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INTRODUCTION

Uranium was discovered by Martin Klaproth in 1789, and the element was isolated 
in its metallic form for the first time by Eugene Peligot in 1847, The hitherto unsus 
pected property characteristic of all uranium-bear ing minerals and now known as 
^radioactivity" was discovered accidently by Prof. Becquerel in Paris in 1896.

Becquerel, who was experimenting with fluorescent minerals, happened to place a 
piece of uranium-bearing mineral on a wrapped photographic plate in one of the drawers 
of his desk. Some time later he used the photographic plate and on developing it was 
astonished to find an image of the mineral specimen. Only an invisible penetrating 
radiation could explain this phenomenon, and Prof. Becquerel gave the problem of its 
investigation to one of his pupils, Marie Curie. Madame Curie and her husband Pierce 
found one other element, in addition to uranium, that was radioactive. This element 
was thorium, and the Curies were soon able to show that the capacity to fog a photo 
graphic plate in the dark was proportional to the uranium or thorium content of the 
mineral, depending on which it contained.

There was one exception. This was the black mineral pitchblende, which, 
though it contained uranium, showed a radioactivity much more powerful than could 
be accounted for by its uranium content. The Curies suspected another much more 
powerful radioactive element closely associated with uranium, occurring as a very 
trifling percentage of the whole in the mineral pitchblende. After several years of 
painstaking work, the Curies succeeded in isolating a very minute quantity of this 
element, to which they gave the name "radium." The proportion of radium to 
uranium in pitchblende is one-third of one part per million.

The therapeutic value of radium was soon recognized by the medical profes 
sion, and for many years uranium-bearing minerals were mined for their radium con 
tent. The extensive carnotite deposits in Colorado and Utah were exploited for a 
number of years, yielding uranium (for the radium content) and vanadium. The very 
rich deposits of pitchblende in the Belgian Congo were first discovered in 1913 and 
proved to be so rich that it was no longer possible for the carnotite deposits in the 
United States to compete on a commercial basis. The pitchblende deposits of Great 
Bear lake in Canada were discovered in 1930, and these in turn proved more economi 
cal to mine than those of the Belgian Congo. In the process of extracting radium from 
these uranium ores, the tailings that contained uranium were often sold as by-products, 
if they could be sold at all, or were dumped outside the refineries.

Most persons by this time know that the element-uranium has played the chief 
role in the development of the atomic bomb, and the public has been made amply aware, 
through the press and radio, of the enormous significance that the discovery of means 
for releasing nuclear or atomic energy must inevitably have in the general world 
economy. It follows, therefore, that the provision of greatly increased supplies of 
uranium has become a matter of paramount importance. Every nation on earth, large 
and small alike, is now engaged in a feverish search for uranium resources. Political 
ly, the nation that has large reserves of uranium ore assumes a stature far out of pro 
portion to mere size, or population, or wealth.

The element uranium, being a metal, occurs in minerals and ores in the same 
way as copper, iron, lead, zinc, or any of the other metals commonly used in industry, 
and the same fundamental principles that have been successfully applied in prospecting 
for these other metals are equally applicable to the search for uranium ores. It is 
therefore natural that the broad facts relating to the character, mode of occurrence, and 
means of distinguishing uranium minerals should be of especial interest to minerjs and 
prospectors.

URANIUM AND THORIUM MINERALS

It is not generally realized that uranium is not a rare element, being more a 
abundant in the earth's crust than silver, antimony, and mercury combined. *1||8 con*fe 
tent of uranium in the earth's crust is 4 parts per million and of thorium is 11.^parts 
per million. It must be pointed out, however, that relative abundance is not necessarily
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indicative of availability. Unlike many elements uranium is not widely found in rich 
bodies, and it may be intimately associated with other chemical relatives in igneous 
rocks.

All rocks contain perceptible amounts of radioactive elements, i.e. measurable 
quantities of uranium and thorium minerals. The more acidic, light-coloured igneous 
rocks, such as the granites and the rhyolite s, contain from 10 to 20 grams of radio 
active elements per ton, of which about 25 per cent is uranium and the remainder 
thorium. The more basic and darker igneous rocks, such as basalt, have only from 
3 to 8 grams of radioactive elements per ton.

Uranium-bearing minerals are distributed throughout the world with practical 
ly every country having one or more known occurrences. In most cases these deposits 
are only of minor importance compared with those that have been mined on a commer 
cial basis for radium and uranium. It was estimated in 1941 that about 75 per cent 
of the known reserves of uranium was in the hands of the United Nations, These re 
serves include the well-known deposits of Canada, the Belgian Congo, and the United 
States.

There are many low-grade deposits of uranium minerals that have received 
little attention. Under conditions of mining uranium ores solely for the radium con 
tent, low-grade deposits obviously could not enter into the picture. With the develop 
ment of the atomic bomb and the possibility of using nuclear energy for power purposes, 
it is very likely that all low-grade deposits of an extensive nature will be carefully 
investigated and subsequently utilized.

The number of known minerals that contain uranium in some measure is quite 
large, but most of these are rare and the content of the element is so low and so 
variable that these minerals are of little practical importance as a source of uranium. 
The bulk of the world supply of uranium up to the present has been obtained from 
deposits of the following minerals: -

Pitchblende (crystal variety uraninite) - Primary mineral.
Carnotite - Tyuyamunite! _ Secondarv mineralsAutunite - Torbernite J becpnoary minerals.
Pitchblende, which is a natural uranium oxide, is the richest and commercially 

the most important ore of uranium. It is the only primary uranium mineral that occurs 
in the form of definite veins or lodes. It may be the dominant mineral or it may 
occur as an accessory in veins of other metallic ores, notably those of silver, cobalt, 
and nickel. Pitchblende is generally deposited from hydrothermal solutions in the 
form of veins or stringer systems occupying faults, shear zones,, or fractures, but some 
disseminated pitchblende may occur in the wall rocks. In this form concentrations 
of pitchblende are comparable in many respects to common types of gold and base- 
metal deposits, and the same considerations of geological structure that guide pros 
pecting for these deposits will aid materially in the search for pitchblende.

In his paper on "Prospecting for Uranium in Canada," Dr. A. H. Lang, of the 
Geological Survey of Canada, stresses the fact that as the minerals with which pitch 
blende is associated in Canadian hydrothermal deposits vary greatly in kind from one 
property to another, no definite rules for mineral associations can be made. At 
several properties, pitchblende is associated with some of the following minerals: 
native silver, complex cobalt or cobalt-nickel minerals, chalcopyrite, pyrite, hema 
tite, quartz, and various carbonate minerals. The extent to which these associations 
are accidental and the extent to which they are reliable guides to prospecting are not 
well known at present.

Pitchblende is characterized by black colour, metallic appearance, greasy or 
pitchy lustre, dense massive texture, and exceptional weight. It sometimes occurs 
in botryoidal or kidney-like masses or crusts, which under a lens are seen to have a 
radiated texture. In this last form, pitchblende somewhat resembles hematite, with 
which it is often closely associated, but it may readily be distinguished from hematite 
by the black or greenish-black colour of its streak or powder, in contrast tp the strong 
red colour for hematite.

Pitchblende deposits have been found in so many different types of rocks that 
no general rules for favourable host rocks can be given. The problem is peculiar to 
individual districts, and even in these, geological structure is commonly more im 
portant than rock types.
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Almost all the other primary uranium minerals, including "uraninite," a 
crystal variety of pitchblende, are confined in their occurrence to granitic rocks, 
more especially to pegmatite, which is a dike-forming type of granite in which the 
chief component minerals occur in large crystals or masses. The variety of 
uranium minerals found in such association is large, and for the most part these 
minerals are of complex composition. They are mostly black or dark brownish- 
red in colour, conspicuously heavy, and often of a submetallic appearance, and 
they sometimes occur in well-developed crystals. As a rule, such minerals occur 
rather sparsely disseminated in the host rock, though occasionally they form small 
nests or pockets, or are concentrated in zones containing large aggregates of black 
mica. Such deposits occur in widely separated parts of Canada, but particularly in 
the southern part of the Canadian shield. None of these has yet been proved to be 
a commercial source of uranium. The occurrence, also, of a black, coal-like hydro 
carbon mineral (thucholite or anthraxolite) which will burn, in a pegmatite is sug 
gestive of the presence of uranium, and this material itself often contains a con 
siderable amount of the element.

Primary uranium minerals are rather prone to alteration and breakdown 
under weathering agencies, and for this reason they are seldom likely to be found 
with their fresh outward characteristics preserved in surface outcrops. Pitchblende, 
as well as its crystal variety uraninite, may weather to a greenish cast, but both are 
more likely to exhibit characteristic and vividly coloured yellow and orange second 
ary products.

Secondary uranium minerals are those formed by the alteration of primary 
species by weathering or other natural agencies. They may be found replacing 
the original minerals in situ, but more commonly have been precipitated out of 
solutions derived from such minerals. The dissolved uranium salts may have 
been carried considerable distances by circulating or surface waters with the for 
mation of rich concentrations in certain favourable areas, such as the deposits of 
"carnotite" in Colorado and Utah.

Deposition from solution may have also occurred adjacent to the primary 
source, on cracks and joints in the enclosing rock. The "torbernite-autunite" 
deposits of South Australia and Portugal are examples of this type of deposition. 
These two species, the so-called "'uranium micas, are the only secondary uranium 
minerals that commonly occur in crystal form. They occur in small, brittle, 
cleavable plates, which for torbernite are of an emerald-green colour and for 
autunite are bright lemon-yellow.

Carnotite (potassium uranyl vanadate) is by far the most important uranium- 
bearing mineral found in the United States. It most frequently occurs as a yellow 
crystalline or amorphous powder in loosely cohering masses. In the Colorado and 
Utah deposits the carnotite occurs chiefly in sandstone, concentrated along cracks 
or bedding-planes or in pockets, and less commonly as an impregnation. Tyuy 
amunite is a variety of carnotite found in Russia in which calcium takes the place 
of potassium.

There are a large number of other species of secondary minerals in which 
the salts of uranium and various other metals are combined. These minerals for 
the most part occur as either powdery coatings or soft massive material. Intense 
and vivid colours, in shades of bright yellow, orange, and green, are the chief 
distinguishing features of such minerals and serve at once to attract attention to 
them.

A tropical climate is necessary for the formation of important deposits of 
secondary uranium minerals, and it is unlikely that occurrences of this nature will 
be found in Canada, where recent glaciation has removed much of the original sur 
face. Such minerals, however, are very important in that they may serve, even in 
small traces, as indicators of the possible nearby presence of primary ore.

Thorium is an element that has somewhat similar properties to uranium, and 
it is not uncommon for certain primary uranium minerals, more especially those 
found in pegmatites, to contain moderate amounts of thorium, but on the whole, 
straight thorium minerals that might be regarded as commercial sources of the 
element are much less common than uranium minerals, although thorium in the 
earth's crust is almost three times as abundant as uranium.
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Up to the present practically the entire world supply of thorium has been ob 
tained from the single mineral "monazite," which contains up to 18 per cent thorium. 
It is a non-metallic mineral, yellow to reddish brown in colour, conspicously heavy, 
and of crystalline character. It occurs as tabular crystals in pegmatite dikes and as 
small grains in rocks intruded by granite and pegmatite, but most of the commercial 
supply is obtained from rich concentrations formed by wave action in beach sands 
along the coasts of India, Brazil, and Australia. It is doubtful if occurrences of 
monazite in rock would be currently of economic interest. Any concentration of 
thorium-bear ing minerals, however, should be recorded, since it is quite possible 
that a means may be found for utilizing thorium as a source of atomic power.

The richest thorium mineral known is "thorianite" (3^-93 per cent thorium), 
a heavy, black metallic mineral, which occurs in small cubic crystals in pegmatites. 
It is known in commercial amounts only in alluvial placer deposits and is an exceed 
ingly tfcre mineral, whose principal source is Ceylon.

Allanite is a complex mineral which may carry up to 3 per cent thorium. It 
is a heavy, non-metallic mineral, black when fresh, but usually severely altered ex 
ternally to a brown colour. Small crystals are in places abundant in granitic rocks, 
and in pegmatites the mineral may occur in large crystals 20 pounds or more in 
weight. While allanite has not so far come into consideration as a commercial source 
of thorium, it might serve as such if found in sufficiently rich deposits.

Thorium is not precipitate^ ot|t of solution in circulating waters, as is uranium, 
and hence important deposits of secondary minerals are unknown or are of relatively 
small importance. A number of complex primary minerals occur which contain 
thorium, but as a rule these species are of rare occurrence and for the present of only 
mineralogical interest.

PROSPECTING FOR RADIOACTIVE MINERALS

"Radioactivity" in minerals is almost entirely confined to those containing 
uranium or thorium, and all such minerals are radioactive. Of all the other elements 
only two, potassium and rubidium, are definitely known to be radioactive, and these 
only to a very slight degree. The world-wide search for uranium is therefore 
synonymous with prospecting for radioactive minerals. We have briefly reviewed the 
extraordinary importance of uranium in present-day world economy and have studied 
the characteristics and mode of occurrence of the most important minerals. We will 
now sum up more specifically the details that may aid in the visual identification of 
radioactive minerals and consider the methods used for their detection.

(1) Visual Identification
Pitchblende, the most important primary uranium mineral, may be identified 

by its black colour, metallic appearance, greasy or pitchy lustre, dense massive 
texture, and exceptional weight, and by its occurrence in the form of veins or stringer 
systems occupying faults, shear zones, or fractures.

Most of the other primary uranium minerals occur in nests, pockets, or similar 
aggregates of crystals, usually of small size or extent, sparsely and irregularly scat 
tered through dikes of granite pegmatite.

In general, it may be said that any conspicuously heavy, black or dark-coloured 
minerals discovered in a pegmatite should be tested for possible uranium content. 
Such minerals may be difficult to distinguish visually from magnetite and ilmenite, but 
the latter can be readily identified by virtue of their magnetic properties. Greater 
weight serves to distinguish them from black tourmaline and also from hornblende. 
Cassiterite (the source mineral of tin) is another black mineral found in association 
with pegmatites. It is relatively heavy (specific gravity 7) and has a hardness of from 
6 to 7, compared with a hardness of from 5 to 6 for uraninite, which has a specific 
gravity between 8 and 10.

Small amounts of secondary uranium-bearing minerals due to weathering are 
usually present in connection with primary deposits and on account of the brilliant 
colours vivid shades of bright yellow, orange, and green offer a useful guide for 
prospecting, but their absence does not eliminate the possibility of finding primary 
uranium minerals.
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The decomposition of thorium minerals often produces a brown friable crust, and 
when they are present in association with uranium minerals this "capping" may mask 
the bright-coloured secondary uranium minerals.

Many of the secondary uranium minerals are strongly fluorescent, and a number 
of uranium localities have actually been discovered by use of the ultra-violet lamp. It 
is difficult to say to what extent the ultra-violet lamp can be usefully employed in uranium 
exploration in Canada, where, as we have seen, it is unlikely that commercial deposits 
of secondary uranium minerals exist; but the lamp may prove to be of value in tracing 
veins of primary ore by the fluorescence of their coating of secondary minerals. The 
secondary uranium minerals generally fluoresce with a strong yellow-green colour. .

Another characteristic of radioactive minerals, which aids in their identification, 
is their ability to discolour the minerals surrounding them. The feldspars around a 
radioactive mineral are generally discoloured to a brick-red or brownish colour. In 
the case of the radioactive vein of Coral rapids in Pitt township, discovered by Alex. 
Mosher, the diabase was also coloured brownish-red adjacent to the vein. The radio 
activity of this vein was due to the presence of small amounts of thorium, but the fact 
that Mr. Mosher first suspected the presence of radioactive minerals in the vein 
because of the discolouration of the adjacent rock is a noteworthy tribute to his 
knowledge and powers of observation.

Dark-purple fluorite and "smoky" quartz, which are sometimes found in 
pegmatites and veins of igneous origin, are believed to owe their colours to the rad^a- 
tions from associated radioactive minerals.

A radial fracture pattern created in the feldspar or quartz surrounding a mineral 
inclusion in a pegmatite is also often a useful indication that the inclusion is a radio 
active mineral. This pattern is rather obscure in most cases and requires examination 
under a hand lens. A cart-wheel fracture pattern is often present, particularly in a 
brittle mineral such as quartz, with the radioactive inclusion forming the hub.

(2) Determination by Radioactivity Methods

All minerals containing uranium or thorium or both are radioactive; that is, 
they emit energy in the form of spontaneous radioaction and, this may be detected by 
several fairly simple means. It is not possible, however, to distinguish between the 
emission from the two elements except by precise laboratory methods. Before the 
invention of the Geiger counter, the principal aids in determining radioactivity were 
the photographic plate or film, the gold-leaf electroscope, and the spinthariscope. The 
Geiger counter is so much more versatile and more sensitive that the other methods # 
have largely fallen into disuse and will only be briefly mentioned.

One of the simplest means for detecting radiation from minerals is to place the 
specimens on an ordinary photographic plate or film in a light-tight box and allow it 
to remain undisturbed for from 36 to 48 hours. On developing the negative, any marked 
radioactive content will be evidenced by a distinct image, or auto-radiograph, of the 
specimen.

The gold-leaf electroscope is a relatively simple laboratory instrument in which 
a strip of gold leaf or aluminium foil is held at a considerable angle from a narrow, 
vertical brass plate by a charge of static electricity. In the presence of radioactive 
material, the apparatus becomes electrically discharged and the leaf falls back against 
the brass plate. The rate of fall of the leaf depends directly on the intensity of the 
radiation, thus providing a means of comparing an unknown sample with a standard ore 
of known uranium content.

The spinthariscope consists essentially of a metal tube provided with a lens 
at one end and a glass plate coated with zinc sulphide at the opposite end. A small 
quantity of the mineral suspected of being radioactive is placed below the glass plate 
coated with zinc sulphide and examined in the dark through the lens. When the eye 
has become accustomed to the dark, and if the mineral is radioactive, small flashes 
of light may be observed as the radioactive particles impinge on the zinc-sulphide 
coating.
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THE GEIGER COUNTER

The Geiger counter is the most useful and practical instrument for prospecting 
for radioactive minerals. Portable field sets are now available which are simple to 
operate, sensitive, and reasonably sturdy considering the principles upon which they 
operate. It is safe to prophesy that the search for uranium ores will continue for many 
years to come, and for any one engaged actively in prospecting for radioactive minerals, 
a Geiger counter is an essential piece of equipment. A review of the discoveries of 
radioactive minerals made during the past three years will show that the Geiger 
counter played a major role.

Any one intending to use a Geiger counter should know a few simple facts 
concerning its construction. The Geiger tube, from which the "clicks" heard in the 
earphone originate, is generally located along the bottom of the case, where it is 
closest to the ground in normal use. This tube, which is the * 'brain" of the instru 
ment, has a high voltage applied to it, but there is no flow of current until radiation 
penetrates the tube. The clicks" result from small currents produced in the Geiger 
tube by radiations, and the number of clicks per minute is directly proportional to the 
intensity of the radiation. The batteries and radio tubes that accompany the Geiger 
tube provide the high voltage on which the tube operates and so amplify the small 
current produced by radioactivity that it can be heard or measured. As the batteries 
weaken the voltage supplied drops off, and the voltage regulator must be adjusted. 
When the time comes that the batteries are too weak to provide the required voltage, 
they must be replaced. It is useful to carry spare tubes for the instrument in the 
field, and if it ceases to function, the trouble can generally be located by replacing 
the tubes one at a time. The life of an average Geiger tube is about 100 million 
counts, and the life, therefore, depends on how often and how long the instrument is 
exposed to highly radioactive material. It is not good practice to keep the instrument 
operating longer than necessary in the presence of highly radioactive material.

When properly adjusted, in the absence of strong radioactivity, clicks can be 
heard in the earphone at the rate of about 5 to 50 per minute. This count is known 
as the background count, and it results in part from radiations from space and in 
part from the small amount of radioactivity present in most rocks. It will vary in 
different localities, but should always be present to some extent if the instrument is 
functioning properly. If it is not heard, the instrument should be checked for weak 
batteries or faulty tubes.

The instruments in general use in the field fall generally into two types: a 
simple machine with earphones to detect the counts from the Geiger tube, and a more 
elaborate type provided with earphones and a rate, meteor; Either machine is satis 
factory as far as detection of radioactivity is concerned, but the rate meter is very 
useful for more detailed work because it provides a means of comparing the amount 
of radioactivity in different locations. With only a slight amount of radioactivity, 
the clicks in the earphone run together so rapidly that it is not possible to count 
them.

In prospecting with the Geiger counter, it can be carried in its case over one 
shoulder with the strap fully extended. In this position it may detect radioactive 
minerals if present in quantities large enough to be of interest. The earphone is 
worn at all times, and care must be taken that the knobs for adjusting the instrument 
are not moved. Care must also be taken that nothing radioactive on the person is 
in a position where it will affect the instrument. Many compasses and watches 
have luminous dials, and these will have a marked effect on the Geiger counter.

If radioactivity is suspected in any area, the case containing the counter 
should be suspended close to the surface and moved slowly until the radioactive area 
is outlined.

While examining some radioactive mineral occurrences in Haliburton county 
for the Ontario Department of Mines last summer, Wolfe and Hogg found that radio 
activity is effectively blanketed by from l to 2 feet of loosely packed earth. Working 
with a Geiger counter on the Camray property at Theano point, Lake Superior, two 
Ontario Government geologists, Satterly and Hewitt, found that although a very high 
count was registered where pitchblende veinlets were visible in the rock, from 5 to 
10 feet away only a low background count was obtained. These limitations should be 
borne in mind when prospecting with a Geiger counter, and surveys should be carried 
out in extremely close detail.
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General Precautions to be Observed in the Field Use of the Geiger Counter

CI) An electric storm may discharge a counter tube or may produce spurious clicks 
in the amplifying system. Hence, when a thunderstorm approaches, it is recommen 
ded that the use of the counter be postponed.
(2) Extra precaution should be taken to keep the counter dry at all times. Most 
field units have a 500-volt circuit, sometimes greater, and when short-circuited this 
can cause damage to the counter as well as produce severe shock.
(3) The background count may be thrown off due to the shielding of cosmic rays, by 
a high building, a thick forest, or a steep cliff. The background count is more or 

- less characteristic of a given set, particularly the tube, and whenever the tube or 
other parts of the Geiger set are changed or worked upon, the new background count 
should be ascertained. This background count may vary with the locality, even over 
relatively short distances, so frequent recheck must be made.
(4) Radioactive dust must be carefully avoided. A small amount of dust that has been 
allowed to accumulate within the case or other parts of the counter will seriously af 
fect the background count or will seriously impair the sensitivity of the'counter for 
gamma rays.
(5) The Geiger counter should not be taken near a plant or mining operations where 
radioactive minerals are being crushed or treated.
(6) Likewise, the instrument should not be taken underground where radioactive 
minerals are being mined.
T7) An operator should keep his clothing, especially his boots, free of stray radio 
active dust.
(8) As might be expected, the field Geiger counter is a precision instrument and 
should be protected from rough treatment, dropping, and corrosive vapours. It 
should not be placed where it may be overheated, such as near a camp fire.

When not in use, or during transportation, the Geiger counter should be 
provided with a strong, well-padded metal or wood box. Spare parts should be 
carried in a second box when extensive trips are made, n samples of radioactive 
ore are carried for check purposes, they must not be allowed in the same box as the 
counter, and must be carried separately.

Prospectors using the Geiger counter should realize that it is a qualitative 
instrument in the field and that a high count does not necessarily indicate the presence 
of valuable radioactive mineral. Both uranium- and thorium-bear ing minerals will 
cause activity in the Geiger tube, but at the present time the Atomic Energy Control 
Board will purchase only the uranium oxide (UgO^) present in the ore. Apart from 
the contained thorium, which is not at present of commercial value, the uranium it 
self is often present in minerals in such a form that recovery is not practicable. Even 
where uraninite has been identified in the field, in many cases it was found that other 
minerals were also present, such as allanite, thorite, etc. The cumulative effect of 
a large number of such minerals in a pegmatite dike may result in a high Geiger 
count, though it would not be possible to extract more than a very small percentage 
of uranium oxide.

METHODS OF ANALYSIS AND INTERPRETATION &F ASSAYS

The chemical analysis of radioactive ores is a lengthy and involved process, 
and as a result it is seldom done until the merit of a deposit has been established. 
Physical analysis, made by comparing the radioactivity of submitted specimens with 
that of known standards, is the general method of assaying used in the Government 
laboratories at both Ottawa and Toronto. For this purpose, a large, very sensitive 
type of Geiger counter is employed. This instrument has one important disadvantage 
in that it does not distinguish between radioactivity caused by thorium and radio 
activity due to uranium. This distinction can only be made by identifying the mineral 
that causes the radioactivity, by chemical analysis, or by determining spectro- 
graphically the elements responsible.

The results of physical analysis obtained by use of the laboratory-type Geiger 
counter are expressed in terms of radioactivity equivalent to a certain percentage of 
uranium oxide (11303). In using and interpreting these results, it should be clearly 
understood that for any given specimen the V^OQ equivalent does not necessarily mean 
that the specimen contains the stated percentage of uranium oxide. The radioactivity 
may be due in part or in total to thorium. Even the uraninite present in the Wilber-
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force area, while theoretically an oxide of uranium, carries as much as 15 per cent 
of thorium oxide.

OTHER CONSIDERATIONS IN PROSPECTING

The first step in planning to prospect for radioactive minerals is to become 
familiar with the regulations affecting new discoveries and marketing. These 
regulations are set down in a series of leaflets issued from time to time and pub 
lished in the press. Copies of these leaflets can be obtained by writing to the Chief 
of the Geological Survey of Canada, Department of Mines and Resources, Ottawa.

Prospecting and disclosure of information has been cleared of restrictions, 
with the exception that all new discoveries must be reported to Ottawa. Permits 
must be obtained from the Atomic Energy Control Board before proceeding with any 
development work other than that required for making a discovery, rt is now 
possible to develop a radioactive deposit to the production stage as a private 
prise, but the concentrates must be sold to the Canadian Government Purchasing 
Agency.

On March 16, 1948, the Canadian Government guaranteed for a period of five 
years to purchase acceptable uranium-bearing ores or concentrates at a minimum 
rate of $2.75 per pound of contained ItyOg f.o.b. rail. The ores or concentrates 
must normally contain a minimum of 10 per cent by weight of U^Og, but under special 
circumstances consideration may be given to payment of a higher price or to ac 
ceptance of concentrates of lower grade.

A prospector should realize that many of the common radioactive minerals 
dp not carry 10 per cent I^Oo even in the pure form, and it is therefore not pos.- 
sible to produce a 10 per cent concentrate. It is also important to bear in mind 
that the concentrate must be acceptable to the Government, and it is highly improb 
able that they would accept a complex ore made up of several minerals, which could 
not be treated by existing methods. To-day, however, many of our large gold mines 
are operating on ore bodies that formerly were not of commercial grade, and it is 
safe to predict that methods will be developed to mine uranium deposits that are 
not now regarded as ore.

In prospecting for radioactive minerals, it is necessary to consider future 
possibilities as well as present conditions. With further advances in the commer 
cial use of atomic power, certain minerals now considered undesirable might become 
valuable, and the over-all demand might result in an increased price for concentrates. 
On the other hand, intensive prospecting for radioactive minerals with the aid of the 
Geiger counter is in its infancy. It is possible that major discoveries of pitch 
blende will be made, which could result eventually in lower rather than higher prices 
for concentrates.

No provision is made at present for purchasing concentrates of thorium- 
bearing minerals. To date it is not possible to release nuclear energy from 
thorium, and thorium can be obtained at a relatively low price for other purposes 
from the extensive monazite beach deposits of India, Brazil, and Australia. The 
policy of the Government with regard to thorium is stated in a leaflet released on 
November 2, 1948.

AREAS FOR PROSPECTING

While it is possible to offer some advice in directing the search for radio 
active minerals, it would be unwise to eliminate any areas on the basis of present 
knowledge. The intensive search for radioactive deposits now being carried out 
with the assistance of the Geiger counter has already produced results under a wide 
variety of geological conditions.

Experience to date suggests that uranium deposits are genetically associated 
with acid igneous rocks. A large variety of radioactive minerals has been found in 
pegmatite dikes, but they generally occur as disseminated crystals. No ore bodies 
of commercial grade have been located in pegmatite dikes in Canada.

A. H. Lang points out that the Canadian shield contains the most important 
uranium deposits so far discovered in Canada and, consequently, appears to offer 
the most favourable areas for prospecting. The distribution of the known occur 
rences in the shield is interesting, for practically all of them are near its western 
and southern margins.



- 9 -
*

Reference to the geological map of Canada (820A) of the Geological Survey of Canada 
will show that the uranium deposits at Great Bear lake, the occurrences in the giant 
quartz vein belt between that lake and Great Slave lake, and the discoveries at Lake 
Athabaska and Lac la Ronge are all in the western edge of the shield. Farther east, 
the pegmatite area of southeastern Manitoba, the Lake Superior region, including the 
recent pitchblende discovery at Theano point, and the pegmatite belt extending from 
Georgian bay to the Saguenay region, are all in the southern margin of the shield. 
Two explanations can be suggested for these geographical relationships, both of which 
may be valid to some extent. The first explanation is related to accessibility, for 
there can be little doubt that the proximity of these discoveries to large bodies of 
water or other aids to transportation has influenced their discovery; consequently, 
when the entire shield has been well prospected the pattern of uranium discoveries 
may be greatly different. On the other hand, it has been fairly clearly established 
that different metals tend to occur in different parts of the shield, sometimes referred 
to as metallogenic provinces. Many of the pitchblende deposits occur in late Pre 
cambrian rocks that have been folded, and these deposits may be considerably younger 
than many of the gold and base-metal deposits occurring'in the shield. The fact that 
most of the known belts of folded late Precambrian rocks are near the edges of the 
shield may, therefore, be partly responsible for the distribution of pitchblende de 
posits.

At Eldorado (Great Bear Lake), the pitchblende occurs in sheared zones cutting 
metamorphosed sediments and diabase in the vicinity of a large body of granite. The 
sheared zones strike northeastward and dip north. The principal gangue minerals are 
quartz, carbonate, and hematite. Pitchblende occurs most commonly as persistent, 
lenticular veins a few inches wide or as a lacing network of stringers with some coarse 
dissemination. In some cases the pitchblende was later broken up and brecciated, and 
the fragments recemented by quartz. These ore bodies, as far as tonnage is concerned, 
are generally believed to be the richest pitchblende deposits known.

The so-called "giant quartz veins/' which are a conspicuous feature of the 
northwestern part of the Canadian shield, are large quartz stockworks consisting of 
a network of quartz stringers with the intervening rock commonly replaced by silica. 
In places, these bodies have been reopened by fracturing and mineralized by later 
quartz, hematite, and pitchblende. In some of these deposits the pitchblende is too 
sparse or too scattered to be of interest, but others in the area north otf Great Slave 
lake are being developed in the hope that minable ore bodies may be outlined. H 
these efforts are successful, numerous other "giant quartz veins" that may be pros 
pected will be found indicated on geological maps.

One of the uranium deposits i i the Northwest Territories consists of beds of 
dolomite containing considerable amounts of hematite and some uranium and thorium. 
Work is being done to test the size and grade of the deposit and the nature of the radio 
active minerals and to decide whether these minerals are original constituents of the 
sedimentary rock or whether they were introduced after the formation of the rock. 
Until these questions are settled, prospecting for other deposits of this kind cannot be 
specifically recommended.

The uranium deposits near Wilberforce, Ontario, occur in a band of sediment 
ary gneiss much invaded by pegmatite dikes. The uraninite occurs as well-formed 
crystals and as nodular lumps of pitchblende, often coated with various alteration 
products, including gummite, autunite, and torbernite.

The Cordilleran region in the West ranks next to the Canadian shield in the 
occurrence of metalliferous deposits in general and of uranium-bearing deposits, 
but none of the latter has yet been developed to the producing stage. Uranium has 
been found at several widely scattered localities in British Columbia, the most im 
portant discoveries to date being in deposits that had been developed previously 
because of the occurrence of other metals. The discovery that has attracted greatest 
attention is at the Gem property in the Bridge River district. The uranium at this 
property is associated with lenses of an iron-cobalt sulpharsenide mineral in altered 
granodiorite.

It is unlikely that any commercial deposits of secondary uranium minerals will 
be found in the Canadian shield. The glaciation that scoured most of the country during 
the last Ice age removed any accumulations that might have existed prior tp that date, 
and there has not been sufficient time since the Ice age for any sizable bodies to ac 
cumulate.
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The conditions under which the extensive carnotite deposits in Colorado and 
Utah occur have already been described.

The rich uranium ore in the Belgian Congo is pitchblende accompanied by 
chalcolite (torbernite), curite, and kasolite. The last two are more or less peculiar 
to the district. The pitchblende occurs in veins with the tobernite and associated 
minerals adjacent to the walls. The veins are narrow, branching, and very irregular 
in strike, dip, and thickness. The country rocks are sedimentaries, which have been 
highly metamorphosed.

In South Africa, pitchblende has been found to occur in the "banket" or gold- 
bearing conglomerates of the Rand, and it is reported to be associated with graphitic 
material in the ore.

Uranium is recovered in Sweden from oil shales that carry radioactive minerals 
in thin beds consisting of coal-like nodules called "kolm." The Us O o content is low, 
but when the "kolm" is burnt, the uranium content is considerably higher in the ash.

These few examples, chosen from numerous others throughout the world, serve 
to demonstrate the varied mode of occurrence of radioactive minerals and show the 
wide field of possibilities that exists in the search for uranium ores.
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