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PREFACE 

The first and second ed itions of t his book, published in 1930 and 1935 , were 

quickly exhausted. Continuing demand has shown the need for a work of t his 

kind a nd has encouraged the Geological Survey of Canada to issue a third ed ition. 

It does so full y realizing t hat it is not a prospecting organ ization and that 

geology a nd minera logy, a lthough the foundations of prospecting, a re onl y part 

of this large a nd complex subj ect. The Survey has, however , been closely associ­

ated with prospectors a nd prospecting for more than 100 years. 

Because of the numerous cha nges in the various subjects t reated in the 

earli er editions, a nd the newly developed techniques t hat were no t covered, the 

present one has been a lmost completely rewritten. The first and second ed itions 

consisted of a rticles written by different officers of the Geological Survey. This 

had t he advantage of drawing on the special knowledge of several men, bu t 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 ed ition 

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 t he continued expansion of the Canadia n mineral industry and to the success 

of at least a few prospectors a nd companies. 

GEO RGE HANSON, 

Director, Geological Survey of Canada 

OTTAWA, F ebruary 1956. 

23-828-I J.1j 
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PROSPECTING IN CANADA 

CHAPTER I 

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 agricu lture 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 
agricu lture 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 a re 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 seasonall y and do other work in the winter; some make pros­
pecting their so le occupation a nd spend the winter studying various phases of 
t he subject in preparation for the next season ; some are grad uates 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 a nd engineers, self-tra ined prospectors, students, a nd ordinary labourer,s 
in organ ized 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 a re many competent prospectors who have 
become proficient by home study a nd 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 a lso be useful to persons who contemplate 
financing prospecting, and to companies that a re 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 a nd rocks, and by 
experience in the field, preferably under the guidance of an experienced prospector. 
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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 

Jn recent years Canada has experienced a great and fa r-reaching economic 
development that has placed it among the principal industria l and exporting 
countries a nd given it a place in world affairs that is remarkable in relation to 
its relatively small population. This development is due to ma ny factors , among 
which the expansion of the mineral industry stands high. 

In 1954 the value of Canad a's mineral production, including oil and structural 
materia ls, was about $1,350,000,000. Although it is true that increased prices 
per unit of most mineral products make this figure higher than a n equivalent 
production would have been worth several years ago, nevertheless there has been 
a remarkable increase in the quantities produced; a lso, the add ition of several 
metals and minerals to the list has made the industry more diversified than ever 
before. From about S64 million at the beginning of the century, the annua l 
value of production showed a slow general rise to $500 million in 1939. This 
decreased slightly during the war, then bega n to increase much more rapid ly 
than formerly owing both to larger quantities a nd 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 oi l. Canada in 1954 was the 
leading producer of nickel, platinum, a nd asbestos; second largest producer of 
gold (and a lso of a luminum, but this is processed from imported ores brought 
here to take advantage of rela tively cheap h ydro-electric power); third largest 
producer of zinc; fourth in copper a nd lead, and a leading producer of uranium. 
Production from the newl y opened iron ore deposits in Labrador t ipped the 
balance so that this country now exports more iron ore than is imported. Discov­
eries of oi l and natura l gas during the last few years, mainly in Alberta, have 
increased greatly the production of these commodities so that Canada now 
supplies about ha lf 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 contribu tion to the rising standard of li ving. 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 t hat figure . Civi li zation and commerce 
have a lways followed in the footsteps of t he prospector, and, just as Western 
Canada was developed a fter the mineral discoveries of the Ca riboo, Klondike, 
and other fields, so today a northern frontier stretchi ng from t he 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 se nse, i.e. 1 billion= 1 thousand million. 
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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 a nd 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 attention 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 a nd 
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, 
a nd the transformation brought a bout 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-precious 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. 

o 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 a rt of mining was developed to a remarkable 
degree considering the faci lities 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 a ll what mountain or hill, what valley or plain, can be prospected 
most profitably, or what he should leave a lone; moreover, he must understand 
the veins, stringers and seams in the rocks. Then he must be thoroughly familiar 
with the many a nd varied species of earths, juices, gems, stones, marbles, rocks, 
metals, and compounds". Mining and prospecting a lso owe much to the peculiar 
aptitudes of the men who searched for a nd 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 E uropeans to reach this continent and to leave written records 
found the natives using stone a nd a few copper tools and weapons. Many signs 
of quarrying by natives, a nd 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. J acq ues 
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 a nd return 
in 1576 brought back some rock rumoured to be gold ore, a nd succeeded in 
obtaining support for a la rger 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 a lso exhibiting the tendency 
to over-optimism that has too often accompanied the praiseworthy phases of 
mining in this a nd a ll 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 a nd 
English settlers in Eastern Canada, but mining did not become a n 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, a nd 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 a nd Western Canada was partly direct, in the successful mining of la rge 
a mounts of placer gold, but much more in the pursuits to which many turned 
a fter 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 a nd 
the Yukon became the great mining regions of Canada and remained so until 
the possibi lities 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 a reas. As a result of these early developments in the 
Cordi lleran region 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 a nd 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 a n 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 
a reas 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 a ll ordinary prospecting, consist of developing 
a sha rp 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 meta llic minerals in sand , gravel, or powdered 
rock; a nd 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 ui1covered 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 out'board 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 
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courses, and by working with veteran prospectors, engineers, or geologists. They 
combine the best attributes of the old-time prospectors with the abi lity 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 adequa.te 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, a nd 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 a re a lways in demand. 

Other prospectors have made some prog~ess in acquiring skill and knowledge, 
but for lack of aptitude, education, or incentive are not in t he class of those 
mentioned above. Many of these men work on ly 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 fami liarize 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 t he 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 pur,pose. 

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 
geologists are invaluable in preparing 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 meta l. Some of the simpler geophysical and geochemical 
techniques can be used by ski lled prospectors and geologists, but most are 
conducted or supervised by speciali zed 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. 1 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 i.n a year or two. It is estimated that t hirty-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 cha nged 
demands or prices for their contained metals. The remaining forty-six a re classed 
as new finds, most of which were discovered in districts that were previously 
known to contain mineral deposits, a lthough a few were in new areas. Many of 
t he 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 specia li zed 
methods usually employed by scientists or engineers, and seventeen to diamond 

· drilling of favourable zones chiefly indicated by geological studies, some being 
a long the possible extensions of previously known orebodies and some in more 
specu lative 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 tha t there is sti ll a n important 
place for competent prospectors who are not engineers or scientists, and the 
growing emphasis on geology and geophysics. 

' The Northern Min er , 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 wil ling 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 ma ke 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 
ma ke prospecting their calling should be prepared to devote much time to 
studying as well as to obtain ing 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 m aking an intelligent approach to any other 
hobby. Possibilities for occasional importa nt discoveries by unskilled persons 
will probably remain for some time, but their chances will diminish with every 
passIIlg yea r. 
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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 wha t 
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 a nd 
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 a re 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 avai lable 
from the Queen's Printer, Ottawa, to whom orders may be sent. Information on 
other publica tions, 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 wi ll 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 beca use 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 a t 
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 a nd remember it. 
Every effort has been made to define technical terms so far as possible, but 
because many of the topics are technical, the begi nner 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 tha t 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. H e 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, t he 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 II 

THE FOUNDATIONS OF GEOLOGY 

The different aspects of prospecting cannot be understood properly without 
an introductory knowledge of the processes that form a nd cha nge the crust of 
the ear th. A reasonable acquaintance with geology is, therefore, essential for 
prospectors and is desirable for everyone, for it is a fascinat ing subject in itse lf , 
and one that greatly enhances appreciation of the world in which we li ve. 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 principle3 whole 
truth has been demonstrated again and aga in . The first is that the earth is 
a lmost inconceivably old (3 to 4 billion years), and the second th a t 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 certai n parts and t he construction of 
others. The story of the earth's crust is written in the rocks, and a lthough it 
is not yet completely interpreted, geo logists have unravelled it to a fairly satis­
factory degree and have proved beyond doubt that processes at work today 
could account for a ll the changes that occurred during the long ages of geological 
time. Therefore, although geology deals largely with events t hat 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 li tt le observation, however, will soon show t hat this 
is not the case. Rocks are gradually disintegrated by frost and chemical action; 
mountains suffer la ndslides; rivers undercut their banks and change t heir courses; 
shorelines are eaten away by wave action. These are the more obvious changes 
taking place, but many others a re constantly at work. These changes m ay seem 
insignificant in relation to the earth in genera l, but when it is considered that 
they have been going on for hundreds of millions of years, it will be realized 
that their cum ulative effect is enormous. Such changes are t he foundation of 
the science of geo logy. 

The earth 's crust consists mainly of solid rock, call ed bedrock, which is 
exposed at many places. E lsewhere 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 t he 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 t he atmosphere. 
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The Foundations of Geology 

T he decomposition that takes place at the surface of a rock, or a long cracks 
in it, is generally the result of exposure to moisture in the form of rain or melted 
snow and is appropriately called 'weathering' . T his effect can be seen on the 
exterior of old stone buildings, where th e 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, bu t most a re soluble to some extent when water has 
accumulated certain substances such as carbon dioxide from the atmosphere a nd 
acids from the action o( plants on the soil. \ i\Teathering is speeded by cracks in 
rock, which expose additional surfaces a nd also tend to concentrate solvent action. 

The loosening a nd 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 ac tua ll y dissolved in pure or impure water, but this is not so 
important as other, mecha nical, erosive processes. 

A common cause of erosion , particularly in mounta ins where low temperatures 
a re frequent during summer nights, results from the expa nsive 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 a nd are called 'scree slopes' by mountaineers a nd '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 fi elds a fter heavy rains have washed 
away some of the soil, a nd with t he way in which banks a re undercu t and caused 
to slump by streams a nd waves. Less obvious is the way in which powerful 
streams of water in rapids and fa lls scour the bed of a creek or river a nd detach 
blocks of solid rock. Streams in flood move blocks and boulders, rolling them 
along and bouncing t hem against one a nother so that they graduall y a re worn 
and cracked into smaller a nd smaller pebbles and grains. Besides the action of 
the water itself, the innumerable sharp particles of sand carried by a swift stream 
have a n abrasive effect t hat slowly wears down the hardest bedrock or boulders 
in the path of the current. Similarly, waves pounding the shores of lakes a nd 
seas wear the shores back and cause the detached materia l to be reduced in 
size, both by the direct action of the water a nd by the abrasive effect of swiftly 
moving sand particles in it. Streams grad ua lly widen their valleys by changing 
their courses from time to time, a nd slowly deepen the valleys. These changes 
can at some places be noticed within the lifetime of a ma n, a nd when it is rea lized 
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 a nd in 
sculpturing cliffs, hi! ls, a nd valleys. 

Although not so universally effective as running water, winds a re important 
causes of erosion in ma ny regions. The effect of dust storms in blowing away 
va luable top soil is a serious problem in ma ny agricul t ural districts. Sandstorms 
not only ea use sand to be moved from place to place , but the abrasive effect of 
sand particles blown swiftly aga inst larger rock fragments and exposures of 
bedrock acts like a sand-blast in wearing and polishing them. 

Discussion of glaciers, which a re powerful agents of erosion , has been left 
until the last because they a re less familiar a nd so req uire more expla nation. 
Perched near the summits of high mountains such as those of \i\Testern Canada 
are many masses of ice, ca ll ed a lpine glaciers, t hat 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. 
G laciers 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 a nd 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. 
i\Iost 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 t housands of feet thick, to cover large parts of 
continents. After the ice-sheets had melted, but before the climate had moderated 
to present conditions, a lpin e glac iers 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 la rger valleys of moun tainous regions. 

Glaciers erode in several ways. The ice in the base flows around fragments 
of rock and carries them a long, 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, 

Plate VII Erosion in mountainous terrain, St . Elias Mountains, B.C4 



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 fa ll from the sides of mountain peaks and valleys onto a lpine 
and valley glaciers and are carried a long on the surface of the ice until melting 
takes place. :\t the heads of a lpine 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 la id 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 materia l from the land areas has a lways been balanced 
by the deposition 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 a nd soi l occurs a long 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 materia l is carried farther, to be 
deposited as sand, si lt, 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 a lmost 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 a n agent of erosion, 
and it transports and deposits large amounts of dust and sand in certain regions. 
Because both water and wind drop sediments intermittentl y and beca use 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 t he finer 
material may be washed into temporary lakes and rivers formed by water from 
the melting ice, and deposited as stratified glacial clay, si lt, 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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Plate 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 igneous (from 
the Latin word for fire) and a re 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 wel l 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 XII 

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 a nd 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 reliable 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 
a re familiar may extend as much as SO 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 SO-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 XIII 

The Foundations of Geology 

Granite intruded by a small dyke of oplite, which in turn is cut by a dyke 

of lomprophyre, The rock names ore 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: smal l 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 ovve their finer state of crystallization partly to their 
smaller sizes, which permitted more rapid cooling, and probably a lso 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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F IG RE I. Diagrammatic ill ust rat ion of a batholith not yet exposed by erosion, with 
related stock, dyke, a nd sills. 

component crystals. Volcanic rocks of a nother class a re fo rmed from the accu­
mulations of volcanic ash a nd la rger fragments that a re ejected from many 
volca noes. Lavas, ash , and volca nic fragmental rocks a re commonly clearly 
interlayered because of intermi tten t deposit ion. 

Movements in the Earth's Crust 

T he crust of the earth is constantly subjected to stresses tha t cause defor­
mation in the fo rm of cracks, a long which movement of one block of the crust 
rela tive to a nother may take place, of great downwarpings and upwarpings, 
a nd of contortions on sma ller scales. These movements a re no doub t caused , 
to a la rge degree, by the slow increase in the weigh t of sedimen ts accumula ted 
in large basins of deposit ion, the load forcing these basins to sink deeper and 
probably causing a yielding of the plastic materia l beneath the crust. There is 
doubt less a lso a corresponding lessening of pressure at depth in highla nd areas 
as t hese a re slowly reduced in weigh t by the effects of erosion. Thus the relatively 
flat surfaces worn down by eros ion are slowly uplif ted to fo rm plateaux. The 
uplift causes streams to flow swifter and this increases t hei r erosive power, 
causi ng t hem to dissect a plateau into a second genera tion of moun tains a nd 
valleys. Such warpings, however, do not explain the cause of the great la tera l 
stresses required to prod uce some of the phenomena descri bed below; theories 
have been developed to expla in them but the origin of the fo rces is not yet 
well understood. • 

T he various forms of movement that take place in the rocks of the crust, 
a nd the 'structures' that resul t, are of the utmost impor tance to prospectors 
because many mineral deposits a re related to t hem. 
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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 

Plate XV Erosion along a prominent fault in the 

Canadian Shield, Northwest Territories. 

in which several fractures a re 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 fau lt commonly grinds the rock to form a clay-like deposit of crushed rock 
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The Foundations of Geol~y 

B 

A 

Elements of faults and fault movement 

Plane A BC represents a fault plane 

Line A B represents the strike o f the fault 

Line BC represents the dip of the fault 

Blocks illustrating 
a norma l fault 

l , footwall; 2, hanging wall 

Line a indicates the strike slip 

Line b indicates the dip slip 

Line C indicates the net slip 

~ c 
Blocks illustrating 

a reverse or thru st fault 

l, footwall; 2, hanging wall 

Faulted continuation of dyke-..,,._ 

D 

Illustration 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 fa ult 

FIGURE 2. Diagrammatic illustrations of fa ults. 
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Plate XVI 

Plate XVII 

A series of small normal faults in thinly bedded Precambrian quartzite. 
(see Chapter Ill). The darker beds are quartzite containing consider­
able quantifies of the mineral magnetite. 

A fault plane exposed by erosion. 



Plate 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 a long a fault may cause the formation 
of a shear zone, 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 zone 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 large 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 fami liar with a few more definitions, which 
are explained as fo llows. Although a fault is represented by a line on a geological 
map or plan, the movement takes place a long 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 fau lt 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 dip 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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G.S.C. 

FIGURE 3. Diagra m showing an outcrop of beds of sedi­
mentary rock s to illustrate directions in which dip and 
strike are mea sured. 

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 
beca use deposition occurred at one locality while erosion went on at another, 
beca use 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, 
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An ancient series 0 -3) consis ts 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). 

FIGURE 4. Cross-sectional diagram illustrating geological successions. 

which undoubtedly were not the first forms of a nimal life. Most sedimen tary 
rocks less than 500,000,000 years old conta in fossils. It has been proved repeatedly 
that the fossils deposited during any one period were much the same in a ny 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 t he greatest assistance to geologists, who a re t hus ab le to use fossils 
to correlate rocks of the same age in different regions, a nd to work out the true 
succession in regions where certai n 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, geo logical time can be divided into definite intervals of 
great duration. vVhen these age interva ls were agreed upon, those between times 
of greatest mounta in-building activity were called eras, and divisions within 
eras, separated by much less intense crusta l disturbances, were called periods. 
Because of these cycles of mounta in-building, uplif t, a nd subsequent eros ion a nd 
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 a re of 
two kinds, called parallel unconformities ,,·hen the strata above and below are 
horizonta l 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 fold ed or tilted before the 
younger ones were deposited. 

Because rocks formed during the younger periods and eras a re 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 a ll geological tables and legends, has the younger 
units at t he 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 years. This conclusion was based on measurements of the 
average rate of accumu lation of sediments being deposited in modern times. 
When this rate was applied to the enormous thicknesses of sed imentary rocks 
that were measured for one period a fter another it was obvious t hat 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 applyi ng methods now 
available for dating rocks that contain sma ll 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 Archcean, and Late 
Precambrian, or Proterozoic, but it has not yet proved possible to divide these 
into periods applicable to a ll 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 Palceozoic era. Although accurate age determinations 
.are not yet available in sufficient numbers to permit precise dating, there is 
good evidence that the Palceozoic 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 
Palceozoic 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 

Era Period Characteristic life Total estimated 
time in years 

Recent Man 
Pleistocene 1,000,000 

-

Cenozoic >- P liocene Mammals and modern 
.... Miocene plants 
·~ 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) 

Palreozoic Devonian Fishes 
Silurian 

Ordovician Higher invertebrates 
Cambrian 500,000,000 

~ Late Precambrian Primitive invertebrates 
·c (Proterozoic) and algre 
.0 
E 

Early Precambrian ~ 
<I.> (Archrean) Nil 3,000,000,000 or more .... c.. 
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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 a nd ice-sheets to form over much of North America, 
Asia, and Europe. The climate then became warmer, causing melting of the ice, 
and these cond itions of cold a nd 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 a nd 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 a lternating beds of different kinds. Formations are customari ly given 
na mes, such as 'Ottawa form ation' or 'Belly River formation'. Some form ations 
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 'gran ite 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, a nd 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; a nd 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 a nd 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; orthern Miner Press, Toronto, 2nd Ed., 1947. 
Price about $3. 

A good, shor t, introductory handbook on geology. 
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Fearnsides, \V. G ., a nd Bulma n, 0 . M. B. : Geology in the Service of Ma n ; Pelican Book A 123; 
published by Penguin Books. P rice a bout 40 cents. 

An inexpensive book on elementa ry geology, including sections on geologica l ma ps a nd 
minera l deposits. Although the trea tment a nd exa mples a re based la rgely on the geology 
of Brita in , this book would be useful as a dditional reading for a beginner. 

i\ Ioore, E. S.: Elementary Geology for Ca nada; J . M. Dent & Sons (Canada) L td ., Toronto, 1944. 
Price a bout $4. 

A useful elementa ry text on geology, noteworth y for its Canadia n illu stra tions a nd 
exa mples. 

Longwell , C. R ., Knopf, A., a nd Flin t , R . F . : Physical Geology ; \\'iley & Sons, New York, 
3rd Ed ., 19-±8. Price a bout $5. 

One of the most widely used in troductory texts on geology. :\!though intended ma inl y 
for use in un iversity courses, its readabili ty a nd numerous illu stra tions ma ke it suitable 
for a nyone. 

Carson, Rachel L. : The Sea ."\ round Us ; Mentor Books ; New America Libra ry. 
P rice a bout SO cents. 

This book contai ns very clear a nd in teresting accounts of the par ts the ocea ns play in 
erosion a nd in the formation of sedimenta ry rocks, as well as other su bjects of in teres t to 
the student of geology. 

Wa lker , J . F . : E lementa ry Geology Applied to Prospecting; B. C. Dept . Mines, Vic toria , B.C., 
Revised E di t ion , 1953. Price 75 cents. 

A useful elementa ry book on geology, mineralogy, a nd prospecting, wi th par t icula r 
reference to British Columbia . 

Himus, G. W . H.: A Dictiona ry of Geology; Penguin Reference Books. Price 50 cents. 
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CHAPTER III 

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 a ll 
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 'H20' . 

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 a nd 
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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 a nd fa irly 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 a re classed as minerals because mercury is a liquid metal a nd because 
water has a definite chemical composition a nd, particularly when in the form 
of ice, a definite crystal structure. Petroleum and coal, on the other hand, are 
not strictly classed as minerals beca use they are variable mixtures of several 
chemical compounds; the petroleum a nd coal industries are, however, classed as 
parts of the mining industry. 

How Minerals are Classified 

By long-established custom minerals a re 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 a nd 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 a re 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 
a lthough no distinct silver minerals occur in the ore. Minor amounts of contained 
si lver do not prevent the mineral from being classed as gold, but if gold and 
si lver a re 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 a re applied 
according to the percentages of sodium or calcium compounds present. Slight 
variations a lso 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 
metal liferous 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 
,,·hich 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 a re listed 
at the end of this chapter. Study of such books should be supplemented by 
actually hand ling 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 a lso be studied in natural outcroppings, where the weathered 
appearance is commonly quite different from that of the freshly broken specimens 
avai lable for study in courses or at home. 

If one attends a course, minerals for study and methods of identification 
wi ll be recommended. For those who wish to learn by themselves, a nother 
appendix lists minera ls 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 identifyi ng unusual 
minerals. He should remember, however, that his main objective is to find 
useful minerals in paying quantities. 

Rocks 

Rocks a re substances that form fairly large units of' the earth's crust. The 
distinction between minera ls and rocks is that minerals are homogeneous sub­
sta nces 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 a re 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, la rge 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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Plate XX 
A. Diorite (lower) intruding 

granite (upper) . Note the 
finer grained texture of the 
diorite close to the granite, 
caused by chilling against it. • 

B. Lamprophyre dyke intruding • 
granite. 

~ C. Diabas~, coarser grained 
than :sual. 

• D. Dyke of feldspar porphyry. 
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It is customary for geologists to use fair ly simple classifications t hat can be 
used in the field by ordinary observation or by use of a pocket lens or by a few 
easy tests, and a lso 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, genera lly 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 a lso many 'accessory minerals', such as magnetite, 
which may occur in a lmost 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 contai ning much ferro-magnesian 
material are call ed 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 jemic 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, si ll s, 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 a ll 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 crysta llized finely as a flow of 
lava. The mineral composition would be the same in a ll three cases, but the 
grain size or texture 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 ordi nary granite, or banded as a result of ftowage 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. 

Plul;onic 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 
Yarieties based on distinctions that can be made only by use of a microscope or 
oi 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 vvith the unaided eye or with a 
pocket lens. Many granites also contain relatively smal l amounts of white mica, 
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A. Pegmatite dyke 
intruding schist. 

Plate XX/ 

c. Rh yolite lava containing polygonal 
fractures filled by small veins. Such 
fractures are caused by shrinkage of the 
lava during cooling. 

B. Pegmatite dyke intruding sandstone (dark 
grey) . The dyke has been faulted, and an 
aplite dyke, marked by the hammer-head, was 
afterwards intruded along the fault. 

D. Pillows in greenstone. 
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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 la rge crystals in a dioritic matrix it is called diorite 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 a bout 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 a lmost 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 equiva lent 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 quartz porphyry, 
feldspar porphyry, and hornblende porphyry. 

Another common kind of dyke rock is pegmatite, a coarse-grained rock form ed 
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 a nd are called 
respectively rhyolite and trachyte. Dark-coloured lavas equivalent to diorite or 
gabbro are called andesite and basalt respectively. A flow of andesite or basalt 
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A. Fracture cleavage in a bed of luff. 
Nole that the bedding is horizontal, and 
the cleavage developed by pressure is al 
about 45 degrees lo the bedding. 

Plate XX/I 

c. Conglomerate. This is a fairly young 
formation of Triassic age, therefore the 
matrix tends lo weather away and to 
free the pebbles and cobbles. In older 
conglomerates, such as those of Precam · 
brian age, the matrix is usually recrys· 
tal/ized so that it and the pebbles form a 
hard rock that weathers or fractures 
across the pebbles instead of around them. 

• 

B. Volcanic breccia or agglomerate, 
overlain by luff. 

D. Fractures in sandstone. Note the 
three directions of fracturing. 



A. Shale, of a variety a little harder 
and more slabby than usual. 

Plate XX/II 

c. A cliff of dolomite. Outcrops of 
limestone may have a similar 
appearance. 

• 

B. Limestone, showing irregular 
weathered surface caused by 
variations in composition of the 
rock. 

D. Coarse and 
interbedded. 

fine greywacke, 
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may consist of rounded m asses 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 generall y called rhyolite porphyry, andesite porphyry, 
etc., but may also be designated by the composition of the phenocrysts, as quartz 
porphyry or hornblende porphyry. 

Volcanic explosions may shatter lava that has crystallized in the throat of 
a volcano, causing the ejection of large a ngular 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 elastic rocks, 
meaning 'broken'. Those formed from volcanic ash are called tujf, and those 
conta ining larger fragments a re named volcanic breccia or volcanic agglomerate; 
they are distinguished according to their compositions, as rhyolite tu.ff, 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 a lready been discussed . Such sediments become 
gradually compacted by the weight of overlying material, a nd 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 a re classified according 
to the size and composition of their grains. 

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

Rocks form ed by the consolidation of sand are among the commonest of sedi­
mentary rocks. Fairly pure sand composed a lmost entirely of quartz grains 
forms sandstone. If the gra ins are very small the rock is called siltstone. If grains 
of feldspar a re fairly abunda nt the rock is called feldspathic sandstone, but if 
feldspar predominates, it is call ed arkose. Sands containing la rge a mounts of 
ferro-magnesian minerals as well as feld spar, 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 tuff aceous 
greywacke. 

Finer grained sediments, chiefl y muds and clays, produce slzales. These are 
generally thinly bedded grey or black rocks that are fairly soft and brittle; small 
slabs that a re easily detached from outcrops can usually be broken between the 
fingers. 
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Most water, " ·hether fresh or in the sea, contai ns 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, a lthough it may be black, a nd 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 wi ll effervesce. 

Metamorphic Rocks 

vVhen pressure or heat, not sufficient to cause melting, is app lied 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 t hat consist mainly of quartz, feldspar, or calcite recrystallize to 
form uniform, massive rocks. In this way sandstone becomes quartzite, 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 fo rm banded or foliated 
rocks. If the rock is sti ll quite hard and firm, but composed of thin a lternating 
bands of siliceous and ferro-magnesian minerals, it is called gneiss. 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
na te 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 ch lorite, to which the genera l term greenstone is applied. 

Further Considerations Regarding Rocks 

Rocks can be subdivided into a lmost innumerable varieties because, unlike 
most minerals, the types grade into one a no ther. 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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A. Slate. Note that the cleavage, or direction in which the rock tends to split, is 
approximately parallel with the plane of the photograph, whereas the 
bedding is parallel with the left side of the quarry. 

Plate XXIV 

B. Granite-gneiss, common in many ports of the Canadian Shield. 
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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 a t small cost , as 
explained in Chapter XIV and Appendix V. Tables to assist in the recognition of 
the common rocks are included as an a ppendix, but the serious student of 
prospecting who cannot attend a course will be well advised to use one or more 
of the followin g popular books as add itional aids to his study of specimens. 
He should a lso famili a rize himself with the appearance of rocks as they occur 
in the field, because specimens a lmost a lways 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 a re easier to recognize from a weathered outcrop than 
from a fresh surface. 

Suggestions for Additional Reading 

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

Dana, E . S., re,·ised 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 Pa rsons, 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' minera ls 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 a ll 
local concentrations distinct from the rock in which they are found. Small 
concentrations of minerals are usually called mineral occurrences, and larger ones 
a re usua llly called mineral deposits, but the terms may also be used interchange­
a bly 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 
a nd a lso the mineral fuels . The latter are concentrations of coal, oil, and natural 
gas, a nd a re treated separately. Metalliferous deposits are those containing 
minerals of interest for the extraction of one or more metals. Such minerals are 
sometimes ca lled 'metallic', but it is preferable to restrict that term to minera ls 
having meta llic lustre, whereas some important meta l-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 meta ls. 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 " ·ell as unconsolidated sediments, sedimentary rocks, and 
igneous rocks that a re 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 a re 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 a lso yield industrial minerals. I t 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 una ided 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 a re quartz a nd 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 thosethathave been derived from the alteration of primary 
ones a nd 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 a ll 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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Plan A Plan B 

Plan C Cross-section 

The batholith is shown by angle pattern, the intruded rocks by oblique 
lines, and mineral deposits by solid black. Three stages oF erosion 

are illustrated by plans A, B, and C, and also by the corresponding 

levels AA, BB, and CC in the cross-section. At stage C all deposits 

have been destroyed by erosion. 

Mineral Deposits 

F I GURE 5. D iagra m to illustrate stages in t he erosion of a batholith 
and its related mineral deposits. 

There is no doub t that ma ny metalliferous deposits owe their on gm to 
igneous intrusions. Some deposits occur in t he upper pa rts of stocks a nd ba tho­
liths, a nd ma ny others a re in the invaded rocks at the igneous contacts or fa irly 
close to them (see Figures 5 a nd 6). This relationship has been observed in so 
many places that a lmost a ll geologists today agree that the origin of these 
deposits is rela ted in some way to the intru sive rocks. Fur thermore, innumera ble 
a nalyses of igneous rocks from di fferent countries prove these rocks to conta in 
minu te amounts of metals, even such comparatively rare ones as gold , silver, etc. 
Many kinds of deposits a re t herefore regarded as concentrations of meta llic 
minerals derived from such in trusives, some by crystallization of late phases of 
t he in trusion itself, a nd some by hot solu t ions or gases t hat were expelled fro m 
t he intrusion and that carried t he metal or meta ls along with t hem in a liq uid 
or gaseous sta te. I t was formerly believed t hat a ll igneous rocks resul ted from 
crystallizat ion of a molten magma in trod uced into t he earth's cru st from below. 
This gave r ise to t he concept of prima ry deposits. that is, those in their origina l 
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G.S.C. 

Surface 

/ 
I - / 
/ I '- I 

I , magmatic segregations; 2, pegmatites; 3, contact metasomatic deposits; 
4, veins; 5, replacement deposits. 4A, 4 B, and 4C represent high, medium 
and low temperature vein zones 

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 originateq 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 

54 



Mineral Deposits 

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 Jess, 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 metasomatism is applied. 
Metals from the intrusive body may be introduced into rocks a ltered 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 a lteration of this kind, and granitic 
intrusives commonly cause the alteration. 
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T he deposits usually lie at the contact and more or less parallel with it. 
Such deposits are genera ll y very irregular in outline because the alteration 
proceeds farthest a long favourab le bands of rock or a long zones of fracturing, 
whereas resistant patches of rock are on ly slightly altered . Deposits may also 
be fo rmed in favourab le 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 orebod ies. Some are la rge 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. 

Pegrnatitic 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 a nd compou nd s such as water, fluorine, and carbon dioxide 
become concentrated in the still uncrystallized part of the magma, a long with 
some of the ord in a ry rock-forming material. Metals a nd rare elements present 
may a lso be included. After the main intrusive body has crystallized and frac­
tures have formed in it, some of this remaining material is injected a long 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 usua ll y 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 la rge crystals in a relatively fine-grained 
matrix, whereas most pegmatite consists of coarse materia l, with only minor 
patches of fine-grained materia l, if a ny, and that the larger mineral units in 
porphyry always have distinct crystal outlines whereas those in pegmatites do 
not necessarily have them. 

Pegmatites a re most commonly associated with gra nite, and such pegmatites 
are composed mainly of feldspar a nd 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 no t 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 a nd shapes, ranging from short bodies 
a n 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, a lthough 
few of these are as regular in form as the dykes composed of other kinds of rocks. 
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Plate XXV 
A mass of pegmatite 
(white) containing 
crystals of phlogopite 
mica (black). 

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 XXVI). 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, a lthough 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 a lso impregnate some of the sheared rock as well; 
deposits of this kind and those in sheared rocks caused in other ways are called 
shear zone 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 minerals deposited 
in them to form cavity fillings. 
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Plate XXVI 
A large, banded 

quartz vein . 

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 favourab le 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 t he 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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Plate ,XXVI I 
More or less 
parallel stringers 
of quartz in 
syenite. 

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 ch lori te. Rocks contain ing 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, a nd 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 t he 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 circu lation 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 a lteration' . Recognition of such a ltered 
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 

Plate XXV/11 

A stock-work 
of gold­
bearing 
quartz 
stringers. 



Plate XXIX 

Gash quartz veins in brittle quart­
zite, and absent in alternating 
beds of more plastic argillaceous 

rock. This illustrates the occurrence 

of quartz veins in 'competent' 

hard beds, which may be on a 

much larger scale. 

Plate XXX 

Vein quartz (white) replacing 

chlorite schist. 

Plate XXXI 

Bands of lead-zinc and other 

sulphide minerals (white to grey) 
replacing beds of sedimentary 
rock ( unreplaced rock shown in 

dark grey and black). 

Photo about j size of specimen. 
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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, 
<lissolving 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
c ially, particularly as deposits of industrial minerals; or they may contain concen­
trations of heavy minerals and thus form 'detrital' deposits. 

Detrita l 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, sandsto!].e, 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 a n old Spanish word meaning 
'sand bank'. The lighter a nd 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 a nd 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, a nd 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, a lthough these minerals may have been dispersed in 
small quantities. Secondly, weathering must have gone on for a long time. 
T hirdly, 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 t he lighter products of erosion. The most 
favourable condi t ions a re in areas where erosion continued for a long t ime, 
reducing the land surface to a fai rly level state, after which the surface was 
uplifted and dissected by streams t hat concentrated t he resid ual minerals lying 
on t he ancient surface. Lastly, t he 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 t he Canadian Shield, a lthough 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 
t he Cordilleran region is explained by the rugged topography that apparently 
protected many placers from destruction by preventing glaciers from scouring 
evenly a ll 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 a re not commonly large concen­
t rations because the placer minerals soon are washed into streams. Others a re 
formed a long beaches where waves erode rocks or re-work and concentrate glacia l 
gravels or sands containing small amounts of valuable minerals. Most placers, 
however, occur in stream gravels, generally those deposited in ancient cha nnels 
rather than in the beds of present streams. The valuable minerals are usually 
concentrated on or near bedrock at the bottom of t he 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 
a re in fa irly small grains, but in the case of gold, nuggets may be present. Many 
placers are covered by glacia l drift , which makes t heir discovery and mining 
diffi cult. 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 Depos its 

Placers formed during early geological periods, if t hey are not destroyed, 
become consolidated in to beds of conglomerate or sandstone containing detrital 
deposits of magnetite, gold or other minerals. Certai n deposits have undoubted ly 
been formed in this way. Several other important deposits may have originated 
in t his way, but t he evidence regarding them is not conclusive. For example, 
t he 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 t he gold and other metalliferous minerals t hat accompany it were 
probably deposited a fter t he rock was consolidated. As can well be imagined, 
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the importan ce 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 
prnblem 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 a re not too finel y 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. 'vVhat 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 Pal;;eozoic strata, and these are called 'sedi­
mentary iron-formation'. The iron a nd silica were evidently deposited chemically 
from sea water at the time the sediments that produced the rocks with which 
they are interbedded were la id 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 circul ating solutions that 
extracted iron from certain parts of the deposits a nd 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 a re low in silica and high in iron ; 
this is judged by the appearance and proved by analyses. 
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Secondary Deposits 

Almost a ll metalliferous minerals lying at or near the surface are a ltered 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 a mounts 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 a rule, 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 second.ary 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 a ltered parts of many deposits. Also, the 
fairly cool climate of this country may have retarded the chemical action between 
surface water and minerals, a nd 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 authoritat~ve 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, ha rd , brittle, with shiny, conchoidal fracture; ignites slowly 
and burns with a smokeless blue flame. 

Several intermediate ranks such as subbituminous and semianthracite a re 
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 anc ient coal ' ill 
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 
a nd 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 greatl y 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 a lso very important in strip mining. 

Most of the coal mined in Canada is bituminous. It is used mai nly for 
heating and for the production of steam. Lesser a mounts 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 a nd natural gas, which a re preferred for 
some uses; in fact, some a uthorities 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 a reas 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 P lains 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 ongin 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 ma terials 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
ab le 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; G H shows change in dip of 
axis of the fold; BC width of productive area for 
the upper sand; E F For the lower sand. Ax.es of 
folds at A and D lie near the left edge of the 
productive area. Well No. l is productive; No. 2 
is barren; No. 3 produces from upper and lower 
sand; No. 4 produces from upper sand. 

Dome structure; illustrated in plan a, by 
contours representing the surface · of the oil­
bearing bed, and by vertical sections b and C 

~P:;,~~:C:r.;:t:?=?iP::-i?rt~':?s:.9 ~ (enticular deposits; lenses (black) of coarse 
sand in oil-bearing shales serve as local 
centres of concentration. 
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Terrace structure; black indicates an 
accumulation of oil. 

FIGURE 7. Diagrams of Oil Structures (A, B, and C after L. C. Uren). 
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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 capi llarity. 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 sirnplest 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 Ranks 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 anticl ines. 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 Rush an anticli ne, causing a migration of the gas and 
oil to a nother 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 compo unds 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 i\fcMurray in northern Alberta. The deposit consists of bituminous 
mate ria l in unconsolidated sand of Cretaceous age, (see Plate XXXII), that rests 
on Devonia n 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 . 

Prospecting Possibilities 

Plate XXXll 

Tar sand, fort McMurray, 

Alta., and an experimental 

machine for mining it. 

Prospecti ng for oil a nd gas is a difficult and complicated matter. Seepages 
of oil or gas sometimes give a clue for a successful discovery, but prospecting 
depends ma inly on deta iled studies of the rocks and structures exposed in areas 
where the geology is favourable in a general way, on deta iled studies of cuttings 
and cores of rock from wells already drilled in a district, and on special geophys­
ical studies that assist greatly in interpreti ng the structures at depth. Favourable 
sites are explored by drilling very costh· 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, 
ma ny wells are drilled unsuccessf ulh-. 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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Plate XXX/11 

A. Port of the Canadian Shield north of the 

limit of trees, southern part of Keewa tin 

District, N. W . T. 

B. View in the Canadian 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 la nd surface, these 
divisions are a lso 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 P lains. The la rgest of these are the vast Interior Plains 
that a re responsible for much of Canada's agricu ltural development a nd 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 industria l 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 isla nd of Newfoundland, the Maritime Provinces, Gaspe, 
and part of the Eastern Townships of Quebec. A large region in Western Canada 
is occupied by the Canadian Cordi llera, 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 a rea 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 on ly 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 a lso 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", a nd 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 relief, 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 Pal<£ozoic 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 Palceozoic 
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 ki~d 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 
lettering, and are referred to as 'sub-regions'; again, few boundaries can yet be 
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FIGURE 9. Principal geological regions and sub-regions within the Canadian Shield. 
Major regions shown in la rge type, a nd 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 
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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. 

Jn 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, a nd 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 
Precambria n. 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, a nd cobalt are 
present. 

South of Great Slave Lake, the Taltson sub-region is mai nly 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 elson 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 thabasca 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 Churchi ll 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 Superior, is used to desc_ribe 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 Jipigon, 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, a long 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 oranda, 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 
thOSf'! near Sudbury, and by si lls 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 Ungava sub-region, as defined for the purpose of this publication, 
appears from reconnaissance surveys to be underlain by granite•gneiss, 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 Pretambrian sedimenta.ry 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 importance 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 uran ium, 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 Colu!Ilbia 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 Cra nbrook almost 
to Wa tson Lake; the Canadian Pacific Railway line crosses the Trench at Golden 
a nd the main line of Canadia n 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 Mounta ins along the border of the ma inland, and the 
still higher St. Elias Mountains a long the boundary between Yukon and Alaska. 
Between the Coast Mountains a nd the Rocky Mountain T rench is a broad belt 
composed partl y of mountain ra nges, such as the Cassia r and Selkirk Mountains, 
and partly of rolling plateaux interrupted by deep valleys. The best known 
features of the Eastern Cord illera a re the Rocky Mountains, composed of high 
ranges extending from the 49th Parallel a lmost to the Yukon. The entire Cana­
dian Cord illera is frequently referred to as the 'Rocky Mountains', but without 
justification, as the officia l terminology has a lways restricted this na me to the 
mountains lying east of the Rocky Mountain Trench. A belt of foothills several 
miles wide separates t he Rockies from the Interior P.la ins. 

The Cordilleran region is on the site of a great basin of sed imentation where 
seas and freshwater basins existed during much of the t ime from Late Pre­
cambria n to late Mesozoic a nd early Tertiary. H ere sediments were deposited in 
much greater thicknesses than on the Precambrian basement underlying the 
In terior P la ins. The mountains of the \iVestern Cord illera have been carved in a 
complex assemblage of sed imentary, volcanic, a nd plutonic rocks. Great 
thicknesses of sed imentary strata that range in age from Late Precambrian to 
early Mesozoic a re exposed. With these a re interbedded la rge a mounts of. lava 
flows and volcanic fragmenta l rocks, mainly la te Palreozoic a nd Mesozoic in age. 
These strata were folded a nd in t ruded by gra ni t ic rocks at different times, 
mainly in the Mesozoic era. The mountains formed at that time were eroded to a 
fa irly fl at surface, exposing deep-seated grani t ic rocks in ma ny places, most 
notab ly the la rge a nd complex Coast Range batholith a long the western ma inland 
of British Columbia. Later, lava flows of T ertia ry age, composed mainly of 
basalt a nd andesite, spread over much of this surface. Still later, the la nd was 
uplifted , and during late T ertia ry t ime streams eroded deep valleys in the uplifted 
surface a nd dissected it in to the moun tains a nd plateaux that today characterize 
the Western Cordillera. 

The mounta ins of the Eastern Cordillera are formed from a great thickness 
of sedimentary strata ranging in age from Late Precambrian to Mesozoic. These 
strata consist chiefl y of limestone, quartzite, and shale, which have a total 
t hickness estimated at about 68,000 feet in the Rocky Mountains. Sedimentation 
continued , at least in places, until early Tertiary time, long after the mam 
period of fo lding of the mounta ins to the west. The Rockies a nd other ranges of 
the Eastern Cordillera are, therefore, still in the first stage of erosion . Conse­
quently, t he peaks in general present a saw-tooth appearance without the patches 
of fairly level uplands that mark the a ncien t uplifted land surface formed by the 
first cycle of erosion in the \iVestern Cordillera. 
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A. Rugged topography in the southern part of the Canadian 

Shield, of Walker Lake, Quebec, north of the mouth of 

St. Lawrence River. 

B. Part o f 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 on ly in a preliminary way. The region 
a lso contains important deposits of industrial minerals. The only parts of the 
Vlestern Cordillera that are definitely unfavourable for prospecting a re those 
covered by Tertiary or younger lava flows, which are younger than the Ioele 
deposits; even und er these flows, deposits may be found occasionally where 
valleys have dissected the flows a nd 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 Cordi llera, 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 a re underlain by a great succession of fl at-lying or gently 
folded sedimentary rocks deposited during the Palceozoic, Mesozoic, and Cenozoic 
eras. The older Palceozoic 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, 
a nd ma rshes , that came a nd went from time to time during the many millions of 
years that followed the Prec.ambrian 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 

Torthwest Territories in the basin of the Mackenzie River. Most of the plains 
areas of Manitoba, Saskatchewan, a nd Alberta a re underla in largely by fl at­
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, a nd 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 
Palceozoic 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 Palceozoic 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 Palceozoic 
limestone in other districts, but prospecting for t hem 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 t he 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 Canadian 

Rockies. Erosion ho s carved this mountain from a 

flat -ly ing succession of sedimentary strata. 

B. View in Coa st Mountains near Terrace, B.C., illus­

tra tin g the rounded erosion forms typical of p lutonic 

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 lowla nds, a nd 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 limi ted 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, I\'ova Scotia, Prince Edward Island, and the Island 
of Newfoundland. In general, this region is fairly rugged because it is a tilted 
a ncient plateau surface sloping southeast that has been carved into hills and 
valleys by stream erosion. In the interior of Gaspe, 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 Palceozoic. The rocks exposed in much of the Appalachian region, 
however, are Palceozoic 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 Palceowic strata in 
the Appalachian region and the flat-lying Palceozoic beds underlying the St. 
Lawrence Lowland is a great fault extending in the form of an arc northeastward 
from Lake Champlain . This fau lt 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 a nd 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 Gaspe, 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 a lso 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. 

Innui tian 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 metam0rphic and volcanic rocks. 

Some strata in the region seem to have been folded before the Silurian period, 
some in Siluria n or Devonian time, some in late Pal;;eozoic time, a nd some in la te 
Cretaceous or early Tertia ry 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 
)Viii retard prospecting and the exploitation of mineral resources. 

Suggestions for Additional Reading 
Geology a nd Economic Minera ls of Ca nada, by Officers of the Geological Survey; Geol. Surv., 

Canada, Econ. Geol. Ser. No. 1, 1947. Price 75 cents. 
A comprehensive summary of informa tion on the geology and principa l 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 ma p of Canada, scale 1 inch to 
60 miles, obtaina ble 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 min es, this book contains general geological 
descriptions of th e Canadian Shield and the Cordilleran and Appalachian regions and several 
of the principal mining camps within them. 

Fortier, Y. 0., Mc 1a ir, 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. 0.: 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 a nd 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. 

Ma ny 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, und er joint auspices of the 
Alberta and Torthwest Chamber of Mines and Resources, 10060-100 Street, 
Edmonton, the local branch of the Canadian Institute ~f Mining and :Metallurgy, 
and the University of Alberta. 

British Columbia 

Classes are held in Vancouver, under the auspices of the British Columbia 
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 cond ucted 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 a re 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 a lso 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 cond ucted 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 a nd 1 week to practical field training. This department 
a lso undertakes the further training of natives in prospecting, by mainta ining 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 a id course in his studies, and, 
if he plans a long trip far from communica tions, 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 a n introduction to geology and 
minera logy and is required to be taken before the one on mining which is more 
advanced and intended only for those who intend to engage in metal mining or 
prospecting. The courses a re 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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(1) 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 significa nce 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) Obtai n 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, a nd 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, a nd 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 main ly 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 attend ing 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 a re to spend at least one season working for a company 
that employs and trains unskilled prospectors, or to form a priva te partnership 
with an experienced prospector. In these ways experience can be gained not only 
in the technical aspects of prospecting, but a lso in the equally important matters 
of travelling and living in unsettled areas. 

Several companies engage prospectors. Some merely finance prospectors 
who work a lone or in two-man teams, who work more or less where a nd 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 la rge 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 
a nd minerals in place, not merely by studying specimens, because such features 
as structures and weathering are best observed in actual outcrops. It is a lso very 
important to learn what mineral deposits actually look like, how t hey 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 a re being explored . Producing mines a re 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 fina ncia l assistance for worthy prospectors in need of it, and has super­
vised their work to some extent. The Saskatchewa n Department of Natural 
Resources a nd Industria l Development operates a prospectors' assistance plan, 
including technical advice, transportation, and loan of equipment, and, as 
already mentioned, it a lso has a separate project for training India ns 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., a re 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, aQd because much depends on 
individua l preference and finances. A prospector must have at least a minimum 
of tools, such as a pick a nd 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, a nd in t he more settled parts of the country it is sometimes possible for 
prospectors to find lodging, but in general a prospector needs equipment for 
travelling a nd camping, and must know how to use it ; the desirability of thorough 
preparation for a ll 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 unfamilia r with certa in regions 01· kinds of eq uipment. 
Beginners will find additional useful information in ha ndbooks on camping, 
woodcraft, or hunting, even though many of these books a re written from the 
recreationa l or hobby standpoint and, therefore, may conta in material not 
applicable to prospecting. 

A few general remarks will apply to all types of equipment. There is a 
ha ppy medium in respect to both quality a nd qua ntity. In general, the cheaper 
articles do not stand up to the kind of usage they have to receive, yet very 
expensive a rticles 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 adeq uate for reasonabl y comfortable living (which is closely connected 
with working effic iency) while avo iding being burdened with unnecessary gear 
either during the day's work or when moving camp. Another consideration is 
th at although some a rticles can be bought more cheaply in cities, particularly 
at 'wa r surplus' stores, many articles that have stood the test of time for use in a 
pa rticular 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, a nd axes can be bought in this way, a nd 
canoes are often ava ilab le. 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 avai lable 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 a nyone unfamiliar 
with the particular mode of travel to be used, to acquire experience. 

Govern ment 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 a nd magazines, or 
from a telephone directory under such headings as sporting goods, camp equip­
ment, hardware, mining supplies, laboratory equipment, and scientific equ ipment. 

Clothin~ 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, a lthough 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 mea nt to include a ll the ordinary items needed , but to give advice on certain 
matters that may be important for beginners or persons unfamilia r 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 a re 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 a n 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 a re 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 an kle 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 he~d- 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 leath~r 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 lea ther soles are necessary in high mountains. In very 
hilly or mountainous country it is important to have boots with strong counters 
a long 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 necessa ry; others dislike 
moccasins beca use they lack a rai sed heel. In some regions, moccasins worn with 
rubbers are also popular for land trave l. 

Underwear 

Most experienced woodsmen wear underwear of wool 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 prevent ing flies from entering; these ends may be a tta ined 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 cl own 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 wind breaker 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 undern eath . Parkas a re desirable 
in the far north in summer, and a nywhere in spring, late a utumn, or winter; for 
most purposes, light ones that can be worn over sweaters are better than heavy 
ones. 

Und er some conditions it is a lso 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 a re 
very light and compact; they may get torn but are so inexpensive that this is not 
senous. 

Sweaters 

One or more woollen sweaters or heavy woollen shirts a re required , a nd 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 
a lone are no t very warm because of their open weave; they should be worn 
under a n ordinary shirt or under a windbreaker or canvas coat; this a lso prevents 
snagging. 

Gloves 

Gloves or mitts a re required for warmth in some regions, a nd during some 
seasons in any part of Canada. H eavy gloves a re useful for protection when 
doing rough work such as removing la rge pieces of rock from a trench; for such 
work some prefer the waterproof workmen's gloves that a re now ava ilab le. 

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 

eedles, thread, darning wool, and spare buttons should be carried on long 
t rips. 
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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 a nd a blanket that can be put under the bag in two 
thicknesses on mild nights, a nd inside the bag on cold nights. Even when using 
a bag, it is desirable to have a tarpaulin 6 or 8 feet sq uare 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 a nd 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 a nd 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 shel ter may be made from boughs or from a tarpaulin or tent fl y. For most 
camping trips a tent is desirable. They are avai lable 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 a ll 
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 a re 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 a nd 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 SO-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 ftashlight is a lmost indispensable. For 
illuminating tents, cand les are usua ll y taken on light trips, and small gasoline 
lanterns are often includ ed in more elaborate outfits. 

Lighters and Match Safes 

At least one lighter or waterproof match safe should be carried at a ll 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 ma tches. 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 1s 
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 . 

Firearrns 

There are very few parts of Canada where firearms are needed for protection. 
In a lmost a ll parts of the country there would be more danger from accidents 
with firearms than from wi ld 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 a re necessary for carrying a revolver or pistol. 

First Aid Kits 

A small kit should be carried in the pocket at a ll times because even the most 
experienced woodsmen need one occasionally. A simple one can be made by 
placing in a small t in a small vial of antiseptic, a small bandage, a small roll of 

104 



Equipment and Travel 

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 incliviclual 
requirements or bought ready-made, but in the latter case it is usually necessary 
to acid 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 \i\Torkmen'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, a nd in any event 
these Boards can give useful advice. 

Spectacles 

Persons who depend on spectacles shou ld 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 clone. 

Rope and JJ"lfre 

About SO feet of light rope, such as sash-cord, is often useful. A small coil 
of thin brass or copper wire, such as is so ld 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 acid i tion 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 t hat even the most experienced woods­
men have to protect themselves. With the aids avai lable 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 '6 12 ' 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 perspira tion fairly readily and has to be renewed more often t han the 
'622' brands, which are sold as jelly in tubes or jars. To prevent repellants from 
running into the eyes it is advisab le 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. 

\Vhen flies are very numerous, some men tie la rge 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 a nd 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 .... .. .. . . 
Baking powder ..... . . 
Rolled oats (quick-cooking variety). 
Beans (dried). . . . . . . . . . . .. . ......... . . . 
Rice . . ...................... ······ 
Potatoes (dehydrated) ..... . ....... ...... ...... . . 
Vegetables (dehydrated carrots, turnips, beans, etc.) .... . .. . . ... . . 
Bacon and ham . ....... . 
Cheese. . ..... . . . 
Egg powder. .. . ........ . .... . .. . ........... . .... . ... ...... . 
Sugar ......... ... ... . ..... . .... . ..................... . . . . . . 
Tea .......... . .............. . . . ............ . . . . ..... .. . 
Coffee ........................................... . .. . .. . .. . . . . 
Chocolate (semi-sweet, for lunches and emergency). 
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Milk (powdered whole milk) ......... . .......... . . . 
~It ......... ........... ................ . 
Fruit (dehydrated prunes, peaches, apples, apricots, figs, raisins, etc.) 
Butter (canned) ........ .. . 
Jam, syrup, honey. . . . . ......... . 
Pudding powders (prepared mixtures) ... . 
Dehydrated soup mixtures . . .. . 
Yeast..... ... . .. . ......... . 
Oranges. 
Canned fruit ............. . . . ..... . . ... . ............... . . . 
Canned sausage or beef .. .. 
Pepper, and other spices if desired. . . . .... .. . ... . 
Lard (or substitute) ................ .. .. . . ... . ... . 
Candles ......... .. ............... . .. . ......... . 
Matches (these shou ld be placed in two or more waterproof containers, 

which should be placed in different packs in case one is lost) ... . 
Waxed pa per (for lu nches) ............... . . .................... . 
Soap, including toilet and laundry soap, soap flakes or detergent .. . 
Pot cleaners. . . ...................... . 
Dish towels ... 

3 lbs. 
1 " 
6 " 
4 " 
5 " 
2 " 
1 " 

1 dozen 
6 tins 
6 " 

2 lbs. 
! dozen 

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 
wou ld be a moderate outfit for two men and occasional visitors: 

Nest of 3 or 4 pots with lids 
1 or 2 frying-pans 
2 pans for baking bread, etc. 
1 wire toaster 
4 plates 
3 cups 
3 small bowls 
1 large spoon 
1 lifter 

1 whip or egg-beater for mixing milk 
1 butcher knife 
1 can opener 
4 each knife, fork, and spoon 
Steel wool or equivalent for cleaning pots 
2 yards dish towelling (dishes are more sani­

tary if dried in the a ir after rinsing in hot 
water, but clean dish towels are needed in 
wet weather). 

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 certa in amount of individua l 
preference even in the following list of more usual articles. It is not necessary 
to have a ll the items listed, or to carry a ll that one has at a ll times; a selection 
may be made to suit particular requirements. Equipment for preliminary explo­
ration of a prospect is a lso mentioned. 

Prospecting Pick 

A prospector's pick or rock hammer of some kind is t he essentia l tool. The 
usua l 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, a nd 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 red uce t he chance of breaking the handle. A bricklayer's hammer is suitab le 
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 a nd can a lso 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 ha ndle 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 blacksmi th make a head with a large eye. 

Grub-hoe 

A prospector's grub-hoe has many advantages for removing moss, roots, or 
sha llow 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 req uirements. 

Axe 

An axe is necessary, particularly for staking a nd 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 cutt ing edge, but 
is not usually stocked by stores. A spare handle should be taken on long trips. 

An axe sheath prevents accidenta l cutting of persons and eq uii:ment and a lso 
keeps t he blade from being blunted or nicked. Sheaths can be bought or made 
from leather about % inch thick; a simple one extend s for only an inch or two 
back from the cutting edge, and is t ied by two strings attached to the leather. 

I t is desirable to have a single-cut flat file 6 or 8 inches long for filing clown 
the part of the blade immediately behind the edge, as well as a whetstone for 
t he edge itself. 
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Examples of prospecting equipment and a chip-sample. I, large gold-pan; 
2, medium -size pan; 3, steel mortar and pestle; 4, grub-hoe; 5, long 4 

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 eq uipment 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 Lmnps 

These special instruments for certain kinds of prospecting are discussed in 

Chapters IX, 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 t he 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 inst?uments 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 inches 
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 !-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 ~ll supplies for engineers and draughtsmen. 

Pockef Lens 

A lens is almost indispensable for exammmg 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. 

Shot:el 

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. ~hey 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 I-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. 

Expwsives 

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 manreuvring 
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 1 4- foot canoe, Chibougamau region, Quebec. 

Plate XXXV/11 

B. The one-man method of portaging a canoe. This photograph was taken in 
Yellowkn ife 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 t he blades near the centre of 
gravity; the canoe is then turned upside down over the head, and the blades 
a re rested on the shoulders. A head strap may be attached to take part of the 
weight. 'vVhen 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 shou lders. 

A spare paddle, a tube of waterproof cement, and a piece of canvas for 
patches should a lway be carried in a canoe. It is a lso advisable for each man to 
have a kapok-fi lled 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 t he 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 a ircraft visit a party, or if the canoe is left at the shore whi le 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 suitab le 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 a ll. Canoes can a lso be ordered from the manufacturers, 
who will ship them. 

Plate XXXIX 
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A freighter canoe being lined along a 
rapid too swift for the outboard 
motor, which is out of sight of the 
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Sectional and collapsible canoes a re made for carry ing in the cabins of 
aircraft, but are now seldom seen because they are not very satisfactory a nd 
because ord inary canoes can be carried by some a ircraft. T he co llapsible ones 
can a lso be carried on pack-horses, but this is not commonly done. Rubber 
rafts are not popular because they are ha rd to steer. 

Row-boats and car- top boats, etc., are satisfactory for use on lakes but are 
not sui table for portaging. In Western Canada, where the rivers are usua ll y 
swift, the customary craft, if a river can be naviga ted at a ll , is a locall y built , 

Plate XL 

Type of boat commonly used on larger 

rivers and lakes when th e craft does 

not have to be portaged. 

fl at-bottomed wooden boat 20 to 30 feet long, used with a powerful outboard 
motor (see Plate XL); these are much like the boats ca lled 'pointers' used on 
large rivers in Eastern Canad a. 

The use of canoes a nd small boats is an art t hat must be learn ed by expe­
rience. The most important points a re to select canoes that a re not too small or 
' tippy', to keep t he load a nd occupants low a nd balanced, to avoid overload ing, 
to wait for storms to subside , and not to attempt to run rapids t hat are beyond 
one's capabili ty. 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 avai lable, 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, a nd a lmost 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 avai lable, 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 ad justing 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 XL/ 
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 at an appropriate time. Charter services 
charging from about $50 to $100 an hour or 50 cents to $1.25 a mile operate from 
many towns, and advertisements in the mining press give their names and loca­
tions. The types of aircraft generally used range from small ones that carry two 
men and a little baggage to medium-sized ones that can carry 1,000 to 2,000 
pounds, including a canoe lashed to float struts. Canoes used on trips of this 
kind are usually 16 or 17 feet long. Prospectors and geologists who travel by 
aircraft commonly develop skill in observing and sketching from the air, which 
assists greatly in detecting and interpreting geological features, selecting routes 
for travel on the ground, picking campsites, and so on. 

Several prospecting and mining companies own their own aircraft or charter 
them for long periods. This not only facilitates the moving and servicing of 
prospecting parties, but also permits supervisors to visit them regularly. A few 
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independent prospectors fl y their own aircraft. This is a great advantage, and 
the number of such prospectors will probably increase slowly. l t should not be 
supposed, however, that a private pilot can operate safely in this way without 
specia l instruction and qualifications. Bush fl ying was pioneered by a small 
group of skilled pilots after World War I, using a ircraft that now seem very 
inadequate. Worthy successors to these men have brought bush flying to a high 
degree of safety and efficiency by learning not only the specialties of fl ying from 
water but a lso those of flying in regions for which there are no detailed maps or 
other aids to navigation. 

In places where landings could not be made, particularly in mountainous 
parts of \i\Testern Canada, supplies and equipment have been dropped successfully 
by parachute, for both prospecting and geological survey parties. This method 
is not yet widely used but it appears to be the most suitable one for certain 
conditions. 

Helicopters have proved successful for certain uses in prospecting and geolo­
gical surveying. They can land at many places where conventional aircraft 
cannot, and their abi lity to hover facilitates close observation from the air. 
Their main disadvantages are their expense, and the limi ted range and carrying 
capacity of the smaller types. 

If an aircraft is to return to bring supplies or to move a prospector or party, 
detailed arrangements should be made in advance. If possible, written instruc­
tions, including date and details of such matters as smoke signals, and a map or 
sketch showing the rendezvous or route to be covered on the ground, should be 
left with the office of the flying company or with a third party. This is advisable 
in case a pilot might forget oral instructions, lose written ones, or have an accid ent 
on his way to his base after placing a prospector or party in the field and after 
agreeing on a future rendezvous. 

Horses 

Pack-horses are the most suitable means of transport in many parts of the 
Cordi lleran region. They are seldom used elsewhere because better methods a re 
generally avai lable. Few parts of the Shield are suitable for horses because the 
irregular pattern of lakes and streams makes it impossible to travel far on a 
direct overland route, because of the prevalence of muskegs, a nd because of 
lack of feed. In the west there are many places where trails are avai lable or can 
be cut, or where trees are sparse enough to permit travel without trails, and where 
mountain-sides are not too steep for a horse. At some centres outfitters a re 
avai lable who will transport men and equipment, and at many places horses, 
sadd les, etc., can be bought or rented from ranchers. The horses used are gene­
rally locally raised, of mixed breed and fairly small size. 

Strong horses can carry 250 to 300 pounds on a good trai l, but they should 
not be expected to carry more than about 150 pounds in rough country. The 
typical pack-saddle is a wooden 'saw-buck', but army pack-saddles are pre­
ferred by many. Saddle blankets usually comprise one double and one single 
woollen bed blanket folded to appropriate size. Side packs weighing up to 
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Plate XL/I 

Pack-horses, showing a partly 

packed horse at left, with a box 

being attached lo the pack­

saddle by means of the sling-rope, 

and a completed pack at right, 

with pack-cover and diamond 

hitch in place. 

Plate XL/II 

Pack-horses in Driftwood 

Mountains, near Smithers, B.C. 

Plate XLIV 

Swimming pack-horses across 

Cariboo River in central British 

Columbia. One horse is being led 

by the man in the stern of the 

row-boat, and the others are 

being driven into the water by a 

man out of sight to the left. 

A small quickly-built raft is shown 

in foreground. 
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about 60 pounds a nd very evenly weighted are lashed to the sides, a nd 'top 
packs' consisting of small a rticles, tents , and bedrolls are placed on top. Top 
packs should not be too high or heavy, to prevent swaying that may gall the 
horse or cause the pack to slip sideways or even under the horse's belly . The 
load ing is completed by tying a 'dia mond hitch' or 'sq uaw hitch ' with a rope 
about 30 feet long attached to a canvas cinch band with a wooden hook a t its 
end. These are com plicated hitches that cannot be learned adeq uately from 
books or illustrations. Other items of eq uipment may include specia lly shaped 
boxes fo r the side-packs, a canvas pack-cover, a ha lter , a bell a nd strap, a wire­
mesh nose-guard to keep the horse from nibbling grass en route, hobbles, pine 
tar for treating cuts and fl y-bi tes, gall cure, colic cure, spare horseshoes and 
nai ls, and shoeing kit. A good way to prevent and treat galls is to rub old­
fashionecl stove polish or graphite on places that show signs of galling, and on 
the eq uipment causing it. 

Riding-horses may be used as well as pack-horses, or the prospector may 
walk to his destination. In either case he will probably lead his pack-horse, or 
one of them if he has two or more. 

Horses are troublesome because they are likely to stray a nd may cause 
much loss of time in searching for them, even if t hey are eq uipped with bells; 
many horses can t ravel about as fast wearing hobbles as they can without them. 
In some districts horses can be picketed, but elsewhere there are too ma ny trees 
or the grass is too sparse. Many horses have a lso learned to buck off t heir packs 
a nd to deliberately knock them against trees. l n general, however, good horses 
properly treated a re extraordinarily docile, hard -working, a nd faithful , and more 
than repay efforts to prevent overload ing and to treat them well in other ways. 
The selection of horses is a difficul t matter , as traders have trad it iona ll y con­
sidered the detection of defects to be the concern of the buyer. 

Most matters concerning the selection, packing, and care of horses, and the 
a rt of riding, must be learned by practice. If a beginner cannot accompany an 
experienced man on his first few trips, he can proba bly arrange with someone 
at the place where he obtains his horses to instruct him for a few clays. I t is not 
practica l to discuss these matters further, but as it is sometimes necessary to 
swim horses across strea ms, and as even some otherwise experienced horsemen 
are unfamiliar with the technique, it seems advisable to describe it. 

Most horses will wade with li tt le trouble, carrying rider or I ack, provided 
the ford has good approaches a nd the bottom is free from la rge boulders. Although 
horses are good swimmers they generally require special urging and direction 
to make t hem swim. In some places it is impossible or unwise to attempt this, 
because of great dista nce, steepness of banks, very swift current, or lack of 
equipment or ass istants; but under favo urable circumstances it is not difficult 
to get horses and outfit across a deep creek or r iver. A good saddle horse will 
swim a shor t distance without being unsaddled; the rider floats up out of t he 
saddle, holds firmly to the pommel, keeps the reins from entangling the horse's 
legs, and ge~s seated again as soon as the horse begins to wade. For swimming 

122 



P
la

te
 X

LV
 

A
 l

ig
ht

 c
am

p 
in

 
Y

uk
on

 T
er

ri
to

ry
. 

N
o

le
 s

he
lt

er
 m

a
d

e 
w

ith
 c

an
va

s 
ta

rp
au

li
n,

 e
xt

en
si

o
n

 p
la

ce
d

 o
n

 

ha
nd

le
 o

f 
fr

yi
ng

-p
a

n
 

fo
r 

us
e 

ov
er

 o
p

en
 

fir
e,

 
fi

re
-p

la
ce

 
in

 
sa

fe
 a

re
a 

o
f 

ro
ck

s 
a

n
d

 g
ra

ve
l,

 a
n

d
 

d
o

g
s 

us
ed

 t
o 

as
si

st
 i

n 
pa

ck
in

g.
 



Prospecting in Canada 

longer distances some especia lly good horses will allow a rider to direct them in 
the following way. The saddle and bridle are removed, the horse is ridden 
bare-back as far as he can wade, then the rider holds tightly to the mane, floats 
or swims beside the animal on the upstream side, and encourages it to swim; 
if the horse tries to swim back to the wrong side it can sometimes be directed 
by turning its head or splashing water on it. If additional horses are to be put 
across, a partner may be able to chase them in immediately after the first horse, 
and accompany the last horse. Another method is to join ropes together until 
long enough to span the stream. A man then swims or rafts across towing the 
rope. A man on the other side then attaches the halter to the most sensible 
horse or the one that the others tend to follow, and with pulling on the rope 
and urging from behind, the horses are made to swim either one by one or in a 
group. The rope must be kept taut to keep the horses from becoming entangled. 
If a boat or canoe is available, the best way is for one mari to sit in the stern 
guiding the most suitable horse by a ha lter-rope. As the craft is rowed or paddled 
across, the horse is led away from the shore and usually swims behind the boat 
or canoe willingly enough. Others may be chased into the water behind the led 
horse, and if they refuse to swim they can be led across one by one. Horses 
should not be roped together for swimming because they are sure to become 
entangled. Packs, saddles, and all other gear except the halter of a led horse 
are removed for swimming and are taken across by boat or raft. 'i\Then selecting 
a place for swimming horses it is necessary to see that sloping bottoms and banks 
are available at each side, and that the leaving point is downstream unless the 
current is slight. Horses are usually carried downstream about as far as the 
wicl th of the river. 

Dogs 

In the northern parts of the Corcli lleran region and the Canadian Shield, 
sled-dogs are commonly used in summer by natives for carrying packs weighing 
up to 50 pounds. This method is sometimes used by prospectors and survey 
parties in places where trees are too dense for pack-horses or where water routes 
are lacki~g. The load is placed in pockets in a canvas pannier placed over the 
clog's back. The disadvantages of this method are that the dogs are inclined to 
stray from the route and to engage in fights, and a lso that they have to be 
provided with food. 

Back-packing 

Almost every prospector has to resort to back-packing at times, either for 
camping trips where no other method is available, for portaging, or for taking 
equipment to, or samples from, a discovery under investigation. ·with proper 
eq uipment it is not very difficult to carry enough for a trip lasting a few clays, 
but packing heavier loads is gruelling work. For packing all clay, 60 pounds is 
about the limit for the average man, but for short periods such as in portaging 
an average load is about 150 pounds and usually consists of one main pack 
with sacks piled above it (see Plate XXXVI .'\.). The main pack is either a 
pack-sack, a pack-frame, or a large sack or bale to which a tump-line is attached. 
The pack-sack usually has a head-strap as well as shoulder straps, so that part 
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of the weight can be taken by the forehead. A pack-frame (see Pla te XXXVI B.) 
is often preferred for the following reasons: the load can be better distributed ; 
hard objects are prevented from pressing into the packer 's back ; there is an a ir 
space between the load and t he back ; and articles that may be needed en route 
can be lashed in convenient places. Pack-frames are seldom used for portaging, 
a lthough they are useful for awkward loads like outboard motors. Tump-lines 
a re long leather straps with a head-band at the centre, a nd are favoured by 
ma ny persons who have had long experience with them and have developed 
special neck muscles, but others find them difficult because a ll the weight is 
carried from the forehead . • 

Woodcraft and Other Matters 

The ab ility to live a nd travel safely in out-of-the-way places is a part of a 
prospector's q ualifica tions that can best be learned under the guidance of an 
experienced woods;nan, a lthough much can be learned from books such as those 
listed a t the end of this chapter. In t he following paragraphs a few of the most 
important points are discussed briefly. 

Companions 

Only the most experienced men should travel a lone in remote places. 
A prospecting party, therefore, usua lly consists of two or more men, but they 
may separate for a few hours or a day. 

Camping 

The ma in factors in the selection of a campsite a re usua lly availability of 
water, firewood, and tent poles. In most unsettled regions the water of lakes 
and streams is suitable for drinking, but in some small la kes or in streams 
draining swamps or beaver ponds it is unsafe. In settled a reas it may be 
dangerous. Doubtful water should be boi led before use. 

If possible, tents should be pitched away from large trees that may blow 
down in a storm, and on gravelly ground that wi ll drain readily. T ents placed 
in depressions or on clayey ground may be flooded during heavy rain , unless 
trenches a re placed around them. 

Camps should be kept in sanita ry condition a nd the sites shou ld be left 
clear of rubbish, preferably with the tent poles standing against a t ree for future 
use. These points are important not only for the camper's own health but for 
the benefit of those who may come after ; with the increasing numbers of persons 
travelling in even remote places, t here is no excuse for leaving dirty or untidy 
campsites. Latrines should be covered with earth, a nd garbage burned, to keep 
down disease-spreading flies. Tin cans should preferably be sunk in deep water; 
if t his cannot be done, t hey should be buried, but only a fter firing them to 
destroy a ny food traces, otherwise they will be dug up by bears. 

Small 'meat tents' made of clo th netting are usefu l for suspending from a 
pole to keep meat cool and away from fli es a nd a nima ls. 
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Porcupines and other small animals will ra id food supplies while one is 
sleeping or away for the day; food should therefore be kept in covered boxes or 
otherwise protected. Porcupines will destroy anything salty, such as leather, 
or axe handles or paddles that have received salt from perspiring hands, so such 
a rticles should not be left where porcupines can reach them. Black bears as a 
rule do not raid a camp that is only left for the day, but they often destroy 
everything in a camp that has been left for a few days and has lost its man 
scent. To protect a small amount of provisions from bears the supplies may be 
placed in bags or boxes protected by a tarpaulin and slung from a bar placed 

Plate XLVI 
Cache for storing provisions 

away from the reach of animals. 

between two trees far enough apart so that a bear cannot climb the tree and 
reach the rope. A larger cache, either for supplies left at a camp or for provisions 
flown to a place to be visited later, is made by selecting three or four trees placed 
so as to form a triangle or square with sides 6 to 10 feet apart. The trees are 
cut off about 8 feet from the ground, and the stumps barked to make them hard 
for a bear to climb. A ladder is built to facilitate construction of a platform 
made of poles, supported by the stumps. With the help of the ladder the supplies 
are piled in the centre of the platform and a t a rpaulin is lashed over them; 
then the ladder is removed. As an added precaution the platform may be made 
to project 2 or 3 feet beyond the stumps, so th at even if a bear climbs a stump 
it will be difficult for him to ge t on the platform. 

Getting Lost 

Everyone who enters the woods should know how to avoid getting lost and 
what to do if lost or injured. These misfortunes do not happen often, but they 
do occur and may . have serious consequences. The surest way of not getting 
lost is to make a pace and compass traver~e right from the outset, by the method 
explained elsewhere, and to fi gure out the return course when the time comes. 
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This is seldom necessary, however , when roving in the way usual for prospecting. 
If a traverse is not made, the general direction should be noted when setting 
out by consulting map and compass, and by memorizing any prominent land­
marks. As the day progresses, note the direction of tree shadows if the sun is 
out, and the position of the sun, take occasional compass read ings, and if possible 
check landmarks or watch for new ones whenever open places are reached. 
When returning, if landmarks do not suffice the compass will give the general 
direction until familiar features a re seen. It is advisable to blaze trees in the 
vicinity of camp or t he place where a car or canoe is left to help guide one to 
the exact spot, as it is easy to 'overshoot ' by reaching a road or shore in such 
a way as to miss the point desired. It is a lso he! pf ul to make occasional blazes 
during the day; in the event of uncertainty, the fresh blazes will probably be 
encountered. 

When using a compass it is important to keep it away from metal objects 
that might cause it to give inaccurate readings, as explained in connection with 
surveying. Occasionally a compass is affected by bodies of magnetic rock, so 
as to give completely erroneous readings. All that can be done to prevent this 
is to avoid using the compass near exposures of rocks that might be magnetic, 
such as gabbro or occurrences containing magnetite or pyrrhotite, and to check 
the evidence of the compass against that of the sun, shadows, or landmarks, 
and to take 'backsights' if a careful traverse is being made. In almost all cases, 
however, the observer, i;ather than the compass, is the more likely to be wrong. 

If the traveller becomes completely lost, it is best not to try to travel in 
the dark, but to build a fire and rest. It is most important not to panic or waste 
energy. With daylight, calm observa tion may clear matters up. If two or more 
are concerned, the others are sure to search, and will probably detect a fire at 
night if it is built on a high place, or a smudge during the day; or they may 
themselves light a fire or smudge as a guide; it may also be possible to signal 
with a mirror or other reflecting surface. If there is any likelihood of a search 
by air or of attracting a passing aircraft, a large sm udge should be prepared, 
ready to be lighted as soon as a plane is heard; the reflectin g technique may 
also be useful. If at all possible , select an open place for signals so that they 
can be seen from an a ircraft. 

Men have lived on nothing but water for many days, and it is often possible 
to find some sort of food such as edible berries or roots, or small game. It is 
useful to carry a few hooks, a fishing line, and a coil of 'rabbit wire' whenever 
in the woods, as the line and wire have many everyday uses , and may prove 
invaluable. In many regions spruce partridge ('fool hens') can be snared with a 
wire noose on the end of a pole, a nd this will sometimes serve to snare fish, 
which may also be taken with an improvised spear. Partridge and ptarmigan 
can sometimes be killed with stones or sticks, a nd rabbits can be snared a long 
their runways. 
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Fire Protection 

Apar t from general conservation, there a re many reasons why prospectors 
should be extremely careful to avoid setting fires a nd to pu t out any small ones 
encountered. The ma in causes of fires a re carelessness when smoking and care­
lessness with campfires and smudges. Fires should be built close to water if 
possible, on la rge a reas clear of a ll inflammable materia l including humus, roots, 
moss, etc., a nd they should be put out t horoughly. In t his con nection, it is 
importa nt to remember that a fire will often smou lder long after it is thought 
to be out, parti cula rl y if humus or peaty materia l is present. Partly burned 
sticks should be thrown into the water or heaped with earth , because they will 
often fl a re up again a fter water has been poured on them. 

ln ma ny par ts of the co untry no one is permitted to t ravel 1n t he woods 
without a permit from a forest ra nger or other forestr y official. 

Suggestions for Additional Reading 

Kephart, H .: Camping a nd Woodcraft; Macmilla n, New York. Price $3.50. 

Porsild, r\. E.: Emergency Food in Arctic Canada; i\Tational Museum of Canada, Ottawa . 

Provencher, P. : I Live in the Woods; Brunswick Press Ltd., Fredericton. Price $4. 

Roddick, J. A., a nd others: Symposium on the Use of Aircraft for Geological Surveying; Can. 
M in. J., vol. 76, To. 4, pp. 51-59 (1955). 

Vaeger, E.: Woodsmoke; Macmilla n, Toronto. Price $3.35. 

Hammett, C. T.: Campcraft ; Pocket Books. P rice 35 cents. 
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CHAPTER VIII 

CONVENTIONAL METHODS OF PROSPECTING 

This chapter outlines the usual methods of prospecting, as opposed to those 
involving specialized techniques and knowledge that are discussed later. Most 
of the conventional methods have been handed clown for generations, with some 
modifications as knowledge increased a nd conditions changed. Although based 
largely on scientific principles, prospecting is an art or craft rather than a. precise 
science, and it includes a large element of luck and much scope for individual 
preferences , hunches , craftsmanship, and experience. There are, therefore, no 
hard and fast rules for prospecting- much depends upon the individual, the 
metal or minera l sought, and the nature of the area being investigated. 

All that can be attempted in the following discussion is to describe what 
appear to the writer to be logical procedures for choosing a field for prospecting 
and for conducting the search. An attempt has been made to strike an average, 
so that the discussion is not confined to the operations of prospectors who have 
little technica l knowledge, or to those most experienced and best informed ; 
moreover , average conditions were envisioned, with the assumption that the 
reader wou ld realize that modifications would be required to suit particular 
circumstances. The discussion deals mainly with the search for metalliferous 
deposits, but much of it is applicable also to industria l minerals. The subject 
is treated as though the reader in tends to work indepenclen tly and therefore 
to make his own decisions, but much of what is said app lies also to organized 
prospecting schemes. Information on the availability and uses of topographic 
maps, geological maps and reports, and air photographs is included because 
these are commonly of great importance to prospectors, both for choosing a n 
area a nd in guiding their work. 

Selection of Re~ion 

The matter of selection naturally does not arise if the prospector intends 
to work his home area. In such circumstances, he shou ld obtain geological 
literature on the region, and from t his and his own observations he can learn 
the kind of mineral occurrences known or likely to be found . Then, if the region 
is at a ll favourable, he would proceed in the manner described later. If the field 
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is thus restricted, there is naturally not as much scope as if the prospector could 
travel to selected regions; the home area, nevertheless, will very often repay 
examination by resident prospectors. 

Most full-time prospectors are prepared to make special trips lasting from 
a few weeks to an entire season. Such trips should be undertaken only after a 
great deal of preliminary study and planning, perhaps during the winter, unless 
the prospector is very experienced and has definite areas in mind as a result 
of previous investigations, or unless he decides to join a rush to the scene of a 
newly-reported discovery. The selection of a region is usually based on one or 
more of the following considerations: 

(1) A particular objective, such as the search for deposits of a particular 
metal or mineral. 

(2) General suitability of a region, because it is believed to be favour­
able for prospecting, but not specifically for any one mineral or 
metal. 

(3) A reported important discovery in a new region. 

(4) The accessibility of the region . 

(5) Personal considerations, such as the prospector's financial resources, 
physique, experience, preference, and the amount of time available. 

(1) Deeming on a particular objective. Many prospectors concentrate for the 
time being on a particular metal because it is in demand and 'in fashion'. If so, 
this is likely to be the main factor in selecting a scene of operations. For example, 
gold has not attracted many prospectors during the last few years because its 
price remains fixed while wages and the other costs of mine operation are steadily 
increasing. A gold discovery would have to be exceptionally good, therefore, to 
interest capital at present. On the other hand, much interest has recently been 
taken in prospecting for uranium because it has a guaranteed market, under 
certain conditions, until 1962, and because of a great deal of spectacular publicity. 
In the field of base metals, large deposits of iron ore of good quality are in 
demand, but the temporary decline in prices of some of the non-ferrous metals, 
especially lead and zinc, has made them somewhat less attractive for the time 
being, although good deposits of these staple metals will probably always be in 
demand. Further information on the demands and prospecting possibilities of 
many metals and minerals is contained in Chapter XII. Prices and demands 
for most metals and minerals are variable, therefore the prospector must allow 
for the possibility of changes since the preparation of any report he may be 
reading, and should check prices for the six months or so preceding the com­
mencement of field work. 

Every prospector should subscribe to, or in any event read, at least one of 
the mining newspapers or magazines to keep informed on up-to-date quotations 
on prices of metals, trends in the demand for different metals, and new discov­
eries and districts. When the choice has been narrowed down to a few metals 
it is advisable to study government publications such as the reviews on the 
metals and minerals produced in Canada issued annually by the Department of 
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Mines a nd T echnical Surveys, special reports like "Manganese Deposits of 
Canada" published by the same department , and "Tungsten in Nova Scotia", 
published by the Tova Scotia Department of Mines. Reports like the two last 
provide much information on the demand, known occurrences and districts, a nd 
prospecting possibilities, at the time they were prepared. Many references of 
this kind a re listed in "Publica tions on Prospecting in Canada a nd Related 
Subjects". 1 

After careful consideration , a particular metal may be chosen as the ma in 
objective, bu t the prospector should always plan to be on the a lert for occurrences 
of other kinds. Having made such a decision, the prospector should read as 
much as possible on the mode of occurrence and demand for that metal, and 
on its uses, a nd also reports on some of the main areas where deposits have 
been fo und in Canada or elsewhere. If he can visit a mining libra ry it will 
facilitate obtaining such information without his having to buy a number of 
publi cations that he may not use again, and it will a lso permit study of publica­
tions that are out of print. After reading accoun ts of some of the main districts, 
he can consult general indexes and so find references to ma ny other occurrences 
of the chosen substance. He may learn that definite regions or belts a re recog­
nized as being favo urable in a general way for a particular metal. 

He next has to decide whether to select a region where important discoveries 
of the kind he seeks have been found , or one where at least minor occurrences 
are known, or one that is merely favourable in a general way. The old saying 
that "the surest place to find a mine is where one has been found before" has 
much to recommend it, but such districts are usually staked or, if t hey are 
abandoned ones, ord inary prospecting has probably been fai rly thorough, so 
that the chances a re mainly for specia l methods of prospecting. The next choice 
may be a less popular area where the metal has been found, in which there may 
be better chances for ordinary prospecting and for obtaining open ground . 
Another choice is a district where the metal has not previously been reported 
but where the geological conditions a re reasonably similar to those of districts 
conta ining important deposits. Or, a district may be chosen on the basis of an 
ind ependent theory or hunch. 

\i\Then the choice is reduced to a few areas, it is advisable to learn how com­
pletely these are staked. This can sometimes be learned from articles in the 
press or from local prospectors who know the situation; otherwise, claim ma ps 
should be ordered from the government department responsible, as explained 
elsewhere. These maps usually cost 50 cents each and cover one township, or 
la rger a reas where a region is not divided into townships. In this way , it may be 
decided that a particular region is too completely staked to be desirable. In any 
case, it is advisable a lso to consult the Mining Recorder for the district while 
on the way to the area, to learn about the most recent staking. 

(2) Selection based on general suitability. It is by no mea ns necessary to 
have one particular metal or minera l in, mind as a goal for prospecting. Particu-

1 Geological Survey of Canada, Paper 54-l. 
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larly in the case of metals, many districts contain several metals in payable 
amounts. Many important mining camps have certain geological features in 
common, although no two are alike in all respects. A field for prospecting, 
therefore, may be chosen simply because it is known to contain some of the 
geological conditions that are commonly associated with mineral deposits, 
although no deposits have yet been found or reported. Examples of such condi­
tions are greenstone belts in the Canadian Shield, and areas containing prominent 
faults or fracture systems, contact zones of stocks and batholiths, or intrusive 
rocks or sedimentary or volcanic formations of the same kind or age as those 
in which mineral deposits have been found in other areas. Concentrations of 
metals or minerals in workable quantities are formed by a combination of unusual 
geological conditions, therefore they are generally in areas where the geological 
conditions are unusually complex. 

(3) New discoveries. Prospectors and others often rush to areas where new 
discoveries are reported. This is understandable, but unless one "gets in on the 
ground floor" he wi ll probably find that the area is fully staked for a long way 
around the discovery. Rushes generally result in staking bees participated in 
by persons who are merely speculators who hope to sell their claims promptly, 
as well as by prospectors who feel that they have to stake first and investigate 
afterwards for fear there will be no open ground left. Latecomers have to 
prospect on the fringes of the district or wait for claims to lapse. These are not 
always disadvantages, because discoveries may be made miles away from the 
original one, or on hurriedly-prospected claims that are abandoned. However, 
careful consideration should be given before joining the more popular rushes, 
because so many persons participate, transportation and other services may be 
taxed to the limit, and many of the early reports may be exaggerated. 

(4) Accessibility. The advantages and disadvantages of accessible a nd 
remote regions should be carefully weighed. Areas near settlements and good 
transportation facilities are easier to reach; require less expenditure on travel, 
supplies, and outfit; are usually better covered by maps and reports; and permit 
rapid dispatch of samples and return of assay resu lts. In an easily accessible 
area it is easier to induce companies to send a representative to examine a 
discovery; the cost of exploring a deposit is much less; and, most important of 
all, a deposit does not have to be as large or as rich to justify mining as it would 
be in a place where transportation costs were higher or where special transpor­
tation facilities would have to be provided. On the other hand, most accessible 
areas have been prospected already, either very thoroughly or to a consider­
able degree. The possibilities in these areas are, therefore, mainly for special 
methods of prospecting; for ordinary methods the opportunities are mainly 
in the off chance of finding something that was overlooked, or in changed 
circumstances that make some metal or mineral valuable today, whereas it 
was not given attention formerly. 

The farther the prospector goes from established districts and easy trans­
portation routes, the greater will be his chances of making a discovery by 
ordinary methods, but he will have to overcome more problems in connection 
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with travel a nd work in remote places, a nd any discovery wi ll have to be better, 
to warrant professional examination, exploration, or mining, than if it were 
located more favourab ly. 

Accessibility may influence the selection of a prospecting field in another 
way. If a new highway or rai lway is to be built or has recently been built it 
makes the region a long and near it more attractive for prospecting, and easier 
for the development of discoveries. 

(5) Personal considerations. A prospector's own finances or the extent of 
his backing generally influences the selection of a region . Remote places may be 
beyond his means or his time. Also, his physique may not be sui table for very 
remote or mountainous places, or he may not have sufficient experience in 
travelling and living in such places. Finally, t here is the question of preference; 
a man may prefer fair ly settled or fa irly remote places, or he may not like 
canoeing or flying or some other feature of prospecting in a particular region. 

After Deciding on the Region 

After the region has been selected the prospector should gather as much 
information as possible about the area to be visited. To do this he can consult 
lists of publications to learn what geological maps and reports are available from 
the Geological Survey of Canada or from the appropria te provincial Department 
of Mines if t he region is in a province, or he may write to the government agency 
concerned specifying the region clearly and asking for available information. 
If geological maps do not suffi ce, he can usually obtain federa l or provincial 
topographic maps at the addresses listed elsewhere in this book. Maps and 
reports should be studied carefully, if possible before going to the field. It is 
advisable to make notes regarding pertinent information contained in publica­
tions that are out of print or that a re not being taken to the field for other 
reasons. Most geological reports contain information on methods of travel to 
a nd in the area, t ravel routes, how well the bedrock is exposed, recommendations 
for prospecting, and other general data besides the description of the geology 
and known mineral deposits. By preliminary planning of this kind it is possible 
to judge what equipment and supplies will be required, to decide what part of 
the area to investigate first , a nd to make a tentative plan of operation. 

If possible, a ir photographs should be studied before going to the field. 
Almost a ll of Canada has now been photographed from the air, and for some 
regions different kinds or scales of photographs are available. Air photographs 
are particularly useful for areas for which geological maps and reports are not 
available, but they are a lso very helpful in providing supplementary information 
when such maps and reports are obtainab le. If it is possible to visit the ational 
Air Photo Library at Ottawa or one of the collections kept by certain provincia l 
agencies, t he photographs avai lable for the region may be studied, a nd notes or 
tracings may be made of data that may be of interest. Otherwise, copies may 
be ordered through the Ai r Photo Library, as expla ined in the section on use of 
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air photographs; many prospectors make good use of air photographs in the 
field, as well as in preliminary planning. 

Unless one is familiar with the staking regulations for the province or 
territory concerned, he should obtain a copy of the appropriate regulations and 
study it carefully. He must also have a staking licence or its equivalent. Copies 
of regulations can be obtained by writing to or calling at the head office of the 
provincial department concerned*, or at local recording offices; licences may 
also be purchased from the Recorders. 

On the way to the selected area, the prospector will often have a n oppor­
tunity to visit the office of a resident government geologist, mining recorder , or 
other official who can give him information about the area, as well as about 
the amount of staking and the number of prospectors likely to be there; the 
latest claim maps may also be obtained. The newcomer may also meet other 
prospectors willing to give him information, a nd scouts or other representatives 
of mining companies which he may later wish to interest in a discovery. In this 
connection, a little advice to beginners may be useful. Prospecting and other 
branches of the mining industry a re highly competitive, a nd those engaged in 
it a re seldom given to broadcasting news of their discoveries. It is therefore 
not advisable to ask a man directly where he is going, where he has been, what 
he has found, or his opinion of someone else's discovery or property; let him 
volunteer any information he cares to give. It is advisable, a lso, to be on guard 
against over-enthusiastic reports; prospectors have to be optimists, but some­
times their enthusiasm gets the better of them. Another hazard is the occasional 
instance of specimens from an entirely different region being shown, or of wrong 
directions being given, either as a practical joke or with a deliberate intent to 
mislead. 

'vVhile he is in the town from which the final stage of the journey is to com­
mence, the prospector should make definite arrangements for the holding or 
forwarding of mail; the periodical shipment of supplies, if necessary; and definite 
arrangements for being picked up, if he is travelling by air. If there is an assay 
office in the town, he may wish to a rrange for the assaying of samples sent from 
the field, and for the forwarding of assay reports. 

Work in the Chosen Region 

Before reaching the area, the prospector will probably have decided whether 
ci rcumsta nces will permit him to work for some ti me from a fairly permanent 
base, perhaps making short, light trips away from it, or whether he will have 
to make frequent moves with his entire outfit. In the former case, he will probably 
spend a little time establishing a base. 

' ext, he will probably try to become familiar with some of the rocks and 
known mineral occurrences in the vicinity. He will a lready have done this to 
some extent en route, for even if he travelled by a ir he would have made ob er­
vations, and might have arranged a reconnaissance by ai r instead of going 

* In the case of the Yukon and Northwest Territories, address letters to: Chief. Lands Division, Northern Adminis­
tration and Lands Branch, Departm ent of Northern Affairs and National Resources. Ottawa. Ont. 
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FIGURE 10. A n exa mple of prospecting t raverses. 

directly to his first camping-place. If the geology has been mapped , time wi ll 
be well spent in examining outcrops of different formations and types of rock, 
and in comparing them with th e geologist's descriptions. If the geology has not 
been mapped, t he prospector will probably make a reconnaissance by canoe or 
on foot to gain an idea of t he rocks a nd structures present, a nd so to plan his 
work. If abandoned mineral deposits are reported in the vicinity, he will probably 
visit them to learn a little about them at' first hand. His ability to j udge a 
discovery will be improved if he considers whether abandoned ones were worked 
out, too small, too low-grade, too 'spotty', etc. It should a lways be borne in 
mind that a bandoned underground workings may be dangerous to enter, espe­
cially for inexperienced persons. 

The manner of prospecting is determined by personal preference and experi­
ence. In general, the need nowadays is for patient, deta iled searching, particu-
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larly if the region concerned has been previously prospected. Also, much depends 
on the local geological conditions, and on the kind of deposit .being sought or 
that may occur. The prospector has probably made up his mind to investigate 
first some particular formation, fault, contact zone, or other feature whose 
existence is known or surmised. He wou ld then proceed to cover this local area 
more or less systematically, by closely-spaced traverse lines if outcrops seem 
scarce (see Figure 10), or by going from outcrop to outcrop if these are visible, 
and in places scraping away moss or shal low overburden if necessary. Figure 10 
illustrates traversing clone on three consecutive clays in a locality where outcrops 
were scarce. The prospector left his canoe at A and walked north to B, prospecting 
as he went, to investigate the contact zone of a body of granite shown on a 
geological map. He made zig-zag traverses well into the granite and away from 
it, and found a few outcrops but no signs of mineral occurrences. Near the encl of 
the clay he had reached point C, so he estimated the compass bearing that would 
get him back to his canoe. On his way back to A he crossed a gully at D and 
found outcrops that showed signs of shearing, so he thought this might represent 
a zone worth intensive prospecting. He blazed his way back to A so that he 
could retrace his steps. Having clone so on the following day, he made closely­
spaced zig-zag traverses a ll day, and then returned to his canoe at A. The next 
day he left his canoe a t E and walked back to D on an estimated bearing. He 
then t raversed the western extension of the zone. Thus in three days he not 
only traversed in deta il two possib ly favourable zones, but a lso made several 
traverses in different parts of the intervening territory, a nd examined the shore­
line from A to E. If outcrops were observed during any of these traverses, the 
routes would be a ltered so that they could be examined. 

If clues for selection of a particular area are lacking, or if the prospector 
is of less methodical habits, he may simply work his way through the country in 
any way he chooses. Almost a ll agree that fairl y systematic coverage or 'trav­
ersing' of at least the more favourab le parts of the area gives best results in the 
long run, a lthough too prolonged or too stubborn adherence to one theory or 
one set of conditions is often unwise. Whether to go from outcrop to outcrop, 
or a long ridges, or to run lines with a compass, is largely a matter of topography 
and visibility. 

A third circumstance arises when prospecting claims that have already been 
staked. Then it is usual to cover them fairly thoroughly and methodically, 
paying greatest attention to what are thought to be the more favo urable rocks 
or structures. Prospecting of claims is often done a long lines 100 to 500 feet 
apart, in a direction more or less across the prevailing strike of formations or 
structures (see Figure 11 ). The lines are directed by using a compass or by 
sighting a long pickets, as explained in Chapter XI, and they may be blazed and 
cleared if necessary. Geological observations are often made a long such lines, 
if the prospector has sufficient traini ng or if an organized group includes geological 
workers ; the results would then be plotted to make a geological map. In some 
types of work, readings with special instruments such as Geiger counters or dip 
needles are taken a long the lines. In detailed prospecting of certain areas in 

136 



G.S.C. 

23-828-10 

Conventional Methods of Prospecting 

In this instance a base line was surveyed by tape and compass, in a direction 
approximately parallel to the trend of formations or structures. Cross-lines were 

then run at IOO-foot intervals, either by compass and pacing, or picket lines and 
pacing. If there were several claims in a group the lines would probably cross 
several claims or all of them. If one side of the claim was nearly parallel to the 

trend, or if there was no definite trend, a claim line might be used as a base 
line 

FIGURE 11. Lines surveyed for detailed prospecting of a claim. 
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proved mining camps, it may be desirable to do extensive stripping or trenching 
across the strike of particularly favo urable formations or structures if the over­
burden is not too deep. Whatever method is adopted, it is important to keep 
notes and to mark on a map, if possible, the exact locations of points where 
notes or samples were taken. 

In most areas it is possible to eliminate certain sections as being less favour­
able and to concentrate on others. It must be remembered, however, that such 
eliminations a re not certainties, but merely part of a system to permit prospecting 
to be done on what seems to be the most favourable ground . Sections may be 
eliminated because they contain few rock exposures, but many important deposits 
occur in places where there are few or no exposures. This is sometimes because 
the deposits occur in fractured or faulted rocks that weather readily, or because 
the minerals in the deposit are of a kind that decompose easily; both conditions 
tend to produce depressions, which are natural places for overburden to accu­
mulate. Low-lying areas are therefore favourable places for prospecting by 
ordinary methods, if the overburden is not too deep, a nd should not be disre­
garded . Large sections underlain by uniform granitic a nd gneissic rocks are 
usually considered to be among the least favourable, but deposits do occur in 
such environments, so they cannot be ruled out entirely; in particular it should 
be remembered that such sections may not be as uniform as they appear from 
the results of preliminary surveys. 

One of the first principles a prospector has to learn is that a lthough mineral 
occurrences are fai rly common, deposits that will pay to mine are much scarcer. 
This fact should not discourage prospecting, but it is necessary for beginners to 
learn not to get excited about every occurrence they find. Instead, they should 
keep looking for fairly large occurrences or for small exposures that may prove 
to be more extensive under overburden or at greater depth. 

The question of what to look for when prospecting is one of the most difficult 
matters to discuss, because so much depends on the kind of deposit sought, on 
local conditions, a nd on the prospector's individuality. All that is attempted 
here is to discuss briefly some of the principal clues and methods that have 
proved useful, particularly in the search for metalliferous deposits. It should be 
emphasized that a ll the guides mentioned probably would not be present in 
connection with any one deposit, a lthough two or more might occur together. 

Veins. Veins constitute one of the commonest classes of mineral occurrences 
and deposits. They are among the easiest to recognize, particularly if they are 
quartz veins, because the light colour of quartz generally contrasts with the 
wall-rock, and because the resistance of quartz to erosion often produces bold 
outcrops. The term 'vein' is used in this connection to include not only regular 
veins, but a lso stringers, stockworks, and irregular masses of quartz or other 
vein minerals. 

Many veins and other bodies of quartz do not contain valuable minerals; 
quartz of this kind is often called 'bull quartz'. Most quartz veins contain little, 
if any, of the transparent variety typical of quartz crystals; as a rule veins 
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consist of milky white quartz, although bluish, blackish (smoky), and pinkish 
varieties are not unusual. Barren quartz is commonly glassy and it may have a 
bluish tinge, but these are not always reliable characteristics for distinguishing 
worthless quartz. Many quartz veins, however, are not barren, but contain 
gold, sulphides, or minerals like scheelite, which may be present in either unim­
portant or in commercial quantities. 

There are also many veins in which quartz is abs.ent or only a minor consti­
tuent. Veins composed of one or more metallic minerals only are rare, but they 
do occur, as in the case of native silver. Usually, however, gangue minerals 
make most or all of the vein, and, if quartz is not the main constituent, calcite 
or other carbonate minerals are likely to be the chief components. 

All veins, no matter how small or seemingly barren, should be examined 
closely and followed as thoroughly as if large, beca use small veins may lead to 
larger ones, and barren parts may lead to sections containing valuable minerals. 

Pegmatites. Dykes or irregular bodies of pegmatite are among the most 
easily found occurrences, because they are usually light in colour and resistant 
to erosion. Most pegmatitic occurrences are unimportant, but all are worthy 
of scrutiny because some contain valuable minerals in workable amounts. 

Favourable St;uctures. A prospector should watch for signs of shearing, 
fracturing, or faulting because, even if such structures do not contain veins or 
other deposits at the place where they are first encountered, they may do so 
at some place nearby. 

Discovery of Valuable Minerals in Place. Valuable minerals may be exposed 
in recognizable form at the surface of outcrops, or in fragments of rocks broken 
off by the prospector or lying nearby, or they may be exposed in excavations 
such as road or railway rock-cuts. This is particularly true of resistant minerals 
like gold that do not erode or decompose readily, but even these minerals may 
be in such small grains that they are difficult to detect. Many other minerals 
alter readily by weathering at or near the surface, and are only found by indirect 
evidence such as mineral associations, or secondary minerals, as is explained 
later. Therefore, although important amounts of a valuable mineral may at 
times occur fairly conspicuously, as a rule such deposits are found as a result of 
careful investigation of the vicinity where a little of the mineral has been found, 
or where some indirect clue has been noted. 

Mineral Associations. At the surface, many valuable minerals are altered 
beyond recognition or are completely dissolved and carried away from outcrops. 
In such cases a more resistant mineral that is commonly associated with the on{! 
sought may provide a clue for its presence beneath the weathered part of the 
deposit. 

Mineral associations have already been mentioned in connection with quartz 
veins. Here the quartz, although generally valueless itself, is a conspicuous a nd 
resistant mineral with which valuable minerals are often associated. There are 
also many less obvious associ.ations, such as gold with pyrite and other sulphide 
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minerals, nickel with pyrrhotite, silver with lead and zinc minerals. A prospector 
should try to remember as much as possible of the associations mentioned in 
other parts of this publication and in other li terature on mineralogy and mineral 
deposits. If sizable bodies containing minerals that might indicate the presence 
of more important ones are found, samples should be panned or sent for assay. 

Gossans, Mineral Stains, etc. Many meta lliferous minerals alter fairly readily 
in the presence of moisture. This matter is discussed more fully in the section 
on mineral deposits, but it is mentioned here beca use of its importance as a 
clue in prospecting. In some instances, metals or other elements are dissolved 
and carried in solution to deeper parts of the deposit or to an entirely different 
place. In other insta nces, new minerals are formed in the outcrop of the deposit. 
These are generally called secondary minerals because they are produced by 
alteration of the first-formed or 'primary' minerals. Some of the original minerals 
may be entirely changed to secondary products in the near-surface part of the 
deposit or, more rarely, at depths of 100 feet or more below the surface. On the 
other hand, the secondary minerals may only form a thin crust or 'bloom' on 
the surface of prim ary minerals, or they may have migrated a li ttle way to form 
a stain on the surface of other parts of the deposit, on nearby rocks, in over­
burden, or to lin e cracks and cavities near the surface of the deposit. Secondary 
minerals occurring in any of these ways are often important indications to the 
prospector, because they may be the only clue to a nearby primary deposit, and 
because many secondary minerals are bright in colour and hence easily recognized. 
It must be emphasized, however, that the presence of a very small amount of 
some primary minerals may produce widespread staining. It should also be 
remembered that lichens and other growths on rocks may produce coloured 
incrustations that at first glance may resemble minera l stains. 

The most common secondary minerals in outcrops are limonite and other 
secondary iron compounds, because pyrite and other iron minerals a re common 
primary constituents of mineral occurrences. The primary iron minerals oxiclize 
to form rusty outcroppings ranging in colour from yellow to chocolate brown 
or reel . These rusty outcrops a re generally called gossans, from a word used by 
early Cornish miners to describe them. Typica l gossans consist of limonite and 
a cellular mass of quartz that resisted alteration, but the term is used more 
loosely to describe any rusty outcrops. Unfortunately, many gossans are unimpor­
tant, either because they resulted from insignificant amounts of iron sulphide 
minerals, or because the on ly primary mineral is pyrite, which is in demand only 
under special circumstances. However, other gossans may lead to useful deposits 
containing hematite, or va luable su lphide minerals, or minerals like gold that 
are commonly associated with sulphides. It shou ld be noted that magnetite 
does not oxiclize easi ly, except when associated with sulphides; thPrefore magnetite 
deposits may not be marked by gossans. 

Many other important primary minerals alter to characteristic secondary 
minerals that are very useful as clues for prospecting. The principal ones are as 
fo llows. Copper produces malachite and azurite, which have characteristic green 
and blue colours, the former being similar to 'verdigris' and the latter to 'b lue-
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stone'. Nickel-arsenide minerals produce an apple-green mineral or stain. Cobalt­
arsenide minerals produce a characteristic pink to red 'cobalt bloom'. Molyb­
denite a lters to a pale yellow mineral generally called molybdenum stain. Manga­
nese minerals produce black secondary minerals that are often sooty or iridescent; 
this material may migrate a short distance from the deposit and form a black 

Plate XLVll 
Panning is useful in prospecting for 

and testing lodes as well as 

placers. 

mass called 'wad' that may cement soil or gravel. Minerals containing uranium 
alter readily, generally to vivid yellow, orange, or green minerals. Many different 
yellow or orange secondary uranium minerals have been named a nd described, 
but unless t hey occur in large quantities it is usually sufficient to refer to them 
collectively as 'uranium stain'. Minerals containing lead or zinc may a lter to 
various oxide and carbonate compounds; some of these are white, and others 
are of several colours; as a rule , they are not as useful guides as those mentioned 
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previously. Many of the secondary stains and deposits are soluble in water and 
are removed from the surface by heavy rain or melting snow; hence at such 
places the surface rock must be broken to find them. 

Although many gossans and other secondary deposits are unimportant, all 
merit investigation. This may consist of trying to pick or blast down to the 
primary minerals, or of panning the a ltered material in the hope of finding traces 
of the heavier, primary minerals, or of sending samples for assay. 

Wall-rock Alteration. The rock enclosing many mineral deposits is a ltered 
by the introduction of solutions that preceded or accompanied the deposition of 
the ore minerals. These solutions commonly react with the original rock-forming 
minerals to form new mineral compounds, or they may produce disseminated 
grains or masses of some of the same minerals that occur in the deposit itself. 
The altered zones may extend only a few inches from the deposit or for many 
feet. The most common altera tion minerals are white mica, chlorite, quartz or 
other compounds of silica, calcite or other carbonate compounds, and dissemi­
nated pyrite. By studying alteration zones beside known mineral deposits a 
prospector can learn to recognize the commoner types, and he should be constantly 
on the a lert for similar occurrences of altered rocks, since this knowledge might 
stand him in good stead if the altered rocks around a deposit outcropped and 
the deposit itself was not exposed or difficult to recognize. 

Tracing Float . Fragments from a mineral deposit are often transported by 
glaciers, streams, floods, frost action, or gravity. If carried a long way, almost 
all are rounded, but if they have not travelled far the majority are more or less 
angular. The term float is usually restricted to more or less angular material 
from a mineral deposit, the name alluding to its having 'floated' away from its 
place of origin. Pieces of float may be recognized in stream beds or on the surface 
of the land , particularly a long hillsides. It may then be possible to trace float 
to its source by finding add itional pieces. In general, the larger and more angular 
the pieces are, the closer they are to the source. In some cases it is possible to 
work up a stream a nd gradually eliminate tributaries that do not carry float of 
the particular t ype being sought, thereby narrowing the area of the possible 
source. Or, in working along a hillside, the distribution of float may be found 
to occur in a roughly triangular pattern with the apex at the deposit. In places 
where outcrops are scarce it is useful to look for float in depressions caused by 
the blowing down of trees, and among the roots of such trees. 

Panning. In addition to its use in prospecting for placer deposits and testing 
them, panning is often very useful in 'hard-rock' prospecting. Several authorities 
have recently expressed the opinion that prospectors are not making sufficient 
use of the pan when searching for or testing lode deposits. Very fine float invisible 
under ordinary circumstances may be panned from the beds of streams or from 
gravels or soils. Very widely scattered grains may be evenly dispersed through 
glacia l drift, but otherwise the discovery of float by panning is a useful aid in 
tracking down a deposit by the same process of elimination described above for 
tracing coarser float. 
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Another important use of the pan is in test ing samples from gossans or other 
outcroppings, as a means of detecting heavy valuable minerals, and of estimating 
their quantity. This may save the time and expense of obtaining preliminary 
assays. Samples may be tested nearby if water is available, or at camp. The 
samples are crushed in a mortar, or, if no mortar is avai lable, they may be ham­
mered on a hard fiat surface such as the side of an axe. To prevent loss of 
particles, the sample can be kept in a canvas bag while being hammered. The 
sample should be ground finely enough to free small grains of minerals. This is 
best clone by periodically screening the sample and then continuing to crush the 
material that will not pass through the screen. Screens with 60 or 80 meshes 
to the inch are recommended, particularly if minerals are likely to be present in 
very small grains, but those learning the art of panning are advised to begin 
with coarse material. 

If the concentrate obtained by panning contains sulphide minerals, it should 
be roasted in the gold pan or other container for four or five hours over a hot 
fire. This is done to liberate particles of gold or other minerals that may be 
included in a sulphide mineral. The time of roasting may be reduced if the 
concentrate is first mixed-thoroughly with an equal amount of potassium ch lorate. 
After the chlorate has decomposed, the sample shou ld remain on the fire for 
several minutes at reel heat. The caked residue is then pulverized, screened, and 
panned. 

The technique of panning is more fully explained in Chapter XIII. Small 
pans are usually employed by lode prospectors, and some use a frying pan with 
the handle removed. 

Any concentrate or tail obtained in the pan shou ld be examined carefully 
with a hand-lens. If the prospector does not recognize the constituents, he may 
make tests, or send the concentrate to a laboratory for identification or analysis. 

Panning is not infallible, and therefore if a large deposit is found it is 
desirable to have samples assayed, even if panning did not reveal the presence 
of valuable material. 

Preliminary Investigation of a Discovery 

\i\Then an occurrence is found, a prospector is faced with the problem of how 
much time to spend exploring the showing before going on to look for other and 
perhaps better occurrences. The exploration and evaluation of mineral deposits 
are discussed in Chapter XI, more particularly in relation to the work that is 
clone after a prospect of some merit has been found. The present section is 
confined to matters that come up in the course of prospecting rather than to 
those arising after it is decided to do considerable work on a showing. Never­
theless, some of the later discussion regarding evaluation, sampling, and explo­
ration applies also to the preliminary problems and will supplement the brief 
remarks made below. 

Mineral occurrences are fairly common, but those that are large and rich 
enough to be mined are comparatively rare. There are no accurate statistics 
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for this matter, bu t a uthori t ies genera lly consider that by fa r the majority of 
minera l occurrences a re too small to be classed even as prospects, a nd that fewer 
t han one per cen t of prospects become producing mines. Therefore, if a prospector 
is working in a region that is at a ll favourable he may encounter small occur­
rences fa irl y frequent ly. He should take time to investigate one of these only 
su ffi cientl y to satisfy himself that it apparently does not lead to something larger. 
He can not a lways be certain of this, but when in doubt it is probably best to 
note the location for possible fu ture investigation and go on to look for a more 
promising showing. Some occurrences a re sufficiently exposed to permit rapid 
esti mation of their size and content. Others require removal of moss or sha llow 
overburden. Some contai n primary minerals that can be seen at the surface of 
the exposure or in pieces of rock chipped off with a hammer, a nd others are 
capped by gossans or other secondary min era ls that should be picked or scraped 
in the hope of reaching prima ry min erals without too much loss of time. If the 
occurrence is obviously sma ll , the prospector migh t decid e not to take any 
sampl es or specimens, or he might ta ke some and discard them later if he found 
something more promising. 

The decision of whether to spend considerable time exposing an occurrence 
or prospecting in t he immediate vicinity, or to proceed with general prospecting 
is one for which there are no definite rules. There have been a few instances 
where seemingly insignificant occurrences marked impor tant deposits, but t here 
have been many others where prospectors became undul y excited a bout the first 
occurrence they found. M uch depends on experience a nd on how diffi cult it 
would be to return on another day. Jn general, it seems best to recommend 
doing a minimum of initia l exposing a nd sampling, ma king careful note of the 
position and other particula rs, and then continuing to look for other occurrences. 
After several clays or weeks of prospecti ng, if several occurrences have been 
found , the most promising might be selected for closer a ttention. Then, if t he 
occurrence shows any likelihood of being large enough to be of interest, careful 
sampling a nd, if necessary, stripping or t renching wou ld be clone. These matters 
are discussed more full y in Chapter XII. 

Suggestion for Additional Reading 

Mertie, John B. Jr. : T he Gold Pan: a Teglected Geological Tool ; Econ. Geol., vol. 49, No. 6, 
pp. 639-65 1 (1954). 

Topographic Maps 

A prospector may use three ma in kinds of maps, na mely topographic maps, 
geological maps, a nd claim maps. He will often find that a geological map contains 
a ll the topographic data he requires, but in other cases he may require a topo­
graphi c map beca use no geologica l map is available, or because a topographic 
map shows add itiona l information that he requires. 

Features S hown 

A topographic ma p 1s a representa t ion to scale of such features as lakes, 
streams, roads, ra il ways, and towns. It may a lso show the relief, or heigh t 
above sea- level, of the la nd surface. This is usua ll y shown by contour lines, 
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which are lines joining points that are at even elevations, such as 100 feet, 200 
feet, 300 feet, etc., above sea-level. A beginner can learn to visualize the relief 
from a study of the contour lines, by imagining that each line represents what a 
shoreline or island would look like if the land were flooded at levels of 100 feet, 
200 feet, etc. above the present level of the sea. The degree of accuracy of a 
topographic map depends on the amount of time spent in surveying, on the 
methods employed, and on the scale, since large-scale maps are usua lly made 
with greater precision. Another point to remember is to note the date of the 
map, because a map made several years previously may omit roads and other 
features constructed later. 
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FIGvRE 12. The division of a township into section s, etc. 
accord ing to the Dominion La nds System. 

Most ma ps are drawn so that north is at the top, with the right arid left 
borders of the map running exactly, or a lmost exactly, true north and south. 
The orientation is usuall y shown by lines of latitude and longitude, a nd also by 
two arrows, one of which points true (astronomic) north, and t he other, magnetic 
north. The difference between magnetic a nd true north, which is called the 
declination or variation, varies from place to pl ace but is usually about the 
same within any one map-area. 

Scales 

The scale of a map may be shown in three different ways, and all are often 
indicated. One way is to state the relationship between inches on the map and 
feet or miles for an equivalent distance on the ground, such as "1 inch to 1,000 
feet", or "2 inches to 1 mile". Another way is to place a lin e, called a 'bar scale' 
on the map, and to mark along it appropriate distances in feet or miles. The 
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distance between two points on the map can be marked a long the edge of a 
piece of paper, the paper can then be laid along the bar scale, and the distance 
can thus be determined. The third way of showing . the scale is by a fraction 
showing the relationship between any distance on the map a nd an eq uivalent 
distance on the land; thus 63 .~60 , the fractional scale of a map on 1 inch to 1 mile, 
indicates that any distance on the ground is 63,360 times the equivalent distance 
on the map. 

Land Subdivisions 

Most parts of southern Canada have been divided into units, indica ted on 
the ground by surveyed lines and corner markings of various kinds. These subdi­
visions are usually shown on topographic maps, and it is important for prospectors 
to understand them beca use they are helpful in locating positions, describing 
discoveries, and staking claims. 

In Eastern Canada the largest land units are usua ll y called counties or 
districts. These a re divided into townships, which a re commonly 10 miles square. 
In districts surveyed many years ago the townships are usually laid out irregu­
larly, but in those surveyed more recently the lines usually run north-south or 
east-west. Townships may be named or numbered. They are usually divided 
into strips one mile wide, called 'concessions' in Ontario and 'ranges' in Quebec, 
extending east and west, and numbered consecutively from south to north by 
Roman numerals. These strips are divided into lots, commonly numbered in 
Arabic numerals from east to west. Thus the description of a lot might read 
"Lot 16, Concession IV, Percy Township, Northumberland County". In some 
of the more recently surveyed parts of Ontario the Dominion Lands System 
explained below is used, and in some of the older parts of Quebec 'parishes' ta ke 
the place of townships. 

In the Dominion Lands System, used in most parts of Western Canada, the 
townships are 6 miles square. They are numbered, and their position is referred 
to a series of meridians extendi ng northward . The First or Principal meridian 
was laid out from a starting point selected near Winnipeg; its longitude was 
later determined to be 97 degrees 27! minutes west of Greenwich , to which 
all longitudes are referred. The other meridians are at regular interva ls of 4 
degrees of longitude. Rows of townships extending northward are ca lled Ra nges, 
which are numbered successively away from the meridians, in Roman numerals. 
Townships are numbered northward from the 49th parallel, in Arab ic numerals. 
Each township is divided into sections one mile sq uare, as shown in Figure 12A. 
Each section is divided into quarter sections, each of which is divisible into 
quarters called ' legal subdivisions', as shown in Figure 12B. Thus the description 
of a piece of land migh t read LS 14, Section 12, Township 2, Range III , west of 
the l st Meridian. In British Columbia, townships a re laid out in somewhat the 
same fashion as in the Dominion Lands System, but are subdivided differently. 

Grid R eference 

On some topographic maps, numbered or lettered intervals are marked along 
the borders, to whi ch any place on the map can be referred by drawing lines 
north, south , east, or west to the edges of the map. The approximate position 
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The units consist of sheets, 4 degrees in latitude by 8 degrees in longitude, 
published on the scale of I: I ,000,000 (approximately I inch to 16 miles) 
shown on the index thus . ............... . ............ . ... . .. . 32 

Each I : I ,000,000 sheet is quartered into sheets 2 degrees in latitude by 
4 degrees in longitude, published on the scale of I inch to 8 miles 
(1 : 506,880 ), and referred to as N. W., N.E., S. W. or S.E., the number 
taking the form thus .................•... . ................. 32 S.E. 

Each I : f,000,000 sheet is divided into sixteen sheets I degree in latitude 
by 2 degrees in longitude, published on the scale of I inch to 4 miles 

(1 : 253,440) or I : 250,000, lettered from A to P, shown on the 
index thus . .............. . ... ... ....................... . 32 A 

Each four-mile sheet (or I: 250,000) is quartered into sheets 30 minutes 
in latitude by I degree in longitude, published on the scale of I inch to 2 

miles (1: 126,720), referred to as N. W., N.E., S. W. or S.E., the number 
A 

.. . 32 S.E. taking the form thus . . ....... . .. . ................. . ..... . 

Each four-mile sheet (or I : 250,000) is divided into sixteen sheets, 15 min­
utes in latitude by 30 minutes in longitude, published on the scale of I inch 
to I mile (1 : 63,360} or I : 50,000, the number taking the form thus . . ..... . 

Note: Some one-mile maps and most I : 50,000 maps are published in two A West 
halves, referred to as east hall or west hall, the number taking the form thus . ... 32 2 Half 

G.S.C. 

Every sheet is given a name indicating its location by reference to 
the largest city or town in it, or by reference to some we// known 
geographical feature. 

A map entitled "Index Map of Canada According to the National 
Topographica l System", showing the extension of the numbering 
system for all parts of Canada, may be obtained from the Director, 
Surveys and Mapping Branch, Department of Mines and Technical 
Surveys, Ottawa. 

FIGURE 13. Diagram showing method of numbering map-sheets of various scales, 
according to the National Topographical System. 147 
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of the point can then be described from the grid intervals intersected. Another 
method is to draw pencil lines across the map, through the grid markings, thus 
dividing the map into a series of small squares. If desired, a map that does not 
have grid markings can be gridded by drawing lines, say, one inch apart, and 
numbering or lettering them. 

Federal Topographic Maps 

The Department of Mines a nd Technical Surveys issues topographic maps 
at a small charge for each map. Most a re in the National Topographic Series, 
numbered as explained in Figure 13. The earlier maps of this series were on 
scales of 1, 2, 4, or 8 miles to 1 inch. More recent ones are on fractional scales of 

50.~. 125'.ooo• 250'.ooo• and 1 .oo~.ooo• the first three of which a re roughly the same as 
the corresponding 'inch to mile' scales mentioned . The scales of such maps can 
be converted to feet or miles by dividing the lower figure by 12, (the number of 
inches is a foot). For example, 50.~00 equals 12 "

1
4166 . 

Federal topographic maps generally should be ordered from the Director, 
Surveys and Mapping Branch, Department of Mines and Technical Surveys, 
Ottawa; branch offices of the Geological Survey of Canada can supply certain 
maps of areas in their general region. Delay and needless clerical work is caused 
by ordering topographic maps from the head office of the Geological Survey of 
Canada. Index maps showing maps available are obtainable, or a map may be 
ordered by specifying the exact locality desired and the scale preferred. The 
charge for most maps is 25 cents each. 

Provincial Topographic Maps 

Topographic maps are issued by some provincial government departments 
also, particularly the Departments of Lands and Forests of British Columbia, 
Ontario, and Quebec. 

Suggestions for Additional Reading 

Elementary Map and Aerial Photograph Reading; U.S. War Dept., Basic Field Manual FM 21-25, 
1941. For sale by Superintendent of Documents, Washington, D.C. Price 30 cents. 

An elementary handbook on the use of topographic maps a nd air photographs, not 
specifically related to prospecting or geology, but containing useful information for beginners 
in prospecting. There is also a more advanced manua l on the same subjects (FM 21-26), 
price 20 cents. 

Map and Aerial Photograph Reading Complete, Military Service Pub. Co., Ha rrisburg, Pa., 1943. 
Price $1. 

A book on the use of topographic maps and a ir photographs, prepared mainly for military 
instruction, but useful for beginners in prospecting. 

Geological Maps 

A geological map shows observed and inferred information on the kinds of 
rocks present, and on their distribution and structure. This information is super­
imposed on a topographic base map , and most of the remarks made in the fore­
going section of this book regarding orientation, scales, etc. are also applicable 
to geological maps. The kinds of rocks and their distribution are shown by 
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different colours or different patterns. Colours are preferable, but patterned 
maps can be published more cheaply and more quickly. On many maps, outcrops 
and rocky areas are shown by symbols, and on a few detailed maps they are 
shown in deeper shades of the same colour as is used to depict the more extensive 
areas where the formation beneath overburden can on ly be inferred. Structural 
features are indicated by symbols to represent strike and dip, schistosity, faults, 
axes of folds, etc. 

It is impossible to show all details on a geological map; one colour or one 
pattern therefore commonly represents rock_s of several related kinds, and many 
minor faults, fractures, or other features are usually omitted. Mineral occur­
rences, mines, oil wells, and other relevant features known at the date the map 
was prepared are usually indicated. If an area contains many mineral deposits 
and occurrences, the practice is to show the more important deposits on the 
map and to refer to others in a report, if one accompanies the map; but it is not 
likely that all minor occurrences would be mentioned. If mineral occurrences 
of probable significance or interest are discovered during the course of a geological 
survey, the location and the kind are either shown on the map or mentioned in 
a report. 

Many maps are accompanied by one or more 'structure sections' illustrating, 
perhaps on ly speculatively, the sub-surface distribution of rocks. A legend explains 
the meaning of colours, patterns, and symbols, and is usually arranged to show 
the formations in the order of their ages, the youngest being at the top. Many 
maps are accompanied by marginal notes that provide short accounts of the 
topography, geology, and known mineral occurrences of interest. The name of 
t he geologist (or geologists) who performed the field work and prepared the map 
is always stated on the map, and the related report, if any, is usually mentioned. 

Scales and Kinds of Geological Maps 

Most of the coloured maps published in recent years by the Geological 
Survey of Canada are on scales of 1 inch to 1 mile and 1 inch to 4 miles, these 
now being standard for fairly detailed and semi-reconnaissance work, respectively. 
Preliminary maps may be issued on the same scales, or on 1 inch to ! mile and 
1 inch to 2 miles. Less detailed reconnaissances may be published on still smaller 
scales. The results of special detai led investigations are usually published on 
scales of from 1 inch to 400 feet to 1 inch to 1,000 feet. 

The Geological Survey of Canada also prepares and publishes compilation 
maps that co-ordinate information published on other more detailed maps. 
Examples are the series of regional maps on the scale of 1 inch to 8 miles; and 
the geological maps of provinces, most of which are on the scale of 1 inch to 
20 miles. 

During its long existence the Geological Survey of Canada has mapped 
thousands of areas, and provincial organizations have mapped many others, but 
because of the vastness of Canada, and the relatively small staffs avai lable for 
the work, much of the country has been covered only by very inadequate recon­
naissance. A fair amount of territory has been mapped in a semi-reconnaissance 
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way, but the amount for which mapping on 1 inch to 1 mile has been done by 
what are now considered adequate standards is very small indeed. With present 
staffs only a slight net improvement is possible each year, because maps made 
some time ago are becoming obsolete almost as rapidly as new 1-mile or more 
detailed projects are completed. 

Interpretation of Geological Maps 

The accuracy and amount of detail of the geological information shown on 
a geological map varies with the scale and purpose of the map, the number of 
rock exposures examined, the method used for surveying their positions, and the 
skill of the geologist and his assistants. Only in the most detailed forms of 
mapping, or in areas where outcrops are very scarce, is it possible to examine 
more than a small fraction of the rock exposures present. Even those that are 
studied may be open to more than one interpretation; for example, an area may 
contain two ages of granitic intrusions that are so much alike that only certain 
exposures can be definitely mapped as one or the other, a nd elsewhere the 
geologist has to use his judgment ; or an area may contain two formations that 
are of the same kind of rock but of quite different ages, and in such cases errors 
or uncertainties in correlation can easily occur unless fossils whose ages are known 
definitely are found. 

A geological map is, accordingly, a combination of facts and inferences. 
To use a map properly a prospector should be careful to observe whether outcrops 
are shown at or near the locality he is studying, and whether geological contacts, 
faults, etc. are shown as 'defined', 'approximate', or 'inferred'. A defined contact 
or fault, shown by a continuous line, is usually within i inch of its true position 
on the map. An approximate one is known to occur somewhere in the vicinity 
shown. An inferred one is either very indefinitely located or may even not exist. 

Geological or 'structure' sections, since they depict the geologist's interpre­
tation of conditions at depth, are usually much more uncertain than the map 
itself, because there may be changes with depth that no amount of surface study 
or drilling from the surface will reveal. 

Despite their inherent imperfections, geological maps are universally recog­
nized as being of the greatest assistance to prospectors, since case after case can 
be cited in which mineral deposits were found with their aid . The ways of 
obtaining these maps are explained in the following section. 

Suggestion for Additional Reading 

Dake, C. L. and Brown, J. S.: Interpretation of Topographic and Geologic Maps; McGraw-Hill, 
1925. Price $3.50. 

A comprehensive book on the interpretation of topographic and geological maps. It is 
intended for fa irly advanced students and a knowledge of elementary geology and trigono­
metry is assumed. 

Geological Reports 

As already intimated, a prospector relies largely on geological reports and 
the maps that commonly accompany them, when he is deciding what to prospect 
for, what area to select, and where to narrow down his search. He therefore 
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requires knowledge of the characteristics of different kinds of reports, of how to 
obtain them, and of how to use them to best advantage. 

The Geological Survey of Canada, as the oldest and largest geological organi­
zation in the country, has for more than one hundred years been responsible for 
basic geological mapping and research, for much of the detailed mapping in 
mining camps and other areas of special importance, for the compilation of the 
results of geological work done by other agencies, for the standardization of 
geological nomenclature, and, more recently, for the co-ordination of geological 
research. Many provincial Departments of Mines, or their equivalents, also 
perform geological research and publish excellent geological maps and reports, 
generally on special areas. Reports of a third kind, that may occasionally be 
avai lable to prospectors, are private reports prepared by consulting geologists or 
geologists employed by mining companies. 

The reports of the Geological Survey of Canada, of which there are several 
hundred, are of different kinds called 'series'. Prior to 1935, reports published 
annually contained the results of several different investigations bound in one 
volume, and designated Reports of Progress, Annual Reports, or Summary 
Reports. This practice has been discontinued, and publications of the Survey 
now appear from time to time as 'Paper Series', 'Memoir Series', 'Economic 
Geology Series', and 'Bulletin Series'. 

What is called the 'Paper Series' consists of preliminary maps and reports, 
commonly issued before a field project is completed or before all the laboratory 
and office work is finished. These maps and reports usually cover specific areas; 
their object is to provide publication of the highlights of the survey results as 
rapidly as possible; the maps are patterned instead of coloured, to expedite 
publication; and the reports are mimeographed or, more recently, printed by a 
quick process. These reports, if in an area favourable in a general way for 
prospecting, provide summarized information on the distribution of formations 
and on the types of deposits known or likely to be found . 

The 'Memoir Series' consists of full, printed reports embodying the full 
results of the investigation of a map-area or a special field or office project. The 
accompanying maps are usually coloured. The reports are generally fairly long, 
a nd include much scientific detail. These reports have to be written so that 
they are as useful and understandable as possible for prospectors and others who 
do not require a ll the scientific details, and at the same time so that they are of 
high scientific calibre. Prospectors will find that in most memoirs the intro­
ductory parts contain much information on the general characteristics of the 
area, on how to reach it, a nd on how to travel in it. These parts are usually 
followed by a short introductory account of the geology, written as far as possible 
in non-technical language. This is followed by detailed descriptions of formations, 
much of which is too detailed and technical for any but professional geologists. 
However, the prospector can ignore these parts entirely or can try to understand 
as· much as possible of the description of a formation or intrusive rock that is 
especially important for prospecting. He can then proceed to the descriptions 

151 



Prospecting in Canada 

of geological structures, which may be very important to him, and to the discus­
sion of mineral deposits. If he looks up the meanings of words he does not under­
stand, by consulting a dictionary or textbook, he will increase his geological 
knowledge. 

The 'Economic Geology Series' consists of reports on a particular economic 
topic covered in a country-wide way. It begins with 'Geology and Economic 
Minerals of Canada', and includes comprehensive reports with such titles as 
'Lead and Zinc in Canada'. This series is not nearly as complete or as up to date 
as would be desirable, because there has always been such a need for geological 
mapping and regional studies that geologists were seldom spared to make the 
special studies on which the Economic Geology Series is based. Prospectors will 
find this series useful for obtaining basic information on the mode of occurrence 
and distribution of deposits of a particular metal or mineral, as well as for descrip­
tions of many individual districts and deposits. 

The 'Bulletin Series' consists of printed reports on special investigations and 
other matters that warrant publication in final form but which do not belong 
in the Memoir or Economic Geology Series. 

Obtaining Geological Maps and Reports 

Publications of the Geological Survey of Canada may be obtained by calling 
at or writing to its head office or branch offices, but the latter distribute only 
general and local publications, not regional publications on far-removed areas. 
Persons who are likely to require publications fairly frequently may obtain cata­
logues and indexes of publications and may be placed on a mailing list for cards 
that give notice of new publications. Persons who require publications less 
frequently should either call, or give full details in writing as to the subject or 
area on which information is desired. Publications are not sent C.O.D. or against 
later payment, and the buyer is advised to estimate the approximate amount 
required to cover the cost, payment being made by money order payable to the 
Receiver General of Canada; any over-payment will be refunded. 

Inquiries for geological maps and reports published by provincial govern­
ment organizations should be addressed to the Department of Mines, or equiva­
lent, in the provincial capital. The addresses are listed in an appendix. Some of 
the provincial departments publish catalogues. 

The principal indexes and catalogues to federal and provincial geological 
literature are li sted in Geological Survey of Canada Paper 54-1. 

Air Photographs 

Air photographs have proved their worth as an aid to prospecting in many 
parts of Canada. Their use does not guarantee success, nor are they essential, 
but there a re few parts of the country for which they are not helpful. Some of 
the ways in which they are useful to prospectors have already been mentioned, 
but because the subject is of growing importance it is discussed here more fully. 
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The photographing of Canada from the air was begun in 1920, and almost 
all of the country south of latitude 60° has now been covered in at least a 
preliminary way. Canadian aviators and surveyors were among the first in 
developing the techniques for this work and for applying the information to 
topographical mapping, and at the same time Canadian geologists adapted the 
use of air photographs to their requirements. It is not surprising, therefore, that 
prospectors were quick to realize that the photographs could in many instances 
be of great assistance to them . 
• 

Types of Air Photographs 
Air photographs are of three main types, called vertical, ordinary oblique, and 

trimetrogon (see Plates VII, X, XI, XII, XV, XVIII). Any type is usually taken 
in a series along a carefully controlled line of flight. Recent advances in lenses, 
films, and papers have resulted in greatly improved photographs. Much geological 
detail is, however, masked by vegetation except in barren areas; for this reason 
the best photographs for geological or prospecting use are generally taken in 
early spring or late autumn. Also, in hilly or mountainous areas, details may be 
masked by shadows unless the photographs are taken in the middle of the day. 
In most instances, however, it is necessary to use pictures taken at other times, 
and these are generally fairly satisfactory. Virtually all prints available are 
black-and-white. Experiments have been made in the use of colour film for 
special air photographs, but so far they have not proved particularly useful for 
geological work or prospecting in Canada, largely because of the amount of 
trees, moss, or lichen that covers the rocks. Advances in techniques may, h0we­
ver, render colour photography more useful. 

Vertical Photographs 

Vertical photographs are taken with the camera pointed directly downward, 
the resulting picture being a plan with little distortion of scale. Each individual 
exposure overlaps its neighbour, so that any specific feature on the ground can 
be seen on two adjoining photographs, thus permitting it to be studied stereo­
scopically when the two pictures are placed under a stereoscope. Use of a stereo­
scope is particularly desirable for photographs of hilly or mountainous areas, 
because it provides a three-dimensional image that shows the 'depth' of the 
topography. It is also useful for studying pictures of some fairly flat areas, as 
there are commonly slight changes in the topography of interest to the prospector 
or geologist. Some persons prefer to use a stereoscope only in a library or at 
their headquarters, marking any features of interest; others use a small folding 
instrument in the field. Stereoscopes can be bought from dealers in engineers' 
and draughtsmen's supplies, at various sizes and prices. Some stereoscopes 
magnify the 'depth' of the topography, to assist in studying areas of low relief. 

A stereoscope can be used only with vertical photographs taken so that 
they overlap one another and this instrument permits one eye to see one photo­
graph, and the other eye to see the corresponding part of another photograph 
taken when the aircraft had moved to another position along the line of flight. 
The observer sees the depth or 'relief' of the land-surface photographed. There 
are two kinds of stereoscopes, one uses mirrors, the other uses lenses. Some of 
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the for111er type are made so that they fo ld, a nd can be taken to the fie ld for 
use in camp. Pocket-size stereoscopes equi pped with lenses are availab le at 
about $15 each, and have the add ed advantage that they can be carried during 
t he clay; but their use is more d ifficul t to learn . T o use a stereoscope, two photo­
graphs, each of which shows the area or feature to be exami ned , are placed side 
by side in their proper position with respect to the lin e of fligh t . The stereoscope 
is then set over the111 in such a position that the central poin t of each photograph 
can be seen in the appropriate 111irror or lens. A feature such as an island or 
sma ll outcrop, that a ppears in each photograph, is selected , a nd the left a nd 
r igh t forefingers a re placed over it in the left a nd right photographs. The observer 
then places his eyes i111111 ecliate ly over the s111a ll mirrors, or t he lenses. The 
photographs a re then 111 ovecl sligh t ly to the righ t a nd left, and up and down , 
with the two fin gers kept in place, un til the two finger- t ips a ppear as one. The 
fi ngers a re then removed, and a fin al slight adjustment is made to bring the two 

Plate XL VIII 

A small stereoscope and a pair 

of vertical air photographs 

arranged for stereoscopic 

inspection. An enlarged 

vertical air photograph is 

shown in background. 
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images in to exact 'stereoscopic fusion', after which t he surro unding detai ls will 
appear in relief. Patience a nd practice are required before photographs can be 
' fu sed' quickly, a nd before a ll deta ils can be recognized. I t is recommended 
that a beginn er in the use of a ir photographs should first learn t he uses tha t do 
not require t he aid of a stereoscope. Later , he may find it desirable to purchase 
a stereoscope and to practise its use. 

The earlier vertica l photographs were generally taken from a height of 
about 10,000 feet above the ground, with an 8-inch lens, resul t ing in a scale of 
about 4 inches to 1 mile; t hese were printed on 8 x 10 inch paper . Later , as 
a ircraft and cameras were improved, photographs were taken fro m 15,000 to 
20,000 feet, result ing in scales of a bout 2 inches to 1 mile. These photogra phs 
were prin ted on 10 x 10 inch paper. Since 1950 the trend has been towarcls ultra­
high-a lt it ude photography at 30,000 to 35 ,000 feet, resul ti ng in scales of a bout 
1 inch to 1 mile. For specia l purposes, such as deta iled work near mining cah1ps, 
ver t ical photographs have been taken from much lower heights, resulting in 
greater deta il and larger scales. Some areas have been re-flown severa l t imes, 
with t he resul t t hat photographs of different scales a nd qualities a re available. 

\'er t ical photographs are usuall y t he most satisfactory type. However , 
because vertica l photography requires more time and money, obliq ue or t ri­
metrogon types are a ll that a re ava ilable at presen t fo r cer tain a reas. 

Ordina ry Obliqu e Photog raphs 

Ordinary oblique photographs were fi rst taken from the nose of a fl ying 
boat, with t he camera poin ted s light ly downward and at a bout 45 degrees to 
t he direction of fli ght. Three exposures were taken from any given position of 
t he a ircraft , a nd were designated left, centre, and r ight 'obl iq ues' . \i\lhen the 
more modern types of cabin a ircra ft superseded fl ying boats, t ri ple cameras were 
developed a nd mounted so that they took one 'obl ique' looking backward a long 
the line of fl igh t, a nd left and righ t 'obliq ues' directed backward at a bout 45 
degrees to t he line of fli gh t. All obl ique views show perspective with gradua l 
loss of detail towards the horizon. They are easy fo r begi nners to in terpret 
because t hey provide a more natura l v iew tha n do ver t ical photographs, bu t 
d istances are d ifficul t to esti mate. Photographs of this kind a re now considered 
obsolete for mapping purposes, a nd most a reas origina ll y covered in t his way 
have been re-flown for ver t ical photograph y. 

Tri m e lrogon Photog raphs 

Trimetrogon photography, begun during the last war , is a combination of 
vert ical a nd obliq ue systems, with one view directly downward, and left and righ t 
'side obliq ues ' at right a ngles to the line of fli ght. Generally these are taken 
from about 20,000 feet above t he ground , wi th a 6-in ch lens, t he verti cal picture 
havi ng a scale of about 3,000 feet to 1 inch. 

Trimetrogon photography can be clone much more q uickl y and cheaply tha n 
vertical photograph y, a nd is quite suitable for making topographic maps of large 
a reas. I t is not so suita ble for detailed work because of t he sca le and the 
lack of stereoscopic coverage. Trimetrogon photographs do have one advantage 
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for geological interpretation in that their broad coverage may illustrate large 
features such as folds, that might not be detected on vertical photographs. 
Because they are made with more modern equipment and at great height, they 
are better for this purpose than the old obliques. 

Enla.rgernents 

Enlarged vertical photographs are very helpful for detailed geological work 
and special prospecting projects. If they are enlarged too much, however, the 
features become blurred. For many purposes it has been found that enlarging 
to scales of 400 or 500 feet to a n inch is satisfactory. 

Mosa.ics 

To provide a view of an area larger than that of a single vertical photograph, 
several adjoining photographs may be matched together and mounted on card­
board, or photographed to permit reproduction. Such assemblages are known 
as 'uncontrolled and uncorrected mosaics' because there is a certain amount of 
distortion. They provide useful views of an area such as a group of mineral 
claims, but are not strictly accurate as to positions and dista nces. For certain 
areas, the Topographical Survey has prepared uncontrolled mosaics and will 
sell prints of them. For other areas, mining companies sometimes arrange to 
have a commercial organization take special pictures and compile a mosaic. 
Others buy copies of available photographs and make their own mosaics. 

Use of Air Photographs 

The main usefulness of air photographs for prospectors and geologists lies 
in their depiction of outcrops and features such as contacts, faults, folds, and 
variations in rock types. It is difficult for a man on the ground to see the broader 
aspects of these features unless he is on a high hill or mountain. These features 
may be shown on the photographs by areas of bare rock, differences of elevation, 
or differences in vegetation that result from changes in the rocks or soil beneath. 
Also, a man experienced in the use of photographs may be able to distinguish 
the broader rock types, such as granitic rocks, greenstone areas, thinly bedded 
sedimentary rocks, and light-coloured and dark-coloured dykes; these may be 
apparent from different tones in the photograph, or from the 'grain' brought 
out by weathering along fractures, shearing, and contacts. This is particularly 
so after he has done field work in the area; he then knows how some of the rocks 
of the area appear on the photographs, and can apply this knowledge to pictures 
of other parts of the area. 

It is not suggested that a beginner in prospecting should immediately begin 
to master the use of air photographs, because he will have many other subjects 
to occupy his attention. Soon, however, he will benefit from their use, as an aid 
in understanding geology, in selecting areas for prospecting, in guiding the work, 
and in the keeping of records and the preparation of sketches. These uses are 
discussed briefly below. 
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A prospector studying geology or wishing to learn how geological features 
appear on air photographs would probably benefit by obtaining the "Catalogue 
of the Geological Survey Collections of Outstanding Air Photographs" published 
by the Geological Survey of Canada as Paper 47-26. These collections total 
about 200 photographs specially selected as illustrations of different geological 
features and physiographic regions. The catalogue lists the numbers by which 
prints can be ordered, a nd it contains a short description of each photograph, 
but it does not contain reproductions of the photographs. Most of the prints 
can be secured through the National Air Photo Library, but prints from a few 
special negatives are obtainable only from the Geological Survey. 

Earlier sections have described the ways in which air photographs may be 
used to help in selecting a region for prospecting, in planning the work after a 
region is selected, and in guiding the prospector to features that are not shown 
on topographic or geological maps. One point that will bear repetition here is 
that the photographs seldom show all the outcrops. Usually, additional ones 
hidden by trees or other vegetation or occurring along the banks of streams can 
be found while traversing the ground. Therefore, localities should not be ruled 
out for prospecting simply because no outcrops a re visible on air photographs. 
An experienced person can, however, detect large areas of muskeg, glacia l drift, 
and other forms of overburden where outcrops are not likely to be found. 

Air photographs are also useful as supplements to published topographic 
maps, because the photographs are generally on a larger scale and because it is 
often possible to fix a n almost exact position by noting some object like a lone 
tree, small island, shoreline feature, bend in a stream, small outcrop, and so on. 
In this way, discoveries or other features, or positions from which samples or 
specimens are taken, can be marked on the print. Another method is to stick 
a pin through the point, and to place a number or note on the back of the print, 
beside the pin-hole. 

When a prospector reports to those who employ or finance him, or tries to 
interest a company in sending a representative to examine a discovery, it is 
almost essential that he be able to furnish a sketch. Nothing is more helpful 
in this connection than an air photograph on which significant items are marked, 
or a tracing on which roads, trails, main lakes and streams, main geological 
features, and positions of discoveries are copied from one or more photographs. 
The approximate scale and northing should always be indicated on such a tracing. 

Most photographs are taken along flight lines as nearly east and west as 
possible, one flight travelling in one direction, and the adjoining one travelling 
in the opposite direction. In special cases, however, photographs may have a ny 
orientation. The approximate direction of north is usually determined by selecting 
some feature such as a lake, road, or stream shown on both the photograph and 
on a map, and from these the photograph is oriented so that this feature corre­
sponds in both photograph and map. Occasionally a photograph shows a surveyed 
line that has been cut through timber, in which case a more precise orientation 
can be made as soon as the map has indicated whether or not the photograph 
was being viewed 'upside down '. 
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The scale of a photograph, or a series of them, varies to some extent because 
of distortion in the lens of the camera, tilt of the aircraft, unevenness in the line 
of flight, and variations in the surface being photographed. These changes in 
scale are corrected in making accurate maps from air photographs, but they 
may be ignored so far as prospecting is concerned. The approximate scale is 
stated on the backs of many photographs. If this is not done, two points that 
appear on a map can be selected, and their distances on the photograph and 
on the map can be measured and compared. Another method is to measure on 
the ground the distance between two points that appear on a photograph. 

How to Consult or Obtain Air Photographs 

The greater part of the air photography of Canada has been done by the 
Royal Canadian Air Force or by commercial fl ying companies working on 
contracts for departments of the Federal Government. Much photography has 
been done for provincial governments a lso, as well as for private mining, oil, 
and logging companies, but in the case of the last three, prints are not usually 
available to the public. 

Services of the Federal Governn~ent 

The Department of Mines a nd Technical Surveys maintains the National 
Air Photo Library at Ottawa. Here is kept one print of each photograph taken 
for the Federal Government, totalling about 3,000,000 prints. Photographs 
for any area can be studied by visitors to the library, but they cannot be lent. 
Orders for prints are forwarded by the library to the Royal Canadian Air Force, 
which keeps the negatives a nd makes prints and enlargements. Photographs 
are designated by seria l numbers, usua lly composed of a flight number and 
a number indicating the position of the photograph in the flight series. The 
direction of an oblique or trimetrogon photograph is a lso indicated in the serial 
description. 

A map showing the type of photography avai lable for any part of Canada 
may be obtained from the library free of charge. 

Ordinary prints are obtainable at 50 cents each, and enlargements cost up 
to $12.50 for the largest size, which is 40 by 60 inches. Copies of mosaics cost 
about the same as an enlargement of corresponding size. 

Prints may be ordered from the library by mail, by enclosing a copy of the 
best available map, or a tracing therefrom, on which the exact area for which 
photographs are desired is outlined. The following information should be given: 
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(1) The scale desired, if vertical photographs are requested. For some 
areas, photographs a re avai lable on scales of about 1, 2, and 4 
inches to a mile, and for a few areas, larger scales are available. 

(2 ) Whether matte or glossy prints are desired. The former are prefer-
able for marking with a pen or pencil, but glossy prints may give 
sharper detail. 

(3) Whether stereoscopic coverage is desired. If not, only half as 
many prints are necessary. 
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The library will advise the cost, and place an order on receipt of payment 
in adva nce, which should be by money order payable to Receiver General of 
Canada. 

Services of Provincial Governrnents 

In British Columbia, Alberta, Ontario, and New Brunswick, photographs 
covering much of these provinces can be inspected a t, and in some insta nces 
bought from, provin cia l government offices. Inform ation can be obtained from 
the following: 

1. Air Photo Library, Department of La nds and Forests, Victoria, B.C. 

2. T echnica l Director, Department of Lands and Forests, Edmonton, Alta. 

3. Surveyor General, Department of La nds and Forests, Toronto , Ont. 

4. Director of Photogrammetry, New Brunswick Department of Lands and 
Mines, Fredericton, N. B. 

5. Nova Scotia Research Founda tion, H alifax, N.S. 

6. Director of Surveys, Department of Mines and Natural Resources, 
Winnipeg, Man. 

7. Controller of Surveys, Department of Natural Resources, Regin a, Sask. 

Suggestions for Additional Reading 

Smith, H. T. U.: Aerial Photographs and Their Applications; Appleton-Century, 1943. Price $5.80. 
A book on a ir photographs and their uses a nd interpretation. I t includes sections dealing 

with the use of air photographs in different branches of geology, including mining and engi­
neering geology. 

Outsta nding Aerial Photographs in North America; Amer. Geol. Inst., Rpt. No. 5, 1951. Issued 
by Amer. Geol. Inst., 2101 Constitution Ave., Washington 25, D.C. 

This publication gives introductory information on air photographs, a list of outstanding 
photographs illustrative of various geological phenomena, a nd a good list of references to 
further books a nd a rticles on the interpretation of a ir photographs. T he publication does 
not include reproductions of air photographs. 

Lang, A. H. , Bostock, H . S., and Fortier, Y. 0.: Interim Catalogue of the Geological Survey 
Collections of Outstanding Air Photographs; Geol. Surv., Canada, P aper 47-26 (1947). 
Price 15 cents. 

A li st of specially selected air photographs , with expla natory notes. Appropriate photo­
graphs illustrating particular geologica l fea tures a nd t he ma nner in which they appear on 
ai r photographs can then be orde red from the National Air Photo Library. 

Selected Pa pers on P hotogeology and Photo Interpretation; Research a nd Development Board, 
Washington, D.C. , 1953. 

A fairly comprehensive treatment of these subj ects, applicable for advanced use, bu t 
one that may not be readily available. 
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CHAPTER IX 

SPECIAL METHODS OF PROSPECTING 

The preceding chapter discussed the time-honoured methods of prospecting 
that can be employed by anyone who lea rns their fundamentals , without requiring 
special instruments or advanced knowledge. As deposits that outcrop became 
harder to find , special methods were developed or attempted to aid in the search 
for those hidden by soil or barren rock, and for outcropping deposits tha t are 
difficult to recognize. Some of these special methods have been known for some 
time but are only now being widely tried; others are still in their infancy and 
require furth er appraisal or development; still other methods will doubtless be 
developed . In some countries, virtually all mineral deposits found in recent years 
have been discovered by special methods, because most outcrops had already 
been carefully studied. Canada is fortunate in still having much terrirory where 
ordinary methods can be used, but even so there is a great and growing interest 
in special methods, largely because they hold possibilities for the discovery of 
orebodies in regions a lready settled a nd served by transportation and other 
facilities. It has been well said tha t Canada's frontier for ordinary methods of 
prospecting is northward , a nd that another, downward, frontier awaits prospect­
ing by special methods. There is, therefore, a great field for further research to 
discover new methods, to test the a pplicability of those already known, and to 
improve techniques, as well as for the application of those methods now well 
established. Indications found in these ways may be uncertain, and usually 
require expensive drilling or other mea ns of proving or disproving them, but they 
now have an important place in the mining industry. The improving of known 
techniques for these special methods, and the discovery of others, offers a great 
challenge and a great opportunity for further research. 

Most special methods are costly and are so technica l that scientists or 
engineers must select the localities for investigation, choose the appropriate 
method, perform or supervise the work, and interpret the results. A few, including 
simple geophysical surveys such as those employing dip needles or radioactivity 
detectors, and some geochemical methods, can be used by well-qualified con­
ventional prospectors working independently, but those less experienced should 
first become thoroughly familiar with the ordinary methods and should preferab ly 
have several year8' experience before attempting special methods, unless under 
supervision. The only special equipment recommended for inexperienced pros­
pectors is a radioactivity detector, if uranium is sought, and a mineral light, if 
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tungsten is sough t. Beginners are prone to suppose that modern special methods 
will relieve them from the necessity of learning and practising the ordinary 
methods, a nd even make requests for the name of a Geiger counter t hat will find 
go ld or other non-radioactive metals. 

Although several reliable special a ids for prospecting are available , the lure 
of hidd en mineral wealth and the un certa inties involved have long provided both 
scop~ for tricksters and pitfalls for the credulous. In the Middle Ages, according 
to Agricola, men were hanged for purporting to be able to find mineral deposits 
by use of sticks such as a re employed in attempts to locate wa ter by 'dowsing'. 
Today there are still those who a llege that they ca n find ore by such simple means, 
as well as by more mysterious devices, a nd even by 'mental' methods requiring 
no eq uipment. Disappointment and financial loss may be avoided by buying 
from reputable dealers, or buy ing those instruments only that are recommended 
in standard textbooks or officia l reports, a nd by avoiding mysterious and usually 
secret methods or devices, unless the individua l recommending them is a profes­
sional man in good standing. 

Diamond drilling is not in itself a specia l method of prospecting, but an 
a lmost indispensab le a id in testing indications and theories resu lting from the use 
of special methods. l n fact, the advances in special methods and the greater use 
now being made of them are largely due to the strides made by manufacturers of 
equipment for diamond drilling and the contractors, engi neers, and drillers who 
use it, since they provide the means of following up these methods of prospecting. 

The principal special, or indirect, methods of prospecting, which are often 
used in combinations of two or more methods, are outlined below. They are not 
discussed in detail because most of them a re mainly usable by professiona l \.vorkers 
who are well trained and aware of the extensive literature on these subjects, and 
because a separa te chapter is devoted to geophys ica l methods. lVI uch research 
directed to the improvement of existi ng specia l methods of prospecting and to 
the development of new ones is being, and undoubtedl y will continue to be, 
carried on. 

Detailed Geological Studies 

I'dineral deposits are found at times by drilling or otherwise testing geo­
logical indications shown on stand ard geological maps or resulting from simple 
geologica l observations. As a rule, however, specia l geological investiga tions are 
req uired. Detailed geologica l studies and mapping in established mining camps 
are the old est and most f und amen ta! of a ll specia l methods of prospecting. It 
has gradua ll y been recognized that it is vita lly important to determine as thor­
oughly a nd as conclusively as possible the geologica l factors that caused known 
orebodies to be wh ere they are , and to investiga te mines a nd mining districts, 
including old ones, for the purpose of trying to find extensions of known orebodies 
and to discover sim ilar conditions th a t can be explored as what a re popula rly 
ca lled 'geological bets'. Work of th is kind usua lly involves thorough studies of 
surface and underground exposures a t the known deposits in the minin g camp 
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concerned, a nd detailed study and mapping of all rock exposures in the camp. 
The general principles of mineral deposition may be applicable from one camp 
to another, but the details vary, so that each camp has to be studied a fresh. Min­
ing companies usually do much of this work themselves, and government organ­
iza tions do as much as they can when more than one mining property and owner­
ship a re involved, but because of the many demands for work of this kind, its 
slowness, and the high quality of work required, the present staffs and facilities 
cannot cope with a ll that might be desirable. 

The conditions governing the position of ore deposits are usuall y structural, 
stratigraphic, or lithological- that is, their position depends on structures such 
as faults, shear zones, fracture systems, or folds that provided channels for the 
introduction of solutions from which the ores were ultimately deposited, or on 
contacts between one kind of rock and another; or the presence of ore may be 
controlled by the stratigraphic position of one or more beds that are particularly 
favoura ble; or by the occurrence of one or more kinds of rock that a re pa rticula rl y 
favourab le. In ma ny instances the controls involve a combination of severa l of 
t hese conditions. In some camps the controls can be demonstrated fa irly definitely 
and in others t hey can only be surmised. In either case, it is accepted that every­
thing possible should be done to try to solve the particular problem, including 
detailed mapping and thorough studies of the surrounding region, with particular 
emphasis on the factors pertaining to the controls known or postulated. Some­
times the results a re spectacular a nd easily attributed to t hese methods, but more 
commonly they are only part of th e slow growth of a mining camp after its initia l 
success, and the detailed geological work is supplemented by geophysical or other 
stud ies. For both reasons, detailed geological investigations of mining camps are 
now considered indispensable. 

An example of the efficiency of work of this kind is shown by the impor tant 
developments in the mineral belt that extends from the Rouyn region to Bell 
River, in northwestern Quebec. Soon a fter the successful development of the 
Horne mine at Noranda, the outcrops for nearly 100 miles a long this belt were 
examined by prospectors and geologists, a nd several other mines came into 
production. The need for more detailed geologica l stud ies to supplement t he 
standard 1 inch to 1 mile mapping was recognized, a nd v irtua ll y the entire belt 
was remapped in deta il with particular attention to rock types, tops and bottoms 
of beds a nd lava flows, and fa ult zones. This work, supplemented in places by 
geophysical studies, successfully guided the laying-out of diamond drilling projects 
that resu lted in the discovery of several important deposits beneath drift-covered 
areas. 

Another example is t he Ace uranium min e in Saskatchewan. During a nd 
immediately after \i\Torld War II, when uranium was relatively unknown and in 
great demand, a highly organ ized search was conducted in northern Saskat­
chewan, because one small pitchblende occurrence had been found there years 
before. Experienced gold prospectors were engaged and trained in the use of 
Geiger counters. Geologists selected the genera l areas of search, and checked the 
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prospectors' discoveries. At the same time, geological mapping was done on a 
scale of 1 inch to 1 mile to supplement a much earlier reconnaissance map of the 
district, and more detailed mapping was done is some favourable areas. vVithin 
two years the prospectors and geologists found about a thousand radioactive 
occurrences in the district, and the more promising ones were explored by trenching 
and diamond drilling. The remapping proved the presence of a strong fault 
that was not revealed by the reconnaissance mapping. One of the radioactive 
discoveries was beside this fault, and the consulting geologist advised the compa­
ny to explore this part of the fault and the rocks at either side by drilling, because, 
although this showing was not particularly impressive, the structural possibilities 
seemed much better than at other discoveries. As a result a large and important 
orebody was found, of which the surface showing was the merest indication. In 
spite of a great deal of work on other discoveries in the district, the Ace is at the 
time of writing the on ly large uranium producer in the district, although it is soon 
to be challenged by the Gunnar mine. 

Special mineralogical studies are commonly helpful in determining the precise 
nature and distribution of ore minerals and the minerals with which they are 
associated. Knowledge of these matters can assist in determining the origin of a 
deposit, the distribution of ore-shoots in a deposit, and the distribution of deposits 
in a district. In recent years special equipment has been devised for experimental 
studies in connection with the temperatures at which minerals were formed, and 
for determining approximately the time that has elapsed since radioactive 
minerals were deposited. 

The fact that many mineral deposits are surrounded by a zone of rock altered 
in one of several ways has a lready been a lluded to in connection with ordinary 
prospecting. Special studies to determine the nature of these forms of alteration 
in a particular district, and to search for rocks appropriately altered, have proved 
effective in some instances. Because the altered shell around a mineral deposit 
may be as wide as, or much wider than, the deposit itself, recognition of alteration 
phenomena, either in surface outcrops or in drill cores, increases the chances of 
discovery. Investigations of these kinds may include special microscopic studies 
of rocks and minerals, estimates of the temperature of formation of minerals, 
special investigations by a method called 'differential thermal analysis' of the 
'clay' minerals that commonly are formed in a lteration zones, and geochemical 
studies as mentioned later. 

Suggestions for Additional Reading 

Behre, C. H. Jr.: Geology in Exploration; Precambrian, Oct. 1952, pp. 16-17. (A condensation 
of an article published originally in the Mining Congress Journal, April 1952.) 

Broderick, T. M.: Exploration for Ore Deposits; Econ. Geol., vol. 44, No. 5, (1949), pp. 357-375. 

Callaway, H. M.: Expense of Exploration; Econ. Geol., vol. 49, No. 3, (1954), pp. 328-330. 

Davidson, S.: Modernized Exploration Technique in Eastern Canadian Mining Fields; Bull. Can. 
Inst. Min. Met., Jan. 1944, pp. 49-52. 

Dawson, A. S.: The Application of Geology in the Search for Industrial Mineral Deposits; Trans. 
Can. Inst. Min. Met., vol. Lll, 1949, pp. 23-26. 

Forrester, J. D.: Mining Geology and the Engineering Aspects of Mineral Exploration; Econ. 
Geot., vol. 44, No. 6, (1949), pp. 545-550. 
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Hulin, C. D.: Factors in the Localization of Mineralized Districts; Mining Technology, vol. 9, 
No. 1, 1945, pp. 1-17. 

Kerr, Paul F.: Mineralogical Methods in i\lineral Exploration; Mining Engineering, August, 1949, 
pp. 22-25. 

Kuhn, Truman H.: Subsurface Methods as Applied in Mining Geology; Subsurface Geologic 
Methods, Colorado School of Mines, 1950, pp. 969-988. 

Langford, G. B.: Mining Geology in Canada; Bull. Can. Inst. Min. Met., Sept. 1948, pp. 517-520. 
Locke, A.: Profession of Ore Hunting-The New Mining Geology; Precambrian, vol. 26, No. 10, 

1953, pp. 8-15, 28, and continued in No. 11, pp. 15-17, 27. 
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Geol., Mono. No. 1, 1949. 
McDougall, David, J.: The Marginal Luminescence of Certain Intrusive Rocks and Hydro­

thermal Ore Deposits; Econ. Geol.,vol. 49, No. 7, (1954), pp. 717-726. 
Nolan, T. B.: The Search for New Mining Districts; Econ. Geol., vol. 45, No. 7, (1950), pp. 601-608. 
Report of The Committee on Research on Ore Deposits of The Society of Economic Geologists; 

Econ. Geol., vol. 42, No. 6, (1949), pp. 524-562. 
Schmitt, H.: Modern Aspects of Mining Geology; Eng. Min. J., Feb. 1939, pp. 69-72. 
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Swanson, C. 0.: A Perspective on Mining Geology; Trans. Can. Inst. Min. Met., vol. LII, 1949, 

pp. 89-92. 

Geophysical Prospecting 

Geophysics may be defined as the physics of the solid earth, its oceans, 
and its atmosphere. In this broadest sense it includes studies of meteorology, 
the internal heat of the earth, strength of rocks, and other subjects besides 
the magnetic, electrical, seismic, and radioactive effects that are the basis of 
geophysical prospecting. Many years ago magnetic methods were applied to 
the search for extensions of known iron deposits that contained magnetic minerals, 
and for other such deposits that were completely hidden. Other methods were 
developed, and geophysical prospecting has become a valuable and highly 
specialized aid in searching for and delimiting many kinds of mineral deposits. 
It is commonly performed as a step between detailed geological studies and 
drilling. Geophysics has been most successfully employed in connection with 
exploration for oil, probably because an oil 'pool' is usually a much larger target 
than an orebody. 

Most geophysical work can be properly done and interpreted only by special­
ly qualified persons. Surveys made with a dip needle, magnetometer, certain kinds 
of self-potential equipment, and radioactivity detectors can, however, under 
certain conditions be successfully carried out by experienced prospectors who do 
not have a great deal of technical training. These methods as well as the more 
complicated methods of geophysical prospecting are described in the next chapter. 
Geiger counters and other kinds of radioactivity detectors are forms of geophysical 
instruments ; their use for making systematic radioactivity surveys on the ground 
or from the air is generally considered to be a type of geophysical prospecting, 
also described in the next chapter. Radioactivity detectors are, of course, also 
widely used in connection with ordinary prospecting for uranium. 

A series of papers on different geophysical methods, written for the layman, 
was recently prepared by the Society of Canadian Exploration Geophysicists, 
and the supply was soon exhausted. The Society has generously permitted these 
papers to be reprinted, with some modification, as the next chapter of this book. 
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Plate XLIX 

A portable kit for testing the 

metal content of stream water. 

Geochemical methods of prospecting a re based on t he fact that very small 
amoun ts of one or more of the metals present in an orebody are likely to be 
dispersed in its vicinity. They may be detectable in the rocks surrounding the 
orebody, in soil above the e rocks, in water that has percolated through such so il 
or rock, or in plants growing in such soil. An unusua l concentration of a metal 
occurri ng in one of these ways is called a geochemical anoma ly. Metals dispersed 
in the rock surrounding a primary minera l deposit form a primary dispersion halo 
or pattern, a nd metals dispersed in weathered rocks surrounding a deposit , or in 
soi l, water, or plants, form a secondary dispersion ha lo or pattern. · A variable 
pattern of metal content, decreasing a nd widening roughly in the shape of a 
triangle a nd apparently pointing towards a source, is called a dispersion fan. 
Certain elements that commonly accompany a particula r metal of value, and that 
may be detected more read ily than the valuable metal itself, are called geochemical 
indicators, or pathfinder elements. 

Geochemical methods have been used for some time in certain countries, 
with some success . These investigations have been most effective when employed 
together with geophysical and geological methods. Geochemical methods were 

166 



Special Methods of Prospecting 

not used extensively in Canada until recent years, because it was thought that 
the overburden of glacial origin overlying the rocks in most parts of Canada would 
not be sufficiently representative of the rocks beneath, but it is now believed that 
this may not be as serious a consideration as was formerly thought, at least for 
some regions and conditions. 

Reconnaissance geochemical surveys may be made by collecting samples at 
random or by following and testing streams. Detailed surveys are made on grid 
systems at intervals depending on the detail desired, and the results are plotted 
accurately on a map. For some purposes, portable kits for making very sensitive 
chemical tests of samples are available (see Plate XLIX); for others, a mobile 
laboratory may be used or a temporary laboratory may be established in or near 
the area being surveyed; and for other purposes samples are sent to a permanent 
laboratory. Some tests can be made by experienced prospectors but, in general, 
geochemical prospecting probably will be most successful if performed by scien­
tists, or supervised and interpreted by them. At least, no one should undertake 
these methods without careful study of some of the extensive literature. The 
Geological Survey of Canada does not undertake to test geochemical samples for 
the public. The following notes cover only a few of the main points regarding the 
different methods. 

Surveys of Bedrock 

These are usually made in connection with detailed geological investigations, 
special samples being taken at regular intervals. For some kinds of investigations, 
samples may be tested in the field by means of a portable chemical kit, otherwise 
they are sent to a laboratory for chemical, spectrographic, or other form. of 
analysis. 
Surveys of Soils 

Samples are taken from overburden by digging pits or narrow trenches, by 
using a post-hole auger, or by cutting a channel in a bank. Samples should be 
taken to bedrock but in plar.es where the depth to bedrock is excessive, some 
information may be obtained by sampling as deeply as possible. Large samples 
can be reduced in size by careful mixing and selection of fractions. Soil that is 
permanently frozen is usually unsuitable for surveys of this kind. 

Surveys of Water 

Geochemical surveys of this kind are usually made by following up a stream 
and its tributaries, in much the same way as in prospecting by panning or looking 
for float. Streams having a well-branched drainage pattern are preferable because 
they provide more even drainage of the terrain and therefore have more chances 
of dissolving metal from a deposit or of being representative of the metal content 
of the rock or soil nearby. Stagnant water is not as suitable for testing because 
it probably contains organic matter that would interfere with tests. Water 
samples are usually tested by means of field kits or in a laboratory nearby, 
because of the difficulty of shipping large numbers of liquid samples. 

Surveys of Vegetation 

Plants absorb metals from the soil and some species retain a metal in the 
leaves, wood, or fruit, in direct proportion to the amount of the metal in the soil. 
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If they do so without visible evidence of an increased metal content they are 
called covert indicator plants, whereas the few that show changes or a preference 
for growing in a certain kind of place are called overt indicator plants. Samples 
are usually taken from leaves or buds, and some of the principal a uthorities rec­
ommend sampling second-year stems. Samples are usually taken to a laboratory, 
where they are burned to ash for testing chemically or spectrographically. If 
shipping is a problem, arrangements may be made to reduce the sample to ash 
while in the field. 

Geochemical surveys dealing with vegetation are commonly called biogeo­
chemical or botanical prospecting. 

Suggestions for Additional Reading 

Boyle, R. W., Illsley, C. T., and Green, R. N.: Geochemical Investigation of the Heavy Metal 
Content of the Streams and Spring Waters in the Keno Hill-Galena Hill Area, Yukon Terri­
tory; Geol. Surv., Canada, Bull. 32, (1955). 

Geochemical Prospecting Abstracts Through June 1952; U. S. Geol. Surv., Bull. No. 1000-A. 
From Supt. of Documents, Washington 25, D.C. Price 20 cents. 

Hawkes, H. E. Jr.: Geochemical Prospecting for Ores ; A Progress Report; Econ. Geol., vol. 44, 
1949, pp. 706-712. 

Ostle, D.: Geochemical Prospecting for Uranium; Mining Magazine, Oct. 1954. 

Riddell, J ohn E.: Geochemical Soil and Water Surveys in Lemieux Township, Gaspe-North 
County; Que. Dept. Mines, P.R. 302 (1954). 

Wark, W. ].: Geochemical Prospecting in Lakes and Rivers; Trans. Can. Inst. }.lin. Met., vol. 
LVIJI, pp. 111-114 (1955). 

Warren, H. V., and Delavault, R . E.: Geochemistry in Minefinding; Western Miner and Oil 
Review, March 1955. 

Warren, H. V., Delavault, R.E., a nd Irish, Ruth I.: Acetonic Dithizone in Geochemistry; Econ. 
Geol., vol. 48, No. 4, 1953, pp. 306-311. 

Williams, David: Geoch emical Prospecting Research Centre at the Royal School of Mines, 
Imperia l College of Science and Technology; Bull. I nst. Min. Met., Nov. 1954, pp. 51-58. 

Fluorescence 

Certain minerals glow or 'fluoresce' when exposed in the dark to the beam 
from an ultraviolet lamp. Such lamps are a lso called fluorescent lamps or mineral 
lights. The effect is striking, and useful in detecting the presence and distribution 
of some minerals that possess this characteristic, but it is not a sure guide to the 
identification of minerals. Requests are sometimes made for a list or coloured 
chart of the diagnostic colours of fluorescent minerals, but the matter is far from 
being that simple. 

Fluorescence is caused by the excitation of the atoms of certain minerals 
under the influence of ultraviolet rays, that is, rays whose wave lengths are shorter 
than those of ordinary light. This is sometimes called 'black light'. Improvements 
have been made in recent years in portable lamps that produce ultraviolet rays 
with a minimum of ordinary rays that lessen the effect, and which are lighter 
and more compact than earlier types. Some lamps are designed to produce rays 
of both long and short wave lengths. 

Unfortunately, some specimens of a mineral may fluoresce visibly whereas 
others may not, and a single specimen may show different fluorescent colours, 
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Fluorescence has also been valuable in detecting certain other minerals, such 
as secondary uranium minerals, but a radioactivity detector is usually much 
better for prospecting for uranium under Canadian conditions. 

Ultraviolet lamps powered by small batteries and designed especially for 
prospectors, geologists, and mineralogists can be bought from several dealers in 
laboratory supplies and surveying instruments (see Plate LXV). 

The following is a list of some of the principal fluorescent minerals with notes 
on their behaviour. New information is from time to time being discovered, so 
the notes should not be considered as complete or final. 

Apatite usually does not fluoresce but specimens from some localities do. 

Barile may in some specimens show pale bluish green or yellowish white 
fluorescence. 

Beryl is not usually fluorescent but some specimens are said to show green 
fluorescence. 

Calcite. Many specimens of calcite are fluorescent, the range of colours being­
great. 

Celestite. Some specimens show blue and bluish white fluorescence. 

Cinnabar is not fluorescent, but the presence of mercury ca n be detected 
by use of a quartz ultraviolet lamp and a special screen. 

Dolomite. Specimens from several loca lities are fluorescent. 

Fluorite. This was the first mineral studied in connection with fluorescence, 
hence the derivation of the name for the phenomenon. Most specimens show more 
vivid colours when exposed to ' long' rays. 

Gypsum. Most specimens do not fluoresce, but some show green fluorescence. 

Scheelite general ly shows vivid blue fluorescence, when pure, and yellow 
when impure, therefore material that shows blue fluorescence is likely to be more 
valuable than that showing yellow. 

Spodumene sometimes shows deep red fluorescence. 

Uranium minerals. Many secondary uranium minerals, such as autunite and 
uranophane, show yellowish green fluorescence. Gummite, a variable mixture, 
commonly exhibits violet fluorescence. 

Zircon. Some specimens show bright orange fluorescence, which might assist 
in detecting the mineral and estimating its quantity in rocks and placer con­
centrates. 

Suggestions for Additional Reading 

Dake, H. C.: The Uranium and Fluorescent Minerals; Mineralogist Publishing Co., Portland, 
Ore. (1953). Price $2. 

Jolliffe, A. W., and Folinsbee, R. E.: Grading Scheelite Deposits With an Ultra-Violet Lamp; 
Trans. Can. Inst. Min. Met., vol. XLV, 1942, pp. 91-98. 

McLaren, D.: Detection of Scheelite by Ultra-Violet Radiation; Can. Min. J., vol. 64, No. 8, 
1943, pp. 494-500. 
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CHAPTER X 

GEOPHYSICAL PROSPECTING* 

Historical Summary 

There is nothing new about geophysics, except possibly its popular accept­
ance today. As a science, it is more than three centuries old, but as an exploration 
tool it is somewhat younger, a lthough not as recent a development as most 
people believe. 

To those interested primarily in the exploration for mineral resources, the 
word geophysics signifies certa in s'pecialized prospecting techniques that are 
actually the outgrowth of the older and broader science of geophysics. Geophysics 
means the study of the physics of the earth , and some of the knowledge thus 
gained, when applied to the search for mineral deposits, becomes the science of 
geophysical exploration. 

The story of geophysics begins in antiqu ity. It could be said that geophysics 
began with the invention of the magnetic compass. This is a geophysical instru­
ment, because it responds to a physical force of the earth - its magnetism. There 
are legends that the Chinese knew the use of the compass 2,000 years before 
Christ, but the first au then tic description of the instrument was written in the 
12th century by Alexander Teckham. 

Little progress was made in the study of magnetism for many centuries, 
probably because the ancients believed that the property of attracting the 
magnetic needle resided in the heavens. Not until Sir William Gilbert published 
his masterl y study on magnetism in 1600 did it become known that the earth 
itself was the magnet which controlled the orientation of the compass needle. 
Gilbert, who has been called the "Father of Electricity" and the "Galileo of 
Magnetism", deserves the title of "The First Geophysicist". 

The Dip Needle, 

Some 20 years after the appearance of Gilbert's work, Swedish prospectors 
were utilizing magnetized bars to assist them in prospecting for magnetic bodies 
of iron ore. The dip need le evolved from these early experiments, but was still 
so crude an instrument that it could be used only in prospecting for bodies of 
strongly magnetic minerals, such as magnetite and pyrrhotite. It remained the 

* This chapter is a re-publication of the booklet "Elementary Mining Geophysics" prepared by Canadian Explcr 
ration Geophysicists, and is included here by kind permission of that Society. The text and some illustrations have 
been modified slightly by L. W. Morley, head of the Geophysics Section, Geological Survey of Canada, to conform 
with the needs of this publication. 
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principal instrument for magnetic prospecting until about the middle of the 19th 
century, but from then on progress was made in the refinements of magnetic 
prospecting, both in theory and instrumentation. The development of the 
Hotchkiss Superdip, the Schmidt type magnetic balance or Askania magnet­
ometer, and the airborne magnetometer have brought about an increased versa­
tility and expanded application of magnetic prospecting techniques. 

The Gravity Method 

Another physical force utilized for prospecting is that of gravity. In early 
times it, too, was a mystery until Sir Isaac Newton enunciated the laws of universal 
gravitational attraction in 1687. Small-scale, laboratory investigation of grav­
itational attraction did not commence, however, until the end of the 18th century, 
when Henry Cavendish in England designed his torsion balance. 

This consisted of a bar with a lead weight at each end, balanced, and suspend­
ed at its middle by a long wire. The gravitational attraction between the weight 
at one end of the bar a nd a n object brought near it would cause the bar to turn 
slightly on its suspending wire; the amount of torsion or twist of the suspending 
,,·ire was then a measure of the gravitational attraction between the two objects. 

This was essentia lly a laboratory instrument, but in 1880 Baron Roland 
von Ei:itvi:is of Hungary developed a torsion balance that could be taken into the 
field a nd used to measure the variations in gravity from place to place. Early in 
the present century it was discovered that differences in regional geological 
structures influenced the variations in gravitational attraction at different 
localities. By 1917 the torsion balance was being applied in Europe to the study 
of salt domes and anticlinal structures. It was introduced into the United States 
in 1922 by Everett DeGolyer, an American geologist, as a prospecting tool in the 
search for structures which might contain oil deposits. 

For the next 15 years the torsion balance proved tremendously useful in 
the search for structures, especially salt domes, with which oil might be associated. 
Because of its slowness of operation, however, faster techniques were developed, 
utilizing a principle first formulated by Sir John Herschel, about 1833. He had 
suggested that the difference in gravitational attraction between the equator and 
the poles could be measured by observing the extensions of a coiled spring to 
which a weight was attached . 

Means were not avai lable in Herschel's day for constructing an instrument 
sufficiently sensitive and precise, so it was not until about 1918 that a practical 
instrument of this type was made by Professor Gustav Ising of Sweden. The most 
widely used gravity meters today follow a design developed by Kenneth Hartley 
in the United States in 1932, using the Herschel principle. 

Essentially, these gravity meters measure the differences in density of large 
bodies of different types of rocks or minerals that may underlie the surface of the 
earth. Their greatest application has been in the field of petroleum exploration, 
but the possibility of their use in mining exploration deserves more intensive 
study. 
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In the preceding discussion, we have dealt with two physical forces, gravit~ 
and magnetism, that are inherent in the earth. They are fields of force supplied by 
nature, that cannot be modified by the geophysicist, either in degree or in point 
of application. He must take the force as nature provides it; he is saved the 
necessity of taking into the field more or less cumbersome apparatus for creating 
a field of force, but suffers the disadvantage of not being able to control it. How­
ever, in the seismic methods of exploration, discussed below, he creates a field 
of force suitable to his needs by setting off a charge of explosives. He thus imitates 
nature by creating a miniature and artificial earthquake. 

Seismic Methods 

Observations on earthquake shocks have been made for 20 centuries. Early 
Oriental instruments, of very crude design, were used to indicate roughly the 
direction and severity of earthquake shocks. The idea of using accurately measur­
ed arrival times of shocks at different stations, to determine their point of origin, 
was first suggested by the Reverend John Michell , of England, in 1761. Some 80 
years later a distinguished Irish engineer, Robert Mallet, recognized that different 
geological formations might exercise different effects on the speed of travel of 
earthquake shocks. He actually employed an electrical detonating and timing 
system, in the experiments he conducted with charges of explosives, for measuring 
the speed at which shocks were transmitted in different rock formations. In 
1888, A. Schmidt suggested that the speeds of transmission of earthquake waves, 
or shocks, vary with depth, a concept fundamental to seismic exploration. 

It was World War I which brought to a head the practical utilization of 
sound or earthquake vibrations. The German army experimented with the use of 
vibration detectors to locate positions of big guns, and this line of investigation 
resulted in the Mintrop patents of 1919, basic to the refraction method of pros­
pecting. In the same year, J. C. Karcher, in the U.S.A., took out a patent basic 
to the reflection method of prospecting, which had evolved from efforts by the 
U. S. Army to locate big guns by sound ranging, and which is explained below. 
In the refraction method, the detecting point is spaced at a considerable distance 
from the point of explosion or shot point, and the time taken for the shock waves 
to be refracted through the underlying rock layers to the detection point is 
measured. 

The reflection method of seismic exploration has superseded the refraction 
method because of its greater simplicity and lesser consumption of explosives. 
In essence, it depends on timing the interval between the explosion and the 
reception, at the surface, of the earthquake wave which has been bounced back, 
like an echo, from a subsurface reflecting stratum. Accurate timing enables the 
geophysicists to calculate the depth to the reflecting formation. The reflection 
method is better for measuring reflection from a number of layers than is the 
refraction method. 

It is in the field of oil exploration that the seismic technique has had its 
widest application, because it is peculiarly adapted to measuring the depth to 
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extensive, more or less horizontal, strata such as underlie oil areas, and thus 
interpreting the way in which they are folded or faulted. It is not so well adapted 
to studying relatively small and often nearly vertical rock changes such as are 
presented by most mineral deposits. 

Electrical Met hods 

For mineral prospecting, the electrical methods are particularly versatile, 
They include techniques in which the geophysicist creates a field of force to suit 
his needs, and controls its point of application, and also a technique in which 
nature itself furnishes the force and the geophysicist merel y directs his search 
towards revealing its point of origin. 

The natural field of electrical force for which the geophysicist searches is 
that which a rises spontaneously in most sulphide deposits. The fact that electrical 
currents flow within sulphide veins was discovered by a Cornish engineer, Robert 
Fox, in 1830. His discoveries, made in the copper mines of Cornwall, stimulated 
much discussion and experimentation in England and Germany between 1830 
and 1845, and during this period Robert Fox actually discovered a body of 
copper ore underground in one of the Cornish mines. 

Electrical currents may a lso be applied to the earth artificia ll y by means 
of a battery or generator, and from observations made on the surface with a 
special voltmeter the electrical conductivities of the underlying formations can 
be calculated. 

To Robert Fox also goes the c1-edit for suggesting, in 1843, that the natures 
and textures of rock formations, the saline content of subterranean waters, 
a nd the proportions of sulphide minerals in rocks would a ffect their electrical 
conductivities. Subsequent experimenters did not make much progress until 
Alfred Williams, an Englishman, and Leo Daft, an American electrical engineer, 
introduced the so-called 'flying circuit' a circuit for measuring the current in 
the earth which is entirely separated from the circuit introducing the electrical 
current into the earth. This was patented in 1902. Electrical resistivity methods 
of subsurface exploration took two different directions. Conrad Schlumberger, 
working in France, developed a direct current method, upon which he took 
patents about 1912. Simultaneously, Hans Lundberg and H. :'\athorst, in 
Sweden, were developing a method of electrical prospecting ut ilizin g an a lternat­
ing current, and made important discoveries with their technique as early as 1918 
a nd 1919. 

The work of Frank \!\Tenner of the U. S. Bureau of Standards in 1916 made 
these resistivity methods more quantitative, by introducing the concept of four 
equally spaced electrical contacts, which facilitated a simplified mathematical 
treatment a nd quantitative study of electrical conductivity. 

Induction Methods 

Electromagnetic methods, which depend upon electromagnetic induction 
to set up secondary currents in buried conductors, had their origin in the work of 
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Conklin, a n :\merican mining a nd electri cal engi neer, who took out basic patents 
on the idea in 1917. 

Conklin utili zed a loop of insula ted wire la id in the ground, through which 
a current was passed , to induce second ary currents in any conductive materia l 
beneath it. These secondary currents were then investigated by observing the 
magnetic fi eld which they created . This id ea, in various forms, is basic to practica l­
ly a ll such methods today. 

The electrical and magnetic methods have been by far the most important 
in the field of geoph ysical prospecting for ores. In prospecting for oil, t he grav­
itational a nd seismic techniques are of prime importa nce. These four methods 
represent the main ones thus far applied to the problem of detecting and differen­
tiating subsurface changes in minera l and rock form ations. They are not the only 
methods, however, a nd others a re appearing which, in future, may ran k with or 
even be better than the older techniques. 

In the search for uranium , wide application has recently been made of 
devices that register disintegration s taking place within the atom ic cores of the 
rad ioactive elements . This is the principle behind the now familiar Geiger 
counters , a nd a lso scintillation counters, which are more sensitive than Geiger 
counters for ma king detailed radioactivity surveys on the ground and which are 
being used in a la rgely experimenta l way for making airborne radioactivity 
surveys. 

The geoph ysica l methods of exploration serve to detect changes in t he 
position and character of concealed geological formations, and to detect and 
o utlin e certain kinds of mineral bodies. V.There the changes are la rge enough to 
be spotted, they a re called anomalies. A geophysica l anomaly may be defined 
as a group of observed physica l values of either higher or lower intensity t han 
those in the surrounding area. There is as yet no technique so exact that it will 
indicate the precise nature and amount of a given metal or mineral present in a 
buried deposit. To what extent they may be present, and whether of commercial 
value, must still be determined by drilling. 

Suggestions for Additional Reading 

(General References) 

Edge, A. A. B. a nd Laby T. H . (ed!tors): Geophysical Prospecting; Cambridge Univ. Press (1931). 
Price $5. 

Heilancl, C. A.: Geophysical Exploration; Prentice- Ha ll (1940). Price SS. 

Jakosky, J. J .: Exploration Geophysics; Trija Publi shing Co. (1950). P rice $12.50 

Nettleton, L. L.: Geophysical Prospecting for Oil; McGraw-Hill, (1940). Price $5. 

The Compass and Ma~net 

:\ magnet may be descri bed as a piece of iron or iron a lloy with the power 
to attract other pieces of the same materia l. This power is ca lled magnetism and 
is t he physical property applied in geophysical prospecting instruments such as 
t he compass, dip needl e, a nd magnetometei-. Even the magnet itself is a useful 
aid in id entify ing some minerals. 
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FIGGRE 1-!. Diagram illustrating how a band of iron-formation 
may be defined by a compass survey. 

If a needle is drawn repeated ly in the same direction across one pole of a 
magnet, it will be found that the needle itself becomes a magnet. If then this 
needle is suspended from its centre by a fine thread it will set itself in a north­
south direction and point downward. Regardless of how the needle is moved it 
will always return to the same position, thus showing that there is a directional 
force acting upon it. The end pointing towards the north is referred to as the 
north pole and that pointing to the south, the south pole. The earth itself acts 
as a huge magnet, and the magnetized needle a ligns itself in the direction of the 
earth's magnetic field. This field may be considered as having two components 
of force, one horizontal and the other vertical. 

The needle will not point directly towards the geographic or true north 
beca use the earth's north magnetic pole is at present on Prince of Wales Island, 
District of Frankli n, Northwest Territories. 

The horizonta l angle between a suspended needle which is pointing to the 
magnetic north, a nd true north is called the 'declination', or the variation of the 
compass. The vertical angle between a suspended needle and the horizontal is 
called the angle of clip or 'inclination'. A compass measures the direction of the 
horizontal component; a dip needle measures the inclination of the earth's field 
from the horizontal; a nd a magnetometer measures the magnitude of the earth's 
fie ld , or its vertical or horizontal component. 
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Identifying Minerals 

All prospectors should be equipped with a compass, the si mplest of a ll 
geophysical instruments. With it certa in minerals can be identified, and certain 
rock types and buried geological contacts can be located. 

Magnetite, (a black oxide of iron ) and pyrrhotite, (a reddish bronze sulphide 
of iron) are two minera ls which, when placed near a compass, will readily attract 
the needle. Franklinite, (an iron-zinc ma nganese oxide); chromite , (an irori­
chromium oxide) and ilmenite, (an iron-titanium oxide) feebly attract the 
compass need le. \i\Then testing the magnetic attraction of a mineral, it is best to 
set the compass on a level place a nd bring the specimen up to the need le severa l 
times a nd in several different positions. 

To trace buried formations with a compass there must be a la rge relative 
difference in the magnetic a ttraction of the rock formations being traced and the 
surrounding rocks. This can be tested by bringing samples of both the rock 
formation a nd the surrounding rock up to the compass and not ing the deflection 
of the needle. If one moves the needle a great deal a nd t he other does not, a 
magnetic difference exists a nd it should therefore be possible to trace the forma­
tion magnetically. Even though there may not be enough magnetic material in 
the hand specimen to move the compass, the whole mass of a la rge formation 
may contain sufficient magnetic material to do so. 

Making a Magnetic Survey with a Compass 

To test the magnetic differences between la rge rock a reas and to map forma ­
tions a nd contacts with a compass, the following field procedure is recommended : 

Cut a picket line across the contact or formations, making sure that the 
line is long enough to extend well beyond the contact or well within or beyond the 
formations to be mapped. Beginning at one end of the line, accurately take the 
compass bear ing of the line every 100 or 200 feet and record the readings. Small 
cha nges of 5 to 10 degrees in the bearing of the line (i.e. deflection from normal) 
will indicate that t here has been a cha nge in the magnetic character of the under­
lyi ng rock and very possibly there has been a change in rock type. 

The deflection of the needle may be great, as shown in the accompanying 
figure. In this instance the bearing of north-south picket lines was taken at 
intervals of 100 and 200 feet across 'i ron-formation'. The direction taken by 
the co mpass needle is shown by sma ll a rrows. Diabase dykes, gabbros , syenites, 
granites, slates, a nd ·volcanic rocks, as well as iron-formations, have been mapped 
in this manner. If very strong magnetic deflections are observed over a small a rea, 
t he chances of a local concen tration of magnetite a re great, but whether it is of 
ore grade or not can only be determined by sampling. 

The common magnet (either horseshoe or bar type) can be used by t he 
prospector to great advantage. I t can be used to identify the minerals listed 
above more read il y tha n the compass because of its greater magnetic strength. 
In usi ng a bar or horseshoe magnet to identify minerals three methods may be 
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fo llowed : one is to delicately balance the magnet and bring the sample up to it ; 
a second is to suspend the magnet on a string a nd move it up to the sample ; a 
third method is to powder the sample and test with the magnet. A surpri singly 
small a mount of magnetic materia l can be detected in this ma nner. To determine 
roughly the a mount of magnetic materia l present in a sample, first crush suffi cient 
materia l, make a thorough separation by pulling the magnet t hro ugh the sample 
several times, cleaning the magnet a fter each pass, and when no additional ma­
terial is picked up, compare the amount of concentrate to the a mount of tailings. 

The Dip Needle 

:\! t hough the compass may be used for locating contacts between bands of 
rock of widely different magnetic characterist ics , it becomes less useful as the 
magnetic characteristics of t he rock types become more a like. A more sensitive 
instrument is then required to differentiate between the two magnetic zones. 
For this purpose, the clip needle is more useful. 

T he origina l 'dip needle' was known as a 'd ip circle', and consisted of a 
delicately ba la nced magnetic need le pivoted on a horizontal axis. Jf t he dip 
needle is held so that the needle is free to swing in the vertical plane of t he magnetic 
meridian , the needle wou ld come to rest pointing in t he direction of the ear th's 
magnetic lines of force (magnetic fie ld), a nd thus provide a measure of the angle 
of dip of the earth 's magnetic fi eld. 

Th e dip needle currentl y used for prospecting is a variation of the dip circle, 
in that the needle is provided v.-ith a movable cou nter-weight attached to one 
end. The cou nter-weight ba lances t he needle at an arbitrary a ngle to the inclina­
tion (dip) of t he earth 's magneti c fi eld when the dip needle is oriented in the 
plane of the field. The use of t he counter-weigh t in t roduces a gravitational force 
which acts on the needle against the magnetic force. T he grav itational force is 
relatively constant from one a rea to a nother , while the magnetic force varies in 
direction and intensity from one observation point to a nother, thus varying the 
position of rest of t he need le. l t is possible to rebalance t he need le to a nearly 
horizonta l position for the a rea bei ng surveyed, t hereby increasing the sensitivity 
of t he instrument. It is very important in using a ll form s of magnetic instruments 
that the operator exercise extreme care not to have any pieces of iron on his 
clothes or bod y, or otherwise close to t he instru ment, as t hese wi ll affect compas­
ses, dip need les, a nd magnetometers, ca using t hem to give fa lse read ings. There­
fore, whi le taking read ings, he shou ld be sure that his key cha in , pocket knife, 
belt buckle, geological pick and other meta lli c objects a re sufficient ly removed 
from the instrum ent to avo id interference with t he readings. 

Dip-need le readings wi ll show the relative changes in t he intensity or dip 
of t he earth 's magnetic field. Therefore, it is importa nt that an operator establish 
a routine proced ure in making observations, so that the on ly relative changes 
the dip need le indi cates are the cha nges in t hat fi eld, a nd not changes in t he 
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manner of operation. For this reason, readings are taken with the instrument 
oriented so that the needle is swinging in the plane of the earth's magnetic field. 
This orientation and the reading may be obtained by the following procedure: 

(1) Hold the instrument flat so that the needle is in a horizontal plane 
and release the needle. 

(2) Observe the direction of magnetic north. 

(3) Get a firm footing facing magnetic west. 

(4) Raise the instrument to a position directly in front of the face so 
that the needle will swing in a vertical, plane, thus making sure 
the vertical plane of the instrument is common with the plane of 
the earth's magnetic field. 

(S) Read the position of the north end of the needle. 

(6) When the position of the north end of the needle is below the 
horizontal, the reading is preceded by a 'plus sign'. When it is 
above the horizontal the reading is preceded by a 'negative sign'. 

Readings that are above or below normal are called 'anomalies'. \Nhether 
or not an anomaly has significance depends on the nature of the problem or rocks 
being investigated. For example, bands of magnetite will cause strong anomalies, 
whereas diabase dykes that contain only a little magnetite would cause a difference 
of only a few degrees as compared to readings over ordinary rocks cut by the 
dykes. 

Plate LI A dip needle. 
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Mapping the Results 

If extreme care is exercised in manipulating the dip needle, the data that 
are observed can be plotted on a plan, and contour lines similar to those on a 
topographic map can be drawn to relative magnetic intensities of different parts 
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FIGURE 15. An example of a dip-needle survey. 

of an area. Let us assume that dip-needle readings are observed at 200-foot 
intervals a long picket lines spaced at 400-foot intervals and t hat the points of 
observation are carefully located. These points can then be plotted to scale on 
a plan and the actual dip-needle readings can be marked at the respective loca­
tions. Contour lines may be drawn to join readings of approximately the same 
magnitude and thus make the observations easier to interpret, as shown in the 
accompanying figure. One must, of course, exercise careful judgment in estimat­
ing the probable magnetic va lues at places between the points where readings 
were taken. 
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Many sources of error in the use of the dip needle can be minimized by 
testing before making a survey and by care in operating. Some of the sources of 
error are in the actual manipulation of the instrument, and some are caused by 
mechanical defects within the instrument. 

Generally, the dip needle is held in the operator's hands, and its orientation 
and level are only approximate. Ideally, the instrument should be level, vertical, 
and exactly in the plane of the earth's magnetic field. Many dip needles are not 
provided with a level, but are intended for near-level operation obtained by 
hanging the instrument from a single point so that gravity can act as a means 
of levelling. Experience has shown that the position of the needle may vary up to 
5 degrees from vertical and up to 5 degrees from being parallel with the earth's 
magnetic field before the readings of the dip angle are affected by as much as 1 
degree. With a careful operating procedure, it is possible to place the instrument 
within 5 degrees of being parallel with the earth's field and within 2 degrees 
of vertical, thus sufficiently eliminating the effects of these errors. 

Some of the mechanical factors that may introduce errors in the operation 
of a dip needle are: 

(1) Defective bearings, such as pitted jewels or accumulation of dirt 
in the bearings. 

(2) Defects in the pivot points such as pits, irregularities, and blunted 
ends. 

(3) Gradual demagnetization of the needle. 

The results of the_ above defects can be observed in the performance of 
the instrument. Failure of the dip needle to repeat its readings at any given 
location, the irregularities of the swing of the needle as it comes to rest, and 
any jerkiness in the needle, are symptoms of faulty operation. When such symp­
toms are noticed they should be taken into consideration in future use of the 
instrument, until such time as it can be repaired by a qualified repairman. 

The dip needle is most readily applicable to rapid reconnaissance for magnetic 
anomalies that are associated with, or indicative of, geological structures, rock 
types, or mineral distribution. It is particularly applicable for locating iron­
formations, tracing faults in highly magnetic material ; tracing dykes and igneous 
contacts; and, if the rocks are suitable, for helping to map the boundaries between 
geological formations more accurately than can be done from scattered outcrops. 
It is, therefore, often useful to experienced prospectors and to geologists. 

Suggestion for Additional Reading 

Stearn, Noel H .: The Dip Needle as a Geological Instrument; Geophysical Prospecting 1929, 
American Institute of Mining Engineering 1929. 

The Ma~netometer 

The compass and the dip needle have been used in the search for iron ore 
for at least three centuries. These devices are quite satisfactory for this purpose if 
a deposit is strongly magnetic, but a more sensitive instrument is required to 
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Plate Lfl 

A Schmidt-type magnetometer. 

detect weakly magnetic bodies. The extreme sensitivity of the magnetometer 
enables it to be used not only in the search for magnetic iron ore but also in the 
location of weakly magnetic rocks and ores. 

Magnetometers designed for scientific observatories appeared about 100 
years ago, but it was only in 1915 that the German, Adolf Schmidt, designed the 
first field instrument, which today stil l stands as the basic model for nearly all 
magnetometers. Schmidt called his instrument a magnetic balance. In fact, a 
magnetometer differs from a dip needle or other compasses because it measures 
or 'weighs' the intensity of the magnetic field instead of merely showing the 
angles of declination or inclination. The vertical-force magnetometer measures 
the variation of the vertical component or downward pull of the earth's magnetic 
field. Other magnetometers, measuring the horizontal component, or northward 
pull, are employed when working in equatorial regions where the vertical com­
ponent is very small. 

The earth's magnetic field is measured in units to which the name 'gamma' 
has been given: this 'gamma' should not be confused with the gamma rays 
referred to in radioactivity measurements. 

The Schmidt magnetometer, with its later descendants, is a truly remarkable 
instrument; it combines precision and sensitivity with ruggedness. The magnet­
ometer consists essentially of a pair of magnets mounted on a suspension similar 
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to that used in prec1s1on balances, comprised of a quartz 'knife edge' resting on 
quartz supports. The magnets are properly counterbalanced to remain in a 
horizontal position when the magnetic field is normal. A microscope is used to 
read the deflections of the moving system. The deflections are proportional to 
the variations of the vertical component of the magnetic field. 

The Askania, Watts, Wolfson, Sharpe, and Ruska magnetometers are all 
essentially similar and vary only in details of construction or quality of workman­
ship. All can be adjusted to give readings with a precision of about two gammas, 
which corresponds to 1/25,000 of the total value of the earth's magnetic field. 
A set of scales of equal refinement would be able to weigh one billionth of an ounce, 
which would be two hundred and fifty times as sensitive as the scales usually 
used in assaying for gold. 

The Askania and other ground magnetometers of the Schmidt type have 
been described in all standard courses of geophysical prospecting, but it would be 
appropriate to single out here the "Manual on Geophysical Prospecting with a 
Magnetometer" by J. W. Joyce, U.S. Bureau of Mines Publication, American 
Askania Corporation (1937), Houston, Texas. This booklet describes in detail all 
the various adjustments and the specific care a magnetometer requires. 

The ground magnetometer is a delicate instrument that requires servicing 
by specialized technicians. Quite often the magnetometer will get out of order, 
but this may remain undetected by the field operator. Magnetometers used by 
people who are unfamiliar with their construction and theory of operation should 
be subjected to periodical, say monthly, check-ups. 

Another difficulty in making magnetic measurements with sensitive instru­
ments lies in the fact that the earth's magnetic field is not constant, but is subject 
to more or less regular daily variations of moderate to small size as well as to 
intensive disturbances known as magnetic storms. It should be pointed out 
here that magnetic storms have nothing to do with the weather. They can only 
be detected by magnetic rneasuremen ts. The strongest magnetic storms are 
related to periods of bad radio reception. 

Geophysicists meet the difficulty by not using ground magnetometers during 
magnetic storms and by making corrections for daily variations by check measure­
ments on base stations. ln making accurate magnetometer maps, it is not 
sufficient to plot and con tour the uncorrected magnetometer readings. Corrections 
for diurnal and temperature variations should be made as outlined in standard 
geophysical texts. 

Comparison of Ground and Airborne Magnetometer 

The airborne magnetometer is a rather complicated machine using electronic 
principles to measure the intensity of the magnetic field. It is bulky and there­
fore cannot be carried on one's back into the bush. The airborne magnetometer 
is slightly more sensitive than a ground magnetometer. lt is normally flown at a 
height of from SOO to 1,000 feet above ground level. 
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The magnetic anomalies caused by magnetic minerals or variations of the 
magnetic properties or rocks diminish very rapidly with distance from the source. 
Therefore, aeromagnetic maps, because they are flown at a height of a few hundred 
feet, show on ly the largest features of the geology. The airborne magnetometer 
does not replace the ground magnetometer, and the aeromagnetic maps should 
actually lead to a more intensive use of ground magnetic surveys. 

Interpretation of Magnetometer Readings 

Ground magnetometers have been used to locate orebodies, and to outline 
geological conditions masked by the overburden. Genera lly speaking, the larger 
a magnetic body, whether it be magnetic ore or a rock formation which is more 
magnetic than its surroundings, the deeper it can be detected. Thus small deep­
seated magnetite deposits are often missed by the magnetometer. 

Plate Liii The airborne magnetometer in flight. 
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The magnetometer is useful as a direct prospecting ir.i strument in the search 
for orebodies that are magnetic, such as magnetic iron ore or complex sulphide 
deposits containing pyrrhotite, and numerous orebodies have been found by 
the magnetometer; probabl y the most widely known case in recent years was t he 
discovery of the Quemon t orebody near Noranda, Que. However, not a ll 
magnetic anoma lies a re caused by minera l deposits; as a matter of fact on ly abo ut 
one per cent of magnetic anomalies taken at random are due to t hem. Never­
theless, in an area such as Sudbury or Noranda, where magnetic ore is known to 
occur, most magnetic anomalies displaying certain characteristics a re worth 
drilling. Careful analys is of magnetic anomalies, when done by competent 
geophysicists, can sometimes yie ld information as to the depth and width of t he 
body causing the a nomaly, and the intensity of its magnetization. Such an 
ana lysis may serve to differentiate between mineral deposits and intrusives. 

Valuable non-magnetic minerals may be discovered by the ground magne­
tometer if associated with magnetic minerals or rocks containing them. Typical 
examples are asbestos-bearing bodies of serpentine and quartz-diorite dykes 
containing gold-bearing veins. 

The magnetometer can be used to locate ore-bearing structures concealed 
by overburden, when it is known that t hey lie at a predetermined distance from 
a belt of magnetic rocks having no economic value. Magnetometer surveys made 
on the ground have been used for this purpose in the Cad illac district of Quebec, 
where ore zones occur near bands of iron-formation. But the most celebrated 
case of the use of the magnetometer in such an indirect way was the discovery of 
the western extension, beyond a major fau lt, of the famous Witwatersrand gold­
bearing series of strata in South Africa. 

The above examples dealt with ore directly or indirectly associated with 
magnetic a noma lies. The usefulness of the ground magnetometer is definitely 
not limited to such cases. In the mining districts of Canada, where most of the 
geologica l formations are upturned and concealed by glacial deposits, perhaps 
the main use of the ground magnetometer is to outline geological structures and 
formations under the ma ntle of overburden. Because the structures that a re 
associated with ore deposition a re usua ll y minor structure:;, they can seldom, if 
ever, be outlined from a n aeromagnetic map. It is usually the task of a ground 
magnetometer to locate the potentially ore-bearing minor geologica l structures. 
The ground magnetometer is an excellent geophysical instrument that has 
proved its worth in Canada for finding ore a nd detecting geologica l structures 
masked by overburden. For reconna issance work, aeromagnetic surveys are 
cheaper and speedier than ground magnetometer surveys. For detail work, 
however, ground surveys are essential. 

Aeromagnetic Surveys 

Since 1947 , the Geological Survey of Canada has published nearl y 225 aero­
magnetic maps of many parts of the country, and more are constantly being 
made. Each covers about 375 sq uare miles, so that a considerable total area has 
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already been surveyed. These ma ps are prepared from a irborne magnetometer 
surveys made by the Survey. In addition, several provincia l governments a nd 
numerous mining companies carry out aeromagnetic surveys under contract with 
aeria l survey companies, and several exploration companies operate their own 
equipment. 

Thus, as t ime goes by, it becomes less likely that a geologically prom1smg 
area will not have been surveyed with the airborne magnetometer. The Canadian 
prospector or geologist , faced with increasingly difficul t problems, cannot afford 
to overlook any possible source of assistance, and for this reason if for no other 
must acquaint himself wi th the limitations of aeromagnet ic surveys. 

Although detailed in terpretation of aeromagnetic maps is more within the 
realm of the specia li st, the prospector can gain much useful information from a 
personal stud y of these maps. In this section are presented a few factors that 
must be borne in mind when aeromagnetic data are a nalysed. Instrumental 
detai ls and surveyi ng techniques are not discussed . 

The a irborne magnetometer was developed during the early 1940's as a 
submarine detector , a nd in this it was eminently successful. With t he close of 
the war, no time was lost in apply ing the technique to petroleum exploration , and , 
shortly afterward , to t he search for other minerals. 

Magnetic profiles are flown a long predetermined fli ght lines spaced according 
to geological requirements (in genera l, at right angles to the regional strike of 
formations) and at a specified height, usually between 300 and 1,000 feet. A 
continuous str ip of the ground below is photographed from the a ircraft at t he 
same time, to permit la ter accura te positioning of the various profiles on the 
map. Before being plotted, the profile must undergo corrections for a number 
of variable factors, such as da ily changes in the earth' s magnetic field. In many 
surveys a separate stationary inst rument is operated at a base station in or near 
the area during the survey to record magnetic storms. Surveys are discontinued 
during severe magnetic storms. 

The corrected results are usua lly plotted as contour maps, for in this form 
they reveal information most readily. It is not uncommon to hear concern 
expressed regarding the accuracy of aeromagnetic maps. This results from the 
fai lure to distinguish between accuracy and degree of detai l. The modern a irborne 
magnetometer is an extremely stable and sensi t ive instrument, capable of 
measuring differences in the earth' s magnetic fi eld of as little as one part in 
60,000. In t his respect it surpasses the average ground instrumen t, but both 
have more than sufficient sensitivity and accuracy for their purposes. However, 
t he airborne magnetometer is operated at an elevation of, say, 500 feet a nd, 
therefore, responds to the magnetic influence of conditions over a fai rly wide 
area below at any given instant. For instance, two ad jacent anomalies that 
might be well defined by a ground magnetometer survey may appear as a single 
combined anomaly on the aeromagnetic map. The lack of detail caused by the 
height of t he instrument above ground is offset to some extent by the fact t hat a 
continuous profile is recorded, whereas the ground data are poin t measurements. 
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Despite the low magnetic relief of this area, 
aeromagnetic contours parallel the trend of 
steeply folded and contorted gneisses. The 
average strike is seen at a glance, but many 

ground observations would be required in 
this case to yield equivalent results. 

A belt of relatively magnetic volcanic rocks is 
outlined by the aeromagnetic contours in the 
west half of the map. The double curve toward 
the south is related to known folding, as 
indicated by the fold axes. Recorded at a 
Flying height of 500 feet. 

A sharp anomaly produced by a sill-like body 
of serpentinized peridotite. The shoulder on 
the northwest side of the anomaly is caused 
by a belt of volcanic strata. The asymmetry 
of the profile is related to the southeast dip 
of the serpentine. 

FIGURE 16. Diagrams illustrating interpretation of aeromagnetic data. 
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'Anomaly' is an overworked term very commonly used in conjunction with 
the word geophysical in mining exploration. Actually, an anomaly is merely 
anything out of the ordinary, and as such need have no economic significance. 
In aeromagnetic maps, an anomaly is either a stronger or weaker zone in the 
magnetic field, as compared with the ad jacent field. 

In compiling an aeromagnetic map, an arbitrary level of magnetism is 
chosen so that a ll contour values will be positive, that is, greater than zero. It 
can be understood readily that the degree of magnetism represented by any 
contour, or as the peak of an anomaly, should not be compared as such with 
values from maps of another area. The intensity of an anomaly should a lways 
be expressed in terms of the deviation from the surrounding normal field, not in 
terms of the peak figure recorded on the map. 

It is important to recognize that nearly a ll magnetic anomalies are related 
to differences in the magnetite content of associated rocks. Moreover, magnetite 
is one of the most prevalent of accessory minerals, particularly in igneous and 
metamorphic rocks, so that it is almost as remarkable in some areas to find no 
magnetic anomalies as to find many. Viewed in this light, a magnetic anomaly 
in the Canadian Shield shou ld be treated as just that and, without further 
corroborative evidence, should not be considered as representing the presence of 
an economic mineral deposit. 

Magnetic anomalies may be found associated with many geological condi-
tions, for example: 

(1) An olivine diabase dyke which cuts across folded sediments. 

(2) Metamorphosed andesite bordering a granitic intrusion. 

(3) Banded magnetic iron-formation. 

(4) A magnetite segregation in gabbro. 

Correlating Geology 

If a geological map of at least part of the area being studied is avai lable, 
as is usually the case, t he magnetic data corresponding to known formations can 
be studied. The value of the magnetic field over a particular formation, its 
degrees of variation (technically called magnetic relief), and the texture of the 
magnetic field (such as trend, size, shape, spacing, and contin uity of a nomalies), 
should be determined in relation to the known geology. Areas of simila r magnetic 
relief and texture, especially where they are on strike with known formations, 
may then be interpreted as the same rock type. 

When few or no geological observations are avai lable for an area covered 
by an aeromagnetic survey, it is nevertheless possible to interpret rock types in 
a general sense. Great caution must be exercised, for the magnetic behaviour of 
many formations is difficult to predict. The following general suggestions to 
assist in interpretation may be helpful. Sediments are very weakly magnetic, 
and tend to give widely spaced magnetic contours with poor lineation. Volcanic 
rocks vary .from weakly to strongly magnetic, and a single lava flow generally 
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varies from top to bottom. Basic types of lava tend to be more strongly magnetic 
than acidic types, and their magnetic pattern is much more irregular. Tilted or 
folded series of stratified rocks, particularly those which contain volcanic members, 
give rise to linear magnetic trends. Figures 16A and 16B illustrate this charac­
tenst1c. Intrusive bodies commonly yield an irregular magnetic field, even 
though the rock may appear uniform on the ground. The magnetic trends 
show little or no lineation, although some may occur in the vicinity of and 
parallel to the contacts. Basic intrusive rocks are commonly strongly magnetic, 
as shown in Figure 16C. Acidic to intermediate intrusive rocks are commonly 
only moderately magnetic. In Figure 17, granodiorite forms an anomaly with 
respect to adjacent lavas. The outline of a geological body, as revealed by 
magnetic data, may offer a clue concerning the nature of the rock. Thus large 
igneous intrusives can be distinguished from lavas and sediments. 

Exceptions to the foregoing are so common that experience tends to dis­
courage the use of these 'rules'. For example, highly magnetic sedimentary iron­
formations may occur in an entirely sedimentary series; acidic lavas may be 
locally very magnetic; diabase dykes may be no more strongly magnetic than 
adjacent sandstone; granite in some areas causes huge, positive anomalies; some 
serpentine is virtually non-magnetic; and gabbro sills may exhibit striking 
lineation, both geologically and magnetically. 

Structural Determination 

Modern economic geology places great emphasis upon structure in the 
exploration for mineral deposits. In regional structural mapping the geologist 
ordinarily pieces together bits of ground-observed information until a structural 
pattern is obtained on the basis of the evidence. It may require years of work to 
gain an understanding of the regional structure. Airborne magnetometer results 
may, in contrast, yield much information concerning large-scale structural 
features in a very short time, and they may supply evidence of smaller structures 
of importance in localizing mineral deposits. Aeromagnetic data should always 
be studied in conjunction with air photographs a nd any geological maps available 
when structural interpretation is undertaken; the combined data are admirably 
suited to the delineation of large-scale structures. 

The geological interpreter must, therefore, be thoroughly aware of the 
dangers attending 'blind' interpretation (i.e., when no geological data are 
available). He should always indicate the degree to which his interpretation 
has been controlled by geological facts, and should make every effort to consider 
all these facts in his work. However, when no geological information is available, 
he must do without it, with the expectation that some of the interpretations will 
be correct, but that many will require re-interpretation in the light of subsequent 
geological observations. 

Application to Prospecting 

A prospector who uses geological information intelligently can also derive 
valuable clues from aeromagnetic maps. Geological common sense is undoubtedly 
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his best asset. E mphasis should not be so much on the strength of the anoma ly, 
as upon its configuration. V\There the evidence is suggestive, but not conclusive, 
the prospector must bear this fact in mind . H e must be prepared subsequentl y 
to a lter his interpreta tion if new evidence makes his conclusions seem less likely. 
Obviously , the prospector cannot hope to duplicate the services of an experienced 
geophysical interpreter, but a fter some practice and familia rity with the results 
of aeromagnetic surveys, he can derive valuable assistance from tha t source 
to gu id e his geo logica l thinking. 

The experienced prospector has passed through and beyond the stage of 
suspecting a n orebody in each and every contact a nd shear zone, but he has not 
progressed so far with his geophysical thinking. H e a nd the mining fraternity in 
genera l have just recently developed a strong interest in applied geophysics, a nd 
the anomaly (nature usuall y unspecifi ed, be it electromagnetic, gamma radiation, 
or equipotentia l), is still everything. It is unfortunately true that, af ter being 
expensive ly 'let down' by several magnet ic anomalies that fa iled to produce 
a noth er Marmora or Bathurst, the prospector is likely to go to the other extreme, 
pay ing no further attention to the magnetometer data. Ai:!romagnetic maps 
containing valuable data th at a re often not ut ili zed a re being regula rl y made 
ava il a bl e to the publi c. 

Aeromagnetic maps provide one of the most valuable means for securin g 
information on the a ll- too-numerous regions that have no t yet been geologica lly 
mapped. Their prime purpose is to help to complete the geological understanding 
of these areas. Th en, with a more accurate and more deta iled conception of the 
geological conditions under drift-covered a reas, the prospector has surmounted 
a substantia l part of t he handicap a ri sing from th e lack of outcrops or the lag in 
geologica l mapping. 

Radioactivity Detectors 

Of the various method s of geophysical prospecti ng described in this chapter, 
none has eq ua lled the present popularity of rad ioactivity methods as used in 
t he search for uranium deposits. Jn recen t years, thousands of people with 
various degrees of technical training have engaged in the search, using modern 
devices for detecting radioactivity. The reason for this popular ity li es not onl y 
in t he portability and low cost of some models of rad ioactivity detectors but a lso 
in their sim plicity of operation and the direct indi cation they give of the presence 
of radioactivity . I t is fortunate that this is so, for some of the principal uranium 
minerals are not easy to identify with the naked eye, particularly if they occur 
finel y di spersed a nd without prominently coloured secondary minerals, as, for 
example, in the Blind River region of Ontario. Geophysical methods of detect ion 
a re th erefon: a lmost indispensable and a re employed to a much greater extent in 
searching for ura nium deposits and exploring and mining them than for a ny other 
metal. 
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Principles of Radioactivity 

The uranium atom is the heaviest in nature and is constantly trying to 
'reduce' by giving off matter and energy in a process known as 'radioactive 
decay' or 'radioactive disintegration'. In doing this, uranium changes to ele­
ments of lower atomic weights until the stable element lead is fin a lly reached, 
whereupon no further disintegration takes place. 

Some of the matter and energy emitted by uranium (and, unfortunately for 
the uranium prospector, thorium a lso-the parent member of another radio­
active series) are capable of penetrating considerable thicknesses of a ir or so lid 
material and it is this property of the rays that makes possible the use of detecting 
devices. 

Three types of rays are emitted by uranium, and have been named 'alpha', 
'beta' and 'gamma' rays. Alpha rays are relatively large particles of matter 
emitted at low speeds. These are so easi ly absorbed that they travel only from 
one inch to four inches in a ir a nd are stopped by a sheet of paper, and are there­
fore not detected by prospecting instruments. Beta rays are electrons, small 
particles negativel y charged with electr icity that a re emitted at speeds approach­
ing the speed of light ; beta rays have considerably more penetrating power than 
a lph a rays, but are stopped by less than one-tenth of an inch of brass or a lumi­
num; they are not detected by a ll prospecting instruments but can be detected by 
specially adapted ' beta counters', which are useful under certain conditions. 
Gamma rays a re the armour-piercing bullets in uranium's arsenal. They are 
bursts of energy very similar to t he fami liar x-rays, which, as is well known, will 
penetrate considerable thicknesses of so lid material. Gamma rays are even more 
penetrating than x-rays and will pierce up to 7t inches of iron and up to one 
foot of so lid rock. T his is the type of ray that is normally registered by radio­
activity detectors and it is therefore t he most important of the three kinds in 
prospecting for uranium. The special beta counters detect gamma rays a lso. 

Alpha, beta, a nd gamma rays are em itted directly by radioactive minera ls. 
In prospecting for uranium, however, it should be remembered that one of the 
decay products of uranium is radon, a radioactive gas derived from radium, 
small quantities of which are present in uranium ores. This gas may migrate 
considerable distances from its source in a uranium occurrence through fracture 
zones, loose overburden, or water. The presence of uranium in t he vicinity may 
therefore be indicated by the radioactive effects of this gas when the detecting 
instrument is actua ll y fa r outside the range of the gamma rays directly emitted 
by the uran ium mineral. 

Detecting Instruments 

Modern radioactivity detectors for prospecting, of which there are many 
models now avai lable, are of two basic ty pes, Geiger counters or scintillation 
counters. 

The heart of any type of Geiger counter is t he Geiger-Muller tube. This 
is a glass tube conta ining two electrodes, one of which is in the form of a thin wire 
runnmg the length of the tube (the a node or positive electrode); the other is a 
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cylinder, frequently of copper, ly ing next to the glass wall (the cathode or negative 
electrode). The interior of the tube conta ins a n inert gas, commonly argon, at 
low pressure, with a small amount of ether or alcohol vapour. A high voltage is 
suppl ied to the tube but one not sufficiently high to overcome the resistance 
of the gas to the passage of current. If a gamma ray strikes the cathode, electrons 
are emitted by the copper, a nd the gas within the tube becomes ionized so that a 
pulse of current flows between the electrodes. This action might be compared to 
the passage of electricity through water; pure water resists the passage of 
e lectri city, but if a pinch of salt is added the salt solution will pass current 
readily owing to the presence of ions. The pulse of current thus produced in the 
tube may be amplified and made aud ible in the earphones of the instrument, or 
t he pulses may be registered by a meter that shows on a numbered dial the 
number of pulses per minute. Some counters have other indicators, such as a ligh t 
t hat fl ashes each time a gamma ray activates the tube. 

Although the Geiger counter is an effective instrument for detection of gamma 
rays, it actua lly has a low operating effi ciency, since only about one-tenth of 
one per cent , or one in a thousand, of the gamma rays that strike the cathode 
cause a 'count ', that is, a n electrica l discharge in the tube. This apparent 
disadvantage becomes an advantage in some phases of exploration, such as 
logging diamond drill core or exam ining underground exposures in a mine, when 
it is desirable to detect beta radiation within a very small a rea and to exclude 
gamma radiation from beyond that area. For this purpose a beta counter is 
used. The beta counter is simply a Geiger counter in which the t ube either has a 
very thin cathode and glass wall or a n 'end-window', sometimes of mica, in a 
lead-shielded probe. The beta rays can therefore penetrate directly into the tube 
a nd cause a discharge. Of course, a beta counter tube a lso admits gamma rays, 
but beta rays are ten t imes as effective in causing flow of current in t he tube, 
therefore of every ten counts recorded nine will be due to beta rays a nd only 
one to gamma. The beta cou nter has a lso been found useful in testing samples 
of low-grade uranium ores. Owi ng to the greater ionizing properties of the beta 
rays, rad ioactivity can be detected read il y by the beta coun ter at very close range, 
when a gamma coun ter would show only a slight response. 

T he scin ti llation cou nter has become a popular detecting device in recent 
years. It operates on an enti rely d ifferent principle from t he Geiger counter, 
taking advantage of the fact that certain crystals emit light when struck by 
a radioactive ray, each ray generating a tiny spark in the crystal. To record this 
effect a section of a crystal is fitted very exactly to the end of a photomultiplier 
t ube. This is a very sensit ive 'electric eye' that converts light impulses in to 
electric impulses, as do the simpler ones used in light meters a nd door closers, 
but multiplies the original voltage a nd delivers an a mplified pulse of electricity 
for each fl ash of light. These pulses a fter further a mplification can be recorded 
by a meter or made audible in earphones. 

An interesting feature of scintillation counters is that certai n substances 
used for the scintillating crystal respond only to gamma rays, a nd others only to 
a lpha rays; scintillation counters may therefore be made selective for either 
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type of ray. The alpha scintillation counter is employed much like the beta 
Geiger counter, for studying locali zed rad iation. The gamma scin ti llation counter 
is a very efficient detector of radiation and is several times as sensitive as the 
Geiger counter. It should be remembered, however, in comparing the relative 
sensitivities of Geiger and scintillation counters, that the efficiency of each 
instrument a lso depends on the effective area of the crystal scinti llator as 
compared to the cathode area in the Geiger-Muller tube or tubes which, in portable 
models, is much greater. The greater sensitivity of the gamma scin tillation 
counter, together with the fact that it has a greater speed of response, makes it the 
best detector yet devised for use in ai rplane or helicopter. On the ground, the 
scintillation counter can detect radioactive material beneath a greater depth of 
tover than the Geiger counter, making it an instrument well adapted for tracing 
a known radioactive zone beneath drift or for detailed surveys of areas that 
include drif t-covered sections. The sensitivity should not be over-estimated, 
however, since radiation drops very rapidly as the distance from the source 
increases, so that eventuall y the normal surface and cosmic rad iation wi ll mask 
the indication. When this point is reached, no matter how sensitive the instrument 
may be, it wi ll be unable to .detect the radioactive material beneath the over­
burden. Generall y speaking, about four feet of water. or two feet of overburden, 
or six feet of snow wi ll successfu ll y mask the radiation from a pitchblende source 
when a scintillation counter is used . These distances are about 30 per cent smaller 
when a Geiger counter is used. 

For general prospecting, the Geiger counter is sti ll preferred by many 
experienced operators because of its lower cost, lightness, and simplicity of 
operation. It has been fo und that Geiger counters are sufficiently sensitive to 
pick up a ll the significantly mineralized occurrences, as well as many that are 
relatively unimportant. Greater sensitivity might on ly serve to increase the 
number of unimportant occurrences detected. Scintillation cou nters are desirable 
for detecting slight radioactivity and for making detailed surveys. 

Interpretation 

The interpretation of geophysical results from Geiger or scinti llation 
counters is relatively simple and direct in comparison with other geophysical 
methods, in which calcu lations, corrections, and plotting of results are necessary . 
. -\ radioactive anomaly must indicate an occurrence of some radioactive material 
in its vicinity, and if the anomaly seems significant it can be checked by obtaining 
and testing samples. It shou ld be remembered a lso th.'.lt what appear to be 
anomalies are sometimes caused by a fau lty instrument. This can be checked 
by testing the counter at some other place where no radioactivity would be 
expected, such as over deep water. Then, if the counter seems to be operating 
properly, it can be used again at the place where the 'anomaly' was detected. 

Unfortunately, "all that glitters is no t gold" nor is everything that 'kicks' 
necessarily a uranium deposit. Sometimes a thorium mineral is the source 
of radiation, and thorium at present is of little economic interest. No completely 
reliable method of distinguishing thorium from uranium by means of a field 
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detector has yet been devised. Thorium, theoretically, gives off a greater propor­
tion of beta rays than does uranium and by comparing the number of beta counts 
to gamma counts emitted by a specimen, using a beta counter, an indication of 
the composition may be obtained, but this has not proved to be very practical. 
Usually a special type of radioactive assay, a chemical analysis, a blowpipe 
test, or a mineral identification is required to confirm the presence of uranium. 

As already mentioned, radon penetrating fracture zones or loose overburden 
may give rise to radioactive anomalies although no source material can be found 
at the surface. If the anomaly is extensive, deep trenching or diamond drilling 
may be necessary to reach the source of the radon, and it may not be found 
immediately under the point where the reading occurs. 

Since pitchblende and uraninite are soluble in acid solutions, they may 
be leached from the surface zone of a deposit, especially if sulphides are present. 
Sampling the surface at a radioactive anomaly may therefore yield negligible 
assays in uranium oxide. Therefore, if the anomaly is extensive, rock trenching or 
dia mond drilling may be required to obtain a fair sample. 

Low assays are common ly obtained from materia l that causes a marked 
anomaly, owing to what is called 'mass effect', whereby a la rge area of low-grade 
materia l gives rise to a considerably higher count rate than would a small area 
of the same material. This has caused many disappointments, particularly when 
inexperienced persons investigate large outcrops, cliff faces, and underground 
workings in mines. 

Significant Indications 

One of the most frequent queries about radioactive prospecting is "What 
is a significant indication?", by which is usua lly meant "Will a certain count-rate 
indicate a certain grade of ore?" There is no simple answer to this question, as 
may be gathered from the preceding paragraphs. Generally speaking, count­
rates double the norma l background are considered worth investigating further, 
but even this rule of thumb should not be interpreted too literally. The back­
ground count is derived from the slight radioactivity of rocks plus the effects due 
to cosmic rays. Therefore background may differ with the rock type. In the 
Beaverlodge area, for instance, it is not uncommon for the count to rise to double 
or more in proceeding from sediments or amphibolite into granite. The higher 
radioactivity of granite, especiall y pink or red granite, may be due to the presence 
of radioactive potassium in the feldspars and such an 'anomaly' is often of no 
significance, as the prospector quickly learns. On the other ha nd, within a n 
area of one rock type a double background count may indicate that radioactive 
minerals are in the vicinity and that the indication simply has been diminished 
by distance from the source or by overburden. Therefore the vicinity of such an 
indication should be further investigated until it is established that no significant 
source of radiation is present. If a seemingly significant count is obtained, 
particularly over more than an isolated spot, the next step is to take some 
samples and to hold them close to the counter, at a place where the background is 
normal; this will eliminate the a ll-too-common mass effect. If t he samples do 
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cause a coun t of twice background or more, t he next step is to send them for 
laboratory tests; if such tests repeated ly show low results, samples should not 
be considered worth assaying unless they show a higher count; the prospector wi ll 
gradually learn by experience what to expect from his instrument and his methods 
of using it. 

Anyone planning to work in a certain area should visit any known occurrences 
of radioactive minerals there and make observations with his own particular 
instrument, if at a ll possible. There is no more effective way of learning to 
recognize a significan t indication. 

It will be clear that, despite the apparent simplicity of geophysical prospec­
ting for uranium, problems of interpretation do arise with which anyone interested 
in the subject should be acquainted. 

In addition to the ordinary ways of prospecting with a counter, detailed 
radioactivity surveys, made with readings at intervals of 10 to 100 feet a long 
surveyed lines a nd 'contoured' in the same manner as described in connection 
with magnetometer surveys, are useful for detailed prospecting and exploration. 
They are, however, usually made by or supervised by geologists or geophysicists. 

Airborne Scintillation Counter Surveys 

The possibility of flying over virgin country with a sensitive Geiger counter 
appeals to the imagination as a quick and easy method for locating uranium 
deposits. When the demand for urani um was established, scientists were not 
long in testi ng this idea, but were disappointed to find that ordinary Geiger 
counters were not sufficiently sensitive. They tried using a number of Geiger 
tubes arranged in rows to increase the efficiency of the instrument and in this 
way, a practical survey ins trument was actually developed. 

About 1947, however, a new instru ment, using an entirely different principle 
from that of the Geiger counter, was developed for use on the ground. This was 
the gamma ray scinti llation counter, a lready mentioned in the preceding section. 
Whereas t he average Geiger tube can detect only about 3 per cent of the gam ma 
rays striking it, the scintillation counter can detect up to 30 per cent. The 
sentitive part of the scintillation counter is a special transparent crystal of 
sodium iodide, usually cylindrical in shape, about 1 inch or 2 inches in diameter 
and 2 inches long. When gamma rays pass into and are absorbed by the crystal, 
they cause minute sparkles of light, referred to technically as scintillations. These 
scinti llations, too weak to be observed by the human eye, are detected by a 
photomultiplier tube, which is simply a very sensitive photo-electric cell placed 
in optical contact with the crystal. The whole assembly is mounted in a light­
proof case which, however, can be penetrated by gamma rays, since they are 
simi lar to the very penetrating x-rays. 

The scintillation counter was soon applied to experimental surveys from 
the air. For this purpose the output of the photomultiplier tube, after passing 
through an a mplifier and electronic counting circuit, is recorded as a continuous 
line on a roll of chart paper. The reading on the chart at any point represents 
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the number of counts per second and can be regarded as t he number of gamma 
rays striking the crystal during the second of time immediately preceding the 
point on the chart being read. This is true only if the time-constant of the 
instrument, that is, the period over which the instrument adds the counts before 
recording them, is one second. The time-constant is adjustable and a better 
average of the number of counts per second is obtained if the period over which 
the counts are made is fairly long. Because the aircraft is moving quickly, 
however, the time-constant should not be too long, or the counts wi ll be averaged 
over too great a distance and it would be impossible to pin-point accurately the 
location on the ground corresponding to the reading on the scinti llation chart. 
Thus the slower the aircraft travels, the longer the time-constant of the instru­
ment may be set, and the more accurate the reading will be. If the time-constant 
were shorter than about one-half second, the record would have a meaningless 
fluctuation and any real anomalies would be obscured. For an aircraft travelling 
at 120 miles per hour at an altitude of 500 feet, the optimum time-constant is 
about one second. The ideal arrangement is to use an instrument with a fairly 
long time-constant in a slow, low-flying aircraft. l\Iore recently, high-count 
rate meters have become available, making it possible to operate at faster aircraft 
speeds and shorter time contacts. 

The two naturally occurring radioactive elements, uranium and thorium, 
are, in minute quantities, common constituents of rocks. T hus, depending on the 
amount of these elements present, all rocks are to a greater or lesser extent 
radioactive and are gamma ray emitters. In general, most sedimentary rocks 
contain very little thorium and uranium in comparison to igneous and meta­
morphic rocks, a lthough uranium deposits do occur within sedimentary rocks. 
Of the igneous rocks, granites, syenites, and pegmatites are far more active than 
are the darker-coloured rocks such as gabbro, basalt, and peridotite. As far as 
radioactivity is concerned, sand and clay overburden is usually fairly inactive, 
and about 3 to 5 feet of th is material will effectively block most gamma radiation 
from underlying rocks. About 5 to 10 feet of water will absorb most gamma rays. 
Gamma radiation is a mixture of two kinds of rays; high-energy rays, to which the 
term 'hard rays' is applied, and low-energy rays called 'soft rays'. The so-called 
soft component of gamma radiation from rocks is absorbed by 3 or 4 feet of air, 
while t he harder components can penetrate with diminishing intensity approxi­
mately 3,000 feet of a ir. Un like the magnetometer, the scintillation counter 
cannot detect mineral bodies that are more than about 3 feet und er the surface. 
Thus, for a ll practical purposes, it is on ly the surface exposures of bedrock that 
contribute to the amount of radiation detected by the airborne scinti llation 
counter. 

\i\Then doing a irborne prospecting for uranium m areas where most of the 
rocks are igneous or metamorphic, such as in the Canadian Shield, it is difficult 
to distinguish the anomalies due to worthless rocks from those due to uranium 
deposits. Such rocks are never as radioactive as uranium deposits, but the 
cumulative rad iation from a large exposure of granite, for instance, can often 
cause as large anomalies as pitchblende veins, which are rarely exposed over 
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areas larger than about 4 by 100 feet. This state of affairs is expressed by 
saying that in areas of igneous and metamorphic rocks the background radiation 
is high. Also, the Shield contains numerous small and unimportant concentrations 
of uranium minerals, which may cause many unimportant anomalies. In areas 
where the rocks are predominately sedimentary, however, the difficulties of 
interpretation are not as great, because the background radiation does not· 
obscure the radiation from uranium deposits. For example, the airborne method 
met with success in the Colorado Plateau region of the United States. Here 
the radioactive bodies are found lying like 'radioactive plums' in relatively 
non-radioactive sedimentary rocks, so that any anomalies that are found from 
the air are worthy of investigation on the ground. On the other hand, it has 
been found that surveys over the Canadian Shield produce such a profusion of 
anomalies, most of which are due to granite or syenite outcrops, that extreme 
caution is necessary in their evaluation. · 

In interpreting, it must be borne in mind that there are three main factors 
that affect the reading of the airborne scintillation counter: first, the radio­
activity of the surface rocks (the quantity it is desired to measure); second, the 
proportion of the area below the aircraft not covered by overburden; and, third, 
the height of the aircraft above ground. As to the second factor, the scintillation 
counter 'sees' at any one time a circular area on the ground approximately 
equal in radius to the distance of the plane above ground. Thus the important 
factor in this case is the percentage of this circular area not covered by over­
burden. This percentage can be estimated by examining the strip photograph 
of the terrain taken at the time of the survey, but this can be only a rough 
approximation, since moss and trees often obscure the outcrops. As to the 
importance of the height of the aircraft above ground, the gamma radiation 
becomes less intense at greater altitudes because it disperses in all directions 
from the outcrops. Moreover, gamma radiation is absorbed by air, so that the 
thickness of the air layer between the source and the scintillation counter signifi­
cantly reduces the reading obtained. 

The airborne scintillation counter can be operated to better advantage from 
an aircraft flying at an altitude of 200 feet or so than from one flown at 500 feet 
or higher. At low altitudes, the difficulties of interpretation that have been 
discussed are minimized. Because the scintillation counter 'sees' a relatively 
small area at low altitudes, the radiation from a small exposure of a uranium 
deposit within this area would be proportionately greater than it would be if 
the aircraft were higher. Moreover, at low altitudes, the intensity of the gamma 
radiation is greater since it has not had as great a distance available in which 
to fan out and disperse. It is not necessary to worry so much about height 
corrections at the lower altitudes, since the ratio of rays representing an anomaly 
compared to background radioactivity is so much greater. 

Although it is best to operate at low altitudes, there is great diversity of 
opinion as to the safety of low flying. It is generally conceded that heavy 
aircraft cannot be safely operated at altitudes below 500 feet over terrain such 
as that of the Ca nadian Shield. Some consider that light a ircraft with low 
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landing speeds can be operated in comparative safety at altitudes as low as 
50 feet. Others prefer helicopters for very low flying, particularly in country 
where there a re many lakes and few possible la nding spots on the ground. 
Helicopter operation at present, however, is more costly than operation of small 
and medium-sized conventional aircraft. If, however , the cost of the follow-up 
ground work is included, the helicopter method may in the long run be cheaper 
if ground checking is done by landing the helicopter. Another advantage of the 
helicopter is that the significance of anomalies can be decided on the spot by 
hovering over the area at various a ltitudes and consequently it is unnecessary 
to keep continuous records. In other words interpretation is done during flight. 

Another method of getting readings at tree-top level comparatively safely 
is to to\\· t he scintillation counter in a 'bird' 400 feet or so below the aircraft. 
Companies operating a irborne electromagnetic gear utilizing such a device 
find it convenient to include a scintillation counter in the insta llation. 

It has been fairly well established that the detection of economic deposits 
of uranium from the a ir at a ltitudes in excess of 350 feet is possible in t he Cana­
dian Shield on ly in those very rare instances when the area of exposure of the 
deposit is unusually large. 

Because commercially ava ilable scintillation counters are light in weight 
and reasonably inexpensive, the next few years will undoubtedly see wide use 
of this instrument in ai rcraft. Already, several occurrences a re reported to have 
been found in Canada in this way, a nd improvements in instruments, techniques, 
and interpretation may render the method more valuable in future. 

Suggestions for Additional Reading 

Brownell, G.M.: Radiation Surveys with a Scintillation Counter; Econ. Geol., vol. 45, No. 2, 
pp. 167-174 (1950). 

Brownell, G. M., and Schaller, R. J. A.: Prospecting Local Areas with the Airborne Scintillometer; 
Preca111bria11, vol. 27, No. 3, pp. 6-11 (1954). 

Chadwick, James: Radioactivity and Radioactive Substances; 4th ed., Pitman (1953) . Price $3. 

Gregory, A.: Aerial Detection of Radioactive Mineral Deposits; Trans. Can. Inst. Min. Met., 
vol. LVIII (1955). 

The Self-Potential Method 

In some methods of geophysical prospecting, advantage is taken of naturally 
occurring fields of force, as in the magnetic and gravitationa l techniques. In 
these cases, t he geophysicist relies on the magnetic attraction or the gravitational 
pull inherent within a mineral body itself. Some other methods require him to 
employ specia l apparatus to generate a n a rtificia l field of force, so that he can 
measure the reactions of mineral bodies to such a force. The seismic and electrical 
methods are of this type. There is a n electrical method which actually falls in 
the first category, however , and which reli es upon observing electrical fields of 
force, that is, electrical currents, which are generated naturally by certain types 
of mineral bodies. This method is known as the spontaneous polar ization or 
self-potential technique. The term 'spontaneous polarization', means t hat the 
particular mineral body spontaneously acquires an electrical polarity, that is, 
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Flow of electric currents spontaneously generated by a sulphide body 

showing the current path through the ground and measuring apparatus 

Millivoltmeter-
potentiometer 

FIGURE 18. Illustration of the self-potential method. 

one end becomes electrically positive and the other negative; and 'self-potential' 
means that the mineral body itself generates an electrical potential or force. 

This description of the techn ique is not intended to give directions for 
carrying out surveys by the spontaneous pola rization method, or for interpreting 
the results. Both require experience. I ts purpose is to furnish enough background 
information to enable the reader to gain some idea of how a nd where the method 
can be applied, of the significance of the resul ts, and how data are assessed for 
t heir possible importance to an exploration program. The first question to a ri se 
is naturally "\iVhat types of deposits generate these spontaneous electrical cur­
rents?" Evid ently such deposits act like electric batteries, which gives the clue 
to what t he geological requirements must be. A battery, whether an ordinary 
ftashlight cell or a storage battery, generates electric currents because one or 
more metallic substances are in contact with either acid or a lkaline so lu tions. 
In t he ground, the common sulphides provide t he metallic element like t hat of 
the battery, and such su lphide bodies are in contact with mildly acid solu tions 
at t he surface, and with mildly a lka lin e ones at depth. The acidi ty of near­
surface so lu tions may be due to humus and to carbon dioxide absorbed from t he 
atmosphere, a nd may a lso be a ugmented by t he oxidation of sulphid es. Rock 
moisture at depth is usually a lka line from reaction with rock minerals. 

These so lu tions in contact with t he metallic conductor (sul phide body) 
generate a current t hat flows clown the sulphide body to depth, passes out into 
t he wall-rocks a nd returns to t he surface, where it completes the circuit by flowing 
back into the apex of t he sulphide body. Almost a ll metallic: sulphides are 
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conductors of electricity and can serve as the metallic element in such a natural 
battery. The only common exception is sphalerite, and in this connection it 
may be noted that sphalerite does not have a metallic lustre, whereas a lmost 
all sulphides possessing metallic lustre are a lso conductors of electricity and can 
act as natural batteries. There may be cases in which even sphalerite acts 
weakly as a natural battery. Besides the sulphides, there are some other minerals 
that act in the same manner to generate natural currents. Principal among these 
is graphite, but anthracite coal frequently serves to generate currents, and so do 
the manganese oxides: pyrolusite and psilomelane. The iron oxide, magnetite, 
does not a lways possess metallic lu~tre, is not a good conductor, a nd does not 
normally generate appreciable spontaneous polarization currents. 

Although the statement is occasionally made that these spontaneous currents 
are generated solely as a result of sulphide oxidation, this is quite incorrect, as 
is obvious from the fact that graphite , a metallic-type conductor, will a lso 
generate currents which may be even stronger than in the case of sulphides, 
and without a ny sulphides being present. 

The flow of these spontaneously generated currents down the sulphide body, 
out into the country rock, and then back into the su lphide body at its apex, 
results in a point of inflow of current, or negative centre, above the apex of the 
deposit. The potential difference, or voltage, of this negative centre compared 
to that of the distant, surrounding ground, may be anything from about 0·1 volt 
to as much as 0·6 to 0·7 volt, and sometimes even more. It is this difference 
in potential that is the indicator of a buried, metallic conductor and for which 
the geophysicist searches by means of a systematic exploration of the ground. 
The apparatus employed to measure these weak potentials consists of a measuring 
instrument called a millivoltmeter potentiometer connected to a pair of porous 
(unglazed earthenware) pots, known as non-polarizing electrodes, for making 
electrical contact with the soil. Each pot is filled with a saturated solution of 
copper sulphate into which a small bar of copper projects. The copper bars are 
connected by wires to the terminals of the measuring instrument. One electrode 
is kept stationary on the ground at a base point, and measurements are taken 
as the other electrode, connected to the instrument by some 1,500 feet of wire, 
is moved out a long a traverse line and placed in contact with the earth at regular 
intervals. The usual procedure is to take observations a t intervals of 50 or 100 
feet along a grid of parallel lines. The spacing between the lines of the grid is 
from 50 to 400 feet, depend ing upon the objective of the survey. Care must be 
taken to see that the pots are placed on fresh ear th, not on decaying humus, 
which introduces small false potentials. 

The strength of the potentials generated depends largely on the concen­
tration of sulphides in the deposit, and not at a ll on the width of the deposit. 
The more massive the sulphides, the stronger a re the potentials generated. 
As the percentage of sulphides within a vein structure or lens decreases, the 
increasing internal resistance caused by the non-conducting gangue minerals 
decreases the effective voltage. Interpretable reactions are usua ll y not observed 
above deposits containing less than about 5 per cent su lphides. T he potentia l 
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generated by the deposit and that observed at the surface of the ground in a 
geophysical survey may not be t he same. With the increasing thickness of over­
burden, the observer is farther a nd farther away from the battery which he is 
measuring, and the reactions at the surface may become too weak to interpret 
when the overburden is more than abo ut 300 feet thick. 

Another importa nt feature is the vertical extent of the sulphide body. 
Pockets, short gash ve ins, a nd small lenses with limited vertical extent produce 
local centres of electrical activity without much breadth. On the other hand, 
large lenses and conti nuous veins extending to considerable depths produce 
strong, continuous bands of electrical activity which are a lso spread over consid­
erable width. 

Thus, the actua l readings of potentials recorded at the surface, a nd the 
pattern of their distribution, furnish useful guides in evaluating the underlying, 
causative mineralization. This does not mean that the geophysicist can deduce 
the measurements of the sulphide body in feet, nor can he predict the percentage 
of sulphides present, much less venture any guess as to what metals are to be 
expected. It does mean, however , that he can obtain some indication of the type 
@f underlying deposit and furni sh a very valuable guid e to a subsequent drilling 
program. Of a ll the geophysical methods applicable to the search for sulphides, 
the spontaneous polarization technique provides the quickest field procedure 
and a lso furni shes highl y definite information as to the occurrence or absence of 
su lphide mineralization. The possible occurrence of graphite in the area intro­
duces a qualification of the last statement, however, since the method a lso reacts 
to that mineral. Graphitic formations can occasionally be differentiated from 
sulphide bodies either because of the strength of the potentials recorded , or of 
t heir pattern of distribution. Usually such differentiation is not possible, a nd 
t he results must be interpreted with the full realization that, where graphite is 
likely to occur, it can be responsible for the potentials observed. 

With the exception of graphi te there are but few and insignificant factors 
to lead the geophysicist astray when interpreting the spontaneous polarization 
resul ts. Pronounced slopes, for example, sometimes introduce a topographic 
effect, usually minor, which can readily be detected and should be discounted. 
The method can be used to trace metallic pipelines, so naturally when operating 
in a district where buried pipelines a re likely to be found, the operator must be 
on the watch for them. Water mov ing just beneath the surface, through sand or 
gravel beds, may set up weak potentials, but these are hard ly to be confused 
with t he stronger ones associated with sulphide deposits. Where sulphide deposits 
li e beneath lake waters, t he method is not usua lly applicable except over the ice 
in the winter. 

Jn the foregoing, the emphasis has been placed on the principal application 
of the spontaneous pola rization technique to t he direct search for sulphide 
bodies. For this, its speed, simplicity, and definitiveness make it very usefu l. 
Jn addition, the method can sometimes be used to gain an idea of the structure 
of concealed bedrock formations, as when the sulphides t hemselves, or graphi tic 
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formations, have been involved in dislocations or foldings, or have selectively 
followed such features. Sometimes the tracing of graphitic horizons furnishes 
stratigraphic or structural data which assist in locating associated formations of 
economic interest. 

In conducting spontaneous polarization surveys, the geophysicist observes 
certain physical reactions that arise within a mineral deposit. He cannot see 
the minerals, nor can he assay them, and unfortunately the physical reactions 
he observes do not indicate the precise minerals or metals present. The reactions 
merely indicate that a certain class of minerals, the sulphides, may be present. 
Furthermore, there is no indication of the volume of mineral involved in the 
reactions. It therefore becomes necessary to correlate the geophysical indications 
with all available geological data, to see whether or not there is any geological 
basis for believing that minerals of one type rather than of another may be 
present, and whether the conditions are right for deposition of a large volume 
of mineralization . 

Suggestion for Additional Reading 

Edge, A. A. B. and Laby, T. H. (editors) : Geoph ysical Prospecting; Cambridge Univ. Press, 1931. 

Gravity-Meter Surveys 

Gravitational surveying today consists of measuring minute variations m 
the pull or attraction between a small mass and the earth. This pull is termed 
the force of gravity. Everyone is familiar with the action of this force. Sir Isaac 
Newton first stated the law governing the force of attraction in the year 1687. 
It may be stated thus: "Every particle of matter in the universe attracts every 
other particle with a force which is directly proportional to the product of the 
masses of the particles and inversely proportional to the square of the distance 
between them." This simply means that the closer two masses are to each other 
and the larger they are , the greater is the force between them. Each time we 
weigh ourselves we are actually measuring the gravitational force or attraction 
between ourselves and the earth. In fact, if a sensitive weighing device were 
employed, it would be possible to measure the attraction between ourselves and 
a nearby mountain. 

The instruments used now for gravity surveys are capable of measuring 
extremely small differences in gravitational force. A good field instrument will 
measure to 1 part in 100,000,000; a massive sulphide orebody of 50,000 tons at 
a depth of 200 feet in greenstone would give rise to an anomaly of about 
1/100,000,000 of the earth's total gravitational force and therefore is at the limit 
of detection . Lowering the height of the measuring instrument by one foot also 
will cause a difference of 1/100,000,000 in the measured force of gravity. As a 
force-measuring device, a gravity meter is therefore many times more sensitive 
than the finest chemical balance, and yet sufficiently rugged for field use. A 
single observation with it usually takes two or three minutes. One common 
type of gravity meter may be likened to a spring balance. With this type of 
instrument, a mass is suspended from a coiled spring ; the amount of stretching 
of the spring depends upon the attraction between the earth and the mass. 
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Minute variations in the length of the spring are measured by optical and 
mechanical devices. Readings of the extension of the spring are proportional to 
the force of gravity at the point of observation. These readings are usually 
expressed in terms of 'milligals' ; one milligal is approximately equivalent to one 
millionth of the total gravitational force at the surface of the earth. As indicated 
above, a good field instrument will measure to within an accuracy of about one­
hundredth of a milligal. 

Any subsurface structure of higher density than its surroundings will exert 
an extra gravitational pull t hat will add to the earth 's normal force of gravity 
in its vicinity. Suppose for instance there exists below the surface of the ground 
a large mass of very dense material such as a massive sulphide orebody, sur­
rounded by rock of lesser density: because of the excess mass of the orebody, 
the force of gravity directly over it will be slightly greater than it will be to 
one side. The gravity meter measures only the vertical component of this 'extra' 
or anomalous force. 

Thus a positive gravity anomaly, that is, a region of greater gravitational 
force, indicates material of higher density beneath the anomaly than that sur­
rounding it. A negative a nomaly on the other hand indicates material of lower 
density benea th the anomaly. 

In common with many other geophysical surveys, a grid or series of lines 
1s laid out to cover the expected geological formations or ore deposits. Before 
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any inferences can be drawn as to the nature of the subsurface, certain correc­
tions have to be applied to the readings taken in the field. In the first place, 
the instrument is so sensitive that it is affected by the position of the sun and 
the moon, so that the force of gravity at any particular point changes regularly 
throughout the day. This difficulty and the 'drift' due to instrumental changes 
during the day are overcome by occupying a base station at frequent intervals 
throughout the day during the course of the survey so that information is 
obtained for applying drift and diurnal corrections. 

Corrections have to be applied for differences in elevation because the 
farther 6ne is from the centre of the earth, the less the force of gravity becomes, 
as mentioned earlier. In order to make proper corrections, each point where 
the instrument is read has to be surveyed accurately for elevation. Because the 
earth is not quite spherical in shape, and because of its speed of rotation, the 
force of gravity increases as one goes north and a correction is applied for this 
by accurately surveying horizontal positions. While the gravity meter measures 
only the vertical pull, it is nevertheless affected by the mass of surrounding hills 
and valleys and this effect must be eliminated by making what are known as 
'terrain corrections'. Thus it can be seen that a gravity survey involves more 
than merely reading the instrument. 

It is true that the magnitude of the corrections far exceeds the actual meas­
urements, but the error in making these corrections is so much less than the 
quantities measured that the final result, if properly computed, is perfectly valid. 

It has been suggested above that the physical quantity actually measured 
by a gravity survey is the density of the underlying rocks and, that, in fact, a 
final gravity map is a picture of subsurface densities. The preparation of the 
gravity map is an exact science, and the knowledge, background, and skill of the 
geophysicist are required to interpret these results in geological terms. 

The instrument is best applied in those cases where the material being sought 
is of high density and occurs in reasonably large masses. For instance, a hard, 
high-grade hematite is a dense material. Its massiveness is one of its outstanding 
physical characteristics. A gravity survey can disclose the presence of a concentra­
tion of hematite, and a fairly reliable estimate of the mass can be arrived at 
regardless of the shape, size, or distribution of the body. Such a survey can also 
be used to map structure, because many rock types are distinguished by differ­
ences in density. In general the basic rocks are more dense than the acidic. How­
ever, it must be pointed out that interpretation of structure on the basis of gravity 
data requires close geological control. 

A large mass of lesser density near the earth's surface will give rise to the 
same observed gravitational phenomena as a smaller mass with a greater density 
at a greater depth. Because of this, it is not possible to determine the exact 
position and shape of a mass causing an anomaly, but upper and lower limits 
to its depth can be determined. In this way, interpretation of gravity data is 
similar to interpretation of magnetic data. The depth limitation does not follow 
quite the same law and, generally speaking, it is possible to obtain useful gravity 
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data from ma teria ls at grea ter depth tha n by most other methods. In fact, 
deep-seated heavy masses very often cause a noma lies tha t can apparently obscure 
the relatively near-sur face a nomalies t hat are usua ll y t he type caused by 
ore bodies. 

In brief, gravi ty a nomalies a re caused by any mass of materia l t he density 
of which is di fferent fro m t hat of the surrounding rock. A fa irly la rge tonnage 
of dense materia l is req uired before a n effect is detected , t herefore the instrument 
is best applied in the exploration for massive base-metal deposits, such as hem­
atite, massive sulphid es, and magnetite, rath er than in the exploration for dis­
sem inated min eral deposits. A gravity survey often assists in structural stud ies. 

The Resistivity Method 

\\/h en a n electri cal voltage is applied across a specimen of a substance, a 
current is caused to fl ow through th e specimen. T he ra tio of t he voltage req uired 
to cause a certain electri c current through the specimen to that current is referred 
to as the ' resistiv ity' of t he substance. This ' resistivity' is so called because it 
is a measure of the resistance offered by the substance to the flow of current. 
I t is measured in units of ohm-centim eters or ohm-meters. 

Most rock ma teria ls, when perfectly dry, a re excellent insulators. In 
practically a ll rocks, however, the individual aggregates of minera ls, or grains, 
a re separated one from ano ther by microscopic holes called pore spaces. The 
ration of the volum e of the solid mineral gra ins to the pore spaces withi n the 
entire rock mass is depend ent upon the size and shape of the grains and the degree 
of compaction of t he rock. The pore spaces conta in a ppreciable amoun ts of 
water wi th salts in solution even above the permanen t water-table, that is, t he 
level below which wa ter is a lways present in rock or overburd en a t that locali ty. 
It is because of these solutions that a ll rocks in their natural states condu ct 
electricity to some extent. This type of conduction is called ' ionic'. Na tu rally 
th e greater the porosity or fissuring of a rock th e more wa ter it can contain a nd 
the lower will be its res istivi ty. Different forma tions ca n often be distinguished 
one from the other by their difference in resistivi ty, which indicates a general 
difference in average porosity . However, beca use the physical condition of a 
rock mass will often vary from place to place within the mass, it cannot a lways 
be said that a specific narrow ra nge of resistivities characterizes a particular 
rock type. A tenfold varia tion may often be encoun tered wi thin one rock type. 

Soils, swa mps, la kes, a nd streams usua lly have much lower resistiv ities than 
the underlying consolidated rocks. In general, igneous rocks have higher 
resistivities tha n sedimentary rocks. Th e resistivity of sedimentary rocks frequent­
ly increases wi th the age of the rocks , since increasing age genera lly means 
increased compaction. Rocks of the Preca mbrian shields a re a mong the 
most highly electricall y resistive in the world , wi th resistivi t ies ranging up to 
100,000,000 ohm-cen t imeters. At the other end of the scale salty sha les of mu ch 
more recent age exhibi t resistivities of less th a n 100 ohrn-cen tirneters. 
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Conducting a resistivity 

survey. 

There a re a number of rock constituents that have the ab ili ty to conduct 
e lectricity, even in a perfectly dry state. These include graphite, a wide variety 
of metallic sulphides, a nd a few metallic oxides; they have the property of 'elec­
tronic' conduction. This is the ma nn er in which metals themselves conduct. 
As a class, these minerals are much better conductors than barren rock a nd hence 
can be readily differentiated from the rocks by their greatl y decreased res istivity. 

General Field Procedure 

Electric current may be caused to pass into the earth by connecting a 
direct-current or low-frequency alternating-current generator to two contact 
points, such as metal stakes driven into the ground. If the material between the 
two current stakes is homogen eo us , the current will flow through it in a manner 
that is predictable by theory. :\s a result of this passage of current there will be 
voltage differences set up in the region about and between these current stakes. 
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These voltages are predictable, once again by theory, since they are dependent 
on the distance between the stakes, the total current, a nd the resistivity of the 
material. From measurements of these voltage differences on the surface of the 
earth it is then possible to derive the resistivity of the earth in the v icinity of the 
stakes, knowing the other factors involved. Because, in nature, no rocks are 
perfectly homogeneous, t he value of electrical resistivity that may be derived 
by such measurements will depend on the region in which the measurements are 
made. In view of this circumstance, it is possible to carry out the same calcula­
tions as in the case of a truly uniform medium , but we then call the resultant 
value the 'apparent resistivity' of t he medium in the region of measurement. 
The apparent resistivities will be decreased in the vicinity of areas of increased 
porosity, shearing, and brecciation, a nd a lso in the presence of concentrations 
of the electronic conductors referred to above. 

The system usually employed in Canada is to use two current-stakes about 
7,000-15,000 feet apart, the line joining these stakes being perpendicular to the 
regional strike of the formations. Voltage measurements are made in the central 
region a long survey lines a lso running perpendicular to the formational strike, 
the current stakes remaining fixed throughout the survey. In another form of 
survey, widely employed elsewhere, both the current stakes and the voltage 
measuring points are moved, with fixed relative spacing, throughout the a rea to 
be surveyed. The latter system has the advantage that its 'depth of penetra­
tion' can be controlled by varying the relative spacing of the ground points. 
That is, it can be made selectively sensitive to effects arising at a certain depth. 
It is not widely used in Canada, however , because it is usua lly adversely affected 
by the relatively conductive soil mantle that is present over most of the Shield 
area. 

Resistivity methods are used in mineral prospecting primarily for base-metal 
sulphides, a lthough they have been used in the search for high-resistivity mate­
rials as well, such as certain hematite occurrences and quartz veins. These 
methods are finding increasing use in engineering problems, such as determining 
the depth of drift at dam sites and elsewhere, and also in the search for water­
bearing formations. 

Interpretation 

The greatest limi tation to a satisfactory interpretation of the results of a 
resistivity survey is that the variations from the normal or background values, 
i.e. the so-called 'anomalies', a re such that these anomalies could be caused not 
only by the materials sought, such as metallic sulphides , but a lso by non-economic 
bodies. A narrow, highly conduct ing zone, such as a vein of massive sulphides, 
may give rise to the same type of anomaly as a broad zone of lower conductivity, 
such as might be expected from a shear zone. This is an instance of the 'satura­
tion' effect to which resistivity measurements a re susceptible. This no longer 
applies when the width of a zone is much greater than its depth below surface, 
for then a measure of the true resistivity of the zone can be obtained from the 
surface measurements, and hence the concentrated sulphides and a shear or 
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_ fracture zone containing no sulphid es can be differentiated. Even under these 
favo urable circumstances it is not a lways possible to distinguish between concen­
trated sulphides and graphite, or between disseminated sulphides and a shear or 
fracture zone. 

Valleys in the bedrock surface covered by 50 to 100 feet of overburden can 
a lso give rise to resistivity anomalies that may be of the same magnitude as 
those to be expected from sma ll sulphide bo.dies in the bedrock. 

All too often the above limitations are ignored in practice and interpretation, 
with subsequent disappointment when a ll the resistivity a nomalies in an area 
are drilled and do not yield su lphide mineralization. It is only when these factors 
are understood both by those who carry out the surveys and those for whom 
the surveys are performed that the resistivity methods find their proper appre­
ciation as simple, inexpensive , and relatively rapid means for base-metal explo­
ration. 

Electromagnetic Method 

The electromagnetic method of geophysical prospecting, as its name impl ies, 
is based on the use of two fundamental physical phenomena, electricity and 
magnetism. An elementary principle of physics is that if a current of electricity 
is passed t hrough a wire, a magnetic field of force is created in t he vicinity of 
that wire. The two phenomena, electricity a nd magnetism, are inter-related. 
Early geophysicists took advantage of this fact to devise an apparatus for use 
in the search for massive sulphide mineralization. 

In the earliest systems, a current of electricity was passed through the 
ground'between two metal stakes spaced a sui table distance apart . By measuring 
the magnetic field at the surface of the earth it was possible to determine whether 
or not an excellent conductor of electricity existed beneath the ground surface. 
It was hoped that this excellent conductor of electricity might be the sulphide 
mineralization that was sought. Some success was achieved with the early 
systems, and, >vith recent improvements, the electromagnetic method has found 
wide applica tion in a reas favo urable for the occurrence of base metals. 

As the method developed, it was found that it was not necessary to pass 
current through the ground by means of metal stakes to cause current to flow 
within subsurface conductors, but that a n a lternati ng current flowing in a loop 
of wire suspended above the surface of the earth will cause currents to flow in 
buried conductive deposits. The process by which this takes place is termed 
'induction'. The steps in this process are as follows: 

(1 ) The a lternating current flowing in the loop creates a n a lterna ting 
magnetic field (primary magnetic field ) in the vicinity of the loop. 

(2) The primary magnetic field will cause currents to flow in any 
subsurface conductor. 
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Induced currents flowing in a subsurface conductor will create a magnetic • 
field (secondary magnetic field ) that can be measured at the surface of the earth. 
This secondary field is absent unless a n excelfen t cond uctor of electricity exists 
beneath the surface. 

The indicating device used to measure the magnetic fields in the electro­
magnetic method consists of a 'search coif' connected to either a sensitive 
vo ltmeter or a pair of earphones. The intensity of the magnetic field cutting 
the 'search coi l' is indicated by the reading on t he voltmeter or the loudness of 
the signal in the earphones. 

In a popular technique employed in Canada, a coi f of wire of several turns 
is suspended in a vertica l plane from a guyed mast. :-\ strong a lternating current 
is passed through this co il , which, in the vicini ty of the coi l, creates an a lter­
nating magnetic field, ca lled the primary field. lf a highl y conductive mass, 
such as a massive sulphid e body, is near t he coi l, currents a re induced in t his 
mass. Induced currents flowing in t he cond ucting body wi ll in t urn create 
a nother a lternating magnetic field known as t he second ary field. If strong 
enough, the secondary magnetic field cl is torts t he primary magnetic fie ld . This 
distortion can be measured in terms of 'd ip-angles'. :-\n understa nding of t hese 
measurements may be obtained from the following paragraphs. 
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FIGURE 19. T heoretical ill ustrat ion of the electromagnetic method. 

T he magnetic fie ld caused by a current fl owing in a long wire spreads out 
from t he wire concentrically, as shown in section in Figure 19. :\t any point 
in t he field , a search coil wi ll have a vo ltage ind uced in it t hat is dependent 
upon the freq uency of the a lternating current in t he t ra nsmitting coil , the 
n um ber of t urns of wire in t he search co il , its a rea, and the a ngle it ma kes with 
the lines of fo rce. In t he accompanying diagra m the search coil is shown in 
posit ions in which the voltage ind uced in it is a minimum. J f the long wire is 
replaced by a la rge sulphide body, the same considerations apply. However , in 
actua l practice, condi t ions are more complicated than this because t he secondary 
field due to t he conductor is superim posed on t he pr im ary fie ld of t he vert ical 
coil (see F igure 19) . 

A hypothetical traverse taken a long the ground above a nd at right angles 
to such a conductor is shown in F igure 19. Th e directions of the pri mary and 
secondary fi elds are indicated by a rrows whose lengths are propor t ional to t heir 
respective field strengths. T he d irection a nd intensity of t he resul tant or 'dis­
torted ' field are fo und by employing the so-called 'parallelogra m of fo rces' as 
shown. T hese resul tant a rrows a re parallel to the plane of the search co il wh en 
it is rotated into a posit ion where it is not cut by a ny of the lines of force of the 
resul ti ng field . In t hese pos it ions, no voltage is ind uced in t he search coil and 
hence, if a pair of earphones is connected across t he search co il , no signal is 
heard in the earphones. \iVhen the search co il is t il ted in eit her di rection away 
from the posit ion of minimum voltage, a signal is heard in t he earphones. 

T he a ngle be tween the res ul tant a rrow a nd the horizonta l at any poin t is 
termed the d ip-angle , a nd its determin ation is the fund a mental measurement in 
t he search of conductors. A typi cal dip-angle curve is given in F igure 20 in 
which d ip-a ngles a re plotted a long a t raverse across a massive sul phide orebod y. 
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Over barren ground , the dip-angles are almost zero. The approach to a conductor 
is marked by increasing dip-angles which in turn decrease to zero directly above 
the conductor, and then increase, but in the opposite sense, beyond the conductor. 
Finally, far from the conductor, they reduce to zero again. 

Field Procedure 

To overcome complications caused by dip-angles arising from elevations and 
topographical effects, the plane of the transmitting coil is oriented for each 
observation so as to pass through the point of observa tion. If the relative loca­
tions of the transmitter coil and the search coil are known to within a few feet, 
the transmitter coil can be oriented so as to make errors negligible, even in the 
most rugged terrain. Hence, the dip-angle profiles are directly interpretable and 
require no topographic or other correction. When the coils are properly oriented 
the occurrence of a dip-angle indicates a conductor. 
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FIGURE 20. An idealized traverse across a massive sulphid e lens. 
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In operation, the transmitting coil is erected at a convenient location and 
traverses are made at right angles to the assumed formational or structural strike 
on each side of the location of the transmitter. The traverses are usually made 
along lines 400 feet apart, during a reconnaissance survey, and closer together 
when detailed surveying is required. The distance traversed along any one line 
from the corresponding transmitting-coil location is seldom greater than 2,000 
feet. Thus it is necessary to employ several transmitting-coil locations in order 
to complete the survey of a mining property. 

Advantages and Limitations 

The electromagnetic method described above is used chiefly in the explora­
tion for such excellent electrical conductors as massive metallic sulphide deposits 
or for massive magnetite. It can, however, be used advantageously in the search 
for moderately-conductive materials if the frequency of the alternating current 
employed in the transmitting coi l is chosen appropriately. As a general rule, 
the lower the electrical conductivity of the deposit sought, the higher must be 
the operating frequency of the electromagnetic unit. There is however, a specific 
upper limit to the useful frequencies, above which overburden and poorly­
conducting shear zones, faults, etc. give rise to obscuring anomalies . Most 
electromagnetic surveying is performed at a frequency of 1,000 cycles per second. 
The most suitable frequency for the survey of any one area should be determined 
before large-scale application of the method is made. 

Very little, if any, response is caused by swamps and other topographic 
features when the survey is performed at a frequency of 1,000 cycles per second. 
In fact, the abi li ty to operate satisfactorily under almost any topographic condi­
tions is one of the major advantages of the electromagnetic method over other 
electrical methods. 

Graphitic shear zones and sedimentary horizons are frequently the cause of 
electromagnetic anomalies (as is the case with other electrical methods). The 
method using 1,000 cycles per second does not indicate contacts between two 
rock types unless one or other is an excellent conductor or unless an excellent 
conductor lies along the contact. Thus this method does not indicate structure 
in the manner of a resistivity method, unless such ex cell en t conductors as sulphides, 
magnetite, or graphi te follow structural trends. The method using 1,000 cycles 
per second occasionally detects faults . 

The interpretation of data from electromagnetic surveys is usually based on 
accumulated experience and on comparison with results of scale-model experi­
ments. The scale-model experiments are performed in the laboratory under 
controlled conditions and permit the geophysicist to determine the general nature 
of the anomalies to be expected from many typical bodies. It is often possible 
to estimate the size, shape, and depth of a conductor from the results of an 
electromagnetic survey by comparison with scale-model data. These factors 
then have to be assessed in light of the available geological data. 
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The electromagnetic method is ideally suited for the detection of massive 
sulphide and magnetic deposits. It can be applied satisfactorily under a lmost 
any topographic conditions. The correct operating frequency for the electro­
magnetic method shou ld be determined before extensive application of the 
method is made in a ny one a rea. The possibi li ty of success of the method and 
the determination of correct frequency often can be estimated by a study of 
both the general geologica l conditions and the types of rock and ore in the district. 
As will be seen from the above discussion, the application and interpretation of 
the method require experience. 

Reference 

Mason , Max: Geophysical Exploration for Ores; Geophysical Prospecting 1929, AIME (1929) . 
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CHAPTER XI 

EXPLORING AND APPRAISING MINERAL DEPOSITS 

The full appraisal of mineral deposits and mining properties is a technical 
matter that may involve the expenditure of much time and money. Even if 
this is done, uncertainties may still remain, because many deposits have variable 
shapes and erratically distributed minerals. There is probably no other industry 
that uses more advanced engineering and scientific methods for the solution of 
its problems, yet many prospects and mines present problems that cannot be 
solved precisely until after a deposit has been completely mined out. 

Except in the earliest stages, the judging of deposits is or shou ld be the 
work of mining engineers with operating and geological experience or of geologists 
with an engineering background, and it is not the purpose of this publication to 
discuss t hese matters to that extent. Prospectors should , however, have a sound 
knowledge of the fundamentals, to assist t hem in deciding whether a discovery 
is worth preliminary work and what form such work should take. This knowledge 
also helps them to decide whether a deposit is likely to be of interest to those 
who buy or finance mining properties, and also whether an offer is reasonable. 
Knowledge of this kind is also important for those who back prospectors or 
participate in the financing of mining enterprises. T he following is, accordingly, 
a discussion of the fundamentals, expressed as far as possible in non-technical 
terms. The general principles of the business aspects of mining are outlined first. 
This section is followed by one on sampling, and one on the kinds of preliminary 
work that a prospector might be expected to do to test a discovery and, if it 
seems favourab le, to prepare it for its first examination. Some information on 
more advanced kinds of sampling and exploration is a lso included, because, 
a lthough prospectors do not usually need to perform such work, it is useful for 
them to have a general knowledge of what is involved. 

Appraising a Discovery 

Like all industries, mining is based on economic principles, some of which 
are applicable to business in general, whereas others are pecu liar to mining. The 
basic principles are, fi rst, that mining is the business of producing and marketing 
minerals, ores, and metals and, second, that this business is governed by the 
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law of supply and demand. Strictly speaking, supply is the amount that will 
be offered at a particular price, and demand is the amount that will be bought 
at a particular price. In a more general sense, supply and demand may result 
in overstocking or shortage of a particular product, so that prices may fluctuate 
considerably and at times it may be a lmost impossible to interest a company or 
financier in a discovery of a particular metal or mineral, even if the size and 
other factors are promising. 

A condition peculiar to mining (including the oil and gas industry) is that 
it is based on a single 'crop'. When an orebody has been mined it is exhausted 
forever, therefore financing must be done with this in mind. Capital invested in 
acquiring, exploring, and equipping a mine can be recovered only from the profits 
of the operation or from sale of the property or plant. 

Another peculiarity of mining is the large number of insignificant mineral 
occurrences as compared to the number that wi ll repay the cost of mining. 
Kature made mineral deposits in a ll shapes and sizes, but, as a rule, only the 
larger or richer are valuable. The smallest can usually be dismissed at a glance, 
but larger ones, which are called prospects beca use they show some prospect of 
being of commercial size and mineral content, almost invariably require expenditure 
of time and money to determine if they have merit. To decide this is a complicated 
matter, because deposits are seldom well exposed at the surface, and even when 
they are their subsurface characteristics are sti ll unknown. Mineral discoveries 
are therefore subjected to a process of elimination whereby prospectors choose 
those that they hope can be classed as prospects, and do a little work on them; 
then scouts, engineers, or geologists representing capital examine a large number 
of such discoveries, select the better prospects for further preliminary explora­
tion, and gradually eliminate the poorer ones and continue to test the more 
promising ones. By the time a mine reaches production it is not uncommon for 
one or several million dollars to have been spent in exploring and equipping it, 
to say nothing of the money that has been spent in exploring other properties 
that did not yield favourable results. A would-be prospector should not feel 
discouraged at this state of affairs, for the mining industry flourishes in the face 
of these disadvantages; a reasonable sum can often be obtained for a good 
prospect, even though it does not later live up to expectations on exploration, 
while the return from a successful property may be very substantial. Allowance 
must, however, be made for the fact that many discoveries will probably be 
unimportant. The following sections outline the principal factors that must be 
considered in estimating the possibilities of a discovery. ln most cases, either 
the size or the content will prove unfavourable, and the remaining factors need 
not then be considered. 

Size of Deposits 

Of all the factors that determine the worth of a prospect, the size and 
average grade are usually the most important. Productive mines range from 
'pocket' deposits, from which a few tons of high-grade ore are mined, to enormous 
operations involving many thousands of tons of ore daily for many years. Pocket 
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mines are usually worked by one man or a few men only, and must be conve­
niently located to transportation unless the product can be easily moved, as in 
the case of gems or free-milling gold. At the other extreme, deposits that will 
support the largest operations are exceedingly rare. Almost a ll producing mines 
are between these extremes of size, and a re operated at rates of 100 to 5,000 
tons a day; most are below 2,000 tons a day. Ores mined at these rates are 
usually too lean to make shipping in the raw state profitable, so it is a lmost 
always necessary to build at the mine a plant for concentrating the ore to a 
partly or completely processed product. The simpler plants, of 100 ton-a-day 
size, at present, cost about $150,000, and large complex ones may cost $1 million 
or more. The most conservative practice is to postpone building a plant until 
a sufficient amount of ore to repay the cost of the plant from estimated earnings 
has been proved. It is, however, generally considered to be sound practice to 
build a plant when sufficient ore for three years' operation has been proved, 
provided that the geology is sufficiently favourable to make it likely that a 
great deal more ore will be developed as mining progresses. In other words, if 
the deposit is known, or is considered likely, to pinch out at the sides and at 
depth, a plant would only be justified if the deposit was proved to contain enough 
ore to repay the cost of the plant; but if the deposit appears to continue beyond 
the part that has been proved to contain three years' ore, and if the geological 
conditions seem favourabl e for substantial extension, it may be reasonable to 
take a chance even if the three-year block of ore would not pay for the plant. 

Ores that consist chiefly of quartz or other fa irly light minerals average 
about 12 cubic feet to a ton, ores in which metalliferous minerals are ' fairly 
abundant average about 10 cubic feet to a ton, and massive metalliferous ores 
average still less. Three years' ore for a 100-ton plant represents about 110,000 
tons, or about 1,300,000 cubic feet. If this orebody were a vein 3 feet wide, 
traced for a length of 1,000 feet, it would have to be proved to extend consis­
tently to a depth of about 430 feet to comprise three years' ore averaging 12 
cubic feet per ton. However, all mines do not operate on a single deposit; several 
smaller deposits may be mined if they are spaced within a few hundred feet of 
one another, but in such cases the costs of exploration and mining will be higher 
per ton than if the ore were in a single body. 

A discovery that does not appear to have possibilities of being proved to 
contain at least 100,000 tons will be unlikely to merit attention unless it is very 
rich or possesses other unusual characteristics. This means, for example, that 
if the showing is 3 feet wide or more, a nd seems to contain a reasonable amount 
of valuable mineral, and its lateral extent is obscured by overburden, it is worth 
stripping or trenching to test whether it extends for several hundred feet, and, 
if so, it may later be worth exploring a t depth to learn if it extends deep enough 
to make up the required tonnage. Some deposits pinch out or are offset by 
faulting a short distance below the surface, and some others persist to great 
depths; in general there is reason to hope that they will extend at least half 
as far in depth as they do laterally. 
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In the above-mentioned examples, widths of 3 feet were mentioned. This 
was done because 3 feet is about the narrowest practical underground opening, 
therefore most deposits have to be at least 3 feet wide to permit profitable mining. 
If they are narrower, some waste rock would have to be mined as well, therefore 
the deposit would have to be richer. A few deposits, such as high-grade gold, 
native si lver, and pitchblende veins may be mined even if only a few inches wide, 
by removing 2 or 3 feet of waste rock a longside, but deposits rich enough to 
warrant this are exceptional. 

Before a small 'showing' is abandoned, consideration should be given to the 
possibility that it might improve greatly with depth or laterally, or that it might 
be an independent outlier to an important deposit. This is always the pros­
pector's dream, and it proves correct in some instances, but many other deposits 
become much smal ler or die out a ltogether a short distance along or below the 
surface. Most deposits remain about the same; if they are short and narrow at 
the surface they will probably be short and narrow in the third dimension; if a 
series or cluster of small lenses is found at the surface, their downward continua­
tions will probably be small and lenticular as well. There have, however, been 
notable examples in which small, relatively insignificant surface showings proved 
to be the upper manifestations of important deposits. In some cases the surface 
showing was part of a large body, barely unroofed by erosion. In other cases a 
cluster of deposits lay like a hill of potatoes, distinct from one another, and the 
surface showing was merely a small member of the cluster. Such remarkable 
discoveries are comparatively rare, however, and it would be absurd to do 
expensive exploration along or under every little mineral occurrence in the hope 
of obtaining marked improvement. It is a justifiable gamble only when the 
general geological conditions in the vicinity of a small showing are particularly 
favourable: for instance, if the showing is in or near a strong fault or shear zone, 
or in a large zone of a lteration of a kind that is associated with important 
deposits elsewhere, or in a particular rock such as a bed of limestone in which 
important deposits are known to occur in another part of the district. 

Mineral Content 

Those who have never seen a mineral deposit usually think of one as com­
posed of solid, pure metal or of a solid mass of some mineral such as galena. 
Nothing could be farther from the truth, for even the richest deposits a lmost 
invariably consist of a mixture of minerals. In most deposits the valuable 
mineral or minerals constitute but a fraction of the whole, and are usually 
distributed unevenly, in small grai ns. In many deposits these grains are micro­
scopic in size, and fairly large masses of what appear to be a pure mineral are 
seen, when exam ined under a microscope, to contain minute portions of other 
minerals. 

The valuable content of a deposit is called its tenor or grade. The former 
term is preferable because 'grade' a lso refers to slopes, but 'grade' is more gener­
a lly used. The content of gold , or other precious metals is expressed in 'ounces 
per ton' of ore, whereas the amount of base metals is expressed as a percentage. 
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Some industrial minerals are expressed as percentages, and for other kinds of 
deposits special terms are used. Because deposits a re variable, the grade can 
only be estimated properly by averaging the results of many samples that have 
been taken in one of the ways mentioned later, a nd that have been carefully 
a nalysed or otherwise tested. 

Most deposits are far from uniform. Some consist of low-grade and high­
grade parts that, in the aggregate, have sufficient value to permit mining the 
entire deposit. Others contain parts, called ore shoots, that pay to mine, whereas 
the intervening parts a re too sparsely mineralized to be minable. For deposits 
of this kind, a n average value that permits profitable mining is determined, and 
because there usually a re parts whose conten t is greater than this, other parts 
that a re leaner than the average can be mined for blending with the higher-grade 
material. The tenor of the lowest-grade material t hat can be mined economically 
in that particular deposit is called the cut-off point. Ore whose grade is just at 
the cut-off point or slightly better is called marginal ore, and material that is 
slightly below the cut-off point is called sub-marginal material. An improvement 
in price or operating costs will sometimes cause sub-marginal materia l to become 
ore. One of the first matters that a beginner must learn is not to get excited 
over minute quantities of metals or other elements reported in assays or analyses. 
Most rocks a nd minerals contain many elements in small quantities, usually too 
slight to be significant. 

Estimating the grade of a deposit fully is a highl y technical matter. It is 
generally done with more a nd more precision as exploration advances. The 
estimates made by a prospector on a discovery, a nd on a raw prospect by a n 
engineer or geologist, must be adequate, but they do not need to be as precise 
as those on a prospect that has responded to exploration and is being evaluated 
as a possible producer. A prospector needs to know enough about the subject 
to permit him to decide whether a discovery is worth further consideration. 
He can form an idea of this from the ore grades of producing mines. As a rule, 
the larger deposits permit the mining of lower-grade ores, because costs decrease 
as the volume of business is increased, and a large uniform deposit of moderate 
or even fairly low grade is usually preferable to a small rich one, particularly if 
the latter contains erratically distributed minerals. Today some large Canadian 
mines treat ores averaging $5 to $10 a ton in value, but most of these were 
established when prices of supplies, equipment, and labour were lower, and all 
or part of their capital expenditure has been written off. Under conditions 
prevailing in 1955, deposits averaging as little as $10 a ton would probably be 
brought into production in exceptional circumstances only. 

It is impossible to give simple rules regarding the grades that can be worked 
at different scales of operation, but the followin g examples chosen at random 
from mines producing in 1954 will give an idea of the grades a nd costs for opera­
tions of different sizes. It must be emphasized, however , that the details of each 
prospect have to be worked out separately, because no two deposits are entirely 
alike or have entirely similar problems of transportation and ore treatment. 
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The following examples are gold mines, chosen because their grades are quoted 
in dollars : 

Mine 

Kerr Addison ........ . .. ... .... . . . .... . ........ . 
Dome .. ............ ....... .. ....... . ......... . 
San Antonio ........... . .. ... .... . .. . . . .... ... . . 
Leitch ..... .. . . .......... . ...... . .... . .. . .... . . 

Average 
Daily Rate 

Tons 
4,546 
1,975 

495 
108 

Value per 
Ton 

$ 
7.32 
8 .41 
8 .37 

29.21 

The followin g base meta l mines are cited as examples, but in these cases the 
grade is not quoted in dollars because of fluctuations in metal prices: 

Average Approximate 
Mine Product Daily R ate Content per 

Tons Ton 
Copper Mountain .. . .. Copper 

( Copper 
(minor silver & gold ) 5,128 0 · 80% 

. ( Zinc East Sullivan. . . . . . . Gold 
Silver 

Other Geological Characteristics of the Deposit 

2,500 

( 1·3% 

( 

1 · 21 % 
0·015 oz. 
0 ·44 oz. 

Besides size and grade, a nd besides the non-geological considerations men­
tioned later, other features of a deposit may influence its possibilities. These are 
chiefly related to the geological type of the deposit and to its structural features. 

Some types of deposits have a good reputation for size and persistence, and 
others have not. For example, stratified deposits such as coal seams, sedimentary 
iron ores, and bedded rocks used as industria l minerals are likely to have a fairly 
even grade and to be persistent. Replacement deposits have a good reputation 
because, although many are small, many others are la rge. Also, they may occur 
in clusters, so that if one is found, others may lie nearby. Veins are of many 
sizes; small ones are not likely to have a great extent, but la rge ones have a 
good chance of extending both laterally and downward. Pegmatitic deposits are 
generally fairly small, and any valuable minerals they contain are likely to be 
distributed . erratica lly. Although there are exceptional pegmatitic deposits, most 
are worked on a small scale, if at all. If other deposits of the same type as the 
one being considered have been explored or mined in the same region, the condi­
tions encoufitered there should be ascertained and considered. 

It may be vitally important to consider whether a surface showing repre­
sents primary or secondary minera lization. Secondary minerals do not, as a 
rule, extend far ~ below the surface in Canada. These minerals may be concen­
trated at or near the outcrop of a primary deposit, as a result of long-continued 
solution and deposition by surface waters, with the result that the near-surface 
part of the deposit is much richer than the main, primary, part. On the other 
hand, · the upper parts of a few deposits have proved to be misleadingly lean, 
because primary minerals were dissolved and carriecj away by surface waters. 
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Structural features often influence the economics of a deposit by deter­
mining its dip, by causing weakness of the deposit itself or of its walls, or by 
causing it to be displaced by faults. The lowest mining costs are obtained in 
large deposits that have considerable lateral extent, thus permitting them to be 
mined by open-pit methods employing power-shovels, draglines, or bulldozers. 
The ore is removed from the pit by large trucks, by aerial tramways, or, in the 
largest operations, by standard-gauge railways that spiral around the sides of 
the pit. Examples of deposits worked by open-pit methods are flat-lying coal 
seams and other sedimentary deposits, and the upper parts of large replacement 
and contact metasomatic deposits. Fairly cheap underground mining can be 
done on deposits that are large in all three dimensions. Bodies such as veins, 
that are relatively narrow compared to their other two dimensions can be mined 
fairly cheaply if they dip steeply (say, 50 degrees or more) , because mined ore 
then moves by gravity in the stopes and ore passes, until it is collected at a 
convenient point for haulage or hoisting. On the other hand, it is usually more 
costly to mine a fai rly flat-lying vein because the broken ore has to be handled 
by some mechanical method such as scraping. Structural features that affect 
the strength of ore or wall-rock may add greatly to the cost of mining because 
much timbering and back-filling may be required to support ore or rock weakened 
by fracturing or faulting. In the same way, timbering may be required if the 
rock immediately above an orebody is inherently weak, apart from structural 
conditions. If a deposit is displaced by faults, costs of exploration and mining 
will probably be greater. 

Location and Transportation 

As is to be expected, location has an important bearing on whether or not 
a prospect can be explored readily and whether a mine can be operated econom­
ically. Apart from the question of transportation, if a deposit is in a settled 
area it is easier to obtain labour, and any amenities available make it easier to 
hold labour and lessen the need for housing, recreation, and other facilities to 
be provided by the company. 

Topography plays an important part in determining the cost of exploration 
and mining, because adits (tunnels) cost much less than shafts. If a deposit 
occurs in a mountainous or very hilly setting, the entire deposit or its upper 
part is usually explored and mined from an adit. This is customary in the 
Cordilleran, but shafts predominate in other parts of Canada because the relief 
is usually too slight to make adits practical. 

Transportation facilities and availability of developed or potential electric 
power are most important considerations, both in the exploration stage and in 
the event of production. Any but the most preliminary exploration requires 
considerable supplies and equipment, and before substantial production can be 
begun large amounts of heavy machinery, building materials, and other supplies 
are needed. In addition to these, a n average of about thirty-five pounds of 
supplies is required for each ton of ore produced. Finally, there is the problem 
of getting the product to market. In the parts of Canada served by railways, 
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highways, or established water routes, transportation is fairly easy, a lthough 
freight charges may add appreciably to the costs of exploration and mining. 
Beyond established routes, where exploration must be serviced by air or by 
tractor trains, costs rise greatly; to be attractive, therefore, a prospect has to 
be better than it would be if it were in a more favourab le location. A few, chiefly 
gold mines, have become productive in remote places without the provision of 
highway or rail transportation, because they were sufficiently profitable to 
warrant transport of heavy equipment by sleighs and tractors during the winter, 
and the shipment of the output by air. In almost a ll instances, however, it has 
been necessary to provide road or rail links before production could begin. This 
has meant that deposits even a few miles from major transportation facilities 
had to be considerably better than if the facilities had been available a lready, 
and that deposits in very remote places have had to be good enough to warrant 
extension of facilities; if such facili ties could not be provided, the deposits have 
been left unworked. 

Treatrnent 

In special circumstances ores may be shipped to market in the state in 
which they are mined, or after sorting by hand. Jn by far the majority of 
instances, however, treatment plants are required. This applies even to most 
coal mines, which are equipped with screening and washing plants, and to many 
iron mines, where preliminary treatment is carried out before the ore is shipped. 
Most mines have elaborate plants for crushing, grinding, and concentrating the 
ore, and some are equipped with special chemical or smelting plants which carry 
the processing through all stages except final refining. In some instances a plant 
a lready operating in a district will accept suitable ore from neighbouring mines. 
In view of the great differences in ores, however, it is usually necessary to 
provide individual plants, after careful research has been done on bulk samples. 
The kind of treatment necessary, the percentage of recovery that can be expected, 
and the ease or difficulty of treatment all affect the cost of operation and influence 
the decision as to whether mining is practical. If other factors are favourable, 
a satisfactory method of treatment can usually be worked out, but if a deposit 
is in a remote place, or seems just large and rich enough to be minable if there 
were no complications, or if its ore is costly to treat, or permits only poor recovery, 
it is likely to be regarded unfavourably. One should not be too pessimistic about 
treatment, however, because advances in methods may become available. For 
example, a large Canadian mining organization instructs its field staff never to 
turn down a property on the ground of treatment a lone. If other factors are 
satisfactory, but treatment presents a problem, it will try to develop an improved 
method of treatment. 

Present and Future Dernand 

The state of the market for a particular metal or mineral is an important 
consideration. Gold has a fairly assured market, and its price is relatively stable. 
Many of the base metals, such as iron, copper, lead, and zinc a re normally in 
such demand that good deposits are a lmost certain to be valuable, although 
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their prices fluctuate considerably. Demand and prices for other mineral products 
for which there is a more limited market need to be considered very carefully. 
In other instances, there may be no present market , but there may be hope that 
a market will be available in future, or that a market could be developed if a 
large deposit were shown to be available. 

The ways of obtaining information on markets a nd prices from the press 
and from government publications, have already been explained. It should be 
emphasized that for many metals the prices usually quoted are trade prices for 
products of smelters and refineries. When ores or concentrates are shipped to a 
treatment plant the prices paid for the contained metal are considerably lower. 
In the first place, nothing is paid for metals that cannot be profitably extracted, 
and a penalty may even be charged for the presence of objectionable components 
that make the extaction of others more difficult. Plants deduct a certain amount 
as a treatment charge, and privately owned ones must try to make a profit. 
Finally, the prices for many metals are based on the New York or London 
markets, so a Canadian plant may have to allow for the cost of freight, duty, 
insurance, selling, and perhaps refining. Such matters must be considered care­
fully by engineers in appraising a deposit. A prospector does not have to consider 
all the details, but when judging a new discovery he should make allowances 
for the probable demand, and for the possibility of considerable spread between 
the value of ore and the published quotations for metals and minerals. 

Prospectors sometimes form misleading opinions of the value of discoveries 
by assuming that all the constituents shown in a n assay or analysis can be 
recovered profitably. For some ores it is possible to count on obtaining payment 
for, say, gold a nd copper, or lead and zinc, but only in exceptional cases is it 
possible to recover metals or minerals occurring in subsidiary amounts. The 
possibility should be investigated eventually, but it is seldom important at the 
outset, when the decision to do preliminary work should be based on one or 
two principal constituents. 

Exploration of Deposits 

A discovery that shows signs of being of possible importance must be 
'explored' before its worth can be judged. Apart from the fact that nothing 
can usually be learned about the conditions at depth without some form of 
subsurface exploration, few deposits are sufficiently exposed to allow appraisal 
of their width, length, and possible mineral content without the removal of 
overburden and products of weathering from parts of the deposit. Work done 
to reveal the extent and content of a deposit is properly called 'exploration'. 
The term 'development' is sometimes used instead, but it is more properly used 
in connection with the preparing of a mine for production, after an orebody has 
been proved. 

The earliest exploration is usua ll y done by the prospector himself on any 
occurrences that he thinks warrant it. This is done so that he can judge their 
importance, and to facilitate examination by an engineer or geologist. Further 
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work is usually financed by companies on recommended prospects. This is part 
of a process of elimination , whereby prospects that respond to exploration are 
examined, and further work is recommended or not as the case may be. After 
each favourable report, more advanced exploration is done, until finally a few 
mines are brought to production, out of a large number of prospects on which 
money was spent but which did not respond. This process usually requires 
several years; few mines reach production until at least three years after the 
initial discovery. The aim is not to risk too much in the early stages, but to 
re-appraise t he situation periodically, and to risk more and more money on 
those prospects that seem to warrant it. 

Exploration by the Prospector 

After a discovery that may have promise has been found, the first step is 
usually to try to ge t a general idea of its width a nd length. Before any work 
with tools is done, other th an picking into the outcrop to try to obtain fresh 
specimens, it is usually advisable to make a reconnaissance, because the width 
and length may be determined well enough from other exposures to avoid the 
need for removing overburden, because the reconnaissance may indicate where 
work can be done to best advantage, a nd because a better deposit may be found 
nearby. 

The true width or thickness of a deposit for any particular place in it is 
the distance a t right angles to both the strike and the dip (see Figure 3). If the 
deposit dips verti cally, the width measured horizontally a nd at right angles to 
the strike will be the true width. If the deposit dips at an angle, the width 
measured horizonta lly will be greater than the true width. This is an important 
consideration because the surface showing of a deposit often gives an exaggerated 
impression of the width, particularly if the dip is fairly flat. Also, few deposits 
maintain regular width. Most of them widen and narrow, and it is then necessary 
to determine their average width. 

The length of a deposit is the distance it extends a long its strike. When 
attempting to trace the length it is important to understand the way in which 
the outcrops of a dipping deposit a re distributed with respect to a sloping or 
irregular land surface. If a deposit dips vertically, its outcrops will occur in a 
straight line regardless of how irregular the surface is. If the dip of a deposit 
is inclined at an angle , a nd the land surface is flat, the outcrops will lie in a 
straight line; but if the land surface is sloping, the outcrops will trend down the 
slope in the direction of the dip of the deposit. This is difficult for a beginner 
to visualize, but after a little practice he learns to think in three dimensions and 
to take into consideration the slope of the land surface. It is useful to experi­
ment with a model made of sand or mud or plasticine-a sloping surface or a 
series of hills and valleys can be shaped on the model. Then , if a piece of flat 
cardboard is taken to represent a vein or bed of rock, it can be thrust into the 
model at different a ngles. The line of juncture of the cardboard a nd the surface 
of the model will then illustrate the manner in which the outcrops of a vein or 
bed are distributed with respect to the surface. 
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When attempti ng to trace the length, if the dip or surface is such that the 
outcrops should follow a simple line, it is easy to take a bearing and follow it 
in the hope of finding other outcrops. If not , a llowance is made for the 'swing' 
of the outcrops a nd a search is made in appropriate places. In open country, 
a row of pickets or piles of stones can be set in line by sighting along two already 
in place. In wooded country it is useful to blaze a line, a nd clear it if necessary, 
as this will not only assist in directing the search for other exposures, but will 
be useful later when making a rough survey of the showings. All that has been 
said above regarding the trend of a deposit assumes that the deposit has a 
regular strike. l\Iany deposits, however, are inherently curving or irregular in 
strike, apart from any swinging of outcrops due to dip and land surface. 

If the width and lateral extent of the deposit a re not sufficiently exposed 
in the natural state, a limited amount of work is usually done by a prospector 
to try to improve the exposures. In the simplest cases this may only involve 
the scraping away of moss or thin overburden (see Plate LVII). If necessary 
this is supplemented by digging trenches to try to reach bedrock. Preliminary 
trenching is commonly done at intervals of 25 or 50 feet, the trenches being 
placed at right a ngles to the strike. If bedrock cannot be reached at a depth 
of about 5 feet, it is customary not to go farther, at least in the early stages of 

Plate L VII 

A quartz vein with the overburden 

stripped off, and a little rock blasted 

out where the depressions are filled 

with rain-water. Note shearing of 
wall-rock of side of vein. 

exploration. In some instances an iron bar or pipe, or a post-hole auger, can be 
driven into the ground to learn the depth of bedrock, but this is not practical 
if the overburden contains large boulders. Special bars with a device at the end 
for holding fragments of rock are sometimes used to learn the character of the 

225 



Plate L VIII 

A portable fire­

fighting pump 

used to cut trench 

through over­

burden and to 

clean bedrock. 

bedrock without the necessity of trenching. Probings of this kind, or the presence 
of nearby outcrops, sometimes permit reaching bedrock more readily by placing 
a trench at a different place than that dictated by the even spacing previously 
decided on. 

If the deposit is revealed in an outcrop or trench, it is useful to place a 
stake, picket, or pile of rocks to mark one of its walls, or the centre of a narrow 
deposit; and to place others a long the strike, to assist in placing other trenches. 

Trenching is usually continued, if the exposures thus found show reasonable 
widths and mineral content, until the prospector believes that he has established 
enough length to interest an examiner. He would not have to establish a length 
of many hundreds of feet at the outset, if t he width and mineral content are 
impressive. If the deposit seems to end in one direction, it is desirable to do 
some further stripping or trenching in the vicinity to try to learn if it actually 
dies out, or if it is faulted, or if branches or parallel bodies can be found. 
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Trenches should extend a foot or more beyond the walls of the deposit, to 
indicate the nature of the wall-rocks. If a deposit is very wide, a ll preliminary 
trenches do not have to extend the full width. Instead, pits can be spaced at 
intervals across the width. 

In places that are favourab ly situated, stripping of overburden can some­
times be done to advantage by using water under pressure from a portable fire 
pump (see Plate LVIII). In another method, known as ground sluicing; a small 
stream of water diverted to the desired place by a ditch can be allowed to flow 
until it washes off the overburden. If the amount of water is small the effect 
can be increased by what is called 'booming' (see Plate LIX). A small dam is 
improvised at a convenient place and a gate a foot or two in size, made out of 
boards or hewn logs, is placed in the dam. The gate is opened from time to time 
by the prospector, to allow the pent up water to rush out, or an automatic gate 
may be built by hinging the gate and arranging a latch that is opened by a lever, 
at the other end of which is a box into which water flows when the pond is full. 

If the deposit contains radioactive minerals it may be possible to trace it 
beneath a few feet of overburden by using a Geiger counter or other detector. 
Similarly, if a deposit contains magnetite or pyrrhotite in sufficient quantity, it 
may be traced by using a dip needle. 

As trenching proceeds, the deposit should be constantly reappraised as there 
is no point in continuing to do work if the deposit seems to be too small or of 
too low mineral content. Preliminary panning may be done as exploration 
proceeds, and samples should be sent for assay if possible. 

Next, it is necessary to consider whether the prospector should blast into 
the rock. Many deposits are too weathered to permit the prospector or examiner 
to obtain a satisfactory idea of them unless openings are made by blasting. 

Plate LIX 

A crib-dam and 
boom-gate 
used as an aid 
in removing 
overburden. 
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On the other hand, many prospectors do not know how to use explosives safely, 
or do not have the necessary equipment, and it is not necessary that all competent 
prospectors should be able to undertake 'rock work'. If the surface is badly 
weathered, and if the knowledge and equipment is available, it is, however, often 
desirable to blast into the surface of the deposit at a few places, using the methods 
described in another section. This can be done by placing a few 'pop holes' or 
rock trenches in a few outcrops of the deposit, or in the bottom of a few trenches 
dug in overburden. It should be emphasized, however, that in general only 
enough removal of overburden, or blasting, should be done at first to provide 
sufficient information to interest possible backers or buyers and to facilitate the 
first professional examination. Examiners often find that a prospector has not 
done enough work, and that their trip has been largely a waste of time; but they 
also often find that a prospector has done too much misdirected work, such as 
extensive trenching in a poor place, or unnecessary surface blasting, or even 
unnecessary tunnelling. 

The last preliminary step, often overlooked, is to make a rough survey and 
sketch showing the position and nature of outcrops of the deposit and nearby 
rocks, the position of trenches, if any, the numbers and positions of specimens 
and samples, and the locations of trails and other features. 

This completes the preliminary work. The next step is usually to try to 
interest capital, or to go on with general prospecting until an examination can 
be arranged. In some instances, an examiner who did not recommend that his 
principals acquire the property or finance further work, might suggest that the 
prospector do further work of a certain kind himself. In other cases, the pros­
pector might need to do assessment work on the claims in another year, and 
so would do further exploration on the deposit. He would then proceed with 
some of the earlier stages of adva nced exploration, as described later. If possible, 
he should obtain professional advice before undertaking such work, unless he is 
very wel l qualified, because mistakes at any stage beyond very limited preliminary 
exploration are costly, and because he might better occupy his time in trying to 
find other deposits. 

If a deposit contains significant amounts of radioactive minerals, blasting 
usually scatters fragments in such a way that Geiger counters or other radio­
activity detectors cannot be used dependably for further prospecting in the 
vicinity or for testing showings. It is, accordingly, better not to blast until 
after any desired radioactivity surveys have been made, or, if it is necessary 
to blast to try to expose primary parts of the deposit, logs may be laid above 
the part to be blasted, to minimize scattering. 

Examiners who turn down properties are usually generous in giving advice 
on work the prospector might do to improve his showings. Also, several provincial 
government departments employ engineers or geologists who do as much as 
possible to advise prospectors, a lthough they cannot visit a ll properties in their 
districts each year. Furthermore, geologists of the Geological Survey of Canada 
are glad to advise prospectors a nd claim owners when they visit properties in 
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right angles to the quartz: vein, and that 
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rock dust. 
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an area being mapped at the time, or when making special studies. Federal 
agencies do not, however, make special trips to examine properties at the request 
of , or on behalf of, the owners. Failing any of these ways of obtaining advice, 
a prospector or his grubstaker should consider the advisability of engaging the 
services of a consulting geologist or mining engineer. Some prospectors cannot 
afford this, but others who can will spend thousands of dollars on their claims 
in other ways, without spending a hundred or so on professional advice. 

Sampling 

One of the most important ski lls of a prospector is to be able to take samples 
that a re sufficiently representative of a deposit. Almost always, one or more 
samples must be taken from each discovery that seems to have any merit, and 
additional samples must be taken as exploration proceeds. The only exceptions 
are the ra re cases where abund ant valuable minerals are exposed, such as a 
vein containing a great deal of visible gold , or a vein containing massive pitch­
blende. Thorough sampling is a complicated procedure usually done or super­
vised by a n engineer or geologist, who decides on the best method for the type 
of deposit and other circumstances, and the number of samples necessary to . 
provide a proper estimate of the average grade of the deposit or of ore shoots 
in a deposit. 

The various methods of sampling and of estimating the grade of a deposit 
used by engineers and geologists need not be discussed fully, but a short descrip­
tion of sampling methods in general is given below, because some knowledge, 
even of the methods that are not applicable to prospecting, is desirable. Pros­
pectors and the general public often read about samples in reports and news 
items, without understanding what is meant. •The methods described below 
apply mainly to lode deposits, but some apply to placers. The types of samples 
with which prospectors should be almost exclusively concerned are chip, channel, 
and grab samples, but some prospectors may use light diamond drills, or may 
need to take a bulk sample. 

Channel Samples 

These are taken from a channel at least 2 to 4 inches wide and t to 1 inch 
deep, cut at right angles to the strike of the deposit, usually with a moil and 
hammer, but a pick or bricklayer's hammer may be used, especially for fairly 
soft or brittle material. The surface should first be cleaned with a broom or 
brush. There is no definite rule for the size of channel or the amount of material 
removed, so long as these are kept as nearly uniform as possible for a ny one 
sampling project. The larger channels are generally recommended when the 
minerals are distributed fairly unevenly. If the valuable minerals are very spotty, 
channel sampling may not be practical. The sample should be as uniform and 
representative as possible, and care should be taken not to include more of the 
better or more easily broken material. If a large piece is broken off accidentally, 
it may be broken up and a piece of appropriate size used. Care must be taken 
to obtain the finely broken material, as some of the metalliferous minerals are 
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broken to dust during the cutting of the channel. The materia l cut from the 
channel may be caught on a sheet of canvas or oilcloth, in a box, gold pan, 
or la rge can, or in a sample sack kept open with a wire loop, and great care 
must be taken to see that these are not contaminated by fine material from 
previous sampling. A pound or more is usually obtained for each linear foot of 
channel. If it is impractical to ship large a mounts of samples, the individual 
samples may be carefully reduced in size, in the way explained in connection 
with bulk samples. 

It is useful to outline with crayon the places to be channelled. If the deposit 
contains bands of different material, they should be sampled separately. If it 
is more or less uniform, a length of not more than 4 feet of channel should be 
regarded as one sample; separate samples should be taken if a deposit is more 
than 4 feet wide. Separate samples should be taken of a few inches of the wall­
rock at each side of the deposit, in case it a lso contains valuable minerals. If a 
deposit is less than 3 feet wide, separate samples of wall-rock should be taken 
for lengths sufficient to make a total of 3 feet, this is done because mine openings 
would have to be at least 3 feet wide, even if the deposit is narrower. Distances 
should be measured in tenths of a foot rather than inches, for ease in calculation. 

Separate channel samples a re usually taken at even interva ls of S, 10, or 20 
feet, depending on the size of the deposit, regularity of mineral distribution, and 
the time and money to be spent on sampling. If trenches or other exposures do 
not permit evenly spaced sampling, the channels are placed to suit circumstances, 
and this is taken into consideration when calculating the results. 

Chip Sa.mples 

These are similar to channel samples, except that instead of cutting a 
channel, chips are knocked off at intervals of an inch or a few inches. A moil 
or pick is used, as in channel sampling. If a large piece is broken, it is split and 
an average piece is put with the sample. This is a cheaper and quicker method 
than channelling, and it is often sufficient, particularly for preliminary sampling, 
when it is seldom worthwhile to take careful channel samples from weathered 
or oxidized exposures. All the other matters referred to under 'channel sampling' 
a pply to chip sampling as well. 

Pa.nel Sa.mpling 

Panel samples are taken in the same ways as channel or chip samples, but 
from a larger area instead of a strip. They may be taken from areas 1 foot or 
several feet square, in an attempt to obtain a more representative sample. Lines 
may be laid out in the form of a grid, and alternate squares may then be sampled. 

Gra.b Sa.mples 

Grab samples, sometimes called character samples, are pieces that are more 
or less representative of a deposit, taken at random from the deposit in place, 
or from a dump or mine car. If several such samples are taken with reasonable 
care to obtain average material, they may provide fair samples of deposits whose 
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minerals a re distributed fairly evenly, particularly in preliminary samples, but 
as a rule channel or chip samples are much preferable. In many instances wh~t 
are said to be grab samples are really selected samples. 

Selected Samples 

Selected, or 'picked', samples are not rea lly samples at a ll, because they 
are not representative of a ny sizable part of a deposit. They are specimens or 
small chips of the best parts of a deposit, and assays from them are of little use. 
Selected samples are desirable for purposes of mineral identification, because 
they provide better material with which to work. Also, a selected sample may 
be useful in the case of a deposit that appears to be of low grade; if such a 
sample gives only a low assay, it can be confidently assumed that the deposit 
is of still lower grade. Otherwise, selected samples should be avoided, yet ma ny 
assay reports based on such samples a re presented, either beca use the sampler 
had little knowledge of prospecting or mining, or in a n attempt to attract atten­
tion. This has been done so often that the informed public discounts sampling 
reports that do not state the method of sampling and the width that the sample 
reprer.ents, and all high assays said to be from grab samples. 

Bulk Samples 

As their name implies, bulk samples are substantial amounts of a deposit, 
taken as representa tively as possible. They range from a few hundred pounds 
to several tons in weight, a nd may be blasted from pits or trenches a t the surface, 
or from underground workings. They are warranted only after a deposit of fair 
size and grade has been outlined, and are rarely needed by prospectors. They 
are taken for one of two purposes, or a combination of the two. One is to provide 
a more representative estimate of the grade of an unevenly mineralized deposit 
than ca n be obtained by averaging the results of several smaller samples. The 
other is to provide sufficient ma terial for laboratory tests to determine whether 
the deposit can be treated economically and to learn the best method of treat­
ment and the percentage of recovery that can be expected. If material is t a ken 
from more than one trench or underground location each sample is usually kept 
separate for assaying purposes, as this permits comparison of the grades of 
different parts of the deposit. Later, the samples may be combined for treat­
ment tests. If transportation is not a serious problem, best results are obtained 
by shipping the entire sample or samples. Otherwise, the amount can be reduced 
in such a way that a smaller quantity is fairly representative of the entire sample. 
This can be done by shovelling the whole sample into a cone-shaped pile, perhaps 
after breaking the larger pieces with a hammer. Each shovelful is placed on the 
peak of the pile, so that small pieces roll down in a more or less even manner. 
When all is in place, the top of the pile is flattened by spreading the material 
as evenly as possible into a pile whose height is about one-tenth its diameter. 
Then two opposite quarters of the pile are shovelled into a new pile and it is 
quartered in the same way. This process is repeated until a sample of con­
venient size is obtained. It is best if the piles can be placed on a canvas or wooden 
floor, to prevent loss of the 'fines'. For very large samples, a portable crusher 
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is sometimes used to reduce the pieces to fa irly small size, after which the sample 
is reduced to a su itable size by coning and quartering, as described above, or 
by using a special sample-spli tting device that gives more accurate results. 

Mu.ck Samples 

'M uck' is the name popularly applied to rock or ore broken from a pit, 
trench, or underground working. \i\Thile it is being shovelled out, a portion 
may be set aside to constitute a sample. Fractions commonly used are one 
shovelful in every five, ten, or twenty. In much the same way, 'car samples' 
are taken from a car of muck or ore, sometimes by setting aside pieces taken 
at random as the car is being loaded, or placing in separate boxes materia l sim ila r 
to that at the bottom, middle, and top of the load. 

Du.mp S amples 

\i\Then properties a re examined after exploration or mining has been done, 
t he dumps at trenches or from underground workings may be sampled in one 
or several ways. Small dumps may be coned and quartered, or a number of 
grab sam ples may be taken. Large dumps are commonly sampled by excavating 
pits or trenches in them at systematic intervals. lf dumps have been exposed 
for a long time to rain and melting snow, some of t he content may have been 
lost by the washing away of 'fi nes' or by solu t ion. 

Ho rings 
1, 

Various methods of boring, which a re expla ined in the section on explora­
tion of deposits (see page 243) , a re used to obta in samples, usually at carefull y 
spaced interva ls. Drive pipes or post-hole augers may be used for testing pla<;:ers 
or other soft deposits that a re not too deep and where large boulders do not 
interfere. Another method tha t is sometimes desirable is to drill holes with hand 
steel or pneumatic drills , and collect the cuttings , eit her as a mud called sludge 
or as a dry powder. Larger holes a re often put down with churn drills, the 
cuttings being pumped out and collected. Because churn drilling can only be 
done vertically, this method is generally used on ly for fl at-lying or very large 
deposits such as placers and some iron deposits. Diamond drilling is widely used 
as a means of exploration and sampling. This method permits drilling in any 
direction a nd it provides a core t hat can be studied and sampled readily. Except 
in the case of core of very small diameter, cores that warra nt assaying a re usually 
split longit udina lly with a specia l tool, one ha lf being assayed a nd the other 
kept for further study should t hat be desired . In addition , the drilling sludge 
fo r separate in tervals is often collected and assayed. Sludge samples a re particu­
la rl y useful fo r sections where core cannot be recovered, as sometimes happens 
when the rock is too soft, fri able, or fractured . 

Cornpos i te Samples 

After parts of samples have been used for assaying, t he unused .Parts are 
sometimes lumped together to form a composite sample that may be assayed 
as a check on the individual results or used for treatment tests . 
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Prospectors' Samples 

Many of the techniques described above are not applicable to the sampling 
done by a prospector when he first makes a discovery or when he does preliminary 
exploration. He might take chip or grab samples at first, choosing them so as 
to be as representative as possible. Later, if the deposit seemed to warrant it, 
he might take channel or muck samples. The utmost refinements are not neces­
sary in the early stages, because the interest is in the possibilities of the deposit, 
rather than in careful calculations of tonnage and grade. The early sampling 
should, however, be done reasonably carefully and systematically. Deposits 
having valuable minerals distributed irregularly require a greater number of 
samples, and the samples themselves should be larger than for a uniform deposit. 

The question of whether it is worthwhile sampling a ltered material at the 
surface of a deposit always presents a problem. Such materia l may give too 
high or too low results, or t he assays may be almost the same as those obtained 
later from unaltered materia l. Often, nothing but partly altered material can 
be obtained during early exploration, and this has to suffice. If the deposit 
seems to be of fair size and if the geological conditions are favourable, further 
work is often warranted so long as the assays show reasonable content, even if 
the samples cannot be relied on completely because of near-surface a lteration 
or of imperfect sampling. 

A rough idea of the content of samples can at times be obta ined on the 
spot by panning, or, in the case of radioactive samples, by testing them with a 
field radioactivity detector. Accurate results can be obtained only by sending 
samples to a laboratory for fire assay, chemical or spectrographic analysis, or 
special tests. The most reliable results are obtained if the entire sample is sent, 
but if this is not practical samples may be reduced before shipment. The method 
of quartering large samples has a lready been described. Smaller samples can be 
reduced in the same way, preferably by crushing them fairly fine, then placing 
the sample on a cloth or paper sheet, and mixing it thoroughly during successive 
stages of coning and quartering. 

Samples should preferably be placed in small canvas bags specially made 
for the purpose. The bags should either be new, or be fresh ly laundered after 
being turned inside out, to avoid contamination by previous samples. If such 
bags a re not available, any clean, strong, tight container will serve. Sample 
numbers shou ld be written on a slip of stout paper which is rolled up to prevent 
the number from being obliterated , and is then placed in the container; a lterna­
tively, the number may be placed on an attached tag or on the outside of the 
container, preferably by some means that will not be affected by water. Careful 
notes on samples should be recorded in a notebook or on a map or sketch. 

Most provincial departments of mines will make a limited number of free 
assays and other tests on prospectors' samples. In the federal Department of 
Mines and Technical Surveys, the Geological Survey will make up to six free 
tests for uranium or thorium on samples from a new discovery or property, 
and the Mines Branch will test samples from deposits of industrial minerals and 
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bulk samples of metallic ores without charge, and will also perform assays and 
chemical analyses for which a charge is made: except for preliminary reports 
on samples of industrial minerals, the Mines Branch work is done only in certain 
circumstances, and samples should not be submitted before arrangements have 
been made. It is particularly important that samples and covering letters be 
clearly addressed to the proper branch, and that the type of test desired be 
clearly marked on the outside of the parcel (e. g. 'radiometric test', 'radioactive 
mineral identification', or 'ordinary mineral identification' ). Unless this is done, 
delay and confusion may result. 

In Northwest Territories and Yukon, free assay coupons are provided to 
holders of mineral claims. Applications for these should be addressed to the 
local Mining Recorder, from whom information may be secured. 

Except for the above- mentioned cases of services rendered by government 
departments, prospectors requiring assays or analyses, or tests of bulk samples, 
should apply to one of the commercial concerns doing such work. Such firms 
advertise regula rly in the mining press, and the prospector must decide for 
himself where to have the work done. It is not permissible for government 
agencies or employees to recommend any particular firm. 

Jf in doubt, the prospector may send a sample to an assayer and ask to 
have the powdered sample or ' pulp' returned. This can then be carefully divided 
into two or three parts, which may be sent to other assayers. It is unlikely that 
the results will correspond precisely, both because there may be slight variations 
in the samples, and because analytical methods are accurate within certain 
accepted tolerances only, and different methods may give slightly different 
results. If, however, one set of results differs markedly from the others, a 
further check is probably called for. 

The reports on assays and analyses frequently list minute quantities of 
metals or other elements present , but such components should not usually be 
regarded as valuable constituents of the deposit, as they are seldom economically 
recoverable. 

Surveys and Sketches 

1 t is desirable for prospectors to make rough surveys and to record the 
information on a ir photographs, tracings, or sketches. This information is 
valuable as a record of geological observations, mineral discoveries, locations of 
samples and specimens, and geographical features. These do not need to be 
surveyed or plotted with professional precision, but they should be shown with 
reasonable accuracy, and this can be done fairly simply and quickly after a 
little practice. The results are useful to the prospector himself in providing a 
record and often by indicating trends that he might otherwise overlook. They 
are also invaluable when reporting or when trying to interest a possible buyer or 
backer. The kinds of surveys and mapping that a prospector might do fall into 
two classes. The first covers a fairly large area, such as a region being pros­
pected, or a large group of claims. The second covers a smaller area such as a 
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single claim, or part of a claim where a deposit has been found or where trenching 
has been done. 

Large Areas 

As mentioned elsewhere, one of the best ways of recording information is 
on an air photograph or on a tracing therefrom. Another method, if suitable 
maps are available, is to mark points and make notes on a copy of the map or 
on a tracing made from it. The positions of some points can be estimated suffi­
ciently closely by eye. Others can be fixed by taking bearings, pacing dista nces, 
or taking alti tudes with a barometer. These methods are discussed later. 

In areas where timber is too thick to permit fixing positions by eye or by 
taking bearings to known points, and in detailed prospecting of a group of cla ims 
or a particularly favourable area, it is often desirable to prospect a long parallel 
lines at intervals of 100 to SOO feet. To do this it is usual to mark off the intervals 
on a base line, which may be the side of a claim or a special line selected for the 
purpose. The prospecting lines are run at intervals from the base line, and are 
usua'lly arranged to cross the general trend of formations or structures. They 
may be kept straight by taking repeated sights with a compass, or after being 
begun by compass, they may be run as 'picket lines'. To make a picket line, 
a picket is placed at the starting point and another by taking a compass bearing 
from the starting point. Then, if two men are available, one ma n may sight 
a long the two pickets and wave the second man into position for the third picket, 
and so on. If a man is working alone, he can move sideways until he is in line 
with the pickets already in place, and then place another. Pickets are usually 
placed at even intervals, such as 100 feet, so that observations can be referred 
to these fixed points, but if this is not necessary the pickets may be placed at 
a ny convenient places , generally on high points to permit visibility. After the 
lines have been run they may be plotted on ordinary paper or graph paper, to 
make a plan on which observations can be recorded . Such a plan is illustrated 
in Figure 11. As well as aiding in ordinary detailed prospecting, such lines may 
be used for the recording and plotting of geological, radioactivity, or dip-needle 
surveys. 

Smaller Areas 

For smaller areas such as might embrace a mineral deposit or a group of 
trenches, a plan on a larger scale is desirable. Suitable scales range from 1 inch 
to 10 feet to 1 inch to 100 feet, according to circumstances. 

If the points to be located are fa irly close to one a nother, say within 1,000 
feet, a base line may be run in a convenient place, as illustrated in Figure 11. 
The points to be located may then be measured by 'offsets' at right angles to 
the base line. The direction of the offsets can usually be determined with suffi­
cient accuracy by eye, but if the distance is great a bearing can be taken from 
the point to the base line. If two SO-foot or 100-foot tapes are available, it is 
convenient to lay one a long the part of the base line being used at the time, 
and to employ the other for measuring offsets. If only one is available, the 
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FIG URE 21. A closed traverse and a method of adjusting it. 

offsets can be measured first, the points where they intersect the base line may 
be marked, and the positions a long the base line may then be measured. For 
rougher surveys, pacing is sufficient. 

lf the distances a re too great, or if timber is too large and too thick to make 
a base line practical, points may be located by ma king a 'traverse' composed 
of several bearings and distances, from a point of origin such as a corner of a 
claim. If a traverse consists of only two or three courses (bearing and distances) 
these can be plotted merely by using a scale and protractor and assuming that 
the bearings were properly taken and not affected by local attraction. For more 
accurate results, particularly if a traverse consists of three or more courses, it 
is better to ma ke a 'closed traverse' as illustrated in Figure 21. This is done 
as follows: 

Suppose that the first point to be located is a vein exposed in a n outcrop 
at point C. The nearest point of reference was the claim corner A, from which 
a bearing was taken in the general direction of point C. As the prospector 
measured along the line of this bearing, when he reached a place represented 
by B he could see the outcrop C, so he took a nother bearing, B to C, a nd 
measured this distance. From C he took course C-D, to cross three trenches 
whose distances from C were measured. From the trench at D, he took course 
D-E to ano ther outcrop, then E-F to the last point he wished to locate. He then 
took course F-G to strike the claim line, and finally a course down the line to 
close the traverse a t A. The courses were then plotted on paper, to a convenient 
scale, using a protractor and measuring scale. Any point was ta ken to represent 
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A, and a side of the paper was taken to represent a north and south direction. 
When such a closed traverse is plotted, it would be most unlikely that the last 
course would end exactly at the point of origin, A. It is more likely to end at 
another point illustrated by A1. If it is badly out of closure, there must either 
have been one or more serious errors in bearing or distance, or a serious magnetic 
disturbance at some point. If the traverse is re-run , an error will probably be 
detected, permitting reasonable closure. If the closure is only slightly out, a line 
is drawn between points A and A1, and short parallel lines are drawn through 
the other points of the traverse, along which the other points are adjusted propor­
tionately as shown in Figure 21. The letters with the strokes after them represent 
the first positions, and the others the adjusted positions. A special method of 
measuring the amount of adjustment is used by surveyors, etc., but for rough 
purposes the adjustments can be estimated by eye. After the traverse has been 
adjusted, it may be used as a skeleton around which details such as lakes, 
streams, outcrops, contacts, sampling positions, etc., are sketched. Usually, 
the more important details are fixed to the traverse by measured offsets, and 
the remainder are drawn by eye. 

Fixing Positions 

Positions are located by bearings, distances, or elevations a bove sea-level 
or by combinations of these. 

For simple surveys, bearings are usually taken with a compass, in which 
case it is necessary to consider the possibility of local attraction, and perhaps 
to consider the declination. The compass does not point to the true or astro­
nomic north, but to the magnetic pole. The angle between true and magnetic 
north, called the declination , varies from district to district and is noted on the 
legends of most maps. A special map showing declinations for a ll parts of 
Canada is published by the Dominion Observatory, available from the Surveys 
and Mapping Branch, Department of Mines and Technical Surveys, Ottawa. 
The declination can also be learned by sighting a long a surveyed line whose 
true bearing is known, and noting the difference between this bearing and the 
compass reading. Local attraction may be caused by metal objects carried by 
the observer or lying nearby, or by magnetic minerals in nearby rocks. It can 
usually be avoided by holding the compass well away from belt-buckles, knives, 
hammers, rock outcrops, etc., but at a few places magnetic outcrops may cause 
confusion. 

If bearings can be taken to two points shown on a map, the position of the 
observer can be located by plotting on the map the reverse bearings from the 
known points, whereupon the intersection will fix the observer's point. The 
points of reference must not be too close together, or too nearly in line with 
one another. 

Distances can be measured by pacing, using 2t feet as an average pace, 
or by means of a tape measure. 'Metallic' tapes in lengths of 50 or 100 feet 
a re most practical. Some prospectors use a measured length of heavy cord, 
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such as troll ing line or cod line ; these stretch, but a re good enough for approxi­
mate surveys. A 6-foot steel tape is useful for measuring short dista nces, such 
as the widths across which samples are taken . 

In mountainous country a small anero id barometer is useful for locating 
positions on contoured maps, because distances measured by pacing or other 
means are not useful in locati ng points on steep slopes. A bearing to a known 
point, together with a barometer reading, generall y gives a fairly accurate loca­
tion. Because a barometer is influenced by change in weather, its reading should 
be noted frequentl y at points whose elevations are shown on a map; then when 
a readin g is taken at a poin t to be fixed , a n adjustment can be made on the 
assumption t hat the weather has not changed much since t he last check-reading 
was taken. 

Plottin g 

Traverses and sketches can be plotted on ordinary paper. However, graph 
paper, or tracing paper laid over graph paper , is conven ient, because right­
angled lines do not then need to be plotted, and because t he divisions on the 
paper can be used instead of measuring with a rule or scale. Bearings can be 
plotted with a protractor. Specia l rules can be obtained for different scales of 
plotting, but these are not essentia l, because the distances can be estimated from 
whatever divisions the rule available happens to have. For example, if t he scale 
is 1 inch to 50 feet; t inch is 25 feet; a nd t inch is 12t feet, which is a lmost t he 
same as 10 feet on the sketch. Rules and protractors t hat are suitable can 
be bought in 10-cent stores. A sharp pencil should be used for plotting and 
sketching, and it should be of moderate hard ness, such as F, or H , to prevent 
sm udging and freq uent sharpening. 

Prospectors' Reports 

A prospector common ly has to write a report on the results of his work 
because he is employed by a company that requires him to make a report, has 
to report to one or more backers, is trying to interest an individua l or company 
in buying his property or in fin ancing furth er work, or has to report a discovery 
or t he results of exploration to a government agency, as in the case of urani um 
discoveries. If t he prospector is in the employ of a compan y, the kind of report 
required will be specified ; otherwise the foll owing suggestions may be useful. 

The report need not be long or written in learned la nguage, but it should 
give essential information in as clear and neat a manner as possible, because 
these matters affect a reader's reaction. The follo wing outlin e may be followed 
to prevent overlooking some im portant consideration. 

Heading 

State t he name of the discovery or claim group, the province or territory, 
and the name of the writer. 
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Location 

State the number of claims concerned, describe the location and means 
of reaching the discovery or property, including a ll important detai ls such 
as how to get in touch with a guide, and recommended boat or air service, if 
applicable. The report should be accompanied by a regional map or tracing 
showing the location, a nd a lso by another more detailed map, tracing, sketch, 
or air photograph showing with reasonable accuracy the position of claim bounda­
ries (if staked), discoveries, trails, geological observations, sampling positions 
and numbers, buildings, camps, and so forth. From a properly prepared report 
and its accompanying ma ps, etc., it should be possible for an engineer or geologist 
to reach the property and find the showings without a gu ide. 

Ownership 

The na me of the discoverer or owner should be stated, together with any 
pertinent information such as ownership of surface or mineral rights, date of 
staking, assessment work done or recorded , etc. 

History 

The date a nd manner of discovery should be stated . If all or some of the 
discoveries were made by others at some previous time, a note of the earlier 
history should be included . If the ground was staked previously by others, the 
date a nd previous ownership should be mentioned , a nd if systematic prospecting 
or a ny exploration was '.done by previous owners or ot'.1ers, as much as is 
known regarding the character of such work a nd the avai labi lity of records or 
drill cores should be stated. 

General Information 

Give a short account of the topography, amount a nd kind of timber, local 
labour supply, power supply (if available), length of summer season, and any 
other matters that might a ffect a n exploration or mining program. If important 
mines or interesting prospects occur in the district, they should be mentioned 
and their distances, similarities, or differences to the property being described 
shou ld be outlined. 

General Geology 

Describe the main features of the local geology as well as of the clai m group 
or the immediate vicinity of an unstaked discovery. This may be taken from 
geological reports and maps, or described from personal observations if reports 
and maps are not avai lab le. 

Description of Discoveries 

State the number of separate deposits apparently present; their type, such 
as pegmatite or quartz vein or shear zone, as near ly as the prospector is able 
to judge; the lengths and widths for which the deposits have been traced, stating 
the distances between exposures (for example, say that one vein has been traced 
for a total distance of 250 feet, by means of three outcrops a nd four trenches 
which are from 10 to 40 feet apart , and that in these exposures the vein varies 
in ,,·idth from 2! to 3! feet ). State the number of strippings, pits, or trenches, 
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and specify which pits or trenches are in overburden without reaching bedrock, 
in overburden to the rock surface but with no deposit visible, in overburden 
to the surface of the deposit, or blasted into the deposit. The depths to bedrock 
or into the deposit should be stated. In some cases there might be diamond 
drill holes to describe. 

The locations of specimens or samples, either submitted with the report, or 
tested previously, should be described, or mention should be made that they are 
noted on an accompanyi ng map, etc. The type of samples and the widths across 
which they were taken should be stated. Assay reports should be attached, or, 
if the information is quoted, care should be taken to see that the figures are 
correctly copied a nd that the name of the assaying firm is included. 

In describing distances, care should be taken to avoid exaggeration, because 
experienced mining men quickly detect it. Misleading statements are often 
made quite sincerely by inexperienced prospectors. For example, they may 
find a few small exposures of quartz or pegmatite, which represent only small 
veins or dykes scattered over a considerable distance, a nd may then state that 
the deposit is 100 feet wide and 2 miles long. 

Closing 

The writer should sign the report, give the date, his permanent address, 
and, if advisable, his temporary address. If he is unknown to the person to 
whom the report is going, it would be well to state his experience a nd qualifi­
cations. 

Advanced Exploration 

If preliminary examination by a mining engineer, geologist, or very experi­
enced prospector indicates that further work is warranted, this may take the 
form of additional removal of overburden, rock trenching, boring, or underground 
exploration. Such work is usually beyond either the means or the ability of 
prospectors. I t is usuall y la id out by an engineer or geologist, who reappraises 
the results from time to time a nd either recommends that another step be taken, 
or that work be stopped because the results are unfavourable. The prospector 
may be engaged to do some of the work under supervision, or he may have to 
do some further exploration himself , as assessment work, if he cannot dispose 
of his discovery and thinks it is worth holding. However, advanced work is 
usually clone by experienced men hired by a company, or by a contractor who 
has the experience, staff, a nd equipment for surface work, boring, shaft-sinking, 
or tunnelling. A short account of the subject is given in the following paragraphs, 
because prospectors a nd those who finance them should have a general knowledge 
of such matters. 

In most instances, exploration if carried through a ll stages c~nsists first of 
surface work, then diamond drilling, a nd finally of openings driven from an adit 
or shaft to confirm the results of drilling. This is not a lways so, howeve1·. 
A deposit may be so well exposed at the surface that no removal of overburden 
is necessary. Or, if the geological environment, size, and exposed minerals are 
sufficientl y attractive, the engineer or geologist may decide that little or no 
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pitting or trenching into the surface of the deposit is necessary, and instead may 
recommend that drilling be begun at once. In rare instances, a prospect ad it 
o r shaft may be recommended without preliminary borings, particularly in the 
case of a deposit that seems so irregular t hat borings would not give suitable 
information. In the early clays, particularly in the Cordilleran region, prospectors 
were prone to drive adits and sink shafts, a lone or with a partner, on meagre 
showings. Sometimes a man would work for wages until he had saved enough 
to finance another spell at his 'mine', and this was repeated year after yf'ar. 
Occasionally the objective warranted such devotion, but often it was little more 
than a dream that grew into a conviction as the prospector continued his long 
and lonely task. Today, better organization of the mining industry has led to 
a distinction between prospecting and the exploration of prospects, and pros­
pectors a re normally not expected to do more than very preliminary work on 
their discoveries. Although it is generally desirable for companies to confirm 
results of borings by making underground excavations , some deposits are suffi­
ciently regular and their valuable minerals are sufficiently evenly distributed to 
permit acceptable calculations of tonnage and tenor based on the results of 
borings alone. On the other hand, some deposits are so erratic in extent and 
in mineral distribution that diamond drilling may not be recommended. In such 
cases, if the surface showings are promising, an exploration aclit or shaft may be 
driven immediately after the completion of surface exploration. 

Rernoval of Overburden 

If advanced exploration requires the remova l of overburden to trace a 
deposit a nd to permit inspection or sampling, the most usual way is to employ 
labourers to dig pits or trenches at designated places. Years ago, such excava­
tions were carried to considerable depths by shovelling onto successive benches 
or by using a windlass and bucket. With the availability of other methods of 
exploration, pits or trenches are now rarely excavated deeper than 4 or 5 feet. 
When trenching in frozen ground, it may be necessary to work in stages to 
permit natural thawing, or to hasten thawing by using fires , warm water or 
steam from a boiler, or by using a ground sluice. 

Bulldozers a re used to remove large areas of overburden or to dig large 
trenches across deposits, in districts where it is feasible to do so and when it is 
desirable to remove considerable overburden. \Nater under pressure may be 
used to clean the rock a fter bulldozing has been clone, or even to remove la rge 
a reas of overburden. 

Rock Trenching 

Under certain circumstances considerable trenching into the deposit itself 
may be desirable to study and sample relatively unaltered material. Such work 
requires the drilling of blast holes. Although this may be done by hand drilling, 
in most instances today any drilling beyond that done by a prospector at an 
early stage of exploration is done by portable percussion drills powered either 
by a self-contained gasoline motor, or by a movable air compressor. In addition 
to trenches, test pits may be sunk in rock to depths of from 10 to 50 feet, to 
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determine the dip of a deposit a nd the a mount of minerals present a t t hese 
depths. Today, however, the effi ciency to whi ch the art of diamond drilling has 
been advanced, a nd the high cost of manual labour, have resulted in a tendency 
to rely less on surface trenching or pitting, and to proceed \\·ith borings if a 
deposit seems at all promising. 

Dia.m.ond Drilling 

Borings or drill-holes have a lready been mention ed in connection with 
sampling. They are such important aids in exploration of deposits and in specia l 
methods of prospecting that further description is desirable. Th e most common 
methods in use today are diamond drilling and churn drilling. The form er has 
the advantages of providing a core for study and sampling, and that holes can 
be drilled in any direction , but churn drilling is usua ll y cheaper. 

The diamond drill was first used in 1864 for drilling blast holes in a ra ilway 
tunnel in the Alps. The method was quickly adapted for obtaining cores in 
connection with mining exploration. The first use in Canada was in 1871 , for 
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exploring a coal deposit in l\ova Scotia, and in the fo llowing year diamond 
dri lling was done at the Si lver Islet lode mine in Ontario. Equipment a nd tech­
niques improved gradua lly, a nd diamond drilling became widely used in many 
parts of the world, revolutionizing mineral exploration. In Canada today, many 
large mining companies each own several dia mond drills that a re used for explo­
ration, for drilling long blast holes, and so metimes for drilling holes for cementing 
off strong flows of underground water. Most diamond drilling in Canada, 
however, is done under contract by la rge dri ll ing companies. A few years ago 
the total a mount of diamond drilling done in Canada was estimated to be one 
thousand miles a year. 

The principal parts of a dia mond drill a re the bit, rea ming shell , core barrel, 
drill rods, a nd power unit. The bit is a ring-sha ped piece of metal in which 
diamonds or fragments of diamonds a re set to form a cutting tool (see Plate 
LXII ). Early bits contained a few, fa irly la rge commercia l diamonds, whereas 
modern bits usua lly contain many small ones. Above the bit is placed a cylin-
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drical reaming shell, also containing diamonds, which trims the hole to a constant 
size. As the bit is rotated the core of rock passes upward through the centre of 
the bit and shell, and enters a tube called the core barrel. The barrel is a ttached 
to a threaded hollow steel drill rod which is rota ted by the power unit. For use 
in drilling from the surface, the core barrel and drill rods are usually 10 feet 
long, and for drilling from underground workings they are generally 5 feet long. 
When 10 or 5 feet of core have been drilled , as the case may be, the apparatus 
is withdrawn from the hole, the core is removed, and an add itional length of 
drill rod is screwed on. This operation is repeated until the desired length has 
been drilled.* The lengths drill ed range from very short holes drilled under 
surface showings mainly as a means of sampling, to several thousand feet, but 
most are between 100 and 1,000 feet in length. Until recently, drilling from the 
surface was usually powered by portable steam engines, but these have been 
almost entirely superseded by gasoline engines (see Plate LXIII ). Drilling from 
und erground workings is usually powered by compressed-air motors because of 
the danger of fumes from internal-combustion engines. Pressure is applied to 
the drill by a screw actuated by the motor, or by a hydraulic system. When 
short holes are drilled from the surface, with light equipment, the rods are 

Scale of Feet 
100 0 100 200 

G.S.C. 

FIG URE 22. A common arrangement of diamond drill-holes. 

* A 'wire-line' core barrel, t hat permits removal of core without remoYing the drill rods from the hole, has recently 
been developed for u se in connection with BX core (It inch diameter), and experiments are being carried on in 
connection with other core sizes. 
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usually pulled out by hand, but for standard operations a tripod is erected to 
carry a pulley and cable, the cable being wound on a power winch attached to 
the drill motor. A separate motor is almost always used to power a pump, 
which circulates water down the hollow drill rods, to cool the bit and to flush 
out its cuttings, but 'dry drilling' in places where water is scarce has recently 
been reported to have been successful. The drill and other equipment are usually 
skidded into place and moved from hole to hole by a light tractor or a winch. 

The most usual core diameter was formerly i inch, called EX core. This 
has recently been changed to g inch, called EXT. A slightly larger size, called 
AX, has a diameter of 11

3
6 inches, and this has recently been changed to 13

9
2 

inches and called AXT. AX or AXT core is favoured under certain conditions, 
to provide a larger sample or in an attempt to obtain better recovery of core. 
Some a uthorities advise beginning with this size, and if good recovery is obtained, 
switching to EXT if satisfactory results are attained, because the smaller size 
is a little cheaper. Cores larger than AXT can be obtained; they are seldom 
used in exploration for metalliferous deposits but are commonly specified for 
exploring coal deposits. 

Light drills weighing about 200 pounds are available for drilling short holes 
in places where transportation is difficult, and for use by independent prospectors. 
They usually produce core i inch or i inch in diameter, which is called 'x-ray ' 
core a lthough it has nothing to do with x-rays. These drills can be modified to 
produce EX or EXT core, and doing so is said to result in better core recovery . 
Another type of light diamond drill that can be dismantled for back-packing 
has recently come on the market. 

One of the problems of diamond drilling is to obtain good core from fractured , 
soft, or brittle rock or ore. This is particularly true when drilling through zones 
containing abundant metalliferous minerals, for which the best recovery of core 
is desired. A main cause of poor recovery is too rapid drilling, but it can result 
from other causes. Experienced drillers and reliable contractors are the best 
assurances of satisfactory resu lts. 

Diamond drilling is usually done at even intervals of from 100 to SOO feet 
along the strike of a deposit, favourable stratum, or favourable structure. Later , 
if encouraging results are obtained, intervening holes are usually drilled to 
provide more thorough information. The final spacing depends on the irregu­
larity of the deposit and the a mount of accuracy desired, holes sometimes being 
spaced as closely as 25 feet to obtain detailed information. To intersect a zone 
at two different depths without having to move the drilling rig, a common 
practice is to incline the holes at two different angles, as illustrated in Figure 22. 
Then, if another deeper hole is desired, the rig is 'stepped back' to a second 
position on a line perpendicular to the zone or vein and passing through the 
first 'set-up'. In large drilling programs it is desirable to space holes so that 
they will coincide with the direction and position of co-ordinate and section lines 
that would be used if underground operations are undertaken later. 
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Diamond drilling is not usually done by ordinary prospectors because it is 
mainly a fairly expensive form of advanced exploration or of special prospecting. 
A drilling project is almost always planned and supervised by an engineer or 
geologist because location of drill-holes and the study and sampling of core are 
highl y technical matters. Some experienced prospectors do, however, success­
fully use light diamond drills for early exploration of discoveries or for assessment 
work. 

The cost of diamond drilling varies with the location, kind of rock, amount 
and kind of overburden, size of core, number and length of holes, availability 
of water, and other factors. It is therefore pointless to discuss costs here, beyond 
stating that for average contract jobs they are probably between $2 and $4 a 
foot. Drilling from underground workings is considerably cheaper than drilling 
from the surface, because the equipment can be moved on the mine tracks, and 
because water and compressed a ir services are already installed. 

Diamond drill cores should be carefully studied and recorded, a nd securely 
stored in a dry place. Special boxes and strong racks should be used, and boxes 
should be clearly marked with the hole number and footage. Good permanent 
markings are made by stamping or inscribing numbers on a metal tag and nailing 
this to the end of the box. 

Other Types of Boring 

A form of drilling now largely supplanted by diamond drilling is called 'shot 
drilling'. Chilled steel shot is fed into a bit to act as the cutting agent. The 
method still is sometimes used for obtaining core with diameters of 3 inches or 
more, for holes not more than 100 feet long, drilled in rock that is uniform and 
unfractured. 

Churn drills simi lar to those used for drilling wells for water are a lso used 
for exploring some kinds of mineral deposits. The hole is dug by a bit attached 
to a cable, which may be jerked up by a spring pole, but more usually is actuated 
by a motor-driven wheel; the bit drops down the hole to strike a series of chop­
ping blows on the rock at the bottom. Water is circulated in the hole to flush up 
the cuttings. Particles from upper parts of the hole may drop down and contami­
nate the sample, particularly when drilling soft deposits such as placers. To 
prevent th is, casing pipe is driven down the hole, the bottom of the casing being 
kept as close as possible to the bottom of the hole. In Canada, churn drilling 
is done mainly for testing placers, and when many vertical holes are required to 
test Ioele deposits. An example of the latter use is the drilling clone at some of 
the iron deposits in the Labrador trough. Another type of drill used for testing 
placers is t he Empire drill, which uses either a rotary steel bit or one like that of 
a eh urn drill. 

Undergrouncl Exploration 

Although borings may be said to be forms of underground exploration, this 
phrase invariably means the sinking of shafts or driving of horizontal openings 
to explore a deposit. Some of the terms used to describe such openings require 
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explanation. To the layman, any horizontal opening is a t unnel. Strictly speaking, 
however , a tunnel is open at both ends, like a rai lway tunnel. One that is 
driven into a hillside and open at one end only, as is usua l in mining, is properly 
called an adit. Horizonta l openings driven from a n adit or a shaft are given the 
group name of laterals, but a re furth er designated as drifts if they follow a long a 
vein or other deposit, a nd cross-cuts if they are driven to probe a deposit at 
right-angles to its strike. An opening driven upward from an adit or lateral is 
called a raise, and one driven downward is called a winze. 

Before diamond drilling became as usual a method of exploration as it is 
today, exploration shafts and adits were more common during initial stages than 
they are now. They were often driven with hand steel, and many were just wide 
enough for a man to work in or crawl through. Small workings of th is kind are 
popularly called 'gopher holes ' or 'coyote holes'; they are now almost a t hing 
of the past, because machinery is cheaper than labour. Nowadays, if under­
ground exploration is req uired , shafts are usua lly made fairly large and laterals 
are driven wide and high enough to permit use of air drills and mine cars. 
Present costs of a prospect shaft, including timbering, are about $100 a foot, 
and for an adit or lateral 6 feet high and 4 feet wide, about $40 a foot. 

After latera ls have been driven , the surrounding rock may be explored by 
d iamond drill from 'stations' a long the lateral. This is commonly ca lled 'under­
ground diamond drilling'. It is simila r to diamond drilling from the surface 
except that the drilling rods used are only 5 feet long, for easier ha ndling in 
confined spaces, and the drills are rotated by compressed -ai r motors because the 
danger of fumes prevents t he use of in ternal-combustion engines underground. 

Drilling and Blasting 

Pitting a nd trenching in to solid rock to reveal unweathered parts of a 
deposit are not done as commonly as form erly because of advances in diamond 
drilling; but they are necessary at times, and under some circumstances work 
of t his kind is done by prospectors. It is now often done by use of portable 
power drills and detachable bits; the arts of drilling by hand and of sharpening 
drills are therefore required less than form erly, but as some prospectors may 
require to practise them, the following notes are included. They have been 
modified from the booklet "Prospecting in Canada" formerl y issued by the 
Canadian Legion Educational Services. It must be emphasized, however, that 
it is difficult to learn these skill s merely by reading, and that practical instruction 
by experienced men is a lmost essential. 

Equipment 

The drills most commonly used for hand drilling are made of ~-inch octa­
gona l steel. T hey a re prepared in sets of three or four, having lengths of about 
1 !- to 4 feet. They are usua lly sharpened chisel fashion, but the edge may be 
slight ly curved for drilling very hard rock. The width of t he face on t he longest 
dri ll in the set is sligh tly more than i inch, which is the diameter of t he sticks 
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Plate LXIV 

Drilling by hand at a pegma­

tite deposit, with two men 

striking and one man (seated) 

holding the drill. A longer drill, 

for use when the hole is deep-

ened, stands in the pit. 

of explosive used in this work, and each succeeding bit in the set is 1\ to i inch 
wider. The shortest drill, called the starter, is used first, a nd is widest to permit 
the next to be placed readily in the hole, and so on. Nowadays, drills having 
inserted tungsten-carbide cutting edges are popular because of their hardness. 

A 4-pound hammer, called a single-jack is commonly used when a man is 
drilling a lone, and an 8-pound one with a long handle is used when one man 
holds the drill and the other strikes. 

A scraper 3 to 4 feet long, pointed at one end and with a small flange projecting 
at right angles from the other end, is made from an iron rod i inch in diameter. 
This is used for removing cuttings from the hole. 

The blasting explosive most commonly used is "Forcite 603". Appropriate 
detonating caps and fuse will be recommended by the dea ler. It is most essential 
that all explosives be stored in a cool dry place. Detonators and blasting explo­
sives must never be stored in the same building. Government regulations control­
ling the handling and storage of explosives should be obtained, studied, and 
rigorously followed. The remainder of the equipment required for blasting com­
prises a wooden mallet and wedges for opening boxes of explosives, a pointed 
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hardwood stick half an inch in diameter and 3 to 4 inches long, for making 
holes in sticks of explosive, a wooden tamping rod three-quarters of an inch in 
diameter and 6 inches longer than the longest drill hole, a pair of cap crimpers, 
and a sharp knife. 

Drilli.ng 

The spacing of holes depends on the depth to be drilled and on the kind of 
rock and amount and angle of fracturing. It can be learned only from instruc­
tion or experience. 

A hole is begun with the shortest drill, and the drill is rotated about 45 
degrees after each stroke of the hammer. Goggles may be worn to prevent 
chips of steel from entering the eyes, and gloves may be used to protect the 
hand or hands holding the drill. If the head of a drill is 'mushroomed' it should 
be smoothed by forging to prevent damage to the hands. Most holes drilled 
during surface exploration are directed downward, and in such holes the cuttings 
interfere with the drill unless they are kept in suspension by water poured into 
the hole as required. A small piece of sacking or similar material is kept around 
the drill at the top of the hole, to keep mud and water from being expelled when 
the drill is struck. If all the cuttings are not flushed out, the hole may be cleared 
with the scraper. As the hole is deepened, longer drills are used. 

Blasting 

The blasting that a prospector might have to undertake would probably be 
either drill-hole blasting or what is called bulldozing, mud-capping, or sand­
blasting. In blasting, the charge is detonated by means of a primer cartridge 
made up in the following manner. A piece of fuse, never shorter than three feet, 
is trimmed squarely across one end with a sharp knife, and that end is inserted 
gently and without twisting, the full distance into a blasting cap. While it is 
held in that position, the upper part of the blasting cap is firmly fastened to 
the fuse by means of the crimper. A double crimp with the latest type of crimper 
will give a virtually water-tight joint, but under wet conditions a special water­
proofing compound, soap, or cup-grease may be applied. The paper fold at one 
end of a stick of explosive is then carefully opened, and a hole zt to 3 inches 
deep is made in the end of the stick by means of the wooden tool described 
above; the fused cap is inserted in this hole, and the paper is then drawn closely 
around the fuse and tied tightly with string. This assembly of cap, fuse, and 
stick of explosive, is called a 'primer cartridge' or 'primer'. Great care must 
be taken to avoid kinking safety fuse, as this might result in a misfire. When 
several shots are to be fired in one blast the fuse for all primers should be cut 
to the same initial length, no matter what trimming is done after the holes are 
loaded. 

Before loading, the holes are carefully cleaned out with the scraper and 
tested with the tamping rod to see that there is no obstruction. Usually the 
primer is loaded first; it must never be tamped but merely pushed to the bottom 
of the hole, care being taken to ensure that the cap is not pulled out. Sticks 
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on top of the primer are tamped in firmly, but not pounded, and great care 
must be taken to avoid damaging or kinking the fuse. It is usually not good 
practice to load the hole for more than j of its length. The use of some stem­
ming material such as clay in bags or even earth, old pieces of sacking, etc., 
pressed firmly into the collar of the hole on top of the explosive, wil l help 
considerably. 

If a number of holes are to be fired (called a 'round' of holes) this is 
arranged so that the holes fire in a regular order. This is necessary for two 
reasons; first, the holes have usually been drilled so that it is necessary for one 
to break a certain amount of ground in order to give the next an opportunity 
to break; second, so that a count can be kept of the number of shots. "Rotation 
Firing" is accomplished by trimming the various fuses to different lengths. After 
the holes have been loaded (with fuses of equal lengths) a piece is cut from the 
fuse in the hole to be fired first. The length cut off will depend on the number 
of holes in the round. This piece of fuse is used to adjust the length of fuse for 
the number two hole, which must be at least 2 inches longer. The number 3, 
number 4 holes, etc., are treated in a similar manner. When this has been done 
the ends of the fuses are split longitudinally for about one-half inch with a sharp 
knife. The fuses are then lit in the order in which thay are to go off. 

Fuses are lit by two standard methods: the spitter and the hot-wire lighter. 
The spitter is simply a length of fuse with notches in it, the notches being suffi­
ciently deep to cut the powder train and spaced 1 inch to 2 inches apart. As the 
fire travels along the fuse, flame blows out of each notch in turn and this is used to 
ignite the fuses in the round. As the spitter burns, it keeps the blaster informed 
of the length of the first fuse that has burned, and so tells him the amount of 
time he has left to gain a place of safety before the charge explodes. The use of 
matches, candles, miners' lamps, etc., to spit a round is an unsafe practice tha t 
should never be permitted, beca use the igniting fuse will as often as not extin­
guish the flame. The use of the hot-wire lighter is recommended: this is simply 
a piece of wire coated with a hot-burning compound that may be ignited by a 
match. The fuse is ignited by placing the burning part of the lighter in the 
split end of the fuse. 

Too much emphasis ca nnot be placed on the importance of using fuses of a 
sufficient length. Jn most provinces a minimum of 3 feet is specified by law, 
and if more than one hole is to be blasted, a longer fuse must be used. The 
burning speed of the standard fuse is 40 seconds to the foot, so that 3 feet allows 
less than two minutes for lighting a round. The fuse manufacturers state that 
their product has an allowable variation of 10 per cent in burning speed and, for 
this reason, as liberal a trim as possible should be used; a good rule is to a llow 
t inch per foot of fuse. 

Bulldozing, mud-capping, or sand-blasting is the method used when rocks 
a re to be broken without drilling a hole. A place on the rock, preferably a small 
hollow, is selected a nd a charge, composed of three or four sticks and primer, is 
placed on the rock at this point. It is then covered with mud or clay and fired 
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as in the case of a drilled hole. The effect of the blast is not nearly so great in 
bulldozing as it is in a drilled hole , but the factors of time and the expense of 
drilling sometimes justify the use of this method. 

It should be unnecessary to state that every precaution must be taken to 
see that all approaches to the locality where blasting is being done are carefully 
guarded. Immediately after the round or charges are lit warning must be given 
by shouting 'fire' several times. Drillers and others take cover until the 'all 
clear' is given. 

To discussion of blasting or blasting methods is complete without speaking 
of the treatment of misfires. If the rules and precautions given above are adhered 
to, very little trouble should be experienced from this cause. However, if a 
misfire does occur, no one should be a llowed to return to the scene of the blast 
until a period of at least thirty minutes has elapsed. After that time the holes 
can be examined with comparative safety. If it is found that for some reason 
the charge has not exploded, no attempt should be made to remove the old 
charge; it should be fired by means of a fresh primer in the hole on top of it. 
Another precaution against misfires: never cut fuse until ready to use it. 

Sharpening Drills 

Several years ago it was customary for prospectors to sharpen their own 
drills, moils, and picks, but the decline in hand drilling, improvements in trans­
portation, and development of tungsten carbide bits have almost made field 
blacksmithing a thing of the past. If prospectors need to do drilling by hand, 
they can nowadays often take with them a sufficient supply of sharpened drills 
and moils, send dulled ones to a blacksmith for sharpening, or carry a carbo­
rundum grinder for sharpening tungsten-carbide bits. 

Estimation of Tonnage and Value 

Estimates of the tonnage and value of a deposit are made by mining engi­
neers or geologists after detailed exploration has been done. The subject is not 
discussed extensively here, but it is desirable for prospectors to have knowledge 
of the general principles involved, to help in obtaining an idea of the worth of 
a deposit on which they have done preliminary exploration, and to assist in 
understanding mining reports. 

When several representative samples are taken the results are averaged to 
provide an approximation of the average tenor. If the widths across which the 
samples were taken are similar, the assay results may be added together and 
divided by the number of samples, to give what is called an 'arithmetical average'. 
If, however, the sampling widths are different, each assay result is multiplied by 
the width for that sample, the figures so obtained are added, and the total is 
divided by the sum of the widths. Such a n average, called a 'weighted average' 
is more reliable than a mere arithmetical average. The following example shows 
how such averages are computed, and their difference: 

Suppose that five samples taken at 10-foot intervals from a vein of variable 
width gave assays in gold that had the following values and corresponding widths: 
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$20 across 5 feet ; $10 across 10 feet; $15 across 7 feet; $22 across 3 feet; a nd 
$40 across 2 feet. The values multiplied by the widths are: 

Width Assay Width x Assay 
5 $20 per ton 100 

10 10 100 
7 15 105 
3 22 66 
2 40 80 

27 

The average width is 27 + 5 

107 

5 ·4 feet 

The weighted average is 451 + 27 = $16. 70 

451 

On the other hand, the arithmetical average is 107 + 5 = $21.40 

When assays are being averaged, if a few are much higher than the remainder 
it is generally assumed that the high ones are 'erratics' that are too high to be 
used because they would greatly affect the average. They are generally reduced 
to a more conservative figure. An average calculated after erratic assays have 
been reduced is called a 'cut' average. 

To calculate tonnage, if samples were taken at close intervals, each line 
sampled may be assumed to represent the width of the deposit for a block 
extending half way to the adjacent sampling lines, and this length is multiplied 
by the width. If samples have been obtained at depth, by drilling or under­
ground exploration, widths and assays may be assumed to be representative for 
half the downward distance between sampling places. This distance multiplied 
by the width and horizontal distance give the estimate of volume for that 
particular block. The volume is multiplied by a factor representing the number 
of pounds per cubic foot for that type of rock or ore, and in this way the tonnage 
is calculated. The results are sometimes stated in terms of the entire block, and 
sometimes as tons or dollars per vertical foot. For detailed estimates the calcu­
lations are usually much more complex than the examples outlined above. 

It should be remembered that the widths used must be the true widths, at 
right angles to the dip and the strike of the deposit. If an outcrop or trench 
slopes so that the true width cannot be sampled, or if a drill-hole or underground 
working intersects the deposit at an angle, a correction for true width must be 
made. Diamond drilling may give misleading results in this regard, for if the 
hole intersects the deposit at a considerable angle from the perpendicular, a 
long intersection may be obtained from a relatively narrow deposit. 

Various terms are used to express the degree of certa inty of estimates of 
tonnage and value. The following definitions have recently been approved by 
the United Nations Educational, Scientific and Cultural Organization and are 
used by the Department of Mines and Technical Surveys. 

Ore is a mineral substance that can be mined at present at profit to the 
operator or to the benefit of the nation. 
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Measured (Proven) Ore: - Ore for which tonnage is computed from dimen­
sions revealed in outcrops, trenches, workings, or drill-holes, and for which grade 
is computed from adequate sampling. The sites for inspection, sampling and 
measurement are so closely spaced, on the basis of defined geological character, 
that the size, shape, and mineral content are well established. 

Indicated (Probable) Ore: - Ore for which tonnage and grade are computed 
partly from specific measurement, samples, or production data, and partly from 
projection for a reasonable distance on geological evidence. The openings or 
exposures avai lable for inspection, measurement, and sampling, are too widely 
or inappropriately spaced to outline the ore completely or to establish its grade 
throughou t. 

Inferred (Possible) Ore: - Ore for which quantitative estimates are based 
largely on knowledge of the geological character of the deposit and for which 
there are few, if any, samples or measurements. Estimates are based on assumed 
continuity or repetition for which there is geologica l evidence; t his evidence may 
include comparison with deposits of similar types. Bodies that are completely 
concealed but for which there is some geological evidence may be included . 

• 
Suggestions for Additional Reading 

Canadian Industries Limited: The Blaster's Handbook; price $3 from any C-I-L Explosives 
Division branch (1955). 

A 500-page book containing instructions for the handling and use of explosives, with 
many diagrams and photographs. 

Cumming, J. D.: Diamond Drill Handbook ; J. K. Smit & Sons of Canada Ltd., Toronto (1951). 
A comprehensive book giving details of diamond drills and their use. 

Gunther, C. G.: The Examination of Prospects; McGraw-Hill, 1912. 
A pocket-size book on the examination of mineral deposits and on their form and origin. 

Jackson, C. F. and Knaebel, J . B.: Sampling and Estimation of Ore Deposits; U.S. Bur. }.;fines, 
Bull. No. 356, 1934. Price 25 cents. 

A usefu l summary of information on methods of sampling mineral deposits and estimating 
their tonnage and value. 

Reid, J. A. and Huston , C. C.: The Practical Examination of Mineral Prospects; Trans. Can. 
Inst. Min. Met., vol. XLV III , pp. 270-283 (1945). 

A paper on appraising prospects and preparing reports thereon . Besides providing 
information that may be useful to engineers and geoloi;;ists 'engaged in such work, the views 
expressed would assist prospectors to form a better idea of the kinds of discoveries that 
may be important, and to understand the viewpoint and problems of the examiner. 

Stevenson , J. G. A.: Trends and Practices in Diamond Drilling. Bull. Can. },;fin. Met., Oct. 1955, 
pp. 639-653. 

A comprehensive article covering modern tools and techniques. 
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CHAPTER XII 

NOTES ON SPECIFIC METALS AND MINERALS 

This chapter is intended to provide brief information to permit prospectors 
to decide on the metals or minerals most worthy of attention, and to provide 
some data on their modes of occurrence and the manner in which some of the 
principal mines were found. A few points should be emphasized at the outset. 
First, it is not possible to list all the metals or minerals that may be of interest; 
therefore a selection has been made. Second, it is impossible to include many 
detai ls; therefore the notes are intended as summaries, followed by references to 
fuller information, although it is realized that many may be difficult to consult, 
except in large libraries. Third, prices, demands, and other conditions are subject 
to change, sometimes quite abruptly; the notes therefore contain only the most 
authoritative information available as of early 1955. More recent information 
may be obtained from the mining press and such publications as the annual 
reviews on particular metals and minerals issued by the Mines Branch, Depart­
ment of Mines and Technical Surveys. In any event, an outstanding discovery 
is likely to be attractive even if t he buyer has to wait for a favourab le market 
or has to develop one. 

First considered are those metals and minerals being produced in Canada 
to a value of five million dollars or more a year. Aluminum is included in this 
category for the sake of completeness, a lthough Canadian a luminum production 
comes entirely from ore brought to this country for treatment. These notes are 
followed by shorter ones on many of the metals and minerals produced in lesser 
quantities, and on some of those not produced in Canada but of present or 
potential economic significance. 

The notes deal mainly with metals because these are of interest to most 
prospectors. Several industrial minerals are a lso discussed, as well as gems and 
meteorites. Industrial minerals comprise a large and important part of Canada's 
mineral production, but in general t hey are not of so much concern to the 
average prospector as are metals, because they commonly have low unit values 
and because the specifications are common ly so exacting that it is difficult for 
anyone but a specialist to judge whether a particular deposit is suitable. In many 
instances a company, knowing of a demand for a certain industrial mineral, will 
send a specially trained man to search in localities where the geology is favour-

255 



Prospectinit in Canada 

able and which are close to transportation. Therefore, a lthough prospectors 
should not ignore industria l minerals, most will be concerned mainly with pros­
pecting for metalliferous deposits. 

Main Products 

Aluminum 

Canada is the second largest producer of a luminum , turning out more than 
one billion pounds a year , most of which is exported. Yet not one pound of 
aluminum ore is mined in Canada, or is likely to be in the foreseeable future . 

This paradoxical situation is easily explained. Aluminum is the most abun­
dant meta l in the earth's crust, but occurs chiefly in the form of silicates, such 
as the feldspar minerals that a re a main constituent of granitic rocks a nd the 
sedimentary rocks a nd clays that result from the a lteration of the granites. 
While methods of extracting a luminum from clays and feldspars have been 
developed in the laboratory, these minerals cannot be treated economically under 
present conditions. The commercial ore of aluminum is bauxite, a hydrous oxide 
of a luminum formed by the slow surface weathering of rocks, chiefly in tropical 
countries. It is most unlikely that bauxite will be found in Canada, for if a ny 
dep0sits had been formed before the Ice Age they would a lmost certainly have 
been destroyed by glacia l action, since bauxite is a very soft mineral. 

It is the combination of a bundant and cheap hydro-electric power and 
economical water transportation that has enabled Canada to build up its a lumi­
num smelting industry, as bauxite from British Guiana a nd West Africa and 
alumina from J amaican bauxite can be landed directly at the smelters in Quebec 
and British Columbia, a nd the meta l can be shipped out by the same economical 
method. 

Until recently most of the a luminum produced in Canada came from Arvida, 
Que. , where the largest single a luminum smelter in the world was built to 
utilize power generated in the basin of Saguenay River. As demands for a luminum 
increased, a new smelter was recently built on the coast of British Columbia as 
part of the Kitimat project, whose combined dams, tunnels, underground gener­
ating station, transmission line a nd smelter constitute one of the greatest engi­
neering achievements of a ll time. 

Reference 
Aluminum in Ca nada ; Mines Bra nch, Dept. Mines a nd Tech. Surveys, Annual Review. 

Asbestos 

Canada is the world's leading producer of asbes tos, the uses of which are 
well known . Asbestos, of the variety called chrysotile, is the principal industria l 
mineral mined in Canada, the value of the production in 1954 being more than 
$86 million. Most of the Canad ian output comes from the Eastern Townships 
of Quebec, mainly from the vicinity of Thetford Mines and Black Lake, where 
mining has been conti nuous since 1878. Several large mines are worked, both 
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by open-pit and underground methods, and large reserves remain despite the 
great amounts produced for many years. During the last few years these mines 
have been greatly expanded and modernized. In add ition, a mine in Ontario 
and a nother in British Columbia have recently begun production. Many other 
Canadian occurrences of different varieties of asbestos are known, but to be 
productive an asbestos deposit must be of proper quality and must occur in 
large quantity. 

Chrysotile asbestos is a fibrous variety of serpentine formed by alteration 
of ultrabasic rocks. Occurrences of such rocks, which are fairly common in pa rts 
of the Canadian Shield, and of the Cordilleran and Appalachian regions, are 
therefore the logical places to prospect for asbestos. 

Quebec 

Asbestos was found near the Des Plantes River in the Eastern Townships 
about 1862, but attempts to work the small deposits there failed. In 1877 the 
mineral was found near Thetford, and mining on a small scale was begun the 
following year. It was difficult to find a market at first, but as the quality beca me 
known a nd as new uses were developed, rapid expansion took place over the 
next 12 years. 

The chrysotile is found in peridotite that has been a ltered to serpentine, 
which occurs with pyroxenite in sill-like and stock-like masses in a narrow inter­
rupted zone, commonly referred to as the Serpentine belt, which extends north­
eastward for about 150 miles from the Vermont border. Still farther northeast, 
small areas of similar rocks occur but have not yielded commercial grades of 
asbestos. In the Thetford area the peridotite lies mainly within the Caldwell 
group, of Cambrian age, but it also intrudes strata of Ordovician age; the age 
of the intrusions is therefore probably late Ordovician and related to the Taconic 
period of mountain building. 

The chrysotile is of two types, called cross fibre and slip fibre. The former, 
which accounts for most of the production, occurs in veins with cleancut walls, 
the fibres arranged parallel to one another and at a high angle to or normal to 
the wa lls. The veins are generally from a fraction of an inch to 3 inches wide. 
Vein matter that is more than i inch wide is called 'curde', a nd is ha nd selected, 
whereas shorter materia l is milled, the rock being crushed, beaten, a nd screened 
and the asbestos separated by overhead suction. The milled variety amounts to 
more than 99 per cent of total production. The cross-fibre veins are of two types, 
one containing a single set of fibres running from wall to wall, and the other 
containing fibres extending from each wall a nd meeting at a central fissure that 
may contain serpentine similar to the wall-rock, and magnetite. Both types occur 
throughout the deposits. The walls of the veins consist of serpentine that grades 
into the ordinary partly serpentinized peridotite. This border zone is lighter in 
colour than the surrounding rock, and the edges are sufficiently sharp to enable 
the rock to split readil y along them. The width of the a ltered zone, including 
the asbestos vein in the middle, is commonly from 6 to 8 times the width of the 
vein itself. 
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The slip fibre type occurs 1n much-sheared serpentine, t he fibres being 
matted and lying more or less lengthwise a long the shear planes. 

F . J. Alcock has summarized the probable origin of the deposits as follows :1 

"It is probable that the rocks were serpentinized originally at a late stage in 
their consolidation, as a result of reaction between the mineral constituents and 
associated magmatic water. Though associated with the peridotite the asbestos 
is quite clearly of later origin. Veins cut across pyroxenite dykes and across 
masses of chromi te in the peridotite. At one place a granite d yke was found to 
contain inclusions of peridotite, and in one of these inclusions was a vein of 
asbestos 3 feet long and with a maximum width of ~ inch running out from the 
peridotite into the surrounding granite. Evidently this asbestos was formed 
after t he intrusion of the granite. The veins are related to fa ult fissuring, and 
apparently were formed by vapours travelling a long the fissures, converting the 
walls into serpentine. The presence of magnetite suggests that this alteration 
took place at high temperatures. From the fault fissures the vapours penetrated 
the pores of the rock, and wherever they encountered incipient fractures they 
reacted with the peridotite, converting the walls into serpentine and carrying 
some of the excess ma teria l in to the fissures to be deposited as asbestos. It is 
probable that this second period of serpentinization and the production of the 
asbestos are related to the Devonia n orogeny and accompanying intrusions." 

Ontario 

Production began in 1950 from a large deposit of chryso tile asbestos in 
Munro and Beatty townships, 10 miles east of Matheson, in the region north of 
Kirkland Lake. 

The fact that chrysoti le occurred here was noted in reports of the provincial 
and federal departments of mines issued in 1915 and 1931 respectively, and a 
map by J. Sa tterly of the Ontario Department of Mines, published in 1945, 
showed a belt of serpentinized peridotite, and related rocks. Jn 1948 A. Heffren, 
whose home was in the vicinity of Matheson, worked at one of the Quebec 
asbestos mines, where he became familiar with the commercial grades of asbestos. 
This reminded him of an occurrence he had seen in Munro township several 
years earlier. He revisited the area and secured samples, which he showed to 
engineers of the mine in Quebec. This led the company to examine the showings 
and to acquire claims. Diamond drilling and dip-needle a nd magnetometer 
surveys begun in 1949 outlined large b.odies containing veins of chrysoti le in 
serpentinized peridotite in a la rge differentiated sil l-like mass of basic and ultra­
basic rocks. A large open-pit operation began production in 1950, after a mill 
for treating the ore had been built; the present capacity is 2,200 tons a day. 
This operation has led to several other discoveries in the region and in the 
vicinity of Timmins, but none has yet been brought to production. 

1 Jn Geology and Economic Minerals of Canada, Geol. Surv., Canada, Econ . Geol. Ser. :'\o. I, Third Edition, 
pp.140- 141 (1947). 
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British Columbia 

The Cassiar asbestos mine on McDame Mountain m the northern part of 
this province began production in 1953. 

The deposit contains chrysotile in a basic rock, probably Jurassic in age, 
which is so altered to serpentine that its original nature is doubtful. After a 
large body of chrysotile-bearing rock was outlined by the company optioning 
the claims from the prospector, and tests had shown that the mineral was of 
such high quality that the deposit would pay to work despite the distance from 
markets, a branch road was built to join a road leading to the Alaska Highway, 
and a mill with an initial capacity of 150 tons a day began operation in 1953. 
This was increased to 500 tons a day in 1954. 
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Copper 

Copper is one of Canada's principal mineral products, the value of the 
output in 1954 being about $174 million. In that year, twenty large mines, 
chiefly in the Canadian Shield, were in production. Copper is used in great 
quantities by industry, and in recent years supply and demand have tended to 
remain about bala nced : additional commercial deposits are therefore likely to be 
in demand. At the time of writing, late in 1955, there is considerable interest in 
prospecting for copper and in exploring promising showings. 
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Deposits in the Canadian Shield 

Copper mining began in Canada in 1847 at the Bruce mine on the north 
shore of Lake Huron, where copper-bearing quartz veins in diabase were worked 
until 1921. 

The main production comes from several la rge copper-nickel mines in the 
Sudbury region, described in the section on nickel. In 1954 Ontario supplied 
over 46 per cent of the copper produced in Canada. 

Quebec supplies about 30 per cent of the total, mainly from mines in the 
Shield but a lso from several in the Appalachian region. The former are mostly 
in western Quebec, and the largest of these, the Horne, is described briefly below. 
In addition, copper deposits in the Chibougamau region farther to the northeast, 
that have been known for many years, have recently been brought into produc­
tion, and a railway is being built into the area. 

The Horne mine is the parent mine of Noranda Mines Limited, a company 
that, a fter the initial success of the Horne, has played a leading part in the 
exploration and development of several large gold and copper mines in Ontario 
and Quebec. The discovery of the Noranda deposits in what was then a part of 
Quebec difficult of access was a result of the spread of prospecting after the gold 
discoveries in northern Ontario. One prospector, E . H. Horne, made several 
trips in 1911 and following years into the region that later became known as 
the Noranda or Rouyn camp, a nd was impressed by the presence of greenstone 
there. He found and staked an occurrence containing pyrite, chalcopyrite, and 
gold in 1920. Further prospecting showed that these minerals were fairly wide­
spread, and in 1922 the claims were optiqned to a syndicate that later became 
Noranda Mines Limited. In 1923, trenching revealed a large body of sulphides, 
and after diamond drilling from the surface, a shaft to explore this was begun. 
When the results seemed to warrant production, and a branch railway line had 
been built, a concentrator and smelter were erected a nd production began late 
in 1927. This mine is one of the rare examples in which great improvement with 
depth was found, for as exploration was continued below the upper levels, even 
more important orebodies were found. These and others in the district are large, 
irregularly shaped replacement masses, usually in rhyolite agglomerates, tuffs 
and flows shatter_ed by folding or faulting. The sulphide minerals are mainly 
pyrite, pyrrhotite, and chalcopyrite, and at some of the mines in the district 
there is a lso considerable sphalerite. Some of the bodies a lso contain important 
amounts of gold. In 1954 the Horne produced 21,881 tons of copper and 168,067 
ounces of gold, as well as much silver and pyrite; use of the last-named for the 
production of iron oxide sinter, sulphur, and sulphur dioxide began late in the 
year. The principal ore reserves at this mine a re reported to average 2 · 28 per 
cent copper and 0·187 ounce of gold a ton. 

Another important copper producer is the Flin Flon mine of Hudson Bay 
Mining and Smelting Company Limited, which is in the southern part of the 
Shield and on the boundary between Saskatchewan and Manitoba. Here repla-
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cement bodies in sheared volcanic rocks on the limb of a large drag-folded anti­
cline contain pyrite, chalcopyrite, sphalerite, and pyrrhotite. Ore reserves are 
reported to average 0 · 07 5 ounce of gold and 1·02 ounces of si lver a ton, 3 · 25 
per cent copper, and 3·9 per cent zinc. In 1954 the mine produced about 45,000 
tons':'of copper. Important zinc-copper deposits are being developed in the 
Manitouwadge region, Ontario, following recent discoveries there. 

Cordilleran R egion 

For many years British Columbia has been an important producer of copper, 
chiefly from large mines in the more accessible regions near the coast and the 
boundary with the State of Washington. Some of these, such as the mines at 
Rossland, Phoenix, and Anyox, have been exhausted for several years, but several 
others continue to be productive. The principal of these are the Copper Moun­
tain, Britannia, and Tulsequah Chief-Big Bull. The principal producer at present 
is the Copper Mounta in mine of Granby Consolidated Mining, Smelting, and 
Power Company, near Princeton. The ore is in and near a stock that varies from 
gabbro at its margin to copper-bearing syenitic pegmatite at the centre. None 
of the rocks contai n quartz. The different types show evidence of having differ­
entiated in place from a single magma. The orebodies, which differ from most 
Canadian ones by containing bornite as the chief copper mineral, occur prin­
cipally in fragmental volcanic rocks of Mesozoic age, close to the intrusive stock. 
The ore is reported to contain about 1 per cent copper, as well as some silver 
and gold . In 1954 the mine produced about 12,000 tons of copper. 

Considerable exploration of copper deposits is currently proceeding m 
northern British Columbia and Yukon Territory. 

Appalachian Region 

Copper has been produced for some time from mines that usually produce 
other base metals as well, in Iewfoundland, Nova Scotia, and the Eastern 
Townships of Quebec. The principal mines are the Buchans in Newfoundland, 
the Stirling in Cape Breton Island, and the Suffield, Weedon, and Huntingdon 
m the Eastern Townships. 

The large mine of Gaspe Copper Mines Limiteu came into production early 
in 1955. The principal orebodies are replacements containing chalcopyrite, 
bornite, chalcocite, and cubanite as the copper minerals, in a ltered limestone of 
Devonian age. A granitic intrusion that caused both the alteration and the ore 
is believed to lie beneath the deposits. Ore reserves were reported to be 67 million 
tons averaging 1·3 per cent copper. 

The orebodies now being explored at Bathurst, l'\.B., which are described 
briefly in the section on zinc, wi ll a lso yield copper, as two of them contain 
about 0 · 5 per cent of that metal. 
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Gold 

Gold is one of Canada's chief mineral products, the annual value of produc­
tion in recent years being about $150 mi ll ion. The gold mining industry has, 
however, been going through a difficult period because of international monetary 
problems and because the price of gold is more or less fixed while the cost of 
mining has risen greatly. Interest in prospecting for gold and in bringing new 
gold mines into production is therefore at a low ebb at the time of writing, and 
only the most favourable gold discoveries are likely to attract attention under 
present conditions. 

Historical 

As explained in more detail in the chapter on placer deposits, the first large 
production of gold in Canada was in t he Appalachian region of Quebec, where 
placer mining began in the basin of the Chaudiere River in 1847. A few years 
later discoveries of rich placers in British Columbia caused the beginning of a 
large production of placer gold in the Cordilleran region. This kind of mining 
reached its peak at the turn of the century as a result of the Klondike discoveries 
in Yukon Territory. Since 1900, when gold to the value of $22 million was taken 
from the Klondike alone, Canadian production of placer gold has gradually 
declined . 

During the period of great interest in placer mining in the west it was 
natural that some men would turn their attention to prospecting for lodes, and 
that many quartz veins and other gold-bearing lode deposits would be found. 
Even before the placer rush, a little lode gold was mined on one of the Queen 
Charlotte Islands in 1852. Twenty years later a n arrastra was used in an attempt 
to work a lode gold deposit in central British Columbia. A stamp mill was built 
in the Cariboo district of British Columbia in 1876 but this attempt to work 
gold-quartz deposits had little success. Near the end of the century, however, 
important gold-bearing lodes were brought to production in southern British 
Columbia, largely as a result of the impetus given by the building of the Canadian 
Pacific Railway. Most important were the replacement veins containing gold 
and copper in the Rossland camp, where production began in 1894 and a large 
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output was obtained from 1897 to 1916. Another important producer, the Nickel 
Plate mine at Hedley, began production in 1903 and is still operating; for a time 
it was the largest Gold mine in Canada. The Nickel Plate ores are gold-bearing 
contact metasomatic deposits in limestone, containing much arsenopyrite. These 
mines, together with several smaller ones, made British Columbia the leading 
province in the production of lode gold during the early years of the present 
century. 

Important gold mining was carried on in Nova Scotia for many years on 
gold-quartz veins in slates, generally along the crests of anticlines. These veins 
occurred in the Gold-bearing series, a thick succession of quartzites and slates 
considered to be late Precambrian by some geologists, and Cambrian by others. 
The veins are believed to owe their origin to granitic intrusions of Devonian age. 
Production began in 1862 and declined after about 1904, but reached a new high 
in 1939, largely as a result of the 1934 revaluation of gold by the United States 
from $20.67 to $35 an ounce. Output has since declined greatly. 

The first discovery of gold in the Canadian Shield was in 1866 not far from 
Madoc in southeastern Ontario. Other discoveries soon followed in this region, 
and, after the building of the Canadian Pacific Railway in 1886, in the region 
between Port Arthur and Winnipeg. Small mines were brought into production 
in both regions, but they did not challenge the lead then held by British Columbia. 

After Sudbury and Cobalt became established respectively as great nickel­
copper and silver camps, the importance of the Canadian Shield as a sciurce of 
minerals began to be better realized. Prospectors and financiers turned their 
attention to the area in greater numbers, thus beginning a succession of important 
gold discoveries that has continued to the present. The first of these was what 
became the Porcupine camp. A geologist of the Ontario Department of Mines 
had found traces of gold in quartz veins there as early as 1896, and in his report 
recommended the area to prospectors. The first discovery by a prospector was 
in 1906, but the important discoveries that became the Dome, Vipond, and 
Hollinger mines were made in 1909. Regular production began at the Hollinger 
in 1912 and has continued to the present, with gradually increased scale of 
operation. Other important mines came into production in the district from 
time to time, making the Porcupine camp one of the great gold producers of 
the world. 

The Porcupine discoveries caused prospecting to spread eastward and west­
ward in the more accessible parts of the Shield. The first great gold camp 
discovered after Porcupine was Kirkland Lake, where early finds were made in 
1911 and 1912. Production began in 1915, and as additional mines began oper­
ating and tonnages were increased, the camp gradually came to rank with 
Porcupine as a major gold area. 

The depression that began in 1929 and lasted until about 1939 caused an 
extraordinary expansion of gold mining, at first because gold had a steady market 
a t a fixed price at a time when prices of other commodities fell, and later because 
the official price of gold was raised by the United States in January 1934 from 
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$20.67 to $35 an ounce. Many new mines were brought into production in 
Quebec, Ontario, Manitoba, Saskatchewan, and the Northwest Territories; 
the last great camp to be developed was Yellowknife, where production began 
in 1938. Some of these were new discoveries and others were known formerly 
but were not sufficiently attractive at the former price of gold. In addition, 
many of the mines that operated successfully at the old price had substantial 
amounts of low-grade material that could be mined profitably at the new price. 
Canadian gold production reached its peak in 1941, when 5,345,179 ounces valued 
at $205, 789,392 were produced; this included about $2, 700,000 worth of placer 
gold. During these years gold held an envied place in the Canadian economy. 

After 1941 gold production dropped, at first because of difficulties in obtaining 
supplies and labour during World War II, and since then because of rising costs 
and labour problems. Despite substantial cost aid paid to gold mines by the 
federal government through the Emergency Gold Mining Assistance Act to 
offset these difficulties, a number of important mines have been forced to close. 
By 1954 production had fallen to 4,366,440 ounces valued at $148,764,611, but 
Canada maintained her position as the second greatest gold producer, ranking 
next to South Africa, which produced about 12 million ounces. There was little 
prospecting or exploration for gold and no new mines were added. That a gold 
mine with ore of high grade can be exploited even during such unfavourable 
times was, however, shown in 1949 when a deposit averaging about one ounce 
a ton, in a fairly inaccessible part of the Northwest Territories, was brought to 
production at a rate of about 100 tons a day. 

Because the amount of gold used in industry and the arts is slight compared 
to that used as money, stored as backing for paper currencies, or used for settling 
international obligations, the future of gold mining depends largely on future 
policies, of other countries as well as Canada, which are difficult to predict. 
So long as present conditions prevail, a substantial production will probably 
continue to come from most mines a lready established, but prospecting and 
exploration for gold will probably be less attractive than for some other metals. 

Deposits in the Canadian Shield 

At present the Canadian Shield accounts for about nine-tenths of the Canadian 
production of gold , the remainder coming mainly from the Cordilleran region. 
For many years Ontario has been the principal producer, followed by Quebec. 
In 1953, mines operating at 100 tons a day, or more, amounted to thirty-two in 
Ontario, sixteen in Quebec, three in Northwest Territories, and two in Manitoba, 
not counting mines that produced gold as a by-product. Thirteen of the mines 
operated at rates of more than 1,000 tons of ore a day, the largest being Kerr­
Addison, in the Larder Lake area of Ontario, with an average rate of 4,485 tons 
a day. 

The gold deposits of the Canadian Shield differ greatly in details, but they 
fall into three broad categories. One type, naturally enough, consists of gold 
quartz deposits that may be large quartz veins or aggregates of many irregular 
veinlets and lenses; in some the gold is visible and free milling, but much of it 
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is of microscopic size and often occurs in grains of sulphide minerals. Another 
type consists of altered rock, often schist, containing disseminated gold, frequently 
associated with sulphide minerals. Many mines contain bodies tha t are mixtures 
of both these tyJi)es; gold occurring both in stringers and lenses of qua rtz and 
in the intervening rock, so that large bodies can be mined economically. The 
third type consists of large sulphide orebodies mined mainly for copper and other 
base metals (such as the orebodies of the Sudbury and Noranda districts) tha t 
yield substantial a mounts of gold. 

The principal gold deposits of the Shield occur in belts of early Precambrian 
greenstones or sedimentary rocks , or both. Although gold mines are scattered 
widely in the Shield, the main ones are in three belts. One of these extends 
through the Porcupine camp, is represented by a few additional deposits farther 
east in Ontario, and extends into Quebec, where it contains the Beattie mine 
and other deposits. Another belt, about 100 miles long, includes the mines at 
Kirkland Lake, several of which are worked on what is really a single long 
orebody. This belt continues, with deposits spaced intermittently, through the 
Larder Lake district in Ontario and for many miles in Quebec, where it includes 
the oranda, Malartic, and Val d'Or regions. Many of the orebodies in each 
of these belts are associated with bodies of quartz-feldspar porphyry, syenite 
porphyry, or other intrusive rocks, and the orebodies are commonly related to 
prominent faults and shear zones that provided access for the intrusions and the 
ore-bearing solutions. A third belt, called the Yellowknife Gold Belt, includes 
the important Giant Yellowknife and Con-Rycon orebodies in the Northwest 
Territories, which lie in large shear zones displaced by a prominent post-mineral 
fault. 
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Gypsum 

Gypsum (hydrous calcium sulphate) is an important commodity used mainly 
in the manufacture of plaster, plaster board, and cement. In 1953 gypsum to 
the value of about $7 million was produced 'in Newfoundland, Nova Scotia, New 
Brunswick, Ontario, Manitoba, and British Columbia. About half of this produc­
tion was used in Canada and the remainder was exported. 

Gypsum is formed by the evaporation of water in shallow basins, the deposit 
being incorporated as lenses or beds- in sedimentary formations. Anhyclrite 
(anhydrous calcium sulphate) is commonly associated with gypsum deposits, 
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but it has relatively few uses. Most Canadian deposits of gypsum are in Pal~ozoic 
formations. Gypsum is not likel y to be of concern to prospectors for the following 
reas0ns: (1) many occurrences are a lready known; (2) should additional deposits 
be desired they will probably be developed by diamond drilling along zones 
outlined by geological studies; and (3) it is necessary to distinguish carefully 
between gypsum and anhydrite, which resemble one another. 
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Iron 

Iron is one of the most vital a nd largel y used commodities because, in the 
form of steel, it is a foundation of our industrial life. Iron ore has been produced 
in increasing amounts in Canada since 1939 because of the economic growth of 
the country and because depletion of high-grade deposits in the United States 
has spurred development of new sources of supply. Three importa nt new mines 
have come into production since the end of the war-the Knob Lake deposits 
in Quebec-Labrador, and the Steep Rock Lake and Marmora deposits in 
Ontario-and a number of prospects are being actively explored. At present 
Canada ranks eighth as a producer, but this status will rise sharply within the 
next decade as present sources come into full production a nd new ones are 
developed. There can be little doubt that iron ore will be required in increasing 
amounts by world markets, but it should nevertheless be stressed that only 
large deposits with a high iron content, and such that the ore can be mined and 
treated cheaply, are likely to be of commercial importance. 

History 

Many years ago early settlements in Quebec and Ontario were supplied 
with iron by small local charcoal furnaces that smelted limonite from bog iron 
deposits and magnetite from small deposits in the southern part of the Canadian 
Shield . As soon as transportation facilities were improved it became cheaper to 
import iron and steel from other countries, so these early mines were abandoned. 

Small iron mines have been operated intermittently in the Appalachian 
region since 1848. Ore from the large Wabana deposits of Newfoundland, which 
have been mined since the turn of the century, has for many years been smelted 
at the steel plant at Sydney, N.S. 

Shipments of iron ore from the Texada Island mine in British Columbia 
were made to the United States from 1886 to 1908, and this mine and another 
at Quinsam Lake in the same province have recently begun shipping magnetite 
concentrates to Japan. 

Iron deposits have been found in many places in the southern part of the 
Canadian Shield in Ontario, but most have been too small or too poor for profit­
able mining. The first to be worked successfully on a large scale was in Michi-
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picoten district, where the Helen mine was worked from 1900 to 1918. This 
deposit was found in 1898, by a prospector named Goetz, who staked a gossan 
as a possible gold discovery; it turned out to be an iron mine. No iron ore was 
produced in any part of Canada from 1925 to 1938 inclusive. In 1939, large 
operations were resumed in Michipicoten district and have continued as a source 
of iron ore for the steel plant at Sault Ste. Marie. 

Large deposits of high-grade ore, averaging about 60 per cent iron, were 
brought into production at Steep Rock Lake, 120 miles west of Port Arthur, in 
1944 after an interesting history and an outstanding engineering achievement. 
Boulders of hematite were found on the shore of Steep Rock Lake during geolog­
ical mapping in 1885, and it was concluded from their unglaciated appearance 
that they had not travelled far and probably came from a source later covered 
by the lake. The notes accompanying the map, published in 1897, contained 
the statement: "An iron-bearing horizon with hematite of good quality, appears 
to be generally covered by the waters of the lake" . This report caused much 
prospecting and staking in the area, but these early endeavours were unsuc­
cessful. Further studies called attention to promising occurrences found in place, 
and thereafter a great deal of prospecting was done. A persistent prospector, 
Jules Cross, made a dip-needle survey of a part of the lake from the ice in 1930, 
and his backers provided funds to diamond-drill from the ice the anomaly his 
survey indicated. The first important drill intersections were found in 1938. 
When a large body of good-grade iron ore had been outlined, the Seine River, 
which drained into Steep Rock Lake, was diverted by several dams and cuts, 
and the lake was pumped out to permit open-pit mining, which began in 1944. 
Jn 1953 development of an underground mine was begun, to obtain ore from 
parts of the main deposit that are too deep for open-pit operations. Production 
exceeded 2 million tons in 1955, and is expected to reach 10 million when 
development is complete. 

The history of the development of the Quebec-Labrador deposits also shows 
the importance of geological studies, the long time often required before discov­
eries can be exploited, and the large expenditures and extensive engineering work 
involved. From 1892 to 1895, A. P. Low of the Geological Survey of Canada 
carried out geological explorations in Ungava and Labrador and reported the 
presence of large deposits of iron-beariAg material in the basins of Hamilton and 
Koksoak Rivers, which he thought might be of economic importance at some 
future date. In 1929 a company undertook exploration of these and found 
deposits of good grade close to the scene of the present mining, but the location 
in relation to the demand for iron ore at that time did not favour exploitation. 

In 1936 another company, Labrador Mining and Exploration Company 
Limited, was formed to search for gold and base metals in this general region. 
Systematic geological studies and prospecting were done under the direction of 
J. A. Retty, who was the first to find iron ore on the Quebec side of the Labrador 
watershed. This work was continued by the company and after 1942 by Hollinger 
North Shore Exploration Company Limited and The M. A. Hanna Company. 
When sufficient ore had been proved to warrant the building of a 358-mile railway 
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from Seven Islands on the north shore of the St. Lawrence, Iron Ore Company 
of Canada was formed in 1949 by the three above-mentioned companies and 
several large steel companies in the United States, for the purpose of building 
the railway and bringing the deposits into production. This was accomplished 
after an expenditure of about $250 million on exploration and construction, and 
in 1954, 60 years after Low's explorations, the first shiploads of iron ore left 
Seven Islands bound for steel mills in Canada, the United States, a nd Europe. 
Production in 1955 amounted to 7 million long tons. 

This successful development has caused other companies to acquire conces­
sions throughout the Labrador iron belt, which extends northwestward for about 
500 miles and southward for 150 miles from Knob Lake. Much systematic 
prospecting, geological mapping, and exploration are being done, and other 
mines may eventually be brought to production. 

In 1949 a n aeromagnetic survey carried out by the Geological Survey of 
Ca nada for the Ontario Department of Mines revealed a strong anomaly near 
Marmora, close to the southern boundary of the Canadian Shield . Soon after 
the map was published, Bethlehem Steel Corporation acquired the ground a nd 
drilled it, revealing the presence of a large deposit of magnetite ir;,._much-altered 
Precambrian limestone, overlain by a thickness of about 140 feet of nearly 
horizontal beds of Palceozoic limestone. This was removed to expose the ore 
and permit open-pit mining. An output of 500,000 tons of pelletized concen­
trates a year is expected. Production began in May 1955. 

Iron Minerals 

The principal minerals of iron ores are hematite (Fe20 3) a nd magnetite 
(Fea04), which a re oxides of iron that occur together in some ores and separately 
in others. Also important in some ores are limonite (2Fe20 3 • 3H20), the hydroxide 
of iron ; siderite (FeC0 3), the carbonate of iron; and chamosite, a hydrous a lumi­
num silicate of iron. The presence of even small amounts of phosphorus or 
sulphur in iron ores is very detrimental and may make them unsuitable for 
blast furnace use. Sulphides of iron such as pyrite and pyrrhotite, which are 
very common and sometimes are found in large bodies, are not usually worked 
for their iron content a lone but rather for their sulphur content; such operations 
occasionally provide by-product iron oxide, suitable for use as a n iron-ore raw 
material. 

Deposits 

Iron deposits a re of several kinds. The origin of some of these seems clear, 
but the details for some of the others are still open to question. 

One type appears to have been formed by magmatic segregation. All basic 
igneous rocks contain magnetite or other iron minerals in accessory amounts, 
and these have been concentrated, seemingly while the rock was still molten , to 
form masses, some of which are fairly large and rich in iron. It is possible, how­
ever, that the origin may not be as simple as outlined above, and that the iron 
minerals may have been introduced as a later phase of the intrusive process, 
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which partly replaced the earlier-formed rock. Deposits of this kind have not 
been worked to any extent in Canada for iron alone, although some ultimately 
may be. Iron is obtained as a by-product from titani um ores of this general 
type, mined on a large scale in eastern Quebec for titanium dioxide. 

Many contact metasomatic deposits containing magnetite have been found 
in Canada and some of the larger ones have been worked, e.g. the recently opened 
deposit at Marmora. These deposits are usually found in limestone, but also in 
other rocks, close to the margins of intrusive stocks or batholiths of granitic or 
more basic composition. As a late phase of the intrusive process, magnetite 
appears to have been carried by hot solutions into the intruded rock, where it 
crystallized in veins or masses that are commonly surrounded by a border of 
altered rock called 'skarn', containing garnet and other typical contact meta­
somatic minerals. Therefore, prospecting for deposits of this kind should be done 
in rocks intruded by stocks or batholiths, and particular attention should be paid 
to the vicinities of the contacts of limestones and other carbonate rocks with 
intrusives that contain magnetite as an accessory mineral. Altered zones carrying 
garnet or other lime silicate minerals would be particularly favourable. 

Sedimentary Deposits 

Unconsolidated placer deposits conta111111g magnetite derived from the 
weathering of rocks in which it was an accessory mineral are common. They occur 
as stream placers in the Cordilleran region and as beach placers along the Pacific 
Coast, the Gulf of St. Lawrence, and Lake Superior, but have not been success­
fully mined for iron ore. Occurrences formed in this way are also found as 
magnetite-bearing beds in consolidated strata. 

Bog deposits of limonite are formed in stagnant water. Everyone has seen 
small patches of iridescent bluish scum on the surface of pools of water. Some 
of this material is composed of iron hydroxide, the iron being leached from 
nearby rocks or sands by surface water or springs; some may be caused by fatty 
material released from decayed vegetation. If sufficient iron hydroxide accu­
mulates and settles, a deposit of limonite is formed. Small deposits of this kind 
have been found in several parts of Canada, but they are not likely to be of 
commercial value. 

The Wabana ore consists of layers containing small round 'ooliths' composed 
of concentric shells of chamosite and hematite, interbedded with sandstone and 
shale of early Palceozoic age. The iron-bearing minerals a ppea r to have been 
deposited directly as a sediment, and the iron they contain seems to have been 
derived from the weathering of rocks that contained this metal only in accessory 
minerals. The iron probably was dissolved in sea wa ter and re-deposited in the 
form of ooliths and iron carbonate. 

Keewatin Iron-Formation 

Thin alternating layers of cherty quartz or jasper, and magnetite or hematite, 
are fairly common as interbeds in Keewatin lavas a nd other early Precambrian 
rocks. Deposits of this kind are generally called iron-formation. Some may be 

269 



Prospectin~ in Canada 

simple sedimentary deposits, but their common association with lavas suggests 
that the iron may have been contributed to the water that deposited it, not by 
weathering of rocks exposed on land, but from volcanic sources. 

The important deposits at Mich.ipicoten and Steep Rock Lake differ from 
the ordinary type. At Michipicoten much of the ore consists mainly of siderite, 
and at Steep Rock the ore consists chiefly of goethite (hydrous iron oxide) with 
some irregular zones of hematite. J t is believed by some that these ores were 
formed by replacement of pre-existing rocks, the iron being introduced by solu­
tions, but others believe that the Steep Rock ore is the result of weathering of 
iron-bearing rocks in Precambrian time. 

Animiki.e lron-Formnti.on 

This name is given by United States geologists to the typical iron deposits 
found in Proternzoic rocks. Deposits of this kind have been the principal source 
of iron ore mined in the United States in Minnesota and nearby states. The 
Quebec-Labrador deposits are also of this general type. Similar deposits, but 
not of ore grade, have been found in Canada west of Port Arthur, on the Belcher 
Islands in Hudson Bay, and elsewhere. 

This younger type of iron-formation is much like the Keewatin type, but 
has a granular appearance like sandstone. \Navy or concentric banding is common 
in such deposits, and they commonly contain slaty rocks. 

Most deposits of this type are low in grade. Those that have been worked 
are ones that have been enriched by natural processes, either by circu lating 
surface waters or by ascending hydrothermal solutions. The Quebec-Labrador 
deposits appear to have been enriched by solutions that removed some of the 
silica in the original iron-formation, so that iron remained in relatively greater 
amounts; although the richer deposits show a relationship to the present erosion 
surface, it is not yet clear whether the solutions were of surface or hydrothermal 
origin. 

Great advances have been made in the nited States in recent years in 
research on methods of treating the low-grade, unenriched iron-formation that 
is avai lable in large quantities in that country and in Canada. 

S r.ilphide Deposits 

Many large deposits of pyrite, pyrrhotite, or other iron-bearing sulphides 
are known but these are usually not suitable as sources of iron because of their 
sulphur content. However, the exploitation of large deposits of this kind by 
special processes, as sources of both sulphur and iron, was recently undertaken 
by Noranda Mines Limited and the International Kickel Company of Canada 
Limited, in conjunction with their other operations. 

Economics 

Iron and steel plants are usually located .near the markets for iron and 
steel products. The principal plants in Canada are at Sydney, T.S., and Hamilton 
and Sau lt Ste. Marie, Ont. Ores that contain 50 per cent or more of iron an; 
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usually shipped direct or after washing; ores of lower iron content are usuall y 
treated at the mine by some method such as gravity concentration, magnetic 
separation, or sintering, to bring them up to shipping grade. 

Because iron ore has a rel a tively low unit value, compared to other ores, 
onl y large deposits of high iron content can be worked profitabl y. An iron ore 
mine must be capable of supplying daily, for a long period, thousa nds of tons of 
ma terial sufficiently rich to warran t shipping, or of a type suitable for concen­
trating. Therefore, a lthough iron occurrences are very common , only the best 
ones a re likely to be of value in the near future. Beca use prospecting for iron 
is usua ll y done with the aid of geophysica l instruments and in conjunction with 
geologica l studies, and because it would be difficult for the average prospector 
working on his own account to distinguish between important a nd unimporta nt 
deposits, it seems likely tha t most important iron discoveries in future will be 
made by scientists or prospectors working for companies, ra ther than by inde­
pendent prospectors unless they are well trained. 
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Lead and Zinc 

Lead and zinc are grouped because they commonly occur together in ores. 
For many years these metals have been produced in important quantities in 
Canada. In 1954 the Canadian output was 221,000 tons of lead valued at nearly 
$59 million, and nearly 374,000 tons of zinc valued at more than $89 million. 

Lead was one of the metals first used by man. Lead water pipes, joined by 
a lead-tin solder, were in extensive use by the Romans, and our word 'plumber' 
is derived from 'plumbum,' the Latin name for the metal. Zinc was not used 
until comparatively recent times. 

The principal uses of lead today are in storage batteries, in sheathing for 
electrical cables, in ethyl compounds for adding to gasoline, in plumbing, and in 
many alloys; zinc is used mainly for galvanizing, die-casting, and in the manu­
facture of brass. 

The principal minerals from which lead and zinc are produced are galena 
and sphalerite, respectively. The metals are also produced to some extent from 
other minerals, mainly of secondary origin, that occur as a result of reactions 
between surface waters and galena or sphalerite. Such minerals do not occur 
in large quantities in Canada. 

Deposits containing galena or sphalerite are numerous and widely scattered 
in the Cordilleran region, the Canadian Shield, and the Appalachian region. 
Production, however, is mainly from large orebodies that can be mined relatively 
cheaply. Certain smaller mines are able to operate during periods of high prices, 
but the great majority of small occurrences of galena and sphaler ite, which are 
not hard to find, cannot be operated economically except under special conditions. 

The Sullivan Mine 

The Sullivan mine at Kimberley in southern British Columbia is the largest 
source of lead and zinc in Canada. It is the largest lead-zinc-silver mine in the 
British Commonwealth and is also the largest single producer of these metals 
in the world. Therefore, a lthough there are other important lead-zinc mines in 
the Cordilleran region, the short space available here is devoted to a few notes 
on the Sullivan, which has played a very important part in the development of 
mining in Canada and in the economy of this country, and still has ore reserves 
sufficient for many years. 

Prospecting in the E ast Kootenay region, where the Sullivan mine is located, 
began about 1860 with the discovery of placer gold near Fort Steele. In 1892 
a high-grade galena deposit was found by two prospectors in the hills west of 
Fort Steele; this, later known as the North Star mine, produced considerable 
lead and silver. In the same year, four prospectors named Sullivan, Smith, 
Cleaver, and Burchett became discouraged with their efforts in the vicinity of 
Kaslo and decided to travel across the Purcell Range and try their luck at Fort 
Steele. After an arduous back-packing trip of more than a month's duration, 
prospecting as they went, they reached Fort Steele, with their supplies exhausted, 
just when the North Star discovery was causing excitement. They decided to 
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search on the hill across a small creek from the North Star, and Burchett soon 
found galena float which he followed until he found a deposit in place. They 
staked claims which they explored for 4 years and then sold for $24,000 to a 
group operating the Le Roi gold-copper mine at Rossland. This group began 
systematic development of the Sullivan deposit in 1900, after a branch of the 
Canadian Pacific Railway was built from Cranbrook to Kimberley. Ore was first 
shipped to small smelters at Trail and Nelson, and in 1903 to a smelter built 
near the mine. These early efforts met with little success, however, because the 
intimate mixture of the galena and sphalerite was not well suited to direct 
smelting. In 1909 the property was optioned to the Consolidated Mining and 
Smelting Company of Canada, which operated mines at Rossland and the smelter 
at Trail. This option was confirmed in 1910 and the new owners began selective 
mining and sorting to improve the quality of the ore shipped. At this same time, 
deep diamond drilling showed that the orebody was very extensive. The problem 
was to find a means of utilizing the large amounts of material that were not 
suitable for direct smelting. By this time a process called 'selective flotation' 
was corning to the fore as a means of separating the constituents of fine-grained 
ores. In this process the ore is ground to a 'pulp' and this is fed into cells in 
which the pulp is agitated mechanically or by air blown into the cells, small 
amounts of frothing oils and various chemicals being added. By using different 
oils and controlling the process in various ways, certain mineral grains can be 
made to adhere to the bubbles, which rise to the top of the cell and are skimmed 
off. The company saw the possibilities of this method for producing lead and 
zinc concentrates from the Sullivan ore, and after considerable research succeeded 
in adapting the process to the ore. The first unit of a concentrator was built 
in 1923, and since then the operation has been gradually expanded. 

The huge Sullivan deposit is a replacement body along a zone in beds of 
early Proterozoic argi lli te. The whole zone is up to 300 feet thick. It occurs on 
a limb of a broad anticline, the ore zone dipping about 30 degrees northeast. 
The hanging-wall is quartzite and t he foot-wall is in most places conglomerate 
composed of pebbles of argillite. The ore is banded and contorted. Galena, 
sphalerite, pyrrhotite, and pyrite are the principal sulphide minerals. Individual 
orebodies in the zone are up to about 1,000 feet long, and more than 200 feet 
thick at right angles to the dip. The vertical range of the ore zone is at least 
1,300 feet. A zone consisting chiefly of pyrrhotite underlies much of the ore. 

Sills and other bodies of gabbroic composition, called the Purcell sills, intrude 
the sedimentary rocks in the vicinity of the mine. The avai lable evidence is that 
these are of Proterozoic age. Granitic rocks, apparently Cretaceous or early 
Tertiary in age, are exposed about 10 miles from the deposit and may exist at 
depth closer to the mine. 

Because of the importance of the deposit, its geology and origin have been 
studied intensively. There seems no doubt that the orebodies formed in the 
particular belt of argi lli te where t hey are found because it was favourab le for 
t he circulation of solutions, probably because it was more permeable than other 
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bands and was flanked by less-permeable strata. Faults that displace the strata 
may have played a part in providing access for the solutions. Jn spite of prolonged 
investigations, conclusive evidence has not been found that would date the period 
of replacement. Most of the eviden ce, in the district as a whole, seems to point 
to replacement associated with the Cretaceous or Tertiary period of gran itic 
intrusion, but it may instead have been related to the earlier Purcell intrusives, 
or separate phases of the mineralization may have been related to each of these 
intrusive epochs. 

The ore is treated 2 miles from the mine in a large modern concentrating 
plant with a capacity of 10,000 tons a day. The concentrates are shipped by 
rail to the company's smelter at Trail, B.C., which is the largest metallurgical 
plant in the British Commonwealth. 

The importance of the Sullivan mine has caused a great deal of prospecting 
and study in its neighbourhood, but nothing comparable has been found. The 
possibilities for ordinary prospecting in the vicinity have probably been exhausted, 
but there may sti ll be possibili t ies for further specia li zed investigations. 

Deposits in Othe r R egion s 

Large amounts of zinc and considerable lead are produced from mines m 
the Canadian Shield. The zinc is derived chiefly from large copper-zinc deposits 
such as those of the Flin Flon mine on the boundary between Saskatchewan and 
Manitoba, and the Waite-Amulet, Normetal, and East Sullivan mines in north­
western Quebec. The part of the Canadian Shield in Quebec a lso contains several 
zinc-lead mines such as the Golden Manitou. In the Northwest Territories 
extensive exploration has been done during the last few years on large zinc- lead 
deposits in limestone of Devonian age at Pine Point, Great Slave Lake, that 
were found long ago but whose development has been retarded by the distance 
from a rai lroad. The results of exploration have been encouraging, and the 
possibility of building a railroad to serve the area is said to be under investigation. 

A large zinc-copper deposit was found late in 1953 near i\ fan itouwadge Lake, 
north of Lake Superior. The events that led to this discovery have been described 
as follows. A geological map made by J. E. Thompson of the Ontario Depart­
ment of Mines, published in 1932, showed a n occurrence of sulphid e minerals 
near Manitouwadge Lake. Jn 1953 two prospectors named Barker a nd Dawido­
wich formed a team with a pilot named Forster, who owned a small a irpla ne; 
one of the places they decided to investigate was the Manitouwadge a rea. On 
their first visit t hey took samples that were found to contain up to 1·5 per cent 
copper. When they returned to stake claims they found that the ground had 
been staked by others; these claims were a llowed to lapse, however, apparently 
because the stakers were not aware of the copper occurrence, and Barker and 
his associates were able to stake the ground . The property is being developed 
by Geco Mines Limited and is expected to be in production in 1957. Ore reserves 
are reported to be more than 14 million tons averaging 3 · 55 per cent zinc a nd 
1·72 per cent copper. 
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Several important zinc-lead and zinc-lead-copper mines are operated in the 
Appalachian region in the Eastern Townships of Quebec and in l\ew Brunswick, 
Nova Scotia, and Newfound land. The Buchans mine in central Newfound land 
was discovered about 1907 and for many years has operated at a rate of 1,300 
tons a day, producing lead, zinc, and copper concentrates. Since 1952 there has 
been great activ ity near Bathurst, N.B., as a result of disclosures by diamond 
drilling of large zinc-lead bodies. A large deposit of magnetite, apparently of 
replacement type, was found here in 1902 and has been worked intermittently 
for iron. The presence of a lit t le ga lena and other su lphide minerals, known 
for some time, caused a company to explore the periphery of t he deposit by 
diamond drilling and to have geophysical surveys made. Several anomalies 
were found, and diamond drilling at places where magnetic and electromagnetic, 
as well as geochemical, indications coin cide has revealed at least two la rge zinc­
lead bodies with some copper; tota l ore is in excess of 50 million tons. 

Ou.tlook.for Prospecting 

Lead and zinc are staple commodities that will probably be used in large 
quantities for years to come. During the last war the need for them caused 
considerable expansion of production, which has been reflected in lowered prices 
during the post-war years. Because large deposits are a lready availab le, there 
is not a great incentive for ordinary prospectors to concentrate on t hese metals 
at present, but any discoveries of fair size and grade would probably be of interest 
to mining companies. 
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Nickel 

Canada produces over 70 per cent of the world's nickel. In 1954 the Cana­
dian production was more than 160,000 tons valued at over $180 million, the 
highest value of any metal produced in Canada. 

Canada's nickel comes chiefly from numerous mines of the International 
Nickel Company of Canada Limited and Falconbridge Nickel Mines Limited 
in the Sudbury district of Ontario. The other principal producer is the Lynn 
Lake mine of Sherritt Gordon Mines Limited in northern Manitoba, which began 
full-scale operation in 1954. 
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In view of the importance of nickel to Canada's economy, a brief historical 
note on the metal seems justified. In the 18th century, miners in Saxony found 
that certain ores of copper, when treated by the usual smelting methods, yielded, 
instead of the expected red metal, a very hard and intractable metal, of a very 
light colour, to which they gave the name of 'kupfer-nickel' or 'Old Nick's copper'. 
In 1751, the Swedish chemist, Cronstedt, succeeded in isolating the mysterious 
element, which he named 'nickel' after the Saxon nickname for the metal. About 
1877 a company was organized to acquire nickel and copper discoveries near 
Orford in the Eastern Townships of Quebec. Difficulty in treating the nickel 
ore caused the company to devote most of its attention to copper mining. 
In the following year the company was reorganized as the Orford Copper and 
Sulphur Company, and a refinery was built in New Jersey, U.S.A. The manager 
of the refinery, R. M. Thompson, discovered a practical method of separating 
nickel and copper from the smelter product by what was called the Orford process. 

In 1883 a blacksmith named Flanagan, working on the construction of the 
Canadian Pacific Railway near the village of Sudbury, found copper sulphides 
along the right-of-way. He did not record a claim and others staked the ground 
a few months later. Several discoveries that later became important were found 
in 1884 by prospectors who were searching for gossans. In 1886 the Canadian 
Copper Company, forerunner of the International Nickel Company, was incor­
porated to acquire several properties. Mining began at the Copper Cliff mine 
in that year, and the construction of the first smelter was completed in 1888. 
The smelter product was sent to the Orford refinery in New Jersey, but the 
presence of nickel caused trouble and led to the development of the Orford 
process, which made it possible to separate the metals economically. A great 
deal of research during the years that followed has resulted in greatly improved 
treatment methods and in developing new uses for nickel, mainly in special 
nickel-steel alloys that are now indispensable in peace and war. 

The International Nickel Company operates large mines and plants, and 
produces about 140,000 tons of nickel annually, as well as large amounts of 
copper, platinum metals, gold, silver, cobalt and small amounts of seven other 
elements. These mines and plants, together with those of the former Mond 
Nickel Company, acquired by the International Nickel Company in 1929, and 
those of Falconbridge Nickel Mines Limited, make the Sudbury region one of 
the great mining and metallurgical centres of the world. 

The history of the discovery of the Falconbridge mine is interesting because 
it is connected with early successful applications of geophysical exploration and 
diamond drilling for base-metal mines. In 1901 the late Thomas A. Edison 
made a dip-needle survey, in Falconbridge township, because he needed nickel 
for making a storage battery he had invented. Geological mapping had shown 
the vicinity to be favourable in a general way. He obtained indications that 
were followed up by sinking a shaft, but the attempt was abandoned because 
quicksand was encountered. Diamond drilling later revealed an orebody at this 
place. The property was acquired by the present company (a subsidiary of 
Ventures Limited) which completed a smelter to treat the ore in 1930. 
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The typical orebodies of the Sudbury district are large irregularly shaped 
masses containing massive and disseminated sulphide minerals, mainly pyrrhotite 
and chalcopyrite. The nickel is contained in the mineral pentlandite and the 
platinum in 'sperrylite', an arsenide of platinum. Several years ago the average 
grade of the ores was about 3 · 5 per cent nickel and 2 per cent copper, but in 
recent years with operations on an expanded scale ore of lower grade has been 
treated. This is reported to average roughly 1 per cent nickel and the same in 
copper. The orebodies occur at and near a body of basic intrusive rock that 
was described in 1897 by T. L. Walker as grading from a more basic type called 
norite to a more acid type called micropegmatite. A few years later A. P. Coleman 
mapped the region for the Ontario Department of Mines and showed that the 
intrusive is in the form of a large basin-shaped mass 37 miles long and 17 miles 
wide, with the micropegmatite towards the centre and the norite outermost, and 
that the orebodies are near the outside of the basin. He proposed the expla­
nation that the two kinds of rock and the ore segregated by settling from a 
molten magma that was intruded in the form of a great sheet. This explanation 
was accepted until about 1917. Detailed investigations by company geologists 
between 1940 and 1950 showed that the ore commonly is closely associated with 
quartz diorite masses resembling dykes, that are probably younger than the 
norite. These geologists also showed that the orebodies are generally localized 
where fault and breccia zones cross the diorite and nearby rocks. Thus, the 
simple theory of magmatic segregation in place does not fit the evidence. It 
appears, rather, that the ore is the last, perhaps hydrothermal, phase of a long 
sequence of events that began with the intrusion of the basic sill-like mass and 
was followed by the diorite, after which faulting and brecciation occurred before 
the emplacement of the ore. 

The first large nickel mine to be brought to production in Canada outside 
the Sudbury district is the Lynn Lake mine in northern Manitoba. The deposits, 
found in 1942, consist of massive and disseminated pyrrhotite, pyrite, pentlandite, 
and chalcopyrite in basic intrusive masses having variable composition. The ore 
reserves were reported to amount to about 14 million tons averaging 1·223 per 
cent nickel and 0 · 618 per cent copper. The demonstration that a substantial 
operation was possible here came at about the same time as the exhaustion of 
the original Sherritt Gordon copper-zinc mine at Sherridon, Man., so the 
company transported almost all the buildings and mining and milling plant from 
Sherridon to Lynn Lake, a distance of about 150 miles. Buildings were placed 
on large sleighs and hauled by tractors during the winter, on a route that made 
use of frozen lakes and muskegs and cleared winter roads where necessary. 
A branch railway line 147 miles long was completed by the end of 1952. Under­
ground development and a large concentrator were completed, and a refinery 
using a new process was built near Edmonton to take advantage of supplies of 
natural gas. Full-scale operation of the mine and concentrator began late in 
1953, the first nickel concentrates being produced in November. The first concen­
trates were treated at the Fort Saskatchewan refinery in Alberta in July 1954. 
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The present outlook for nickel is good. Demand is strong, a nd the recent 
price trend is upward. The la rgest individual buyer is the United States Govern­
ment, which is making large purchases by contract for the national stockpi le. 
Even without this, it is virtually certain that the market can absorb a ll the 
metal that can be produced. Considerable interest is therefore being shown in 
prospecting for nickel and in exploring promising showings. The principal activi­
ties, a part from the Sudbury and Lynn Lake areas, have been at Rankin Inlet, 
on Hudson Bay, at Mystery Lake in Manitoba, at two deposits in Yukon Terri­
tory, at Choate in British Columbia, north of Kenora in western Ontario, and 
south of Quebec City in the Eastern Townships. Some of these concern recent 
discoveries, and some deposits that have been known for severa l years. 
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Platinum 

Platinum and other metals of the platinum group- palladium, rhodium, 
ruthenium, iridium, a nd osmium-are produced in fairly large quantities as 
by-products of Canada's nickel mines. ln 1954 this production amounted to 
343,706 ounces valued at nearl y $21 million; of this, platinum accounted for 
154,356 ounces valued at $12,950,469. For some time Canada has been a leading 
producer of these metals, accounting for a bout half the world output. 

In the Sudbury ores, plati num occurs in the mineral sperrylite, which is 
sparsely scattered among the sulphide minerals. Small a mounts of native 
platinum have been produced in the Cordilleran region as a by-product of gold 
placers. 
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References 

Platinum l\lletals in Canada; Mines Branch, Dept. Mines and Tech. Surveys, Annual Review. 

O'Neill, J. J. and Gunning, H. C.: Platinum and Allied Metal Deposits of Canada; Geol. Surv., 
Canada, Econ. Geol. Ser. No. 13, 1934. 

A comprehensive summary up to 1933. 

Silver 

Canada is the third largest producer of silver. In 1954 she produced over 
31 million ounces valued at nearly $26 million. Although the Cobalt district, 
before its decline, was an outstanding producer from native si lver veins, a lmost 
a ll the si lver now produced in Ca nada is a by-product of mining for other metals. 
Silver is a common constituent of lead, zinc, and copper minerals, and some 
silver is nearly always present in native gold . In 1954, nearly a ll the silver 
produced in Canada came from the refining of base-metal ores; about half of 
this came from the Sullivan lead-zi nc-silver mine in British Columbia a nd about 
11 per cent from cobalt-silver operations in Ontario; only about 2 per cent came 
from the refining of go ld . 

About half the si lver used in Canada goes into coinage, the remainder is 
used in various arts and industries. Canada produces far more si lver than she 
needs. The remainder is exported, mainly to the U ni ted States. 

Ores important for silver a lone are not so likely to be found as a re ores from 
which silver may be recovered with other metals but if such deposits were found 
they would probably be attractive, particularly at the present price of about 
90 cents an ounce for silver. 

Reference 

Silver in Canada; Mines Branch , Dept. Mines and Tech. Surveys, Annua l Review. 

Structural Materials 

Clay, sand , gravel, a nd crushed rock used for making brick, tile, cement, or 
concrete, together with building stone, are produced in great quantities and 
constitute a la rge part of Canada's mineral production . These materials are of 
little interest to ordinary prospectors because many sources of supply are known 
and because special knowledge of the specifications of usable material is gener­
ally required . Several publications on occurrences, uses, or treatment of various 
structural, road, and ceramic materials may be obtained from the i\lines Branch 
and the Geological Survey of the Department of Mines and Technical Surveys, 
and from provincial authorities. 

Uranium 

Ca nada is one of the world's leading producers of uranium, the 'fuel' from 
which atomic energy is derived. During the last few years many prospectors 
and companies were engaged in prospecting for uraniHm a nd in exploring pros-
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pects, and at times uranium was the most-sought metal in Canada. Because 
large amounts of uranium ore are now available in Canada and in other countries, 
and because of a recent curtailment in the provisions for buying uranium at 
special prices, interest in prospecting and exploring for uranium has declined. 
The subject is, however, discussed at some length here, because limited possi­
bilities remain for the discovery of deposits that would be economic under 
present conditions, and because an increase in the demand for uranium may 
again make prospecting and exploration for this metal more attractive. 

History 

Pitchblende, the principal uranium-bearing mineral, was recognized in the 
ores of Joachimsthal in Bohemia in 1727, but its composition was not understood 
until 1789 when analysis of the mineral resulted in discovery of the element 
uranium. A century later, radioactivity was discovered accidentally by Becquerel, 
a French scientist, who found that pitchblende affected a photographic plate. 
As it was found that pitchblende was much more radioactive than pure uranium, 
he deduced that pitchblende must also contain some unknown, strongly radio­
active substance. The discovery of radium in pitchblende by the Curies in 1898 
showed that this was the case. Prior to the discovery of radium, pitchblende 
was in little demand, a lthough small quantities were used to produce the small 
amounts of uranium required in the chemical trade and as a pigment for colouring 
pottery glazes. As the important and now well-known uses of radium were 
developed, the demand for pitchblende and other uranium minerals increased 
because there are no separate rad ium minerals, radium being simply one of the 
products of the radioactive disintegration that is characteristic of uranium and 
other radioactive elements. Mines in Bohemia and other parts of Central Europe 
were the chief source of pitchblende until rich discoveries were made in the 
Belgian Congo in 1921. Radium was also produced from carnotite (uranium 
vanadate) deposits in Utah and neighbouring parts of the United States. In 1930 
a large and rich deposit containing pitchblende was found by Gilbert LaBine and 
E. C. St. Paul at Great Bear Lake, and this became an important producer of 
radium in 1933. Occurrences of uranium minerals in insignificant amounts had 
been found in several parts of Canada many years before, but this was the first 
to warrant production. 

Rutherford's research on radioactivity and the nature of the atom, about 
the beginning of the present century, demonstrated that immense energy is 
locked up in the atom. Experiments were performed in different countries to 
try to release and control this energy. Under the urgency of World War II this 
experimental work was intensified, and atomic fission on a practical scale was 
a ttained by the use of uranium, thus causing a pressing demand for the metal. 
The Eldorado mine at Great Bear Lake became the principal source on this 
continent, and as a security measure the Canadian Government bought the 
Eldorado company, prohibited private staking and mining for uranium, made 
widespread studies of known uranium occurrences, and succeeded in finding 
many new ones, mainly in the Beaverlodge region of Saskatchewan. Here the 
Ace mine was brought into production by Eldorado in 1953. 
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Late in 1947, as the need for greatest secrecy had passed, the ban on private 
staking and mining was removed and the Canadian Government guaranteed a 
base price for uranium oxide, which has been extended until 1962. Staking and 
mining are done, as for other metals and minerals, under the laws a nd regulations 
of the various provinces and territories. However, under the regulations of the 
Atomic Energy Control Board, a Federal body, di scoverers of radioactive occur­
rences are required to report them to the Geological Survey of Canada, which 
acts for the Board in compiling information on resources of rad ioactive minerals. 
Exploration permits, which may be secured free by applying to the Board, are 
required before advanced exploration such as diamond drilling is clone, a nd 
mining permits are required before production is undertaken. Restrictions a re 
placed on publication of figures for production and ore reserves, and uranium 
ores and concentrates can be sold only to Elclorado. As soon as private staking 
was permitted, many persons and companies began prospecting for uranium and 
exploring deposits, with the result that several thousand occurrences are now 
known in Canada, although most appear too small or too low in grade to be 
mina ble. A few privately owned properties have been in production on a rela­
tively small scale in the Beaverlodge region since 1954. Large production from 
the Gunnar deposit, found in that region in 1952 , was begun in the a utumn of 
1955. Huge tonnages of low-grade ore are reported in the Blind River region of 
Ontario, where the first plant came in to operation in October 1955. Deposits 
are being explored in several other parts of Canada. The greatest activity at 
present, apart from the regions a lready men tioned, is in the Bancroft region of 
southeastern Ontario. It has been estimated that by the end of 1957 the a nnual 
gross value of the uranium produced in this country will be at least $100 million. 

During the period 1950-55, interest in uranium caused more prospecting. 
and staking than ever before. Many experienced prospectors quickly acquired 
the relatively small amount of additional knowledge required, and a larger 
number of beginners swelled the ranks. Over-simplified publicity caused many 
of the latter to believe there is little more to prospecting for uranium than 
acquiring a counter. It is true that such a prospector has a n outside chance of 
finding an important deposit, but events have shown that knowledge and experi­
ence are almost essential. So far, a ll the producing uranium mines in Canada, 
and a lmost a ll the prospects that have merited attention, have been found by 
experienced prospectors or by men employed on organized prospecting schemes. 

Mineralogy 

Many minerals contain uranium, but most of them are comparatively rare 
and are difficult to identify by field methods. The ura nium-bearing minerals 
fall into three main classes: (1) primary minerals found in veins and other hydro­
thermal deposits; (2) primary minerals found usually in pegmati tes and related 
types of deposits; and (3) secondary minerals formed by near-surface a lteration 
of primary minerals of classes (1) and (2). 

The most importa nt uranium minera l is uraninite a nd its variety pitchblende. 
Uraninite is a definite mineral species composed of uranium oxide. In its typical 
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crystalline form it occurs as cubic and octahedral crystals, and sometimes in 
small rounded masses, scattered sparingly in pegmatites and other deposits 
formed at high temperatures. Pitchblende has about the same composition, but 
occurs in masses and disseminations instead of as distinct crystals and is typical 
of veins and related types of hydrothermal uranium deposits. Although pitch­
blende is officially classed in Canada as a variety of uraninite, its mode of occur­
rence is distinct and it is usually considered for practica l purposes to be a separate 
mineral. As such it has been the most importa nt Canadian source of uranium. 
A substance called 'thucholite', found occasionally in hydrothermal and other 
deposits a nd formerly considered a separate uranium mineral, consists of a non­
rad ioactive hydrocarbon containing minute grains of pitchblende. Brannerite, 
an oxide of uranium a nd titanium, is an importa nt constituent of conglomerate 
ores in the Blind River region, a nd may ultimately rival pitchblende as a source 
of uranium. 

The most common uranium mineral of the genera l pegma titic class is urani­
nite. Others include uranothorite, euxenite, fergusonite, a nd pyrochlore. 

The secondary uranium minera ls are usually bright ye llow, although some 
are orange and green. In outcrops in Canada they generally occur as thin coatings 
on or near primary uranium minerals, and as a rule do not extend far beneath 
the surface. The only exception so far in this country is ura nopha ne (silicate of 
calcium and uranium) which occurs in fairly large quantities to depths of several 
hundred feet at the Gunnar pitchblende deposit in porous or fractured rock that 
permitted unusually deep circulation of artesian water. 

Most uranium minerals are difficult to distinguish by ord inary means. 
Fortunately it is not usually necessary for prospectors to learn how to do so, 
beca use a Geiger counter properly used will indicate the presence of a radioactive 
mineral or minerals, and special radiometric assays or chemical analyses of 1 

samples indicate their uranium content, which is t he essential information. The 
general mineral association will usually make it apparent to a prospector whether 
he is dealing with a hydrothermal deposit, a pegmatitic or rela ted type, or a 
secondary occurrence, without the need for identification of the uranium mineral 
or minerals. In most insta nces there is no need for precise identification of the 
minerals unless and until exploration shows that a large deposit may be present, 
in which case the question of treatment would arise and it would then be neces­
sary to have full mineralogical information. Therefore, it is mainly necessary 
for prospectors to be a ble to recognize pitchblende and uraninite, and collectively 
to recogn ize the yellow secondary minerals that can be grouped as 'uranium 
stain'. During the boom of 1950-55, government agencies have complied with 
hundreds of requests for identification of radioactive minerals that required 
extensive laboratory work, but in most instances the discoveries did not prove 
to be either large enough or rich enough to justify the work. 

An important poiRt in connection with uranium-bearing pegmatites and 
related types of deposits, if they show indications of being of commercial size 

282 



Notes on Specific Metals and Minerals 

and grade, is that those carrying uraninite are usually less difficult to treat 
than those carrying other uranium minerals such as euxenite, pyrochlore, etc. 

Types of Canadian Deposits 

Uranium has been found in Canada in many different kinds of deposits. 
These are described in other publications and are not discussed in detail here. 
The economic deposits found so far are of three kinds: hydrothermal deposits 
ranging from simple veins to complex systems of stringers and disseminations; 
uranium-bearing conglomerate for which the origin of the uranium-bearing 
minerals is not yet known definitely; and certain pegmatitic deposits. 

In the hydrothermal deposits the uranium mineral is pitchblende, occasion­
ally accompanied by 'thucholite'. Ma ny pitchblende deposits consist of veins, 
stringers, lenses, or pods, composed of relatively few minerals. Some consist of 
pitchblende alone, but most contain hematite, quartz, chlorite, calcite, and other 
gangue minerals. Some contain other metallic minerals in addition to pitchblende 
and hematite. In individual stringers or masses, gangue minerals may be in 
minor amounts, or the stringers or masses may consist chiefly of gangue with a 
little pitchblende. Most deposits are complex zones of mineralized lenses, 
stringers, and streaks within a much larger volume of altered rock; at some 
deposits the rock contains pitchblende in both disseminated and concentrated 
forms. 

In the Blind River region north of Lake Huron, uranium-bearing quartz­
pebble conglomerate has been found at several places at and near the base of 
the Huronian group of formations, resting unconformably on pre-Huronian 
granitic rocks and greenstone. The matrix of this conglomerate contains consid­
erable pyrite, scattered grains of brannerite, uraninite or pitchblende or both, 
and small amounts of other minerals. The uranium minerals can usually be seen 
only with a microscope, and although a good deal of research has already been 
done it is still uncertain whether the uraninite is mainly in the form of broken 
or eroded crystals of uraninite or of fragments of pitchblende. Many factors 
suggest tha t the uranium minerals resulted from the erosion of older rocks and 
were concentrated as placers that later became hard conglomerate. However, 
uranium minerals are found in only a few placers of recent age, presumably 
because most of them are fairly soluble in water. Some geologists therefore 
believe that the Blind River deposits are probably the result of hydrothermal 
replacement. Others believe that the uranium minerals were deposited originally 
as placers, and later were re-distributed by hydrothermal solutions. 

The most abundant general types of uranium deposits are pegmatites and 
related deposits, but in a lmost all of these the uranium minerals are present in 
small scattered amounts only. Before 1955, pegmatitic deposits had not been 
proved to be commercial sources of uranium, but a few of the Canadian deposits 
of this kind are sufficiently large and of sufficient average uranium content to 
have warranted thorough exploration, and plans for production from some of 
these, in the Bancroft region of Ontario, were announced in 1955. 
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Associations 

For prospecting, it is important to know as much as possible about the ages 
and kinds of rocks in which deposits are likely to be found, the structures that 
are most favourab le, and the minerals common ly occurring with the ores. This 
is particularly important for the hydrothermal deposits, a lthough many of the 
questions cannot ye t be answered as definitel y as is desirable. In the case of the 
conglomeratic uranium deposits, favourable rocks are the conglomerate a t and 
near the base of the Proterozoic strata in the region north of Lake Huron. It is 
not yet known to what extent conglomerates and other sed imentary rocks of 
other ages or in other distri cts a re favourable. 

Uranium deposits of the genera l hydrothermal class, containing pitchblende, 
have been found in rocks of many ages, from Archcean to Mesozoic, and they 
have been found associated with Tertiary intrusives in the United Sta tes. On the 
basis of present information the most favourab le areas in Canada are those near 
the border of the Shield that contain folded Proterozoic strata, but in such areas 
the deposits are not confined to the Proterozoic rocks. 

H ydrotherma l deposits have been found in rocks of so many different kinds 
that it is impossible at present to give definite rules regarding favourable host 
rocks. In some places for instance, dark-coloured , basic rocks such as basalt, 
diabase, and the more basic sedimentary rocks are particularly favo urable, but 
in other places granitic and gneissic rocks contain important deposits. In an area 
where pitchblende is known or likely to occur, no type of rock can be considered 
completely unfavourable at present. 

Many of the more important pitchblende deposits in Canada occur in or 
close to prominent faults where the ad joining rocks are fractured, sheared, or 
crushed to provide favourable sites for the emplacement of deposits. Zones of 
this kind may be easily eroded a nd, therefore, underlie low-lying areas . 

Pitchblende is usually accompanied by considerable iron , generally in the 
form of hematite a nd less commonly as magnetite and sulphide minerals. Silver, 
cobalt, and copper minerals, and to a lesser extent those of lead and zinc, accom­
pany pitchblende in some deposits. None of these minerals, however, can be 
considered as definite guides to the presence of pitchblende. The principal known 
deposits of hema tite, magnetite, iron sulphides, silver, cobalt, and copper have 
been tested a nd have shown no eviden ce of uranium. The matter is therefore 
far from simple, and any deposits of the general hydrothermal class a re worth 
checking on the chance that pitchblende may be present, for this can be clone 
fairly easi ly. Hematite in the form of red wall-rock a lteration commonly accom­
panies pitchblende in hydrothermal deposits. 

Pegmatitic deposits a re common in a reas where granitic intrusions are 
abundant and where erosion has been sufficiently deep to expose the deposits. 
They are particularly abundant in the Grenville region of the Canadian Shield. 
It is hoped that studies now being conducted in the Bancroft region will throw 
light on the factors that caused certain deposits there to contain larger tonnages 
and better average uranium content than most pegmatitic occurrences. 
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Distribution 

Uranium occurrences and deposits a re now known in many parts of Canada, 
mainly in the Canadian Shield. The occurrences in the Shield have so far been 
found mainly within about 100 miles of its western a nd southern borders, but 
this does not necessarily indicate that other parts of the area should be neglected. 
The principal areas conta ining pitchblende deposits of hydrothermal types are 
the Great Bear Lake, Hottah Lake, and Marian River regions in the Northwest 
Territories, and the Athabasca region in northern Saskatchewan. The better 
accessibility of the last-named makes it the most attractive of these. A 
number of pitchblende occurrences have been found north of Sault Ste. Marie, 
Ont., but t hese have so far proved small and unimportant. A few deposits of 
hydrothermal type have been found a relatively short distance north of the 
Grenville boundary and pitchblende deposits have recently been fou nd in Labrador 
on the contin uation of this general trend. Pitchblende has been reported from 
one deposit in British Columbia, a nd pitchblende a nd thucholite have been 
found at several places in New Brunswick and one in Gaspe; therefore t he 
western Cordilleran a nd the Appalach ian regions offer possibilities fo r t he uranium 
prospector. 

Uranium deposits in conglomerate have been found in many places between 
Sault Ste. Marie a nd Sudbury, but those that have shown the best possibilities 
so far are in a n area a few miles east a nd northeast of Blind River. 

Radioactive pegmatites are wid espread in the Canadian Shield and fairly 
common in the Cord illeran region. They have been found principally in the 
Grenville division of the Shield and in t he Charlebois Lake and Lac la Range 
regions of Saskatchewan . A few deposits in Saskatchewan contain large tonnages, 
with uran ium contents reportedly averaging between 0·05 a nd 0· 1 per cent 
U30s. 

Economics 

Until :V'Iarch 31, 1962 , t here is a guara nteed market fo r a ll urani um ores 
and concentrates that are amenable to treatment and that contain not less 
than 10 per cent uranium oxide (U30 8). The price payable is based on a price 
of $2 .75 per pound of contained uranium oxide, plus an a llowance to help pay 
for the cost of concentrating, plus a special a llowa nce for the first three years 
of production to help pay for the cost of development. On this basis, ores averag­
ing 0 · 1 per cent Ua08 would be worth about $15 a ton for the first three years 
and $12 thereafter; those averaging 0·2 per cent U30 8 would be worth $29 a 
ton for t he first three years and S24 thereafter; those averaging 0·3 per cent 
U308 would be worth about $41 for the first three years and about $34 thereafter. 
However, these prices are based on t he total value of the uranium in the ore; 
in practice it is never possible to recover a ll the metal in making concentrates, 
so the value of concen trates would be reduced by an a mount depending on the 
percentage of recovery. 
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Ores or concentrates may be sold only to Eldorado Mining and Refining 
Limited, which pays the cost of rail transportation, if any, to its plants. This 
company was authorized to make special price contracts in certain circum­
stances, such as the case of a property containing a large proved tonnage of 
material that was below the average grade that would permit profitable opera­
tion at the guaranteed price, or a property that planned to produce a high-grade 
product from a plant that would require large expenditures to build. The terms 
of such contracts were not disclosed, and the guaranteed schedule of prices was 
considered to be sufficient for early estimates of the value of a deposit. In August 
1955 the Rt. Hon. C. D. Howe announced that "there is a limit on the amount 
of uranium which will be purchased under the special price arrangement. On 
the basis of our present information, Eldorado will not be able to negotiate 
special price contracts after March 31, 1956". This was confirmed later. As 
the private properties brought to production in Canada have required such 
special contracts, the possibilities for further prospecting and exploration, at 
least for the present, are more limited and depend on deposits that would be 
economic under the guaranteed schedule of prices. On the basis of present 
knowledge, these would be unusually rich, well situated deposits that could be 
treated fairly readily to produce a marketable concentrate. 

Authorities believe that there will be considerable demand for uranium 
after 1962, but are unable to predict what prices may prevail or whether the 
market will be guaranteed. The following authoritative summary of the situa­
tion in 1955 was given by the President of Atomic Energy of Canada Limited: 

"It is impossible to say at this time what the demand for uranium will be 
after March 31, 1962, the present expiry date of the guaranteed market. The 
military demand may continue at the present rate or may cease altogether. 
On the other hand, we may have a situation in which there is still government 
buying but on a reduced scale. Whatever happens, it can be safely predicted 
that there will be some requirement for uranium for use in atomic power pro­
grammes in the early sixties. It is evident, however, that the demand for ura­
nium in the early stages of a Canadian atomic power programme will take up 
only a small part of our potential production. Consequently, if the military 
requirement ceases or is cut back substantially, Canadian producers may have 
to look to export markets and should expect to meet the same conditions which 
prevai l in the case of other base metals which are not in short supply." 

General Hints on Prospecting for Uranium. 

Although anyone, with the aid of a counter, has a chance of finding a 
uranium deposit, experience in Canada thus far has shown that considerable 
knowledge and experience are almost essential. In this country there are many 
bodies of weakly radioactive rocks and many small mineral occurrences that 
may be confusing to those without a fair knowledge of the subject. Beginners 
should therefore consider that they have only an outside chance of finding an 
important deposit unless they are prepared to spend a good deal of time and 
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Plate LXV 
Geiger and scintillation counters and a 'Mineral Light'. 1: small Geiger counter with earphone; 

2: medium-size Geiger counter with earphone; 3: large Geiger counter equipped with meter 

and probe; 4: scintillation counter; 5: 'mineral light' or ultraviolet lamp. 

effort in studying and gaming experience. Although several very important 
uranium deposits have been found in Canada and although many others have 
warranted exploration, most discoveries have proved small and insignificant. 
Therefore, prospectors need knowledge, not only of where and how to prospect 
to best advantage, but also of how to decide which occurrences are worthy of 
attention. The general principles explained in Chapters VIII and XI are applic­
able to uranium as well as to other metals. However, in add ition to a iding in 
the search where formations and structures are theoretically favourable, the 
counter permits testing places not in this category and it is possible that important 
deposits may be found under conditions not yet known to be favourable. 

Almost all important discoveries in recent years have been found with the 
aid of Geiger or scintillation counters. A list of Canadian dealers in Geiger coun­
ters and other radioactivity detectors may be obtained from the Mines Branch 
or the Geological Survey of Canada, Department of Mines and Technical Surveys. 
These branches do not, however, recommend specific instruments or dealers. 
In general, the experience in Canada has been that the cheaper instruments are 
satisfactory for ordinary prospecting but that the cheapest get out of order 
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more often than those of mod erate price. The most expensive models a re used 
mainly for specia l purposes. It is sometimes possible to rent counters from dealers, 
but because the situation varies, it is impossible for Government organizations 
to advise regarding rentals. 

As mentioned in Chap ter X, in using a rad ioactivity detector it is important 
to remem ber that the instrument can detect thorium as well as uranium, a nd 
that large exposures of weakly radioactive materia l cause misleadingly strong 
reaction s. The recommended procedure is first to use the counter to seek places 
where counts of two or t hree times the background count or more are obtained, 
then to take samples of the radioactive rock or mineral to a place where the 
background is norma l and hold each sample against the counter. Any that do 
not then cause a count of two or three times background or more a re probably 
not worth sending for tests. Those that do cause such counts should be sent to 
a laboratory for radiometri c or other tests, a t leas t until one becomes familia r 
with his inst rument, after which he will be better a ble to judge which samples 
should be sent for tests . Samples should a lways be held against the same place 
on the counter, a nd as near to the Geiger tube as possible, to a llow for t esting 
under uniform conditions a nd to afford maximum counts. It is sometimes useful 
to include one sample selected from the most rad ioactive spot, if it is designated 
as a selected sample. If t his gives on ly a low assay, the deposit is proba bl y of 
little value, as its average content will a lmost certainly be still lower. Also, it is 
easier to id entify minerals in high-grade samples. Samples should, however, 
ordinarily be taken to represent as nearly as possible the average content. Each 
sample should weigh a pound or more. 

Special radiometric tests distinguish adequately between the ura nium con­
tent a nd the total radioactivity of preliminary samples. Prospectors who do not 
wish to wait for labora tory results can, with the a id of an ultra-violet lamp and 
a blowpipe, make fi eld tests to indica te whether a mineral contains ma inly 
uranium or thorium. A special kit for this purpose, including a sma ll la mp, can 
be bought from dealers in instruments and laboratory supplies for about $10. 
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A comprehensive book dealing with the world-wide occurrence of uranium, thorium, 

and beryllium, and containing much general information on prospecting for t hese metals. 

Cooper, M .: Selected Bibliography on Uranium Exploration and the Geology of Uranium Deposits; 
U.S. Atomic Energy Commission, 1953. From Office of Technical Services, Dept. of Com­
merce, Washington 25, D.C. Price 35 cents. 

This lists many general publications on uranium, in addition to those above. 

Uranium in Canada; Mines Branch, Dept. Mines and Tech. Surveys, Annual Review. 

Other Metals and Minerals 

Abrasives 

Several hard minerals and rocks, such as corundum, garnet, pumice, and 
sandstone are used as abrasive powders, grindstones, sandpapers, and other a ids 
to cutting and polishing. However, artificial products such as carborundum and 
alundum have replaced many of the former uses of natural abrasives. For this 
reason no natural abrasives are produced in Canada except a small amount of 
grinding pebbles, and several known deposits of various kinds are not being 
worked. Therefore it is not likely to be profitable to prospect exclusively for 
abrasive materials, but large deposits encountered incidentally, pa rticularly of 
corundum, might be of interest. 
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Antimony 

Occurrences of stibnite (antimony trisulphide) and various sulphantimonide 
minerals are fairly common in the Cordilleran and Appalachian regions but at 
present are not mined because an adequate supply of antimony is turned out 
as a by-product of the smelting and refining of lead and other ores, and the 
world supply is greater than the demand. Canadian production is in the form 
of lead containing up to 25 per cent antimony, produced at Trail, B.C. This 
plant can also produce metallic antimony but has not done so since 1944. 
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Antimony in Canada; Mines Branch, Dept. Mines and Tech. Surveys, Annual Review. 

Dawson, A. S.: Antimony in Canada; Can. Min. J., vol. 68, 1947, No. 1, pp. 20-21. 
A short account of the economics and sources of antimony, and of known Canadian 

occurrences and the possibility of further developments in Canada. 

McClelland, W. R.: Notes on Antimony Deposits and Occurrences in Canada; Mines Branch, 
Mem. Ser. No. 108, 1950. 

A summary of information on antimony occurrences in Canada up to 1950. 

Arsenic 

Virtually a ll the arsenic used is a by-product of the treatment of metallic 
ores containing arsenic. Several mining and smelting plants in Canada have to 
recover arsenic to prevent dangerous fumes from escaping. As the supply is 
greater than the demand there is no incentive to prospect for arsenic or to 
consider it an asset in ores mined for other metals. 
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Arsenic in Canada: Mines Branch, Dept. Mines and Tech. Surveys, Annual Review. 

Barite 

Barite (barium sulphate) is produced in large quantities in Canada, mainly 
for export. The heaviness of this mineral makes it especially useful as an ingre­
dient in the mud required during the drilling of oi l wells and for other uses such 
as fillers in paint, rubber, linoleum, and paper. 

The principal Canadian production is from Walton, N.S., where a replace­
ment deposit in limestone-conglomerate of Mississippian age is reported to 
contain a large reserve. Two deposits are also worked at Parson and Brisco, 
B.C., and there are other occurrences in several parts of Canada. It is, therefore, 
unlikely that prospecting specifically for barite would be worth while at present, 
but if a large deposit were found close to transportation it would probably 
receive attention. 
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Bentonite 

Bentonite is a kind of clay formed by the a lteration of volcanic ash. Some 
kinds of bentonite swell to eight times t heir volume when soaked in water, while 
others do not swell but have great absorptive properties. Therefore bentonite 
has many uses as a filter, bleaching clay, a nd filler in numerous manufacturing 
processes. 

The main producing deposits are near Morden, Man., where beds in different 
formations of Mesozoic age contain sufficient bentonite to be mined commercially; 
there is a lso a small production from beds near Drumheller, Alta. Other occur­
rences are known in these provinces and in British Columbia a nd Saskatchewan, 
therefore bentonite is not of great interest to prospectors, but large well-situated 
deposits should be investigated. 
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Beryllium 

Beryllium is a light metal that is very desirable for certain specia l a lloys. 
Also, a lthough it is not a source of atomic energy, it would be useful in connection 
with atomic reactors if it could be produced in reasonable quantities and at 
reasonable cost. There has been no sign ificant Canadian production, a nd the 
small amoun ts produced in other countries have come mainly from beryl (a silicate 
of beryllium and aluminum) obtained from pegmatite deposits that were being 
mined also for mica, feldspar, lithium, or niobium. Few pegmatite deposits 
contain enough beryl to be worked for it a lone. Beryl is occasionally found in 
the gangue of tungsten and tin deposits. 

Several pegmatite deposits conta ining beryl have been found in Canada, 
mainly in the Canadian Shield in Quebec, Ontario, Manitoba, a nd the Northwest 
T erritories. Attempts have been made to mine some of them, mainly along with 
other valuable pegmatitic minerals, and some deposits a re being explored further 
with this objective. Prospectors should be on the a lert for additional beryl 
occurrences in pegmatites, but should remember that a few sporadic crystals 
do not constitute a beryl deposit, although they might be worth saving if the 
deposit were being worked for other minerals. It should also be kept in mind 
that some beryl crystals are not noticeably green a nd may be confused with 
quartz. Several field tests for distinguishing beryl are described in different 
publications. Two of these are explained by Rowe in Paper 52-8, listed below. 
A prospector paying particular attention to beryllium would do well to obtain 
the necessary supplies a nd to learn these tests. 

Helvite, a mineral somewhat like garnet, contains beryllium and might be 
found in commercial quantities. It may be found in contact metasomatic deposits, 
such as skarn deposits containing garnet a nd pyroxene in a ltered limestone. 
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Helvite is not easily distinguished from garnet without making tests. Therefore 
any large deposits of the kind mentioned above might be worth the trouble of 
making tests in the field or the expense of having a few samples analysed for 
beryllium. A deposit of helvite was recently reported from the McDame region, 
northern British Columbia, where it is said to occur in skarn between limestone 
and granite. 

Chrysoberyl and phenacite a lso are beryllium-bearing minerals, but they 
have not yet been found in commercial quantities. 
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A summary of information on the uses and properties of beryllium, beryllium minerals, 
and Canadian occurrences known up to 1930. 

Springer, G. D.: Cat Lake-Winnipeg River Area, Manitoba; Man. Dept. Mines and Nat. Res., 
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This report includes descriptions of pegmatitic deposits containing beryl. 

v\'arren, H . V. and Thompson, R. M.: Beryllium; The Miner, June 1943, pp. 32-34. 
A summary of information on the uses and economics of beryllium, the more important 

minerals and foreign occurrences, and of tests for beryllium. 

Bismuth 

Bismuth is a minor metal used chiefly as a constituent of certain a lloys, 
mainly where low melting-points are desired, as in fuses. All commercial supplies 
of the metal are recovered as a by-product in the refining of certain lead and 
molybdenum ores. No commercial ores of bismuth alone are known. 

Reference 

Bismuth in Canada; Mines Branch, Dept. Mines and Tech. Surveys, Annual Review. 
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Cadmium 

Cadmium is used chiefly for plating other metals, particularly to prevent 
corrosion. It is closely related to zinc and occurs in small quantities in most 
zinc ores, which are the only commercial source of cadmium, the metal being 
recovered as a by-product from zinc refineries. No commercial ore of cadmium 
alone is known. 

Reference 

Cadmium in Canada; Mines Branch, Dept. Mines and Tech. Surveys, Annual Review. 

Chromium 

Chromium is very important as an alloying ingredient in stainless and 
corrosion-resistant steels, and also for electro-plating. The only source is the 
mineral chromite, an oxide of chromium and iron. The relative amounts of 
chromium and iron vary in different deposits, and this chrome-iron ratio is an 
important factor in determining the economics of an occurrence, because deposits 
low in chromium are uneconomic unless the material can be treated to bring it 
to market specifications. Good ores and concentrates contain about SO per cent 
chromic oxide and have a chromium-iron ratio of about 3 to 1. 

Most of the chromite used in Canada is imported from Africa and the 
Philippine Islands. A little is produced in the United States, and during World 
War II some was produced from deposits in the Eastern Townships of Quebec. 

Chromite is associated with ultrabasic igneous rocks, such as dunite, perido­
tites, and pyroxenites, and with the serpentines to which they alter. Masses or 
scattered grains of chromite may be found, usually in the rock called dunite, 
that is sometimes mistaken for chromite. Grains of the latter, however, are 
shiny, whereas dunite is a fine-grained, grey-black, iron-magnesian rock of a 
dull appearance, which when scratched leaves a pale grey streak. Usually the 
only other metallic mineral present is magnetite, which closely resembles chromite 
but is easily distinguished by its strong magnetic property and black streak, 
whereas the streak of chromite is chocolate-brown. 

Discovery of a large chromite deposit of good grade in Canada would be 
important, and many efforts have been made to find one, especially in wartime. 
Places of interest to the prospector are the serpentine areas, especially those of 
the Eastern Townships, Quebec, and of central British Columbia, and parts of 
the Canadian Shield where ultrabasic rocks occur. Southeastern Manitoba 
became an area of special interest in 1942 with the exploration of deposits in the 
Bird River region, where chromite is found in peridotite. This chromite has a 
low chrome-iron ratio and research is being carried out to try to develop a com­
mercial method of treatment that would make an acceptable product. 
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Cobalt 

Cobalt is an important metal used mainly for making special alloys. Most 
of the world's supply now comes from copper-cobalt mines in Belgian Congo and 
Northern Rhodesia. The Cobalt camp in Ontario, formerly a large producer, 
still supplies a large part of the Canadian production, which was valued at nearly 
$6 million in 1954. Cobalt is also recovered from ores of the Sudbury district 
and concentrates from the uranium mine at Great Bear Lake, and a considerable 
amount is obtained from the Lynn Lake nickel-copper deposits. 

There is a demand for cobalt at present and prospecting for minable deposits 
offers attractions. Several small occurrences are known in t he Canadian Shield 
and the Cordilleran and Appalachian regions, generally associated with occur­
rences of nickel, copper, or native silver. Prospecting in the general areas where 
such occurrences have been reported is probably the most practical plan. The 
pink colour of cobalt bloom is a good guide and anyone attempting to search 
for cobalt should familiarize himself with this mineral, properly called erythrite. 
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uses, and world trade. 

Diatomite 

Diatomite is a sedimentary deposit resembling chalk, composed of silica in 
the form of the 'shells' of microscopic organisms called diatoms. It has many 
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industrial uses as a filter, absorber, and insulating material. About half of the 
diatomite now used in Canada is employed as a coating on grains of chemical 
fertilizer, to keep them from sticking together. 

More tha n 400 deposits of diatomite are known in Canada, but the small 
and sporadic production has been virtually confined to deposits of Recent age 
in Nova Scotia, and Tertiary age near Quesnel, B.C. The Canadian types are 
not competitive under present market conditions, and practically a ll the diato­
mite used in this country is imported from the United States. Diatomite is 
therefore not likely to be of great concern to prospectors. 
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Feldspar and Nepheline Syenite 

Feldspar is used mainly in the manufacture of pottery, glass, porcelain, 
enamelware, and cleansing powders. It is obtained from pegmatite dykes which 
are usually worked in rather a small way by open-pit methods. In 1954 about 
16,000 tons valued at about $300,000 were produced, a ll from the Grenville region 
of the Canadian Shield, and mainly from the Province of Quebec. Many known 
deposits near transportation are not being worked, therefore, feldspar is not of 
great interest to prospectors at present. However, if pegmatites are important 
because of the presence of some other mineral, the possibility of disposing of the 
feldspar as a by-product would be worth considering. 

A la rge deposit of nepheline syenite in Peterborough County, Ont., yields an 
important product used in the ceramics industry. 
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Fluorspar 

Fluorspar or fluorite (calci um fluoride) is an important mineral for the manu­
facture of flux used in smelting aluminum, as a flux in the making of steel, and 
as a raw material for producing certain chemicals. In 1954 Canada produced 
about 119,000 tons of fluorspar valued at nearly $3 million. This came almost 
entire ly from six mines in Tewfoundland, where large reserves of ore are reported. 
The remainder of the production, about 1,000 tons, was derived from a mine 
near Madoc, Ont. Other occurrences are known in various parts of Canada, 
but on ly la rge deposits in accessible places a re likely to be of commercial impor­
tance. 
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Gems and Rare Minerals 

The more valuable gems, such as diamonds, rubies , and emeralds have not 
been found in Canada in commercial deposits, but specimens of some of the 
minor gems, semi-precious stones, a nd minerals desired by lapidaries and collectors 
have been found in several parts of the country. It is rather surprising that the 
more important gems have not been found, because geological cond itions more 
or less similar to those in which some of the principal gem deposits of the world 
are found, do exist. It should be noted, however, that the market and value 
of some gems are not as attractive as they once were, because methods of making 
synthetic stones of high quality have been developed in some cases. These 
are not imitations, but true synthetic stones of the same compositions as na tutal 
ones, and the rela tive ease and cheapness of their production have affected the 
demand for the natural stones. 

Diamonds are found in other countries m 'kimberlite', a breccia composed 
of rock fragments in a matrix of serpentine a nd carbonate. This is an unusual 
rock, and it must be remembered a ll rocks containing serpentine are not neces­
sarily favourable for the occurrence of diamonds. Most other gems occur origi­
nally in pegmatites, particularly those pegmatites relativel y high in lithium and 
sodium. Several semi-precious stones such as lapis lazuli and jade are found m 
contact metasomatic deposits in limestone, schist, or gneiss. 

A la rge part of the world production of gems comes from placers, because 
most gems are ha rd and resistant to erosion even if they are not particu larl y 
heavy. Therefore gems originally contained in deposits of the kinds mentioned 
in the previous paragraph tend to be concentrated in beach and other f9rms of 
placers. Often they are derived from sporadic occurrences that could not have 
been worked economically in their primary state, and have been concentrated 
by slow natural processes, just as many important gold placers are derived from 
very lea n gold-bearing rocks. Gems may therefore be found in Canadian placer 
deposits, particularly in the Cordi lleran region. 

No discussion of the possibility of finding gems 111 this country would be 
complete without mention of the many attempts to discover the source of the 
famous Wisconsin diamonds. At least seventeen diamonds were reportedly found 
in glacial drift in Wisconsin and nearby states before the end of the last century, 
and there is good reason to ·believe that they were transported from one or more 
occurrences in the Canadian Shield. Repeated attempts have been made to find 
the source, sometimes by fairl y elaborate expeditions and after carefu l study of 
the probable directions of glacial flow and deposition. All attempts have failed, 
but it is not impossible tha t by lu ck or by further knowledge of glaci<i) processes 
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dia monds may be found in the Canadian Shield. Articles on this subject a re 
listed below. The only other suggestions of diamond occurrences in this country 
a re reported occurrences of microscopic-sized dia monds in the Bridge River a nd 
T ulameen regions of British Columbia, but later work showed that the supposed 
diamonds were sy nthetic periclase formed by heating samples of rock. 

Minor gems, a nd sem i-precious stones such as a methyst, occur in several 
parts of t he country, a nd materia l suitab le for orna menta l purposes, such as 
agate, can be found in many places, either in bedrock occurrences or as pebbles 
a nd boulders. 

On the basis of present information it would not seem that prospecting for 
gems a lone is likely to be very rewarding, but prospectors may find it to their 
advantage to learn something of t he characteristics a nd modes of occurrence of 
gems a nd semi-precious a nd ornamen ta! stones, a nd to be a ler t for occurrences 
of them when prospecting for other metals and minera ls. At least they should 
learn to recognize garnets a nd sm all transparent crystals of q uartz, rutile, etc. 
which are common and a lmost a lways valueless, a nd whi ch a re often su bmi tted 
to government agencies by persons who think they are rubies or dia monds. 
Another point to be noted is t hat t he quality of gem minerals varies greatly. 
Therefore it is far from suffi cient merel y to have a minera l identified as a species 
that is sometimes of gem quality; it is often necessary to have the qua li ty esti­
mated by a jeweller or a min era logist who specia lizes in gems. 
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Germanium 

Much publicity has been given to germanium in recent years because impor­
tant uses have been found for it in the manufacture of transistors, which replace 
vacuum tubes for some electronic purposes. Consequently, there has been 
considerable interest in the possibility of discovering workable germanium 
deposits. Present indications are, however, that germanium will continue to 
be turned out as a by-product of other operations and that it is not a metal 
to be searched for independently. 

Germanium occurs in germanite and argyrodite, su lphides of si lver and 
germanium, but these minerals are not common and they have not been found 
in Canada. 

Germanite and other minerals containing germanium have been found in 
other countries in ores mined for zinc, lead, and copper, germanium being 
recovered from the flue dusts of certain smelters that treat these ores. It is 
believed that germanium might also be found in small amounts in titanium and 
tin deposits. It occurs in small quantities in certain coals, and in the United 
Kingdom is recovered from the flue dusts of producer-gas plants. Reports 
suggest that adequate supplies can be obtained from these by-product sources. 

Small amounts of germanium have been detected in zinc ores of the Sullivan , 
Kicking Horse, and Monarch mines of British Columbia and it is reported to 
occur with hematite at the Gaspe zinc and lead mine of Federal Metals Corpo­
ration. It was reported recently from a zinc discovery in Cape Breton Isla nd, 
N.S. Investigations at Canadian smelters are said to have shown that germa­
nium did not occur in the flue dusts in sufficient quantities to ma ke recovery 
worthwhile. 

Many samples of coal from different parts of Canada have been and are 
being tested for germanium by the Department of Mines and Technical Surveys 
and other organizations. The results to date indicate on ly scattered occurrences 
even within a single mine. 

Graphite 

Graphite is widely used for making hea t-resistant and corrosion-resistant 
articles, pigments, lubricants , pencils, and stove polishes. It is a lso used in the 
construction of certain types of atomic reactors. Graphite is a common mineral, 
but concentrations that pay to work are uncommon, and none is at present 
mined in Canada. 

The Black Don ald mine nea r Calabogie, Ont. produced large amoun ts of 
'small flake' and 'amorphous ' grades of graphite from a contact metasomatic 
deposit in Grenvi lle limestone until work was suspended in 1954. Smaller 
amounts of the same grades were produced several years ago from deposits in 
and near the Ottawa val ley in Ontario and Quebec. The possibility of finding 
other workable deposits in Canada is worthy of the attention of prospectors, 
but they shou ld not be misled by the numerous small occurrences that are 
common in many parts of the country. 
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Iron Oxides (Ochres) 

Relatively small amounts of iron oxides are mined in the St. Lawrence 
Lowland of Quebec for use in purifying manufactured illuminating gas, for 
pigments in paints, and as polishes. These deposits have been worked since 
1886, and appear adequate for a ll demands. 
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Lithium 

The development of new uses has caused an increasing demand for lithium, 
the lightest of all metals, during recent years. It is used for making special 
lubricants, in refrigeration and welding, in the manufacture of storage batteries, 
and for other purposes. It is reported to have limited uses in connection with 
atomic energy. The principal sources are spodumene (a silicate of lithium and 
aluminum), lepidelite (a lithium-bearing mica), and amblygonite (a flue-phos­
phate of aluminum and lithium). These materials are found in pegmatites, and 
several occurrences, particularly of spodumene, have received attention in western 
Quebec, southeastern Manitoba, and the Northwest Territories. Occurrences in 
Lacorne Township, Que., which have been known for some time, have been 
explored further during the last few years and one property is nearing production 
following the negotiation of a contract for the sale of lithium concentrates in the 
United States. A large tonnage of ore grading 1·3 per cent lithium oxide is 
reported to have been shown by diamond dri ll ing a series of parallel pegmatite 
dykes on this property. These developments have caused increased interest in 
exploring other spodumene occurrences in which this mineral occurs as more 
than occasional scattered crystals. Several deposits in Ontario and Quebec 
received attention in 1955, and prospectors reported additional discoveries in 
several parts of the Canadian Shield favourab le for the occurrence of pegmatites. 
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County, Quebec; Geol. Surv., Canada, Paper 53-3 (1953). 

This report is mainly descriptive of lithium occurrences in this region. 
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Magnesium 

Because of its lightness and strength, metallic magnesium is now used in 
large quantities, mainly for alloys used in the aircraft industry. Canada is an 
important producer, the ore being obtained from deposits of dolomite (magnesium 
carbonate) in Ontario and brucite (magnesium hydroxide) in Quebec. Magnesium 
compounds used extensively for making refractory materia ls such as furnace 
linings and for various chemical purposes are produced from brucite and dolomite 
deposits in Quebec. Suitable deposits of brucite a re in demand, but those of 
dolomite and other magnesium minerals such as magnesite are not sought at 
present. Brucite is not easy for unskilled persons to recognize. Usefu l information 
on its detection is included in the first publication listed below. 
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mercial Possibilities; Mines Branch, Dept. Mines and Tech. Surveys, Mem. Ser. No. 75 
(1939) (out of print). 

Magnesium in Canada; Mines Branch, Dept. Mines and Tech. Surveys, Annual Review. 

Magnesite and Brucite in Canada; Mines Branch, Dept. Mines and Tech. Surveys, Annual 
Review. 

Manganese 

Manganese is an important metal used mainly in the manufacture of steel, 
about 12 pounds being used for every ton of steel produced. The other principal 
use is in making dry batteries. 

Small amounts of 'bog' manganese ore have been produced at times in the 
Appalachian and Cordilleran regions, but none is produced in Canada at present, 
except as the manganese content of certain iron ores. Workable deposits of 
manganese would undoubtedly be attractive, but geological studies and consid­
erable prospecting have not disclosed any, although a New Brunswick prospect 
is being explored. 

The most important manganese minerals are pyrolusite (manganese oxide), 
psilomelane (hydrous manganese manganite) and manganite (hydrous manga­
nese oxide). Most commercial deposits are a mixture of all three minerals, 
together with varying amounts of sand or clay, iron oxide, and barite. Wad or 
bog manganese is an earthy substance formed by precipitation from surface 
waters which have passed through rocks containing manganese. It commonly 
occurs as basin-shaped deposits a few feet deep or as small benches on gently 
sloping hillsides. Many such occurrences have been found in Canada, especially 
in the Maritime Provinces, Manitoba, and British Columbia, but their grade is 
variable and of low average. 

Manganese minerals are also found in Canada in limestone of Carboniferous 
age, in red shale, conglomerate, granite, and sandstone, the commonest occur­
rence of this kind being replacements in limestone. They generally consist of 
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irregular deposits of manganese oxide that follow the bedding of the limestone 
and often branch into pipes and veins. Overlying many of these deposits is soil, 
gravel, or residual clay up to 20 feet in depth in which occur nodules and larger 
masses of manganese minerals. Less common occurrences a re veins and breccia 
fillings composed of manganese minerals. 
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Hanson, G.: Manganese Deposits of Canada; Geol. Surv., Canada , Econ. Geol. Ser. No. 12, 1932 
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Messervey, J. P.: Manganese in Nova Scotia; Nova Scotia Dept. Public Works and Mines, 
Pamphlet No. 17, 1931. 

A summary of information on manganese and of manganese occurrences in the province. 

Manganese in Canada; Mines Branch, Dept. Mines and Tech. Surveys, Annual Review. 

Mercury 

Mercury is widely used, and is especially necessary in wartime because of 
its use in making detonators. It is produced from the mineral cinnabar (mercury 
sulphid e) that usually occurs in hyd rothermal deposits formed at fai rly low tem­
peratures and pressures. Cinnabar occurs at several places in British Columbia, 
particularly a long a fault zone that extends for about 150 miles northeast of 
Fort St. James. Besides several minor occurrences, this zone contains the large 
Pinchi Lake deposit which was found and reported by a party of the Geological 
Survey of Canada. This mine produced much mercury during World War II 
but ceased operation when cheaper supplies from Italy and Spain became avail­
able. Although considerable ore is said to remain in the Pinchi Lake deposit, 
large deposits of high mercury content would be attractive. The fault zone 
mentioned above and other parts of the Cordilleran region appear to offer the 
best possibilities for prospecting. 
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Mercury in Canada; Mines Branch, Dept. Mines and Tech. Surveys, Annual Review. 

Meteorites 

Although fairly rare and not strictly within the realm of prospecting, mete­
orites a re of interest to prospectors both because of the fascination aroused by 
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these bodies from outer space and the fact that they are salable. Because of the 
similarity in names, there is a good deal of confusion between meteorites a nd 
meteors. Meteors, the so-called fallin g stars with which everyone is familiar, 
a re tiny particles that probably come from comets. They become white-hot a nd 
therefore visible when they enter th e earth's atmosphere and are heated by the 
friction caused by travelling at great speed through the a ir; they are completely 
burnt up in this way a nd do not reach the earth. Meteorites a re la rger bodies 
that seem a lmost certainly to have resulted from the breaking up of small planets 
or 'asteroids' of which there a re thousands between the orbits of Mars and 
Jupiter. Meteorites become molten on entering our atmosphere in the same way 
as meteors do, but a re large enough for some of the material to reach the earth. 
They a re usua ll y pitted and have the appearance of hav ing been molten. They 
ra nge from small pieces to masses weighing several tons. The la rgest ones form 
craters, but at some craters believed to be of this origin no meteorite is found, 
perhaps because it disintegrated explosively when it struck. 

Meteorites are of three main kinds called 'stony', 'stony-iron', a nd 'metallic'. 
Stony meteori tes consist mainly or entirely of material much like rocks of the 
earth's crust, but may a lso contain particles of nickeliferous iron. They are 
difficult to recognize except in places where ordinary stones are not likely to be 
found, such as on top of snow or ice, or in soil devoid of other stones. ln such 
cases, if a stone is smooth and covered with a dark crust it may be a meteorite, 
but if it is jagged a nd bright it is probably an ordinary rock. Stony-iron mete­
orites contain both stony matter and iron in la rge amounts. Metallic meteorites 
consist mainly of nickeliferous iron, and their recognition is assisted by their 
unusual weight. Meteorites are bought by the Geological Survey of Canada; 
small suspected specimens may be submitted for appraisa l, a nd large ones may 
be reported. 
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Mica 

Although mica is used in relatively small quant1t1es, it 1s an important 
com modity used mainl y in electrica l appliances because it splits into thin, 
insulating sheets. The name is app lied to a family of silicate minerals with 
different compositions a nd properties. 1uscovite, the clear mica, is the most 
important type, and phlogopite, sometimes called amber mica, is used for many 
purposes. Mica is a common constituent of pegmatite dykes, but only those 
containing muscovite or phlogopite in unusual size a nd quantity a re likely to 
be important. There is a small Canadian production, chiefly from several small 
operations in Quebec and Ontario, but under present economi c cond itions the 
greater part of the supply is imported, as it is difficult to compete with cheap 
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mica from other countries. Probabl y, therefore, prospectors should concern 
themselves on ly with phlogopite or muscovite in sheets 6 inches or more in size. 
It should be noted that some muscovite appears to be dark brown or black when 
in thick crystals, but individual sheets are transparen t. 

Vermiculite, which resembles mica, is a black, brown, or green mineral 
sometimes formed by alteration of mica. It expands remarkably under strong 
heat, which makes it useful as a heat insulator. All vermiculite used in Canada 
is imported as no domestic occurrences of sufficient size and quality have been 
found. 
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Molybdenum 

Molybdenum is a n important metal used mainly in special kinds of steel. 
Its principa l ore is molybdenite, a sulphide of molybdenum. Most of the world's 
production comes from large deposits in which molybdenite is disseminated in 
rela tively small quantities, such as one in Preissac township, Quebec, where the 
ore is in a wide zone between grani te and granite porphyry, and the Timothy 
mounta in deposit in central British Col umbia, where molybdenite is scattered 
m a wide zone in breccia ted quartz-diorite. Many occurrences of molybdenite 
in pegmatites a nd quartz veins formed at high temperatures have been found 
in the Ca nad ian Shield and the Cordilleran and Appalachian regions. Several 
deposits have been worked in Canada during periods of strong demand and high 
prices, but the only one in production at present is that of Molybdenite Corpo­
ration of Canada Limited, north of Val cl'Or, Que. This property was recently 
expanded to permit milling at a rate of over 400 tons a clay. In normal times 
only the most favo urable deposits can compete with la rge molybdenite deposits 
in the United States, therefore prospecting for molybdenite is not particularly 
attractive at present. In times of special demand known deposits can be re-opened 
or explored further , a nd there would probably then a lso be a revival of interest 
in prospecting for additional workable deposits. 
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Niobium (Columbium) and Tantalum 

Niobium and tantalum are two closely related metallic elements that com­
monly occur together in the same minerals a nd are separable only by complicated 
chemical procedures. Niobium is the official name for the element more com­
monly known in this country as columbium. Niobium is particularly important 
for making special corrosion-resistant and heat-resistant alloys in wide use today. 
Tantalum is used mainly for alloys having high resistance to wear and corrosion, 
and also in special kinds of optical glass. 

Neither niobium nor tantalum is produced in significant quantity in Canada 
at present. The principal source of niobium and tantalum has hitherto been a 
mixture of two minerals, columbite and tantalite, which chemically are niobates 
a nd tantalates of iron and manganese, found in pegmatites and in placers derived 
from weathering of granites. At present, niobium is obtained chiefly from cassi­
terite-columbite placers and decomposed columbite-bearing granite in igeria. 

During the last few years prospectors for uranium have, with the aid of 
Geiger counters, discovered several occurrences of radioactive minerals that 
contain niobium and tantalum. These are mainly minerals of the pyrochlore 
series (titanates and niobates of calcium, rare earths, uranium, etc.), columbian 
perovskite, betafi.te, and polycrase. Deposits near North Bay and Nemegos, 
Ont., and Oka, Que., have had considerable exploration, a nd research is being 
carried out to develop improved methods for treating material from them. There 
is hope that these deposits will become productive and considerable interest in 
searching for and exploring other deposits of this general kind, some of which 
appear to be contact metasomatic or replacement deposits. A feature of several 
deposits is their association with rocks high in a lkalis, that is, sodium and potas­
sium, as pointed out by R. B. Rowe in the publications listed below. Some 
deposits are in a lkaline igneous rocks and others are in limy sedimentary or 
metamorphic rocks near bodies of alkaline intrusions. The deposits near Nemegos 
are complexes containing iron, apatite, niobium, tantalum, and uranium. Placers 
containing pyrochlore and euxen ite-polycrase are being explored in southeastern 
British Columbia. 
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Radium 

Radium exists in minute quantities in a ll uranium-bearing minerals, roughly 
one part of radium to 3,000,000 parts of uranium . There are no separate rad ium 
minera ls. Uranium minera ls were formerly mined for their rad ium content, but 
now uranium is the prime object, and adeq uate supplies of rad ium are obtained 
from certain ura nium operations. The value of the radium in a ton of ore or 
concentrate is small, and the price paid is on the basis of the uranium content, 
the value of the radium not being considered. 

Rad ium has important medica l a nd industria l uses, but for some of these 
it is now replaced by cheaper and more suitable rad ioactive substances produced 
in atomic reactors. 

Rare Earths 

The so-called 'rare earths' a re a series of fifteen elements hav ing closely 
related chemical and physical properties. The name 'rare earths', applied many 
years ago, is rather inappropriate, and the name 'lanthanons' has recentl y been 
proposed instead. The elements are not pa rticularly rare, a lthough they a re 
usually dispersed in small and unimportant quantities. They were called earths 
because their oxides are earthy, but they are actually metals. The element 
'yttrium' is customarily discussed with the ra re earths because some of its pro-
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perties are related to them. The elements are grouped in various ways by different 
authorities, a common method being as follows: 

Lanthanum 
Cerium 
Praseodymium 
Neodymium 
Promethium 
Samarium 
Europium 

Gadolinium 
Terbium 
Dysprosium 
Holmium 
Erbium 
Thulium 
Ytterbium 
Lutetium 
Yttrium 
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With the exception of yttrium, the elements are listed above in the order 
of their atomic weights; those of the cerium group are commonly referred to 
as the light rare earths, and those in the yttrium group as the heavy rare earths. 

The cerium group are used in the manufacture of carbon-arc electrodes, 
special a lloys, and for other uses, and some of the heavier rare earths and yttrium 
are reported to be in demand for special uses. The cerium group are obtained 
from monazite concentrates obtained from beach sands and placers in Brazil, 
Ceylon, India , the United Sta tes, and other countries, and from bastnaesite 
(fluo-carbonate of rare earths, etc.) produced in United States from a body of 
carbonate rock. The cerium group. is a lso present in such minerals as a lla nite 
and pyrochlore. This group is said to be in plentiful supply in world markets . 
Occurrences of monazite and allanite are fairl y abundant in Canada and deposits 
containing bastnaesite have been found at the Rexspar property, in British 
Columbia. 

On the other hand, the heavier rare earths are reported to be in short supply 
and there is understood to be a good demand for them, and particularly for ga­
dolinium. These elements occur in xenotime, gadolinite, fergusonite, euxenite, 
samarskite and a few other minerals, which are found usually as accessory 
minerals in some pegmatites a nd related types of deposits. Some of these minerals 
also occur as accessories in granitic rocks, erosion of which might produce placer 
occurrences. Severa l occurrences of these minerals have been found in Canada, 
chiefly in pegmatites in the Grenvi lle region of the Canadian Shield. Most of 
these are li sted in "Canadian Deposits of Uranium a nd Thorium'', listed below, 
because they contain uranium or thorium as well as rare earths. Their radio­
activity permits use of radioactivity detectors in prospecting. 
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Prospectors and companies are showing increasing interest in the rare 
earths, particularly gadolinium and other members of the yttrium group. They 
are faced by the problems that the minerals are difficult to identify except by 
laboratory methods; that specimens for study are difficult to obtain (they cannot 
be obtained in sufficient quantity for sale by the Geological Survey of Canada); 
workable deposits would probably need to contain a fair amount of the appro­
priate mineral or minerals; and chemical analyses are costly and difficult. The 
Mines Branch of the Department of Mines a nd Technical Surveys makes analyses 
for total rare earths and for cerium (see Chapter XIV); semi-quantitative spectro­
graphic or other kinds of analyses can probably be obtained at less cost from 
certain provincial and commercial laboratories, but these usually report only 
certain of the elements, particularly cerium, lanthanum, yttrium, and ytterbium. 

To date there is little literature on the geology of deposits of rare earths. 
More information will probably be published during the next few years. 
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Selenium 

Canada is one of the leading producers of selenium, which is used mainly 
in the electrical and electronics industries. The demand is reported to be 
increasing. The metal is recovered as a by-product of the refining of copper 
and· does not seem likely to be found in deposits workable for selenium alone. 

Reference 

Selenium in Canada; Mines Branch, Dept. Mines and Tech. Surveys, Annual Review. 

Thorium 

Thorium has limited industria l uses but there is no market for it at present 
in Canada and the markets in other countries are well supplied. Great interest 
has been taken in thorium minerals in recent years because they, like uranium 
minerals, are radioactive, and because thorium is being studied as a possible 
source of atomic energy. Although no large demand for thorium seems likely 
to a rise in the near future, some companies are interested in acquiring and 
exploring exceptional deposits in the hope of an increased future demand. 

The principal thorium-bearing minerals are thorite, uranothorite, and a 
group of minerals containing thorium and rare earths, of which monazite, pyro­
chlore, bastnaesite and a llanite are examples. The principal sources of thorium 
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at present are pyrochlore deposits in Africa, bastnaesite deposits in the United 
States, and monazite beach sands and other forms of placers in India, Ceylon, 
Brazil, and Malaya. Thorium-bearing minerals are commonly more resistant 
than uranium minerals, and therefore are preserved in placers in several parts 
of the world. 

A number of occurrences of thorium-bearing minerals are known in Canada, 
and many of these are listed in publications. They are principally accessory 
minerals in pegmatites and related types of deposits; others a re in placers and 
sedimentary rocks. It does not seem likely that these will be workable for 
thorium alone unless there is a marked change in the demand for thorium, but 
if a large deposit with substantial thorium content were found, or if it were 
practical to save thorium minerals as a by-product of mining for some other 
metal or mineral, the matter would bear careful investigation. 

Some of the references listed under 'uranium' also contain considerable 
information on thorium. 

Tin 

Tin is widely used, mainly for making tin plate a nd solder. Large amounts 
are imported into Canada. During World War II, when tin was in very short 
supply, considerable prospecting failed to disclose deposits that could be worked 
for this metal alone. However, it is possible that economic deposits may yet be 
found. The only tin produced in Canada at present is as a by-product of the 
treatment of ores of the Sullivan mine in British Columbia; a few hundred tons, 
as metal or concentrates, have been turned out annually in recent years. 

The principal tin-bearing mineral is cassiterite (tin oxide); stannite (sulphide 
of copper, iron, and tin) is less important. Tin lodes are usually high-temperature 
veins or pegmatites, and the latter usually contain unimportant amounts of 
of cassiterite. Both vein and pegmatite deposits are usually found in or near 
bodies of granite. Because cassiterite is heavy and resistant to erosion it often 
occurs in placers, although in Canada it has so far been found in small amounts 
only. Tin-bearing lodes and placers are most likely to be found in this country 
in a belt extending northwest through the interior of British Columbia, west of 
the Rocky Mountain Trench, and continuing through Yukon Territory into 
Alaska. In the past, considerable tin was discarded in operations for placer 
gold, particularly in the Yukon, and it is likely that steps will be taken to save 
it in future from gold placers that contain appreciable amounts of cassiterite. 

A large base-metals orebody in New Brunswick, being developed by Bruns­
wick Mining and Smelting Corporation, has been found to contain from 0·1 to 
0·2 per cent tin. However, because of the complexity of the ore, the possibilities 
of recovering tin from it have not yet been determined. 
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Pentland, A. G.: Occurrence of Tin in the Sullivan Mine; Trans. Can. Inst. NI-in. NI et. , vol. 
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Titanium 

Titanium has become increasingly important in Canada in recent years 
because one of the largest titanium-bearing deposits in t he world is being worked 
at Allard Lake in Quebec, and because of the acceptability of the concentrated 
titanium dioxide produced as a raw material for the Un ited States titanium 
dioxide pigment industry. In 1954 the Canadian production of titanium oxide 
was valued at nearly $4 million. Although titanium metal is being used for 
certain specia l applications, both as pure metal and as an a lloy, the total amount 
consumed is relatively small as it is difficult to extract the meta l cheaply from 
its ores, and metallurgica l problems in melting, rolling, a nd fo rging the meta l 
and in reclamation of scrap sti ll remain to be solved. Much research is being 
done on these problems a nd a successful outcome will probably cause increased 
demand for titanium metal. However, as large deposits are a lready known in 
Canada and elsewhere, a new discovery would probably have to be large in size, 
have a high titanium dioxide content, be convenientl y located for cheap transpor­
tation, a nd be amenable to concentration , in order to compete with those a lready 
known. 

The principal ore minerals of t itanium are titaniferous magnetite and ilmenite 
(both oxides of iron and titanium ), and rutile (oxide of titanium). In the industry, 
ores are classed as titaniferous magnetite ore if they contain less t han about 
20 per cent titanium, and as ilmenite ore if they contai n more than that. 

Occurrences of ilmen ite and titaniferous magnetite are fa irly common in 
the southern part of the Canad ia n Shield in Quebec, and some have been known 
for many years . These deposits a re classed as magmatic segregations in anortho­
site, a rock composed a lmost entirely of plagioclase feldspar which commonly 
carri es ilmenite and magnetite in small amounts as accessory minerals. Some of 
these deposits, notabl y one near St. Urbain, Que., have been worked for many 
years on a relatively sma ll scale. 

The presence of ilmenite in what is now known as t he Allard Lake region 
was first reported by J. A. Retty , t hen of the Quebec Department of Mines, as a 
result of a geological reconnaissance in 1941. This led to the staking of claims 
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t hat were acquired by two large American mining companies which, from 1944 
on, carried on much prospecting, geological exploration, aeromagnetic surveys, 
and diamond drilling, that resulted in the discovery of eight separate ilmenite 
deposits. By 1947 large tonnages of ore were indicated, particularly in one 
deposit, and in the following year construction of a rai lway from Havre St. Pierre 
to the main deposit was begun. A plant for treating the ore was built at Sorel, Que. 

The Allard Lake deposits are in the northeast corner of a large intrusive 
body of anorthosite. The oreboclies are black dykes, lenses, and si ll-like bodies 
containing masses and disseminations of ilmenite in the a northosite. They are 
believed to be related in origin to the anorthosite, but to have been introduced, 
after it \Vas solidified and fractured, as a late stage of the general intrusive process. 
The ore is reported to average 35 per cent titanium oxide and 40 per cent iron. 
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Tungsten 

Tungsten (a lso called wolfram) which is important for making certain kinds 
of steel, is obtai11ecl from the minerals scheelite (calcium tungstate) and wolframite 
(tungstate of iron and manganese). Scheelite occurs usually in quartz veins, 
sil icifiecl zones in granite, replacements, and contact metasomatic deposits. It has 
been found in many places in the Canadian Shield and the Cordi lleran and 
Appalachian regions, and a few occurrences of wolfrarnite have also been found 
in Canada. Tungsten minerals are a lso found in relatively small amounts in 
placers. 

In 1954 Canad ian production amounted to 1,085 tons of tungsten trioxide 
valued at about $5,800,000. This came almost entirely from the Emerald and 
related mines near Salmo, and the Reel Rose mine near Hazelton, B.C. These 
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mines have contracts for the sale of t ungsten concentrates, but it is not likely 
that other properties will be put in production at present unless exceptional 
deposits are found, because the world requirements for tungsten are being met. 
If the demand should increase, prospecting for tungsten may again become 
attractive, in which case the ease with which scheelite can be detected with 
the aid of a fluorescent lamp will be a great advantage. 
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Vanadium 

Vanadium has importa nt uses, mainly as an a lloying ingredient in certain 
kinds of steel and for improving the quality of cast-iron. Vanadium has not been 
produced in Canada, and few occurrences are know~ here. The chief minerals 
from which it is produced in other countries are patronite (a complex mineral 
containing large amounts of vanadium sulphide), roscoelite (a vanadium-bearing 
mica), carnotite (hydrous vanadate of uranium and potassium), and vanadanite 
(lead vanadate). The following summary of vanadium occurrences a nd Canad ian 
possibilities is quoted from "Prospectors Guide for Strategic Minerals in Canada", 
a publication of the former Department of Mines a nd Resources, which is out 
of print. 
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"Vanadium is recovered as a by-product from other metal mining, from 
vanadates in the oxidized zones of some lead mines, and from vanadium ore in 
the western United States, Peru, and some other countries. 

"In the western United States the ores consist of carnotite, roscoelite, 
vanoxite and other less common vanadium minerals. They are replhcement 
deposits along certain beds of Mesozoic sandstone and a long brecciated zones in 
the same rocks. The ore is associated with gypsum and carbonized wood. In Peru 
a highgrade and very productive deposit of vanadium ore occurs as a lens along 
the bedding pla nes of Mesozoic shale. There, the ore is a complex sulphide called 
patronite associated with gypsum a nd greenish black masses of a hydrocarbon. 
The association with gypsum, carbonized wood, and hydrocarbons supports the 
generally held view that the ores were deposited from surface waters of the 
sulphate type and were a ided in deposition by reaction with carbon or hydro­
carbons in the sedimentary rocks. 

"The outlook for finding vanadium-bearing sediments or asphalts in Canada 
is not particularly promising, t hough t he possibility of such occurrences should 
not be overlooked. Tests so far made of what appeared a most promising possi­
bility, namely, the bituminous sands of Alberta, were disappointing, as a lso 
were those of the Upper Carboniferous sediments of New Brun,swick and Nova 
Scotia, which held out promise because of their appreciable content of copper 
in various forms concentrated around carbonized wood or coaly matter. 

"A sma ll exposure of a shallow bed, varying from 1 inch to 4 inches in 
depth, of very hard, black, vanadium-bearing rock lying between two lava flows 
of the Valdes group, probably Triassic, is known on the north end of Quadra 
Island, about 6 miles northeast of Vancouver Island. Samples of this rock 
averaged 2·16 per cent V205, too low to be of commercial grade except possibly 
in the case of la rge ore-bodies. 

"All titaniferous magnetite ores, of which there are several deposits in 
Canada, contain small amounts of vanad ium. The recovery of the vanadium 
as a by-product, is, however, a metallurgical problem which has not yet been 
solved commercia lly, except in ores in which the titani um oxide (Ti0 2) content 
is less than 2 · 5 per cent. 

"As regards finding carnotite sandstones in Canada, so li ttle is known of 
the origin of this mineral that no definite statement can be made one way or 
the other. Sandstones containing carbonized matter should be closely scrutinized, 
especia lly if showing evidence of a ny yellow stain or in crustation. " 

During the last few years vanadium has been found in relatively small 
quantities in several hydrothermal uranium deposits in Goldfields region, Saskat­
chewan. It has been shown to occur here in a new iron vanadate mineral named 
'nolanite'. 
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Zirconium 

This metal is especially resistant to heat and corrosion. It is said to be 
desirable for use in certain components of atomic reactors and for other specialized 
purposes. Therefore the possibility of finding economic deposits in Canada is 
worthy of some attention, a lthough zirconium is not in short supply on the world 
market. 

The principal source is the mineral zircon (zirconium silicate) which, although 
widely distributed in small quantities as an accessory mineral in granitic rocks 
and pegmatites, has not yet been reported in quantity in Canada and is produced 
in a few countries on ly. It is found in beach placer deposits which a lso contain 
ilmenite, rutile, and monazite. The most likely places to examine are therefore 
beach and stream deposits. Some specimens of zircon are fluorescent, and this 
property might "assist in detecting and evaluating occurrences. 

Zirconium is also produced in Brazil from a mineral called baddeleyite which 
is said to occur here in large quantities connected with pegmatite dykes. 

Anyone interested in the possibilities of finding a workable zirconium deposit 
shou ld realize that many occurrences are known where it is possible to obtain 
specimens of zircon, and to obtain what seem significant analyses from selected 
samples. Search would have to be made for exceptional deposits, or ones where 
zircon might be recovered as a by-product. The 1954 price for zircon concen­
trates containing a minimum of 65 per cent zirconium oxide in the United States 
was $48 a long ton. 
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CHAPTER XIII 

PLACER AND SMALL-SCALE LODE MINING 

Placers 

As was the case in most countries, the first importa nt mining in Canada was 
placer mining for gold, which reached its peak about the end of the last century. 
Since then, no important new placer districts have been found, although addi­
tional productive deposits have been discovered from time to time in known 
placer distri cts in the Cordilleran region. Other workable deposits will probably 
be found in some of these districts, and some known occurrences that could not 
be exploited before may become workable in the future. Furthermore, new 
placer districts containing economic deposits of gold or other minerals may be 
found, a lthough the widespread search that went on during the great periods of 
placer mining has naturally reduced the chances. Therefore, a lthough pros­
pecting and mining are now chiefly concerned with lode deposits, some pros­
pectors still specialize in placers. All prospectors should be acquainted with the 
basic principles of placer mining, a nd should not neglect the possibility of locating 
worth while placer deposits if the territory is favourable. 

The subj ect of placer (or a lluvia l) deposits is extensive, and a large literature 
is available for those who wish to specialize. The following pages treat the 
subject more fully than was appropriate in the general chapter on mineral 
deposits (Chapter IV). They include brief accoun ts of the history and distri­
bution of the prin cipal Canadian placer districts, and short descriptions of the 
methods of prospecting, testing, and mining, particularly those applica ble to 
prospecting by individuals and to small-scale mining methods. A few large placer 
operations a re still conducted by companies in Western Canada. Companies 
interested in initiating new placer operations would do well to consult engineers 
and geologists specia lly experienced in various phases of placers and placer 
mining. The following sections refer mainly to gold placers, but much of what 
is said is applicable to concentrations of other heavy minerals if they should be 
found in workable quantities. 

Origin and Types of Placers 1 

Placers are deposits of sand, gravel, or other a lluvium containing particles 
of gold or other valuable heavy minerals. Gold was a nd is the most important 

1 This section is mod ified from the account prepared by W. A. Johnston for previous edit ions of this publication. 
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placer mineral in Canada. Platinum has been found with gold in the placers 
of the Tulameen district and at a few other places in British Columbia and in 
the Yukon, but not as a rule in paying quantities. Most of the platinum was 
recovered in the early days of mining when the price of this metal was low. 

Three conditions are necessary as a rule to form commercial placers: (1) 
occurrence of valuable mineral nearby; (2) release of this mineral from the 
bedrock by weathering; and (3) its concentration by stream or wave action. 
Residual placers may be formed by the weathering in place of mineral deposits, 
but are of rare occurrence. Most rich placers are concentrations from large 
volumes of rock occurring in regions that were first uplifted, then dissected by 
streams, and later worn down for many thousands of feet to terrains of relatively 
low relief. As placers containing gold are the only deposits of this type of great 
importance in Canada the following account refers to them. 

The occurrence of placers in any region may or may not indicate that work­
able lode deposits occur in the region. For example, both placer and lode mining 
for gold have been successful in the Cariboo district of British Columbia. On the 
other hand, the gold in some placer districts may have existed in the oxidized 
upper parts of sulphide deposits or in veins that were entirely removed by erosion, 
or the remnants may be too small to mine. No important lode gold deposits 
have been found, for example in the Klondike, where the placer gold was derived 
from gold-bearing quartz veins; the remnants of these so far discovered have not 
been worth working. The great quantities of quartz-rich gravels produced by 
erosion of soft rock containing scattered veins show that many cubic miles of 
bedrock have been eroded from the region. Some of the gold in residual placers 
may have been formed by deposition from solution, but nuggets in stream gravels 
do not appear to have formed in this way. Most nuggets are well water-worn, 
and the gold crystals and unworn fragments that are occasionally found in some 
placers were doubtless protected by burial or were released from their enclosing 
matrix shortly before being found. 

The distribution of gold in placers is irregular. Coarse gold, usually accom­
panied by some fine or moderately coarse gold, may be scattered through the 
lower 10 or 15 feet of gravels, especially if they contain much clay or other fine 
material, but usually it is concentrated on or near the bedrock. Paystreaks may 
occur at any elevation in a gravel deposit on a false bedrock of clay or other 
impervious bed. They may or may not occupy the deepest part of a stream 
channel. Pay gravel may occupy the whole width of the stream bottom in 
narrow, V-shaped valleys; in broad, fiat-bottomed valleys the paystreak is likely 
to be much narrower than the valley floor and its course may be quite different 
from that of the present stream. Most paystreaks in broad valleys were originally 
formed in narrow valleys of fairly high gradients. As the gradient became less 
and the valley was widened by the meandering stream, the paystreak became 
buried beneath alluvium. A stream of low gradient tends to meander and the 
bends tend to move downstream, so that the materials in the valley bottom are 
reworked many times by the stream. A paystreak may be shifted in location 
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by this process of reworking by the stream, or, if the deposit consists of coarse 
material or becomes somewhat cemented or hardened after the shifting of the 
stream, it may remain in its original position. Paystreaks are not continuous 
and may split or terminate abruptly, because gold is concentrated chiefly at 
such places as the inside of bends, where alternate deposition and erosion take 
place and where the bedrock forms good 'riffles'. Uplift or some other agency 
may cause the stream to deepen its valley, and the old paystreak, depending 
on its location, may then descend into the new valley or remain in its original 
position to form a bench or old channel placer. Barren ground may occur, there­
fore, in the bottom of the present stream valley in the stretches that are bordered 
by one or more rock benches, and exceptionally rich ground may occur in the 
places where the stream bas cut down beneath the old channel. 

Pot-holes and other depressions in the bedrock in the bed of a stream rarely 
contain gold. They are formed by erosion and any gold carried into them by 
the stream is likely to be ground fine by the action of current-transported sand 
and gravel and to be washed out. Gold does not occur in payable quantities in 
the submerged parts of deltas. Some gold may occur in alluvial fans that fre­
quently form the upper parts of deltas, but only fine gold can occur in fans 
and there is little opportunity for its concentration into paystreaks because of 
frequent shifting of the stream channels. 

Flood (bar or very fine ) gold is sufficiently fine or flaky to be transported 
in muddy water. The particles range in size from a few to several thousand 
'colours' to the cent. In regions where fine gold is supplied to the streams by 
erosion of their banks or beds, paystreaks may occur in the bars and banks of 
the streams. The paystreaks as a ru le are only a few inches to 1 foot or 2 feet 
thick and lie at or near the surface between extreme low-water and high-water 
marks, in places (as on the upstream side of bars) where conditions are favourable 
for alternate deposition and erosion of material transported by the stream. They 
may occur in bench deposits at various elevations above the streams. As erosion 
and deposition go on from year to year the bars shift downstream; old paystreaks 
are destroyed and new ones are formed, but at a very slow rate. The rich flood 
gold deposits mined in the early clays on the Fraser and on other streams in 
Canada represented the concentration of gold by these streams in post-Glacial 
time. The placer deposits of the Saskatchewan and Athabasca Rivers, in Alberta, 
as well as most of those a long the Fraser, Stikine, and Columbia Rivers in British 
Columbia, are of this type. Many of the richer bars on these streams have been 
worked over several times. The first harvest, of course, was the richest and the 
work in recent years has rarely paid. Very little gold occurs below extreme low 
water~ in stream valleys containing flood gold deposits with no coarse or moder­
ately coarse gold, and the flood gold paystreaks are thin and discontinuous. 
Many attempts at placer mining on a large scale by dredging and by other 
methods on such streams (for example, the Fraser) failed owing to failure to 
recognize the character of the paystreak or to inadequate testing of the ground. 

Gravel plain placers are formed in broad valleys or alluvial plains containing 
gravels that have been repeatedly re-worked by meandering streams or by 
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streams of fairly high gradients that tend to shift their channels. The gold is 
derived by erosion of the banks and the land at the headwaters of the streams 
and is likely to be moderately fine and fairly evenly distributed through the 
gravels. Such placers are best developed in unglaciated areas, but occur on a 
small scale in glaciated regions, for example, at a few places in Cariboo district, 
British Columbia. They can be profitably mined as a rule by dredging only. 

Glacial gravels may contain gold, but have little economic value unless they 
have been re-concentrated by stream action or have been derived in part by 
erosion of pre-existing placers. Glacial erosion is more likely to disperse earlier 
placers than to form concentrations of heavy minerals. Moraines, kames, eskers, 
and glacial outwash plains do not contain gold in paying quantities. Scattered 
pieces of gold and isolated masses of gold-bearing gravels may occur in boulder 
clay. Stratified glacial silt and clay contain no gold. Interglacial paystreaks 
formed by normal stream erosion may occur in glaciated regions, being formed 
during a long interval between periods of glacial advance, in a place sheltered 
by topography from the scouring of later glaciation. Much of the gold found in 
glacial gravels is moderately coarse and is fairly uniform in size, as if sorted by 
powerful streams. The re-sorted glacial gravel placers of the old placer mining 
regions of British Columbia and of Beauceville district, Quebec, have been mined 
chiefly by hydraulicking and rarely can be profitably mined in any other way. 

Buried placers are paystreaks that are covered with later deposits of glacia 
drift, lavas, and tuffs, or barren alluvium. Gold-bearing gravels, buried beneath 
great or small thicknesses of glacial drift, may occur in the bottoms of valleys or 
on rock benches and in old stream channels bordering valleys that were not 
severely glaciated. Such valleys are V-shaped. Rounded, U-shaped valleys are 
not likely to contain buried paystreaks, because of the effects of glacial erosion. 
Glacial gravels in the bottoms of such valleys may contain some gold, but usually 
the pay is so scattered that it cannot be mined profitably. Most of the rich 
paystreaks mined in the early days in Cariboo and in other districts in British 
Columbia were buried beneath glacial drift and were mined chiefly by drifting 
Lava-buried placers have been found in only a few places iri Canada, as at Ruby 
Creek in Atlin district, but other occurrences may be found in British Columbia 
and Yukon Territory. The rising of the base-level of erosion, or overloading of 
streams, may cause deposition of barren alluvium above the pay gravels in a 
valley bottom. In arctic and sub-arctic regions, as in the Klondike, the ground 
is permanently frozen and thick deposits of 'muck' commonly overlie the gravels. 
Muck consists of slightly decomposed organic matter mixed or interbedded with 

. fine sand, silt, and clay. It is formed partly by growth of vegetation in place 
and by soil creep and partly by deposition from overflowing streams. It contains 
in places much ground ice. As it is a good insulator it prevents thawing of the 
ground during the summer. Ground from which the muck has been removed 
by hydraulicking or by some other method becomes naturally thawed to depths 
of 10 to 30 feet in three or four years. 

Beach placers are formed by wave erosion and concentration of the materials 
in sea cliffs. Rich beach placers occur as a rule only in places where stream or 
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residual placers are eroded by waves. No important gold-bearing beach placers 
are known a long the coasts of Canada, and do not seem likely to occur, except 
possibly very locally, as much of the material eroded by wave action is glacial 
drift. Beach sands containing magnetite have been found in places along the 
Pacific coast and the north shore of the Gulf of St. Lawrence. 

Placers in the glaciated parts of Canada differ from those in the unglaciated 
parts of Yukon in several ways that affect their mining possibilities. The presence 
of large boulders in some placers in the glaciated a reas renders the deposits 
workable only by the heaviest types of mechanical equipment. The bedrock in 
glaciated areas is likely to be hard and unweathered and this may make more 
difficult the recovery of a ll the gold by dredging, a lthough modern dredges used 
in the Klondike successfully overcome t his where the rock is jointed. Large 
boulders are absent and there is no overburden of glacial drift in t he placers of 
the unglaciated parts of Yukon. There are thick deposits of muck, however, 
and thawing of the ground is necessary in mining operations. 

The most favourable areas in Canada for prospecting for placers probably 
are the unexplored parts of Yukon a nd northern British Columbia. Unglaciated 
areas in which occur igneous or metamorphic rocks that are mineral-bearing, at 
least to some extent , are the most favourab le. In glaciated areas narrow,V-shaped 
valleys, preferably those bordered by rock benches, shou ld be sought, a nd rounded, 
severely glaciated valleys avoided. Valleys that were only slightly glaciated usua lly 
lie transverse to the general direction of glacial ice movement and do not head in 
glacial cirques. 

In estimating the value of placer grou nd for mining it is important to deter­
mine t he type of deposit to which the deposit belongs, for certain kinds of deposits, 
as outlined above, require much more testing t han others to determine their 
value. Each type of deposit can be profitably mined as a rule by one or two 
methods only. It may be that certain kinds (for example, bar deposits) can be 
profitably mined only by hand methods. Preliminary testing of the ground may 
be done by panning (estimating 150 pans to the cubic yard), or by sinking test 
pits or shafts. Channel samples from the faces of the pits or sha fts or, preferably, 
a ll the material excavated, are then tested by panning or 'rocking', as explained 
below. The material excavated swells in volume, usually increasing by about 
50 per cent. 

The most efficient means of testing placer ground is by drilling. As the 
Keystone drill cuts a somewhat larger hole than the outside diameter of the 
casing it is necessary to a llow for this in estimating the volume of materials 
removed in drilling. One method of doing this is to consider that the value of 
gravel per cubic yard is the value of the gold obtained, multiplied by 100, and 
divided by the depth of the hole in feet. This is on the assumption that 100 linear 
feet of 6-inch hole (the size of casing ordinarily used being 6 inches) has a volume 
of 1 cubic yard. Thus the formula is: 

. value of gold obtained x 100 
value of g1avel per cu. yd. = d h f h 1 . f ept o o e 1 n eet 
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When drilling has been carefully done, 75 per cent or more of the estimated yield 
can be recovered by dredging. This includes all losses, not only those in the 
tailings, but unrecoverable 'islands' a nd corners left behind in the course of 
operation. The recovery of the gold in hydraulicking may be greater or less 
than 75 per cent, depending on whether the bedrock can be reached and how 
thorough ly it can be cleaned. 

Historical Notes 

In most countries, placer mining takes place at an early date because the 
more obvious placers are relatively easy to find and to mine. Fairly inexperienced 
persons can learn to find them by searching the beds and banks of streams, and 
the richer and less deeply buried ones can be mined with a few simple tools and 
contrivances.* 

The first important placer discovery in Canada was in the basin of the 
Chaudiere River southeast of Quebec city. Extensive mining did not begin there 
until 1875, a lthough the first minor discovery was made in 1823. Gold to the 
value of about $2 million was obtained between 1875 and 1885, when about 500 
miners were at work; after 1885 the yield declined. There may still be buried 
deposits in this and in similar regions, but the possibility of finding a nd exploiting 
them is not promising beca use of the amount of overburden, the number of large 
boulders, a nd the low gradients of the streams, which make it difficult to sluice 
the gravels. The operations in this part of Quebec were the only significant 
placer mining in Eastern Canada. A few low-grade occurrences of gold and 
other minera ls have been found in other parts of Eastern Canada, but they 
have not been successfully exploited. The widespread and intense glaciation to 
wh ich most of Canada was subjected seems to have destroyed most of any rich 
placers that may have existed in Tertiary times. The possibility of finding 
workable placers in Eastern Canada should not be overlooked, but the chances 
seem to lie mainly in the possibility of working, at some future date, certain 
sands and gravels for valuable residual minerals other than gold, if the demand 
for them should make this worthwhile, and if cheap methods can be evolved. 

Canada's great placer fie lds were in the Cordilleran region. They were found 
as a result of prospectors spreading northward a fter the rich discoveries of placer 
gold in Cali fornia which began in 1849. Some placer gold had been found earlier 
in what is now British Columbia, the first significant discovery having been in 
1857, at Nicoamen on the Thompson River, a tributary of the Fraser. News of 
this caused a great influx of miners from California and elsewhere, a nd discovery 
after discovery was made along the Fraser a nd its tributaries. By 1860 the 
vanguard had reached the Cariboo region, where much richer deposits were 
found, thus initiating the great Cariboo gold rush that brought miners and 
adventurers from many countries. The total production from the Cariboo placers 
is estimated to exceed $50 mi llion; production was at its peak from 1860 to 
1863, after which it graduall y declined, a lthough important placer mining is sti ll 
carried on in the region. 

* The Greek legend of Jason and the Golden Fleece is based on the early practice of using sheepsk ins for catching 
fine particles of gold. 
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From the Cariboo, prospectors pressed northward and found important 
placers in the Omineca, Cassiar, and Atlin regions, where some placer mining 
still goes on. Then they penetrated Yukon Territory, where the discovery of 
gold on Bonanza Creek, a tributary of the Klondike River, in 1896 heralded the 
greatest gold rush of a ll. Production here reached its peak in 1900, when the 
output was valued at $22 million for the year. Value of total production from 
the Klondike to the time of writing is more than $200 million. Several minor 
placer fields were found in the Yukon outside the Klondike area. As in the 
Cariboo and other regions, the early work was clone by individua ls a nd small 
partnerships, mining a long the banks of streams or probing ancient stream 
channels with shafts and tunnels driven in the gravels a nd supported by tim­
bering. The Klondike region is one of t he few parts of Canada that were not 
g laciated, and was thus favourab le for the occurrence of ri ch placers. J t is 
significant to note that the relatively small unglaciated area in Yukon Territory 
has yielded nearly three times as much placer gold as has the remainder of 
Canada, which was glaciated. 

The gravels of the Klondike were permanently frozen and had to be thawed 
by lighting fires, but this was an advantage to the early miners because shafts 
could be sunk to bedrock without pumping, and it is still an advantage in 
Keystone drilling. In later years mining was clone main ly by large companies 
using dredging and hydraulic methods and extensive specia l thawing equipment, 
but some small-scale placer mining continues. 

The Peace and North Saskatchewan Rivers in British Columbia a nd Alberta 
are the only other places in \i\Testern Canada where placer mining has been done 
to any extent. A relatively small amount of fine-grained gold has been and still 
is being obtained along t hese rivers. The Peace River go ld may have worked 
its way down from tributaries in the interior of British Columbia where lodes 
are known to occur, or it may have been reconcentratecl from glacier gravels 
that included particles of gold weathered from deposits in the Canadian Shield. 
The gold of the North Saskatchewan apparently came from the erosion of sedi­
mentary rocks that contain sligh t amounts of gold . 

Plate LXVll 

Site of early small-scale placer 

operation, British Columbia. Note 

boulders moved and piled by hand to 

permit reaching gold, probably for 

recovery by a rocker or by shovelling 

into a sluice-box. 
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After the heyday of the Klondike, placer production declined. Impetus was 
given to placer mining in Western Canada during the depression that began in 
1930, because gold was in great demand, because its price was raised, and because 
unemployed men could make a dollar or two a day by gleaning along many 
streams that would not warrant commercial placer operations. This ended with 
the beginning of World War II, and since then interest in placers has been at 
a low ebb, because most of the known higher-grade workable deposits have been 
exhausted, and rising costs have made lower-grade deposits less attractive. 
However, since about 1950 the improvement of machinery has allowed greater 
yardages to be handled by fewer men, so reducing the cost, and there has been 
a noticeable revival in some camps in northern British Columbia and the Yukon. 

Great as was the production of gold from placers in the Cordilleran region, 
this was not as important as the indirect effects. Before the discovery of gold 
in what later became British Columbia the region was in the hands of a few fur 
traders. The gold discoveries brought it world-wide attention and a great influx 
of people. Many of those who came seeking placer wealth turned soon to lode 
prospecting, to agriculture, and to business of various kinds. Roads and railways 
were built, and towns and cities were established. The story of the gold rushes 
is the epic of Western Canada. 

The only significant production of metals other than gold from Canadian 
placers was about 10,000 ounces of platinum that accompanied gold in placers 
on the Tulameen River in southern British Columbia, and tungsten recovered 
from Canadian Creek and Dublin Gulch during both World Wars. Considerable 
tin is said to have been discarded during early operations in the Klondike. 
Increasing attention probably will be paid to the possibility of recovering minerals 
other than gold from Canadian placers as time goes on. 

Methods of Prospecting for Placers 

The principal placer region of Canada, particularly for gold, is the interior 
belt that extends through central British Columbia, flanked on the east by the 
Rocky Mountains and on the west by the Coast Mountains, and continues into 
the central part of Yukon Territory and on into Alaska. This large area, composed 
of plateaux and fairly ancient mountains, not only contains many lodes whose 
weathering provided the gold and other minerals that became concentrated in 
placers, but the topography was suitable for placers to accumulate and, largely, 
to withstand the effects of glaciation. Some placers formed in Tertiary time were 
preserved as old channels covered by glacial debris; others were scoured out by 
the glaciers, their gold being incorporated in glacial drift, only to be re-worked 
and re-concentrated by interglacial or modern streams. These parts of British 
Columbia and the Yukon are therefore the most favourable places in which to 
seek placers, but it must be emphasized that they have already been searched 
intensely. Other regions offer some possibilities. 

The usual method of prospecting for placers is to follow up creeks and 
rivers, panning material from bars, patches of sand and gravel in stream beds, 
and gravel banks, particularly the lower gravels near bedrock. Most creeks have 
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been tested in this way already but there a re chances of finding places that were 
missed, or places that were worked by primitive methods and that would warrant 
hydraulicking or dredging, or others that were too lean to be worked formerly, 
or that could not be worked until the advent of modern machinery such as 
bulldozers, boulder hoists, and electric pumps. Even if only a few colours of 
gold are found in this way, they may lead to more, so the prospector keeps 
panning, and if he can no longer obtain traces, he back-tracks and tries another 
tributary or bank in the hope of finding a workable deposit. In prospecting 
streams containing moss-covered boulders, the moss should be scraped off and 
panned, because particles of heavy minerals may lodge in it. 

Buried channels may be postulated from a theory of where a former course 
of a stream flowed, or from a study of the topography as shown on a map or air 
photograph. It is, however , difficult for an ordinary prospector to check such a 
theory if overburden is deep. Companies may do so by drilling or by geophysical 
surveys based on the frequent association of magnetite with placer minerals, or 
by geophysical methods that outline the profile of the bedrock. Speculations 
regarding buried channels have to be considered with caution, because testing 
them is expensive. In the old placer areas there are frequent rumours about the 
presence of old channels, and attempts are sometimes made to induce persons 
to finance work to trace them. Some of these efforts are well founded, but all 
such ventures should be guided by the opinion of a reliable placer engineer or 
geologist. 

Panning 

The gold pan, whose use dates from ancient times, is an indispensable aid 
in prospecting for placers, testing placer ground, and sometimes for the fin al 
'cleaning up' of gold recovered from placer mining. Like almost a ll methods of 
recovering the valuable minerals in placers, panning is based on the fact that 
the material to be recovered is considerably heavier than the worthless grains 
of sand and other material that are to be discarded. Many think tha t the pan 
is the means of actually mining placers, but its use is too slow for that purpose 
except in the case of exceptionally rich placers. The pan is also very useful in 
connection with prospecting for lodes and testing crushed samples from lodes. 
Almost all prospectors will ben efit from learning the art of panning, which ca n 
be mastered with a little practice. 

Gold pans are of different sizes, the most common being 16 inches in diameter 
at the top, the sides sloping at about 40 degrees, and the depth being about 2! 
inches. They are generally made of sheet iron. If they are too highly polished, 
or if they become greasy, they will not reta in fine-grained gold; new ones may 
have been greased to prevent rusting. 

The pan is filled with sand or gravel and immersed in a slack part of a stream, 
or in a lake or pond, or even in a tub of water, and the gravel is stirred with the 
hands. Any soil is thus washed away, after which any larger pebbles are tossed 
out by hand. The pan is then alternately shaken, and rotated under water, then 
raised to the surface at an a ngle so that the upper material is spilled and washed 
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away. This process is repeated until only the heavier gra ins, if a ny, remain. 
These genera ll y comprise magnetite, pyrite, hematite, and other heavy minerals, 
and any gold that may be present. If a little water is added and the pan is 
rotated with a deft movement, the gold , being heavier , is separated to form a 
'tai l' behind the other heavy minerals. The gold may include nuggets, or pieces 
about the size of grains of wheat, but it is usually in the form of small flakes 
or grains called 'colours'. Beginners often become excited if t hey see a few 
colours as a result of their panning, but these colours are so small that their value 
is slight. To save the gold in the pan, the heavy fraction is dried, magnetite is 
removed with a magnet, and other foreign gra ins a re blown out, picked out, or 
dllowed to remain. Very fine gold may have to be saved by panning with a 
copper pan and placing a little mercury in it to form an amalgam, which is 
heated in a retort to drive off the mercury a nd condense it for fur ther use. Care 
must be taken not to breathe the poisonous mercury fumes. 

Like many arts, panning cannot be learned merely by read ing about it. 
It is best to obtain instruction from a n exper ienced person, but if this is not 
po sible t he learner should practise a long the shore of a stream or lake, or even 
in a t ub of water. The gravel used for practice does not need to contain placer 
minerals; a small specimen of a heavy mineral can be crushed and added to the 
gravel, or if nothing else is availab le iron filings cou ld be used. Practice should 
be cont inued until the exact amount of heavy grains added can be separated 
and retained in the pan. 

Testing Placer Ground 

No major placer operation should be undertaken until careful testing of the 
deposit, under the supervision of a qualified and reliable man, has shown sufficient 
material and content to exist under minable conditions. Many large projects 
und ertaken several years ago fa iled because inadequate testing of the ground 
led to a too-optim istic opinion of the gold content. 

For deposits t hat a re not too deeply buried, t he usual method of testing is 
to dig pits at regular distances, to measure in cubic yards the amount of gravel 
removed, a nd to treat this removed material, or the part t hat constitutes the 
paystreak, by panning or with a rocker. The gold or other mineral recovered 
is weighed. The average is calculated from the recovery from each pit, and the 
value of the deposit is expressed as a certa in number of cubic yards averaging 
so many pennyweights or ounces of gold to the yard. It is commonly considered 
that a particle or 'colour' of gold large enough to make a sound that can be 
heard when dropped onto an empty gold pa n, is worth about 1 cent; a nd that 
gold to the value of 1 cent in a panful of gravel (standard size pan) is the equiva­
lent of about $1.30 per cubic yard of grave l. 

For deeper deposits, it is customary to drill holes at regular intervals by 
means of Keystone Empi re drills, as described in the section dealing with t he 
exploration of lodes. The sand or gravel pumped out of the drill-hole is panned 
or rocked to permit weighing the amoun t of gold in it, and the value per yard 
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Plate LXV/11 
Placer mining with a power­

shovel and bulldozer. Movable 
sluice-box al left. 

is estimated from this weight and the cubic content of the drill -hole in the pay­
streak. 

Small-Scale Minin~ Methods 

In former years many placers were worked by individuals or pa rtnerships 
of miners because elaborate eq uipment was not needed. Picks, shovels, axes, 
whipsaws, and perhaps wheels for making wheelbarrows were about a ll the tools 
required. There are sti ll some opportunities for this kind of mining, apparently 
a lmost exclusively in British Colum bia and the Yukon. 

In the simplest operations gravel is shovelled from the bed of a stream or 
from a bank and placed directly in the gold-saving device, large boulders being 
rolled aside or stacked. Such piles of boulders can be seen in many places a long 
western streams, marking the sites of early placer mining (see Plate II). 

Another simple method, practical in some cases, is to sluice overburden or 
gold-bearing gravel by diverting a stream or part of it. If the amount of water 
is small, it is sometimes impounded and released periodically in the method called 
'booming' (see Plate LIX), as explained in connection with t he exploration of 
lodes. 

One of the most common methods, called 'hydrauli cking', consists of forcing 
water under pressure to cut away banks of gravel (see Plate LXIX). This is 
mainly a large-scale operation, but is sometimes practical for small operations, 
either by using pumps, hose, and nozzles, or by diverting water from a stream 

Plate LXIX 

A large hydraulic mine in 
British Columbia. Note two 
ground sluices in background, 
cutting info the bank to 
hasten its disintegration. Water 
from monitor at left is 
cutting the base of the bank, 
and that from monitor at 
right is breaking up large 
chunks of gravel that have 
fallen into the pit. The 'pay 
gravel' is on bedrock at the 
base of the pit. The waler 
from the monitors drains the 
gravel into sluice-boxes that 

are not visible. 
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into a ditch sufficiently high above the placer to form a 'head'. The ditch dis­
charges into a pipeline, at the end of which is a large nozzle called a 'monitor' or 
'giant'; in small operations the diameter of the end of the monitor would be 1 inch 
to 4 inches. Pressures should not be more than 60 to 100 pounds per square inch, 
depending on the equipment, as higher pressures are less satisfactory and may 
be dangerous. When overburden is removed it may simply be allowed to flow 
away with the water discharged by the nozzle or monitor, but gold-bearing gravel 
or overburden that cannot be separated from it is sluiced into the gold-saving 
equipment, which is generally a line of 'sluice boxes' (see Plates LXX A and B). 
To accomplish this, water may simply be allowed to flow through the pit as a 
ground sluice, or the nozzle or monitor may be turned in the required direction 
from time to time, or a separate monitor may be required. It is often necessary 
to go over the bedrock exposed by sluicing or by hydraulicking, to pick up 
by hand or with tweezers gold lodged in crevices. 

Buried channels that cannot be exposed by hydraulicking or other methods 
are mined by 'drifting' if rich enough to warrant it. This is done by tunnelling 
in the gravel, and supporting the opening by poles or boards called 'lagging', 
held in place by timber posts and cross-pieces. This is a dangerous procedure 
unless done skillfully. The opening may be begun either by driving directly into 
a bank or by sinking a shaft in overburden or sometimes in the rock rim of a 
valley. The drift is run on a slight incline to permit drainage, and gravel is 
usually removed with a wheelbarrow or a small mine-car on a track. Large 
boulders are often rolled aside into underground openings to avoid having to 
bring them to the surface. Much of the early mining in the Klondike was done 
by drifting. Because most of the ground remained frozen even in summer, the 
mining was done after thawing, by use of fire, or more often steam points, and 
the gravel was stockpiled until summer, when it could be treated in sluice boxes. 

Nowadays, operations of moderate size may be worked by a few men with 
fairly expensive equipment, by using power shovels, draglines, or bulldozers to 
remove overburden and to mine gravel in places where hydraulicking or other 
methods are not practical. The gold-saving equipment is moved from place to 
place as required, and is commonly on a barge that floats in a water-filled pit, 
a fter the fashion of a dredge. 

A discussion of the cost of mining placer deposits is not practical here because 
the figures vary so much with different deposits, methods of mining, and costs 
of labour and supplies. Considerable information about costs may be obtained 
in some of the references listed, particularly the paper by A. Nordale. 

Large-Scale Methods 

Large placer deposits are operated by companies, using large hydraulic or 
dredging equipment or underground mining methods. Large hydraulic and 
dredging operations are still continued in British Columbia and the Yukon. These 
are beyond the scope of a book on prospecting, except in so far as prospectors 
might be able to interest companies in acquiring a large placer discovery. 
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A. Sluice-box with 

transverse 
riffles. 

B. Sluice-box with 

longitudinal 

riffles. 

Plate LXX Sluice-boxes in Yukon 

Territory. 

Equipment for Recoverin~ Placer Minerals 

A common dev.ice for separating the gold obtained in small operations, ca lled 
a rocker, is somewhat t he size and shape of a cradle. One can be made from a 
few pieces of board, a piece of coarse screen or sheet iron with holes drilled or 
punched in it, and a piece of canvas, burlap, blanket, or some other cloth having 
a nap, which is necessary to catch fine gold. Rockers are of sligh t ly different 
designs and sizes, the larger ones being used when most of the gold is fine grained, 
because the longer box is then more efficient. A medium-sized one is illustrated 
in Figure 23. 
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A. Box, 48"xl8"xl8': B. Tray with iron bottom containing Yi" holes. 

C. Apron of burlap mounted in frame. D. Rockers. E. l-landle for 

rocking. F. Riffles, for catching gold. G. ~"holes in iron bottom 

of tray. H. Cleats holding frame in place. ___ ._Course of material 

through rocker. 

Dirt and water are put into B and apparatus is rocked by handle. 

Water and sand and gold pass through holes onto apron C where 

most black sand and gold is caught, then over riffles by which more 

gold is caught, thence to waste. Material remain ing in B is thrown 

out and apron is removed and washed. 

FIGURE 23. Diagram illustrating construction and mode of operation of a rocker. 
(after J. D. Galloway.) 
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To operate a rocker, gravel is shovelled onto the screen. Water is then 
poured over it from a dipper and at the same time the rocker is given a quick 
jerk with a sudden stop. This is repeated, with the addition of just enough 
water to wash the sand through without flushing out any fine gold . The coarse 
material that does not pass through the screen is thrown out, a fter removing 
any nuggets that might be present. A rocker is most efficient when used by two 
men, one of whom shovels in the gravel whi le the other operates the rocker a nd 
the dipper. Water can be saved and used over again if necessary, but clean 
fresh water is best. Two men can wash 3 to 5 cubic yards of gravel a day in 
this way, which is ten to twenty times as much as they could do by panning. 

The com monest method of saving gold is by one or more slu ice boxes, which 
are wooden flumes or troughs through which water is made to flow (see P lates 
LXX A and B). The gravel may be shovelled in, or dumped mechanically or 
from a wheelbarrow at the top of the box or line of boxes, or it may be washed 
in by ground sluicing or hydraulicking. The boxes are usua lly 8 feet long and 
12 inches in width and depth , but smaller ones are sometimes seen. They are 

Plate LXXI 

23-828- 22 

'Cleanup' of placer gold in a 

sluice-box (riffles removed). 
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placed on the ground or on trestles or boulders, commonly with a slope of 1 to 10 
or 1 to 12, depending on the amount of water and the coarseness of the gold; 
there should be enough water to half fill the boxes. To catch the gold, the 
bottoms of the boxes have mova ble riffles placed crosswise or longitudinally, or 
are lined with blocks of wood or cobblestones or expanded metal. Canvas, 
burlap, blankets, or matting may be placed on the bottom of the last box to 
catch fine go ld; the cloth is sometimes covered with a piece of expanded metal. 

After a sluice has been operated for several days or weeks, depending on the 
richness of the placer, supply of water , size and number of boxes, etc., the boxes 
are 'cleaned up'. The wa ter is turned off, the riffles or blocks, etc. a re removed, 
and a little water is a llowed to flow down the boxes to wash the gold and other 
heavy minerals clown towards the encl of the box. As a rule, there is a section 
consisting mainly of nuggets or grains of gold, which is brushed into a small 
scoop and then panned to get rid of unwanted material, a nd a lso a concentrate 
composed ma inly of magnetite, other heavy minerals, and some sand and gravel. 
This is shovelled out and the gold or other valuable minerals are separated by 
panning or rocking. Very fin e gold may have to be recovered by amalgamation 
with mercury, and if there is much fine go ld, mercury may be placed behind the 
riffles during sluicing, in which case the resulting amalgam is removed during 
the clean-up. Where mercury has been used in sluice boxes or to separate gold 
from heavy sands, the a malgam is softened by adding more mercury, and the 
materia l is then stirred so as to ea use base material to rise to the surface, where 
it can be skimmed off. The amalgam is then placed in a bag of chamois skin or 
closely woven cotton cloth, and the excess mercury is removed by squeezing it 
through the bag. The mercury is then driven off by heat, leaving the gold, the 
operation being preferably performed in a retort, which makes it possible to 
recover the mercury by condensing it in water, or by simply heating on a shovel. 
In any event, as mercury is very poisonous, the heating should be clon e in the 
open or in a well-ventilated place, and the ha nds should be brought into contact 
with the metal as little as possible, and should be well washed as soon as the 

• operation is completed. 

Other methods used for saving gold under particular conditions in small 
operations, such as ' long toms', 'undercurrents', and mechanical and magnetic 
separators, a re described in more deta iled publications. 

In la rge hydra ulic operations, the method of recovery is usua lly a long line 
of large sluice boxes, which are often bottomed with round wooden blocks sawn 
from logs. If the concentrates require the use of much mercury, the amalgamation 
may be done in a ro tating meta l drum called an a malgamation barrel. 

The gold washing plants used in connection with dragline operations, dredges, 
etc. may consist merely of sluice boxes arranged in a zig-zag manner to save 
space, or they may contain mechanica l equipment such as revolving screens, 
shaking screens, or vibrating tables. An efficient device for some kinds of placer 
operations consists of a battery of metal troughs in spiral shape. As water 
carrying mineral grains descends the spiral, centrifugal force separates the 
heavier gra ins. 
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The Possibilities in Prospecting for Placers 

Interest in placers has been declining for many years , and the outlook is 
certainly in favour of lode rather tha n placer prospecting. There are, however, 
possibilities of finding workable placers, particularly for gold , and mainly in 
Western Canada, and if gold should ever increase in value some deposits too 
poor to be worked at present might become workable. In a ny future placer 
operations for gold, it would be well to consider a lso the possibility of recovering 
other valuable minerals. Tin, in pa rticula r, and perhaps platinum and tungsten, 
were discarded in some old placer operations either because they were not recog­
nized or were not thought worth saving. Oth er concentrations of rare heavy 
minera ls may yet be found a nd worked, particula rl y in the unglaciated part of 
Yukon Territory and certain lightl y glaciated parts of British Columbia a nd 
the Yukon. 

New demands or increased prices for certain minerals, or improved methods 
of extracting certain elements from minerals may at some future time ma ke 
their recovery from sands and gravels economica lly feasib le and thus initiate 
types of placer mining that are not practica l today. It should be noted, however, 
that small and unimportant a mounts of many minera ls can be found in sands 
a nd other forms of overburden. The prospector's hopes are often aroused because 
analyses of such samples show a little of some valuable element, but, as in the 
case of lode prospecting, the problem is not simply to find occurrences but to 
find deposits of sufficient size and content to be worked economically. 
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Lode Mining 

The actual mining of lode deposits is almost a lways beyond the scope of 
the prospector. However, a general knowledge of the mining and treating of 
ores will help the prospector to decide whether or not a discovery has possi­
bilities. Also, occasiona ll y, it is advantageous to work a lode single-handed or 
with a small partnership. Therefore a short discussion on lode mining in general 
is included here, and is followed by a short account of small-scale mining methods. 

General Principles 

Mining on the commercial scale, which generally ranges from one hundred 
to several thousand tons of ore a day, is a highly organized industry. It employs 
skilled miners and other tradesmen, professional engineers, geologists, and other 
scientists, and many forms of machinery and specialized equipment. By these 
means it is often possible to mine successfully on narrow margins of profit. As in 
other industries , production costs are often lower in the larger operations, because 
many fixed expenditures can be spread over a larger volume of output. Hence, 
it is commonly possible to mine ores of low value if they occur in sufficient quan­
tity to permit an operation in the class of thousands of tons a day, whereas the 
mining of smaller deposits of similar grade would be uneconomic. 

Another important consideration is that many mines contain sections of 
different grades of ore. When costs can be reduced or when the price obtained 
for the product is high, or if more efficient methods of treatment are developed, 
some of the lower-grade material may become ore. It is usua lly necessary, there­
fore, to do a great deal of sampling of the underground exposures and of the ore 
and rock mined and to prepare careful a nd detailed sampling plans. This permits 
close control of mining and ad justment of the average grade of ore to meet the 
·costs and prices perta ining at the time. For these reasons a mine may be operated 
at a la rger tonnage during one period than ano ther, or it may have to be closed 
entirely during unfavourable periods. 

There are two principal methods of working lode deposits: open-pit mining 
(also called strip mining when large areas are removed), and underground mining. 

Open-pit mining is suitable for deposits that are fairly broad and that reach 
the surface or require the removal of only a reasonable amount of overburden. 
After any overburden has been stripped away, a pit is opened and the ore or 
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rock is usually blasted down in benches by drilling vertical holes. The material 
broken is usually loaded by power shovels onto trucks or hoisted in 'skips ' on 
an aerial cable-way. When a fiat-lying stratum is worked for building stone the 
pit is usually called a 'quarry', and when the operation is for ore or minerals 
to be crushed and treated the pit is usually called an open-cut or open-pit. The 
term 'glory hole' is generally applied to a large pit connected to underground 
working; in such operations the ore from the pit is recovered through the under­
ground workings instead of being hoisted directly from the pit. Large open-pit 
methods are generally the cheapest ways of mining, and are particularly charac­
teristic of iron mines. 

Underground methods are necessary for mining deep orebodies and for 
narrow, steeply dipping ones at or near the surface. If the terrain is suitable, 
it is more efficient to begin operations from an adit, as explained in connection 
with the exploration of deposits, but many underground mines must be begun 
by sinking more costly shafts. Horizontal workings are then driven at appro­
priate levels, generally at intervals of between 100 and 200 feet. Ore is removed 
by blasting openings called 'stopes' , of which there are different types to suit 
particular conditions. Workings that will not stand safely of their own accord 
are supported by timbers or by filling with waste rock, or sand or other material 
brought from the surface. 

Mining operations usually include plants in which the ore is treated at the 
property, either to an almost finished product such as gold which requires only 
final refining, or which concentrate the ore to avoid the payment of freight on 
worthless material that can be separated fair ly easi ly. The processes used gener­
ally consist of crushing, grinding, a nd one or more of many different methods 
of concentrating. Concentrates, and in some cases 'raw' high-grade ore, are then 
usually treated in a smelter, where the material is melted and separated by the 
draining off of worthless slag, or in a leaching plant in which the valuable consti­
tuents are extracted by solution. It is not usually possible to have ores from 
different mines treated in a common concentrator, because the process has to be 
closely adapted to a particular ore, but several mines more commonly supply 
one smelter, either in the district or far removed from the mines. Such a smelter 
may either buy the ore outright, or treat it on a fee basis. Concentrators and 
smelters that treat ores from different mines are often called 'custom' mills and 
'custom ' smelters. 

Small-Scale Lode Mining 

It cannot be emphasized too strongly tha t, in general, prospecting and 
mining are distinct phases of the mineral industry. The prospector usually has 
neither the finances nor the training and experience necessary to conduct the 
large technical operations involved in advanced explora tion of most deposits, to 
say nothing of the still more involved problems of production. However some 
deposits are too small to interest large companies but are rich enough to make 
mining by one man or a few men practical, and others a re so rich that the discov-
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erers prefer to work them themselves. Th ese, however , a re the exceptions, a nd 
t his kind of mining should onl y be attempted by experienced persons or those 
who have studied t he matter carefull y. Such mining is sometimes done by those 
who have staked a proper ty, a nd sometimes by lessees who under take to mine 
ma teria l on a pro perty where sufficient ore to in terest a la rge company was not 
fo und, or where patches were left a fter a larger opera tion was closed . 

M ining of this kind has been done in Bri t ish Columbia for many years on 
small high-grade metal deposits mined fa irl y readily from adi ts. Another factor 
here is the presence of custom smelters in and near the provin ce. T he crud e ore 
is genera ll y shipped to a smelter after cobbing, i.e., breaking off richer par ts of 
lum ps, a nd sorting by hand; a lso, in some cases sma ll mills t hat concent ra te a 
ton or more of ore a day have been successful. Sma ll-scale mining for meta ls 
has not been a fea ture of mining in t he Canadian Shield , par t ly because most 
deposits mined successfull y there tend to be la rge ones of moderate grade tha t 
require extensive operations, and partl y because most of t hem have to be 
operated from sha fts. An except ion is the Coba lt distri ct, where small high­
grade silver ve ins were worked by independen t min ers a nd lessees , as well as by 
companies. A number of relat ively small pegmatite deposits have been worked 
on a small scale in the Shield for feld spa r, mica, a nd other minera ls t ypi cal of 
pegmatites, generall y by open-pit methods. 

Sma ll-scale mining, when practica l, is a useful ph ase of the mineral industry 
because it permits production fro m deposits t hat would otherwise probabl y not 
be worked, because it permi ts gain ful occupation , a nd because work of this kind 
may show that a deposit is la rger a nd more im portant t ha n it a ppeared to be. 
The d isadvantages a nd the poin ts about which caut ion should be exercised a re: 
(1) even exper ienced miners may not have the necessary know ledge to decide 
whether a deposi t can be profitably worked, or to understand the marketing of 
t he prod uct, (2) mining by in experienced persons may be hazardous, (3) the 
profit from the sale of ore might be less than cou ld be obta ined as wages in some 
other occupation , a nd (4) it is poss ible to ruin a la rge deposit by mining t he 
higher-grade materia l only, as what is left may not be worth mining. Anyo ne 
contemplating work of this kind would be well adv ised to work for a mining 
compa ny fo r a t ime to ga in experience, to take a correspondence course in mining, 
or to stud y the li terature on the subject , a nd to obtain advice from a provin cia l 
government engineer , if ava ila ble, or a consulting engineer. 

Mining M e thods 

T he methods used in sma ll-sca le mining a re about t he same as those described 
in connection with t he exploration of deposits. In open-pit work, blast holes may 
be drilled by ha nd steel, portable drills with buil t -in gasoline motors, or a ir drill s 
used in connection wi th portable compressors. The methods are fai rl y simila r to 
t hose used in blasting rock on construction proj ects. Underground mining is 
more compli cated a nd requires more experience. The drilling may be done by 
ha nd steel, bu t t his method is now ra rely used underground except by those who 
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cannot afford a portable compressor and air drill, or in places where it would be 
difficult to transport a compressor. Drills driven by attached gasoline engines 
are not used underground because of the fumes. Great care has to be used in 
storing and handling explosives, and in adhering to the elaborate regulations 
dealing with explosives and mine safety in general. Rock too weak to remain 
safely in place has to be supported by timbering-an art in itself. The rock 
broken by blasting is shovelled into a wheelbarrow or mine car, and pushed to 
the surface, or into a bucket and hoisted. 

Treatment Methods 

ln most instances, the on ly local processing done on ore from small mining 
operations is to sort out the material that is worth sh ipping. Strictly speaking, 
when the valuable material is picked out, the process is called 'selection', and 
when the reverse is done, by picking out and discarding unprofitable material, 
the process is called 'sorting'. Selection or sorting may be done in the mine or 
pit or at some other place on the property. At some mines the ore is dumped 
in a bin, from which a hopper discharges on to a 'picking table' or 'picking belt' . 
Large chunks may be cobbed with a hammer to a llow separation of valuable 
and valueless pieces. 

M illing and concentrating ore from a small operation, in a small plant at 
the property, is seldom done except on high-grade 'free-mi lling' gold ores, because 
of the very complex and expensive equipment usually required. Gold ores that 
contain most of the go ld in grains sufficiently large to be free-milling, that is, 
to break free when ground , are sometimes successfully treated in small stamp 
or rotary mi ll s driven by gasoline engines. The gold may be amalgamated with 
mercury or washed in sluice boxes or saved in other ways. In the early days 
arrastras (see Plate LXXI II B) were sometimes used in British Columbia, 
particularly for grinding and ama lgamating; an arrastra is an ancient Spanish 
and Mexican contrivance composed of a large tub-like enclosure in which the 
ore is ground by two large stones attached to a horizontal beam rotated by a 
mule or horse walking in a circle. 

Transportation 

Ores t hat can be shipped profitably are transported to railways or docks by 
the best method suited to local conditions. If roads are available the ores may be 
hauled in trucks, jeeps, or wagons. Failing t hat, t hey may be carried on pack 
horses, or on a stone-boat hauled by a horse or tractor, or on a sleigh over a 
winter road. A method called 'rawhiding' was used considerably in the Cordil­
leran region in the early days, and may still be applicable in places. It consists 
of using a sack made of a raw beef hide, with t he hair left on the outside for 
additional serviceabi li ty. The sack of ore is skidded down a mountain trail by 
a horse harnessed to t he sack. Rich ores have occasionally warranted being 
transported by air. 
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Plate LXXIV Staking in the Northwest Territories. 

338 



CHAPTER XIV 

MINING LAWS AND OTHER BUSINESS MATTERS 

Laws Regarding Prospecting and Mining 

The control of prospecting, mineral right, staking, mining and related matters 
is vested in t he various provincial governments and the ad ministration of t he 
Northwest Territories and Yukon Territory. There is no uniform law respecting 
t hese matters for Canada as a whole, because some of t he laws a nd regulations 
took root when certa in provinces were separate colonies, and because each 
provi nce was later free to make its own laws to suit its particular needs and 
wishes. Now that better faci lities for travel a re avai lable, a prospector may 
need to know the regulations for more than one province and to take out a 
licence for more t han one. In addition to the provincial and territorial laws, 
there are certain federal laws that affect prospecting and mining even in a 
province. Examples a re laws relati ng to atomic energy, explos ives, income tax, 
and staking of claims and mining in national parks and Indian reserves. 

Alt hough the laws and regulations for the different jurisdictions fo llow more 
or less the same pattern, they differ in far too many details to be discussed fully 
here. A publication called "The Mining Laws of Canada'', now in its fourth 
edition, summarizes the ma in features and is a usefu l reference, but it cannot 
cover a ll details or include cha nges since publication, of which t here have been 
many. Therefore a prospector must familiarize himself with the details for the 
province or territory in which he intends to prospect. Each province has a 
department of mines or equ iva lent ; the Northwest Territories and Yukon Terri­
tory a re adm inistered by the federal department of Northern Affairs a nd 
Nationa l Resources. Most provinces a nd territori es are divided in to ~lining 

Districts or Divisions, for each of which t here is a M ining R ecording Office, a nd 
some districts a re divided further into subdivisions for which there are sub­
offices. Information, copies of the full Acts and Regulations, and in some 
instances pamphlets explai ning the principal regulations in non-legal language, 
can be obtained by ca lling at loca l record ing offices, which a re usually in county 
towns or eq uiva lent towns where there is a Court House, or t hey may be obtained 
by writing to or calling at the headquarters of t he department concerned. The 

339 



Prospecting in Canada 

names and addresses of these departments are listed on page 379. The Depart­
ment of Mines and Technical Surveys supplies only the summarized "Mining 
Laws of Canada", which should be ordered from the Queen's Printer, Depart­
ment Public Printing and Stationery, Ottawa; the price is 50 cents. 

The following short discussions of the principal features of the laws regarding 
prospecting and mining are intended only to give a general idea of the subject, 
as an introduction for beginners in prospecting or newcomers to Canada. I t is 
only a short account of the general pattern of the laws and regulations, and must 
be supplemented by obtaining and studying deta iled, up-to-date informa tion for 
the province or territory concerned. 

llis lorical Background 

Some of the principles regarding mineral rights da te from early mining in 
other parts of the world. It is worthwhile to consider these briefly, for in add i­
tion to being of historical interest, they help in understanding some present 
regulations and terminologies. 

In a ncient times, in the Old World, there was no question about the owner­
ship of mineral rights. All belonged to emperors, kings, or feudal lords, for whom 
mines were worked by slaves and ca ptives, often under the most appalling condi­
t ions. The Romans 'farmed out' the right to mine, particularly in conquered 
countries, to the owners of land. From very early times it was recognized that 
the monarch or the state must have the exclusive right to make coins, therefore 
gold and silver mines were in particular the property of kings and emperors. 
The Romans either permitted mining for base metals, for which a tax was 
charged, and withheld the right to mine gold and silver, or they permitted 
mining for gold and silver on payment of a specia l amount to the ruler; thus 
began the principle of paying a 'royalty' , which persists to the present day. 

In Roman times the owner of the soil was considered t he owner of any 
underlying mineral rights that were granted, because then mines could be worked 
only to shallow depths beneath the surface. The true nature of deep lodes was 
unsuspected. During the Middle Ages, however, deeper mining was done, and 
in some places it became recognized that the discoverer of a lode should have 
title to it regardless of the ownership of the soil, provided that the landlord was 
compensated for surface damage. Thus the principle of a claim was established. 
It is said that in some parts of Europe t he size of a cla im was the distancethe 
discoverer could throw his axe along the strike of the lode in both directions 
from the discovery. As serfdom was gradually abolished, miners beca me free 
men, and it is interesting to note that even today, in British Columbia, a pros­
pecting permit is called a 'free miner's certificate'. 

Thus basic principles that are common to a ll mining laws today are rooted 
in antiquity and have stood the test of time. These are: the right of the ruler 
or the state to dispose of mineral deposits; the right of the person or organization 
to whom mineral property is granted to maintain uninterrupted possession so 
long as the requirements are fulfilled; a nd the right of the ruler or the state to 
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collect a share of the product. These principles were brought to North America 
by the early colonists and have persisted, along with the conflicting theories of 
whether mineral rights belong to the landlord or are separate from la nd titles, 
and with the age-old concept that gold and silver rights should be treated sepa­
rately from rights to other metals and minerals. In Canada it is now recognized 
that all mineral rights not a lready granted or withheld may be acquired by 
staking, regardless of the ownership of the surface rights, but old grants made 
under different terms are protected. 

Another perplexing problem in mining rights, now happily a thing of the 
past in Canada, was the question of whether the owner of a n inclined lode could 
follow it indefinitely, or only to a point vertically below the boundary of his claim 
or claims. The principle of unlimited ownership, so long as it could be proved 
that the lode, vein, fracture, etc. was continuous, called the principle of extra­
lateral rights, was adopted in the early days of mining in the United States, 
a nd may have had its origin in somewhat similar rights claimed in parts of 
Europe long before. It was adopted in British Columbia as a result of an early 
influx of prospectors from the western states, but it caused so much confusion 
and litigation because of the difficulty of proving whether many lodes were in 
fact continuous or not that the law was repealed. In Canada all claim boundaries 
are now considered to extend vertically downward. It is importa nt, therefore, 
for the staker of an inclined lode to consider whether it is necessary to stake an 
additional claim, or more , in order to cover the downward extension of the lode. 
This is called 'protecting the dip'. 

Kinds of Mineral Rights 

In general, there are separate laws and regulations governing the rights to 
lode deposits, placer deposits, coal, petroleum and natural gas, stone, gravel, 
sand, etc. The following topics deal with lode deposits, beca use they are of 
principal concern to prospectors. 

Licences 

The name of the licence to permit prospecting and staking of claims varies 
from p·rovince to province. It may be called a prospecting licence, miner's licence, 
miner's certificate, miner's permit , or free miner's certificate. The fee for a n 
individual is usually $5 or $10, and the licence must be renewed annually at a 
similar charge. The licences are not transferable, but in some provinces the 
holder of a licence may ·stake a limited number of additional claims for another 
licence holder. A licence for one province or territory is not valid elsewhere. 

Lands Open for Prospecting and Staking 

Any person 18 years old or more who has obtained the necessary licence 
may prospect and stake on Crown lands, or on occupied la nds if the mineral 
rights have been reserved to the Crown, except in special insta nces where lands 
have been withdrawn from staking. Citizens of other countries have the same 
rights as Canadians in this regard. In some provinces, incorporated companies 
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may obtain licences, but the fee is usually much greater than for an individual; 
in other provinces, companies may obtain claims only by transfer from individual 
stakers. 

In most parts of Canada, particularly in the less-settled regions, mineral 
rights are quite separate from surface rights. In such areas, unless staking is 
banned for a special reason, the prospector is only concerned with whether or 
not a particular piece of ground is already staked and whether such staking is 
in good standing. He can learn this by looking for claim lines and posts, or by 
consulting the local mining recorder. In many of the older parts of Canada, 
however, land titles may carry a ll the mineral rights, or a ll but the rights to 
gold and silver. A prospector is not usually permitted to enter upon or stake on 
land which carries the mineral rights, unless by agreement with the owner. 
To verify whether a particular property carries mineral rights as well, it is 
necessary to consult the mining recorder or the land titles office. 

If the surface and mining rights are separate, the owner of the land must 
be compensated for any damage done by the holder of mining rights. The latter 
is entitled to obtain such land as is needed for access and for working the deposit; 
if agreement with the owner cannot be reached, the matter may be settled by 
arbitration. 

In the case of lands such as national and provincial parks, Indian reserves, 
townsites, lands occupied by buildings or required for highways or water-power 
projects, and certain summer resorts and rai lroad grants, staking may be either 
prohibited or permitted under special regulations. In such cases, the existing 
regulations should be studied. 

Number of Claims Allowed 

The number of claims that a licence holder may stake in any one year varies 
greatly in different jurisdictions. 

Sizes of Claims 

Lode claims are usually about 40 acres (1,320 feet to a side) or 51·65 acres 
(1,500 feet to a side). In areas that have been subdivided into townships and 
lots, claims must usually correspond to the appropriate lots. In unsurveyed 
territory the staker is supposed to arrange his claim lines as nearly as possible 
in north-south and east-west directions, and to make the sides approximately 
the correct length. There may be a penalty for oversize ~!aims, or the authorities 
may reduce the size. If the manner of staking leaves gaps, which are called 
'fractions' or 'fractional claims', these may be open for staking or there may be 
special provisions for their disposal. 

S taking 

Prospectors should study the local staking regulations carefully and endeavour 
to follow them in deta il, because the haphazard staking often done not only 

·causes much confusion and wasted time for others, but may cause the staker 
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to lose title to his cla ims. In most provinces and territories, staking is done by 
placing a post at each corner of a cla im, a nd by blazing and clearing brush from 
the side lines of the cla ims if they a re in wooded country . Usually, posts must 
stand not less t han 4 feet above ground level, at least the upper foot being 
squared, with sides at least 4 inches wide (see Plate LXXIV). Posts may be set in 
place, or a tree stump properly squared will sometimes suffice. In regions where 
trees are lacking, a cairn of rocks may be used instead of a post, a nd pickets or 
mounds of ear th or rocks may be used instead of blazes to mark the lines. 

The northeast corner is usua lly the No. 1 post, the other corners being called 
No. 2, No. 3, a nd No. 4 in clockwise order, the numbers being marked on the 
posts. On the No. 1 post is usua lly placed the na me of t he licence holder, the 
seria l number of the licence, the date a nd hour of staking, and , if in surveyed 
territory, the numbers of the lot a nd concession or other legal description of the 
land covered by the clai m. The na me of the licensee, and other information in 
some provinces, is placed on posts 2, 3, and 4. 

If cla ims are staked so as to ad join one ano ther, separate posts must usua ll y 
be placed . Thus, if four cla ims adjoin , there would be four posts at t heir common 
corner , a nd t hese would be the No. 1 post of one claim, the No. 2 of another, the 
No. 3 of another, a nd the No. 4 of the other claim. If a corner of a cla im is under 
water, 'witness posts' are placed where the claim lines intersect the shore; these 
a re marked 'WP' together with a statement indicating the approximate direction 
a nd distance to the corner concerned. Claims that are ent irely under water a re 
staked by placing witness posts on the shore, in line with the cla im boundaries. 
In some provinces, a post erected for one clai m may a lso serve for a n ad joining 
cla im. 

In several provinces, metal tags bearing claim numbers a re supplied by the 
record er. In some insta nces these are provided after recording a nd must be 
placed on the posts within a specified time. Another system is to supply tags 
for the number of cla ims a person is entitled to stake when the licence is issued; 
the staker then affi xes the tags at the time of staking. 

In \Vestern Canada cla ims are usua ll y named as well as numbered . The 
usual practice now is to use shor t na mes consisting of two to four letters a nd , 
since there are not many of these, to use the same name for t he claims com­
prising a group and to distinguish them by numbers, thus: Sol 1, Sol 2, Sol 3, 
e tc. In earlier times, when men were not too hurried to write or carve long 
names on p.osts, t he naming of claims often provided an outlet for romantic or 
witty tendencies. 

A different system of staking is used in British Columbia a nd Yukon Terri­
tory, where impor tant placer mining began in colonia l times, earli er than in 
other parts of what is now Canada. The early placer regulations were based on 
Austra lian , America n, a nd Mexican rules because t he influx of miners came 
mainly from gold rushes in Australia a nd California that had taken place a few 
years earlier. When attention was turned to the possibilities of lodes, the method 
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of staking was developed from the system for staking placer claims. The latter 
was to place two posts a long the course of the stream, to mark the extent of the 
cla im in that direction , and to a llow a certain amount of ground on each side of 
the stream, without the necessity of placing posts at the corners. Lode claims 
were therefore staked by placing a 'discovery post' at the discovery a nd by 
placing No. 1 and No. 2 posts at appropriate dista nces from the discovery and 
along the strike of the lode. On these posts was placed a statement that the 
cla im extended a certain distance on each side of the line joining the No. 1 and 
No. 2 posts. This system has an advantage in mountainous country, where it 
would be difficult for a nyone but a surveyor to determine the corners of a square 
with sufficient accuracy for 'four-post staking', so the system has been continued 
in British Columbia a nd Yukon Territory, except that the requirement of a 
discovery post has been dropped. Claims may be laid out in any direction by 
placing No. 1 a nd No. 2 posts approximately 1,500 feet apart. The cla im may 
lie 1,500 feet entirely to the right or left of t he 'location' line joining the posts, 
or any part of 1,500 feet may lie to the right and the remainder to the left. 
If a cla im so staked includes part of a claim previously staked and in good 
standing, only the unsta ked portion is valid. Although the location line may be 
in any direction, when possible it should be north and south and the claim should 
be as nearly square as possible, as this lessens the likelihood of confusion, over­
lapping, and fractional claims. The Yukon Quartz l\Iining Act is at present 
under revision. 

Recording 

Claims must be recorded within a specified time after staking. This is usually 
15 days for districts near a recording office, with an a llowance for extra time for 
distance from the office. There may be a period after recording during which 
interested parties may appeal staking that they wish to dispute . In some places , 
if the recorder believes tha t there may be confliction as a result of several persons 
having staked at about the same time, or if searching of titles will require time, 
he may record a claim subject to verification. A recording fee is charged in most 
provinces. 

Assessment JPork, etc. 

To retain tit le to a cl a im, a certain amount of work must be done each year 
on the claim or group of claims, unless there is provision for making a payment 
instead of doing work. Work of this kind is called 'assessment work' or 'repre­
sentation'. The amount of work or payment varies considerably with different 
provinces or territories. 

Obtaining Title 

After t he required work has been done, or payment has been made in lieu 
of work, and after the clai m boundaries have been surveyed by an authorized 
surveyor if the cla im is in an unsurveyed region, the cla im may be patented or 
leased. Thereafter, the claim may usually be retained without further work, but 
a tax or rental based on acreage must be paid annually. 
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Taxes and Royalties 

Apart from this small yearly acreage tax, governments collect revenues on 
production or profits from operating mines. The federal government collects 
revenue through income taxes. The provincial governments charge taxes or royal­
ties on production or profits. The provincial levies vary from province to province 
and with the scale of profits, and may be less for the first few years of production 
from a new mine. New mines are presently exempt from income tax for the 
first three years. 

Concessions 

In certain regions and in special circumstances, concessions giving the exclu­
sive right to prospect in a certain area (that may vary from a few to several 
hundred square miles) are granted. They are usually confined to regions so 
remote that individual prospectors are unlikely to be active, and where the 
expenses involved in exploring the area would be great. Concessions may be 
disposed of by auction or on the payment of a substantial fee. The terms usually 
limit the rights to a specific term of years, during which specified amounts of 
work must be done. At the expiration of the term, the holder may retain certain 
portions as mineral claims, the remainder being thrown open for general staking. 

Parks 

In parks under the jurisdiction of the federal government, no prov1s1on is 
made for the disposal of mining rights. In some provincial parks claims may be 
held under certain conditions. 

Indian Reserves 

In general, mining rights on Indian reserves are held for the benefit of the 
band. In a few cases, the band has surrendered the mineral rights to the Crown: 
in such cases, the holder of a provincial prospecting permit may obtain a special 
permit from the Director, Indian Affairs Branch, Department of Citizenship and 
Immigration, Ottawa. 

Atomic Energy Regulations 

The Atomic Energy Control Act gives the federal government certain control 
over prospecting and mining for uranium and thorium. The regulations made 
by virtue of the Act are designed to give all possible encouragement to pros­
pecting and mining for uranium by the public, to exercise the necessary control 
over tJ:ie destination of shipments and the publication of figures on production 
and ore reserves of producing mines, and to provide for the reporting of infor­
mation on radioactive occurrences so that an inventory can be maintained and 
generalized information useful to prospectors and mine operators can be made 
available. 

No special permit is required to prospect for uranium or thorium. A person 
simply obtains the appropriate provincial or territorial licence and stakes in the 
same way as for any other meta l. The Atomic Energy Regulations are additional 
to the usual provincial and territorial regulations, and those affecting prospecting 
and mining provide as follows: 
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1. Anyone who finds or has reason to believe he has found an occurrence 
containing 0-05 per cent or more of uranium or thorium must promptly notify 
the Geologica l Survey of Canada, which acts as official agent of the Atomic 
Energy Control Board in matters related to the resources of radioactive materials. 
The notification should include a ll information avai lab le on the occurrence, and 
the location shou ld be described accu rate ly enough to permit the occurrence being 
found without a guide. The Geologica l Survey does not, however, undertake to 
examine discoveries at the request of the discoverers or owners. Notifications 
shou ld be addressed to: The Director, Geological Survey of Canada; attention: 
l\Iineral Deposits Division. All information received is treated confidentiall y 
unless released by the sender or published elsewhere. 

2. No further formalities in connection with preliminary exploration are 
required, but an exploration permit must be obtained from the Secretary, Atomic 
Energy Control Board, P.O. Box 10-1-6, Ottawa, before undertaking advanced explo­
ration, such as surface t renching to the extent of more than 300 man-days, any 
detailed geophysica l or geologica l surveys such as would be accepted fo1· assess­
ment work, any diamond drilling or underground exploration, a nd any removal of 
bulk samples. Appli cations for permits should include: 

(a) The full name and address of the appli cant and, if the applicant is 
a corporation, the nature of its incorporation and the names and 
addresses of all its directors and officers; 

(b) The na me and address of the person who will be in cha rge of the 
work on the ground; 

(c) A complete a nd accurate description by claim number , district, 
a nd province, or by lot and concession number, township, county 
or district, a nd province of a ll property intended to be covered by 
t he order; 

(cl) A general description of the work contemplated; 

(e) A consent by the holder of any existing exploration permit covering 
the property or any part t hereof to the revocation of the existing 
permit. 

An exploration permit stipu lates that a detailed report on the results of 
exploration be sent every three months to the Director, Geological Survey of 
Canada; attention: Mineral Deposits Division. The report must include adequate 
plans, diamond-drill records, and assay data. Special reports do not usually need 
to be prepared, as most companies require that full reports be prepared for their 
own use, and if these are prepared for some other period than three months, 
arrangements can be made to have them accepted instead of quarterly reports. 
All information is treated confidentiall y. 

An individual is permitted to publish any information he obtains on a 
discovery or property under exploration so long as the Geological Survev of 
Canada is a lso kept informed. 
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When the stage of production is approached, application must be made for 
a mining permit to replace the exploration permit. These permits are issued free 
of charge. If a property is abandoned or an option is dropped, the Atomic Energy 
Control Board should be asked to cancel or amend any permit that may have 
been issued. 

Methods of Financing Prospecting 

The typical old-time prospector was a rugged individualist who was willing 
to live and travel frugally for the sake of pursuing the kind of life he enjoyed 
and the chance of 'striking it rich'. He did not need great financial resources, 
and he generally obtained what he needed either by working for wages or trapping 
until he had saved enough, or by having someone provide a 'grubstake '. The 
latter implies the provision of groceries or the money to purchase them, usually 
on the understanding that the supplier will have a half interest in anything found; 
the use of 'stake' probably arises from the practice of staking one claim for the 
discoverer and one for the backer. Prospectors are still sometimes backed by a 
single grubstaker, but the expense of travel and equipment tends to make this 
prohibitive. The principal ways by which prospecting is now carried on are as 
follows: 

Prospecting as an Avocation 

An increasing number of persons take up prospecting as a hobby or minor 
occupation on week-ends and vacations. This can be an interesting and worth­
while pursuit for those who live away from the more settled parts of the country 
or who can spend vacations in favourable areas, provided they study the subject 
as thoroughly as do those who follow any other avocation eagerly and intelli­
gently. 

Part-Ti1ne Prospectors 

There are still many prospectors who trap or work for wages, as miners or 
in other trades, during the winter and spend the summer prospecting on their 
own account. 

Full-Ti1ne Prospectors 

A number of men make prospecting their full-time occupation. They usually 
spend a good part of the winter in the study of geological reports, maps, and air 
photographs with a view to planning work in the corning season. They may work 
independently or with a partner, and some make a good living by selling prospects; 
a few have made fortunes from exceptional discoveries. 

Syndicates 

Because of the cost of prospecting today, the old grubstaking system is now 
largely replaced by syndicates, several backers joining to pay the expenses of 
one prospector or more. An inexperienced prospector can seldom, if ever, 
obtain this sort of backing, but one of demonstrated ability and integrity can 
often interest a group of business or professional men; alternatively, such groups 
may take the initiative and be on the lookout for experienced men. 
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In an ordinary syndicate, the amount of money required for the venture is 
estimated and divided into 'units' of, say, $100 each; the members of the syndi­
cate may then subscribe for an equal or unequal number of units and the pros­
pector is apportioned the share agreed upon. If a worthwhile discovery is made, 
the claims might be sold and the proceeds apportioned on the basis of the number 
of units held by each participant, or a company might be formed, in which case 
each unit would be exchanged for a certain number of shares in the company. 
The prospector may be given a free hand, or a syndicate manager may be selected 
to handle business matters and to exercise some control over the prospector. 

Ordinary syndicates have the disadvantage that the members may have to 
assume heavy responsibilities for debts, lawsuits, or defalcations. To rectify some 
of these problems, certain provinces have made provision for special partnerships 
or for the incorporation of small limited-liability companies to finance prospecting 
and early exploration of prospects. 

Employment by Mining Companies 

Many companies that own large producing mines employ experienced pros­
pectors in the hope tha t they will discover new deposits to increase the holdings 
or to t ake the place of the parent mines when they become exhausted. Experi­
enced prospectors need , and usually receive, little supervision. They are usually 
paid a monthly salary and supplied with all necessary equipment, groceries, and 
funds for travelling. In addition to salary, the compa ny usually pays a specified 
bonus for a discovery that meets certain specifications, or gives the prospector 
a certain share in the profits from a discovery that eventually proves productive. 
Often neither party favours the latter arrangement, although it seems reasonable 
in some ways. The drawbacks a re that the prospector would probably have to 
wait for several years before the property became productive, if it ever did so, 
and the company would have to continue paying a share of the profits to the 
prospector or his heirs throughout the life of the mine. 

Prospecting Programs 

Organized prospecting schemes fin anced by companies are increasingly com­
mon. They may be conducted in what is believed to be a favourable area, without 
acquiring ground beforehand , or on concessions or groups of claims. A geologist 
experienced in work of this kind is usually placed in charge, and he may have 
other geologists or engineers to assist him. The actual prospecting may be done 
by teams each composed of two experienced prospectors or of one experienced 
man and one trainee; if the ground is being covered in great detail, a number of 
woodsmen or of university students without particular skill in prospecting may 
be employed to work under supervision. Payment may be entirely by salary, 
but there is usually some form of incentive bonus in one of the forms mentioned 
above. The actual prospecting may be done by having the supervisor select a 
small area in which a team of prospectors will work for a time, after which the 
supervisor visits them and eith er instructs them in how to continue in that area 
or moves them to another. Usually, however, ordinary prospecting is combined 
with geological mapping, geophysical surveys, or some of the other special 
methods of prospecting. 
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Government Grubstaking 

Under certain circumstances, the governments of British Columbia and 
Saskatchewan assist residents of those provinces by providing funds or equip­
ment for prospecting. Information is contained in literature supplied by the 
provincial department concerned. 

Seeking Backing or Employment 

Government departments receive numerous inqu1nes from prospectors 
regarding employment, but with the exception mentioned below government 
officials cannot assist in such matters. Companies in need of prospectors do, 
however, occasionally list their requirements with branch offices of the National 
Employment Service. 

The best way for a prospector to obtain backing or employment if he does 
not know of suitable contacts, is probably to advertise in a mining paper or 
magazine or in a newspaper published in a mining district. He may also, by 
reading the mining press and consulting mining handbooks, ascertain what 
companies are actively engaged in prospecting and exploration. 

Agreements 

All agreements between prospecting partners, or between prospectors and 
grubstakers, syndicates, or companies should be in writing and should also be 
witnessed, with a .view to avoiding disputes, disappointments, or misunder­
standings. Agreements should preferably be drawn up by a lawyer, but if this 
is not possible the inexperienced prospector should consult a more experienced 
prospector or a business man in whom he has confidence. 

When granting an option it is advisable for the owner of the claim to try 
to have provision made for the party taking the option to supply him with full 
plans and other details in the event of the option being discontinued. 

The following brief notes on prospecting agreements, based on instruction 
included in the prospecting courses given at Yellowknife, touch on some of 
the main features. 

The area in which the prospecting or staking is to be done should be defined 
as nearly as possible, and the parties should agree on who is to do the actual 
staking. The handling and sharing of expenses should be specified. In regions 
where staking by proxy is permitted, it should be made clear whether the claims 
are to be left in the names of the persons in whose names they are recorded or 
are to be transferred. Some agreement should be made as to the manner in 
which claims shall be sold or optioned; in some cases this may be left to the 
discretion of one party, while in others a majority of the associates must agree. 
In option agreements the claims involved, price, and terms of payment should 
be stated carefully. When shares in a company are part of the consideration 
for the sale of a claim or property, the structure of the proposed company and 
the prospectors' share should be specified fully. 

Disposing of Discoveries 

Neither prospectors nor members of syndicates have, as a rule, the training, 
experience, or financial resources to undertake more than the preliminary explo-
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ration of a prospect. The minera l industry is very technical a nd highly specialized; 
in general, therefore, it is most practical and efficient for prospecting and prelimi­
nary exploration to be done by prospectors, and advanced exploration and mining 
by mining companies. There are a lso nowadays companies th at specialize in 
acquiring promising prospects, exploring them a nd, if t he results are successful, 
selling them to mining companies. 

Most companies are anxious to acquire promising prospects. Many pros­
pectors, however, find it difficult to dispose of their claims or prospects, usually 
because their ideas of the value of the discovery differ widely from those of the 
compan y approached. Some prospectors pin their hopes on a showing that no 
company would consider, or they may attach too high a value to a prospect 
that a company would be willing to explore on different terms. These are matters 
for which there a re no simple answers or remedies. It is true that some very 
successful mines have y ield ed li tt le to the discoverer, but it is a lso true that 
sometimes prospectors have refused to come to terms a nd have died in poverty 
when they could have had a substantial payment or share in a discovery that was 
obviously important, but few discoveries are obviously importa nt. In almost 
a ll cases exploration has to be done by a slow process of elimination, as explained 
elsewhere, in which most prospects do not reach t he producing stage. Those 
who finan ce such exploration risk their funds a nd the discoverer must usua lly 
be content with a settlement commensurate with the risk, or be prepared to wait 
until exploration has been completed. He will then receive nothing if it is a 
fa ilure or may receive a la rge settlement if the results of exploration a re successful. 

Beca use of the risks involved, companies seldom buy a prospect outright. 
The usual procedure is to take an option by a legal agreement drawn up and 
signed by both parti es in the presence of a witness, specifying that in consideration 
of a certain cash payment, generally small, having been made, the company 
undertakes to carry on exploration for a certain period of time, a fter which it 
may either abandon the property or buy it for a specified sum in cash or a 
specified number of shares, or both. 

Several companies interested in acquiring prospects employ scouts who tour 
mining camps and prospecting fields , keeping in touch with prospectors and 
discoveries. Other companies wait for prospectors to approach them, and may 
have contacts with certain prospectors with whom they have established mutual 
respect a nd trust through previous dea lings. Failing these methods of approach, 
a prospector may advertise cla ims or prospects in the mining press, or he can 
consult mining papers and periodicals for the names and addresses of companies 
that are active in exploration for a particular metal or mineral. The surest way 
to obtain a favourable hea ring is by submitting samples that are representative 
of the deposit , rather tha n the selected ones that are generally obvious to an 
experienced mining man, and by being able to show a reasonably accurate sketch 
of the showings and sampling places. If the prospector is in doubt about the 
value of a discovery or the terms of an agreement, he should get advice from a 
consulting engineer or geologist, or a lawyer , or at least from a business man 
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or other prospector in whom he has confidence. Government departments 
receive requests for advice in such matters but can seldom be of assistance 
because they are usually strictly business or legal questions, or are such as lie 
within the sphere of consu lting engineers or geologists. 

Services of Government Departments 

Departments of the federal and of most provincial governments have 
different responsibilities connected with prospecting and mining, and provide 
various services of great importance to prospectors. The responsibilities of the 
different organizations are kept as distinct as possible, so that the work can be 
done with maximum efficiency, and minimum overlapping, but more than one 
organization may undertake certain services such as geological mapping, because 
of t he great amount of work needed. The activities of different departments are 
outlined here to assist prospecto1:s to learn the appropriate ones to contact for 
publications or regulations. 

The federal government has two departments of particular concern to 
prospectors, one being the Department of Mines and Technical Surveys. The 
Geological Survey of Canada, a branch of this Department, is most closely 
connected with prospecting, so its activities are outlined in more detail later. 
The Mines Branch is mainly concerned with research on methods of treating 
ores, fuels , etc. and on new or improved uses for metals, alloys, minerals and 
mineral products; therefore its activities are chiefly connected with phases of 
the mineral industry that fo llow the preliminary work of prospecting. The 
Branch a lso publishes inform ation on resou1-ces, markets, prices, and uses of 
minerals produced in Canada, and tests specimens of industrial minerals, for 
which specifications rather than analyses are generally of great importance. 
It wi ll perform chemical ana lyses of samples for a fee under certain circumstances, 
such as when analyses for a particu lar element are difficult to obtain elsewhere. 
The Surveys and Mapping Branch publishes topographical maps and administers 
the I'\ational Air Photographic Library. 

The Northern Administration and Lands Branch of the Department of 
Northern Affairs and National Resources administers mining laws and regulations 
for the Yukon and Northwest Territories. The Lands Division of this Branch 
is responsible for information on staking and for t he recording of claims, assess­
ment work, and mine safety in this region. Its main office is at Ottawa, and 
it has offices at Whitehorse and Yellowknife. 

\i\Then writing for maps or reports, sending samples, etc. it is important to 
keep in mind that various government agencies are distinct from one another 
and are often in widely separated quarters. Delays and, possibly, loss of letters 
or samples may be caused by improper addressing and by requesting the publica­
tions or services of different agencies in a single letter. The functions of the 
different agencies, as outlined here and the addresses li sted in an appendix should 
be carefu lly noted. 
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Geological Survey of Canada 

The Geological Survey of Canada was formed in 1842 and is the oldest 
scientific organization in the country. Its primary purpose is to map and study 
the geology of the country and to provide maps and reports that help prospectors 
and companies in the selection of their fields of operation and that help to guide 
their work. In this way the Geological Survey has contributed indirectly to the 
discovery and development of most Canadian mines. In addition to geological 
mapping divisions, it has specia l units devoted to the study of mineral deposits, 
petroleum and coal, mineralogy, geophysics, Pleistocene geology, engineering 
geology (including water supply from wells), and the study of fossils. 

In a little more than a century, the Geological Survey has grown from a 
staff of two or three men to an organization that now places from 70 to 90 
parties in the field each year and also has specialized laboratory and other staffs. 
It has published roughly five thousand different maps and reports, yet there are 
many parts of Canada tha t have not been investigated in even reconnaissance 
fashion; vast areas are in need of more detailed work; many areas that were 
covered in considera ble detail now require revision in the light of new knowledge, 
new exposures, and new needs; and many problems await special investigation. 

The Geologica l Survey is not itself a prospecting organization, a lthough its 
geologists have made importa nt discoveries from time to time while mapping, 
and it has undertaken special prospecting programs in times of emergency. 

Catalogues of publications are available and individuals or companies may 
a lso be placed on a notice list for cards announcing new publications. A charge 
to help cover the cost of printing is made for most publications and requests by 
mail should be accompanied by a money order payable to the Receiver General 
of Canada. If t he charge is not known, an excess ca n be sent with the order 
and the balance will be returned. Publications should be ordered from the 
Queen's Printer, Ottawa, or publications covering their respective regions may 
be obtained from branch offices of the Geological Survey of Canada at White­
horse, Yellowknife, Vancouver, and Calgary. Publications, including many 
out of print, can be studied at the head a nd branch offices of the Geological 
Survey of Canada, and libraries can arrange to borrow out-of-print publications 
of the Geological Survey from its library. 

Letters sent to the head office of the Geological Survey should usually be 
addressed to the Director rather than to individua l officers, because the latter 
may no longer be on the staff or may be in the field. 

The Geological Survey a lso sells small specimens of several rocks a nd 
minerals, as well as sets, to assist students and prospectors. A price list is 
available and it and the specimens should be ordered from the Director. 

As a service to prospectors, samples of minerals and rocks a re identified free 
of charge, so far as this can be done without complicated laboratory procedure. 
Assays or a nalyses a re not made, except that special services are avai lab le in 
connection with radioactive samples, as expla ined in a pamphlet available on 
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request. Samples should be sent to the Director and the outside of the parcel 
should bear a note stating either "for ordinary examination" or "for radioactivity 
tests", because these services are performed by different divisions of the Geological 
Survey. The sender is required to specify the exact locality from which the 
sample was obtained, and this information is treated in strictest confidence if 
desired. 

Officers of the Geological Survey are pleased to assist prospectors individu­
ally when possible, but there are limitations on what can be done, because they 
do not attempt to duplicate the services of consulting geologists and engineers. 
Giving information in advance of publication is restricted to that which would 
not confer an unfair advantage and which pertains only to the mining property 
owned by the applicant. In the case of a property owned by a company it is 
possible to discuss it only with an official of the company. The Geological Survey 
does not examine a discovery at the request of the discoverer or owner, although 
it examines many discoveries and properties in the course of its work, and at 
such times is pleased to give what advice it can. Its officers can devote only a 
fraction of their time to inquiries by callers and by correspondence because such 
inquiries delay the preparation of maps and reports. Those seeking information 
should first obtain the publications avai lable on the matter in question as they 
usually contain all the information the Geological Survey possesses or is able to 
impart. 

Services of Provincial Governments 

Most provinces have a department of mines or a mines branch in a depart­
ment of some other name. These departments are responsible for all matters 
connected with staking, assessment work, mine safety, etc., and many of them 
also provide services that assist prospectors greatly. These services vary from 
one province to another and from time to time and are more extensive in those 
provinces where mining is a major industry. In several instances they consist 
of pamphlets giving general advice on prospecting in the province, annual reports 
describing mining properties, geological maps and reports on certain areas, and 
free identifications, spectrographic analyses, or assays on a limited number of 
samples. In some provinces a certain number of coupons are issued with a pros­
pecting permit, entitling the prospector to one assay per coupon. Mining engi­
neers or geologists may also examine discoveries and advise prospectors, but no 
department attempts to meet a ll requests for such examinations. For particulars, 
mining recorders or other officials of the department concerned may be consulted, 
or a letter may be sent to the head office of the department. The names of the 
provincial departments and the addresses of their head offices are listed in 
Appendix V. 
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APPENDIX I 

TABLE OF THE ELEMENTS 

The elements, as mentioned in Chapter III, are the basic substances of which 
matter is composed. Under normal conditions, most elements are solid. Eleven 
are gases, and two, bromine and mercury, are liquids. The elements are some­
times roughly classified under the heads of metals, semi-metals (or metalloids), 
non-metals, and gases. However, this classification is merely a matter of conve­
nience, and not a scientific definition. For the purpose of this table, substances 
having what is known as 'metallic lustre' are classified as metals, and those 
without as non-metals. Those elements which are gaseous at normal temperature 
and pressure are classified as gases, e.g. oxygen, nitrogen; two such elements, 
however, chlorine and fluorine, are rarely, if ever, found as gases, but occur in 
combination with other elements. 

Elements marked with an asterisk belong to the rare earth groups, to which 
scandium and yttrium are closely related. 
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Table of Elements 

Atomic Atomic 
ame Symbol Nature Weight Name Symbol Nature Weight 

Actinium. Ac metal ( ?) .... 227 Neodymium* .... Nd metal . 144·3 
Aluminum . . Al metal .. .. . .. 27·0 Neon . . . .. . . . . . . . Ne gas ... 20·2 
Americium . Am metal(?) . . .. 243 Neptunium . Np metal . 237 
Antimony . . Sb semi-metal . .. 121 ·8 Nickel. Ni metal . 58·7 
Argon . A gas ... . . 39·9 Niobium (formerly 
Arsenic . As semi-metal . 74.9 columbium) . Nb metal . 92.9 
Astatine . At non-metal .. 210 Nitrogen . gas . . . 14·0 
Barium . . Ba metal . 137·4 Osmium . Os metal . 190·2 
Berkelium . Bk metal . 245 Oxygen .. 0 gas . .. . .. 16 
Beryllium . Be metal . 9·0 Palladium .. . . .. Pd metal ... . 106·7 
Bismuth . . Bi metal. 209 Phosphorus ..... p non-metal . 31 ·0 
Boron .... B non-metal . . 10·8 Platinum. Pt metal. 195·2 
Bromine ... Br non-metal .. 79.9 Plutonium . Pu metal . 242 
Cadmium .. Cd metal . 112 ·4 Polonium . Po metal . 210 
Caesium . Cs metal . 132·9 Potassium . K metal . 39·1 
Calcium . . . Ca metal . 40·1 Praseodymium* . . Pr metal .. 140·9 
Californium . er metal . 248 Promethium* . . Pm metal .. 145 
Carbon . c non-metal .. 12·0 Protoactinium . Pa metal ( )) 231 
Cerium* . Ce meta l . 140·1 Radium . Ra metal . 226·1 
Chlorine . Cl gas . 35·5 Radon . Rn gas . . . 222 
Chromium . Cr metal . 52·0 Rhenium . Re metal . 186·3 
Cobalt . .. Co metal . 58·9 Rhodium . Rh metal . 102 ·9 
Columbium (see Niobium) Rubidium . Rb metal .. 85·5 
Copper .. Cu metal . 63·5 Ruthenium . Ru metal 101 ·1 
Curium . . .. Cm metal ( ?) . 245 Samarium* . Sm metal . 150·4 
Dysprosium• . Dy metal .. 162·5 Scandium . Sc metal. . . .. 45·0 
Erbium* . Er metal 167· 2 Selenium . . Se non-metal. 79·0 
Europium* .. Eu metal . 152 Silicon . Si non-metal .. 28· 1 
Fluorine . F gas . 19 Silver .. Ag metal . 107 .9 
Francium . Fr metal . 223 Sodium . Na metal . 23·0 
Gadoli nium• .. Gd metal . 156·9 Strontium .. Sr metal. 87·6 
Gallium ... . Ga metal . 69·7 Sulphur . s non-metal . 32·1 
Germanium . Ge metal . 72·6 Tantalum . Ta metal . 181·0 
Gold .... Au metal . 197·0 Technetium . Tc meta l . .. 99 
Hafnium . . Hf metal .. 178·6 Tellurium .. Te non-metal .. 127·6 
Helium . .. He gas .. 4·0 Terbium* . Tb metal. 158·9 
Holmium* Ho metal . 164·9 Thallium .. Tl metal . 204·4 
Hydrogen . H gas .... 1·0 Thorium . Th metal. 232·1 
Indium . In metal . 114·8 Thulium* Tm (rare-earth 
Iodine . I non-metal . . 126·9 metal?). 168 ·9 
Iridium . lr metal 192 ·2 Tin . Sn metal 118·7 
I ron . Fe metal . 55·9 Titanium Ti metal . 47 ·9 
Krypton . Kr gas. 83·8 Tungsten w metal . 183·9 
Lanthanum* .. La metal .. 138·9 Uranium . u metal . 238 · 1 
Lead .. Pb metal . 207. 2 Vanadium . v metal . 51 ·0 
Lithium . Li metal 6·9 Wolfram (see Tungsten) 
Lutetium* . Lu metal . 175 ·0 Xenon . Xe gas .. 131 ·3 
Magnesium . Mg metal . 24·3 Ytterbium* . Yb metal . 173·0 
Manganese . Mn metal .. . . 54·9 Yttrium ... y metal . 88·9 
Mercury .. Hg metal (liq uid ) 200·6 Zinc . ... . Zn metal . 65·4 
Molybdenum . Mo metal . 96·0 Zirconium . Zr metal . 91·2 
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LIST OF USEFUL AIDS FOR IDENTIFYING MINERALS 

Minerals are identified by their chemical or physical properties. The proper­
ties of the commoner minerals can usually be determined by simple tests that 
require only a few inexpensive pieces of apparatus and a small supply of chemicals. 
The following list contains the basic essentials for making such tests and is 
recommended to the prospector who does not attend a course and who does not 
buy a complete readymade kit. The entire lot may be packed into a small portable 
kit. The chemicals listed can be obtained at drug stores, and both chemicals and 
apparatus can be bought from dealers in laboratory supplies. 1 Some of the 
chemicals are poisonous and adequate precautions should be taken when hand ling 
them. For instructions in using the equipment, the reader is referred to one of 
the books on mineralogy listed at the end of Chapter III, since the subject is 
beyond the scope of this book. However, some of the simpler tests for particular 
minerals are mentioned in the tables in Appendix III. 

Apparatus 

Magnet This is used to distinguish the magnetic minerals, such as mag-
netite, ilmenite, pyrrhotite, etc. Magnets are available in a 

variety of sizes and shapes, but probably the most suitable is a horseshoe-shaped 
magnet about 1! inches in width. Many persons prefer one made of a special 
alloy called alnico, but an ordinary steel magnet will serve equally well. When 
separating magnetite from black sand, the magnet should be wrapped in paper 
as particles are difficult to clean from the magnet itself. 

Pocket-knife A pocket-knife is indispensable to a prospector for many reasons. 
It is included here because it is useful for determining the hard­

ness of minerals. The blade has a hardness value of between 5 and 6. (see also 
Appendix III, footnote 2). Rather than carry a magnet, sonie prospectors 
find it convenient to magnetize one blade of their pocket knife. This may be 
done by stroking the blade of the knife slowly and in one direction with a hand 
magnet. 

Streak Plate This is a piece of white unglazed porcelain that is used to deter-
mine the streak of the mineral. The streak is the colour of the 

finely powdered mineral and it may be quickly produced by rubbing the mineral 
across a streak plate. 
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File A small triangular file may also be used to determine the streak 
and hardness of minerals. The streak is determined by filing an 

edge of the mineral and collecting the powder. The hardness value of the file 
is between 6 and 7. 

Hand Lens A hand lens is necessary for examining small mineral grains, and 
for studying closely such properties as cleavage and twinning. 

A simple magnifying lens, 1! inches in diameter and with a magnifiying power 
of 3!, is adequate. The lens should be protected by a chamois bag. 

Lamp The lamp is an essential piece of apparatus for many tests. If gas 
is available, the Bunsen burner is the most convenient type of 

lamp to use, as it provides a hot flame, and may be regulated. When gas is not 
available, an alcohol lamp with a wick is probably the most satisfactory. Lamps 
which burn solid fuel are a lso available .. Candles may be used for some tests. 

Blowpipe This is a curved, slender metal tube about seven inches in length 
that is used to concentrate the lamp flame at a point. The tube 

is drawn to a fine tip at one end, and is fitted with a mouthpiece at the larger end. 
To use the blowpipe, the tip is inserted into the lamp flame and a constant jet 
of air is directed across the flame and slightly downwards towards the specimen 
under test. The blowpipe is required for testing the fusibility of minerals, for 
making bead tests, for studying the reactions of minerals on charcoal tablets, 
and for other purposes where an intense source of heat is required. 

Tweezers A pair of tweezers is essential for holding mineral fragments 
when testing their fusibility and when noting flame colorations. 

Tweezers equipped with platinum tips are preferred, but ordinary steel tweezers 
will give adequate service, although for a shorter length of time. The tweezers 
will become quite hot during the heating of the mineral fragments, and for this 
reason a small piece of asbestos wi ll be found useful in handling them. 

Hammer A small hammer or improvised mortar weighing two or three 
ounces is useful for crushing mineral fragments to be tested. 

A small, square metal block on which to crush the fragments is also useful. 
When crushing friable minerals, the hand should be cupped around the block 
to prevent loss of fragments. 

Pliers A pair of cutting pliers 1s useful for breaking off mineral frag­
ments for tests. 

Platinum Wire A length of platinum wire is necessary for making bead tests, in 
which the mineral is dissolved in a bead of flux in the blowpipe 

flame. The tests are useful because certain elements impart characteristic colours 
to the beads. The commonest fluxes used are borax, sodium carbonate and, for 
detecting uranium, sodium fluoride. The wire may be fused into a piece of glass 
tubing to form a handle. 
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Glass Tubes These should be 4 to 5 inches in length and about fs inch in 
diameter. They a re useful for determining the presence of 

water and volatile constituents such as sulphur, arsenic, and antimony. This 
is done by heating a little of the powdered mineral in the tube in the blowpipe 
flame. The tubes may be open at both ends, or closed at one end. The closed 
tube is especially useful for determining the presence of water. 

Charcoal Blocks Small rectangula r blocks of charcoal a re useful for studying the 
reactions of minerals under the blowpipe flame. Such reactions 

may yield characteristic odours, sublimates, or magnetic residues or metallic 
globules. Charcoal made from basswood or pine is recommended, but any kind 
of charcoal that will not splinter on heating is suitable. 

Chemicals 

Dry chemicals Borax - for bead tests 
Hydrogen sodium ammonium phospha te - for bead tests; some­

times called salt of phosphorus or microcosmic salt 
Sodium carbonate - for bead tests and for decomposing minerals 

by fusion 
Potassium bisulphate - for decomposing minerals by fusion 
Sodium fluoride - for testing for uranium 
Ammonium molybdate - for testing for phosphorus 
Dimethylglyoxime - for testing for nickel 
Potassium iodide - for testing for bismuth and lead 
Granulated zinc - to produce special chemical reactions 
Granulated tin - to produce special chemical reactions. 

Wet chemicals These should be kept in glass stoppered bottles. Acids are usually 
sold in concentrated form and should be diluted with 2 to 5 equal 
volumes of water. When diluting sulphuric acid, the acid should 
always be added to the water, little by little. 

Water - for diluting acids, washing apparatus, etc. 
Hydrochloric acid - useful for testing carbonates and dissolving 

minerals 
Nitric acid - useful for dissolving minerals 
Sulphuric acid - used in some special tests 
Ammonium hydroxide - strong a lkali; should be diluted with 

2 parts water before using. 
1 The names and addresses of some such dealers are: 

23-828-24 

Canadian Laboratory Supplies Limited, 
403 St. Paul St. West. Montreal. Que. 
3701 Dundas St. West. Toronto. Ont. 
288 William Ave .. Winnipeg. Man. 
10182 - 103 St., Edmonton, Alta. 

Case and Company Limited, 
567 Hornby St., Vancouver, B.C. 

Cen tra l Scientific Company of Canada Limited, 
129 Adelaide St. West, Toronto, Ont. 
107 Clarke Building, Edmonton, Alta. 

Fisher Scientific Company Limited, 
904 St. J ames St., Montreal , Que. 
245.Carlaw Ave., Toronto 8, Ont. 
7-10923-124 St., Edmonton, Alta. 
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APPENDIX III 

INTRODUCTORY MINERAL T ABLE1 

(Compiled by II. R. Steacy) 

Note: Separate copies of this table are available for field use from the 
Queen's Printer at 10 cents each. 

A. Minerals with Metallic or Sub-metallic Lustre 

Name a nd Composition I Hard ness2
1 ____ C_h_a_ra_c.1_e_r_is_t_i_cs _________ R_e_n_1_a_r_k_s __ 

1. Colour is white to light grey - streak' is white. 

Silver 
Ag 

2·5-3 \Viry forms, leaves, scales, and 
plates. Malleable. Very heavy. 
Colou r and s treak silver-white, 
but tarnishes grey to black. 

Often alloyed with gold. 
Almost a lways tarnished 
except on a very fresh sur­
f ace. 

2. Colour is white to ligh t g rey - streak is greyish black to black. 

Cobaltite 5 · 5 Commonly as small crystals A source of cobalt; alters to 
CoAsS with striated faces; sometimes pink erythrite. 

massive. Colour, silver-white, 

Arsenopyrite 
FeAsS 

Skutterudite 
(CoNi) Asa 

5·5- 6 

6 

often with reddish tinge. Streak, 
greyish black. 

Massive; disseminated crystals, 
conspicuously str iated. Colour, 
s i lver-white to stee l-grey. 
Streak, greyish black. Garlic 
odour on breaking. 

Usually massive. Colour be­
tween tin-white and silver­
grey; sometimes tarn ished grey. 
Streak, greyish black. 

Source of wh ite arsenic. 
Often contains cobalt, and 
silver; sometimes gold. 

Skutterudite is t he name 
given to a series of cobalt­
nickel a rsenides of simi la r 
crystal structure. The min­
erals smaltite and chloan­
thite are included in the 
series. Colour resembles 
a luminum paint. 

t The minerals listed are those recommended for fi rst study. Because of variable characteristics, a mineral may 
appear in more than one place in the table. 

2 Hardness is one of the most useful properties in identifying minerals . The numbers listed in this column indicate 
the relat ive hardness of the minerals, as determined by compa rison with a standard sca le. T his is known as 
Mohs' Scale of H ard ness and consists of the fo llowing ten minerals of rela tive increasing hardness: 1 - Talci 
2 - Gypsum; 3 - Calcite; 4 - Fluorite; 5 - Apatite; 6 - Feldspar; 7 - Quartz; 8 -Topaz; 9 - Corundum; 
10 - Diamond. The hardness is best determined by scratching the mineral on a smooth surface. The finger 
nail has a hardness value of a bout 2 · 5. The blade of an ordinary pocket-knife has a value of 5 · 5 to 6. 

1 The streak is the colour of the fine ly powdered mineral. It may be determined by powdering a fragment of 
the mineral. by filing it, or by rubbing it across a piece of unglazed white porcelain. T he strea k is especially 
helpful in identifying minerals of meta lli c or sub- met a ll ic lustre . These minerals have therefore been sub­
classified according to their streak. 
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Introductory Mineral Table (continued) 

A. Minerals with Metallic or Sub-metallic Lustre (continued) 

Name and Composition I Hardness , ____ C_h_a_r_a_c_re_r_i_s_ti_c_s _________ R_e_1_11_a_r_k_s ___ _ 

3. Colour is lead-grey to black - streak is white, grey, light brown, or red. 

Molybdenite 1-1 ·5 Commonly in flakes or foliated Important source of molyb-
MoS2 masses•. Greasy feel. Sectile. denum. Found in pegmati­

Laminae flexible. Colour, lead- tes; in veins, associated with 
grey. Streak, greenish grey on scheelite, wolframite, and 
porcelain, bluish grey on paper. fluorite; and as an accessory 
Yields sulphurous fumes on mineral in ~ranites. Differs 
heating. from graphite in colour and 

Silver 
Ag 

Sphalerite 
ZnS 

Hematite 
Fe20• 

Cassi teri te 
Sn02 

2·5-3 

3·5-4 

5-6 

6-7 

Wiry forms, leaves, scales, and 
plates. Malleable. Very heavy. 
Colour and streak si lver-white, 
but tarnishes grey to black. 
Massive. Perfect dodecahedral 
cleavage. Brilliant to resinous 
lustre. Colour, black, brown, or 
yellow. Streak, brownish to 
light yellow and white. 
Compact, granular, botryoidal, 
and earthy masses. Colour, 
steel-grey to reddish brown. 
Streak, red to reddish brown. 

Massive and as crystals (ordi­
nary); botryoidal, with fibrous 
structure (wood tin); rolled 
grains (stream tin). Heavy. 
Colour usually black or brown. 
Streak, greyish to brownish. 

streak, and in effect on 
heating. 
Often a lloyed with gold . 
Almost a lways tarnished 
except on a very fresh sur­
face. 
Most important source of 
zinc. Usually closely associ­
ated with galena. 

Most important ore of iron. 
Streak is quite distinctive. 
Specularite6 has a micaceous 
structure with a splendent 
lustre. 
Most important source of 
tin. Commonly occurs in 
veins closely associated with 
granitic rocks or pegmatites. 
Often in placer deposits. 

4. Colour is lead-grey to black - streah is dark brown or black. 

Graphite 1-2 Commonly in flakes or foliated Found mainly in metamor-
C masses. Greasy feel. Sectile. phic rocks; common in crys­

Laminae flexible. Colour, steel- talline limestone. Colour 
grey to iron-black. Streak, and streak aid in distin­

Stibnite 
Sb2S• 

Pyrolusite 
Mn02 

Galena 
PbS 

2 

2-2· 5 

2·5 

shining black. guishing it from molybdenite. 
Columnar and bladed masses; Most important source of 
aggregates of needle-like crys- antimony. Harder than 
tals, often striated and bent. graphite. Lighter than 
Perfect cleavage. Colour and galena. 
streak, lead-grey. Thin edge 
fuses in candle flame. 
Usually as fibrous, granular, or 
powdery masses; also as coat­
ings. Colour, steel-grey to iron-
black. Streak, black to bluish 
black. Soils the fingers. 
Massive, with cubic cleavage; 
sometimes as crystals, usually 
cubic. H eavy. Colour and 
streak, pure lead-grey. 

A source of manganese. 
Secondary in origin. 

Most important source of 
lead. Frequently contains 
si lver. 

continued ... 

• Some minerals occur typically as well-formed crystals, but most occur in masses showing no external crystalline 
form. The structure of such masses may be cleavable, granular, lamellar, columnar, fibrous, bladed, foliated, 
scaly, botryoidal, or compact. Cleavable masses break a long smooth, flat surfacesi granular masses are com­
posed of individual grains, either coarse or fine; lamellar masses are made up of thin layers; columnar masses 
are made up of slender columns; fibrous masses are made up of fibres, which may be coarse or fine and which 
may or may not be separable; bladed masses are composed of thin blades; fo liated masses are made up of 
thin plates. or leaves, which are easily separable; scaly masses consist of thin, easily separable scales; botryoidal 
masses have rounded surfaces, resem bling a bunch of grapesi and compact masses are dense granular masses 
which are very resistant to fracturing or breaking. 

' Names in italics are varieties of the species described, e.g., sPecularile is a variety of hematite. 
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Introductory Mineral Table (continued) 

A. Minerals with Metallic or Sub-metallic Lustre (continued) 

Name and Composition I Hardness , ____ C_h_a_r_a_c_te_r_is_t_ic_s ____ _____ R_e_m_ar_k_s ___ _ 

4. Colour is lead-grey to black - streak is dark brown or black. - Cont'd 

Chalcocite 2 · 5-3 Massive; also as crystals, deeply Important source of copper. 
Cu 2S striated and frequently twinned. Usually associated with other 

Heavy. Rather sectile. Colour copper minerals. 

Tetrahedrite 
(CuFe)i,Sb,Su 

Wolframite 
(FeMn)WO, 

Chromite 
FeCr,O, 

Ilmenite 
FeTiOa 

Uraninite 
uo, 

Uraninite, 
variety pitchblende 
uo. 

Magnetite 
FeaO• 

Columbite-tantalite 
(FeMn) (NbTa),0 6 

and streak, blackish lead-grey; 
often tarnished blue or green. 

3-4 Massive; also as tetrahedral A source of copper. Often 
crystals. Brilliant lustre. contains silver. 
Colour, flint-grey to iron-black. 
Streak, brown to black. 

5-5·5 Granular or lamellar masses; 
also as crystals, usually striated, 
and as rolled grains. Perfect 
cleavage. Heavy. Sometimes 
weakly magnetic. Colour, dark 
grey to brownish black. Streak, 
dark brownish to black. Fuses 
easi ly. 

5 · 5 Granular to compact masses. 
Sometimes feebly magnetic. 
Colour, iron-black to brownish 
black. Streak, brown. 

5-6 Granular and compact masses. 
Slightly magnetic. Colour, iron­
black. Streak, brownish to 
black. 

5-6 Typically as well-developed 
cubic and octahedral crystals. 
Heavy. Strongly radioactive. 
Colour, steel-black to black. 
Streak, black. 

5-6 Massive, sometimes in rounded 
or botryoidal forms; also finely 
disseminated. Heavy. Pitchy 
lustre. Colour, dark steely to 
pitch-black. Streak, black. 

5·5-6·5 Usually as granu lar masses; 
sometimes as octahedral crys­
ta ls. Octahedral parting. 
Strongly magnetic. Colour and 
streak, black. 

6 Platy or rectangular crystals, 
often in radial or parallel aggre­
gates; disseminated grains. 
Quite heavy. Colour and streak, 
brownish black to iron-black. 
Frequently iridescent. 

A source of tungsten. Oc­
curs in quartz veins, peg­
matites, and granites. Com­
monly associated with cassi­
terite and scheelite. Often 
found in placer deposits. 

A source of chromium. Oc­
curs commonly in serpenti­
nized basic rocks; also found 
in placers. Distinguished 
from magnetite by streak 
and feeble magnetic prop­
erty. 

A source of titanium. Often 
intergrown with magnetite. 
Commonly present in black 
sands. 

Occurs mainly in granite and 
syenite pegmatites. Usually 
contains several per cent 
thorium and rare earths. 

Occurs in vein-type deposits. 
Often associated with hema­
tite. Practically free of tho­
rium and rare earths. 

Important source of iron. 
Alters to limonite and hema­
tite. 'Widespread occurrence. 
Very common in black sands. 

A source of columbium and 
tantalum. Commonly occurs 
in pegmatites. 
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Introductory Mineral Table (continued) 

A. Minerals with Metallic or Sub-metallic Lustre (continued) 

Name and Composition I Hardne~1 ____ C_ h_a_ra_c_t_e_r_is_t_ic_s _____ _____ R_ e_m_a_r_k_s ___ _ 

5. Colour is yellow, brass, or bronze - streak is yellow or black. 

Gold 
Au 

Bornite 
Cu,FeS, 

Chalcopyrite 
CuFeS2 

Pyrrhotite 
Fe,Ss 

Pentlandite 
(FeNi)S 

Pyrite 
FeS2 

2·5-3 

3 

3·5-4 

3·5- 4 

3·5-4 

6-6·5 

Commonly in flakes, scales. and 
wires. Hackly fracture. Malle­
able. Very heavy. Colour and 
streak, golden yellow. 

Massive. Colour, bronze-red on 
fresh surface; tarnishes readily 
to purple. Streak, greyish 
black. 

Massive. Colour, brass-yell ow; 
often tarnished and iridescent. 
Streak, greenish black. 

Massive, usually granu lar. 
v\"eakly magnetic. Colour, 
bronze-yellow to copper-red; 
tarnishes quickl y . Streak, 
greyish black. 

Massive and disseminated. 
Colour, light bronze- yellow. 
Streak, light bronze-brown. 

Massive, frequently fine granu­
lar; cubic crystals common, 
often striated. Colour, pale 
brass-yellow. Streak, greenish 
black or brownish black. 

6. Colour is red or brown - streak is red or brown. 

Copper 
Cu 

Cinnabar 
HgS 

Sphalerite 
ZnS 

Cassiterite 
Sn02 
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2 · 5-3 Masses ; scales; distorted crys­
tals. Hacldy fracture. Malle­
able. Heavy. Colour and streak, 
copper-red. 

2-2 · 5 Earthy coatings; crystalline 
crusts; and massive. Heavy. 
Colour, bright red. Streak, 
scarlet. On being heated, it 
produces sulphu rous fumes and 
minute globu les of mercury. 

3 · 5- 4 Massive. Perfect dodecahedral 
cleavage. Briliiant to resinous 
lustre. Colour, brown, yellow, 
or black. Streak, brownish to 
light yellow and whi te. 

5 · 5- 6 · 5 Compact, granular, botryoidal, 
and earthy masses. Colour, 
reddish brown to teel-grey. 
Streak, red to reddish brown. 

6-7 Massive and as crystals (ordi­
nary) ; botryoidal, with fib rous 
structure (wood tin); rolled 
grains (stream tin). Heavy. 
Colour usually brown to black. 
Streak, greyish to brownish. 

Generally a lloyed with silver. 
Frequently found in quartz 
veins; also in placer deposits 
as flakes or nuggets, when it 
may be easily panned. 

A source of copper. Some­
times called 'peacock ore' or 
'purple copper ore'. 

Most important source of 
copper. Sometimes contains 
gold and silver. 

May contain nickel, owing 
to the presence of pen tlan­
di te. Magnetic property 
distinguishes it from chal­
copyrite and pyrite. 

A source of nickel. Almost 
a lways found associated with 
pyrrhotite. 

Most common sulphide min­
eral. Alte rs to limonite. May 
contain gold. Hardness dis­
tinguishes it from chalcopy­
rite, pyrrhotite, and gold. 

Often stained with green and 
blue secondary copper min­
erals. 

Principal source of mercury. 
Resembles some varieties of 
hematite, but distinguished 
by heating test. 

Most important source of 
zinc. Usua lly closely associ­
ated with galena. 

Most important ore of iron. 
Streak is quite distinctive. 
Specu.larite has a micaceous 
structure with a splendent 
lustre. 

Most important source of 
tin. Commonly occurs in 
veins closely associated with 
granitic rocks or pegmatites. 
Often in placer deposits. 
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Introductory Mineral Table (continued) 

A. Minerals with Metallic or Sub-metallic Lustre (continued) 

Name a nd Composilion I Hardness , ____ C_h_a_ra_c_t_e_r_is_t_ic_s __________ R_e_m_a_r_k_s ___ _ 

7. Colour is red or brown - st reak is greyish or brownish black. 

Bornite 3 Massive. Colour, bronze-red on A source of copper. Some-
Cu,FeS4 fresh surface; tarn ishes read ily times called 'peacock ore' or 

to purple. Streak, greyish black. 'purple copper ore'. 

Pyrrhotite 
Fe,Ss 

Wolframite 
(FeMn)\VO, 

Niccolite 
NiAs 

3· 5- .+ 

5- 5·5 

5- 5·5 

Massive, usually granula r. 
Weakly magnetic. Colour be­
tween copper-red and bronze­
ye l low; tarni s h es quickly. 
Streak, greyish black. 

Granular or la mellar masses; 
also as crystals, usually striated, 
and as rolled grains. Perfect 
cleavage. Heavy. Sometimes 
weakly magnetic. Colour, red­
dish-brown to black. Streak, 
dark brownish to black. Fuses 
easily. 

Usually massive; rounded or 
co lumnar forms common. 
Heavy. Colour, copper-red, 
tarnishing quickly to brown. 
Streak, brownish black. 

May contain nickel, owing 
to the presence of pentlan­
dite. Magnetic property dis­
tinguishes it from chalcopy­
rite and pyrite. 

A source of tungsten. Oc­
curs in quartz veins, pegma­
ti tes, and granites. Com­
monly associated with cassi­
terite and scheeli te. Often 
found in placer deposits. 

A source of nickel. Com­
monly associated with cobalt­
nickel arsenides and anna­
bergite (green nickel bloom). 

B. Minerals with Non-metallic Lustre1 

Name a nd Composilion I Hardness , ____ c_1_1a_r_a_c_t_e_ri_s_ti_c_s ___ _ 

1. Colour is whi te or grey, or the 1nineral is colonrless. 

Talc 1- 1 ·5 Usually foliated or massive. 
H2Mg,(SiO,), Perfect basal cleavage. Laminae 

flexible, but not elastic. Greasy 
feel. Colour commonly white 
or light green; a lso grey, dark 
green or brown. May be easi ly 
marked with the finger nail. 

Gypsum 
CaS0,.2H,O 

Kaolin 
H 4Al ,Si,09 

2 

2- 2·5 

Granular and fo liated masses; 
platy crystals, often as 'swallow­
tail ' twins. Perfect cleavage. 
Glassy to pearly lustre. Colour­
less or white, often tinted grey, 
red, or yellow. 

Massive, usually clay-like or 
earthy. Pearly to dull lu stre. 
Colour, white, often stained 
with iron oxides. 

Remarks 

Secondary ong111. Occurs 
frequently as talcose schists; 
of ten associa ted with ser­
pentine. Mined at Madoc, 
Ont. Soapstone is a mas­
si ve variety, sometimes 
forming extensive beds. 

In mineral veins and in sedi­
mentary deposits. Selenite -
colourless, transparent crys­
tals and broad fo lioe. Satin 
spar - fine-fibrous with silky 
lustre. 

Occurs prominently as de­
composition product of feld­
spars in granites and peg­
matites. Also in sedimentary 
beds. 

continued . .. 

1 Minerals of non-metallic lu stre have not been su b-classified according to their streak because the majority have 
either a colourless or light greyish streak, or a streak faintly tinted the colour of the mineral. H owever, there 
are a few exceptions, and where the streak is a distinguishing characteristic it is noted in the table. The most 
notabJe exceptions are cinnabar, hematite, and Jimonite. 
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Introductory Mineral Table (continued) 

B. Minerals with Non-metallic Lustre (continued) 

Name and Composition I Hardness I Characteristics Remarks 

1. Colour is white or grey, or the m,ineral is colourless. - Cont'd 

Muscovite (white 2-2 · 5 Flakes and scaly or foliated An abundant rock-forming 
mica). masses. Perfect basal cleavage. mineral. Commonly found 

Silicate of Al and K. Thin flakes flexible and elastic. in granites, pegmatites, and 
Usually colourless, pale amber, schists. Valuable because of 
or light green. its high dialectric constant. 

Brucite 
Mg(OH), 

Halite 
NaCl 

Calcite 
Ca co. 

Barite 
Baso. 

Celestite 
Srso. 

Siderite 
FeCO, 

Dolomite 
Ca Mg( CO,). 

Scheelite 
Ca WO, 
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2·5 

2·5 

3 

3-3·5 

3-3·5 

3·5-4 

3·5-4 

4·5-5 

Foliated and fibrous masses; 
embedded grains; and broad, 
platy crystals. Folire flexible. 
Secti le. Pearly , waxy, or glassy 
lustre. Transparent to translu­
cent. Colour, white, often tinted 
grey, blue, or green. 

Massive, with cubic cleavage. 
Salty taste. Colourless or 
white; various colours when 
impure. Soluble in water. 

Cleavable, granular, a nd compact 
masses; also as crystals. Perfect 
rhombohedral cleavage. Colour­
less or white; a lso pink or grey; 
sometimes blue or yellow. Effer­
vesces in cold, dilute, hydro­
chloric acid . 

Columnar, la minated, compact, 
and earthy masses; platy crys­
ta ls. Perfect cleavage. Quite 
heavy. Colour, white; also yel­
low, brown, red, or grey. 

Fibrous and granular masses; 
platy crystals. Perfect cleavage. 
Quite heavy. Glassy to pearly 
lustre. Colour, white, sometimes 
bluish or reddish. Colours blow­
pipe flame red. 

Cleavable, compact, and botry­
oidal masses. Perfect rhombo­
hedral cleavage. Colour, grey­
ish or brownish; dark brownish 
on weathered surface. Effer­
vesces in hot hydrochloric acid. 

Cleavable, granular, and com­
pact masses; rhombohedral 
crystals, often curved. Perfect 
rhombohedral cleavage. Colour, 
white, grey, or pink. Powder 
effervesces in wa rm, dilute, 
hydrochloric acid. 

Massive. Qu ite 1-:eavy. Fluo­
resces. Brilliant lustre. Trans­
parent to translucent. Colour, 
usually white, yellowish, or 
brownish. 

May be split easily into 
thin, transparent flakes. 

Found in metamorphic lime­
stones and with serpentine 
and chlorite minerals. Harder 
than talc. 

Occurs in sedimentary rocks. 
Often associated with gyp­
sum. 

Widely distributed mineral. 
Common in metalliferous 
veins as a gangue mineral. 
Occurs in sedimentary 
deposits as limestone, mar­
ble, and chalk. Much softer 
than feldspar. 

Occurs in sedimentary rocks 
and in metalliferous veins. 
Frequently associated with 
ores of lead and zinc. Heav­
ier than calcite or gypsum. 
Softer than feldspar. 

Occurs mainly in sediment­
ary rocks; sometimes in 
veins, associated with galena 
and sphalerite. 

Occurs in sedimentary and 
replacement-type deposits, 
and in metalliferous veins. 
Heavier than calcite or dolo­
mite. 

Occurs in sedimentary rocks 
and in metalliferous veins. 
Resembles calcite, but does 
not effervesce in cold acid. 

A source of tungsten. Occurs 
in pegmatites and ore veins 
associated with granitic 
rocks; also in contact meta­
morphic deposits . 

continued ..• 
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Introductory Mineral Table (continued) 

B. Minerals with Non-metallic Lustre (continued) 

Tame and Composition I Hardness I Characteristics I Remarks 
-------- ------ --- ----------

1. Colour is white or grey, or the mineral is colourless. - Cont'd 

Feldspar Group 
Silicates of AI, K, 
Na,' :and Ca. 

Spodumene 
LiAl(Si03)2 

Quartz 
SiO, 

Zircon 
ZrSiO, 

Corundum 
AI203 

6- 6·5 

6·5-7 

7 

7.5 

9 

Massive, usually cleavable or 
granu lar, sometimes lamellar 
or compact. Two cleavages at, 
or nearly at, right angles; also 
less perfect prismatic cleavage. 
Brittle. Glassy to pearly lustre. 
Variously coloured but gener­
ally white, greyish, or reddish. 
Amazonstone - green. 

Cleavable and columnar masses; 
prismatic crystals, often verti­
call y striated. Perfect pris­
matic cleavage. Splintery 
fracture. Glassy to pearly 
lustre. Colour, white, greyish, 
or greenish . Fuses easi ly, 
colouring flame purple-red. 

Massive, often as formless 
glassy grains; hexagonal crys­
tals. Conchoidal fracture. 
Glassy lustre. Transparent to 
opaque. Colourless or variously 
coloured. Milky- milky-white; 
rose - pink; amethyst - violet; 
smoky - brown to black. 

Usuall y as small , square, elon­
gated crystals with pyramidal 
ends. Brilliant lustre. Colour­
less, yellowish , greyish, or 
brownish. 

Barrel-shaped crystals common; 
a lso massive, with rectangular 
parting. Frequently striated. 
Colour, grey, brown, blue, red, 
or yellow. 

Abundant rock-forming min­
erals. Especially common in 
granites, syenites, gneisses, 
and pegmatites; also as crys­
tals in porphyries and as a 
constituent of sands. Micro­
cline - common! y reddish; 
widespread; used in ceramic 
industry. Plagioclase group 
- usually show fine striations 
on cleavage surfaces; also 
play of colours. 

A source of lithium. Occurs 
in granite pegmatites, some­
times as very large crystals. 

Most common mineral. Es­
peciall y abundant in grani­
tes, gneisses, quartzites, 
sandstones, and sands. Also 
very common as a vein min­
eral. Cryptocrystalline vari­
eties include flint, chert, chal­
cedony, agate (banded), and 
jasper (red). 

Common accessory consti­
tuent of igneous rocks, 
especially granites. Also in 
pegmatites and sands. Cyr­
tolite contains rare earths. 

Important amounts found 
in syenite and nepheline 
syen ite. Gem varieties in­
clude sapphire (blue), and 
ruby (red) . 

The following minerals may also occur in this group, but occur more commonly in oth~r groups and 
are described elsewhere in the table: apatite, amphibole, pyroxene, kyanite, olivine, and beryl. 

2. Colottr is blue, green, or violet. 

Talc 
H2Mg3(Si03), 

1-1 ·5 Usually foliated or massive. 
Perfect basal cleavage. Lami­
nae flexible, but not elastic. 
Greasy feel. Colour commonly 
light green or white; also grey, 
dark green or brown. May be 
easily marked with the finger 
nail. 

Secondary in origin. Occurs 
frequently as talcose schists ; 
often associated with ser­
pentine. Mined at Madoc, 
Ont. Soapstone is the 
massive variety, sometimes 
forming extensive masses. 

continued ... 
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Introductory Mineral Table (continued) 

B. Minerals with Non-metallic Lustre (continued) 

Name and Composition I Hardness 1--- Characteristics ____ [ 

2. Colour is blue, green or violet. - Cont'd 

Chlorite 2-2 · 5 Commonly in scaly, dense, or 
H ydrous silicate of earthy masses. Perfect clea-
Al, Fe, and Mg. vage. Thin flakes flexible but 

Annabergite (n ickel 
bloom) 

NiaAs20s.8H,O 

Serpentine 
H 4Mg,Si,O, 

Azurite 
2CuCO,.Cu(OH), 

Malachite 
CuCOa.Cu(OH), 

Fluorite 
CaF, 

Apatite 
Ca,(P0,) 3(F,Cl,OH) 

Amphibole Group 
Silicates of, 
chie fl y, Ca, Mg, 
and Fe. 
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2·5-3 

2·5- 4 

3·5-4 

3·5-4 

4 

4·5-5 

5-6 

not elastic. Colour usually 
greenish. 

Usually as stains or earthy 
crusts. Colour, apple-green. 
Streak, light green. 

Usua ll y massive; sometimes 
foliated. Smooth to greasy 
fee l. Waxy to greasy lu stre. 
Colour, pale to dark green, 
yellowish, or brownish . Powder 
yields water when ignited in 
closed tu be. Chrysotile (asbes­
tos) - delicately fibrous . Fibres 
flexible and easily separable. 
Silky lustre. Colour usually 
greenish white. 

Stains and fibrous crusts; also 
as botryoidal masses and as 
crystals . Colour, light blue to 
dark blue. Streak, light blue. 
Effervesces in hydrochloric acid. 

Sta in s and fibrous crusts ; 
banded, botryoidal masses; and 
earthy. Colour usually bright 
green. Streak, light green. 
Effervesces in hydrochloric acid. 

Granular and compact masses; 
cubic crystals. Octahedral 
cleavage. Fluoresces. Colour 
common ly greenish, bluish, 
yellowish, or violet. 

Hexagonal crystals; also granu­
lar, compact, and nodular 
masses. Brittle. Glassy to 
resinous lu stre. Colour usuall y 
green ish; sometimes brown, 
red, blue, or grey. 

Granular, columnar, and fibrous 
masses; prismatic crysta ls, 
stubby or bladed. Two cleava­
ges, meeting at angles of 56° 
and 124°. Colour, greyish green 
through green to black; also 
white or grey. 

Remarks 

Usually occurs as a second­
ary mineral. Often associa­
ted with amphibole, pyro­
xene, biotite, and serpen­
tine. Common as chlorite 
schists. Distinguished from 
micas by greenish colour and 
i nelastici ty of flakes. 

Secondary in origin. Indica­
tion of nickel-bearing min­
erals, from which it is 
formed. 

Secondary mineral. Com­
monly associated with oli­
vine, pyroxene, and amphi­
bole. Also forms la rge mas­
ses by alteration of basic 
rocks. Chrysotile usually 
occurs in veinlets in massive 
serpentine. 

Secondary mineral. Almost 
always associated with mala­
chite. Indication of primary 
copper-bearing minerals. 

Secondary mineral. Indica­
tion of primary copper­
bearing minerals. 

Occurs in sedimentary and 
igneous rocks; in pegmatites; 
and as a vein mineral, often 
associated with ores of lead, 
si lver, and zinc. 

Found in most types of rocks. 
Common in contact meta­
morphic limestones and in 
pegmatites. Also occurs as' 
extensive sed imentary de­
posits. Softer than beryl. 

Abundant rock-forming min­
erals. Tremolite and actinolite 
usually grey to green; com­
mon in metamorphic lime­
stones, schists, and gneisses. 
Hornblende usually dark 
green to black; common 
constituent of igneous rocks. 
Cleavage distinguishes am­
phibole from pyroxene. 

continued ... 
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Introductory Mineral Table (continued) 

B. Minerals with Non-metallic Lustre (continued) 

Name and Composition I Hardness I Characteristics 

2. Colour is blue, green or violet. - Cont'd 

Pyroxene Group 5-6 Granu lar and lamellar masses; 
Silicates of, prismatic crystals, square or 
chiefly, Ca, Mg, eight-sided. Two cleavages, 
and Fe. a lmost at right angles. Colour 

usually light to dark green to 
b lack; a lso white or grey. 

Kyanite 
AI,SiO s 

Epidote 
HCa2(AIFe)3Sia01a 

Olivine 
(MgFe) 2SiO, 

Spodumene 
LiAl(SiOa), 

Beryl 
BeaAl,(SiOa) • 

5- 7 

6- 7 

6·5-7 

6·5- 7 

7·5- 8 

Coarsely bladed or columnar 
masses; long-bladed crystals. 
Perfect cleavage. Glassy lustre. 
Colour usually bluish; a lso 
white, greyish, or greenish. 

Granular, fibrous, and compact 
masses; elongated prismatic 
crystals, deeply striated. Per­
fect cleavage. Glassy lustre. 
Colour, pistachio green to 
greenish black. Fuses easily. 

Usua ll y as disseminated grains 
or granu lar, sugar-li ke masses. 
Good cleavage. Glassy lustre. 
Colour usually olive-green; 
sometimes ye ll owish, greyish, 
or brownish. 

Cleavable and columnar masses; 
prismatic crystals, often verti­
cally striated. Perfect prismatic 
cleavage. Splintery fracture. 
Glassy to pearly lustre. Colour, 
greenish white or greyish white. 
Fuses easily, colouring flame 
purple-re<l . 

Usua ll y as prismatic crystals 
with hexagonal cross-section; 
occasionall y massive. Glassy 
lustre. Colour generally pale 
greenish; a lso bi u ish, greyish, 
or white. 

Remarks 

Very common rock-forming 
minerals. Diopside - light 
green; found in contact met­
amorphic limestones and 
dolomites. Augite - dark 
green to black; common in 
dark-coloured igneous rocks. 
Cleavage distinguishes py­
roxene from amphibole. 

Occurs mainly in schists and 
gneisses. Often associated 
with garnet. 

Metamorphic mineral. Com­
mon alteration product of 
feldspars. 

Occurs in basic igneous rocks 
such as peridoti te, diabase, 
and gabbro, where often 
associated with chromite, 
magnetite, and spine!; a lso 
found in metamorphosed 
limestones and dolomites. 

A source of li thium. Occurs 
in granite pegmatites, some­
times as very large crystals. 

Principal source of beryl­
lium. Commonly found in 
pegmatites. Some trans­
parent varieties valuable as 
gem stones; these include 
emerald (green), and aqua­
marine (bluish green). 

The following minerals may also occur in this group, but occur more commonly in other groups and 
are described elsewhere in the table: muscovite, brucite, halite, calcite, celestite, feldspar 
(var . amazonstone), garnet, quartz (var. amethyst), tourmaline, spinel, and corundum. 
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Introductory Mineral Table (continued) 

B. Minerals with Non-metallic Lustre (continued) 

Name and Composition I Hardness j ____ C_h_a_r_a_c_t_er_i_s_ti_c_s ___________ R_e_m_a_r_k_s __ _ 

3. Colour is pink, red, or reddish brown. 

Erythrite (cobalt 
bloom) 

Co3As20 s.8H 20 

Cinnabar 
HgS 

Monazite 
Phosphate of the 
cerium group of 
rare earths, chiefly, 
and thorium. 

Titanite 
CaTiSiO, 

Hematite 
Fe203 

Feldspar Group 
Silicates of 
Al,K,Na, and Ca. 

Garnet Group 
Complex silicates of, 
chiefly, Al, Ca, Mg, 
Fe, and Mn. 

1·5-2 · S Usually as stains or earthy 
crusts; sometimes botryoidaL 
Colour, peach-red to crimson 
red. Strea k, pale red. In closed 
tube yields water and turns 
bluish at low heat. 

2-2 · 5 Earthy coatings; crystalline 
crusts; and massive. Heavy. 
Colou r, bright red. Streak, 
scarlet. On being heated in 
open tube, it produces sulphu­
rous fumes and minute globules 
of mercury. 

5-5 · 5 Usuall y as wedge-shaped crys­
tals or rounded, embedded 
grains; also as rolled grains in 
placers. Good cleavage. Brittle. 
Radioactive. Resinous lustre. 
Colour commonly clove-brown, 
reddish or yellowish brown. 

5-5 · S Commonly as flattened , wedge­
shaped crystals; sometimes 
massive or dissemin a ted. 
Glassy lustre. Colou r generally 
reddish brown to black. 

S · 5-6 · S Compact, granula r, botryoidal, 
and earthy masses. Colour, 
reddish brown to steel-grey. 
Streak, red to reddish brown. 

6-6 · 5 Massive, usuall y cleavable or 
granu la r, sometimes lamellar 
or compact . Two cleavages at, 
or nearly at, right angles; also 
less perfect prismatic cleavage. 
Brittle. Glassy to pearly lustre. 
Variously coloured but gener­
ally reddish, greyish , or white. 
Amazonstone - green. 

6 · 5-7 · 5 Commonl y as dodecahedral 
crystals; a lso as granular or 
lamella r masses. Conchoidal 
fractu re. Glassy lustre. Trans­
pa rent to translucent. Colour 
commonly red, brown, or black. 

Secondary mineral. Indica­
tion of cobalt-bearing min­
erals, from which it is 
formed. 

Principal source of mercury. 
Resembles some varieties of 
hematite, but distinguished 
by heating test. 

A source of ra re earths and 
thorium oxide. Occurs ch iefly 
in pegmatites and placer 
deposits. 

Common accessory consti­
tuent of igneous a nd meta­
morphic rocks. Frequently 
found in metamorphic lime­
stones. 

Most important ore of iron. 
Strea k is quite distinctive. 
Specularite has a micaceous 
structure with a splendent 
lustre. 

Abundant rock-forming min­
erals. Especially common in 
granites, syenites, gneisses, 
and pegmatites; also as 
crystals in porphyries and 
as a constituent of sands. 
Microcline - commonly red­
dish; widespread; used in 
ceramic industry. Plagioclase 
group - usually show fine 
striations on cleavage sur­
faces; also play of colours. 

Widely distributed minerals. 
Common as isolated crystals 
in sch ists. Also occurs as an 
accessory constituent in gra­
nitic and contact meta mor­
phic rocks. Used as a n 
abrasive. 

The following minerals may also occur in this group, but ocrnr more commonly in· other groups and 
are described elsewhere in the table: gypsum, halite, calcite, dolomite, phlogopite, ce­
lestite, apatite, quartz (var. rose), zircon, spinel, and corundum. 
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Introductory Mineral Table (continued) 

B. Minerals with Non-metallic Lustre (continued) 

Name and Composition I Hardness I Characteristics 

4. Colour is yellow, yellowish brown, or brown. 

Ferrimolybdite 1·5 Usually as stains or earthy 
(molybdenum stain) crusts. Colour, canary yellow. 
Fe2(Mo0 4).8H20 Streak, pale yellow. 

Uranium stain 
Hydrous silico­
uranates 
of Ca, Pb, etc. 

Limonite 
2Fe20a.3H20 

Phlogopite 
(amber mica) 
Silicate of Al, K 
and Mg. 

Siderite 
FeCO, 

Sphalerite 
ZnS 

Scheelite 
Ca WO, 

Thorite 
ThSiO. 

Monazite 
Phosphate of the 
cerium group of 
rare earths, chiefly, 
and thorium. 

to 3 

to 5 ·5 

2·5- 3 

3·5-4 

3·5-4 

4·5-5 

4·5-5 

5-5 · 5 

Commonly as stains or dense 
coatings. Radioactive. Fluo­
resces. Lustre greasy to dull. 
Colour usually yellow to orange. 

Massive, usually in botryoidal 
and stalactitic forms with fibrous 
structure; sometimes earthy. 
Colour, yellowish to dark 
brown. Streak, yellowish 
brown. 

Commonly in disseminated 
flakes ; also as crystals, usually 
hexagonal in outline. Perfect 
basal cleavage. Thin flakes 
flexible and elastic. Colour, 
pale amber to brownish-red . 

Cleavable, compact, and botry­
oidal masses. Perfect rhombo­
hedral cleavage. Colour, brown­
ish or greyish, dark brownish 
on weathered surface. Effer­
vesces in hot hydrochloric acid. 

Massive. Perfect dodecahedral 
cleavage. Brilliant to resinous 
lustre. Colour, yellow, brown, 
or black. Streak, brownish to 
light yellow and white. 

Massive. Quite heavy. Fluo­
resces. Brilliant lustre. Trans­
parent to translucent. Colour 
usually yellowish, brownish, or 
white. 

Usually as small crystals, resem­
bling zircon in form; also as 
rounded grains. Radioactive. 
Resinous lustre. Colour, yellow­
ish, orange, brown or black. 

Usually as wedge-shaped crys­
tals or rounded , embedded 
grains; also as rolled grains in 
placers. Good cleavage. Brittle. 
Radioactive. Resinous lustre. 
Colour commonly clove-brown, 
reddish or yellowish brown. 

Remarks 

Secondary mineral, formed 
by the alteration of molyb­
denite. Frequently associa­
ted with limonite. May be 
confused with uranium stain 
(which follows). 

Uranium stain is a general 
term used to describe the 
brightly coloured secondary 
uranium minerals occurring 
at or near uranium deposits. 

Secondary mineral. Com­
mon as rust-like stains on 
weathered rocks. Distin­
~uished from hematite by 
its streak. Bog iron ore 
occurs in marshy places; 
porous texture. 

Found mainly in crystalline 
limestones and dolomites, 
and in schists. This associa­
tion serves to distinguish it 
from muscovite. May be 
split easily into thin, trans­
parent flakes. 

Occurs in sedimentary and 
replacement-type deposits, 
and in metallic veins. Heavier 
than calcite or dolomite. 

Most important source of 
zinc. Usually closely asso­
ciated with galena. 

A source of tungsten. Occurs 
in pegmatites and ore veins 
associated with granitic 
rocks; also in contact meta­
morphic deposits. 

Commonly found in pegma­
tites and associated rocks. 

A source of rare earths and 
thorium oxide. Occurs chiefly 
in pegmatites and placer 
deposits. 

continued . .. 
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Introductory Mineral Table (continued) 

B. Minerals with Non-metallic Lustre (continued) 

Name and Composition 1~ardness J___ Characteristics ___ J _____ R_e_m_a_r_k_s ___ _ 

4. Colour is yellow, yellowish brown, or brown. - Cont'd 

Pyrochlore-microlite 5-5 · 5 Commonly in rounded grains 
Group, and octahedral crystals. Radio-

Niobates and active. Glassy, resinous, or 
tantalates of Ca, waxy lustre. Colour, yellow to 
Na,U,Th, and brown to black. Streak, yellow-
rare earths. ish brown. 

Titanite 5-5 · 5 Commonly as flattened . wedge-
CaTiSiO, s ha ped crystals; sometimes 

massive or disseminated. 
Glassy lustre. Colour generally 
brown to black. 

Zircon 
ZrSiO, 

7-5 Usuall y as small, square, elon­
gated crystals with pyramidal 
ends. Brilliant lustre. Colour, 
yellowish, greyish, or brownish; 
sometimes colourless. 

Found in pegmatites and in 
contact metamorphic de-
posits. 

Common accessorv consti­
tuent of igneous and meta­
morphic rocks. Frequently 
found in metamorphic lime­
stones. 

Common accessory consti­
tuent of igneous rocks, 
especially granites. Also in 
pegmatites and sands. Cyr­
tolite contains rare earths. 

The following minerals may also occur in this group, but ocettr more commonly in other groups and 
are described elsewhere in the table: talc, gypsum, kaolin, halite, serpentine, calcite, 
barite, fluorite, apatite, uranothori te, allanite, olivine, spine!, and corundum. 

5. Colour is greenish black, brownish black, or black. 

Biotite (black mica) 2 · 5-3 Flakes and scaly masses. Per-
Silicate of Al, K, feet basal cleavage. Thin flakes 
Mg, and Fe. flexible and elastic. Splendent 

lustre. Colour genera lly black. 

Sphalcrite 
ZnS 

Thorite 
ThSiO, 

U ranothori te 
H ydrous silicate of 
Th, chiefly, and U. 

P yrochlore- microlite 

37-1-

Group, 
Niobates and 
tantalates of Ca, 
Na, U,Th, and 
rare earths. 

3·5-4 

4·5-5 

4·5-5 

5-5·5 

Massive. Perfect dodecahedral 
cleavage. Brilliant to resinous 
lustre. Colour, black, brown, or 
yellow. Streak, brownish tu 
light yellow and white. 

Usually as small crysta ls, 
resembling zircon in form; a lso 
as rounded grains. Radioactive. 
Colour, black, brown, orange, 
or yellowish. 

E longated, square, prismatic 
crysta ls, sometimes very 
slender; also as rounded masses 
and grains. Radioactive. 
Pitchy lustre. Colour, gener­
ally black ; also reddish or 
yellowish . 

Commonly in rounded grains 
and octahedral crystals. Radio­
active. Glassy, resinous, or waxy 
lustre. Colour, black, brown or 
yellow. Streak yellowish brown. 

Very common rock-forming 
mineral. Found in igneous 
and metamorphic rocks, such 
as granite, syenite, diorite, 
a nd gneisses, and in pegma­
tites. May be split easily 
into thin black flakes. 

Most important ore of zinc. 
Usually closely associated 
with galena. 

Commonly found in pegma­
ti tes and associated rocks. 

Commonly found in peg­
matites and related rocks. 

Found in pegmatites and in 
contact metamorphic depos­
its. 

continued ... 
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Introductory Mineral Table (continued) 

B. Minerals with Non-metallic Lustre (continued) 

Name and Composition I Hardness I Characteristics Remar_k_s ___ _ 

5. Colour is greenish black, brownish black, or black. - Cont'd 

Titanite 5-5 · 5 Commonly as flattened, wedge- Common accessory consti-
CaTiSi05 shaped crystals; sometimes tuent of igneous and meta­

massive and disseminated. morphic rocks. Frequently 
Glassy lustre. Colour generally found in metamorphic lime-

Amphibole Group 
Silicates of, 
chiefly, Ca, Mg, 
and Fe. 

Pyroxene Group 
Silicates of, 
chiefly, Ca, Mg, 
and Fe. 

Allanite 
Silicate of, 
chiefly, rare earths 
Ca, Fe, and Al. 

Epidote 
HCa2(AIFe)aSia01a 

Garnet Group 
Complex silicate 
of, chiefly, Al, Ca, 
Mg, Fe, and Mn. 

Quartz 
variety smoky 
Si02 

Tourmaline 
Complex si licate of 
B and Al with 

lg, Fe, etc. 

Spine! 
MgA1 20 4 

reddish brown to black. stones. 

5-6 Granular, columnar, and fibrous 
masses; prismatic crystals, 
stubby or bladed. Two clea­
vages, meeting at angles of 56° 
and 124°. Colour commonly 
greenish to black. 

5-6 Granu lar and lamellar masses; 
prismatic crystals, square or 
eight-sided. Two cleavages, 
a lmost at rivht angles. Colour 
commonly greenish to black. 

5·5- 6 Massive and as embedded 
grains; platy crystals. Brittle. 
Radioactive. Pitchy to glassy 
lustre . Colour, black, but a lters 
readily to brown . Fuses easily 
to a black magnetic glass . 

6-7 Granular, fibrous, and compact 
masses; e longated prismatic 
crystals, deeply striated. Per­
fect cleavage. Glassy lu stre. 
Colour, pistachio green to 
greenish black. Fuses easily. 

6·5- 7·5 Common ly as dodecahedral 
crystals; a lso as granular or 
lamellar masses. Conchoidal 
fracture. Glassy lustre. Trans­
parent to translucent. Colour 
commonly brown, red, or black. 

7 Usually massive. Conchoidal 
fracture. Glassy lustre. Trans­
parent to opaque. Colour, 
smoky-brown to brownish 
black. 

7- 7 · 5 Common ly as prismatic crys­
tals, vertically striated, with 
triangu lar cross-section; also 
massive. Brittle. Colour usually 
black, someti mes red, blue, or 
green. Some varieties fuse 
easily. 

8 Octahedral crystals, often twin­
ned; a lso as granu la r masses 
and as embedded grains. Brittle. 
Transparent to opaque. Glassy 
lu stre. Colour, black, green, 
brown, or red. 

Abundant rock-forming min­
erals. Hornblende - usually 
dark green to black; com­
mon consti tu en t of igneous 
rocks. Cleavage distin­
guishes amphibo le from 
pyroxene. 

Very common rock-forming 
minerals. Augite- dark green 
to black; common in dark­
co loured igneous rocks. 
Cleavage distinguishes py­
roxene from amphibole. 

Found in granitic rocks and 
pegmatites; a lso in meta­
morphic rocks. Sometimes 
associated with magnetite. 
Radioactivity is caused 
chiefl y by thorium. 

Metamorphic mineral. Com­
mon a lteration product of 
fe ldspars. 

Widely distributed minerals. 
Common as isolated crystals 
in schists. Also occur as 
accessory constituents in 
granitic and contact meta­
morphic rocks. Used as an 
abrasive. 
Common in granites and 
pegmatitcs. 

Common in pegmatites; a lso 
in granites and gneisses. 
Some varieties used as gem 
stones. 

Found mainly as an acces­
sory constituent of basic 
igneous rocks, and as a meta­
morphic mineral in schists 
and crystalline limestones. 

The following minerals may also occur in this group, but occur more commonly in other groups and 
are described elsewhere in the table: chlorite, serpentine, and corundum. 
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APPENDIX IV 

FIELD CLASSIFICATIONS OF COMMON ROCKS 

1. I~neous Rocks' 

~~ 

'O g.g. More than 10% Feldspar 

<="O"O 

:E~~ Composition of Plagloclase Less than 
8...c: c; 
00- 10% Feldspar 
ct~.B Al bite I Oligoclase 

I Andesine I Labradorite, etc. if.£ Ano-An10 An10-An30 An30-Anso An50- An1 00 

More 
GRAN IT E than 

% RHYOLITE 
---

31-% I 
QUARTZ MONZON ITE 

QUARTZ LAT/TE 

Less ALBITE GRANITE I GRANODIORITE I QUARTZ DIORITE I QUARTZ GABBRO than 

31 RHYOLITE QUARTZ LAT/TE DACITE QUARTZ BASALT 

More SYENITE 
than 

% TRACHYTE 

---

\ 

PERKNITE 
M ONZON IT E 

31-% PERIDOTITE 
LA7'ITE (More than) 

--- 53 Olivine 
Less ALBITE SYEN ITE I SYENODIORITE 

I 
DIORITE 

I 
GABBRO 

than 

%' TRACHYTE LAT/TE ANDES/TE BASALT 

COMMON CONTENT OF DARK MINERALS 

0 - 10 10 - 40 40 - 10 I 10 - 100 

GENERAL TERMS FOR FINE-GRAINED ROCKS 

FELS I TE (ltoht coloured on fresh surface) TRAP (dark coloured on fresh surface) 

1 Table from I. C. Brown and other officers of the Geological Survey of Canada. 
s Rocks consisting almost entirely of a single mineral. 

MonomineraliCI 

Commonly less 
than 10% 
extraneous 
minerals 

PYROXENITE 

HORNBLENDITE 

DUN I TE 

ANORTHOSITE 

Note: Names of coarser-grained (Plutonic) rocks are in heavi er type, and those of fin er-grained rocks (dyke and 
volcanic rocks) are in lighter type (slanting). 

376 



Origin 

Mechanical 

Chemical 

Organic 

Appendixes 

2. Sedimentary Rocks* 

Unconsolidated Consolidated 

Gravel 

Sand 

Clay 

Loess 

Till 

Conglomerates 

Sand, tone 

Shale 

Salt; gypsum 

Chert, some lime­
stones and dolo­
mites 

Bog iron 

Gravels consist of fragments of rocks and minerals 
of various kinds and sizes . They are more or less 
rounded. A conglomerate consists of such an 
assemblage cemented by deposition of minerals 
between fragments. Breccia has no rounded 
pebbles but angular fragments. 

Sands are incoherent masses made up of more or 
less well rounded grains of minerals or rocks. The 
grains are usually only a few mi ll imetres in diam­
eter. Ordinaril y quartz is the most abundant 
mineral but the term sand has reference to the 
grain size, not to the kind of gr,1in. A sandstone is 
a sand cemented by deposition of minerals around 
the grains. The cementing mineral may be quartz, 
calcite, iron oxide, or even bituminous material. 

Clay is made up of tiny flakes of kaolin and similar 
minerals. When it becomes consolidated the rock 
i~ a shale. 

Consists of wind-blown dust. 

Unsorted glacial material. 

Formed by evaporation of water of salt lakes. 

Formed by loss of carbon di.oxide (CO,) from 
solutions containing the bicarbonate. Chert is 
probably formed by coagulation of colloidal silica. 

Formed by coagu lation of colloidal solu tions of 
iron. Iron secreting bacteria may be instrumental. 

Most limestones Formed or composed of shells, or fragments of 
shells, chalk, marl, etc 

*Tables from Mining Text booklet No. l, Canadian Legion Educational Services. 

377 
23-828 - 25 



Prospecting in Canada 

3. Metamorphic Rocks* 

A. From Sediments 

Original rocks Affected by 

Quartz sands and heat or pressure 
sandstones a nd solutions; 

differentia l 
pressures 

Impure sands a nd heat or pressure 
sandstones and solutions; 

differential stress 

Mud a nd sha le hea t or pressure 
a nd solutions; 
di ffe rent ia l stress 

Limestone all agents 

B. From Igneous Rocks 

Granite, syenite, 
diorite, gabbro 

Rhyolite and 
trach yte 

Andesi te and 
basalt 

differentia l stress 

differentia l s tress 

uniform pressure 
a nd solutions; 
differential stress 

Ph ysical character 

cemented 

schistose 

cemented 

schistose or 
gneissic 

dense appearance 
and fine gra ined 

recrystallized 

foliated 

folia ted 

massive 

schistose 

Metamorphic rock 

quartzite 

quartz schist 

a rkose 

paragneiss 

staurolite, chloritoid, 
a nd a nda lusite rocks; 
slate, phylli te, and 
chlori te schist 

crystalline limestone 

orthogneiss 

quartz-sericite schists, 
and sericite schists 

greens tone 

chlorite schist, talc schist, 
actinolite schist, 
hornblende schist 

*Tables from Mining Textbooklet No. 1, Canadian Legion Educational Services. 
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APPENDIX V 

ADDRESSES 

Provincial Departments of Mines. 

British Columbia: Department of Mines, Victoria, B.C. 

Alberta: Department of Lands and Mines, Edmonton, Alta. 

Saskatchewan: Department of Mineral Resources, Regina, Sask. 

Manitoba: Mines Branch, Department of Mines and Natural Resources, 
Winnipeg, Man. 

Ontario: Department of Mines, Toronto, Ont. 

Quebec: Department of Mines, Quebec, Que. 

New Brunswick: Department of Lands and Mines, Fredericton, N.B. 

Nova Scotia: Department of Mines, Halifax, N.S. 

Prince Edward Island: Deputy Provincial Secretary, Provincial Government 
Offices, Charlottetown, P. E. I. 

Newfoundland: Department of Mines and Resources, St. John's, Nfld. 

Northwest Territories and Yukon. 

Lands Division, Northern Administration and Lands Branch, Department 
of Northern Affairs and National Resources, 238 Sparks Street, Ottawa. 

Department of Mines and Technical Surveys. 

Topographic maps: The Director, Surveys and Mapping Branch, Depart­
ment of Mines and Technical Surveys, Ottawa. 

Air Photographs: The Director, Surveys and Mapping Branch, Department 
of Mines and Technical Surveys, Ottawa: attention: National Air Photo 
Library. 

Treatment tests: The Director, Mines Branch, Department of Mines and 
Technical Surveys, 568 Booth Street, Ottawa. 

Geological publications, radiometric tests, etc.: The Director, Geological 
Survey of Canada, Department of Mines and Technical Surveys, Ottawa. 

Branch Offices, Geological Survey of Canada: 

739 West Hastings Street, Vancouver l, B.C. 
406 Customs Building, Calgary, Alta. 
Whitehorse, Y.T. 
Yellowknife, N.W.T. 

Atomic Energy Control Board. 

The Secretary, Atomic Energy Control Board, P.O. Box 1046, Ottawa, Ont. 
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Entry to Canada. 

Immigration Branch, Department of Citizenship and Immigration, 
Ottawa, Ont. 

Cust01ns. 

Customs and Excise Division, Department of National Revenue, 
Ottawa, Ont. 

Travel. 

Canadian Government Travel Bureau, Department of Northern Affairs and 
Nationa l Resources, Ottawa, Ont. 

Addresses of Several Periodicals Cited in References 
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Bulletin, Canadian Institute of Mining and Metallurgy: 
911 Drummond Building, Montreal, Que. 

Canadian 11fining Jburnal: Garclenvale, Que. 

Economic Geology: Econom ic Geology Publishing Co., Urbana, Illinois . . 

Engineering and Mining Journal: 330 West 42nd Street, Tew York 36, N.Y . 
• 

Geophysics: 1138 East 37th Street, P.O. Box 7248, Tulsa 18, Oklahoma. 

Mining Engineering: 29 West 39th Street, New York 18, N.Y. 

Northern Miner: 122 Richmond Street, Toronto, Ont. 

Precambrian: 365 Bannatyne Avenue, Winnipeg 2, Man. 

Western Miner: 505 Metropoli tan Building, Vancouver 1, B.C. 
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APPE DIX VI 

TRACING FLOAT IN GLACIAL DRIFT 

The methods a nd problems of tracing ' float' in glacia l drift, a lthough of 
importance in Canada, are in many respects distinct from other kinds of pros­
pecting, therefore the subject is includ ed as an appendix. The brief discussion 
that follows is intended to acquaint general prospectors with principles that they 
may be able to use if the need arises, and to remind geologists and those who 
sponsor prospecting enterprises of the possibilities for specialized work in this 
phase of prospecting. The subject is only touched upon here because it is largely 
a specialized field. 

For generations, prospectors skilled in the search for minerals have followed 
the practice of tracing float found in slides and talus slopes, in the beds of streams, 
as fragments brought to the surface by frost action or soil creep from a n under­
lying deposit, or lodged in the roots of an overturned tree. Float that has been 
transported longer distances by glaciers and has been incorporated later in glacial 
gravels or other forms of glacial drift poses more complicated problems. Some 
of these can be solved fairly readi ly by prospectors who have patience a nd keen 
observation, and some req uire a specia l knowledge of glacial geology to solve; 
others cannot be solved because the float is too widely dispersed. Several mineral 
deposits have been found in Canada as a result of tracing glacial float, including 
a deposit of iron ore in Lake Superior region , of fluorite near Madoc, Ont., 
of corundum near Bancroft, Ont., a nd gold-bearing quartz veins in Nova 
Scotia. This kind of prospecting is practised extensively in Finland and Sweden 
where conditions are comparable to those of the Canadian Shield and where 
refined techniques have resulted in the discovery of several important deposits. 
Tracing of float may lead directly to an outcropping deposit, but more frequently 
it-would be expected to indicate only a general area in which detailed geological, 
geophysical, or geochemica l work might be successful in guiding diamond drilling. 

The manner in which vast glaciers and sheets of ice accumulated, advanced, 
and melted away over most parts of Canada, several times during the Pleistocene 
Period or "Ice Age", is outlined in Chapter II. Fragments of rock of various 
sizes, including occasional pieces of float from mineral deposits, were frozen into 
those glaciers and ice sheets, carried forward with the advancing ice, a nd finally 
deposited in moraines and other forms of drift when the ice melted. Most of the 
stones and boulders in glacial drift are of fairly local origin, and, particularly, 
many ore minerals are too soft or soluble to withstand travelling great distances. 
In:Canada, float containing ore minerals, found within or near the boundaries of 
the Canadian Shield or other geologica l provinces favourable for the occurrence 
of mineral deposits , may repay attempts at tracing, particularly if the float is 
fairly abundant. On the other hand it would probably be difficult or impossible 
to trace boulders of Precambrian rock containing ore minerals, found on the 
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Plains far from the Canadian Shield. 'Stone counts' of the kinds of rocks and 
minerals found within sample areas of drift may indicate whether it is feasible 
to try to trace float containing a particular mineral or favourable rock. 

The chances of tracing float to its origin are probably best in the higher 
parts of the Cordilleran region, where most glaciers moved down valleys. Some 
float may have been transported beyond its source valley by ice that overrode 
the valleys, but this is probably not so in most cases. In most other parts of 
Canada the movement of ice was less restricted and the tracing of float may be 
more difficult, particularly as it may have been moved in one direction by one 
stage of glaciation and in a different direction by a later stage. 

Float may be widely scattered and offer little chance of being traced; it may 
be strung out in a fairly straight line to form a 'boulder train' that can be traced 
back to the vicinity of its origin; or it may occur as a 'fan' having its apex at 
the place of origin. Fans may be traced by plotting occurrences of float on a 
map and drawing lines through the outermost occurrences, whereupon the lines 
should intersect near the place of origin. 

Evidence regarding the direction of ice movement in a particular locality 
can be had from published maps, particularly the Glacial Map of North America, 
listed below, or by observing in the field such phenomena as striations, flutings, 
and drumlins and other streamlined topographical features. Striations are 
scratches on outcrops caused by small sharp rock fragments frozen in the ice; 
flutings are larger parallel troughs gouged in the surface of outcrops; and drumlins 
are oval-shaped hills of glacial drift that are oriented in the direction of ice move­
ment and that may be observed on air photographs. Striations, flutings, and 
drumlins usually indicate only one of two possible directions of ice movement 
and it would be djfficult for most prospectors who are not well versed in the 
subject to determine which of the two it actually was. In most instances they 
would ha~e to test both directions or obtain information from a published map. 
Those who make a special study can obtain evidence from such phenomena as 
stoss-and-lee, crag-and-tail, nail-head striations, friction cracks or crescentic 
gouges, end moraines, washboard moraines, and till-fabric analysis. Descriptions 
of these features are found in some of the publications listed below and in other 
works on glacia l geology. 

Suggestions for Additional Reading 

Flint, R. F.: Glacial Geology and the Pleistocene Epoch; Wiley, 194 7, (particularly pages 102-132). 

Grip, E.: Tracing of Glacial .Boulders as an Aid to Ore Prospecting in Sweden; Econ. Geol. vol. 48, 
No. 8, 1953, pp. 715-725. 

Krumbein, W. C.: Preferred Orientation of Pebbles in Sedimentary Deposits; J. Gcol. vol. 47, 
pp. 673-699, 1939. 

Hyyppa, E.: Tracing the Source of the Pyrite Stones from Vihanti on the Basis of Glacial Geology; 
Bull. Comm. Geol. Finlande, No. 142, vol. 21, pp. 97-122, 1948. (In English.) 

Dreimanis, A.: Studies of Friction Cracks Along the Shores of Cirrus Lake and Kosakokwoy Lake, 
Ontario; Am. J. Sci., vol. 251, pp. 769-783, 1953. 

Sauramo, M.: Tracing of Glacial Boulders and its Application in Prospecting; Bull. Comm. Geol. 
Finlande, No. 67, 1924. (In English.) 

Glacial Map of North America; Geol. Soc. Amer., Special Paper 60, 1945. Price $2. 
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PHOTO CREDITS 

Plate Source Negative Number Plate Source Negative Number 

I A. H. Lang .......... XXXV A E. J . Irish ......... .. 
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