cases, but the
grain size or fexture would be different. The structure might also be different;
this term refers to the arrangement of the mineral grains, which may be scattered,
as in an ordinary granite, or banded as a result of flowage in some lavas. The
use of the word ‘structure’ for these internal structures of rocks must not be
confused with large-scale structures such as folds and faults.

Plutonic Rocks

These are relatively coarse-textured rocks in which the grains can usually
be seen with the unaided eye, as in granite, with which everyone is familiar.
Plutonic rocks are classified primarily according to the amount of feldspar and
quartz they contain, and the groups are further subdivided into numerous
varieties based on distinctions that can be made only by use of a microscope or
of chemical analyses. For field purposes it is sufficient to use the following
classification.

Granite is a relatively light-coloured rock composed mainly of feldspar, and
containing enough grains of quartz to be seen with the unaided eye or with a
pocket lens. Many granites also contain relatively small amounts of white mica,
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biotite, or hornblende. If the rock contains relatively large crystals scattered in
a matrix of ordinary granitic material it is called granite porphyry.

. Syenite is a relatively light-coloured rock composed mainly of feldspar.
Little or no quartz can be seen with a lens. If it contains crystals of feldspar in
a medium-textured syenitic matrix it is called syenite porphyry.

Diorite is a fairly dark-coloured rock composed mainly of plagioclase feldspar
with fairly large amounts of one of the amphibole family of minerals—com-
monly hornblende—or one of the pyroxene family of minerals. If the rock
includes relatively large crystals in a dioritic matrix it is called diorste porphyry.

Gabbro is a dark-coloured rock composed mainly of one of the amphibole or
pyroxene family of minerals, together with considerable plagioclase. Gabbro
generally contains from 40 to 70 per cent amphibole or pyroxene. As plagioclase
is light coloured and the amphiboles and pyroxenes are dark, diorite and gabbro
can be roughly distinguished in the field by estimating the proportion of light
and dark minerals, diorite containing about 20 to 40 per cent dark minerals,
and gabbro about 40 to 70 per cent. If the rock contains relatively large crystals
in a medium-textured gabbroic matrix it is called gabbro porphyry.

Ultrabasic plutonic rocks consist entirely or almost entirely of dark ferro-
magnesian minerals, with little or no plagioclase. There are several varieties,
such as peridotite, pyroxenite, and hornblendite, but these may be difficult to
distinguish in the field, so it is sufficient to group them as ‘ultrabasic rocks’.

Dyke Rocks

Ordinary dyke rocks are similar to granites or other plutonic rocks except
that they are finer grained, because, occurring in smaller bodies, they cooled and
crystallized more rapidly. The dyke rock equivalent in composition to granite
is called aplite, which is usually a pink or red rock with a sugary appearance,
in which grains of quartz can be distinguished by eye or with a lens. The equiva-
lent of syenite is called felsite, a dense pink or grey rock in which no quartz can
be seen. The equivalents of diorite, gabbro, and ultrabasic plutonic rocks are
fine-grained dark-coloured rocks, generally called lamprophyre, but sometimes
called trap, or gabbro if equivalent to gabbro in composition. Many examples
of dyke rocks about equivalent to gabbro have a peculiar arrangement of small
lath-shaped crystals, called diabasic texture; such rocks are commonly called
diabase.

Besides occurring as even-textured rocks, many of the above-mentioned
classes of dyke rocks may contain distinct crystals in a fine-grained matrix.
These are porphyries, differing from granite porphyry, etc., in the finer texture
of their matrices. Such porphyries are generally named according to the compo-
sition of the large crystals or phenocrysts; common examples are quariz porphyry,
feldspar porphyry, and hornblende porphyry.

Another common kind of dyke rock is pegmatite, a coarse-grained rock formed
under special conditions that permitted the growth of large mineral masses or
crystals. The commonest examples are granite pegmatites, composed essentially
of large masses of feldspar and quartz, from about % inch to 1 foot or more in
diameter; they may also contain crystals of mica, apatite, and many other
minerals, More rarely, pegmatites are encountered whose compositions corre-
spond to syenite, diorite, or gabbro.

Volcanic Rocks

Flows of lava correspond in composition to one or other type of plutonic
rock. Those equivalent to granite or syenite are light in colour and are called
respectively rhyolite and trachyte. Dark-coloured lavas equivalent to diorite or
gabbro are called andesite and basali respectively. A flow of andesite or basalt
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may consist of rounded masses called pillows that result from the manner in
which semi-consolidated lava may become segregated to form these character-
istically shaped masses (see Plate XXI D). Lavas may be even grained or
porphyritic; the latter are generally called rhyolite porphyry, andesite porphyry,
etc., but may also be designated by the composition of the phenocrysts, as quariz
porphyry or hornblende porphyry.

Volcanic explosions may shatter lava that has crystallized in the throat of
a volcano, causing the ejection of large angular fragments, or small ones called
volcanic ash. Such material is deposited in beds either on dry land or after it
has fallen on bodies of water. Rocks formed in this way are called clastic rocks,
meaning ‘broken’. Those formed from volcanic ash are called fuff, and those
containing larger fragments are named wolcanic breccia or wvolcanic agglomerate;
they are distinguished according to their compositions, as rkyolite tuff, andesite
breccia, etc. In a sense, these rocks are sedimentary but they are distinguished
from ordinary sedimentary rocks because of their volcanic origin.

Sedimentary Rocks

The processes by which sediments are produced by erosion and deposited
on dry land or under water have already been discussed. Such sediments become
gradually compacted by the weight of overlying material, and the grains may be
cemented together by silica, calcium carbonate, or other compounds crystallized
from impurities dissolved in water that percolates between the grains. In these
ways sediments become solid sedimentary rocks, which are classified according
to the size and composition of their grains.

The coarsest sedimentary rocks, formed from gravels containing pebbles or
boulders, are called conglomerate. Somewhat similar rocks, containing large
angular fragments such as are formed by rock slides, are called agglomerate.
Rocks composed of small rounded particles no larger than peas, but not as small
as ordinary grains of sand, are called grit.

Rocks formed by the consolidation of sand are among the commonest of sedi-
mentary rocks. Fairly pure sand composed almost entirely of quartz grains
forms sandstone. 1f the grains are very small the rock is called silistone. If grains
of feldspar are fairly abundant the rock is called feldspathic sandstone, but if
feldspar predominates, it is called arkose. Sands containing large amounts of
ferro-magnesian minerals as well as feldspar, such as result from erosion of
diorite or gabbro, produce greywacke. Sands deposited at the same time as
volcanic activity took place nearby are commonly mixed with volcanic ash, and
when consolidated they form such rocks as tuffaceous sandstone or iuffaceous
greywacke.

Finer grained sediments, chiefly muds and clays, produce skales. These are
generally thinly bedded grey or black rocks that are fairly soft and brittle; small
slabs that are easily detached from outcrops can usually be broken between the
fingers.
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Most water, whether fresh or in the sea, contains considerable calcium
carbonate in solution, along with other chemical compounds. Under favourable
chemical conditions these compounds are expelled from solution to form soft
sediments that may become hardened into rock. Limestone, formed from calcium
carbonate, is the commonest of such sedimentary rocks. It is fairly soft, generally
white or grey in colour, although it may be black, and its weathered surfaces
commonly have a characteristically rough and pitted appearance owing to the
fact that calcium carbonate is slowly soluble in rain or other water. Some lime-
stones, particularly if impure, are difficult to identify by eye but the fact that
they effervesce readily if a drop of weak acid is applied aids in their identification.
Almost as common as limestone is dolomite, composed mainly of magnesium
carbonate. Dolomite resembles limestone, but can usually be distinguished from
it by the fact that it does not effervesce readily when weak acid is applied;
if a little of the rock is powdered or scratched with a knife, it will effervesce.

Metamorphic Rocks

When pressure or heat, not sufficient to cause melting, is applied to a deeply
buried rock its constituent minerals recrystallize. They may crystallize as the
same mineral but in grains of different size or orientation, or new chemical
compounds that are more stable under the new conditions of pressure or heat
may form. Rocks transformed in this way are called metamorphic. In true
metamorphism, no appreciable material is introduced or taken away during the
process. Other kinds of rock alteration, by which material is added or taken
away, are mentioned later in connection with ore deposits.

Rocks that consist mainly of quartz, feldspar, or calcite recrystallize to
form uniform, massive rocks. In this way sandstone becomes gquarizite, and
limestone becomes crystalline limestone or marble. Shale becomes argillite, or
slate if the rock splits along planes independent of the bedding. Ferro-magnesian
minerals tend to form platy minerals such as biotite and chlorite, and grains of
these become oriented parallel with one another to form banded or foliated
rocks. If the rock is still quite hard and firm, but composed of thin alternating
bands of siliceous and ferro-magnesian minerals, it is called greiss. It is common
to distinguish between paragneiss, produced by metamorphism of impure sand-
stone, arkose, or greywacke, and orthogneiss produced from plutonic rocks.
Metamorphic rocks in which soft platy minerals like mica and chlorite predomi-
nate are called schist, which usually results from extreme metamorphism of
shales or igneous rocks. Flows of andesite and basalt, and tuffs of like compo-
sition, are commonly metamorphosed to form greenish rocks composed largely
of chlorite, to which the general term greenstone is applied.

Further Considerations Regarding Rocks

Rocks can be subdivided into almost innumerable varieties because, unlike
most minerals, the types grade into one another. The types mentioned above
are about all that can be recognized without special tests, and the ability to
distinguish these is all that the most competent prospector would require except
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in special cases such as might arise if he were searching for additional bodies of
a particular ore known to occur in a very narrowly defined type of rock. In such
a case he could take special steps to familiarize himself with the rock concerned.

One cannot learn to recognize the common rocks merely by reading about
them. The best way is to attend a course, when instruction and specimens will
be provided. If this is not possible, specimens can be bought at small cost, as
explained in Chapter XIV and Appendix V. Tables to assist in the recognition of
the common rocks are included as an appendix, but the serious student of
prospecting who cannot attend a course will be well advised to use one or more
of the following popular books as additional aids to his study of specimens.
He should also familiarize himself with the appearance of rocks as they occur
in the field, because specimens almost always exhibit only fresh surfaces, but
outcrops are weathered and are commonly quite unlike the fresh rock that is
sometimes difficult to expose even after considerable picking or hammering.
Also, some kinds of rocks are easier to recognize from a weathered outcrop than
from a fresh surface.

Suggestions for Additional Reading

Pough, F. H.: A Field Guide to Rocks and Minerals; Houghton Mifflin. Price about $4.

Dana, E. S, revised by C. S. Hurlbut, Jr.: Minerals and How to Study Them; Wiley and Sons,
New York, 3rd Ed., 1949, Price about $4.

Miller, W. G., revised by Parsons, A. L.: Minerals and How They Occur; Copp Clark Co. Ltd.,
Toronto, 2nd Ed., 1928. Price about $1.25.

Pirsson, L. V.: Rocks and Rock Minerals; 3rd Ed., 1947, revised by A. Knopf; Wiley and Sons,
New York. Price about $4.
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CHAPTER IV

MINERAL DEPOSITS

Minerals occur in two principal ways: (1) as normal components of rocks,
either as the essential rock-forming minerals or as the ‘accessory’ minerals that
may be present in small amounts evenly distributed through the rock, and
(2) as concentrations in rocks. Such concentrations are of many different kinds,
shapes, sizes, and origins. Their one common characteristic is that they are all
local concentrations distinct from the rock in which they are found. Small
concentrations of minerals are usually called mineral occurrences, and larger ones
are usuallly called mineral deposits, but the terms may also be used interchange-
ably when the question of size is not involved, as in the heading of this chapter.
The prospector must learn to distinguish between small mineral occurrences,
which are fairly plentiful, and prospects, which are mineral deposits having some
prospect of being of commercial size and mineral content.

Mineral deposits are of many classes and modes of origin. It is customary
to regard them as comprising the metalliferous and non-metalliferous deposits
and also the mineral fuels. The latter are concentrations of coal, oil, and natural
gas, and are treated separately. Metalliferous deposits are those containing
minerals of interest for the extraction of one or more metals. Such minerals are
sometimes called ‘metallic’, but it is preferable to restrict that term to minerals
having metallic lustre, whereas some important metal-bearing minerals such as
scheelite do not have such lustre; therefore, the term ‘metalliferous’ is used as a
more inclusive word for describing deposits of possible interest for metals. The
name ‘industrial minerals’ is now customarily used to describe the large group
of deposits that includes concentrations of non-metalliferous minerals such as
asbestos and mica, as well as unconsolidated sediments, sedimentary rocks, and
igneous rocks that are useful in industry, and such rocks may be regarded as
special classes of mineral deposits. Unlike metalliferous deposits, industrial
deposits are generally valuable because of the properties of the mineral or rock
itself.

Most prospectors are concerned mainly with searching for metalliferous
deposits, therefore the following discussion of the principal geological types of
deposits and their origins deals principally with these deposits. Several of the
types described also yield industrial minerals. It should be borne in mind that
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although it is very useful to classify deposits, as an aid in understanding and
describing them, some deposits are ‘border-line cases’ that do not fit definitely
into the scheme of classification. Also, the manner in which some deposits were
formed is not yet known definitely. Therefore, prospectors should not be too
concerned about the exact classification of every discovery, unless this is fairly
obvious, because the size of the deposit and the quality of assays or minerals
obtained from it are the most vital considerations.

Types and Origin of Deposits

Few deposits consist of a single mineral. They usually contain one or more
minerals that may be of value, in a worthless matrix of rock or of concentrations
of valueless minerals. The valuable or possibly valuable minerals may be
dispersed so finely that they can be seen only under a microscope, or they
may be in grains visible to the unaided eye, or they may be in pure masses
several inches or even feet in size. These are sometimes called ore minerals even
if they do not occur in commercial quantities in the particular deposit being
discussed. The worthless non-metalliferous rock or minerals accompanying the
ore minerals is called gangue and the minerals comprising it are called gangue
minerals. The most common gangue minerals are quartz and calcite, but many
others such as dolomite, feldspar, and chlorite may be present. Valueless metal-
liferous minerals in a deposit are also sometimes referred to as gangue minerals.

Metalliferous deposits are of many kinds and they can be classified in
several different ways. It is sometimes desirable to group them according to
the metal contained, but this is often unsatisfactory because many deposits
contain two or more useful metals. In connection with prospecting it is best
to classify deposits according to their manner of origin because this influences
the selection of suitable localities for prospecting.

It is convenient to divide deposits first into what are called primary and
secondary deposits, and then to divide the primary deposits into several cate-
gories. Primary deposits are regarded as those still in the original form, and
secondary deposits are those that have been derived from the alteration of primary
ones and that have not been transported far from the primary source. This is
a very useful distinction, but it may not be entirely accurate; to explain this
reservation it is necessary to discuss briefly the principal theories regarding the
origin of metalliferous deposits.

Few kinds of metalliferous deposits can be observed in process of being
formed. Almost all were formed during some long-past geological period, at
great depth beneath the surface, and are now found at or near the present land
surface because erosion has bared them or brought the present surface relatively
close to them (see Figure 5). Laboratory experiments help to provide informa-
tion on the origin of certain kinds of deposits but they fall far short of repro-
ducing the actual conditions under which the deposits were formed. Therefore,
reliance has to be placed largely on indirect information.
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have been destroyed by erosion.
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FIGURE 5. Diagram to illustrate stages in the erosion of a batholith
and its related mineral deposits.

There is no doubt that many metalliferous deposits owe their origin to
igneous intrusions. Some deposits occur in the upper parts of stocks and batho-
liths, and many others are in the invaded rocks at the igneous contacts or fairly
close to them (see Figures 5§ and 6). This relationship has been observed in so
many places that almost all geologists today agree that the origin of these
depositsis related in some way to the intrusive rocks. Furthermore, innumerable
analyses of igneous rocks from different countries prove these rocks to contain
minute amounts of metals, even such comparatively rare ones as gold, silver, etc.
Many kinds of deposits are therefore regarded as concentrations of metallic
minerals derived from such intrusives, some by crystallization of late phases of
the intrusion itself, and some by hot solutions or gases that were expelled from
the intrusion and that carried the metal or metals along with them in a liquid
or gaseous state. It was formerly believed that all igneous rocks resulted from
crystallization of a molten magma introduced into the earth’s crust from below.
This gave rise to the concept of primary deposits, that is, those in their original
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1, magmatic segregations; 2, pegmatites; 3, contact metasomatic deposits;
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FiGURE 6. Diagram illustrating mineral deposits related to igneous intrusion.

state of deposition. Now, however, there is strong evidence that at least some
igneous rocks are formed either from a magma that originated from the melting
of sedimentary or other rocks in the crust, or from recrystallization of such
rocks without actual melting. If so, any metals contained in intrusive rocks so
formed or emanating from them would probably have been previously in the
crustal rocks that were transformed into igneous rocks. Furthermore, solutions
emanating from a magma may dissolve and redeposit metalliferous minerals
originally contained in the crustal rocks lying above the intrusive body even
though these were not converted into igneous rocks. Mineral deposits formed
in these ways are not, strictly speaking, primary, but it is convenient to regard
them as primary because they are so different from those classed as secondary.

Other important deposits are formed as sediments derived from the weather-
ing or erosion of rocks containing small amounts of metalliferous minerals or
containing mineral deposits. Such sedimentary deposits are not strictly primary,
but it is convenient to include them in the broad primary category. Primary
deposits may, therefore, be divided into two main groups called: (1) deposits
related to intrusions, and (2) sedimentary deposits; certain others do not seem
to belong to either of these groups.

Deposits Related to Intrusions

The principal kinds of deposits directly related to igneous intrusions are
magmatic segregation deposits, contact metasomatic deposits, pegmatites, and
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some veins, and replacement deposits. Many metalliferous deposits belong to
one or other of these categories, of which veins and replacement deposits are the
most important. They are, however, not discussed in order of importance, but
instead, those that are most directly related to igneous rocks are described first.

Magmatic Segregation Deposits

Certain deposits found in batholiths, stocks, and sills (see Figure 6) are
concentrations of accessory minerals such as magnetite and ilmenite or of
uncommon minerals like chromite. Some such concentrations may form at the
time of crystallization of the main body of rock, but most appear to have
developed later than the main rock. In these cases the ore minerals probably
remained in a molten part of the body until after some of the igneous rocks
had crystallized, and later formed injection or replacement bodies in the earlier-
formed rock. Certain of the deposits, therefore, possess some characteristics of
replacement deposits, but it is convenient to regard them as magmatic because
the important consideration is that deposits of these kinds will be found within
intrusive bodies and they will have, more or less, the characteristics of the
intrusive rocks themselves.

Examples of magmatic segregation deposits are certain concentrations of
magnetite, titaniferous magnetite, and ilmenite occurring in granites and related
rocks. These deposits are relatively rare compared with the innumerable occur-
rences of igneous rocks in which magnetite or ilmenite are merely accessory
minerals in very small amounts. Deposits of chromite, platinum, diamond, and
some kinds of copper and nickel deposits, in gabbro and ultrabasic rocks, are
also regarded as members of this class.

Contact Metasomatic Deposits

It was mentioned in Chapter III that some rocks are altered or ‘metamor-
phosed’ by the pressure or by the heat of nearby intrusive rocks. Strictly speaking,
the term ‘metamorphism’ refers only to the formation of new, stable minerals
by recrystallization of minerals already in the invaded rock, without introduction
of additional material. If, during the process, material is added from solutions
or gases emanating from the intrusive body, the term meiasomatism is applied.
Metals from the intrusive body may be introduced into rocks altered in this
way, in quantities sufficient to form mineral deposits of a type called contact
metasomatic. These are commonly called ‘contact metamorphic’ instead, but
that expression is not so suitable because it suggests no introduction of minerals
to the rock already present.

Water, silica, sulphur, iron, magnesia, or other compounds or elements from
the intrusive body are considered to enter pores or fractures in the invaded
rock and to react with it to form minerals like garnet, diopside, and epidote.
The compositions of the intrusive and of the invaded rocks are important factors
in determining the character and extent of the alteration. Limestone and dolo-
mite, for instance, are very susceptible to alteration of this kind, and gramtlc
intrusives commonly cause the alteration.
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The deposits usually lie at the contact and more or less parallel with it.
Such deposits are generally very irregular in outline because the alteration
proceeds farthest along favourable bands of rock or along zones of fracturing,
whereas resistant patches of rock are only slightly altered. Deposits may also
be formed in favourable rocks some distance from the contact.

Minerals containing iron, copper, zinc, lead, gold, tin, tungsten, molyb-
denum, or manganese are sufficiently abundant in some deposits of this kind
to form orebodies. Some are large and important, but as a rule they are small
and difficult to mine because of their irregular shape and the erratic distribution
of the ore minerals.

Pegmatitic Deposits

Pegmatites have been mentioned briefly in Chapter III. They must be
discussed more fully here because they form some of the commonest mineral
deposits. During the crystallization of magma to form a stock or batholith
certain elements and compounds such as water, fluorine, and carbon dioxide
become concentrated in the still uncrystallized part of the magma, along with
some of the ordinary rock-forming material. Metals and rare elements present
may also be included. After the main intrusive body has crystallized and frac-
tures have formed in it, some of this remaining material is injected along the
fractures to form pegmatites, both in the stock or batholith itself and in the
invaded rocks not far from the contact. Some pegmatites appear to replace
earlier rocks, instead of filling simple fractures. The water, fluorine, or other
constituents seem to have the power of causing the coarse-grained crystallization
so characteristic of pegmatites, which are usually coarser grained than the
ordinary intrusive rocks with which they are associated. Some pegmatites
contain crystals several feet in size. Differences between porphyry and pegmatite
are that the former contains scattered large crystals in a relatively fine-grained
matrix, whereas most pegmatite consists of coarse material, with only minor
patches of fine-grained material, if any, and that the larger mineral units in
porphyry always have distinct crystal outlines whereas those in pegmatites do
not necessarily have them.

Pegmatites are most commonly associated with granite, and such pegmatites
are composed mainly of feldspar and quartz, together with lesser amounts of
accessory minerals like mica, apatite, zircon, etc., characteristic of the related
granite. These pegmatites are properly called ‘granite pegmatite’. Other, less
common, kinds such as ‘syenite pegmatite’, ‘diorite pegmatite’, etc., have the
characteristics of the rocks with which they are associated; for example, syenite
pegmatites do not have appreciable amounts of quartz, and diorite pegmatites
contain the feldspars and the ferro-magnesian minerals typical of diorite.

Bodies of pegmatite take many sizes and shapes, ranging from short bodies
an inch or more in width to great masses more than a mile long and hundreds of
feet wide, but most are fairly small. Many are properly called dykes, although
few of these are as regular in form as the dykes composed of other kinds of rocks.
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Others occur as sills and as irregularly outlined masses. Still others form narrow,
more or less parallel sheets interspersed between layers of schist or gneiss, forming
a special kind of gneiss called migmatite. Many pegmatites are composed of
zones differing in size of crystals or in mineral content, or both. Many pegmatites
have clearly defined walls, but others grade into the wall-rock as though the
pegmatitic material had reacted with or replaced the wall-rock. Bodies of
pegmatite commonly occur in groups, so that if one is found others probably
will occur in the same general locality. Because they are associated with deep-

seated intrusive rocks and occur in or near them, they are exposed only in regions
that have been eroded deeply.

Pegmatites are widespread but relatively few contain deposits of commercial
value. Some are of value because their coarse crystals permit them to be a
source of common non-metalliferous minerals like feldspar, quartz, and mica,
and some because they contain payable amounts of rarer minerals containing
lithium, beryllium, niobium, tantalum, molybdenum, tin, and other elements.
These minerals are usually only minor constituents of pegmatites, if they occur
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at all, and only exceptional occurrences contain enough of them to make mining
profitable. Minerals containing uranium or thorium are found in many pegma-
tites, but rarely in commercial quantities. Gold, and sulphide minerals like

pyrite and pyrrhotite, are found sparingly in some pegmatites, but pegmatites
are not important sources of these minerals.

Most pegmatite deposits are relatively small, and even if they are mined
for one or more valuable constituents this is usually on a small scale. They are
generally mined from the surface, with portable equipment that can be moved
to another occurrence when one body has been exhausted. Their main importance
as sources of metals is for ones like beryllium and lithium that are not likely to
be found in larger and more uniform deposits of other types. When searching
for pegmatites containing such metals prospectors should remember that it is
relatively easy to find a pegmatite containing an occasional mass or crystal of
a mineral containing the metal sought, but that deposits containing commercial
quantities are much harder to find. Nevertheless, if only a little of a metal is
found in one pegmatite, others in the same region may be investigated carefully
in the hope that a worthwhile deposit can be found. In some countries, pegma-
tites are important sources of gems such as emerald, sapphire, and topaz.
Although pegmatites are very common in Canada, important deposits of gems
have not yet been found in them, but prospectors should keep in mind the
possibility of discovering such deposits.

Veins

Among the most common and most important types of mineral deposits are
veins and related deposits. A typical vein is a fairly regular body composed of one
or more minerals occupying a fracture or fault and, therefore, narrow in one dimen-
sion but fairly extensive in the other two dimensions (see Plate XXVTI). However,
deposits of this general class are formed in openings of many other sizes and
shapes. Many are roughly lens-shaped, being fairly short and tapering at the
ends. Others, although fairly regular in shape, are too small to be classed as
true veins and are called stringers; there is no definite distinction between the
sizes of stringers and veins, but it is usual to call them stringers if they are less
than an inch or two in width. Many veins or stringers occur individually, but
many others are in groups, and are often called compound veins or vein systems.
A series of closely spaced parallel stringers forms a sheeted vein and a network
of stringers joining one another at various angles forms a stock-work (see Plate
XXVIII). A fault that is marked by a zone of sheared rock may contain veins or
lenses, and minerals may also impregnate some of the sheared rock as well;
deposits of this kind and those in sheared rocks caused in other ways are called
shear zome deposits. Some fault zones contain a breccia composed of angular
fragments of rock; the open spaces in such zones, and, less commonly in breccias
of other kinds such as volcanic breccias, may have minerals deposited in them
and form a breccia filling, Cavities formed in limestone or other soluble rocks,
by the action of percolating surface water, may later have mmerals deposited
in them to form cavity fillings.
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Some veins and other deposits of this general class contain only one or a
few ore minerals; but most contain gangue minerals as well, and gangue minerals
are commonly more abundant than the ore minerals. Quartz is the most common
gangue mineral. Many veins consist only of quartz, or contain only a few insig-
nificant grains of metalliferous mineral. Others may contain sections called ore
shoots that will pay to mine, interspersed with material that is too low grade
to be profitably mined.

Deposits of the kinds mentioned in the preceding two paragraphs are found
where fractures, faults, or other openings provided conditions favourable for
mineral deposition, and where metal-bearing solutions or vapours were active.
Some deposits seem to have filled an open crack or other space, and some seem
to have forced apart the walls of a fissure by pressure. Others show evidence of
having partly dissolved and replaced rock in a shear or breccia zone or along
the sides of a fissure; thus some deposits of the general ‘vein’ class have charac-
teristics of the replacement class to be discussed in the next section.

The material filling many deposits of the vein class fairly obviously was
derived in some way from igneous magmas, because these veins occur in the
border zones of stocks or batholiths, either in the intrusive rock itself or in the
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invaded rocks not far from the contact (see Figures 5 and 6). Furthermore,
some veins have been traced into dykes of pegmatite through a gradational
change in mineral content. This fact has led some geologists to conclude that
veins are really dykes injected in a molten state and then cooled. There is much
evidence, however, to show that veins of almost all classes were more probably
deposited by solutions composed largely of hot water in which the metals were
dissolved, hence such deposits are called hydrothermal, which means ‘hot water’.
These hot solutions and their contained elements are generally believed to
originate as the last phases of a cooling magma. Some ore minerals crystallize
from solutions at high temperatures, others at moderate temperatures, and some
at fairly low temperatures (see Figure 6). Some large veins are zoned, with the
higher temperature part occurring at greatest depth or closest to an intrusive
body. Also, a particular district may contain deposits of one temperature class
in one part, and of another class in another part, depending on the distance
from the intrusive source. Minerals crystallize from solutions when and where a
sufficient degree of cooling or release of pressure takes place, and also where
the chemical balance is destroyed by the presence of wall-rocks of certain chemical
compositions. The nature of the wall-rocks, therefore, has an effect on the loca-
tion of ore shoots in certain deposits.

Some veins may be deposited by waters from the surface, instead of by
water actually derived from an igneous thagma at depth. Water from the surface
may percolate through pores or cracks in the upper part of the crust, dissolving
small amounts of metals contained in the rocks; if such waters reached sufficient
depth they would become warm and might act in the same way as ‘hydrothermal’
solutions to deposit minerals in open spaces in the rocks. This may account for
some veins but it does not seem a plausible explanation for most of them, which
were formed at depths where surface waters would not likely penetrate, and
which were later uncovered by deep erosion. As illustrated in Figure 5, the
present surface may be thousands of feet below the surface that existed at the
time a mineral deposit was formed.

Replacement Deposits

Replacement is a process of more or less simultaneous removal by solution
of certain parts of a body of rock, and deposition of ore or gangue minerals in
their place (see Plate XXX). Itisnot the same as the filling of cavities mentioned
above, but a slow piecemeal process by which mineral-bearing solutions work
their way through cracks or pores, many of microscopic size, dissolving the
nearby rock and substituting other minerals. As has been mentioned, this
process is partly responsible for some pegmatite, contact metasomatic, and
vein deposits, but it also forms special kinds of deposits, some of which are
large and important.

Typical replacement deposits are found in regions where igneous intrusions
occur, and these deposits contain minerals similar to hydrothermal vein deposits
so they are considered ‘hydrothermal replacements’. Almost any kind of rock
may be replaced by suitable solutions if openings are available for their passage,
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but limestone and dolomite are most favourable. The ore minerals substituted
are usually sulphides such as chalcopyrite and galena, and gold or other precious
metals may accompany them. The gangue may be unreplaced rock, or minerals
such as quartz, carbonates, or chlorite. Rocks containing bands or masses of
different compositions are commonly replaced selectively, leaving relatively
unaltered the bands that are less favourable for replacement (see Plate XXXI).
Some deposits contain large masses of ore minerals, and others, called ‘dissemi-
nated deposits’, contain finely dispersed grains of ore minerals in schist or other
‘host rock’. The location of the deposits, or of ore shoots in them, is determined
in part by the character of the rocks and in part by structural conditions such
as contacts, folds, fracture zones, shear zones, and brecciated zones that made
parts of the rock favourable for the introduction and circulation of solutions.
Replacement deposits are usually irregular in shape and without as clearly defined
walls as vein deposits. In many deposits a core containing ore minerals is sur-
rounded by a zone of replaced rock containing certain non-metalliferous minerals
characteristic of what is called ‘wall-rock alteration’. Recognition of such altered
rock sometimes leads to discovery of the ore-bearing core either by further
prospecting on the surface or by diamond drilling. Replacement deposits are of
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all sizes, and many are too small or too low in metal content to be minable.
On the other hand, some of the largest ones are among the most important
copper, lead, zinc, and precious-metal deposits.

Some replacement deposits, including certain very important ones, have
been found in regions where there are no exposed intrusive rocks and no other
signs of intrusive activity. Some geologists believe that these deposits were
formed by solutions derived from underlying intrusive masses that have not
been exposed by erosion, because some such deposits are so similar to deposits
in other districts where the intrusive relationship seems obvious, that this is the
most plausible explanation for them. It is possible, however, that some replace-
ment deposits are formed by cold or warmed water from the surface that
travelled through pores or fractures in large amounts of near-surface rocks,
dissolving metals present in minute quantities in these rocks and then concen-
trating them as replacements in favourable places, or that molecules or compounds
containing such metals were diffused and concentrated in ways that are not yet
well understood. Such a process may also account for the formation of some veins.

Sedimentary Deposits

In ways explained in Chapter II, sediments precipitated from sea water or
formed from the erosion of rocks exposed at the earth’s surface lead to the forma-
tion of unconsolidated sediments that in turn become hard sedimentary rocks.
Such sediments and sedimentary rocks may in their entirety be useful commer-
cially, particularly as deposits of industrial minerals; or they may contain concen-
trations of heavy minerals and thus form ‘detrital’ deposits.

Detrital mineral deposits are of two main kinds: (1) those that are still
unconsolidated and are called ‘placer deposits’ or ‘placers’; and (2) consolidated
detrital deposits, which are placers that have been changed into metal-bearing
conglomerate, sandstone, or other sedimentary rock, and which, therefore, form
one of the classes of consolidated sedimentary deposits.

Placer Deposits

Placers are parts of bodies of sand or gravel containing concentrations of
ore minerals derived from the destruction of rocks or mineral deposits. The
word ‘placer’ is believed to have been derived from an old Spanish word meaning
‘sand bank’. The lighter and more brittle minerals are seldom concentrated in
placers. The minerals that form placers are usually heavy, resistant to chemical
decomposition or solution, and so hard and tough that they do not wear easily
or split into smaller and smaller fragments. The most important placer minerals
are, therefore, gold, platinum, cassiterite, ilmenite, diamonds, and rubies. Mag-
netite that existed originally as an accessory mineral in igneous rocks is concen-
trated in considerable quantities to form ‘black sand’, but such placers are
rarely workable as sources of iron. Garnets are commonly found in placers and
are often mistaken for rubies.

Several requirements are necessary for the formation and preservation of
placers. First, there must have been a supply of valuable minerals in the bedrock
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or its contained deposits, although these minerals may have been dispersed in
small quantities. Secondly, weathering must have gone on for a long time.
Thirdly, conditions must have been favourable for concentration. This last
condition usually demands a region of hills or mountains to provide streams
with sufficient velocity to carry off the lighter products of erosion. The most
favourable conditions are in areas where erosion continued for a long time,
reducing the land surface to a fairly level state, after which the surface was
uplifted and dissected by streams that concentrated the residual minerals lying
on the ancient surface. Lastly, the placers must have been preserved. Many
placers were doubtless destroyed by later erosion, including glaciation. The effects
of glaciation probably account for the fact that workable placers have not been
found in the Canadian Shield, although the rocks of the Shield contain many
primary gold deposits, the weathering of which doubtless produced placers that
were destroyed by glaciation. The prevalence of placers in glaciated parts of
the Cordilleran region is explained by the rugged topography that apparently
protected many placers from destruction by preventing glaciers from scouring
evenly all parts of the surface.

Some placers are formed on the slopes below outcrops of mineral deposits.
These are the first stage of placer formation and are not commonly large concen-
trations because the placer minerals soon are washed into streams. Others are
formed along beaches where waves erode rocks or re-work and concentrate glacial
gravels or sands containing small amounts of valuable minerals. Most placers,
however, occur in stream gravels, generally those deposited in ancient channels
rather than in the beds of present streams. The valuable minerals are usually
concentrated on or near bedrock at the bottom of the channel, and may be
lodged in crevices in bedrock; in some placers, however, ‘paystreaks’ may occur
within the gravel some distance above bedrock. Most valuable placer minerals
are in fairly small grains, but in the case of gold, nuggets may be present. Many
placers are covered by glacial drift, which makes their discovery and mining
difficult. Most placers in the Cordilleran region of Canada are of interglacial
‘or post-glacial ages but some are known or believed to be of Tertiary age. In rare
instances placers have been found in Tertiary gravels overlain by Tertiary lava
flows.

Consolidated Sedimentary Deposits

Placers formed during early geological periods, if they are not destroyed,
become consolidated into beds of conglomerate or sandstone containing detrital
deposits of magnetite, gold or other minerals. Certain deposits have undoubtedly
been formed in this way. Several other important deposits may have originated
in this way, but the evidence regarding them is not conclusive. For example,
the gold ores in Precambrian conglomerates in South Africa, which are the
world’s principal source of gold, were at first believed unquestionably to be
consolidated placers. It has been shown more recently, however, that at least
some of the gold and other metalliferous minerals that accompany it were
probably deposited after the rock was consolidated. As can well be imagined,
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the importance of these deposits has caused endless investigation of this problem,
but despite the efforts of many eminent authorities, it is not yet certain whether
the ore minerals were introduced hydrothermally to form deposits that have
only an accidental resemblance to placers, or whether the gold passed through a
placer stage and was later dissolved and slightly rearranged. Much the same
problem arises in attempting to explain certain other deposits of gold, uranium,
and other metals. It is not difficult to distinguish those that are definitely of
detrital origin if the ore minerals are not too finely dispersed to be seen with a
microscope, because detrital grains are either rounded from the wear of transpor-
tation by water or are split into angular fragments, whereas minerals introduced
by solutions show interlocking crystal structure or other characteristic micro-
scopic textures and relationships. On the other hand, a deposit that existed
once as a placer and then was recrystallized, and whose ore minerals in this
process may also have been moved a short distance from their resting place in
the placer stage, would be difficult or impossible to distinguish from one whose
ore minerals were introduced by hydrothermal solutions from an igneous source.
It is important for geologists to try to solve these problems because ore shoots
or additional deposits might be found under quite different sedimentary or
structural conditions depending on whether the ore minerals were concentrated
as placers or by solutions.

Other deposits found in sedimentary rocks are formed as chemical precipi-
tates in basins of water at the earth’s surface. Certain iron deposits form the
most common metalliferous examples. What are called ‘bog iron’ deposits can
be seen in process of formation today in some districts. They are formed where
water percolating through rocks dissolves iron and issues as springs in or near
bogs containing carbonaceous material that reacts chemically with the iron-
bearing solutions to cause the formation of limonite, which settles to the bottom
of the bog. Deposits of this kind are found in Canada, particularly in the St.
Lawrence valley of Quebec where many years ago they supplied the ore for
Canada's first iron industry.

Extensive sedimentary beds composed of iron minerals and silica are found
principally in Precambrian and Palaozoic strata, and these are called ‘sedi-
mentary iron-formation’. The iron and silica were evidently deposited chemically
from sea water at the time the sediments that produced the rocks with which
they are interbedded were laid down. In one type, iron compounds combine
with silica to form small rounded pellets called ‘oolites’. Another type consists
of thin layers of hematite and magnetite interbedded with layers of silica. Most
deposits of the latter type are too low in iron content to be workable except
where they have been enriched by the action of circulating solutions that
extracted iron from certain parts of the deposits and concentrated it in others,
or which carried away much of the silica, thus indirectly increasing the iron
content. Prospecting for deposits of this kind is done by first looking for iron-
formation and then searching it for parts that are low in silica and high in iron;
this is judged by the appearance and proved by analyses.
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Secondary Deposits

Almost all metalliferous minerals lying at or near the surface are altered by
the effects of surface water that attacks them and causes the formation of new
ones, generally oxides or hydroxides (compounds composed of a metal plus
hydrogen and oxygen). These new minerals are called supergene or secondary
minerals, and deposits composed of them are called supergene or secondary
deposits. Some minerals containing metals, such as copper, iron, and uranium,
are readily attacked by surface waters, others are less susceptible, and a few
like gold and platinum are so resistant that they do not form compounds in
this way. Deposits containing secondary iron minerals have a characteristic
rusty appearance and are called gossans.

Most supergene deposits found in Canada contain only small amounts of
secondary minerals such as limonite, malachite, cobalt bloom, and secondary
uranium minerals, extending for a few inches or a few feet below the surface,
but in exceptional cases secondary minerals have been found in mines at 500
feet or more below the surface. As arule, the altered parts of the deposits contain
both secondary minerals and some of the original minerals, and although the
total metal content is not exactly the same as in unaltered parts of the deposit
it is usually not greatly different. Therefore, at most Canadian deposits the
secondary effects have only a minor influence on the value of the deposit. The
main significance of secondary minerals formed in this way in Canada is that
they are often important clues in prospecting for primary deposits. Small
amounts of secondary minerals may stain a fairly large area and thus make
detection of a deposit easier, and some secondary minerals are brightly coloured.
In this connection there are three points to remember. One is that the secondary
minerals may occur a short distance from the unaltered deposit, not necessarily
immediately above it. Another is that many secondary minerals are soluble in
water and may be removed from the actual surface of an outcrop by rain or
other moisture, so that it is often necessary to pick into an outcrop to find them;
they may be preserved as fillings in narrow fractures or cavities. Lastly, it must
be remembered that a very small deposit or a larger one having an unimportant
metal content may produce a spectacular display of secondary minerals, hence
a conspicuous gossan or other secondary deposit does not necessarily indicate
that an important primary deposit exists.

Alteration may also cause the removal of valuable metals from the upper
part of a deposit, so that sampling of this part yields misleadingly low assays
or fails to detect a particular metal at all. The metal so removed may be dispersed,
or it may be concentrated in a lower part of the deposit to form what are called
‘zones of secondary enrichment’ or bonanzas, which rarely extend to great depths.
Bonanzas are not common in Canada, apparently mainly because of glacial
erosion that must have removed the altered parts of many deposits. Also, the
fairly cool climate of this country may have retarded the chemical action between
surface water and minerals, and thus caused conditions more unfavourable for
the formation of bonanzas than those that prevailed in warmer countries. The
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possibility of impoverishment or enrichment cannot be ignored, however, particu-
larly by engineers or geologists engaged in the examination of prospects.

Suggestions for Additional Reading

Bateman, A. M.: The Formation of Mineral Deposits; Wiley, 1951.
Price about $5.50.
An authoritative and up-to-date book written for laymen and beginning students.

Lindgren, W.: Mineral Deposits; 4th Ed., McGraw-Hill, 1933. Price about $8.

This and the following book are among the many standard advanced textbooks on the
geology of mineral deposits that may be used as references by experienced prospectors.

Bateman, A. M.: Economic Mineral Deposits; 2nd Ed., Wiley, 1950.
Price about $7.50.

Fuels

The principal fuels are wood, coal, petroleum, and natural gas. All but wood
are classed as mineral fuels because they are produced from rock formations, but
they are not minerals as defined in Chapter III.

Coal, petroleum, and natural gas accounted for about 25 per cent of the
total value of Canada’s mineral production in 1953. This amounted to about
$102 million for coal, $197 million for petroleum, and $11 million for natural
gas. In spite of the great importance of these products only a little space is
devoted to them in this publication because there is not much demand for addi-
tional coal discoveries at present, and because prospecting for petroleum and
natural gas is so specialized that it is beyond the scope of ordinary prospecting.
Therefore, the following passages are only brief outlines of these topics to provide
general information for those who are interested.

Coal

Coal is formed from an accumulation of vegetable matter in previous geolog-
ical periods. Every gradation between hard coal, soft coal, woody coal, and peat
has been recognized, and many coals contain the imprints of leaves, ferns, and
other vegetable forms. The vegetation grew in swamps of fresh or brackish
water, accumulated at the bottoms of these basins or floated into concentrations,
and turned into a peaty substance. Subsequent burial by sand or mud protected
it until, layered between sedimentary rocks, it became gradually converted into
coal through the agencies of pressure and heat.

Because of this origin, coal is found as seams or beds in sedimentary rocks,
such as shales and sandstones, which were laid down in fresh or brackish water.
Sedimentary rocks of the Carboniferous and Cretaceous ages contain the most
important of the world’s deposits of hard coal, and beds of Tertiary age yield
most of the world’s lignite.

The three main types of coal, with their distinguishing features, are as follows.

Lignite: brownish black colour; plant and woody structure commonly appar-
ent; high moisture content causes disintegration upon drying.

Bituminous: black, brittle, with alternation of dull and lustrous layers; well-
jointed, breaking into cubes or rectangular blocks; burns with smoky yellow flame.
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Anthracite: black, hard, brittle, with shiny, conchoidal fracture; ignites slowly
and burns with a smokeless blue flame.

Several intermediate ranks such as subbituminous and semianthracite are
recognized. The principal chemical differences in the progression from lignite to
anthracite consist of a relative increase in the carbon content and a relative
decrease in volatile constituents and moisture. A geologically ancient coal will
probably, over a long period, have been subjected to sufficient pressure and heat
to transform it to coal of high rank or perhaps to graphite. The higher pressures
and temperatures that accompany intense folding of beds is very important in
producing changes from lignite towards anthracite.

Folding of coal seams increases their chances of outcropping. The mining
of intensely folded or faulted seams, however, is usually more costly than the
working of unbroken, only slightly tilted beds.

The character of the rocks enclosing a coal seam may greatly affect the cost
of mining. A roof of weak shale may require much support, yet one of strong
sandstone may not be suitable for some underground methods of mining. The
character of the roof is also very important in strip mining.

Most of the coal mined in Canada is bituminous. It is used mainly for
heating and for the production of steam. Lesser amounts are used for the manu-
facture of coke and artificial gas. Special grades of coke are used extensively in
the production of iron and steel from iron ore. The principal Canadian coal
deposits are in the eastern and western parts of the country, very large mines
being worked in Carboniferous formations in Nova Scotia and in Mesozoic
formations in British Columbia and Alberta. Tertiary coals are also mined in
Western Canada.

Canada has many producing coal mines and large known reserves of coal,
but the coal mining industry is faced with difficulties. One reason for this is
that coal must compete with fuel oil and natural gas, which are preferred for
some uses; in fact, some authorities believe that the long-term outlook for coal
is as a chemical raw material rather than as a fuel. Another reason is that many
of the industrial plants that require coal or coke are situated in the interior of
Canada, far from the principal coal mines which are in the eastern and western
parts of the country; this interior market is served largely by coal from the
United States. Because of the conditions outlined above it is not likely that
general prospecting for coal would be worth while in Canada in the near future.
There are no doubt special cases where a coal-mining company, knowing of a
demand for a certain type of deposit in a certain region, would send a qualified
man to search. The average prospector, however, if working in areas where coal
may be found, should note any new occurrence of coal he sees while prospecting
for other minerals, in case he could interest someone in it; or if he knew that a
local demand existed in a place near outcrops of formations suitable for the
occurrence of coal, he might search for a deposit.
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Suggestion for Additional Reading

Coal in Canada; Coke in Canada; Reviews issued annually by the Dept. of Mines and Tech.
Surveys, Ottawa.

Petroleum and Natural Gas

Petroleum is more familiarly known as ‘crude oil’ or simply ‘oil’. It is
customary to distinguish ‘natural gas’ from other gases, but for the purposes
of this discussion it can be assumed that the word ‘gas’ refers to naturally occur-
ring combustible gas. Oil and gas are vital to our present way of life, particularly
because of the great demand for gasoline, and Canada is fortunate in having
large supplies, mainly in the Great Plains region. Canada is now producing
about half of the oil used in this country, and there is ample gas if it could be
transported to all parts of the country. Extensive pipelines have been built and
others are planned, for both oil and gas, but because of the great distances
involved it may be more economic to import oil for certain parts of the country
even if the production is much increased, and it would not be practical to extend
gas lines to all communities.

Origin of Oil and Gas

Petroleum and natural gas are allied substances of organic origin accu-
mulated under special conditions in porous beds in the earth’s crust. The organic
materials were deposited in past geological ages in bodies of water, together with
the sand, silt, and mud of normal sediments such as are brought down the rivers
of today to be deposited in the sea. No oil or gas has been found in rocks of
Precambrian age, presumably because of lack of suitable living organisms during
Precambrian time.

Organic materials long exposed to air or water decompose, but salt water
retards the decomposition and, if sedimentation is sufficiently rapid, organic
matter is trapped in the sediments. Bacteria present in the sediments are believed
to aid in the freeing of waxy and fatty matter from organic material, and this
action takes place best in salt water.. This probably explains in part why oil
and gas are associated with marine rather than freshwater sedimentary forma-
tions. Sands and gravels may contain little organic matter, but the finer particles
of clay have about the same weight as particles of organic matter, therefore,
dark shales, particularly those of marine origin, are considered the most favour-
able source beds for oil and gas. Some limestones may also have a high content
of organic substances, especially those formed in fairly warm seas. The organic
substances trapped in shales and limestones are slowly subjected to heat and
pressure and changed into gas and small globules of oil, which are at first widely
scattered and must migrate into suitable concentrations and be trapped to form
commercial deposits.

Porosity and Permeability

Nearly all rocks contain some open spaces between the constituent grains.
If these ‘pore’ spaces are sufficiently close together and connected the rock is
permeable and allows the slow passage of liquids or gases through it. The most
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Simple asymmetric anticline with two oil-
bearing strata; GH shows change in dip of
axis of the fold; B C width of productive area for
the upper sand; EF for the lower sand. Axes of
folds at A and D lie near the left edge of the
productive area. Well No.1is productive; No, 2
is barren; No.3 produces from upper and lower
sand; No.4 produces from upper sand.
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permeable rocks are sandstones, some coral limestones, and some dolomites,
particularly those formed from limestones by replacement of some of the lime
by magnesia, with a decrease in volume and some consequent fracturing. Even
shales, the least permeable of the sedimentary rocks, contain very small pores
through which liquids pass by capillarity. When oil and gas get into rocks that
are sufficiently porous, or are fractured or faulted, they migrate slowly upward
until the surface is reached or until relatively impervious rock prevents further
movement. !

¥}
Traps

There are many kinds of structural and other traps, the simplest being anti-
clines and domes, as illustrated in Figure 7 A and B. Under ideal conditions the
gas, because of its lightness, will fill the porous beds at the crest of the fold and
will be underlain on the flanks by oil, which in turn is lighter than the water
that fills the pores in the lowest part of the structure. There may be departures
from this sequence, even in simple anticlines. For example, natural gas moves
with much greater ease than oil and, consequently, structures are found that
contain only gas. Not all anticlines, even in an oil-bearing region, necessarily
contain gas or oil, because water movements in the porous strata may be strong
enough in some cases to flush an anticline, causing a migration of the gas and
oil to another structure where the effect of water is less pronounced. Other types
of traps are provided by faulting of a porous stratum adjacent to an impervious
one, by a lenticular porous stratum in impervious beds (see Figure 7C), by
‘terrace structures’ (see Figure 7D), and by large coral reefs.

The requisites for the accumulation of oil and natural gas thus are the
presence of source rocks such as oil-bearing shale or limestone, the presence of
porous strata to form a reservoir, the presence of suitable structures or other
traps, and a covering of impervious rock such as shale to prevent further upward
migration and loss. The source rocks may not be exposed at the surface, and
may not be close to the trapping structure, but careful study of the strata over
broad areas may indicate their presence far beneath a favourable structure.
The structures themselves can be detected by careful stratigraphic and structural
mapping and by geophysical surveys and there may occasionally be an oil seep
at the surface nearby, but the presence of an accumulation of oil or gas can
only be proved by drilling expensive wells, often to depths of several thousands
of feet.

Oil-Shales and Sands

Outcrops of shale containing organic hydrocarbon compounds are fairly
common, and oil is produced from them in some countries by mining or quarrying
the shale and distilling off the hydrocarbon. The hydrocarbon in these rocks is
a residue left after the more volatile parts of oil-bearing shales were driven off
long ago by natural processes involving heat and pressure. Several such occur-
rences are known in Canada, mainly in the Maritime Provinces and British
Columbia, but they have not been considered workable; the better deposits may
become valuable at some future time.
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Canada also possesses a unique type of occurrence found over a large area
near Fort McMurray in northern Alberta. The deposit consists of bituminous
material in unconsolidated sand of Cretaceous age, (see Plate XXXII), that rests
on Devonian limestone. The bituminous matter represents oil from which the
more volatile material has been driven off by natural processes. It is not certain
whether the oil was originally in the underlying limestone or whether it origi-
nated in the sands. The deposits form a large reserve, and methods of mining
and processing have been worked out, both for producing asphalt and gasoline
and other petroleum derivatives. So far it has not been possible to establish
economic operations that could compete with ordinary oil from wells, but the
deposits may be very important in the future.

Plate XXXII

Tar sand, Fort McMurray,
Alta., and an experimental
machine for mining it.

Prospecting Possibilities

Prospecting for oil and gas is a difficult and complicated matter. Seepages
of oil or gas sometimes give a clue for a successful discovery, but prospecting
depends mainly on detailed studies of the rocks and structures exposed in areas
where the geology is favourable in a general way, on detailed studies of cuttings
and cores of rock from wells already drilled in a district, and on special geophys-
ical studies that assist greatly in interpreting the structures at depth. Favourable
sites are explored by drilling very costly wells; a few wells in Alberta that reached
depths of about 2 miles cost about $1 million each to drill, and many shallower
ones cost more than $100,000. Despite the most thorough preliminary studies,
many wells are drilled unsuccessfully, either because there was no oil or gas in
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the structure, or because they were not present in commercial quantities, or
because the well was not in quite the right place, or because the structure changed
with depth.

Prospecting for oil and gas is, therefore, a highly specialized undertaking
beyond the scope of the ordinary prospector. It is occasionally undertaken by
trained geologists or geophysicists working on their own, but is almost entirely
done by men of these professions employed by oil companies. The literature on
the subject is extensive and well known to those engaged in the work, so it is
unnecessary to discuss the details in a publication of this kind.

A prospector searching for metals or minerals in regions containing marine
sedimentary rocks might be alert for seepages of oil or gas and for occurrences
of oil-shales or sands. It should be remembered, however, that many reported
oil seepages are nothing but an iridescent film on water, caused by iron compounds
or decomposed vegetation, and that many gas seepages consist of coal gas or
marsh gas instead of the important kind of gas that is related to oil.

In some parts of the country oil and gas rights accompany the land rights,
and in other parts they are reserved to the Crown. Claims are not staked for
oil and gas, but leases may be obtained from the owner of the land or from the
government, as the case may be. In the provinces these matters are under the
jurisdiction of the provincial governments.

Suggestions for Additional Reading
Holbrook, E. M.: Oil from the Earth; Canadian Geographical Journal, Oct. 1949,
Hume, G. S.: Petroleum Geology of Canada; Geol. Surv., Canada, Econ. Geol. Ser. No. 14, 1944,
Ball, M. W.: This Fascinating Oil Business; Bobbs-Merrill Co., New York.

Natural Gas in Canada; Crude Petroleum in Canada; Reviews issued annually by Dept. of Mines
and Tech. Surveys, Ottawa.
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A. Part of the Canadian Shield north of the
limit of trees, southern part of Keewatin

District, N.W.T.

Plate XXXIII

B. View in the Canodian Shield, northern

Saskatchewan.




CHAPTER V

OUTLINE OF THE GEOLOGY OF CANADA

Canada is divisible naturally into five principal geological regions, which
are commonly called geological provinces (see Figure 8). Because the under-
lying rocks have a great influence on the character of the land surface, these
divisions are also the main topographical units of Canada. These geological and
topographical provinces are, therefore, of much importance not only for their
bearing on prospecting and mining but also for their influences on agriculture,
forestry, settlement, and other matters.

The largest geological province is the Canadian Shield, which constitutes
about half of the country. This large area is underlain by a complex assemblage
of Precambrian rocks. It is roughly shield-shaped in outline and it forms, in a
sense, the core or backbone of the continent. Except along the northeast side
where the Shield is bounded by the Atlantic Ocean, younger, softer strata overlap
the Shield to form the Plains. The largest of these are the vast Interior Plains
that are responsible for much of Canada’s agricultural development and almost
all its oil production. Another large plains area lies north of the Shield, in the
Arctic islands. The Hudson Bay Lowland, southwest of that bay, is formed by
sedimentary strata that overlie the central part of the Shield. Low-lying areas
north of Lake Erie and Lake Ontario, and along parts of the St. Lawrence and
Ottawa Rivers, form what is called the St. Lawrence Lowland; although rela-
tively small, these areas are of great agricultural and industrial importance.
The eastern part of Canada lies in the Appalachian System, which extends
northward from the United States. It is in part a rugged region with complex
geology, embracing the island of Newfoundland, the Maritime Provinces, Gaspé,
and part of the Eastern Townships of Quebec. A large region in Western Canada
is occupied by the Canadian Cordillera, part of a great assemblage of mountains
that forms the western parts of both North and South America. Recent work
in the Arctic has shown that a large area there contains high mountains and
much-folded rocks. This area is now distinguished as a separate geological
province and called the Innuitian Region.

These major divisions are separable into smaller geological and topographical
units, most of the details being far beyond the scope of this book. The following
brief descriptions are intended only to make succeeding parts of the book under-
standable and to serve as a foundation for the further knowledge of the geology
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Figure 8. Canada showing main geological regions.

of Canada, which should be acquired not only as an essential to intelligent
prospecting, but also for a better understanding of the country’s varied resources
and magnificent scenery. A much more extended summary entitled “Geology

and Economic Minerals of Canada”, and other publications listed at the end
of this chapter, are recommended for additional reading.

Canadian Shield

This great area includes more than 1,800,000 square miles. The southern
part of the Shield continues into the United States west and south of Lake
Superior, where the principal production of iron ore on this continent has been
derived from Precambrian rocks. Another part of the Shield crosses the St.

Lawrence River east of Kingston, where the harder Precambrian rocks form the
Thousand Islands.
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The surface of much of the Shield has rather low reliéf, and the general
height is less than 2,000 feet above sea-level. Relatively few hills and ridges
rise more than 100 to 200 feet above the general surface. At places, however,
such as north of Lake Superior and in the Haliburton and Laurentian Highlands,
the topography is more rugged; in Labrador the Torngat Mountains have eleva-
tions of 5,000 to 6,000 feet above the sea, and in Baffin Island mountains rise
to elevations of 8,000 to 10,000 feet. Because of the intense glaciation the surface
of the Shield has undergone, characteristic topographical features are rounded
rock outcrops and rocky ridges, separated by areas of glacially deposited sand
and gravel. Another feature is the countless number of lakes of all sizes and
outlines that have resulted from the effect of glaciation in disorganizing the
drainage. When flying over many parts of the Shield one gets the impression
that there is almost as much area covered by lakes as by dry land. There are
also many patches of swampy ‘muskeg’ that are a further indication of poor
drainage. A different type of topography characterizes a large area between
Hearst, Ont., and Senneterre, Que., underlain by extensive deposits of clay
that formed in large temporary lakes during the retreat of the last ice-sheet.
In this ‘clay belt’ the surface is flatter than elsewhere in the Shield and outcrops
are less numerous, a condition that has impeded prospecting in important mining
areas such as Porcupine and Rouyn.

The amount of exposed rock varies greatly in different parts of the Shield.
Exposures are probably poorest in the so-called ‘clay belt’ just mentioned. They
are very abundant in certain parts of Northwest Territories and Labrador.
In most areas that have been mapped geologically, rock exposures probably
total less than 10 per cent of the surface. The southern part of the Shield is
well wooded, with mixed coniferous and deciduous forests in the more southerly
regions, and large tracts of coniferous trees farther north. Forest growth depends
on climate, and because the climate varies in different parts of the country the
limit of trees extends diagonally southward from the vicinity of Great Bear Lake
to Churchill. East of Hudson Bay the line swings northward so that only the
northernmost parts of Ungava and Labrador are beyond the limit of trees, but
south of this line there are treeless mountainous tracts.

Precambrian time lasted for at least five-sixths of the entire geological past.
During those long ages great accumulations of sedimentary and volcanic strata
were formed; these were subjected to mountain building processes, and large
bodies of granites and other igneous rocks were formed in the roots of the moun-
tains. These ancient mountain ranges were worn down by erosion, seas encroached
over the resulting low land, and the cycle of deposition, mountain building,
intrusion, and erosion began anew. In at least some parts of the Shield these
processes were repeated several times, and it appears that no one process occurred
throughout the Shield at any one time, but that mountain building, for example,
took place in one region while another was covered by sea and undergoing a
stable period of deposition. Much of the Shield, particularly along the margins,
was covered by the sea in Palaozoic times, when sediments that have since been
partly eroded away were deposited on the Precambrian surface. It is probable
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that certain parts of the Shield, at different times, stood above the Palzozoic
seas, and were subjected to erosion. There is no evidence of widespread submer-
gence in Mesozoic or Tertiary times. In late Tertiary time the surface was
uplifted, probably 300 to 700 feet higher than the surface of today. This uplift
caused renewed stream erosion that shaped hills and valleys to more or less their
present form. These events were followed by glaciation in the Pleistocene period,
when great ice-sheets covered the entire Shield. As these advanced they rounded
ridges and outcrops and deepened valleys, and as the ice melted, moraines of
gravel and sand, and other glacial deposits, were formed. During the few thousand
years that have since elapsed, there has been time for only minor changes such
as slight uplifts, and a little weathering, frost action, stream erosion, and stream
deposition.

The great and diversified mineral wealth of the Shield results from its long
and varied past, during which rocks were made favourable for the deposition of
ore minerals by faulting and other forms of deformation that accompanied or
followed igneous intrusion at depth. The long periods of erosion that followed
exposed these deep-seated mineral deposits or brought the surface relatively close
to them. The Shield is, therefore, the most favourable large geological province
in which to prospect for metal deposits. It must be borne in mind, however,
that only certain kinds of rocks and geological structures within it are distinctly
favourable, and that large areas probably do not contain important deposits.
Moreover, deposits of metals tend to form along belts in particular areas, and the
deposits along a particular belt commonly have similar general characteristics.

In many regions the oldest Precambrian rocks exposed are metamorphosed
sedimentary and volcanic rocks of different kinds, the altered volcanics commonly
being referred to collectively as ‘greenstones’. These ancient strata occur as
remnants, some of which are 100 miles or more in length, bordered by areas of
granite and gneiss. It has been estimated that 80 per cent or more of the Shield,
consists of granite and allied rocks, but much of what is mapped in a general
way as granite consists of gneisses formed from sedimentary and other rocks
that have been intimately invaded by granitic rocks or that have been partly
transformed into granitic rocks. In many regions the Early Precambrian rocks
are overlain unconformably by less-deformed sedimentary and volcanic strata
that are usually assigned to the Late Precambrian. It is possible, however, that
the conditions that produced this great unconformity and the strata above it
took place at different times in different regions, and that some strata mapped
as Late Precambrian are relatively undeformed Early Precambrian rocks. In
some areas, Late Precambrian strata are intruded by Precambrian granitic
rocks, and in most parts of the Shield the youngest known intrusive Precambrian
rocks are diabase.

The unravelling of the complex geology of the Shield is made difficult by
the intense metamorphism that many of the rocks have suffered, by the lack of
fossils that would aid in determining the relative ages and correlation of strata,
and because large areas of granitic rocks commonly intervene to prevent the
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tracing of the older strata from one district to another. Moreover, large sections
of the Shield have not yet been mapped geologically. For these reasons, forma-
tional and other age and stratigraphic names cannot be applied with certainty
over large distances, therefore groups of rocks are given different local names
in different regions, or are not given formational names. In some earlier reports
and maps confusion has been caused by attempts to extend formational and
other names too widely.

Regional Subdivisions of the Shield

Because the Canadian Shield is so large and so complex, it is convenient
to divide it into segments having somewhat distinct types of rocks and structures.
There is also some evidence that the principal periods of folding and igneous
intrusion took place at different times in different parts of the Shield. Moreover,
particular metals and kinds of mineral deposits show strong tendencies to occur
in certain segments of the Shield rather than in others. These associations,
which are of great importance to prospectors, appear to be based on fundamental
differences in the distribution and abundance of metallic elements in different
parts of the earth’s crust, and perhaps also on differences in the kinds and ages
of rocks and structures in different parts of the Shield, as well as differences in
the depths to which erosion. has uncovered stocks and batholiths. As a rule, the
mineral deposits in an individual mining camp or mineral belt contain the same
important metals or minerals; if other minerals are present they are usually in
minor amounts or near the edges of the camp or belt.

Geologists now agree that the Shield is divisible into separate segments or
regions of the kind mentioned above, but authorities are not yet in complete
agreement regarding their naming or boundaries. For some time a large region
in the southeastern part of the Shield, called the Grenville, has been recognized
as a separate unit because it has several distinctive characteristics; its boundary
is now fairly definitely defined between Lake Huron and the country immediately
east of Lake Mistassini in northern Quebec, but its position farther northeast is
still uncertain. More recently, the names Slave, Churchill, Superior, and Arctic
Islands have been proposed for other large segments of the Shield, as shown in
Figure 9. A few other names have also been suggested, but those mentioned are
the ones most commonly advocated. Some geologists call these regions sub-
provinces, regarding the entire Shield as a geological province. Others call them
‘provinces’, because they consider that the Shield is too large to be classed as
one geological province; they regard as sub-provinces still smaller divisions,
several of which are now discernible.

In Figure 9 the larger divisions of the Shield that are favoured by most
authorities are shown in a general way, by large lettering, but information
available at present is not adequate to permit drawing boundaries for them
except in a few instances. Because the problem of whether they should be called
geological provinces or sub-provinces is not yet settled, they are simply referred
to as ‘regions’. Smaller divisions within these regions are shown by smaller
Jettering, and are referred to as ‘sub-regions’; again, few boundaries can yet be
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Ficure 9. Principal geological regions and sub-regions within the Canadian Shield.
Major regions shown in large type, and sub-regions in smaller type.

drawn. It is emphasized that many of the larger and smaller regions shown are
not yet officially adopted and that other units or names may eventually be
chosen, but they are used here to facilitate outlining the geology and character-
istic mineral deposits of different parts of the Shield. It is likely that, as geological
mapping and studies progress, some names will be defined. Meanwhile, there
is a growing tendency for Precambrian geologists to agree that the Shield must
be subdivided, and to use these or somewhat similar designations; therefore,
prospectors will find them useful in understanding geological literature and in
selecting fields for prospecting. In the following brief notes the divisions are
discussed in geographical order, beginning with the northwestern part of the

80



Outline of the Geology of Canada

Shield. The information is co-ordinated largely from privately-published papers
by H. C. Cooke, J. E. Gill, A. W. Jolliffe, J. T. Wilson, and M. E. Wilson.

Slave Region

The name ‘Slave’ has been applied to the northwestern part of the Shield,
in the general vicinities of Great Slave and Great Bear Lakes. It is not clear
how far eastward this name should be applied, because relatively little geological
work has yet been done in the territory northwest of Hudson Bay. Considerable
work has been done farther west, permitting a subdivision of the western part
of the Slave region into smaller units called Coppermine, Great Bear, Yellow-
knife, East Arm, and Taltson.

In the extreme northwestern part of the Shield the Coppermine sub-region
is underlain by Late Precambrian strata, including the Coppermine River series,
which consist mainly of shale and sandstone, with some lava flows and diabase
sills. Deposits of native copper and other copper minerals have been found,
but the inaccessibility of the region has so far prevented their exploitation.

The sub-region extending northward from the north arm of Great Slave
Lake, and immediately east of Great Bear Lake, has been called Great Bear.
It contains large areas of folded sedimentary and volcanic strata believed to be
early Late Precambrian in age, and called the Snare River group. These strata
are intruded by large amounts of granitic rocks. East of Great Bear Lake itself
are strata resembling those of the Snare River group, and they also are intruded
by granitic rocks. This sub-region is noted for its uranium occurrences, and it
also contains several occurrences of silver, copper, cobalt, and nickel.

The Yellowknife sub-region, north of Great Slave Lake and east of the occur-
rences of the Snare River group, contains large amounts of sedimentary rocks,
with lesser amounts of greenstones, that are classed as the Yellowknife group.
These are older than the Snare River group, and are assigned to the Early
Precambrian. The Yellowknife group is intruded in places by granitic rocks that
are older than the Snare River group, but other granitic rocks in the region
may be younger and correspond to the granitic rocks that cut the Snare River
group. This sub-region contains two large producing gold mines, other smaller
gold mines and many gold and tungsten prospects. Particularly in the eastern
part, it contains numerous pegmatitic occurrences of such minerals as beryl,
columbite, and spodumene.

The basin of the East Arm of Great Slave Lake contains a large northeasterly
trending belt of Late Precambrian sedimentary rocks, which form the East Arm
sub-region. Occurrences of copper, lead, zinc, uranium, nickel, and cobalt are
present.

South of Great Slave Lake, the Talison sub-region is mainly underlain by
granitic and gneissic rocks, but it contains a large northerly trending belt of
Late Precambrian sedimentary strata called the Nonacho series. A few uranium
and base metal occurrences have been found in this belt.
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A large area in the vicinity of Thelon River and Dubawnt Lake contains
flat-lying sandstone and related rocks that are probably Late Precambrian in age.

Churchill Region

This name is applied to a large segment of the Shield extending northward
from the vicinity of Nelson River, and including the territory immediately north
of Lake Athabasca and that in the vicinity of Rankin Inlet. The trends of the
belts of older Precambrian strata in the Churchill region are dominantly north-
eastward, and the region is further characterized by the presence of altered
limestone or dolomite interbedded with older Precambrian gneisses such as those
of the Tazin group north of Lake Athabasca and the Kisseynew gneiss near the
Saskatchewan-Manitoba boundary.

Some investigators have applied the name Athabasca to a folded belt imme-
diately north of Lake Athabasca, where important uranium deposits have been
found, as well as occurrences of gold, cobalt, nickel, vanadium, and other metals.
Recent work has shown that this belt probably extends northeastward to the
vicinity of Rankin Inlet, therefore the writer has tentatively classed it as the
Athabasca-Rankin sub-region. The eastern part of this belt contains large areas
of greenstones, with minor amounts of sedimentary rocks, which appear to be
Early Precambrian in age. They are cut by granitic intrusions. Younger, probably
Late Precambrian, strata appear to be cut by younger granitic intrusions.
Deposits of nickel and other metals have been found, and the entire belt is
favourable in a general way for prospecting.

The remainder of the Churchill region is not yet separable into sub-regions,
although a large area south of Lake Athabasca that is underlain by the flat-lying
sandstone forming the Athabasca series may be designated as the Athabasca
Plain. Prospecting in this area is difficult because there are few rock exposures.
Farther to the south and east is a large territory containing many belts of green-
stone and other strata of early Precambrian types, in which important copper-
zinc and copper-nickel deposits have been found. These belts hold opportunities
for additional prospecting.

Superior Region

This name, derived from Lake Superfor, is used to describe a very large
segment of the Shield extending eastward from Nelson River in Manitoba,
through Ontario, and into northwestern Quebec. The characteristic feature of
this region is that most of the numerous belts of Early Precambrian greenstones
and sediments, which lie between large areas of granitic and gneissic rocks,
trend almost due east and west, in marked contrast with the northeasterly trends
in the Churchill region. The western part of the Superior region contains, in
addition to great areas of granitic and gneissic rocks, large remnants of Early
Precambrian sedimentary and volcanic strata, large areas of Late Precambrian
sediments and volcanics such as the Animikie series, and sills and dykes of
diabase. The principal known mineral deposits include the Steep Rock iron
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mines west of Port Arthur, several gold mines and prospects lying between
Lake Winnipeg and Lake Nipigon, and the copper-zinc-silver deposit discovered
recently at Manitouwadge.

The eastern part of what is here called the Superior region, extending from
the Michipicoten district in Ontario to the Mistassini district in Quebec, is
usually called the Timiskaming sub-province. There are grounds for considering
this to be of the same rank as the Churchill and Grenville regions, instead of
as a sub-region of the Superior, but the term ‘Timiskaming sub-region’ is adopted
here because the easterly trending structures seem to continue in a general way
from eastern Manitoba and western Ontario.

Much of the pioneer work in laying the foundations for Precambrian geology
was done in the Timiskaming sub-region, along the north shore of Lake Huron
and in the Sudbury, Cobalt, Porcupine, and Noranda areas. In many places
the ancient rocks are predominantly greenstones, commonly composed of pillow
lavas. In several areas these greenstones and associated rocks are classed as the
Keewatin group, a name first applied to rather similar rocks farther west, near
Lake of the Woods. In some areas, particularly near Timmins and Noranda, the
Keewatin group is overlain by ancient sedimentary strata called the Timiskaming
series. The Keewatin and Timiskaming rocks and their equivalents are intruded
by granitic batholiths that outcrop over much of the region, the earlier volcanic
and sedimentary strata being preserved in places as remnants in the more exten-
sive granitic rocks. These intrusives are referred to as the Pre-Huronian intru-
sives by some geologists and as the Algoman intrusives by others. They were
formed at depth during a pronounced period of mountain building towards the
close of Early Precambrian time, and were exposed by subsequent erosion that
wore down the ancient mountains. This erosion is indicated by a pronounced
unconformity, found in several parts of the region, which is regarded as the line
of demarcation between rocks of Early and Late Precambrian ages. Late
Precambrian rocks are preserved principally in a large belt north of Lake Huron
and extending intermittently northeastward through the Timagami and Cobalt
districts into the territory near Noranda, Que. These younger strata are
sometimes referred to collectively as the Huronian, but are given local names
such as the Bruce series and Cobalt series because of differences in age or because
complete correlations cannot be made from one district to another. They consist
of metamorphosed sediments and minor volcanic rocks that, on the whole, have
not been subjected to such intense metamorphism and folding as those of Early
Precambrian age. They are intruded in places by granitic intrusions such as
the Birch Lake granite north of Lake Huron, by gabbroic intrusives such as
thosg near Sudbury, and by sills and dykes of diabase such as the Nipissing
diabase at Cobalt.

The Timiskaming sub-province contains some of the largest mines of the
world and, at least to date, is the most important mineral-producing part of the
Shield. Within its boundaries are the great nickel, copper, and gold mines of
the Sudbury basin; the gold mines of Porcupine, Kirkland Lake, and north-
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western Quebec; the gold, copper, and zinc mines of Noranda and Chibougamau
in Quebec; the iron mines of Michipicoten; large low-grade uranium deposits
near Blind River; and many smaller mines and prospects of various kinds.
Although much of the territory has been prospected intensively, it still holds
opportunities for both conventional and highly technical prospecting.

Grenville Region

The southeastern part of the Shield has for some time been recognized as a
separate unit called the Grenville province or sub-province. It forms a belt 150
to 200 miles wide extending from Georgian Bay of Lake Huron to southern
Labrador, and it extends into the United States to form the Adirondacks. Its
boundary with the Timiskaming sub-province is a line of known and supposed
faults reaching at least from south of Sudbury to the territory east of Lake
Mistassini in Quebec. Because of this faulting at some points, and because of
scarcity of rock exposures at others, it is uncertain whether the older rocks in
the Grenville region are older or younger than those to the north, or the same age.

The oldest known rocks of the Grenville region, which in general strike
northeasterly, form what is called the Grenville series. It consists largely of
crystalline limestone and impure limy rocks, and gneisses containing garnets and
other minerals such as are formed by intense metamorphism of limy and clayey
rocks. The Grenville series is intruded by bodies of gabbro and diorite, and by
large intrusions of still younger granite and syenite, with which are associated
innumerable dykes and masses of pegmatite.

The Grenville region contains important titanium deposits north of the Gulf
of St. Lawrence, contact metasomatic iron deposits such as the large one being
mined at Marmora, Ont., some zinc and lead deposits, and many relatively
small pegmatitic and contact metasomatic deposits such as those worked from
time to time for feldspar and mica. Metalliferous deposits of hydrothermal types
have, however, been found much more rarely than in the Timiskaming sub-region.

-

Ungava and Labrador

Geological information is still limited for much of northernmost Quebec and
Labrador. Names for segments of the Shield are here not yet well established,
nor is it possible to define definitely the northern boundaries of the Superior or
Timiskaming regions. To aid in description, the writer uses the name ‘Ungava’
for the territory east of Hudson Bay, ‘Labrador Trough’ for the important belt
of sedimentary strata lying farther east, and ‘Labrador’ for the territory between
the Trough and the coast of Labrador, and has classed these as sub-regions.

Most of the Ungave sub-region, as defined for the purpose of this publication,
appears from reconnaissance surveys to be underlain by granitergneiss, granite,
and allied rocks of Early Precambrian age. A large area containing greenstones
has, however, been mapped in the basin of Eastmain River, and others probably
exist. Late Precambrian sedimentary rocks form the Belcher Islands in Hudson
Bay, and similar rocks outcrop along the east coast of that bay, near Richmond
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Gulf. Prospecting in this territory has not been extensive, and few mineral
deposits have yet been found apart from large, low-grade iron deposits on Belcher
Islands.

The so-called Labrador Trough is a belt about 60 miles wide, containing Late
Precambrian sedimentary strata, with some volcanic rocks, and sills and dykes
of gabbro. It is of particular impoftance because it includes the now well-known
iron deposits of New Quebec and Labrador. The belt extends northwesterly for
about 600 miles, from the headwaters of Romaine River to the west side of
Ungava Bay. The rocks within the belt are folded, and cut by many faults.
At the west side of the belt the strata rest with pronounced unconformity on
Early Precambrian gneisses. The eastern boundary is a zone of sheared rocks
that probably indicates a prominent fault.

There is relatively little information on the geology of the Labrador sub-
region, between the Trough and the Labrador coast, but there is some evidence
that parts of it contain altered rocks of the same age as those in the Trough.
Rocks much like those of the Grenville series have also been found, as well as
large areas of typical gneisses, and Late Precambrian sedimentary strata. Occur-
rences of uranium, copper, and other metals have been reported from this region,
where intensive prospecting has been done only recently.

Arctic Islands

Although geological information is less complete for the Arctic Islands than
for most parts of Canada, sufficient work has been done to outline the broad
features, and some areas have been investigated in considerable detail. The
Canadian Shield forms most of Baffin Island, where the rocks show some simi-
larity to those of the Grenville region. The Shield is also exposed on some of
the islands north of Baffin Island (see Figure 9). Rocks of Late Precambrian
types have been found mainly on Victoria Island, north of Coppermine, and at
the northwest end of Baffin Island. Little prospecting has been attempted
because of the remoteness of these islands.

Cordilleran Region

The Cordilleran region of Western Canada is part of the great belt of high
mountains that stretches along the west sides of North and South America.
In Canada the belt averages about 450 miles in width, and includes almost all
of British Columbia and Yukon Territory, and the western parts of Alberta and
the District of Mackenzie, N.-W.T. The mountain ranges and intervening valleys
trend northwesterly, parallel with the coast of British Columbia and southern
Alaska. Much of the region is forested but it also contains areas above timber-
line in which bare rock is exposed except where covered by snow or ice.

The Canadian Cordilleran region is divided into two main parts called the
Eastern and Western Cordillera, in which the topographical features and the
geology are very different. In British Columbia these divisions are separated
by an unusually deep and persistent valley, called the Rocky Mountain Trench.
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This remarkable valley extends northwesterly for nearly 1,000 miles, through
almost the entire length of the province from the vicinity of Cranbrook almost
to Watson Lake; the Canadian Pacific Railway line crosses the Trench at Golden
and the main line of Canadian National Railways intersects it at Canoe River.
The Trench probably owes its origin to erosion along a zone of faults.

The Western Cordillera includes ranges on Vancouver and Queen Charlotte
Islands, the lofty Coast Mountains along the border of the mainland, and the
still higher St. Elias Mountains along the boundary between Yukon and Alaska.
Between the Coast Mountains and the Rocky Mountain Trench is a broad belt
composed partly of mountain ranges, such as the Cassiar and Selkirk Mountains,
and partly of rolling plateaux interrupted by deep valleys. The best known
features of the Eastern Cordillera are the Rocky Mountains, composed of high
ranges extending from the 49th Parallel almost to the Yukon. The entire Cana-
dian Cordillera is frequently referred to as the ‘Rocky Mountains’, but without
justification, as the official terminology has always restricted this name to the
mountains lying east of the Rocky Mountain Trench. A belt of foothills several
miles wide separates the Rockies from the Interior Plains.

The Cordilleran region is on the site of a great basin of sedimentation where
seas and freshwater basins existed during much of the time from Late Pre-
cambrian to late Mesozoic and early Tertiary. Here sediments were deposited in
much greater thicknesses than on the Precambrian basement underlying the
Interior Plains. The mountains of the Western Cordillera have been carved in a
complex assemblage of sedimentary, volcanic, and plutonic rocks. Great
thicknesses of sedimentary strata that range in age from Late Precambrian to
early Mesozoic are exposed. With these are interbedded large amounts of lava
flows and volcanic fragmental rocks, mainly late Paleozoic and Mesozoic in age.
These strata were folded and intruded by granitic rocks at different times,
mainly in the Mesozoic era. The mountains formed at that time were eroded to a
fairly flat surface, exposing deep-seated granitic rocks in many places, most
notably the large and complex Coast Range batholith along the western mainland
of British Columbia. Later, lava flows of Tertiary age, composed mainly of
basalt and andesite, spread over much of this surface. Still later, the land was
uplifted, and during late Tertiary time streams eroded deep valleys in the uplifted
surface and dissected it into the mountains and plateaux that today characterize
the Western Cordillera.

The mountains of the Eastern Cordillera are formed from a great thickness
of sedimentary strata ranging in age from Late Precambrian to Mesozoic. These
strata consist chiefly of limestone, quartzite, and shale, which have a total
thickness estimated at about 68,000 feet in the Rocky Mountains. Sedimentation
continued, at least in places, until early Tertiary time, long after the main
period of folding of the mountains to the west. The Rockies and other ranges of
the Eastern Cordillera are, therefore, still in the first stage of erosion. Conse-
quently, the peaks in general present a saw-tooth appearance without the patches
of fairly level uplands that mark the ancient uplifted land surface formed by the
first cycle of erosion in the Western Cordillera.
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Plate XXXIV

A. Rugged topography in the southern part of the Canadicn
Shield, at Walker Lake, Quebec, north of the mouth of

St. Lawrence River.

B. Part of the east coast of the island of Newfoundland,
in the Appalachian region.
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The complex geological history of the Western Cordilleran region was
particularly favourable for the formation of metalliferous mineral deposits, and
for unroofing them by prolonged and deep erosion. In consequence, this region
has supplied much of Canada’s production of metalliferous minerals, and also
considerable coal; it contains some large base-metal mines, as well as many
smaller mines and prospects of various kinds; and it is one of the most favourable
regions for prospecting. The southern half has been fairly thoroughly prospected,
in so far as ordinary methods are concerned, but the northern half contains
many areas that have been prospected only in a preliminary way. The region
also contains important deposits of industrial minerals. The only parts of the
Western Cordillera that are definitely unfavourable for prospecting are those
covered by Tertiary or younger lava flows, which are younger than the lode
deposits; even under these flows, deposits may be found occasionally where
valleys have dissected the flows and revealed underlying rocks.

Relatively few metalliferous deposits have been found in the Eastern Cor-
dillera, probably because of its younger mountain-building history, which has
not permitted subsequent erosion to lay bare extensive deep-seated intrusions
and deposits that may underlie the region. A few small intrusive bodies and a
few metalliferous deposits have been found in the Rocky Mountains near Field,
B.C., and east of Cranbrook, B.C. Some of these deposits, such as those of
lead and zinc near Field, may be of types that are not directly related to igneous
processes. The Eastern Cordillera, therefore, offer limited possibilities for
prospecting for metalliferous deposits. They do hold good possibilities, however,
for the discovery of industrial minerals, and important coal deposits are present.

Plains Regions
Interior Plains

The Interior Plains are underlain by a great succession of flat-lying or gently
folded sedimentary rocks deposited during the Palzozoic, Mesozoic, and Cenozoic
eras. The older Palzozoic strata outcrop in the eastern part of the region and
consist chiefly of limestone, dolomite, sandstone, and shale of Ordovician, Silurian,
and Devonian ages. Mississippian and Pennsylvanian strata overlie the Devonian
beds in a few places. The strata were laid down in seas, and later in streams, lakes,
and marshes, that came and went from time to time during the many millions of
years that followed the Precambrian eras. The sedimentary rocks so deposited
probably also covered part of what is exposed today as the Canadian Shield,
and were later removed by erosion. The older strata that have been preserved
appear at or near the surface in relatively narrow bands near the exposed edge
of the Shield in Manitoba and Saskatchewan, and in much broader belts in
Northwest Territories in the basin of the Mackenzie River. Most of the plains
areas of Manitoba, Saskatchewan, and Alberta are underlain largely by flat-
lying shales and sandstones of Cretaceous age, which are partly of marine and
partly of freshwater origin. Still younger strata of Tertiary age occur principally
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in and near the Wood Mountain plateau in southern Saskatchewan, in the Cypress
Hills in southern Alberta, and in a large area in southwestern Alberta adjacent to
the foothills.

The Interior Plains do not contain igneous intrusions, therefore the region
is usually regarded as unfavourable for prospecting for metalliferous deposits.
The region is, however, of great importance because of its resources of petroleum,
natural gas, and coal, and there are also certain special deposits of economic
importance, such as building stones, structural materials used for making cement,
and certain salts that are recovered from brines. Deposits of lead and zinc in
Palzxozoic limestone near Pine Point, at the south side of Great Slave Lake,
have been known for many years and have been shown to contain large tonnages
that may warrant the large expenditures that will be required to exploit them.
The origin of deposits of this kind is uncertain, for they are in strata not known
to be intruded by igneous rocks. Such deposits may have been formed by
hydrothermal solutions that travelled a long distance from deep-seated intrusives
of late Palaozoic or younger age; on the other hand, they may have been formed
by circulating waters from the surface, which extracted metals that occurred
in small amounts in nearby rocks. Similar deposits may occur in Palzozoic
limestone in other districts, but prospecting for them is made difficult by the
scarcity of outcrops in the plains regions.

St. Lawrence Lowland

This name is given to the fertile plains that extend south of the Canadian
Shield between Lake Huron and the Thousand Islands, and also along the St.
Lawrence River from the Thousand Islands to the city of Quebec, and along
the lower part of Ottawa River. These plains are underlain by flat or gently
dipping sedimentary rocks, mainly limestones and shales, that were deposited
in seas that occupied the region during parts of Cambrian, Ordovician, Silurian,
and Devonian times. Exceptions to the generally flat character of this region are
the Monteregian Hills near Montreal, which are formed by small igneous
intrusions.

The chief mineral resources of this region are those typical of sedimentary
strata, such as deposits of gypsum and salt, and such as the petroleum and natural
gas produced north of Lake Erie. In addition, veins containing lead and zinc
have been found in Ordovician strata near Carleton Place, Ont., and veins
containing fluorite, also in Ordovician beds, have been mined near Madoc, Ont.

Hudson Bay Lowland

South of Hudson Bay and west of James Bay a large lowland area is underlain
by sedimentary strata ranging in age from Ordovician to Mesozoic and which
overlap the Canadian Shield. Because of the lack of intrusions this region is
not particularly favourable to prospect for metals, although it is possible that
deposits such as those of lead and zinc that occur in Devonian rocks near Great
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Plate XXXV

A. Mount Robson, the highest mountain in the Canadion
Rockies. Erosion has carved this mountain from a

flat-lying succession of sedimentary strata.

B View in Coast Mountains near Terrace, B.C., illus-
trating the rounded erosion forms typical of plutonic
rocks.
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Slave Lake might be found here as well. The region has been investigated for
oil but so far none has been discovered. The region is also of interest because of
the occurrence of lignitic coals and deposits of gypsum.

Arctic Lowlands and Plateaux

Large areas in the Arctic islands consist of lowlands, and plateaux that
rise to about 3,000 feet above the sea. These regions are underlain by fairly
flat-lying sedimentary strata ranging in age from Cambrian to Cretaceous,
therefore their prospecting possibilities are mainly limited to oil, natural gas,
and coal.

Appalachian Region

The Appalachian region, which is the northern extension of a much longer
belt in the United States, includes the part of Quebec lying south of the St.
Lawrence River and east of a line between Quebec City and Lake Champlain,
and all of New Brunswick, Nova Scotia, Prince Edward Island, and the Island
of Newfoundland. In general, this region is fairly rugged because it is a tilted
ancient plateau surface sloping southeast that has been carved into hills and
valleys by stream erosion. In the interior of Gaspé, these hills rise to heights
of more than 4,200 feet above sea-level to form the Shickshock Mountains.

Precambrian rocks exposed in western Newfoundland bear some resemblance
to those of the Canadian Shield, but are separated from them by younger strata
near the Strait of Belle Isle. Sedimentary and volcanic rocks, regarded as belong-
ing to both the Early and Late Precambrian, are exposed in parts of Newfoundland,
Nova Scotia, and New Brunswick. In Nova Scotia, other strata may be Pre-
cambrian or Paleozoic. The rocks exposed in much of the Appalachian region,
however, are Palzozoic limestone, shale, and sandstone, ranging-in age from
Cambrian to Carboniferous, and there are also some Triassic strata near the
Bay of Fundy. Folding occurred during the Ordovician period, and again in the
Devonian when igneous intrusion was fairly widespread, resulting in numerous
granitic stocks and batholiths. Parts of the region were further deformed by
folding and faulting at the close of the Carboniferous period.

The line of demarcation between the much-disturbed Palzozoic strata in
the Appalachian region and the flat-lying Palaozoic beds underlying the St.
Lawrence Lowland is a great fault extending in the form of an arc northeastward
from Lake Champlain. This fault is responsible for the sweeping curve of the
south shore of the lower St. Lawrence. The faulting is attributed mainly to
thrusts that occurred during Ordovician and Devonian disturbances, but there
may, also have been movement along it at other times.

The Appalachian region possesses great and varied mineral resources.
Sedimentary rocks contain important deposits of coal, gypsum, salt, and iron,
the latter being the sedimentary iron ores of Wabana in Newfoundland. The
Eastern Townships of Quebec contain very important asbestos deposits. Largely
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because of the Devonian disturbances and intrusions, the region also contains
important deposits of copper, lead, or zinc, such as those of Gaspé, Que., Bathurst,
N.B., and Buchans, Nfld. In addition, many gold mines were formerly worked
in Nova Scotia. The foregoing is only a brief list of the most important mineral
occurrences of the region; there are also many occurrences of other minerals.
The region in general is, therefore, definitely favourable for prospecting, and
much of it has the added advantage of being fairly accessible.

Innuitian Region

A large part of the northern Canadian Arctic, called the Innuitian region,
consists of mountains and ridges that rise as high as 10,000 feet. The Innuitian
region extends from northernmost Ellesmere Island south and west to the
western edge of Melville Island, and in places is more than 200 miles wide.
It is underlain by moderately to intensely folded rocks ranging in age from
possibly Precambrian to Cretaceous. These consist mainly of sedimentary
strata, with some metamerphic and volcanic rocks.

Some strata in the region seem to have been folded before the Silurian period,
some in Silurian or Devonian time, some in late Palzozoic time, and some in late
Cretaceous or early Tertiary time. In the northern part granitic intrusive rocks
have been found, therefore, at least parts of the region are favourable in a general
way for the occurrence of metalliferous deposits. Other parts appear to be more
favourable for the occurrence of mineral fuels. However, the inaccessibility
will retard prospecting and the exploitation of mineral resources.

Suggestions for Additional Reading

Geology and Economic Minerals of Canada, by Officers of the Geological Survey; Geol. Surv.,
Canada, Econ. Geol. Ser. No. 1, 1947. Price 75 cents.

A comprehensive summary of information on the geology and principal mineral deposits
of Canada. Prospectors will find it useful for extending the general outline contained in
this chapter, and also for reference before studying more detailed reports on a particular
area. A related publication is the large, coloured geological map of Canada, scale 1 inch to
60 miles, obtainable for 50 cents. .

Structural Geology of Canadian Ore Deposits, A Symposium; Can. Inst. Min. Met., 906 Drum-
mond Bldg., Montreal, Que., 1948. Price $10.

In addition to many papers on individual mines, this book contains general geological
descriptions of the Canadian Shield and the Cordilleran and Appalachian regions and several
of the principal mining camps within them.

Fortier, Y. O., McNair, A. H., and Thorsteinsson, R.: Geology and Petroleum Possibilities in
Canadian Arctic Islands; Bull. Amer. Assoc. Pet. Geol., vol. 38, No. 10, 1954.

A recent summary of geological information on the Arctic islands, containing important

information obtained since the preparation of “Geology and Economic Minerals of Canada'.
Fortier, Y. O.: Innuitian Region; Trans. Can. Inst. Min. Met., vol. LVIII, pp. 1-2 (1955).

Another recent summary of information on this region.

Baird, D. M.: Mines and Minerals of Newfoundland; Newfoundland Dept. Mines and Res.,
Information Circular No. 7, 1953.

This and the following publication include summarized information on the geology of
Newfoundland, which was not part of Canada when “Geology and Economic Minerals of
Canada” was prepared.

Weeks, L. J.: Newfoundland As a Field for Prospecting; Proc. Geol. Assoc. Can., 1951, pp. 75-76.

A recent summary of the geology and prospecting possibilities of Newfoundland.

Many additional regional references are listed in Geol. Surv., Canada, Paper 54-1: “A List of
Publications on Prospecting in Canada and Related Subjects”.
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CHAPTER VI

OBTAINING INSTRUCTION

The need for organized instruction in prospecting has been recognized in
Canada for many years, with the result that good courses of various kinds are
available in several parts of the country. Facilities of this kind may be increased
from time to time, both in technical schools and in the field of adult education.
The facilities available now are outlined below, and anyone who intends to
prospect and who can avail himself of one of these courses is strongly urged to
do so. Those who do not attend courses or take correspondence courses can,
however, greatly increase their proficiency by studying independently, therefore
suggestions are included for supplementing by independent study the introductory
information contained in this book.

Long Courses

Several high schools and technical schools give a certain amount of instruction
in elementary mineralogy and geology, but this does not usually include specific
instruction in prospecting. The Institute of Mining at Haileybury, Ont., under
the auspices of the Ontario Department of Mines, gives a good course on subjects
related to mining, for young men who may not have the time or finances for
university training. The fee at present is $25 a year for residents of Ontario;
special arrangements are available for non-residents.

Short Courses

Classes for prospectors and for others who are interested in a general way
are held annually in several provinces and in Northwest Territories. The
importance and popularity of this means of instruction are shown by the fact
that many persons repeat_ their attendance year after year, and that several,
after attending courses, have made discoveries. The details of the courses vary
from province to province and in different years, but they are usually held for a
few weeks during the winter; some are held in the evenings only, and some include
afternoon and evening classes; they are usually free. In some provinces the
classes are held only in one city, and in others they are held at several centres.
The instruction usually consists of lectures on geology, prospecting methods,
and several related topics, as well as training in the identification of principal
minerals and rocks by actually working with specimens supplied for the purpose.
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Anyone who intends to take up prospecting would be well advised to attend one
of these courses, even if it were necessary to take leave for a week or two and to
travel to the nearest place where a course is held.

A few particulars regarding courses conducted in recent years are listed
below. Further information can be obtained from the organizations mentioned.
Classes may be held in other provinces at times; to learn if this is the case,
enquiries should be addressed to the Department of Mines of the province
concerned.

Alberta

Classes are held in Edmonton during the winter, under joint auspices of the
Alberta and Northwest Chamber of Mines and Resources, 10060—100 Street,
Edmonton, the local branch of the Canadian Institute of Mining and Metallurgy,
and the University of Alberta.

British Columbia

Classes are held in Vancouver, under the auspices of the British Columbla
and Yukon Chamber of Mines, 790 Dunsmuir Street, Vancouver.

Manitoba

The Evening Institute of the University of Manitoba gives a series of twelve
evening lectures on minerals and rocks. The Mines Branch, Department of
Mines and Natural Resources, Winnipeg, holds a one-week course in prospecting
at Flin Flon.

Northwest Territories and Yukon

A course is conducted each spring at Yellowknife by the local branch of the
Canadian Institute of Mining and Metallurgy. Details can be obtained from
the secretary of the branch or from the Yellowknife office of the Geological
Survey of Canada.

A course, sponsored by the British Columbia and Yukon Chamber of
Mines, is conducted at Whitehorse, Yukon Territory. The course is conducted
by the Resident Geologist, Geological Survey of Canada, and others.

Ontario

Classes are conducted by the Ontario Department of Mines in Toronto
and several other centres, usually for about a week at each place. Notices giving
details appear in newspapers. The classes in Toronto are held in cooperation
with the Prospectors and Developers Association, 416—25 Adelaide Street West,
Toronto. This association also includes classes for special instruction during
some of its annual meetings, which are held in Toronto each March.

Quebec

Classes for beginners and more experienced prospectors are held at several
centres, by the Quebec Department of Mines. This department also sponsors
a longer course in prospecting conducted for about 5 weeks each year at Laval
University.
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Saskatchewan

The Mineral Resources Branch, Department of Natural Resources and
Industrial Development, Regina, holds classes for prospectors at La Ronge,
Sask. The course is usually held in May, and lasts 3 weeks, of which 2 weeks
are devoted to lectures and 1 week to practical field training. This department
also undertakes the further training of natives in prospecting, by maintairing a
supervisor who travels among the natives in the northern part of the province.

First Aid Courses

Although his is not a particularly hazardous occupation, the prospector
is likely to be in fairly remote places and to require more than usual self-reliance.
It is, therefore, advisable for him to include a first aid course in his studies, and,
if he plans a long trip far from communications, to consult a doctor beforehand
regarding the handling of accidents and illnesses that require more than ordinary
first aid.

Correspondence Courses

The British Columbia Department of Education provides good corres-
pondence courses on ‘‘Elementary Geology” and ‘‘Metal Mining’’. They are
conducted by means of easily understood, well-illustrated papers covering many
different phases of these subjects. Each paper includes questions to be mailed
back for correction. The geological course is an introduction to geology and
mineralogy and is required to be taken before the one on mining which is inore
advanced and intended only for those who intend to engage in metal mining or
prospecting. The courses are suitable for high-school students or adults, and are
available to residents in other provinces. The fee for each course is $10. Inquiries
should be addressed to: The Director of High School Correspondence Instruction,
Weiler Building, Victoria, B.C.

A good correspondence course for veterans of the Canadian armed forces
is conducted free of charge. Booklets on Geology and Mineralogy, Prospecting
in Canada, Practical Mining, and Business of Prospecting and Mining, prepared
for the Canadian Legion Educational Services, are used for this course.
Application should be made to the Department of Veterans Affairs, Ottawa.

Independent Study

Those who attend classes in prospecting should be prepared to do additional
studying as well. Those who do not attend classes or take correspondence
courses can do much to educate themselves. Naturally, persons differ in their
capacity and inclination for study, and there have been good prospectors who
had little ‘book learning’, but they would be the first to agree that study is most
desirable so long as it is combined with practical experience, common sense, and
willingness to work. It is hoped that the present book will serve as a useful
introduction to the subject, but it cannot possibly cover all that a competent
prospector should know. The following procedure is suggested as a practical way
of gaining additional knowledge by studying at home or in libraries.
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¢3)] Study the regulations covering staking and related matters for the
province concerned. Copies of regulations can be obtained from
Mining Recording Offices and from the head office of the provincial
\ Department of Mines or its equivalent. For several provinces, these
regulations are explained in condensed, easily understood pamphlets

as well as in the official ‘acts’.

(2) Become familiar with the services of provincial and federal depart-
ments for identifying mineral specimens and assaying samples.
It would be impossible for these departments to report on every
mineral or rock a beginner encounters, but they can be of great
assistance when an occurrence of possible significance has been
found. Much unnecessary delay in receiving replies is caused
by sending specimens or samples to the wrong government
agency, by requesting work of a kind that no government
agency undertakes, and by addressing packages vaguely;
therefore, knowledge of these matters is an important quali-
fication for competent prospectors (see Chapter XIV).

(3) Obtain one of the recommended elementary books on mineralogy,
and a set of common minerals and rocks, and make a determined
effort to become proficient in their identification.

(4) Gradually read other recommended publications. A good way to
begin would be with one of the books on elementary geology and
with “Geology and Economic Minerals of Canada”. Many references
for additional reading are listed in the present book, and still more
are given in “A list of Publications on Prospecting in Canada and
Related Subjects” published by the Geological Survey of Canada
as Paper 54-1 (price 25 cents). It is not suggested that a prospector
should read all the publications listed, but that he should choose
appropriate ones that he is able to obtain. Many of the items listed
are articles that are out of print or that appeared in technical
journals, and are available only in libraries.

(5) Subscribe to at least one of the mining newspapers or magazines.
They contain articles dealing specifically with prospecting from
time to time, and also serve to keep a prospector posted on minerals
in demand, prices of metals and minerals, and areas where pros-
pecting and mining are active.

(6) If a prospector decides to concentrate mainly on a particular metal
or mineral, even for a short time, he should study at least one
publication on that metal or mineral,.if one is available. Many are
listed in Paper 54-1. More recent publications might be obtained

by writing to the federal or appropriate provincial Department of
Mines.

(7) If prospecting is to be confined to the home region, or if other fields
are being considered, obtain and study appropriate geological maps
and reports, or consult them in a library.

A prospector will benefit by attending meetings such as those of the Prospec-
tors and Developers Association, at which papers on many topics related to
prospecting are presented.
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Training in the Field

Many features of prospecting can be mastered only by actual experience
in the field. No amount of reading can take the place of practical experience;
the two supplement one another and each is important. Good ways for a beginner
to get experience quickly are to spend at least one season working for a company
that employs and trains unskilled prospectors, or to form a private partnership
with an experienced prospector. In these ways experience can be gained not only
in the technical aspects of prospecting, but also in the equally important matters
of travelling and living in unsettled areas.

Several companies engage prospectors. Some merely finance prospectors
who work alone or in two-man teams, who work more or less where and how they
like, and it is sometimes possible for a beginner to be assigned to work with an
experienced man who can teach him as the season progresses. Other companies
having a large concession or group of claims to prospect, or interested in pros-
pecting a large unstaked area, organize parties to undertake systematic prospec-
ting, surveying, geological mapping, or geophysical or geochemical prospecting.
These parties are led by scientists or engineers, and they may include both
experienced prospectors and students or local labourers who receive training.
Persons seeking such employment can learn of companies that do work of this
kind by reading mining newspapers, and can then apply directly to the companies.
Also, they might obtain such a job through the National Employment Service.

Alternatively, one can gain field experience independently by intelligent
observation of rocks and minerals as they occur in the home region or in the
region to which one travels. It is most important to become familiar with rocks
and minerals in place, not merely by studying specimens, because such features
as structures and weathering are best observed in actual outcrops. It is also very
important to learn what mineral deposits actually look like, how they are
explored, and what size of deposit is likely to be worth further investigation.
An idea of these matters can be gained by visiting abandoned prospects, whose
locations can be learned from geological maps or reports, and by visiting prospects
that are being explored. Producing mines are not usually open to visitors, but
the owners of properties in earlier stages often permit prospectors to examine
the showings.

Training of prospectors in the field has been undertaken by the British
Columbia Department of Mines and by the Saskatchewan Department of
Natural Resources and Industrial Development. The former operated training
camps, largely in connection with small-scale placer mining, during the depression
that preceded World War II, but this plan was discontinued. Since 1943 it has
provided financial assistance for worthy prospectors in need of it, and has super-
vised their work to some extent. The Saskatchewan Department of Natural
Resources and Industrial Development operates a prospectors’ assistance plan,
including technical advice, transportation, and loan of equipment, and, as
already mentioned, it also has a separate project for training Indians in prospec-
ting. In addition to these organized training schemes, chiefs of geological survey
parties and other officials of the federal and provincial governments have helped,
incidentally to their regular duties, to improve the skill of prospectors encountered
in the field.
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CHAPTER VII

EQUIPMENT AND TRAVEL

Equipment, provisions, transportation, woodcraft, etc., are very important
considerations for prospectors. These topics cannot be discussed exhaustively
in a publication of this kind because of the varied requirements for different
regions and for different kinds of prospecting, and because much depends on
individual preference and finances. A prospector must have at least a minimum
of tools, such as a pick and an axe, and certain other items are almost indispen-
sable. If he is prospecting near his home he may not need to travel far or to
camp, and in the more settled parts of the country it is sometimes possible for
prospectors to find lodging, but in general a prospector needs equipment for
travelling and camping, and must know how to use it; the desirability of thorough
preparation for all but the shortest trips cannot be too strongly emphasized.
All that is attempted here is to provide basic information for beginners and for
more experienced persons unfamiliar with certain regions or kinds of equipment.
Beginners will find additional useful information in handbooks on camping,
woodcraft, or hunting, even though many of these books are written from the
recreational or hobby standpoint and, therefore, may contain material not
applicable to prospecting.

A few general remarks will apply to all types of equipment. There is a
happy medium in respect to both quality and quantity. In general, the cheaper
articles do not stand up to the kind of usage they have to receive, yet very
expensive articles are not necessary; good average quality is usually most satis-
factory. In deciding on the amount to be taken, the aim should be to assure
an amount adequate for reasonably comfortable living (which is closely connected
with working efficiency) while avoiding being burdened with unnecessary gear
either during the day's work or when moving camp. Another consideration is
that although some articles can be bought more cheaply in cities, particularly
at ‘war surplus’ stores, many articles that have stood the test of time for use in a
particular region can best be bought at stores in the smaller towns from which
one sets out on a trip. All essential articles of clothing, groceries, utensils, and
ordinary tools such as picks, shovels, and axes can be bought in this way, and
canoes are often available. If the cost of bringing in equipment is considered,
the higher prices charged in outlying places may be negligible, particularly in
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view of the advice that can be obtained from local persons. When planning a
trip, it might be advisable to write to a merchant at the take-off point for infor-
mation on items available and their prices. The local postmaster will usually
forward the letter to a storekeeper, in cases where no specific address is available.

Most prospectors cannot afford to engage local outfitters or guides, but
when this is possible it would be a good way for a beginner, or anyone unfamiliar
with the particular mode of travel to be used, to acquire experience.

Government agencies are not permitted to recommend firms or dealers; no
names and addresses of suppliers are therefore listed here. Information of this
kind can be obtained from advertisements in mining papers and magazines, or
from a telephone directory under such headings as sporting goods, camp equip-
ment, hardware, mining supplies, laboratory equipment, and scientific equipment.

Clothing and General Equipment

It is not essential to have much special clothing or general equipment.
Any outdoor worker or man who engages in outdoor sports would have nearly
everything required. Town clothes are not suitable, although apart from foot-
wear, they will serve; if possible, however, it is much better to have proper
outdoor clothing, of which a wide selection is available. The following list is
not meant to include all the ordinary items needed, but to give advice on certain
matters that may be important for beginners or persons unfamiliar with.some
items.

Footwear

The importance of proper socks and boots cannot be overemphasized.
Socks should be woollen, of medium or heavy weight, and they must fit well.
Under some conditions it is advisable to carry a spare pair of socks during the day
in case of need. Three to six pairs should be taken on any but the shortest trip.

There are many kinds of boots, each of which has advantages for certain
conditions, and much depends on individual preference. The main points are
not to wear low shoes because of the danger of turning an ankle; to have soles
sufficiently thick to protect the foot when walking on rough rocks; and to have
the boot fit snugly enough at the heel to prevent the heel from moving in the boot;
elsewhere there should be plenty of room for the foot to expand, as it does when
doing much walking, particularly when carrying a load. High-topped boots
were popular several years ago, but most woodsmen now wear boots that come
just above the ankle, 6 or 8 inches high, because higher boots are unnecessarily
heavy, hot, and binding. These may be desirable in a few regions in southern
British Columbia and Alberta where rattlesnakes occur, and in parts of the
Canadian Shield where there is much ‘buck-brush’ or ‘Labrador tea’ (dense
shrubs about knee height that are hard on clothing and shins). In most parts
of the Shield the favourite boots are strong, but not too heavy, leather boots
reaching just above the ankle and having neoprene soles; or boots 8 inches or
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A. Typical field clothing, and a common method of back-packing, with heavier articles in
pack-sacks, and lighter sleeping bags carried above them. The man at left uses both
shoulder straps and a head-strap.

Plate XXXVI

B Back-packing, using pack-frames on which loads are lashed instead of being placed in
°  pack-sacks.
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more in height having rubber bottoms extending to the ankle, with leather
uppers cemented and stitched to the rubber: the latter are uncomfortable in
very warm weather. Some brands of this type are made of leather that is
unnecessarily stiff and heavy, causing chafing of the heel or ankle, but the better
ones, sometimes called hunting shoes, have soft, light-leather uppers. Boots
of the last-named type require thick felt insoles, a spare pair being desirable to
permit drying, as they absorb perspiration. Crepe-rubber soles wear out quickly
on rock, but are otherwise fairly suitable. Leather soles are too slippery unless
hob-nails are added, but nails are undesirable where canoes or aircraft floats are
concerned. Neoprene soles are suitable for most parts of the Shield and many
other regions but nailed leather soles are necessary in high mountains. In very
hilly or mountainous country it is important to have boots with strong counters
along the sides of the heel, to prevent the boots from getting out of shape when
used on hillsides. Boots with moccasin-type stitching at the toes wear out quickly
in brushy regions. In general, a pair of good boots will last a season in the Shield,
but it is desirable to have two pairs so that one pair can be left in camp to dry.
If two pairs are taken, it is often desirable to have one pair of leather and the
other of the hunting-shoe type. In the mountains, two pairs of good leather
boots may be worn out in a season if much time is spent in rock climbing or on
talus slopes.

Boots should not be dried too close to a stove or fire, as they may be damaged
or burnt. To speed the drying of the insides, warmed pebbles may be poured
into them. After drying, the leather should be rubbed with dubbin or other
water-proof grease or oil; as salt injures leather, greases containing it (e.g. butter,
bacon-grease) should not be used.

Light footwear is desirable for wearing in camp and on long canoe trips.
For these purposes many woodsmen prefer Indian moccasins obtained locally,
and wear special ‘moccasin’ rubbers with them when necessary; others dislike
moccasins because they lack a raised heel. In some regions, moccasins worn with
rubbers are also popular for land travel.

Underwear

Most experienced woodsmen wear underwear of woo! or wool mixture
except in hot weather. Two suits of two-piece underwear of this kind are
considered essential for a trip of more than a few days. In most parts of Canada
it is cold at times even in summer, therefore, woollen underwear is desirable, not
only for its warmth but because it does not get clammy from perspiration in the
way that cotton does. Most campers err on the side of having too light or too
little underwear. At times, it is advisable to carry a woollen undershirt that may
be put on when required.

Trousers

In summer most woodsmen wear ordinary khaki or blue denim trousers,
but in very rainy or brushy regions they often use canvas ones. Breeches used
to be popular for wearing with high boots but are not worn so commonly today;
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their main advantages are in being less likely to snag than are loose trousers,
and in preventing flies from entering; these ends may be attained by wearing
trousers tucked into the socks. During rain or when walking through wet brush,
the trouser bottoms may be left open, to keep water from running down into
the boots. Trousers should not have cuffs (as they may snag and trip the wearer);
if trousers have cuffs they can easily be cut off.

Coats

Some sort of water-repellant and wind-resistant coat is essential; this
should not be made of rubber, plastic, or oilskin because these do not permit
perspiration to escape when walking or working. A light windbreaker or parka
that can be carried when not needed is good for warm weather, but a heavier,
canvas hunting coat or ‘bone dry’ is better during cool or very wet weather.
It may be desirable to have both a windbreaker and a canvas coat. The numerous
pockets of the hunting coat make it popular. Coats and windbreakers should be
large enough to permit wearing several sweaters underneath. Parkas are desirable
in the far north in summer, and anywhere in spring, late autumn, or winter; for
most purposes, light ones that can be worn over sweaters are better than heavy
ones.

Under some conditions it is also desirable to have a slicker or two-piece
rain suit to use during heavy rain in camp, or when in a canoe or boat, or on
a horse. Light plastic raincoats are suitable for these purposes because they are
very light and compact; they may get torn but are so inexpensive that this is not
serious.

Sweaters

One or more woollen sweaters or heavy woollen shirts are required, and in
most regions at least one should be carried during the day to put on if necessary.
It should be remembered that two or three light garments are warmer than
one heavy one, and permit various combinations to suit requirements. Sweaters
alone are not very warm because of their open weave; they should be worn
under an ordinary shirt or under a windbreaker or canvas coat; this also prevents
snagging.

Gloves

Gloves or mitts are required for warmth in some regions, and during some
seasons in any part of Canada. Heavy gloves are useful for protection when
doing rough work such as removing large pieces of rock from a trench; for such
work some prefer the waterproof workmen’s gloves that are now available.

Hat

Most prospectors wear a hat or cap, at least during very sunny or wet
weather. Many prefer a cap because the hood of a parka can be worn over it
when desired. Others prefer a light hat made of waterproof cloth.

Sewing Kit
Needies, thread, darning wool, and spare buttons should be carried on long
trips.
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Bedding

Sleeping bags are generally preferred to blankets because of their lightness
and because the end and sides can be fastened. Blankets will serve, however, if
one has them and does not wish to spend money on a bag. A good combination
for summer is a light bag and a blanket that can be put under the bag in two
thicknesses on mild nights, and inside the bag on cold nights. Even when using
a bag, it is desirable to have a tarpaulin 6 or 8 feet square to fold under and over
the bed, unless one is sleeping in a tent with a canvas floor.

Small air mattresses are now fairly cheap and add greatly to comfort, but
would be an unnecessary burden on back-packing trips or canoe trips involving
many portages.

When camping without a tent or with a tent that is not insect-proof, it is
desirable to have a fly bar that can be placed over the bed and kept up by tapes
attached to stakes driven in the ground. These bars are light and inexpensive,
and can be rolled into a very small bundle.

Tents

For occasional light trips, no tent is needed in fine weather, and if necessary
a shelter may be made from boughs or from a tarpaulin or tent fly. For most
camping trips a tent is desirable. They are available in many sizes, shapes,
materials, and prices, and the selection is largely a matter of personal preference.
The most popular tent for wooded country is the “A’ shape, with side walls
from 2 to 4 feet high and a wedge-shaped roof; for a very small, light tent the
side walls are omitted. The usual size for one or two men is 7 by 9 or 8 by 10
feet in floor dimensions. The pyramid tent, requiring only one pole, is preferred
for regions where poles are hard to find or where collapsible metal ones must be
included in the outfit. Duck tents are relatively cheap, but the more expensive
ones made of treated cotton (so-called silk tents) are lighter and more compact.
Green or khaki tents are cooler and darker than white ones; some persons find it
difficult to sleep in a white tent in the far north where daylight or twilight lasts all
night in summer. However, as white tents are much easier to detect from the air,
they should be used if rendezvous with aircraft are to be made, unless the outfit
includes other means of attracting attention. Tents equipped with sewn-in
canvas floors and cheese-cloth fly doors are best for keeping out flies, mosquitoes,
and other pests, but sewn-in floors are not suitable if a wood stove is to be used
in the tent.

A light ‘silk’ fly to stretch over a tent keeps the tent from leaking and shades
it, but is not essential.

Stove

A camp-fire is sufficient for light trips, but a small stove is desirable to permit
cooking in the tent during rainy weather, and for warming and drying the tent.
Small sheet-iron stoves come in different weights and sizes, the smallest being

very light. They are of both collapsible and rigid types; the former are more
compact but are sometimes difficult to assemble after they have been used for a
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time. A stove is usually set on four stakes or a pile of stones, and it must not be
placed where any part of the tent might touch it; about 2 inches of sand or earth
must be placed in the bottom of the firebox to keep the metal from burning out
and to keep the stakes from igniting; if the stove has an oven, a little sand or
earth should be placed between the top of the oven and that of the stove, to hold
the heat.

About two lengths of stove-pipe should protrude above the tent to permit
a good draft. A piece of wire netting can be wired over the top of the pipe to
arrest sparks. If a tent does not have a stove-pipe hole, an asbestos or tin shield
with a hole in it can easily be stitched to a tent. Some campers prefer to place the
hole in the end of the tent, to reduce the danger of sparks. If this is done, pipe-
elbows are required.

A gasoline or Primus stove is used in the far north where wood is difficult
or impossible to obtain. Some campers prefer a gasoline stove even in wooded
country.

A ‘reflector’ that is placed in front of an open fire and used for baking bread
and other food is light and is useful if no stove is used or if the stove does not have
an oven.

Saw

A saw is useful for cutting firewood and for other uses around camp. A
light one can be made by fastening strong rings about 1} inches in diameter
to the ends of a ‘Swede saw’ blade. For use, a green pole about a foot longer than
the blade is sprung between the rings to maintain tension and provide a handle.

Dunnage Bags, Packsacks, etc.

For carrying small articles during the day a haversack or rucksack is almost
a necessity. A haversack is easier to get at, and is suitable if only a few articles
are carried, but it has the disadvantage of being apt to catch on branches, etc.,
because it is slung over one shoulder. A rucksack that is carried at the back, and
slung from both shoulders, is better in all respects except that it has to be taken
off every time anything is taken from it.

Canvas dunnage bags or packsacks are generally used for stowing and
transporting camp equipment and spare clothing. For back-packing many
woodsmen find a pack frame, to which articles are lashed, preferable to a pack-
sack. :

Provision Bags

Canvas sacks are very desirable for protecting food from dampness and to
prevent damage to the light cloth or paper bags in which it is packed. They range
in size from 50-pound ones for a sack of flour to 1-pound ones for small parcels.
They can be bought already treated with paraffin to make them more waterproof
than untreated canvas, or the user can treat them, or other canvas articles, by
painting with a solution of paraffin wax in pure benzine or gasoline.
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Tarpaulins

Small canvas tarpaulins are useful for making shelters and covering equip-
ment, firewood, etc. For light trips a few yards of thin plastic, such as can be
bought cheaply by the yard in department stores, will take the place of tarpaulins.

Illumination

Except in the north in midsummer a flashlight is almost indispensable. For
illuminating tents, candles are usually taken on light trips, and small gasoline
lanterns are often included in more elaborate outfits.

Lighters and Match Safes

At least one lighter or waterproof match safe should be carried at all times.
Good match safes can be bought or they can be improvised by placing matches
in a tin and sealing it with adhesive tape, or by pouring melted candle wax
into a box of matches. Match heads can also be water-proofed by dipping in
shellac. It is advisable to stow supplies of water-proofed matches or matches in
waterproof containers in several different bundles of equipment, so that if one is
lost there will still be a supply.

Knife

At least one knife is a necessity, and it is well to have a spare one. The
choice between a pocket knife and a sheath knife is largely a matter of individual
preference. A small whetstone should be included for long trips.

Fishing Tackle

For most regions it is well to have at least a minimum of fishing tackle to
obtain fish for food. Rods or other elaborate tackle are not essential. A few
hooks, lures, and trolling lines are about all that is needed, but a small gill net is
useful on long trips.

Firearms

There are very few parts of Canada where firearms are needed for protection.
In almost all parts of the country there would be more danger from accidents
with firearms than from wild animals. In some places a rifle is desirable for

obtaining food or for killing black bears that may become a nuisance, rather than
a menace to life.

Prospectors should acquaint themselves with local game laws. Information
may be sought from local game wardens or from the provincial government
departments responsible for game laws, or in the case of the Northwest Terri-
tories or Yukon from the Department of Northern Affairs and National Resources.
In parts of Canada one may carry a rifle without a permit, but special permits
that are usually hard to obtain are necessary for carrying a revolver or pistol.
First Aid Kits

A small kit should be carried in the pocket at all times because even the most
experienced woodsmen need one occasionally. A simple one can be made by
placing in a small tin a small vial of antiseptic, a small bandage, a small roll of
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adhesive tape, and a few Band-aids. The tin should be sealed with adhesive tape.
A larger kit should be kept in camp; these can be made up to suit individual
requirements or bought ready-made, but in the latter case it is usually necessary
to add a few household remedies, as most ready-made kits are intended for
accidents rather than illnesses. Before undertaking a long trip it would be advi-
sable to consult a doctor or an official of a Workmen’s Compensation Board
regarding proper equipment. A large prospecting party with paid employees
might come under the jurisdiction of a Workmen’s Compensation Board, in
which case obligatory first aid requirements would be specified, and in any event
these Boards can give useful advice.

Spectacles

Persons who depend on spectacles should always carry a spare pair. Sun-
glasses are advisable in certain areas such as high mountains, where snow may be
encountered during the summer. Many persons also find them desirable if much
travelling on water is done.

Rope and Wire

About 50 feet of light rope, such as sash-cord, is often useful. A small coil
of thin brass or copper wire, such as is sold for snaring rabbits, is useful for
making repairs and for obtaining food in emergencies. A little stove-pipe wire or
hay wire may also prove useful. Pliers are worth taking on all but very light trips.

Miscellaneous

A few nails and rivets are useful for repairing equipment, and a pound or
so of 2-inch and 4-inch nails are helpful in making camp. A roll of friction tape is a
useful addition to most kits.

Protection from Flies and Mosquitoes

Mosquitoes, black-flies, and other biting flies are a nuisance in most parts of
Canada during the summer months. A person gets used to them to some extent,
but in many places they are so numerous that even the most experienced woods-
men have to protect themselves. With the aids available today there is no need
for anyone to hesitate about prospecting because of these pests.

In the writer's opinion, the best repellants are those containing the ingre-
dients called ‘612’ and '622’. The former is sold as a clear liquid and as a ‘stick’,
which is put on exposed parts of the body except near the eyes. It evaporates or is
diluted by perspiration fairly readily and has to be renewed more often than the
‘622’ brands, which are sold as jelly in tubes or jars. To prevent repellants from
running into the eyes it is advisable not to put any on the forehead; they may be
smeared on the underside of the brim of a hat or cap to assist in keeping insects
away.

When flies are very numerous, some men tie large handkerchiefs over their
heads and necks, leaving the face exposed, or wear a head net over a hat and
tucked into the neck of the shirt. These nets can be bought or improvised.
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Some men also wear shirts and trousers with zippered openings to keep flies out;
others, when necessary, close these openings and the cuffs of their shirts by
temporary stitching with needle and thread after dressing.

Smudges may be lit in camp or at a work site occupied for some time. To
prevent a smudge from spreading it should be made in a large tin can with a few
holes punched in the sides; a small fire at the bottom is covered with green leaves
or grass.

Fly bars for beds or tent doors have been described elsewhere. On any
but the lightest trip it is desirable to carry fly spray and a small sprayer, or a
‘bomb’ containing an insecticide under pressure, for use in a tent. Food and
dishes should be covered before a tent is sprayed. The reader may think that a
prospector should ‘rough it’ and that a fly spray or ‘bomb’ is luxury, but he
should bear in mind that too much discomfort reduces efficiency.

Provisions

The choice of provisions varies greatly with the method of transportation
and length of trip. For many kinds of prospecting trips supplies are no great
problem and no advice is necessary beyond pointing out the need for taking a
reserve for emergencies. For any kind of trip it is unwise to count on obtaining
fish or game; sufficient food should always be taken, and fish or game should be
considered only as extras.

For long trips it is usually necessary to avoid or restrict heavy or bulky foods
such as canned fruits and vegetables, and to take only enough perishable foods
to last for the first few days. An experienced man can live for a long time on a
limited amount of staples that keep well, such as flour, bacon, baking powder,
beans, salt, dried fruit, and tea, which provide a fairly well-balanced diet. When
possible, however, a few additional items should be taken for ampleness and
variety. The following list is suggested as a basis for one man for a month,
when it is not necessary to reduce weight to the absolute limit, and when too much
weight is not desired; substitutions can be made to suit individual requirements
and preferences:

FlOUr. . o 25 lbs
Baking powder...... ... i e 1«
Rolled oats (quick-cooking variety)..........................c.... 6 “
Beans (dried). . ..ottt e 5 ¢
RICE. . ittt i e e e e e 5«
Potatoes (dehydrated)......... ... i 4 ¢
Vegetables (dehydrated carrots, turnips, beans, etc.}............... 4 Y
Baconand ham. . ...... ... . i i i e 20
CReESe. . ottt e e 3¢
Egg POWder. . . 1
UG . .t ittt et e e e 15 ¢
- i
(8003 5 17 3«
Chocolate (semi-sweet, for lunches and emergency)................ 2«
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Milk (powdered whole milk). ... ... ... ... iiiiniiiiniiiiiiiinann 3 Ibs
St e 1
Fruit (dehydrated prunes, peaches, apples, apricots, figs, raisins, etc.) 6 *
Butter (canned).. .. ...ttt e e 4 ¢
Jam, syrup, honey. .. ... ... e 5
Pudding powders (prepared mixtures).............coooviuinnn.... 2 0«
Dehydrated soup mixtures. .......c.oovitetn it 1
T P —

L0 T 1 dozen
Canned fruit. ..... P 6 tins
Canned sausageorbeef........... ... ... . . . . . . i i 6
Pepper, and other spices if desired.. ...................0oii .. —
Lard (orsubstitute)...........oiiiin i 2 lbs.
Candles. . ...t e e e e 4 dozen

Matches (these should be placed in two or more waterproof containers,
which should be placed in different packs in case one is lost).... —

Waxed paper (forlunches)...........coiiiiiiiiiiiiiiiiniinnnn, —
Soap, including toilet and laundry soap, soap flakes or detergent..... —
Pot cleaners. . . ....uitiit e e e s -
Dish towels. ... e e —

The items listed above would total about 125 pounds. Bacon and ham should
be canned or of the gelatin-packed variety if they are to be kept for more than
a few weeks. Dried meat can sometimes be obtained from natives, but the
possibility of being able to do so cannot be depended on in most instances.

Utensils

For an occasional short trip most persons could obtain utensils at home
that would serve, but for steady use several items intended especially for camping
are preferable. A wide choice is available, ranging from very light one-man kits
weighing less than a pound to elaborate outfits. Pots should be of tin or aluminum
for lightness, and should nest to save space. Plates, cups, and bowls may be of
tin, aluminum, enamel, or plastic, but aluminum cups are undesirable because
they may burn the lips, and enamelware is likely to chip. Some parties find that
the advantages of a pressure cooker offset its weight and expense. The following
would be a moderate outfit for two men and occasional visitors:

Nest of 3 or 4 pots with lids 1 whip or egg-beater for mixing milk

1 or 2 frying-pans 1 butcher knife

2 pans for baking bread, etc. 1 can opener

1 wire toaster 4 each knife, fork, and spoon

4 plates Steel wool or equivalent for cleaning pots

3 cups 2 yards dish towelling (dishes are more sani-
3 small bowls tary if dried in the air after rinsing in hot

water, but clean dish towels are needed in

1 large spoon wet weather).

1 lifter

A dish pan, flour sifter, teapot, coffee pot and one or two pails might be
added if weight and bulk were not serious problems.
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Prospecting Equipment

The essential pieces of equipment for prospecting, as distinct from travelling
and camping, are not numerous. There is scope for a certain amount of individual
preference even in the following list of more usual articles. It is not necessary
to have all the items listed, or to carry all that one has at all times; a selection
may be made to suit particular requirements. Equipment for preliminary explo-
ration of a prospect is also mentioned.

Prospecting Pick

A prospector’s pick or rock hammer of some kind is the essential tool. The
usual type is a short-handled one for use with one hand, having a head with a
hammer at one end and a pick at the other. The hammer end, used for knocking
off pieces of rock, should be square sided, not octagonal, because the latter shape
soon becomes rounded. The pointed end is used for picking into overburden or
decomposed rock, for removing moss, for prying loose rock, and for picking out
small specimens. Both the hammer and pick faces should be tempered as hard
as possible without making the steel brittle. The eye should be as large as possible
to reduce the chance of breaking the handle. A bricklayer's hammer is suitable
for most purposes.

Some prospectors prefer a long-handled pick with a head similar to an
ordinary prospector’s pick, because it necessitates less stooping and can also be
used as a walking-stick to assist in climbing hills. A pick of this kind can be
made from an ordinary prospector’s pick and a sledge-hammer handle, but the
eye is likely to be too small to prevent the handle from breaking under the
blows that can be struck when such a tool is used with both hands; it is therefore
better to have a blacksmith make a head with a large eye.

Grub-hoe

A prospector’s grub-hoe has many advantages for removing moss, roots, or
shallow overburden; it is lighter than an ordinary grub-hoe and has one hammer
face and one hoe face. Many prospectors have both a grub-hoe and a pick, and
carry whichever seems to best suit immediate requirements.

Axe

An axe is necessary, particularly for staking and camping. The usual type
has a head weighing 1 pound to 1% pounds and a handle about 26 inches long. The
‘Hudson’s Bay’ shape of head permits lightness with a wide cutting edge, but
is not usually stocked by stores. A spare handle should be taken on long trips.

An axe sheath prevents accidental cutting of persons and equipment and also
keeps the blade from being blunted or nicked. Sheaths can be bought or made
from leather about % inch thick; a simple one extends for only an inch or two
back from the cutting edge, and is tied by two strings attached to the leather.

It is desirable to have a single-cut flat file 6 or 8 inches long for filing down
the part of the blade immediately behind the edge, as well as a whetstone for
the edge itself. :
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Examples of prospecting equipment and a chip-sample. 1, large gold-pan;
2, medium-size pan; 3, steel mortar and pestle, 4, grub-hoe; 5, long-
Plafe XXXV” handled prospecting pick; 6, ordinary prospecting pick; 7, rock chisel;
8, chip-sample; 9, single-jack; 10, moil; 11, canvas sample-bag; 12, goggles
for protecting eyes when sampling.

Some prospectors carry a small hatchet in a sheath on the belt, for incidental
blazing or chopping, and leave their large axe in camp until it is needed for heavier
work such as staking or clearing. Few prospectors would venture on a trip
with only a hatchet unless it was necessary to reduce equipment to the barest
minimum, and many woodsmen consider a two-handed axe their most essential
companion next to a supply of matches.

Radioactivity Detectors and Fluorescent Lamps

These special instruments for certain kinds of prospecting are discussed in
Chapters I1X, X, and XII.

Gold-pan

Apart from its use in testing placer deposits, a gold-pan is very helpful
in lode or ‘hard rock’ prospecting. Such use is by no means confined to gold.
Crushed samples can be panned in the field to concentrate the heavier mineral
grains, which are generally the important ones. In this way minerals that are
too finely dispersed for detection in a solid specimen can often be found. Pans
are of different sizes. The larger ones are generally used in placer work and smaller
ones in lode prospecting.
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Mortar and Pestle

Iron or steel mortars and pestles are useful for grinding samples at home
or in camp; or a suitable mortar can be made from a 2-inch pipe cap or a piece
of 2-inch pipe about 2 inches long with an end screwed or welded in place, or
from a piece of steel hollowed out on a lathe. A short piece of steel or a pros-
pector’s pick will serve as a pestle. If nothing else is available, samples can be
placed in a canvas sack and hammered against the side of an axe or a flat rock.

Sieve

A sieve is useful for screening a sample during crushing. Some authorities
recommend a sieve having 60 or 80 apertures to an inch. A sieve can be impro-
vised by punching small holes in the bottom of a small tin can, or by soldering a
piece of fine-mesh screen to the bottom of a can whose ends have been removed.

Compass

A compass is an essential item that should be carried at all times to avoid
getting lost, to aid in staking, and to help in making sketches and recording the
strike of mineral deposits and other geological features. The best type for the
purpose is a geologist's ‘Brunton’ compass, but it is expensive, bulky, and is
more elaborate than is necessary for prospecting. Good instfuments of the
army marching type can sometimes be bought fairly cheaply in war-surplus or
second-hand stores. A compass that will serve can be bought for about $1 in
sporting-goods stores.

Because one may forget which end of the needle of some compasses points
north, it is advisable to test the compass at a place where the direction is known,
and to scratch a note on the back of the case.

Map Case

A waterproof map case is desirable unless the map is cut up and pasted
on pages of a notebook. Cases with a transparent celluloid cover can be bought
or made at home. The map can be cut in sections or folded to the proper size.
It is well to have the case the size of ordinary air photographs, about 10 mches
square, so that these can be carried as well.

Another method is to paste sections of a map on cardboard of convenient
size, or to mount sections on a large piece of cotton, leaving spaces about 4-inch
apart to facilitate folding. The surface of the map may be sprayed with a clear
waterproofing compound, but this makes it difficult to add notes or other data.
To mount on cardboard, soak the map sections and the cardboard in water,
then apply paste thinly while they are wet. To mount on cloth, stretch a piece
of cotton a little larger than the entire map by tacking it to a smooth wooden
surface, spacing the tacks 1 inch or 2 inches apart. Wet the cloth and the map
sections in water, apply a thin coat of paste to both paper and cloth, and press
the sections to the cloth.
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Tape
A 50- or 100-foot ‘metallic’ tape is desirable in special cases where accurate
measurements are to be taken.

Protractor and Scale

A protractor and a scale '6 inches long are desirable for plotting points on
a map and for making sketches. The scale should be divided into inches and
tenths, or into divisions corresponding to the scale of the map most frequently
used. Inexpensive protractors and scales can be bought in ‘dime stores’, and
it is advisable to include spare ones as they are easily lost.

Pencils, Notebook

A few pencils, perhaps including coloured ones, are necessary. A small
notebook is desirable for recording general notes and particulars about dis-
coveries and samples.

Drawing Pad

A pad of paper is necessary for making sketches, but need not be carried
at all times. A convenient size is about 8 by 10 inches. A useful type is made of
tracing paper and equipped with a sheet of square-ruled paper that can be
placed underneath a sheet of tracing paper to aid in plotting; these are stocked
by stores that gell supplies for engineers and draughtsmen.

Pocket Lens

A lens is almost indispensable for examining specimens and pannings.
A single lens magnifying 4-5 diameters, and costing about 50 cents will suffice
but many prefer a compound lens magnifying 8 or 10 times and costing $10
or more.

Magnet

A small magnet is usually carried for testing magnetic minerals and for
removing them from pannings.

In addition to the above-mentioned tools and articles that are necessary
or desirable at times for ordinary prospecting there are many other articles that
are useful for specialized kinds of prospecting. These are described in other
sections, where the particular method is discussed.

At least some of the following tools are required for the preliminary exposure
of a discovery that seems to warrant such work and for assessment work. They
might be kept at the base or in camp until needed, or one might return to do
such work on another trip. A prospector might never need to do work of this
kind, or he might have someone do it for him.

Shovel

A shovel is required for trenching through overburden and for removing
loose rock from trenches blasted in solid rock. The long-handled, round-pointed
variety is customary but a short one or even an army entrenching tool may serve
if weight is being reduced.
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Pick
An ordinary pick is useful for trenching.

Moils

Moils are commonly used for sampling. They are of two types. One is
simply a piece of octagonal steel 8 inches or a foot long, with a four-sided point.
The other has a handle and detachable bits. Both types may be tipped with a
hard alloy. A large cold-chisel may be used instead. They are struck with a

small sledge hammer or a prospector’s pick, but most picks are rather light for
this purpose.

Instead of using moils, a prospector’s pick can be held in the left hand, with
the point against the rock, and the hammer end can be struck by a sledge or
other hammer. This method is usually frowned upon because many picks are
made of brittle steel, so there is danger of a fragment striking the eye. This
danger is prevented by wearing goggles.

Drill Steel

If trenches are to be excavated in solid rock, it is necessary to have a few
lengths of drill steel unless a power drill is used. Ordinary striking drills are
usually made from about #-inch or -inch octagonal steel, with a chisel-shaped bit.
They range in length from about 1} to 3 feet, the longer ones having slightly
narrower bits. Formerly, such drills were always sharpened by blacksmithing,
but special drills with tungsten-carbide tips are now widely used; these are
sharpened by grinding and few modern prospectors require a knowledge of black-
smithing. The tops of drills and moils should be ground or forged occasionally
to remove ‘mushrooms’ that might injure a hand if the tool slips. An iron rod

with a small scoop at one end is required for removing rock cuttings from the
holes drilled.

Striking Hammers

A man working alone uses a short-handled sledge weighing 2 to 4 pounds,
holding the moil or drill in one hand and the sledge in the other; for this reason
it is often called a ‘single-jack’. When two men are working, one holds the drill
and turns it slightly from time to time, and the other uses a long-handled sledge
weighing about 8 pounds.

Goggles

Safety goggles that can be worn when sampling or drilling are cheap and
easy to carry. Their use may prevent injury from fragments of rock or steel.

Explosives

Dynamite, caps, and fuse are required if trenching in solid rock is to be
done. A merchant, or a publication such as ‘“The Blaster's Handbook”’, published
by Canadian Industries Limited, should be consulted for information on choice,
quantity, and handling.
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Portable Power Drills !

Portable percussion drills powered by a small gasoline motor mounted on
the drill are now widely used for drilling blast-holes for rock trenching in connec-
tion with the exploration of a prospect. They are fairly heavy and expensive,
and are useful mainly for work undertaken by companies or by experienced
prospectors who have reason to do fairly extensive exploration of a discovery.

Light Diamond Drills

These are used by some experienced prospectors for prospecting beneath
a favourable structure or for preliminary exploration of a prospect, but because
of their weight and cost, and the time and skill required to test a structure by
drilling, they are not part of most prospectors’ equipment. They may also
be used for drilling blast-holes. They thus have important uses for some advanced
independent prospectors and for companies engaged in some kinds of work.
The subject of diamond drilling is discussed further in later chapters.

Transportation

For all but casual prospecting, the methods of travelling and transporting
equipment are of vital concern. They vary greatly for different parts of the
country, and in many regions there is a certain amount of choice. In most
instances there will be at least one geological report on the area or on one nearby.
This should be consulted for information on the methods of reaching the area
and travelling within it. The report may have been written several years before
and some changes involving easier access or deterioration of roads or trails may
be expected. Supplementary information can often be obtained by writing to
or visiting provincial road or forestry officials.

Southern Canada is fairly well served by railways and roads, from which
much prospecting can be done by daily trips on foot or by short back-packing
trips. In many places, branch roads that are unsuitable for ordinary automobiles
can be travelled by truck or jeep. Also, there are steamship services on the coasts
and on some of the larger lakes and rivers. Road maps and other information
of this kind can be obtained from the Canadian Government Travel Bureau,
Ottawa, and from provincial or local travel bureaus. Readily accessible areas
are, however, likely to have been already prospected fairly thoroughly. In
general, therefore, prospectors have to transport themselves and their outfits
as far as they can by rail, road, steamer, or airline and then rely on one or more
of the methods discussed below. These methods are usually quite different in
summer and winter. Only the summer methods are discussed, because most
prospecting is done then; anyone engaging in the special kinds of prospecting
that can be done in winter will probably be familiar with the methods of travel
or know where to obtain advice. In most parts of the country there are inter-
mediate seasons called ‘break-up’ and ‘freeze-up’, usually lasting a month or
six weeks, when the ice is leaving or forming on lakes and streams. During
these periods it is either impossible or inadvisable to travel. Most prospectors
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set out after break-up and are careful to return before being ‘frozen in’, but when
it is necessary to spend as much time as possible in actual prospecting they may
go to their destination by winter travel, even carrying a canoe on a dog-sled if
necessary. Then they would remain inactive or prospect near their base camp
during break-up and freeze-up, and return in winter. The length of the open
summer season varies slightly from year to year, and is progressively shorter
towards the north. In the more southerly regions the best prospecting season
is generally from some time in May to about the end of October. In the vicinity
of the Arctic Circle the open season is usually from some time in July to some
time in October, but there have been occasional seasons when the ice did not
leave Great Bear Lake.

Canoes and Small Boats

In many parts of Canada the canoe is the basic method of summer travel.
This is particularly true in the Canadian Shield, which is laced by a network of
lakes and streams that permit access to within a few miles of most points.
Furthermore, the streams of the Shield are characterized by long sluggish stretches
separated by shorter rapids or falls. Canoeing upstream is therefore usually not
very arduous except for the necessity of poling or hauling the canoe up the lesser
rapids and back-packing on the portages at the worst ones. The Indians adapted
themselves to these conditions by trial and error centuries ago, developing the
birch-bark canoe, which was light to paddle and to portage, and easy to repair.
The early fur traders and explorers were quick to follow their example, and used
the birch-bark canoe to open up all parts of the country except the west. For
many years the canvas-covered canoe, because of its greater durability and
stability, has replaced the birch-bark. Aluminum canoes have recently appeared
on the market but have not become popular because they are harder to repair,
hot in warm weather and cold on cold days, and because one would strike a sharp
blow if it overturned and hit a man. Canoes made of plywood have been used
with good results.

Canvas canoes come in many shapes and sizes. The most popular for average
conditions is 16 or 17 feet long and of the ‘prospector’ or ‘cruiser’ model. The
former is lighter, and flatter bottomed. The cruiser is a little sturdier and has a
rounded bottom that permits larger loads. A round bottom makes a canoe easier
to paddle, but a flat one is best for shallow streams and for quick manceuvring
in rapids. Canoes are made with or without wooden keels. Those without them
are easier to paddle, except in a side wind, but this is not noticeable when out-
board motors are used, and the keel protects the bottom. For carrying larger
loads and for greater stability on large lakes the ‘freighter’ model is preferable.
It is made in lengths of 18, 20, and 22 feet, but the 18-foot type is the only one
that is usually portaged, and even this is an awkward load for two men. ‘Semi-
freighters’ are also made, the construction being lighter than that of ‘freighters’.

An experienced man travelling alone with a light outfit may use a canoe 14
or 15 feet long but 16- or 17-foot canoes are generally recommended, or larger
ones if portages are not a problem. One man can portage a canoe up to 17 feet
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A. A lone prospector and his 14-foot canoe, Chibougamau region, Quebec.

Plate XXXVIII

. The one-man method of portaging a canoe. This photograph was taken in
Yellowknife region, N.W.T. in the spring, before all the ice had melted.
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long by lashing the paddles across the bars with the blades near the centre of
gravity; the canoe is then turned upside down over the head, and the blades
are rested on the shoulders. A head strap may be attached to take part of the
weight. When two men carry a canoe they invert it over their heads, one man
standing near the bow and the other near the stern, and carry the weight on their
hands or their shoulders.

A spare paddle, a tube of waterproof cement, and a piece of canvas for
patches should always be carried in a canoe. It is also advisable for each man to
have a kapok-filled life-vest to keep near him even if he does not wear it.

A 17-foot prospector canoe weighs about 75 pounds when new and will
carry about 600 pounds. An 18-foot freighter weighs 90 to 130 pounds and will
carry 900 to 1,700 pounds. A canoe should be painted annually to preserve the
canvas and the wooden interior. This adds to the weight, as does water that gets
into the wood; an old canoe will weigh about twice as much as a new one of the
same model. Canoes should be painted orange or some other bright colour to
make them easy to locate. This is very important when arrangements are made
to have an aircraft visit a party, or if the canoe is left at the shore while the
prospector walks inland, as he will have to look for it if he does not return to
the shore at the exact point from which he left.

New or used canoes of suitable kinds can often be bought locally, but it is
necessary to write in advance to local merchants as they do not carry large stocks,
if they stock them at all. Canoes can also be ordered from the manufacturers,
who will ship them.

l A freighter canoe being lined along a

[ rapid too swift for the outboard

motor, which is out of sight at the
stern.
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Sectional and collapsible canoes are made for carrying in the cabins of
aircraft, but are now seldom seen because they are not very satisfactory and
because ordinary canoes can be carried by some aircraft. The collapsible ones
can also be carried on pack-horses, but this is not commonly done. Rubber
rafts are not popular because they are hard to steer.

Row-boats and car-top boats, etc., are satisfactory for use on lakes but are
not suitable for portaging. In Western Canada, where the rivers are usually
swift, the customary craft, if a river can be navigated at all, is a locally built,

Plate XL

Type of boat commonly used on larger
rivers and lakes when the craft does

not have to be portaged.

flat-bottomed wooden boat 20 to 30 feet long, used with a powerful outboard
motor (see Plate X1.); these are much like the boats called ‘pointers’ used on
large rivers in Eastern Canada.

The use of canoes and small boats is an art that must be learned by expe-
rience. The most important points are to select canoes that are not too small or
‘tippy’, to keep the load and occupants low and balanced, to avoid overloading,
to wait for storms to subside, and not to attempt to run rapids that are beyond
one’s capability. Inexperienced persons should not attempt to travel by canoe
or boat unless accompanied by an experienced man who can teach them during
the trip. If this is not feasible, they should get someone to give them basic
instruction before setting out.
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Rafts

When nothing else is available, a strong raft may be used for crossing or
going down a river, or more rarely for use on a lake. The main considerations are
not to attempt rafting on too swift a stream and to make the raft large enough
for buoyancy and strong enough so that it will not break apart. A raft should be
rectangular rather than square, to make it easier to steer. For one man, four
dry logs 6 to 8 inches in diameter, preferably balsam or spruce, should be cut
about 10 feet long. The raft may be built on rollers and pushed into the water,
or the logs may be assembled in shallow water. They are held together by cross-
bars that may be fastened by wooden pins if an auger is available, large spikes,
dovetailed bars and notches, ropes, or even strong, supple roots or bark.

Outboard Motors

Outboard motors are now widely used on canoes, and almost invariably on
the kinds of boats that might be used by prospectors. They add greatly to the
speed and ease of travelling by canoe if much portaging does not have to be done.
The question of whether or not to use a motor, aside from the expense of buying
and shipping the motor and buying fuel, should be considered in relation to
the saving of time and labour as against the extra time and effort required to
portage the motor and fuel. A motor should not be used when actually pros-
pecting a shoreline, as outcrops may be missed or ignored.

The selection of a motor should be based mainly on the necessity of not
over-powering the canoe, lightness of weight, reputation for reliability, and ease
of obtaining spare parts. Motors are too powerful for canoes less than 16 feet
long. For 16- to 17-foot canoes 2- to 3-horsepower engines are generally used,
and 4- to 6-horsepower ones are suitable for 18-foot freighters. Brackets for
fastening motors to the sides of pointed-stern canoes are available, but canoes
for use with motors are now almost invariably U-sterned and may also be paddled.

If a motor is used it is necessary to have a fuel can, generally of 2-gallon
size, a funnel with a fine screen or a piece of felt or chamois to keep out grit and
water, a spare starting rope, a supply of shear pins for the propeller, grease, and
a few tools such as wrench, pliers, and a special tool for adjusting the ‘point’
that controls the ignition. On long trips a few spare parts, including spark plugs,
propeller, and connecting rod, should be included; it would be advisable to
consult a dealer about spare parts and making repairs. If a large party takes more
than one motor, it is well for them to be of the same type, so that if one breaks
down beyond repair parts from it may be used to repair another.

Aircraft

In recent years aircraft have been used more and more in connection with
prospecting and mining and they are contributing greatly to the development
of otherwise inaccessible regions. The Canadian Shield is particularly suited for
aircraft equipped with floats, or flying boats, because of the innumerable landing
places afforded by lakes and rivers. Many prospecting parties avoid long canoe
trips by being flown with their outfits to the chosen area, and arranging to be
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Plate XLI

The method of lashing a
canoe to a seaplane now
widely used when moving
prospecting and  surveying
parties, particularly in  the
Canadian Shield.

brought back or moved elsewhere 