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PREFACE
This booklet is designed to supply information necessary or useful in prospecting for radioactive minerals in
Canada, and to answer such questions as have been asked
the writers in numerous letters and personal interviews.
As thorium is not used at present for atomic energy
purposes, emphasis has been placed on the search for
uranium minerals, and more particularly for pitchblende
vein. deposits, which are the present chief source of
uranium.
The subject matter covers, first, general information
necessary for all uranium prospectors, including summaries of the requirements of the Atomic Energy Control
Board in regard to reporting assays, discoveries, and
exploratory work and its results. Regions favourable
for prospecting are then outlined, and the nature and
distribution of Canadian deposits are discussed. The
various methods and instruments for detecting radioactivity and for testing for uranium are described, and
their application to prospecting is considered in some
detail. Radioactive minerals and their associations as
found in Canada are described and tabulated, with
brief references to others important in foreign countries.
A concluding section deals with sampling and with the
size and grade of pitchblende deposits in relation to
economic possibilities, and contains some suggestions
for prospectors working in remote areas.
Included as appendices are extracts relating to government purchasing policy for uranium, and prospecting
and mining, from the original sources, and a copy of an
Exploration Permit as issued by the Atomic Energy
Control Board.
H. V. ELLSWORTH,

Chief, Radioactivity Division,
Geological Survey of Canada
OTTAWA,

July 10, 1951

URANIU M PROSPE CTING IN CANAD A

GENER AL INFORM ATION NECESSARY FOR
THE PROSPE CTOR
The purpose here is to present a condense d review of
informat ion essential to the uranium prospect or in
Canada. Many of the topics touched on are discussed
in more detail in later sections of the booklet.
Prospect ing for uranium and thorium differs from other
types of mineral prospect ing in one importan t respect:
due to the developm ent of portable Geiger counters
and scintillom eters it is not at all necessar y that the
uranium prospect or should be able to indentify radioactive minerals or even have any knowled ge of mineralogy. It is desirable that he should have some slight
knowledg e of elementa ry geology, easily acquired by a
little reading and observat ion, so that he can recognize
disturban ces in the rocks such as veins, faults, shear zones,
intrusion s of one rock into another, and so on, and it
would also be useful to be able to distingui sh some of the
main types of rocks, but even this knowledg e is not
absolutel y necessary . A person with no knowledg e of
geology but equipped with a Geiger counter or scintillomete r could systemat ically traverse favourab le
prospect ing areas, listening for indicatio ns from his
instrume nt of the presence of radioacti ve minerals , or
he could test all rock outcrops encounte red, old mines,
dumps, prospect ing pits, etc., in a mining area. Having
found a deposit that his instrume nt shows to be considerably more radioacti ve than the ordinary rocks of
the area, he may send samples for free quantitit ave
radioacti vity tests and mineral identific ations to the
federal or provincia l mines departm ents.
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Thus, the amateur searching for uranium by means of
modern equipment has a chance of finding uranium
deposits even though lacking the expert knowledge and
experience of the professional prospector.
Anyone can easily learn to operate Geiger counters
and scintillometers. Perhaps the most important qualifications for a uranium prospector are: that he should
have one of these instruments, should enjoy outdoor 1ife,
and should have some knowledge of bush-craft.
WHO MAY PROSPECT

Any resident of Canada may search for radioactive
mineral deposits without obtaining a special permit.
Restrictions in effect during the war have been removed,
and prospecting and staking claims for uranium and
thorium minerals are now on exactly the same basis as
for the commoner minerals. The finder of a deposit of
uranium or thorium minerals may sell, develop, mine,
or otherwise dispose of his claim or claims just as in the
case of other minerals.
IMPORTING PROSPECTING EQUIPMENT

Citizens of the United States and other countries
admitted to Canada have the same prospecting and staking privileges as Canadian citizens. Prospectors engaged
in exploratory or discovery work in search of minerals,
oil, etc., are regarded by the National Revenue Department as manufacturers or producers, and are permitted
to purchase or import Geiger counter , ultra-violet
lamps, scintilloscopes, electroscopes, and the like, or
their parts, without payment of duties or sales tax by
certifying on their purchase orders or customs import
entries, as the case may be, that they are to be used
directly in the process of manufacture or production of
goods and will not be resold in Canada. Prospectors'
personal effects enter duty and sales tax free, but "tools
of the trade" (apart from those specified) are dutiable
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at a valuation based on allowance for use and depreciation. Inquiries in regard to customs duties and sales
tax on goods entering Canada should be addressed to the
Deputy Minister of Customs and Excise, Department
of National Revenue, Ottawa, Canada.
STAKI N G CLAIMS FOR URANIUM

Staking of m ineral claims for uranium and thorium
m inerals or a ny o t her minerals is subject to the mining
laws of the prov in ce o r t erritory in w hich the prospecting
is done.
In order to st ake cla ims fo r ura nium or other minerals,
a p rospector's licen ce m us t be obta ined. These are
issued by t he v arious p rovincial governments for the
p rovin ces and b y t he D epartment of R esources a n d
Development, O ttawa, fo r the terri tories. In fo rma t io n
in regard t o mining laws, prospectors' licen ces, staking
claims, e tc., may be ob t ained on application as b elow:
Brit ish C olumbia-Deputy Minister of Mines, Mines Department, Victoria, B.C.
Alberta-Deputy Minister of Lands a nd Mines, Dep artment
of Lands and Mines, Edmonton, Alberta.
Saskatchewan-Director of Mineral Resources, Department of
Natural Resources and Industrial Development, Regina,
Saskatchewan.
Manitoba-Director of Mines, Department of Mines and
Natural Resources, Winnipeg. Manitoba.
Yukon and Northwest Territories-Director, Development
Services Branch. Department of Resources and Dev elopment, Ottawa.
Ontario-Deputy Minister, Department of Mines, Toronto,
Ontario.
Quebec-Deputy Minister, Department of Mines, Quebec, Que.
New Brunswick-Deputy Minister, Department of Lands and
Mines, Fredericton, N.B.
Nova Scotia-Deputy Minister, Department of Mines, Halifax,
N .S .
Prince Edward Island- Deputy Provincial Secretary, Provincial Government Offices, Charlottetown, Prince Edward
Island.
Newfoundland-Director of Crown Lands and Surveys, Department of Natural Resources, St. John's, Newfoundland.
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FEDERA L GOVER NMENT SUPERV ISION

Only after a deposi t of radioac tive minera ls has been
found is some degree of superv ision exercis ed by the
federal govern ment. This superv ision has been designed to cause as little inconv enience as possibl e to
those wishing to develo p deposit s of radioac tive minera ls
while at the same time enablin g the Govern ment to
secure inform ation as to the uraniu m resourc es of the
countr y and to control the disposa l of any import ant
quantit ies of uraniu m or thorium minera ls produc ed.
This is effecte d throug h: the Atomic Energy Contro l Act,
1946; the regulat ions of the Atomic Energy Contro l
Board; and orders issued by the Atomic Energy Contro l
Board.
The Atomic Energy Contro l Act, 1946, establi shed
the Atomic Energy Contro l Board to deal with the
practic al aspects of atomic energy . Regula tions and
orders of the Board have the status of laws, and penalti es
may be impose d upon anyone convic ted of failure to
observ e the require ments. Extrac ts from the Atomic
Energy Contro l Act, 1946, and Regula tions of the Atomic
Energy Contro l Board, so far as they relate to prospec ting,
explora tion, and mining , are quoted in append ices at
the back of this bookle t. Orders and press release s of
the Atomic Energy Contro l Board are given in full in
other append ices. So far as they affect the prospe ctor,
the regulat ions, orders, and press release s may be summarize d as follows .
CO TROL
REPORT ING REQUIR ED BY THE ATOMIC ENERGY
BOARD

The Directo r, Geolog ical Survey of Canada , acts
as agent for the Atomic Energy Contro l Board in
collect ing and filing inform ation require d in regard
to: (I) the results of assays or analyse s made for
uraniu m and thorium ; (2) the localiti es from which
sample s analyse d were obtaine d and the locatio n of
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new finds; (3) the progress of exploratory work and its
results on properties operating under Atomic Energy
Control Board orders or exploration permits. 1
Prospectors and those developing radioactive mineral
deposits are responsible for supplying the information
indicated by the section in heavy type below.
All assays or analyses2 of materials showing a content
of more than O· 05 per cent uranium or thorium element
must be reported by the analyst, together with the name
and address of the sender of the sample, to the Director,
Geological Survey of Canada, Ottawa, Ontario. If the
source of the material analysed is known, this must
also be reported, otherwise the sender of the sample is
required to promptly inform the Director, Geological
Survey of Canada, of the location of the deposit from which
the sample assayed was taken and of the size and nature of
the deposit so Jar as can be ascertained. A prospector who
without having assays made, has reason to believe or suspect
(as from high Geiger counter or scintillometer readings or
identification of pitchblende in the deposit) that his discovery contains material of more than O•05 per cent
uranium or thorium content must also promptly report
the location of his discovery to the Director of the Geological
Survey of Canada, Ottawa.
On request, time will be allowed for staking claims
before reporting locality information.
The discoverer of a radioactive mineral deposit may
make public his find after informing the Director,
Geological Survey of Canada, of the discovery, but
1 Up
to December 31. 1950, authorizations to explore radioactive
mineral deposits by drilling, surface work, test pitting, and underground work were issued as orders of the Atomic Energy Control
Board. They are now called exploration permits. A copy of an
exploration permit is given in an appendix at the back of this
booklet.
2
By "assays or analyses" is meant any quantitative estimate or
determination of uranium or thorium, whether made by chemical,
spectrographic, radiometric, or other methods.
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informat ion supplied to the Director, as to analyses or
localities , is held as confiden tial until released by those
concerne d, either by publicati on or by request.
Uranium or thorium assays made in the United States
of America or other countries on materials from Canadian
deposits must be reported to the Director, Geological Survey
of Canada, by the senders of the samples.
APPL YING FOR EXPLORA TION PERMITS

Anyone wishing to explore a radioacti ve mineral deposit
by diamond drilling, surface work, test pitting, or preliminary undergro und work, or to ship large bulk samples
for test is required to obtain an explorati on permit from
the Atomic Energy Control Board. Such permits are
issued free of charge on applicati on to the Secretary ,
Atomic Energy Control Board, Ottawa, and on supplying him with the following informat ion:
I. The full name and address of the applicant and, if the appli2.
3.

4.

5.

cant is a corporatio n, the manner of its incorporat ion and
the names and addresses of all of its directors and officers;
The name and address of the person who will be in charge
of the work on the ground;
A complete and accurate description by claim number, district
and province, or by lot and concession number, township,
county or district, and province of all property intended to be
covered by the order;
A general description of the work contempla ted; and
The names and addresses of all persons to whom it is proposed
to send samples for assay and analysis or for mill tests.

Explorat ion permits specify that monthly reports shall
be sent in duplicate to the Director, Geological Survey of
Canada, Ottawa, showing fully and accurately the work
done and the results of exploration of the property up to
the end of the preceding month. The informati on required
includes a summary report and copies of all diamond drillhole logs, plans, reports of analyses, radiometric tests, and
any other pertinent informati on.
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TAKING SMALL SAMPLES FOR ANALYSIS OR DISPLAY

No permit is necessary to authorize taking small
prospector's samples, such as hand samples, channel
samples, or other such samples as are usually taken for
analysis or display purposes and weighing no more than
5 or 10 pounds each. No amount of radioactive mineralbearing material greater than is required for analysis
or display purposes may be removed from a deposit without permission from the Atomic Energy Control Board.
DISPOSAL OF ORES AND CONCENTRAT ES

Ores or concentrate s containing more than O· 05 per
cent uranium or thorium may not be removed from the
place of origin or sold to anyone except the Governmen t
without permission from the Atomic Energy Control
Board.
GOVERNMEN T PURCHASE OF ORES OR CONCENTRAT ES

Eldorado Mining and Refining ( 1944) Limited, as
agent for the Governmen t, will purchase acceptable ores
or concentrates at prices fixed by the Governmen t and
guaranteed for a term of years. Acceptable ores or
concentrates are defined as containing a minimum of 10
per cent of uranium oxide (U30 8 ), but under special
circumstanc es consideratio n may be given to payment of
a higher price or to acceptance of ores or concentrate s
of lower grade.
The maximum price that will be paid per pound of
U30 s contained in acceptable ores or concentrate s is
$7 .25 for the first 3 years of production. Details of the
schedule of prices will be found in Appendix I at the
back of this booklet. Special inquiries in regard to price
arrangemen ts or other matters in connection with marketing ores or concentrates , etc., should be addressed to the
President, Eldorado Mining and Refining ( 1944) Limited,
Ottawa, Canada.
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The Govern ment does
any allowan ce made
is
nor
ores,
not purcha se thorium
for a thorium conten t in purcha sing uraniu m concen trates nor for the radium conten t of uraniu m minera ls,
but arrang ements will be made for valuing any other
constit uents that can be recover ed comme rcially.
Ores of metals or elemen ts other than uraniu m or
thorium carryin g less than 0-05 per cent uraniu m or
thorium are not subjec t to Atomic Energy Contro l
Board orders and may be dealt with withou t regard to
the uraniu m or thorium conten t. In doubtf ul cases, the
Secreta ry, Atomic Energy Contro l Board, Ottawa ,
should be consult ed.

Thoriu m Ores Not Purchased.

SPECIM ENS FOR SCIENT IFIC PURPOS ES

Specim ens of uranium -bearin g or thorium -bearin g minerals for minera logical or other scientif ic purpos es may be
sold, presen ted, or exchan ged within Canada , subjec t to
the regulat ion that such dealing s do not involve during
any calend ar year a total of more than IO kilogra ms (22
pounds ) of contain ed uraniu m or thorium elemen t, and
that any other regulat ions that may apply are observ ed.
In doubtf ul cases, the Secreta ry, Atomic Energy Contro l
Board, Ottawa , should be consult ed.
PROSPE CTING
FEDERA L NON-PA RTICIPA TION IN PRIVAT E
AND DEVELO PME T

No cash reward for the finding of radioac tive minera l
deposit s is offered by the federal govern ment or by any
of the provinc ial govern ments. Earlier laws of Ontario
and British Colum bia provid ing a cash payme nt for the
finding of radium ore in comme rcial quanti ty have
lapsed or been repeale d.
The Govern ment does not ordinar ily buy uranium bearing deposit s or assist financi ally in their develop ment. Eldora do Mining and Refinin g (1944) Limite d,
the Crown compa ny, as agent of the Govern ment,
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however, has the same privileges as other companies,
and may buy or sell uranium-hea ring properties if it so
desires.
Neither the Geological Survey of Canada nor other
federal government al organization assists prospectors in
the search for radioactive mineral deposits by financial
aid or by loaning or renting Geiger counters or other
equipment.
PROVINCIAL AID TO PROSPECTOR S

The provinces of British Columbia and Saskatchew an
assist prospectors in various ways. In British Columbia,
the "Prospector s' Grub-Stake Act", as amended in
March 1944, provides for grub-stakes of up to $300 to
prospectors, plus an additional amount of as much as
$200 if travelling expenses are to he paid. Saskatchew an
assists in other ways. Inquiries should be addressed
to: the Deputy Minister, Department of Mines, Victoria,
B.C., and the Director of Natural Resources, Department of Natural Resources and Industrial Development, Regina, Saskatchew an.
EXAMINATIO N OF DISCOVERIES BY GOVERNMEN T
GEOLOGISTS

Prospectors who have found a radioactive mineral
deposit often ask the Geological Survey of Canada to
send a geologist immediately to examine the discovery.
Unfortunate ly, owing to the great number of small
discoveries constantly being made and the limited
number of field officers available, the Geological Survey
cannot meet all such demands, al though an effort is
made to examine all the more promising new finds as
promptly as possible. Prospectors may also apply to
the Mines Department of the province in which they
are working to have their discoveries examined by a
provincial geologist.
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THE
FREE TESTIN G OF PROSPE CTORS' SAMPLE S BY
GEOLOG ICAL SURVEY OF CANADA

Prospe ctors may send their sample s for testing to
private analys ts or to laborat ories of provinc ial mining
departm ents, or they may have their sample s tested
quanti tativel y for radioac tivity withou t charge by the
Geolog ical Survey of Canada . Sample s for test should
be addres sed to the Directo r, Geolog ical Survey of
Canada , attenti on Radioa ctivity Divisio n, and should
be plainly marked "for radioac tivity test" on the tag or
outside of the parcel. Transp ortatio n charge s on sample s
must be prepaid by the sender. The sender 's name
and addres s should be marked on the tag or outside of
the parcel or should be enclose d in the parcel. Letters
pertain ing to sample s should be mailed when the sample s
are sent, or earlier, and should be addres sed to the
Directo r, Geolog ical Survey of Canada , attenti on
Radioa ctivity Divisio n. Letters and reports address ed
to the Directo r, Geolog ical Survey of Canada , may be
sent post free O.H.M .S.
Identif ication s of radioac tive minera ls not requiri ng
chemic al analysi s will be made by the Geolog ical Survey
on request , withou t charge , accord ing to priority ratings
based on grade and origin of the sample . Such identification s will ordinar ily indicat e the group to which the
minera l belongs , from which the range of conten t of the
constit uent elemen ts may be inferre d by referen ce to
analyse s of known membe rs of the group concer ned.
In sending sample s for tests or radioac tive minera l
identif ication s it is advisab le to designa te each sample or
lot of sample s that is to be tested separat ely by a numbe r
or letter, along with any descrip tion or details of the
occurre nce that may be given. When a numbe r of
sample s are sent for individ ual tests in one parcel, the
differe nt sample s should be very securel y wrappe d and
tied or, prefera bly, enclose d in cloth sample bags to avoid
the possibi lity of breaka ge and mixing during shipme nt.
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Sample s sent to the Geologi cal Survey for tests
should ordinar ily be at least a pound or two in weight.
If identific ation of the radioac tive mineral or mineral s
present is desired, a special sample of the richest and
least altered materia l availabl e will facilitat e the work
of separati ng some of the radioac tive mineral in pure
conditio n for the necessa ry tests. Other samples
should, if possible , represe nt average grade over known
widths.
A special effort is made by the radioac tivity laboratory of the Geologi cal Survey of Canada to send out the
results of quantit ative radioac tivity tests to prospec tors
as quickly as possible . Most samples received are
tested and results mailed the same day as received .
On request, test results will be sent by telegram or phoned ,
charges to be paid by the senders of the samples .
Identifi cations of the radioac tive mineral s present in
prospec tors' samples ordinari ly require more time than
radioac tivity tests. In many instance s elabora te separation and concent ration procedu res are necessa ry in
order to obtain some of the mineral respons ible for the
radioac tivity in sufficien tly pure form for identific ation
tests. Hence, for this reason and because of the effect
of priority ratings, it may not be possible to forward
the results of identific ation tests until a conside rable
time after the sample is received .
Results of Tests Held as Confidential. Results of tests
by the radioac tivity laborato ry of the Geologi cal Survey
of Canada are held as confide ntial by the Geologi cal
Survey until released by those concern ed, by publica tion
or otherwi se.
NATURE OF RADIOM ETRIC ASSAYS

The quantit ative radioac tivity tests made by the
Radioac tivity laborato ry of the Geologi cal Survey of
Canada or by other laborato ries should be conside red
as only a quick means of supplyi ng the prospec tor
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with informat ion to guide him in deciding whether his
find is worth further attention . Such "radiome tric"
assays or determin ations, unfortun ately, for reasons
given below, do not always indicate the true uranium
content as accurate ly as could be desired when compared with results obtained by chemical analysis, which
is the most accurate way of determin ing uranium. However, in the great majority of cases, the radiomet ric
results are sufficien tly accurate to be perfectly satisfactory for prospect ing purposes , and with suitable material
may be practical ly identical with results by chemical
analysis. Neverthe less, owing to these occasion al variations, it is always desirable that samples showing an
encourag ing content of 0 30 8 (say O· 1 per cent or
better) by radiomet ric test should be submitte d to chemical analysis as a check or confirma tion.
An explanat ion of the reasons for occasion al variation s
in results by the radiomet ric method requires reference
to some of the propertie s of radioacti ve elements and
their behaviou r in minerals.
PROPERT IES OF RADIOEL EMENTS

A radioacti ve element, or radioelem ent, is compose d
of atoms that decay or disintegr ate, that is, they change
by violent disruptio ns into atoms of a different element
and at the moment of change throw out radiation s that
can be detected and counted or otherwis e measured by
Geiger counters and other devices. The individua l phone
clicks of most small portable Geiger counters , for instance, register the disintegr ations of single atoms of
radioelem ents. A few of the clicks, however, are caused
by cosmic radiation coming from outside the earth.
Numerou s highly active artificial radioelem ents are
being made in atomic piles and by means of cyclotron s or
related instrume nts, but the only natural radioelem ents
that occur in rocks and minerals and are sufficien tly
active to affect the portable Geiger counter to an im-
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the end product of the series. An atom of uranium of
atomic weight 238 that has passed through all the
transfor mations in its series will have changed to one
atom of lead and eight atoms of the gas helium; an
atom of thorium will have changed to one atom of
lead and six atoms of helium. Each atom of each successive radioele ment of the series emits radiatio n at the
momen t of its transfor mation to its daughte r element .
The lead and helium produce d are not radioact ive.
Radioactive Equilibr ium. It is a characte ristic of the
relation ships of the radioele ments of both the uranium
series and the thorium series that if, say, a newly
formed mineral contain ed at first only pure uranium
(or thorium ) free from its atomic disinteg ration products, the various radioele ments of the uranium (or
thorium ) series would gradual ly accumu late in the mineral until the number of atoms of each decayin g in a
given time was exactly the same as the number being
formed from its parent in the same time. In this condition the uranium or thorium is said to be in radioactive equilibr ium with its active disinteg ration product s
and no more of these would accumu late.
As each radioele ment of a disinteg ration series in
equilibr ium emits radiatio n from each of its atoms that
decays, it is not surprisi ng that the total radiatio n from
any given quantit y of uranium or thorium in equilibr ium
in old mineral s is several times greater than that of an
equal quantit y of pure uranium or thorium free from
its disinteg ration product s. This was one of the earliest
observa tions made in the study of radioac tivity, and
led to the discove ry and isolation of radium from pitchblende by the Curies.
Thus, most of the radiatio n from old uranium or
thorium mineral s actually comes from the disinteg ration
product s1 rather than from the uranium or thorium it1There are
about forty radioelem ents altogethe r in the three disintegratio n series.

15

cts,
self, even thoug h the amou nt of disint egrati on produ
presen t,
by weigh t relativ e to the urani um or thoriu m
g on
is so minut e as to be neglig ible. This has a bearin
estim aprosp ecting , and is espec ially impo rtant in the
to fully
tion of urani um by radiom etric metho ds, but
er the
under stand why, it is also neces sary to consid
ion.
radiat
natur e of radioa ctive
or
Radioactive Radia tion. All radioe lemen ts, natur al
of three
artific ial, as they decay give off one or more
desigtypes of radiat ion: alpha , beta, and gamm a, often
radianated by the Greek letter s a, {3, and ~- Alpha
event ution consis ts of electr ically charg ed partic les that
It has a
ally becom e atoms of ordin ary helium gas.
and is
maxim um range of only about 3½ inches in air,
part,
stopp ed by alumi nium foil or even, for the most
of
osed
comp
is
ion
radiat
Beta
.
paper
by a sheet of
units of
electr ons, which are very small partic les or
than
negat ive electr icity. It is much m ore penet rating
in air.
alpha radiat ion, and may travel 10 feet or more
letely
Nearl y ¼ inch of alumi nium is neede d to comp
ion
stop the fastes t beta rays, but most of this radiat
are
rays
a
gamm
The
less.
much
by
ed
will be stopp
length
wave
r
shorte
of
but
,
x-rays
to
e
natur
in
r
simila
fracand have greate r penet rating power . A very small
might
source
ful
power
a
from
rays
tion of the gamm a
foot of
travel ½ mile or more throu gh air or throu gh a
most
of
cent
·per
iron. For practi cal purpo ses about 90
or
lead
of
inches
2
by
ed
gamm a radiat ion is stopp
.
inches
3
by
cent
about 97 per
of the
Al thoug h all radiat ions of any one type are
come
they
t
lemen
radioe
what
r
matte
no
,
same nature
speed
from, there is a very consid erable differ ence in the
and
(hence , result ing range and penet ration ) of alpha
and
range
,
hence
(
length
wave
the
in
beta partic les and
lemen ts.
radioe
ent
differ
from
rays
a
gamm
of
)
ration
penet
than
Some radioe lemen ts d ecay very much faster

16

others1

• The faster an element decays the more
radiation it produce s for a given weight in a given time and
the more energy its radiatio n has, more speed in the
case of alpha and beta particle s, or shorter wave length
in the case of gamma radiatio n. Hence, radiatio n from
the fastest decayin g element s has much more range and
penetra tion than similar radiatio n from slower decayin g
element s.
Each individu al radioele ment decays in a way and
at a rate that is charact eristic for it, produci ng radiatio n
of a certain energy or range of energies that is also
characte ristic for the element . Uranium (U 238 ), thorium ,
and actinou ranium (U 235 ) free from disinteg ration products decay by giving off alpha particle s. All of the
beta and gamma radiatio n and most of the alpha
radiatio n 2 from old uranium and thorium mineral s
comes from the highly active radioele ments such as,
especial ly, the radium and mesotho rium families that
have accumu lated over a long period of time and are
being constan tly replenis hed by the decay of the parent
element s at the head of these series.

Relation ship of Radiatio n to Uranium or Thorium
Content. In prospec ting for uranium deposits , it is
the long-ran ge, penetra ting gamma radiatio n that is
most useful, and most Geiger counter s operate on this
1 U 238 has a
half life of 4 • 5 billion years, that is, half of any
initial quantity would decay in that time. Other half lives are:
thorium, 13-9 billion years ; actinoura nium or U 235 , 707 million
years; radium, 1,620 years; mesothor ium, 6• 7 years; radium C 1
,
I •5 ten-thous andths of a second; thorium C 1 , 3 ten-millio nths of
a
second. The lives of single atoms of any radioelem ent, however,
from the time they are formed until they decay, vary enormously. Hence, radioacti vity measurem ents, like life insurance
,
are 'statistica l', that is, it is neces ary to measure a large number
of disintegra tions in order to get an accurate average life expectati on
or death rate.
2 The alpha
radiation of any quantity of uranium in equilibriu m
with its disintegr ation products is 4 · 7 times that of the uranium
alone.
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EFFECT S OF DISEQU ILIBRIU M

IN

PROSPE CTING

AND ASSA YING

The effects associa ted with disequi librium , that 1s,
disturb ed or abnorm al equilib rium relation ships, m
minera ls at the surface of radioac tive deposit s, on the
whole are probab ly favoura ble for prospe cting, as, by
weathe ring of radioac tive minera l exposu res, there is a
tenden cy for active materia ls to be spread over greater
areas so that deposit s may be somew hat easier to locate.
In some instanc es, uraniu m seems to be more soluble
and more easily leached away than the active produc ts,
resultin g in a relative concen tration of the latter, so
that indicat ions of the Geiger counte r may give the
impres sion that an occurre nce is larger and richer in
uraniu m than it actuall y is.
In the case of radiom etric assays, it may be seen that
disequi librium could lead to either positiv e or negativ e
errors in calcula ting the amoun t of uraniu m inferre d to
be presen t from the results of radiati on measur ements
of a sample , even if the sample contain ed no thorium .
If the highly active disinte gration produc ts of the radium
family are presen t in greater or lesser propor tion than
they should be, relative to uranium , the radiom etric
result will indicat e too high or too low a conten t of
uraniu m, respect ively.
INTERP RETATI ON OF R

DIOMET RIC ASS YS

A comple te and detaile d discuss ion of radiom etric
assayin g 1 would be quite involve d, but some further
explan ations may as ist those receivi ng such reports to
unders tand their signific ance.
1 Those intereste
d in the details of making radiome tric a
should ecure a copy of "Radioa ay of Uranium re with ays
The
Geiger Type Equilibr ium Counter " by R. D.
ilmot and C.
McMah on, availabl e without charge on applicat ion to the
Radioactivity Division , Mines Branch, Departm ent of
ines and Technical Surveys , Ottawa.
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Radiometric assay results are usually reported in some
form in which the term "per cent UsOs equivalent
activity", or a phrase implying this, is used. The type
of activity may be specified as, usually, beta or gamma.
Such phrases do not mean that the activity of the sample
is expressed in terms of the activity of chemically prepared uranium oxide, U 3O 8 , or that it has been compared
with a standard containing such material. The meaning
is, that the beta or gamma activity of a definite amount
of the ground sample has been measured and compared
under exactly similar conditions to that of a similar
amount of a standard sample containing pitchblende in
which the uranium is believed to be in equilibrium with
its disintegration products. Such standard samples are
prepared in Canada by the Mines Branch, Department
of Mines and Technical Surveys. The U 3O 8 content of
such samples has been accurately determined by chemical analysis, and the thorium content similarly checked
to prove that it is negligible. The various members of
the sample series containing different percentages of
pitchblende have also been compared among themselves radiometrically in regard to their activity relative
to the U 30s content of each.
For convenience, all samples tested are compared
against such standards containing only the uranium
series as active constituents, and the results are expressed in terms of the activity associated with a definite amount of U 3O 8 in such samples. If a sample
tested carries a mineral in which both uranium and
thorium are present and the radiometric comparison is
made by using only one type of radiation, as, usually,
beta or gamma, the radiation of both the uranium and
thorium series will be reported in some such form as:
"X per cent UsOs equivalent activity" or "beta activity
equivalent to that produced by a content of X per
cent UaOs". The content of U3O 8 inferred will be too
high due to the activity contributed by the thorium
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series, but the result may, nevertheless, be very useful
as a preliminary indication in prospecting.
Radiometric assays of radioactive mineral-bearing
samples may be made in various ways and with varying
degrees of elaboration according to the equipment available and the accuracy desired. The radioactivity laboratories of the Department of Mines and Technical Surveys have constantly endeavoured to improve the reliability of radiometric assays, and much research has
been done in attempting to develop methods sufficiently
quick, simple, and reliable for routine u se in detecting
the presence of thorium or disequilibrium in radioactive
mineral samples. Much research on this problem has
also been done in various other laboratories and various
methods have been proposed. The procedure used at
present in laboratories of the Department of Mines a nd
Technical Surveys is simply to measure separately1
both the beta and gamma radiations of a sample and
compare them with similar radiations from a standa rd
sample containing pitchblende. If only the u ranium
series, in equilibrium, is represented in a sam p le, t h e
beta a n d gamma comparisons should both give the
same, or nearly the same, results for t he calculated
u ranium content of the sample with in the limit s of
error of the radiation measurem en ts . If bot h t he th orium
and the uranium series are represented in the sample,
these resul ts will be d iffe rent , a nd, assu m ing t he uranium
series to be in equilibrium and the discrepancy entirely
d ue t o thorium, the approxima t e con ten t of tho rium
can be calcula t ed , as t he relat ive in t ensities of the bet a
and gamma radiations of the t wo series are different.
H owever, as the u ranium series alone, ou t o f equilibrium,
1 Pure gamma radiation can be isolated for measurement by
absorbing the beta rays in a hield of aluminium. Scintillation
equipment is much more efficient than Geiger counter tubes for
detecting gamma rays. For the beta determination peci l Geiger
counter tubes ¥.rith very thin windows are used, which a re nearly
100 per cent efficient in detecting beta rays but register only a
mall percentage of the g mma radiation.
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could produce the same effect as the presence of the
thorium series, the method does not permit the positive
detection of the presence of thorium.
SUMMARY OF RADIOMET RIC ASSAY INTERPRET ATION

To summarize : results from radiometr ic assays in
which only beta or gamma activity has been determine d
will include the effect of any thorium present in the
sample, and hence may indicate too high a U 3Os content. When both beta and gamma determina tions are
made and both indicate nearly the same value for the
U 3O 8 content, the result may, in general, be considered
to be very close to the true value for U 3O 8 content.
When the beta and gamma results disagree, disequilibrium or the presence of thorium is indicated.
In spite of the shortcomi ngs of the radiometr ic method
of assay, its speed and low cost render it indispensa ble.
It is possible that equipmen t and methods suitable for
speedy, routine analysis of the radiation spectrum of
radioactiv e minerals may become available, which may
permit making more accurate determina tions of uranium
and thorium radiometri cally.
SPECTROGR APHIC ANALYSES

Spectrogra phic determina tions of uranium and thorium are much less accurate quantitati vely, as a rule,
than radiometri c determina tions, though the presence
of uranium or thorium may be positively confirmed by
this method if the elements are present in the sample
in sufficient quantity. The method is relatively insensitive for low-grade material.
IDENTIFICA TION OF RADIOACTI VE MINERALS AS A MEANS
OF I N FERRI G URANIUM AND THORIUM CONTENT

It might be supposed that identificat ion of the radioactive mineral or minerals present in a sample should
indicate whether uranium or thorium, or both, are present or even permit an estimate of the approxima te
proportion of uranium and thorium if a mineral known
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to carry both is found to be present. This is true only
to a limited degree for most uranium-bearing minerals,
but, fortunately, it may be taken to be wholly true
for practical purposes when pitchblende can be identified
as the only primary uranium mineral present. Pitchblende, the chief ore mineral of uranium, is composed
essentially of cryptocrystalline uranium oxide occurring
typically in vein deposits. It is the only uranium
mineral that has been found so far in Canada in sufficiently large and rich deposits to be workable at a
profit, and it usually carries no more than traces of
thorium. Further, thorium-bearing minerals very rarely
occur in vein deposits. Thus, if pitchblende can be
positively identified in a sample, it has so far been
found to be safe to assume that no more than an insignificant amount of thorium, if any, may be present, and
that the activity of the sample is due to uranium and
its disintegration products.
On the other hand, radioactive minerals that occur
in granites and the very coarse-grained granitic bodies
called pegmatites almost always carry thorium, and
most of them are very complex and variable in composition. Specimens of the same species from different localities or even from the same deposit, in some cases, may
show wide variations in content of uranium, thorium,
and other constituents (See pp. 90-107). Uraninite, composed, like pitchblende, mainly of uranium oxide, but
crystallized, usually as cubes, is found in some pegmatites, and such crystals from pegmatites usually carry
appreciable quantities of thorium as well as rare earths,
though some showing very low thorium have been
analysed. Minutely crystallized uranium oxide has also
been found, in very small amount, in some vein-type
pitchblende deposits in Canada and elsewhere.
DIST!

GUISHI

G PITCHBLE DE A

D URA

I

ITE

Pitchblende and uraninite in some in tances can be
distinguished by x-ray test if the mineral are not too
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much altered, even if the uraninit e has no crystal form,
but the distinct ion may sometim es be difficult . The
prospec tor with some knowled ge of geology should be
able to decide for himself in most cases as to whethe r
he is dealing with a vein deposit or a pegmat ite, and if
the former he may be encoura ged by the fact that the
primary mineral ization of radioac tive vein-typ e deposits
is usually pitchble nde, even though only seconda ry
alteratio n product s occur near the surface. Unfortu nately, altered pitchble nde and seconda ry uranium minerals derived from it may be out of radioac tive equilibrium, so that the uranium content of such materia l
cannot always be accurat ely determi ned by the usual
routine radiome tric measure ments.
NECESSI TY FOR CHEMIC AL ANALYS ES

For these various reasons, samples that show encouraging results by radiome tric assay should be submitt ed
to chemica l analysis , as the uranium content can be
determi ned with the most comple te certaint y in all
cases only by such analysis .
The Geologi cal Survey of Canada does not make
chemica l analyse s for uranium and thorium for the
depublic. A list of private analyst s who make these
1•
below
footnote
the
in
termina tions will be found
1 The following is a list of assayers known to have performe d
chemical analyses for uranium; some also make thorium determin ations:
G . S. Eldridge and Co., Ltd., 537 Hornby St., Vancouv er, B.C.
J. R. Williams and Son, 580 Nelson St., Vancouv er, B.C.Box 610
E.W. Widdows on and Co., 301-305 Josephine St., P.O.
Nelson, B.C.
Milton Hersey Co. Ltd., 233 Fort St., Winnipeg .
Sudbury Assay Office, 256 Oak St., Sudbury, Ont.
Temiskam ing Testing Laborato ries, Cobalt, Ontario.
Thomas Heys and Sons, Room 77-79 Toronto Arcade, Yonge St.,
Toronto.
Toronto Testing Laborato ry Ltd. , 73 Adelaide St. W., Toronto.
Lakefield Research , Ltd., Lakefield , Ontario.
Mr. H. Weller, Cobden, Ontario.
Milton Hersey Co. Ltd., 980 St. Antoine St., Montreal .
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The laboratories of the provincial mines departments
of British Columbia, Manitoba, Ontario, and Quebec
also make chemical analyses for uranium, as well as
radiometric tests on prospectors' samples.
The Mines Branch, Department of Mines and Technical Surveys, Ottawa, does not make free radiometric
and chemical assays for uranium, except those related
to concentration and extraction tests. This is because
several firms now offer adequate radiometric and analytical services. It has always been the policy of the
Mines Branch to make assays and analyses for gold and
other metals when these are desired for some special
reason, and to charge slightly more than commercial
rates in order to avoid competition with commercial
firms. This policy now applies to assays for uranium,
which will be made only for special reasons and at a
charge of $ I O each.
Chemical assays for thorium are usually costly and
difficult, and will not normally be undertaken by the
Mines Branch. However, in some cases estimations can
be made from radiometric measurements, and such estimates will be made free of charge, upon request, when
the Mines Branch has been satisfied that the material
is of sufficient interest.
FREE CONCENTRATIO N AND EXTRACTION TESTS
BY THE MINES BRANCH

Those wishing to test the possibilities of a promising
discovery by further development and bulk sampling
should communicate with the Mines Branch, Department of Mines and Technical Surveys, in regard to
having concentration and extraction tests made on representative material from the deposit.
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The Radio activit y Divisi on of the Mines Branc h is
equipp ed to carry out, free of charge , conce ntratio n and
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e
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JUDGIN G A NEW DISCOV ERY

As the Govern ment does not buy thorium 1 ores or
pay for thorium contain ed in uraniu m ores or concentrat es, the value of a uraniu m ore in most cases will
depend solely upon the uraniu m conten t. What minimum uraniu m content may be considered as promis ing or
encouraging for further work on a discovery at the present
time? The answer to this questio n for any particu lar
deposi t will depend ultima tely on the results of concentrat ion and extract ion tests on represe ntative bulk
sample s, such as are made by the Mines Branch , along
with other factors such as the price paid for uranium as
accepta ble concen trate, locatio n and size of the deposit ,
and possibl y, in some instanc es, the presenc e along with
uraniu m of other recover able minera ls of comme rcial
value. Howev er, much of this inform ation can only be
obtain ed after conside rable work has been done on the
deposit . Prospe ctors, when they have receive d the
results of radiom etric tests by the Geolog ical Survey of
Canad a on sample s from a new find, often ask for advice
as to whethe r the deposi t from which the sample s we
1 Thorium
is used commerc ially, as for making gas-ligh t mantles
and for various other purposes , and there is a moderat e demand
the United States and the United Kingdom for thorium concentr in
ates
of grades suitable for extractio n of the element. A produce
r in
Canada who wishes to sell thorium concent rate would be
required
to secure a permit from the Atomic Energy Control Board
and
could sell only to an approve d purchase r. The price paid
would
be subject to private negotiat ion, but in order to give an
idea of
approxim ate values the followin g may be quoted: in
U.S.A.:
monazit e--per pound, f.o.b. Atlantic ports, 65 per cent
total rare
earth oxides, includin g thorium oxide and cerium oxide,
17½ cents
(Engine ering and Mining Journal Market Report, March
I, 1951);
in the United Kingdom : in 1949-50, prices offered for
monazit e
concent rate carrying a minimum of 6 per cent Th02 work
out to
about $1.15 a pound of containe d Th02, and prices for
thorite
concent rate carrying a minimum of 15 per cent ThO.
work out
to about 88 cents a pound of containe d ThO~.
The greater relative price for monazit e ore is due probably
to the
large content of cerium earths, which al o have value.
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obtained is worth staking or further attention . The
answer to such question s may depend largely on the
nature of the deposit. Owing to the abundan ce of
pegmatit e dykes and pegmatit ic material s in the
Canadia n Shield and the fact that such bodies common ly
carry scattered radioacti ve minerals , they are very
likely to attract the attention of uranium prospect ors.
More than 70 per cent of prospect ors' samples tested
by the Radioact ivity Division , Geologic al Survey of
Canada, are from such occurren ces. Unfortun ately, so
far in Canada, pegmatit es have not been found to be
profitabl e commerc ial sources -of uranium . In a few
instances , it appears that apprecia ble quantitie s of
uranium minerals might have been produced as a byproduct of feldspar or mica mining operation s, but the
estimate d total uranium content of any individu al pegmatite dyke that has been extensive ly worked for feldspar or mica in Canada has not been sufficien t to have enabled it to be profitabl y worked for uranium alon~. There
is also the difficulty with many of the complex uranium
minerals characte ristic of pegmatit es that even the pure
minerals themselv es may not carry as much as 10 per
cent UaO 8 , which is the minimum content specified for
an acceptab le uranium concentr ate to be purchase d by
the Governm ent. On the other hand, should a pegmatit e
dyke or group of dykes be found carrying , besides
uranium minerals , other rare element minerals of commercial interest, such as columbit e-tantali te or beryl in
considera ble quantity , the chances of a profitabl e commercial operation might be more favourab le. Pegmati te
deposits of somewha t unusual type, now being explored
in the Charlebo is Lake region of Saskatch ewan, show
more promise than most pegmatit e deposits. If further
work on them is successfu l, prospect ing for similar deposits would be desirable . However , in general, uranium
deposits of pegmatit ic or granitic type are unlikely to
be capable of profitabl e commerc ial producti on of uranium under present condition s.

94299-3
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In Canada, therefore, it appears that, for the present at least, the uranium prospector would be well
advised to concentrate on the search for vein-type
deposits of pitchblende. Initial discoveries of even
what may appear to be rather small radioactive
veins or shear zones showing more than 0 •05 per
cent U3Os equivalent activity might be considered to
encourage thorough prospecting of the locality. Deposits
showing 0- 1 per cent U3Os or better across widths of 3
feet or more, with reasonable length, should be worth
staking, especially if pitchblende has been identified.
The location of the discovery with regard to transportation facilities might be the main factor in deciding
whether to stake or not. At the present maximum price
for uranium ($7.25 per pound of U 3O 8 ) material of 0· I
per cent U 3O 8 grade contains $14.50 worth of uranium
a ton and 0-05 per cent U 3O 8 grade material carries
$7.25 worth of uranium. Thus, deposits of average
grade between 0 · 05 and 0 · I per cent U 3O 8 could only
be considered as long-term speculations based on the
hope of an advance in the price of uranium or improvements in the methods of uranium extraction. It would
appear that only an exceptionally large deposit of this
grade, well situated, would be worth holding for speculative purposes. Some gold mines with very large orebodies, operating on a large scale and with the benefit
of some government subsidy, are able to make a
profit on ore of about this value ($7.50 or more a ton),
but the processes for extracting gold are very efficient
and less costly than those at present available for
uranium extraction.
THE OUTLOOK FOR THORIUM

Although it has been stated that thorium is still being
studied as a possible source of atomic energy, there has
been no official statement (up to June 1951) that would
seem to indicate the likelihood of any change, in the near
future, in governmental purchasing policy regarding
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this element. Increasing use of the cerium group of
rare earth elements in steel making, and for other purposes, might lead to a greater commercial demand for
monazite as a source of these elements irrespective of
its thorium content, but the recen t discovery of large
v ein deposits of bastnasite1 in C alifornia will doubtless
help to sup ply this demand in the United States.
Monazite, th e chief source of thorium and the cerium
earths, is recov ered com mercially as a concentrate from
sea b each and placer san d s in which it occurs as detrital
grains, chiefly in India, Cey lon, Brazil, and Malaya.
In C anada, the mineral has been found as crystals in
pegmatites, wh ich a re not likely to be com mercial sources,
and in very sm all a m ount in a few sands, chiefly in
B rit ish Colu m bia. River and coastal beach sands and
reworked glacial d eposits would seem to offer the only
hope of finding mon azite in wor kable deposits, bu t any
m onazite-bear ing sa n d s so far fou nd in Canad a h a v e
been very low in gra de. O ther thorium-b earing and
cerium-bear in g minerals su ch a s uranothori te , thorite,
allanite, and o thers occu r in som e Cana dian pegmatites
and schists, but whether such deposits could be worked
at a profit for t hese m inerals is doubtful. Rad ioactive
minerals occurring in pegmatites almost always carry an
appreciable thorium content.
OTHER SERVICES OF THE GEOLOGICAL SURVEY OF CANAD A

. Literature o n Canadian uranium deposits, data on
portable Geiger counters and scintillation type equip ment, copies of regulations of the Atomic Energy
Control Board relating to prospecting, and related information may be obtained on application to the Director,
Geological Survey of Canada, attention Radioactivi ty
Division. Geological maps and reports are supplied by
the Geological Survey of Canada, and geological maps,
1
Bastniisite is a fluocarbonate of the cerium g roup of rare earth
elements.

94299-3½
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reports, and information on mmmg laws may also be
obtained from provincial mines departments.
Small specimens of pitchblende ore for testing Geiger
counters, etc., may be obtained by applying to the
Director, Geological Survey of Canada, attention Radioactivity Division. These are sent postpaid on receipt
of the amount of the charge (50 cents) in the form of a
postal note or money order made out to the Receiver
General of Canada. Stamps and cheques are not
acceptable.
Prospectors wishing to search for minerals other than
those of uranium and to study the general principles
involved in searching for mineral deposits will find the
set of four textbooklets on "Mining" prepared by the
Canadian Legion Educational Services very interesting
and useful. The set may be obtained from the Publications Officer, Geological Survey of Canada, at a cost of
$1 . The individual volumes comprising the set are not
sold separately. Payment should be by postal note or
money order made out to the Receiver General of Canada.
Stamps and cheques are not acceptable.
REGIONS FAVOURABLE FOR PROSPECTING
A question often asked is, whether a certain region ,
usually the home locality of the inquirer, would be
worth prospecting for uranium. This is a point of
special interest to amateurs who may wish to do some
spare-time prospecting, perhaps partly as a form of
recreation, but do not contemplate making extended,
expensive trips for full-time prospecting in distant
regions. The answer to such questions, so far as the
present state of geological knowledge of Canada permits
an answer, may depend on factors discussed here and , in
more detail, on pages 34 to 5 7 of this booklet.
It is generally considered, of course, that areas already
known to contain vein deposits of pitchblende offer the
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most favour able opport unities for finding uraniu m
deposit s of comme rcial grade. Howev er, with the
growin g interes t in uraniu m, the best ground in such
localiti es may eventu ally become almost solidly staked
and the tenden cy to concen trate prospe cting on these
older areas, in such a large countr y as Canad a, may result
in failure to find deposi ts that may occur in virgin, unprospe cted territor y.
Only two types of deposit s have produc ed most of the
world's supply of uraniu m up to the presen t. These are,
in order of import ance: (I) vein-ty pe deposit s of pitchblende origina ting from igneou s rocks; and (2) carnoti tebearing sandsto nes. The carnoti te and related uraniu mbearing minera ls occur cement ing the grains of sandstones and associa ted with fossiliz ed wood and organic
matter contain ed in the sandsto nes. They are not primary produc ts of igneou s rocks, like pitchbl ende, but
have been formed by precipi tation from solutio ns carrying uraniu m and vanadi um, which may have travell ed
a long way from the origina l source of the uraniu m.
Other types of sedime ntary rocks that have been found
to carry a little uraniu m are black bitumi nous shale and
phosph ate rock. The latter is a limesto ne carryin g
calcium phosph ate, and is used to make superp hospha te
fertiliz er. No Canadi an exampl es of these rocks have
been found to carry as much as O· 0 I per cent U 3O 8 , but
in some countri es very large format ions occur, some
parts of which may carry as much as 0-03 per cent U 3O 8 •
Any possibi lity of extract ing uraniu m profita bly from
black shale seems very remote , but it may prove to be
feasil,>le to recover uraniu m as a by-pro duct from phosphate rock used in making fertilize r. Some low-gr ade
phosph ate rock occurs in wester n Alberta and British
Colum bia, but our comme rcial supplie s are import ed.
For various reasons it seems unlikel y that workab le
deposit s of uraniu m will be found in any surface sedimentar y rocks in Canad a that have not been intrude d
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by igneous rocks. Consequently, the more favourable
prospecting ground is confined to areas in which igneous
rocks occur, and, fortunately, there are enormous areas
in Canada in which such rocks are found. They are of
various ages, from the oldest known rocks, about
2,000 million years old, in southeastern Manitoba, to
others probably less than I 00 million years old. The
igneous rocks of British Columbia and the eastern
Maritime Provinces are mostly much younger than those
of the Canadian Shield.
Judging from past experience, the most favourable
prospecting region in general in Canada is that inc uded
in the Canadian Shield, the vast area of ancient igneous
and metamorphose d rocks, supposed to he mainly if not
entirely of Precambrian age, that encircles Hudson Bay.
Wherever such rocks have been faulted, fractured, disturbed, or mineralized in any way they should be worth
testing with a Geiger counter, and there is some ground
for believing that areas of folded younger Precambrian
or Proterozoic rocks within the Canadian Shield are
especially favourable.
The areas of younger igneous rocks in British Columbia and the Maritime Provinces have also produced
known uranium deposits, and may be considered worth
prospecting, though no deposits in these areas have yet
developed into producers.
Pegmatites are abundant in the Canadian Shield in
particular, and to a lesser degree in the younger igneous
areas of British Columbia and the Maritimes. These
are bodies of coarse-grained rock composed mainly of
feldspar and quartz derived from granitic intrusions.
They may be irregular in shape, but commonly are
vein-like and are then called dykes. Such dykes may be
only an inch or so, or more than I 00 feet, in width.
Like veins, they may cut through any type of rock.
Pegmatites often carry a small, widely scattered content
of radioactive minerals but these as a rule are very
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irregularly distributed . From past experience in Canada
the total uranium content of any one pegmatite dyke
or even of a group of neighbour ing pegmatite s would
rarely justify the expense of a concentra ting plant for
uranium minerals alone, whereas, on the other hand,
the grade of any considerab le quantity of uraniumbearing material that could be selectively mined or handcobbed at reasonable cost would seldom be high enough
to be worth shipping to a distant concentra ting plant.
The sketch map of Canada at the back of this booklet
shows the general regions in which igneous rocks occur.
Areas underlain by undisturbe d1 sedimenta ry rocks are
of little or no present interest for uranium prospectin g.
More detailed geological maps of particular areas in
which prospector s are interested may be obtained from
the Publicatio ns Officer, Geologica l Survey of Canada,
Ottawa, or from the mines departme nt of the province
in which the area is located. Standard topograph ic
maps are available from: Survey Records and Map Distribution, Departme nt of Mines and Technical Surveys,
Ottawa.
Air photograp hs for many areas are available from
the National Air Photograp hic Library, Ottawa, at a
charge of 50 cents each. The exact area for which photographs are desired should be very definitely described
by reference to land subdivisio n or, preferably , by submitting a map with the area outlined on it. Whether
stereoscop ic coverage is desired or not should also be
mentioned , as such coverage involves about a twothirds overlap. In the case of areas for which the
National Air Photograp hic Library has no photograp hs,
the inquirer will be advised of any provincial or other
air photograp hs available.
1 The term is relative, as compa red with the sedimentary rocks
of much of the Canadian Shield and igneous regions, and the
areas of 'undisturbed ' sedimentary rocks outlined on this smallscale map include undifferenti ated parts where much folding and
faulting have occurred.
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THE NATURE AND DISTRIBUTION OF CANADIAN RADIOACTIVE MINERAL DEPOSITS
Considered as constituents of the earth's crust, uranium and thorium are not extremely rare elements; they
have been estimated recently to be more abundant in
the igneous rocks than gold, silver, and platinum, and
less abundant than cobalt, tin, gallium, and cerium.
Unfortunately, however, uranium and thorium are much
less commonly found concentrated into workable deposits than are even the more rare gold and silver. Most
of the total uranium and thorium content of the earth's
crust is widely dispersed as a minute percentage of
enormous masses of certain rocks, especially granites,
pegmatites, and related acidic rocks of igneous origin,
and in sedimentary formations of marine origin such
as shales and phosphate rock, or in various other sorts
of mineral deposits of low uranium and thorium content.
The more basic igneous rocks, such as diabase, gabbro,
basalt, dunite, etc., carry much less uranium and thorium than the granitic rocks. Undisturbed sandstones
and limestones of marine origin also as a rule have
very low uranium and thorium contents. Black, carbonaceous shales and phosphate rocks may carry more
uranium than do granites.
Veins and related types of deposits containing pitchblende have been the only commercial source of uranium
in Canada, and deposits of this nature have produced
most of the world's supply of uranium. Pitchblende is
the most important uranium mineral, not only because
the mineral itself has a high uranium content, which is
relatively easily and cheaply extractable, but also because it is found to occur concentrated into veintype deposits of size and grade such as to permit
production of uranium at a reasonable cost. However, uranium deposits of several other types occur
in Canada, and deposits of still other types known in
other countries may yet be found here. All of the known
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Canadian types are, therefore, discussed and the more
important foreign types are mentioned briefly.
Numerous occurrences of uranium and thorium minerals have been found in Canada. Many of these deposits are too small or of too low grade to be of present
commercial importance, but others show promise and
are being tested actively. About nine-tenths of all the
known Canadian occurrences of uranium and thorium
are in the Canadian Shield; most of the others are in
British Columbia, but a few are in the Maritime Provinces of eastern Canada. The discoveries within the
Canadian Shield are grouped in a remarkable way near
its western and southern margins; almost without exception, they are in a belt extending from the east side
of Great Bear Lake through the eastern part of Great
Slave Lake to Lake Athabasca, thence including the
Lac la Ronge region of Saskatchew an and the Flin Flon
and Bird River regions of Manitoba, and extending
eastward from Kenora along the north shores of Lakes
Superior and Huron, and, finally, occupying that part
of the Shield called the Grenville region, which extends
from Georgian Bay to the Gulf of St. Lawrence.
Although certain parts of this belt may be more favourable for the occurrence of uranium and thorium than
the Shield as a whole, it is believed that the distribution
of discoveries is at least partly attributable to the
greater accessibility of the Grenville region and of the
regions near the large lakes that border the Shield. The
whole of the Shield can, therefore, be considered as not
unfavourabl e for the occurrence of uranium and thorium, and it is possible that future prospecting will show
that the present pattern of discoveries was only temporary. The discoveries in British Columbia are widely
scattered, but to date all are in the southern half of
the province and all are west of the Rocky Mountains.
In Yukon Territory, the thorium-bea ring minerals allanite and monazite have been identified in concentrate s
from placer deposits, but no essentially uranium-bea ring
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minerals have been reported. General geological condi.
tions there, however, are similar to those of British
Columbia.
In classifying the types of radioactive mineral deposits
recognizable in Canada, uranium and thorium will be
considered together, as these elements occur together in
most primary minerals found in some of the deposits
listed below. The types are arranged from the point of
view of the geological origin of the various deposits,
beginning with the granitic and pegma ti tic types, of
igneous origin, which contain primary radioactive min•
erals, and ending with the secondary and placer types,
in which the radioactive element content has been de•
rived directly or indirectly from the decomposition of
primary minerals or the weathering of igneous rocks.
The arrangement also represents the descending order
of approximate temperature ranges at which the deposits are presumed to have formed; granites at about
800°C. or lower, peg ma ti tic deposits around 500°C. to
600°C. or lower, hydrothermal deposits trom S00°C.
to 100°C. or lower, and the remaining types at ordinary temperatures.
In this discussion the term 'deposit' is used loosely
as implying any body of rock, not necessarily of eco•
nomic importance, in which uranium or thorium is relatively more concentrated than in other rocks of the
earth's crust.
TYPES OF CANADIAN DEPOSITS

(I) Granitic deposits
(2) Pegmatitic deposits
(a) Granite pegmatites
(b) Pegmatitic schist deposits, or migmatites
( c) Diori te pegma ti tes
(d) Calcite-fluorite pegmatites
(3) Hydrothermal deposits
(a) Uraninite-bearing base metal deposits
(b) Pitchblende-bearing veins, with simple mineralization
(c) Pitchblende-bearing veins, with complex mineralization
(d) Disseminated, or replacement deposits
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(4) Sedimentary deposits
(5) Secondary deposits
( 6) Placer deposits

( 1) Granitic Deposits
Known granites carry too little uranium and thorium
to be of commercial interest at present. They are discussed in some detail because of their relationship to
other deposits and their great abundance in Canada, and
also to indicate the quantitative significance of Geiger
counter readings commonly obtained over granite outcrops.
Granites are usually relatively light-coloured, reddish
or greyish rocks that, because they are well crystallized ,
are considered to have been formed by slow cooling
at considerable depth from molten rock or magma. They
cut into any older rocks, and may outcrop ove1
great areas where the rocks that were originally above
them have been removed by erosion. Granites proper
are composed mainly of potash feldspar and quartz, with
commonly some mica, hornblende, or augite. Generally
they contain some soda-lime feldspar (plagioclase), and
· where this b ecomes an important constituent the rock
grades into quartz monzonite, or, if the rock contains
little or no quartz , into monzonites. Where quartz is
lacking, and the rock consists mainly of potash feldspar,
it is called syeni te. All these are commonly teferred to
as granitic or acidic rocks.
Many bodies of granite and related rocks show about
0-003 per cent, and some up to as much as, or a little
more than, 0-01 per cent U 3O 8 equivalent beta activity.
It has been estimated recently that the granites of the
earth's crust contain on an average 3 · 96 grams of
uranium and 13 grams of thorium a ton. This is 0 · 16
ounce of U 3O s and 0 · 52 ounce ThO 2 a ton, or 0 · 0005
per cent U sO s and 0-0016 per cent ThO 2 , respectively.
The ratio of thorium to uranium seems to vary with
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the acidity, that is, with the quartz content, from an
average of about 3 to 1 in true granites to 4 to 1 in
less acidic rocks. Individual granites, of course, show
quite wide variations from the average ratio. The
granite-pegmatites, more acidic than granites, probably
carry more uranium than thorium on the average, judging from studies of Canadian examples.
A considerable proportion of the total beta and
gamma activities of granites is due to potassium1 contained chiefly in the potash feldspar, which is one of
the main constituents of granites, and to a much lesser
extent in any muscovite (light) or biotite (black) mica
present. It has been estimated that the average granite
carries 4 · 11 per cent of potassium oxide (K2O) chemically combined in the feldspars and micas. The average
potash feldspar of granites has been estimated to carry
11 · 7 per cent K 2O , and the potash feldspars of pegmatites may sometimes carry as much as 14 per cent
K 20; hence, areas of pegmatite outcrops composed
mainly of potash feldspar may be expected to show
correspondingly greater beta and gamma activity due
to potassium alone, without regard to any possible
uranium or thorium content. The more rare alkali
metal rubidium, less active than potassium, may also
1 Natural potassium is composed of three isotopes of atomic weights
39, 41, and 40 in decreasing order of abundance. I ts activity is due
solely to the K 40 isotope estimated to be present to the extent of
0-012 per cent. Isotope K 40 produces only beta and gamma radiation, and decays to form, mainly, inactive calcium isotope Ca40 ;
a little inactive argon A 40 , a rare gas, is also produced. It is believed
that the beta radiation is associated with the production of Ca 40 and
the gamma radiation with the production of argon. The results of
different investigators of the radioactivity of potassium do not agree
very closely. However, there seems no doubt that the gamma rays
from potassium have as much penetrating power as many of the
gamma rays from the radium family. Their intensity or number
per unit weight of potassium is, of course, very much less than
that from an equal weight of uranium or thorium in equilibrium
with their decay products.
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he presen t in small amoun ts in feldspa rs and micas and
hence contrib ute in some slight but insigni ficant degree
to the overall activit y.
From field studies of the radioac tivity of areas of
very pure potash feldspa r in pegma tite dykes, made by
F. E. Senftle1 of the Mines Branch , it appear s that in
the case of an averag e granite carryin g 4 per cent K20
the potassi um might be respons ible for gamma activit y
resultin g in a reading on a portab le counte r of nearly
twice the minim um backgr ound. Results of other investiga tors indicat e that for the averag e granite carrying 4 per cent K 2O the potassi um may contrib ute
betwee n 0-001 and 0-002 per cent U 3O 8 equiva lent
gamma activit y.
Thus it may be seen that activiti es of two or three
times the lowest backgr ound count do not indicat e a
deposi t of possibl e econom ic import ance, nor can they
be conside red as particu larly encour aging for more
detaile d prospe cting of an area, unless there are also
other favoura ble indicat ions.
In the field, and in the laborat ory, pink to reddish
granite s tend to show greater activit y than the grey
granite s.
The distrib ution of alpha activit y (due to uraniu m and
thorium only) in granite s has been studied , and it is
found that, if the minera ls compo sing fairly active
granite s are separat ed, one from anothe r, in as pure
conditi on as possibl e, the biotite is usually more active
than the feldspa r, which in turn is much more active
than the quartz. Study of thin section s by means of
autorad iograph s or alpha track photog raphs often
reveals , particu larly in the biotite, minute , micros copic
crystal s or grains of minera ls showin g activiti es that
may be, relative ly, many thousa nds of times greater
than that of the quartz, feldspa r, and pure mica itself.
1

Canadian Mining Journal, November 1948.
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The most common of these active inclusions are: zircon,
titanite, monazite, allanite, apatite. Less often, and
perhaps only in somewhat pegmatitic granites, uraninite
and thorite or uranothorite may be present. Active
secondary decomposition products occurring in minute
or larger fractures also contribute to the total activity.
The greater activity of the biotite is due mainly to the
fact that it is the host of the highly active inclusions; it is
estimated that these, in some instances, account for a
large part of the total activity due to uranium and
thorium.
Such studies are of interest and practical value, as
granites and their relatives appear to be the primary
source of all other uranium and thorium deposits, and
it is worth while to know the general behaviour and
tendencies of uranium and thorium under various conditions of temperature and association with other
elements. They indicate that in the molten mother
rock or magma from which granites form, uranium and
thorium have relatively little tendency to be absorbed
in, or combined with, the common rock-forming minerals,
quartz, feldspars, micas, pyroxenes, etc., as silicate compounds. On the contrary, any excess that cannot be
held in solution as the granite crystallizes (supposedly
at around 800°C.) tends to associate itself with any
available zirconium, titanium, rare earths, especially
those of the cerium group, calcium, and/ or phosphorus,
which precipitate out at high temperatures to form the
active minerals mentioned. From the way in which these
active minerals occur as inclusions in the other minerals
it would seem that they are the first minerals to precipitate from the magma. Thorium, perhaps because of
its chemical affinities with zirconium, rare earths, and
calcium, precipitates to a relatively greater degree than
uranium at high temperatures, so that the average ratio
of thorium to uranium in granites is 3 to I or greater. At
a lower temperature range, believed to be mainly around
550°C., the pegmatites crystallize from the residual
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mother liquor from the granite, in which uranium has become relatively more concentrated compared with thorium, and most, or practically all, of the remaining thorium
is precipitated along with uranium as complex radioactive minerals, in the pegmatites. The magmatic solutions
remaining after the pegmatites have crystallized seem
to have been almost completely freed of thorium; they
may travel considerable distances away from the granites
and pegmatites and deposit the remaining uranium as
'hydrothermal' , that is, hot water, pitchblende vein
deposits in cracks and zones of weakness in any sort of
rock. From some known examples in the Goldfields
area, Saskatchewan, it appears that wall-rocks of basic
composition may he more favourable for this deposition
than others.

(2) Pegmatitic Deposits
Pegmatites constitute by far the most abundant type
of deposit in Canada in which uranium and thorium
minerals may he concentrated in amounts easily visible
to the naked eye. All pegmatites, however, do not
carry uranium and thorium minerals in appreciable
quantity, though very few known pegmatites in the
Canadian Shield that have been mined at all extensively
for feldspar or mica would not reveal by careful search
at least a few small crystals or concentrations of radioactive minerals.
Pegmatites carrying small amounts of radioactive
minerals occur abundantly in the better known parts of
the Canadian Shield as previously outlined, and others
are known to occur in British Columbia and Nova
Scotia.
The single word pegmatite, as commonly used, refers
to a rock that the geologist might describe more exactly
as granite pegmatite, composed mainly of coarsely
crystallized potash feldspar (microcline, almost invariably, in pegmatites of the Canadian Shield), quartz, and,
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in some cases, considerable mica. This was the original
meaning of the word, but it has been found convenient
to apply the term, with qualifying adjectives, to a
number of other rocks composed of relatively coarsely
crystallized products formed from an intrusive mass of
molten rock or magma, even though of composition more
basic than granites, during the later stages of cooling and
solidification.
Pegmatites may occur as segregations within the
parent rock, or as irregular masses or vein-like bodies
cutting through the parent rock or any older rocks.
Those that over a limited length may appear to be veinlike in form are usually found to become narrower toward each end and, finally, to pinch out, if a complete
exposure of the whole body can be seen. Such veinlike, or actually lens-shaped, bodies are commonly
called dykes to distinguish them from veins of hydrothermal origin. They may vary in width from an inch
or so to over 100 feet. The term pegmatite dyke is
also used loosely, but not very correctly, for a pegmatite
of almost any shape.
The large amount of solid quartz in some pegmatite
dykes has sometimes led prospectors to believe they were
dealing with a true vein. Quartzose bodies of this sort
can usually be recognized as pegmatites by the occurrence
of feldspar next to the side-walls. In some cases these
bands may be quite narrow relative to the quartz, which
has a tendency to occur in the middle of the dyke, but
may waver from side to side and displace the marginal
feldspar in places. The presence of an occasional
crystal of mica in the quartz, or areas of 'smoky',
that is, dark-coloured to almost black. quartz or of rosycoloured quartz, is also an indication of pegmatitic
origin. However, as previously mentioned, there is
believed to be a very intimate relationship between
pegmatite dykes and quartz veins, the latter representing
the final material from the cooling magma, carried in hot
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coarse granite, with the quartz and feldspar grains of
more or less equal size but much coarser than in granite.
Others have the quartz and feldspar arranged in such a
way as to form a pattern resembli ng oriental writings,
and are called 'graphic' granite or pegmatit e. This texture may vary greatly from fairly fine to very coarse.
In a less common type the quartz and feldspar are
separate d into very large, relatively pure masses; this
is the type of pegma ti te that is sought as a source of
commerc ial feldspar and muscovit e mica, and, judging
by past experien ce in Canada, is the sort most likely
to contain apprecia ble amounts of radioacti ve minerals
and other rare-elem ent minerals as fairly large crystals
or masses. Such 'segregat ed' pegmatit es may have a
fairly regular arrangem ent of the various minerals in
zones parallel with the length of the dyke, with relatively narrow bands of soda-lim e feldspars borderin g
the side-wall s, followed within by wider bands of potash
feldspar, which are separate d by massive quartz in the
middle zone of the dyke. It can be assumed that the
order of crystalliz ation was: soda-lim e feldspars first,
followed by potash feldspar, and lastly, by massive
quartz. There may be a similar crude zoning of common
and rare-elem ent accessory minerals following the major
structure of the dyke. Thus, in Parry Sound district,
Ontario, a dyke worked for feldspar carried columbit etantalite and monazite , most of which was confined to
a zone compose d mainly of scaly mica averagin g about
a foot wide next the side-wall s. A dyke in the Bancroft
area, central Ontario, that was worked for feld par,
containe d large masses of intergrow n quartz and calcite,
in parts of which very considera ble quantitie s of complex
radioacti ve minerals were concentr ated. In this case,
the quartz, calcite, and radioacti ve minerals were apparently the last to crystalliz e. Such localizati on of
depositio n of rare-elem ent minerals in pegmatit es might
permit them to be recovered economic ally in some instances, but in general pegmatit es are not favourab ly
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regarde d as possible commer cial sources of uranium for
reasons already mention ed.
The radioac tive mineral s found in pegmat ites are
likely to carry both uranium and thorium , and most of
them are of very complex chemica l compos ition. The
commo ner ones are member s of the euxenite , ferguso nite,
samarsk ite, and pyrochl ore groups compos ed largely of
oxides of the rare earths, titanium , tantalum , columb ium,
uranium , thorium , and commo ner element s in widely
varying proporti ons. Uranini te, thorite, uranoth orite,
and monazit e are also fairly common . Allanite is perhaps the most widespr ead _radioac tive mineral of all in
pegrnat ites, and it occurs as minute crystals in some
granites . Individu al example s of any of these mineral s
from differen t places vary _so much in uranium and
thorium content that identific ation of one of them as
belongin g to a certain group does not necessa rily allow
the uranium and thorium content s to be very closely
inferred , though these do vary within certain limits for
species and groups. In some instance s it is difficult or
impossi ble to identify some of these mineral s without
more or less complet e chemica l analyse s.
Radioac tive mineral s in pegmat ites may usually be
easily recogniz ed as such and distingu ished from inactive
mineral s without a Geiger counter by: (a) the occurrence of a reddene d area surroun ding the mineral , if it
is in feldspar , and (b) by cracks radiatin g in all directions from the active mineral if it is in quartz, feldspar ,
or mica. These indicati ons show best on freshly broken
surfaces , and may not be easily recogniz ed on old
weather ed outcrop s without careful examina tion. Other
indicati ons pointing to the possible presenc e of radioactive mineral s in a pegmat ite are the occurre nce of
smoky quartz and very dark purple or almost black
fluorite.
There may be a family resembl ance among pegmat ites
of certain areas as to their general nature and mineral iza-
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tion. Some instances may be mentioned: many pegmati tes of the Yellowknife area, Northwest Territories,
carry columbite-tantalite, cassiterite, and beryl in small
quantities, but no radioactive minerals have yet been
found in them; the pegmatites of southeastern Manitoba
carry relatively large amounts of lithium minerals, with
a little beryl, and instances of cassiterite-bearing pegmatites are also known in Manitoba. The so-called Grenville area of the Canadian Shield in southern Ontario
and Quebec, on the other hand, is characterized by
pegmatites showing a much more varied assemblage of
rare-element minerals, and some of them have been
relatively rich in radioactive minerals.
Such areas
might be called geochemical provinces, and in some instances there may be local sub-provinces, as in the case
of the Bancroft-Wilberforc e area in central Ontario,
where calcite-bearing granite pegmatites and calcitefluorite-apatite pegmatites are characteristic of a relatively small area.

Pegmatitic Schist or Migmatitic Deposits. Radioactive
minerals have been found in several localities disseminated as rather fine crystals or grains in pegmatitized
biotite gneisses or schists. These may consist of thin,
alternating bands of pegmatitic material and gneissoid
rock rich in biotite or, in other instances, the bands or
alternating bodies of pegmatite and gneiss may be wider
and more distinct. The biotite-rich bands may carry
more of the radioactive minerals than the pegmatite
in such instances. Deposits of this nature have been
found in the central Ontario area, in the Black Lake
(or Charlebois Lake) area of Saskatchewan, and in the
Great Slave Lake area.
Diorite Pegmatites. The use of the term pegmatite for coarse-grained, later phases of almost any
deep-seated igneous rock has been noted previously.
A deposit in the
orthwest Territorie in which fractures have been filled mainly with rather coar e, fibrous,
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high-i ron actino lite and minor calcite , magne tite, fluoa
rite, and apatit e, is believ ed to be the produ ct of
magm a from which granod iorite rocks in the area were
derive d. Grano diorite s are more basic rocks than granites, compo sed mainly of plagio dase feldsp ar and ironmagne sium minera ls such as hornbl ende, augite , and biotite, with minor potash feldsp ar, and quartz . The active
minera ls identif ied from this occurr ence are uranin ite and
ng
radioa ctive apatite . The latter is Huor- apatite carryi
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These bodies seem to combi ne some of the featur es
of pegma tites, contac t metam orphic deposi ts, and hydrotherm al veins, yet they appea r to be essent ially pegma
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tempe rature pegma titic phase charac terized by an abundance of hot solutio ns.
It canno t be said that this type of deposi t has yet
been suffici ently well explor ed to fully determ ine the
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economic possibilit ies of combine d producti on of fluorite
and uranium minerals .

(3) Hydrothermal Deposits
Vein deposits are supposed to have been formed by
precipita tion of the minerals composin g the vein-fillin g
from hot water solutions . Such hot water solutions may
be actually in vapour form in their earlier, hotter stages.
They are believed to carry elements such as fluorine,
boron, sulphur compoun ds, and gaseous carbon compounds, which act as 'minerali zers' by helping to keep
some elements in volatile form or in solution. Cooling
intrusive granite magmas are believed to be especiall y
producti ve of such residual mineral- bearing solutions or
vapours, more so than magmas compose d of more basic
rocks. This, together with the greater uranium content
of granitic rocks leads to the general belief that pitchblende vein deposits are derived from granitic magmas.
However , in order that such deposits can be formed
there must be channels to carry the hot liquids or
vapours from the cooling magma to still cooler places
in the surround ing rocks where the vein minerals can
be precipita ted. Such channels for circulatio n of mineralizing solutions result from strains or moveme nts in
the crustal rocks causing shearing, fracturin g, or faulting. Without such openings there can be no vein-typ e
deposits of apprecia ble size or grade. The prospect or
should, therefore , above all, look for and carefully examine any areas of rock showing indicatio ns that such
fracturin g has occurred .
Pitchble nde may occur in veins, systems of veinlets,
or dissemin ated as minute grains in the rock near veins
or veinlets. Many Canadian deposits consist of a series
of veinlets or lenses lying either parallel with one
another or occupyin g two or three sets of fractures ,
with each set at an angle to the others. The individua l
stringers and lenses in such deposits are rarely large
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enough to be of import ance, but if they are spaced
closely enough they may, altoget her, form orebod ies of
workab le size and grade, especia lly if pitchbl ende is also
dissem inated betwee n them.
Many of the most import ant pitchbl ende discove ries
in the Northw est Territo ries and in Saskat chewan occur
either within strong northe asterly trendin g fault zones
or in fractur e system s and crushe d zones close to such
fault zones. Such zones, many of which are shown on
geologi cal maps, offer favour able localiti es for prospe cting. Air photog raphs are often useful in sugges ting the
possibl e presenc e of faults, althoug h by no means all
lineam ents appear ing on air photog raphs are faults.
Some deposit s contain small lenses and veinlet s of
almost pure pitchbl ende. Most deposit s, howeve r, have
a gangue of quartz, or carbon ate minera ls, or both.
Most deposit s, also, contain hemati te, which may be
very intima tely associa ted with the pitchbl ende. Not
only does hemati te occur in the veins, it also commo nly
impreg nates the adjoini ng rocks to form the brick-r ed
alterat ion zones and red, feldspa thic rocks that charac terize many pitchbl ende deposit s. The hemati te of
some deposit s is, in part, the variety specula rite. Some
pitchbl ende deposit s carry native silver, comple x cobaltnickel minera ls, chalcop yrite, pyrite, and galena. A few
carry gold, platinu m, molybd enite, seleniu m minera ls,
and other minera ls. Primar y radioac tive minera ls other
than pitchbl ende that are known to occur in Canad ian
pitchbl ende deposit s are relative ly rare. Thucho lite has
been found in a few deposit s in the Northw est Territories and Saskat chewan and may eventu ally prove to
be more widesp read than it appear s to be at presen t.
A few microsc opic crystal s of the crystal lized form of
uraniu m oxide have been identifi ed in one of the deposits of the Goldfie lds area, Saskat chewan .
Almos t all known Canadi an pitchbl ende occurre nces
are in the Canadi an Shield, and most of these are con-
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fined to three main regions : a belt extend ing from the
east side of Great Bear Lake to the vicinit y of Yellow knife; a belt along the north shore of Lake Athaba sca
extend ing eastwa rd to Black Lake; and a region at the
east shore of Lake Superi or near the mouth of Montre al
River.
It is not possibl e to make any country -wide general izations as to the kind or age of rocks most favoura ble
for the occurre nce of pitchbl ende, but what appear to
be the most favour able rocks in some individ ual regions
may be noted. At Great Bear Lake, the most favourable rocks are altered sedime ntary and volcani c rocks;
at Lake Athaba sca, many of the better deposit s occur
in basalt and other dark-co loured rocks, locally called
•mafic' rocks, or in altered limesto ne or dolomi te. In
the Lake Superi or region, most of the deposit s are associated with diabase dykes that cut graniti c rocks, the
pitchbl ende occurri ng as fractur e fillings either in the
diabase itself or in the granite adjace nt to the dykes.
It is, perhap s, also signific ant that most of the known
pitchbl ende deposit s, whethe r they occur in rocks believed to be of late Precam brian age or in the older
Precam brian rocks, are in areas that have been affecte d
by folding , faulting , and fractur ing, conside red by
geologi sts on the basis of field observ ations to have
occurre d in late Precam brian time. Howev er, there has
not yet been enough age determ ination work done on
the pitchbl ende deposit s, by method s using atomic disintegra tion, to decide whethe r this view is correct or not.
Pitchb lende has been found as a minor constit uent
in gold-be aring deposit s and associa ted with ores of
silver, copper , lead, zinc, tin, and molybd enum in veins
and related deposit s. The possibi lities of recover ing
uraniu m as a by-pro duct along with the more import ant
valuab le metals presen t should not be overloo ked in
conside ring such deposit s, even if they are low grade,
provid ed the deposit s are large. An exampl e of the
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possible importan ce of such deposits is the case of the
gold deposits of the Rand area, South Africa, which
have been considere d by compete nt authoriti es to constitute the greatest reserve of economic ally extractab le
uranium known anywher e. The uranium occurs mainly
as extremel y minute inclusion s of pitchblen de in thucholite. Owing to the fact that the ore carries sufficien t
gold values to be workable for the gold alone, it is
believed that the uranium can be extracted also at
relatively little extra cost.
Uraninite-bearing Base Metal Deposits. Certain mineralized bodies in British Columbi a that were opened up
originall y because of the presence of such minerals as
gold, cobalt-ni ckel-bea ring arsenides , and molybde nite,
have been found to carry microsco pic grains or, rarely,
what appear to be crystals, of uraninite . These deposits have been classed as veins by some geologist s,
as pegmatit es by others. It would seem that they have
some character istics of both, but because of the high
content of metallic minerals they have usually been
considere d to be vein deposits.

Pitchblende-bearing Veins with Simple Minerali zation.

Pitchble nde may occur alone as a vein filling, but more
common ly it is associate d with hematite and usually
with quartz or carbonat e or both. Very small amounts
of sulphides or other minerals may be present, but the
mineraliz ation on the whole is relatively simple. The
pitchblen de deposits of the Sault Ste. Marie, Ontario,
region, many of those in Saskatch ewan, and the 'giant
quartz veins' of the Northwe st Territori es belong to
this class.
The rather unusual, huge, quartzos e bodies called
'giant quartz veins' are abundan t in Northwe st Territories. They are large bodies of quartz and silicified
rock, common ly 100 feet or more in width and traceable
for miles. Many of them lie in northeas terly trending
fault zones. It is not unusual for these bodies to carry
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thin seams of pitchble nde and hematit e in small fractures, and some of them contain small masses of pitchblende as well. Deposit s of this sort have not yet
proved to be importa nt as the amount s of pitchble nde
found in them have usually been relative ly small.

Pitchblende-bearing Veins with Complex Mineral ization.

Some vein-typ e deposits such as those of the Eldorad o
mine and the Contac t Lake deposit in Northw est Territories and the Nichols on and one of the Fish Hook Bay
deposits in Saskatc hewan, carry a great variety of minerals other than pitchble nde. Quartz, calcite or other
carbona te mineral s, and hematit e are common ; native
silver, cobalt-n ickel mineral s, pyrite, chalcop yrite, selenide mineral s, vanadiu m mineral s, gold, and platinum
have been known to occur.
Seleniu m mineral s also occur in small amount in the
Sault Ste. Marie area.

Dissemi nated or Replacement Deposits. Some deposits
near the south shore of the east arm of Great Slave
Lake consist of radioac tive zones or bands in dolomit e.
Such zones on the average carry much more thorium
than uranium . The active mineral s that have been
identifie d are very minute grains of monazit e and pitchblende or uraninit e. It is not yet known for certain
whether these dolomit es are entirely of sedimen tary
origin, with the active mineral s as original constitu ents,
or whether the active mineral s have been introduc ed
into the dolomit e by hydroth ermal solution s. The dolomite itself, in places at least, has much the appeara nce
of a hydroth ermal deposit. A few uranium deposits in
other parts of Canada are classed tentativ ely as replacement deposits .

( 4) Sedimen tary Deposits
Some Canadia n black shales and low-gra de phospha te
rocks that have been tested showed a low radioac tivity
compar able to that of granites .
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The radioa ctive dolom ite of Great Slave Lake may
be of sedim entary origin, accord ing to some geolog ists.

(5) Secondary Deposits
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probabl y much more quickly precipit ated than is uranium, so that seconda ry thorium does not travel far.
This is confirm ed by the fact that sea water has been
found to contain at least three times as much uranium
as thorium .

(6) Placer Deposits
Most radioac tive samples from placer deposits in British Columb ia have been found to contain thorium
rather than uranium , but a few showed uranium by
chemica l analysis .
Very large deposits of monazit e-bearin g beach and
stream sands and gravels occurrin g in India, Ceylon,
and Brazil have been the world's main sources of thorium
because of the ease of separati ng and concent rating the
monazi te at low cost. Other thorium mineral s, thoriani te
and thorite, may also be present in minor amount , and
other saleable product s from the concent ration treatment may be ilmenite , zircon, rutile, and in some instances a little gold. Some monazit e and zircon concentrate s are also produce d as a by-prod uct of alluvial
tin mining in Malaya . The primary thorium mineral s
of the sands or gravels have, no doubt, been derived
from the weather ing of granitic rocks in the first instance, and have been greatly concent rated by natural
water action. Small, low-gra de deposits of monazit e of
this nature have been found in British Columb ia and
the Northw est Territor ies, but have not been promisi ng
commer cially.
Pitchble nde and uraninit e have not been found in
commer cial quantiti es in placer deposits in any part of
the world, probabl y because they are too easily decompos ed.
Prospec tors and placer operato rs should not overloo k
the po sibility of finding radioact ive mineral s in placers.
Even though they may occur in only very small quantities they might suggest the possible presenc e of pri-
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Summ ary of Data Applic able to Prospecting for
Canad ian Pitchblende Deposits
deposi ts of pitch(1) Within the Canad ian Shield, vein-ty pe late Precam brian
blende are largely in areas in which
(Proter ozoic) rocks are found.

area does not
(2) Lack of outcro ps of granite in a Precam brian for prospe ctrily mean that the area is unfavo urable
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also minor.
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(4) Pitchb lende deposi tion may be simple or associa lization ,
abund ant and comple x sulphid e and arsenid e minera molybzinc,
with minera ls of cobalt- nickel, iron, copper , lead,
amoun ts of
denum , and, in some instanc es, with minor
and carselenid es, silver, gold, platinu m, and tin. Quartz
bonate are the usual gangue .
larly,
In the wester n part of the Canad ian Shield particu ines very
pitchbl ende is very commo nly, and in some instanc
, specula rite.
timatel y, associa ted with hemati te and its variety
nation
Red wall-ro ck alterat ion near fractur es, due to impreg rthy.
notewo
by hemati te, quartz , and/ or feldspa r, is especia lly
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(5) In general , pitchbl ende deposi tion appear s to favour olites,
unlike granite in compo sition, such as basalts , amphib
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in Cana da are: depos its of carno tite and relate
d miner als;
depos its of torhe rnite and autun ite; black , carbo
naceo us,
bitum inous or oil shale s; and phosp hate rocks
. Most of
these have been ment ioned previ ously , hut
may be
summ arize d here.
The carno tite-h earin g sands tones of Color
ado and
Utah , Unite d State s, are well know n. They
produ ced
very impo rtant amou nts of urani um, radiu m,
and vanadium inter mitte ntly over a long perio d of years
and are
still produ cing. The sands tones them selve s
are mostl y
of Juras sic age and are believ ed to be
conti nenta l
depos its, that is, forme d in lakes , etc., rathe
r than on
the open sea botto m. Noth ing is defin itely
know n as
to just how the carno tite got into the sands tone,
whet her
preci pitate d there by soluti ons carry ing urani
um and
vanad ium, or depos ited as such along with
the sand
grain s. Nor is the locati on of the prima ry
sourc es of
the urani um and vanad ium defin itely know
n. The individ ual depos its are not large nor of very
high grade ,
but there seem s to be almo st unlim ited possi
bilitie s of
their occur rence , the diffic ulty being to find
them .
Torh ernite and autun ite are secon dary
micac eous
phosp hate mine rals that have occur red in
depos its of
work able grade in a few place s, notab ly in
Portu gal.
They may be found , rarely , in very small
amou nt as
miner alogi cal speci mens amon g other altera
tion products of Can_a dian prima ry urani um miner
als. There
are also two instan ces of the occur rence of torbe
rni te or
meta -torb ernite in some quan tity in Cana dian
depos its,
one in the North west Terri tories and the
other in
Nova Scoti a. Autu nite occur s in Preca mbria
n sandstone in Saska tchew an.
In other count ries, comm ercial grade phosp
hate rock
used for maki ng fertili zer may even tu ally
prove to be
a sourc e of by-pr oduc t urani um. The only
know n
Cana dian depos its of such mater ial in weste
rn Alber ta
and Britis h Colum bia are low grade with
respe ct to
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both phosphate and uranium content, and are not being
used to make fertilizer. In phosphate rock, the uranium
content is likely to be proportion al to the phosphate
content.
Black shales have also been mentioned previously .
No Canadian examples carrying much over O· 005 per
cent U 30 8 equivalen t activity have been found, but in
Sweden a black, carbonace ous material called 'kolm',
occurring with alum-bear ing shales, is reported to carry
up to O· 5 per cent or more of uranium in places.
DEVICES AND METHOD S FOR DETECT ING
RADIOA CTIVITY
Although radioactiv ity may be detected in a number
of ways, the most practical instrumen ts for prospector s'
use at present are Geiger counters and scintillatio n
instrumen ts. These instrumen ts will, therefore, be described first, and the others will be referred to briefly.
PORTABLE GEIGER COUNTERS

Applicatio ns and Selection
In recent years, improvem ents in portable GeigerMueller counters have made them the most useful and
practical aid in prospectin g for radioactiv e minerals
that is available at a moderate cost. Gamma scintillation equipmen t so far available is more sensitive and
efficient in ?etecting gamma radiation, but is much
more expensive.
The fact that these instrumen ts are still in course of
developm ent has resulted in a diversity of types, models,
and prices of portable Geiger counters, which, judging
from the number of letters received by the Geological
Survey, is rather confusing to prospector s who wish to
purchase one. In order to help the prospector unfamiliar
with these instrumen ts in selecting one to suit his
particular needs and pocket-bo ok, and to save him the
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time and trouble of personally applying to the different
manufacturers or selling agents, the Geological Survey,
Radioactivity Division, has assembled and tabulated the
data pertaining to instruments offered for sale in Canada.
Copies of these Geiger-counter D a ta Sheets may be obtained· free on application to the Director, Geological
Survey of Canada, Ottawa .

Use of Geiger Counters by Amateurs
Letters received from t hose interested in using Geiger
count ers for prospecting oft en imply t hat t he inq uirer
has som e doubt as to his ability to take care, or make
good use, of t he instrumen t. It may b e said that no
one sh ould h esit ate to acq u ire a counter fo r such
reasons. Anyone capable of turning a switch or ch anging dry batteries in a portable radio can understand
the simple mechanics of operating a counter, and the
a b ility of t he instrument it self t o detect radioactive
rad iat ions puts t he amateur p rospector almost o n a
p a r wit h the m ost experienced v eteran so far as the
cha nces of finding u ranium are concerned. The man ufacturers supply instructions for operating their instruments, but if the purchaser of a portable counter is in
any doubt as to d etails of its operation he should write
the manufacturer or agent who sold it.
In testing the action of the instrument, a watch or
compass with luminous dial or small specimen of radioactive mineral is very useful. For this purpose, the
Geological Survey offers for sale, at 50 cents each,
small specimens of the pitchblende ore from Great Bear
Lake. These are sent postpaid to bona fide prospectors
in Canada upon receipt of the amount of the charge
in the form of a postal note or money order made out
to the Receiver General of Canada. Requests for these
specimens should be addressed to the Director, Geological Survey of Canada, Ottawa. Stamps or checks are
n o t acceptable.
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Geiger tube entire ly from the batteri es, which implie
s
consid erable bulk, weigh t, and cost for the batteri
es.
Others use a smalle r and relativ ely low-vo ltage B battery associ ated with a device called a vibrat or circuit
,
which delive rs the requir ed high voltag e. Thus, a saving in batter y size, weigh t, and cost is effecte d by use
of the vibrat or circuit when the high voltag e load
is
relativ ely heavy .
The Geiger tube or counte r tube, which is the heart
of the device , is usuall y an elonga ted cylind rical glass
tube, closed at both ends, with a thin wire centre
d
longit udinal ly and a cylind rical metal electro de (gamm
a
type) or metal plating , usuall y silver (beta- gamm a type),
on the inside surfac e of the glass wall of the active
part. This is called the cathod e. The gamm a type
of
counte r tube is made throug hout of fairly thick glass
or, in some instan ces, of metal; the beta-g amma type
has the glass walls of the sensiti ve area drawn out
very thin; hence this type is more fragile . Howev er, some
beta-g amma tubes are being made of very thin metal,
and there is an end windo w type, which has a very
thin windo w, usuall y of mica. The centre wire and
outer electro de are insula ted from each other and are
conne cted in the circuit in such a way that the high
voltag e curren t passes mome ntarily betwe en them when
radiati ons strike the tube, penetr ate it, and render the
low pressu re gas contai ned in the tube condu ctive
to
electri city for a small fractio n of a second . The tube
is filled with a mixtur e of gases under low pressu
re,
the functi on of which is to preven t this high voltag
e
discha rge betwe en the electro des from contin uing
for
more than a very minut e fractio n of a second . This
repres sive action is called quench ing. Most portab
le
Geiger counte rs use self-qu enchin g tubes of this type.
With use, the gas that does the work of quenc hing the
discha rge gradua lly becom es decom posed and the tubes
have to be refilled or replac ed, but the tubes should give
severa l season s of ordina ry service before needin g
re-
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the meter can also be used to check the A batter
ies
and the high voltag e applie d to the counte r tube. The
calibra tion on meters may repres ent electri cal units,
milliro entgen s, or counts per minut e. The latter type
seems to be prefer red by many prospe ctors, as it
is
simple and dial readin gs can be directl y related to earphone counts .
Most portab le Geiger counte rs have the batteri es,
high voltag e supply , amplif ying circuit , and meter,
if
there is one, contai ned in a metal case, which in many
model s also houses the counte r tube or tubes. When
the counte r tube is inside the case it is genera lly at the
bottom , but in at least one model it is at one side
of
the case. It is worth while learnin g the exact locatio
n
of the counte r tu be so that small or low grade specim ens
may be broug ht up as close as possib le to the most
sensiti ve part of the tube when testing . Some model
s,
howev er, have the counte r tube contai ned in a metal
cylind er called a 'probe ' and conne cted by a cable
to
the circuit inside the case. The most sensiti ve part
of
such a probe will be, usuall y, about the middle region
of its length if the counte r tube is of the usual cylindrical type. If the tube, howev er, is of the highly
sensiti ve end windo w type, the end of the probe will
be the most sensiti ve area. A model offered for sale
in
the United States has the counte r tube at the end
of a 3-foot , cane-l ike, alumin ium tube, enabli ng
the
operat or to carry it close to the ground or hold it near,
or on, the rock witho ut stoopi ng.
Some instru ments are built in such a way as to be,
except for the headp hones, compl etely waterp roof. Such
instru ments also usuall y have a drying agent inside the
case, and they may be, in some respec ts, of superi
or
constr uction . Instru ments intend ed for use in the tropics
are of this nature .
The overal l weigh t and bulk of prospe cting counte rs
are impor tant consid eration s. Severa l model s of about
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effect
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tubes
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from 1 · 4 to 2 or 3 squar e inches , where as a large
ive
model on the marke t has 18 squar e inches of effect
much
is
er
count
a
such
say,
to
ess
tube area. Needl
Thus,
more sensit ive than one havin g only a small tube.
ry
count
in
ng
worki
ed
involv
t
projec
if a prosp ecting
, or
with few rock expos ures, wides pread overb urden
1 The effectiv e area or, more proper ly, effectiv e project ed area,
sensitiv e part of a
is the produc t of the length and diamet er of the
the area that would
cylindr ical tube. It represe nts approx imately
For a tube placed
be recepti ve to radiati on from a point source.
ly distrib uted
close to a large area showin g more or less uniform much greater
s very
activit y, the recepti ve area of the tube become
than the project ed area.
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with snow and ice on the ground , the most efficie
nt
detect or would be one with the greate st possib le effective counte r-tube area. Such a counte r should also pick
up radioa ctive radiati ons at a somew hat greate r
distance from the source than one having a smalle r effecti
ve
area.
On the other hand, any portab le counte r, even those
with the smalle st tubes, will readily detect uraniu
m
deposi ts of much lower than comm ercial grade if these
are expose d at the surfac e. Their smalle r size, weigh
t,
and cost recom mend them to many prospe ctors. The
upkee p for batter ies and repairs is also very much
less
for this type.
The beta or, more correc tly, the beta-g amma type of
counte r tube is sensiti ve to both beta and gamm
a
radiati on, but is likely to be less efficie nt on gamm
a
radiat ion than a regula r gamm a-type tube.
The effecti veness of a tube for gamm a detect ion depends largely on the thickn ess and densit y of
the
materi al of the metal cylind er or coatin g that forms
the cathod e just inside the glass envelo pe. This should
be of consid erable thickn ess for best gamm a results .
On
the other hand, both tube and cathod e must be very
thin for high efficie ncy in beta detect ion. The efficie
ncy
of a beta tube for beta radiati on may be very high
provid ed the thin or 'windo w' part of the tube is thin
enoug h to allow the greate r part of the beta energy
spectr um to penetr ate into the interio r of the tube.
Beta particl es have relativ ely little range in air
or
penetr ating power compa red with gamm a rays, hence
a
beta counte r is most effecti ve when used close to
the
unshie lded radioa ctive source . When so used, howev
er,
beta counte rs are severa l times as sensiti ve as gamm
a
counte rs, and, therefo re, are much more suitab le
for
testing small hand specim ens of rocks and minera
ls,
small isolate d grains of radioa ctive minera ls, or
for
locatin g small areas of relativ ely low activit y, than
are
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activ e prod ucts such as radi um or
its desc enda nts derive d from deco mpo sing radi oact ive
mine rals mig ht be
carr ied by surfa ce wate rs into the
over burd en and be
depo sited ther e.
In cons ideri ng 'the effec t of shiei
ding , how ever , it
mus t be reme mbe red that the gam
ma rays from the
vari ous mem bers of the uran ium
and thor ium serie s
diffe r cons ider ably in ener gy and
pene trati ng pow er.
Alth ough a mod erate amo unt of shie
lding will mak e a
very notic eabl e diffe renc e in the inte
nsity of radi ation
from a give n sour ce, muc h mor e is
nece ssary in orde r
to appr oach com plete shiel ding . The
resu lts are such
that a sort of 'law of dimi nish ing
retu rns' appl ies,
and, theo retic ally, a few high -ene rgy
rays from a pow erful sour ce, or indu ced seco ndar y
radi ation mig ht get
thro ugh grea t thick ness es of shiel ding
. This conc eptio n
has, appa rent ly, been prov ed to be
true by exac t scien tific expe rime nts usin g very spec ial
equi pme nt, but such
resu lts wou ld seem to be entir ely
outs ide of the field
of the ordi nary port able Geig er coun
ter. Nev erthe less,
it coul d be infer red that a very rich
depo sit mig ht produce a suffi cien t num ber of such
high ly pene trati ng
rays as to be dete ctab le thro ugh quit
e thick over burd en
prov ided the dete ction equi pme nt
had suffi cien t inter cept ing area and effic iency in dete ction
.
The effec t of dista nce of the Geig er
coun ter from the
radi oact ive sour ce is extr eme ly imp
orta nt. No doub t
ever y purc hase r of a Geig er coun
ter soon learn s that
the close r the coun ter tube of the
instr ume nt is to
activ e mate rial the grea ter the num
ber of coun ts or
read ing on the mete r, and it seem
s natu ral that it
shou ld be so. Actu ally, the inten sity
of radi ation from
a 'poi nt sour ce', that is, a sour ce
of activ ity that is
very smal l in size relat ive to the dista
nce of the coun ter
tube from it, follo ws the sam e 'inve
rse squa re law' that
appl ies in the case of light , that is,
the inten sity varie s
inve rsely as the squa re of the dista
nce from the sour ce.
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Figure 2. The dia1ra m illustra tes how
the readin gs of a Geiger counte r would
very small 'point source ' of radiati on,
be affecte d theore tically at varyin 1 distanc
S, due to the operat ion of the inverse
es from a
square law. Gamm a ray ■ from S radiate
a■ from the centre of a sphere , formin
in all directi ons,
g a aphere of radiati on. The same rays
that
out into the larger squar sat unit dutanc
paH throug h the first ■quare at unit
distan ce I apread
ea 3 and 5. The em 11 black rectang les
and dials repres ent a Gei1er counte r
of 900, 100, and 36 counts per minute
with ita readin rs
at distan ce, 1, 3, and 5 unite re■pect
ively from the source S.
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may rende r the porta ble Geige r coun ter useles
s for a
time. Near opera ting minin g mach inery , too,
it may be
found that the coun ter is sligh tly affect ed.
One type
of Geige r coun ter was found to be quite
notic eably
affec ted by the starti ng and stopp ing of
an electr ic
eleva tor in a build ing, and it was also found
to be
sligh tly affec ted by a porta ble gasol ine air-co
mpre ssor
at a mine, the high- tensio n igniti on syste m of
the engin e
no doub t being respo nsible .

Recording and Repor ting Geiger Counter Readi ngs
In recor ding readi ngs it is alway s well to make
fuII
notes as to make , mode l, and serial numb
er of the
instru ment , scale on which the readi ng is made
, latest
backg round readi ng, positi on of the instru ment
with relation to the rock expos ure, that is, wheth
er restin g
direc tly on the rock or held at some know
n distan ce
from it, natur e and shape of the rock expos
ure, and
anyth ing else that it is thoug ht migh t influe
nce the
readi ngs.
Samp les for labor atory assay shoul d be taken
from
the exact place s where readi ngs have been
made on
the rock expos ure and shoul d be tested by
remo ving
them to a local ity where the backg round is
norm al and
takin g readi ngs with the sensi tive part of the
instru ment
centr ed over the samp le and actua lly in conta
ct with it.
Possi ble conta mina tion of the instru ment may
be
ed by interp osing a sheet of paper betwe en samp avoid les and
instru ment , or the samp les conta ined in a
clean bag
may be tested . Each samp le shoul d be turne
d
direc tions and readi ngs taken for each positi in all
on and
avera ged. The size and appro xima te weigh t
of samp les
shoul d be noted .
Detai led notes of this sort along with the
result s of
labor atory assay s of the samp les will assist in
the interpreta tion of readi ngs obtai ned with the partic
ular instru ment in use.
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this subjec t is discus sed in detail, and metho ds for testing solid specim ens are also describ ed.
The rough testing of hand specim ens held near
a
Geiger counte r can give some idea of their possib
le
range of uraniu m conten t if suitab le standa rds for compariso n are availa ble. There are so many compl ication
s
involv ed, howev er, that the subjec t canno t be discus
sed
in detail here.
The Use of Geiger counte rs and scintil lomete rs in
prospe cting is descri bed on pages 80 to 90 of this bookle
t.
SCINTI LLATIO N-TYPE DETEC TORS

Scinti llation -type detect ors are based on the fact that
alpha, beta, and gamm a rays will cause micros copic
flashes of light in certain natura l and artific ial crysta
lline substa nces. Some substa nces, such as activa
ted
zinc sulphi de, react only to alpha rays, where as others
are very efficie nt beta and gamm a detect ors. Much
resear ch devote d to this subjec t has resulte d in the discovery of some very efficie nt scintil lators. Those commonly used are specia lly grown artifici al crysta ls.
As each alpha, beta, or gamm a ray that strikes an
approp riate scintil lator causes only a single flash of very
short durati on, it is possib le, by suitab le means ,
to
count the flashes or have them registe r on a meter. The
scintil lating crysta l is the prima ry detect or in these
instrum ents as the counte r tube is in Geiger counte rs,
but
in order to utilize scintil lators in electro nic circuit s
the
light flashes must be conve rted to pulses of electri city.
This is done by a 'photo multip lier' tube, which has
a
light-s ensitiv e windo w fixed in contac t with the scintil
lator. This tube delive rs a highly amplif ied pulse
of
electri city for each flash that occurs . The rest of
the
circuit is for furthe r amplif ication and registr ation
of
the electri c pulses , as in the Geiger counte r.
Scinti llation -type equipm ent is now produc ed commercia lly. Two types, a portab le gamm a model with
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PHOTOG RAPHIC TESTS

Radioa ctive radiati ons affect photog raphic plates or
films in much the same way as light does. This fact
provid es a relative ly simple way of detecti ng the presence of uraniu m and thorium in rocks and minera ls. and
of locatin g a radioac tive minera l in a specim en.
Any photog raphic plate or film may be used, but it
is absolu tely essenti al that the plate or film be completely protect ed from light. In a dark room, a roll of
film may be cut into pieces of conven ient size , say 3 by
4 inches, and each piece sealed in an envelo pe made of
black, photog raphic paper, in which it should remain
until develop ed. It would be all the better to place
this envelo pe inside a similar but larger one. It is best
to keep the envelo pes with enclose d films in a lightproof metal box well away from any radioac tive
materia l.
As the effect of radioac tive minera ls on a photog raphic plate is slow, it is advisab le to first concen trate
them from gangue or rock by crushin g and pannin g
before making the test, unless the materia l to be tested
is a fairly pure single minera l suspec ted to be pitchblende or a radioac tive minera l from pegma tite. By
pannin g a crushe d rock the radioac tive minera ls will,
in most instanc es, be concen trated in the heavy tail.
To make the test, an envelo pe with enclose d film ma
be placed on a flat surface , where it will be undistu rbed,
with a small, flat metal object, such as a coin or key,
on top of the envelop e. The heavy tailing or other
crushe d materia l to be tested may then be distrib uted
as evenly as possibl e over the coin and around it but
not over the whole plate, and a box or can placed over
the whole to protect it further from light or disturb ance.
Pure pitchbl ende will produc e a 'radiog raph' or outline
of the coin in about 12 hours, but it is advisab le to
leave the test undistu rbed for a week or longer. if
possibl e.
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When sending film to be developed, it is well to mark
on each envelope the sample number or other description of the test, and in the covering letter to explain
what the film was used for, the kind of film, and to
request that contrast developer be used to develop it.
It is not necessary to have prints made, as any effect
on the film should be visible.
The photographi c method is particularly useful for
locating radioactive minerals in a specimen, if a dark
room or suitable substitute is available. The specimen
is ground flat on one side, using alundum, carborundum ,
or emery powder and water on a glass plate or flat
metal surface, finishing with a fine grade of abrasive.
It is not so easy to produce a flat surface by rubbing
the specimen on an abrasive stone, but a small specimen
might be prepared in this way. The specimen is thoroughly cleaned and dried, and the ground side is placed
directly on the emulsion coated side of the plate or
film and held in position by adhesive tape. With a
pencil or other point, an outline of the flat surface may
be drawn on the emulsion, which will show the position
of the specimen later on when the film is developed.
Black or dark areas on the developed film will indicate
the position of the radioactive minerals in the flat surface of the specimen.
VISUAL SCINTILLATI ON TEST

When alpha particles from radioactive substances
strike a screen coated with activated zinc sulphide,
each produces a tiny flash of light or scintillation . These
can be readily seen in the dark with a low-power
microscope. A scintilloscop e is a small instrument consisting of a zinc sulphide screen and focusing tube
magnifier by which this interesting phenomenon may be
observed. The instrument can be used only in the dark
after the operator's eyes have been in darkness for
ome time. Specimens may be tested for radioactivit y
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by this method, but it is necessary to wait for some
time for flashes from low-grade material to occur. The
rate might be only one or less per minute. With suitable
arrangements, the method can give quantitative indications, but it is not well adapted for practical use by
prospectors. It, of course, does not distinguish between
uranium and thorium, as both give off alpha radiations.
In using such instruments care should be taken not to
contaminate the screen with radioactive material, nor
to expose it to light, which renders it fluorescent and
useless for many hours after the exposure.
An instrument of this sort is available from the
Central Scientific Company, Toronto, under the name
'Radioscope'. Another model of this type recently offered for sale is the Clarkstan Model 50 I Alpha Counter
obtainable for $5 (U.S.) from Clarkstan Corporation,
Los Angeles 64, California, U.S.A.
ELECTROSCOPIC TESTS

The electroscope is one of the oldest instruments used
for investigating radioactivity. It also was one of the
most useful devices in such investigations previous to
the introduction of electronic equipment. In a suitable
form it could still be useful in certain applications, such
as the field assay of prospectors samples.
The simplest form of electroscope, sometimes stocked
by scientific supply houses, is called the gold leaf electroscope. It consists of two strips or 'leaves' of very thin
gold or aluminium foil hanging from a metal support
that is fitted into the neck of a glass bottle. The leaves
are charged with electricity by touching the metal support with a rod of vulcanite, glass, or plastic that has
been rubbed with silk, wool, or fur. The charge of
static electricity on the rod is transferred to the leaves,
and, as both are charged with the same kind of electricity, they repel each other and separate. If radioactive material is now brought near the supporting rod
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the leaves will fall at a rate depending on the intensity
of radiation from the active source. The instrumen t
does not distinguish between uranium and thorium.
A type that is more expensive but would be of more
use to prospector s consists of three main parts: a head,
containing the leaves and charging knob; a bottom
compartm ent, in which trays containing samples can be
placed; and an attached tube magnifier with a scale,
permitting quantitati ve readings of the position of the
leaf. By using analysed standard powders for comparison, rough quantitati ve estimates of grade could he
made under favourable weather conditions .
The ordinary electrosco pe works best, unfortuna tely,
in winter, when the air is very dry and not disturbed
by electrical storms, which ionize the air and increase
the rate of natural leak. To he of practical use in
summer, an electrosco pe must include means of maintaining a dry atmospher e in the leaf chamber.
The principle of the electrosco pe is still applied in
various refined forms, but no available commerci al
model seems to he worth while for the prospector .

TESTS FOR URANIU M ELEMEN T
It may be noted that most devices or methods for
detecting radioactiv e minerals are indirect; they detect,
not uranium or thorium as such, but radioactiv e radiations coming mainly from the active radioelem ents produced by the atomic disintegra tion of uranium and
thorium.
COLOURED URANIUM MINERAL ALTERATIO N PRODUCTS

Perhaps the simplest direct method of detecting uranium as distinguish ed from thorium, is by recognitio n
of the bright yellow, orange, and green colours of certain alteration products of uranium minerals. These
colours do not quite resemble any others commonly
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shown by minerals, and once seen are easily recognized
again, even when somewhat dulled or changed by contamination with other ·alteration products. No thorium
mineral alteration products are so coloured unless they
contain uranium and are coloured by it.
FLUORESCENCE TESTS

Unaltered pitchblende, uraninite, or other primary
uranium and thorium minerals do not themselves fluoresce under ultra-violet light, but may by alteration
give rise to thin patches or coatings or tiny crystals of
secondary minerals that will fluoresce under short-wave
ultra-violet light such as is produced by the Mineralight
lamp. However, it is not considered worth while for a
prospector to purchase an ultra-violet light for the sole
purpose of prospecting for uranium, in Canada, though
it is useful in making fluorescent bead tests, and it is
indispensable in prospecting for the tungsten ore mineral scheelite.
Portable models of ultra-violet lamps designed for
prospectors' use are: the 'Mineralight', sold by UltraViolet Products Inc., 145 Pasadena Ave., South Pasadena, California, and the 'Menlo Fluoretor', a small
model that operates on flashlight batteries, sold by
Camera and Instrument Crafts, 122 Eleventh Avenue
West, Calgary, Alberta, and by Photographic Stores
Limited, 65 Sparks Street, Ottawa.
FLUORESCENT BEAD TEST

This test is based on the fact that a fused bead of
sodium fluoride or lithium fluoride, in which a little
uranium is dissolved, will fluoresce under ultra-violet
light. It is useful because it will work with all important uranium minerals, and is sensitive enough to detect
the presence of very small amounts of uranium in most
cases. However, minerals such as monazite and allanite,
containing only very small amounts of uranium with
much cerium, will not yield fluorescent beads by this
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test. Minerals contammg tungsten or columbium may
yield fluorescent beads with weaker fluorescence and
bluish in colour.

Equipment. This is not elaborate; it consists of:
(1) Wire, to hold the bead, and wire-cutting pliers. Iron stovepipe wire, obtainable at most hardware stores, is satisfactory.
Platinum wire, of course, is better, but expensive.
(2) Means for producing a small, hot flame, such as a pressure
gasoline stove or torch. The use of an alcohol lamp and
mouth blow-pipe has also been suggested. Alcohol torches
that have been tried do not give enough heat to be satisfactory.
(3) A supply of sodium fluoride or lithium fluoride. These are
dry powders obtainable from chemical supply houses. They
are poisonous if taken internally, so should be well labelled
and kept apart from baking soda or similar materials used
in foods.
( 4) A source of ultra-violet light, the 'Mineralight' or 'Menlo
Fluoretor' (See page 78) could be used, or a powerful flashlight fitted with a dark blue ultra-violet filter glass1 in place
of the regular glass has been reported to be satisfactory.
However, a three-cell type tested in this way was not strong
enough for the purpose.

Procedure. The specimen to be tested is finely powdered and well mixed. A loop with an inside diameter
of ½ inch or a little more {s formed on the end of a
piece of wire, heated, dipped into the fluoride powder,
and again heated until the fluoride melts. This is repeated until the loop is completely filled with the melted
fluoride 'bead'. While still hot, the bead is brought into
contact with the sample powder so that some adheres
to it. The bead is then reheated until the sample
powder is thoroughly melted into the bead. After the
bead has cooled it is examined in darkness under ultraviolet light, or it may be cut off the wire and examined
1
Obtainable from the Corning Class Works, Optical Sales Department, Corning, New York. A 2-inch square of violet ultr No. 5860
standard thickne s sell for $1.60 (U.S. funds).
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in daylight with the Menlo Fluoretor. 1 If any uranium
is present the bead will fluoresce with a bright yellowgreen colour.
In the case of radioactive materials occurring as very
fine grains disseminated in rock, it may be advisable
to concentrate some of the heavy material in a tail by
panning, remove magnetic materials with a magnet,
and make a bead test on the residue.
In making tests, suitable precautions must be observed to prevent contamination of the wire or fluoride
powder with uranium-bearing material from previous
assays.
It has been stated that "minerals containing tungsten
will fluoresce when treated with lithium fluoride (but
not with sodium fluoride), and minerals containing
columbium will fluoresce when treated with sodium fluoride (but not with lithium fluoride). The fluorescence
produced by these elements, however, is generally
weaker than that produced by uranium and is distinctly
bluish" .2

USE OF GEIGER COUNTERS AND SCINTILLATION INSTRUMENTS IN PROSPECTING
Of the various known devices or methods for detecting radioactive substances, portable Geiger counters and
scintillometers are by far the most suitable for prospect1 The portable 'Mineralight' type of ultra-violet lamp may be
used to test beads in daylight by placing the bead on the glass
filter of the lamp and viewing it through a small cardboard tube
held closely against the glass to exclude daylight. A tube about
l ¼inches in diameter is suitable; its length should be such that the
bead can be seen clearly when the operator's eye is applied closely
to the open end, usually 6 to 12 inches. The inside of the tube
should be blackened; this may be done with charcoal.
2 From "Prospecting for Uranium", published by the United
States Atomic Energy Commission and the United States Geological Survey, obtainable from the Superintendent of Documents,
United States Government Printing Office, Washington 25, D .C.
Price, 30 cents.
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ing. A radiation detector of any kind is not absolutely
necessary for prospectin g for radioactiv e minerals; tests
such as previously described (See pages 74-80) might
be applied to suspected materials, or samples might be
sent away for assay as is done in ordinary prospectin g.
However, experience has shown that recognitio n of
radioactiv e raw materials by means of simple physical
properties observable in the field may be very difficult
or impossible , even by trained mineralog ists. There is
no doubt that most of the numerous uranium discoverie s
of the past decade were made with the help of Geiger
counters, and that most of them would not have been
made by ordinary prospectin g methods. For serious
uranium prospectin g, therefore, a prospecto r should have
a Geiger counter.
The portable scintillom eter, now available commercially, is much more efficient than · Geiger counters in
detecting gamma radiation, but the relatively high cost,
both of the instrumen t itself and of batteries for it,
as also its greater weight, may restrict its general use
by prospector s. In this section, therefore, the use of
the Geiger counter will he described more particular ly,
but with the understan ding that the scintillom eter may
be used similarly to, or instead of, the gamma type
Geiger counter in every way mentioned , with even
greater effectivene ss.
Geiger counters have been discussed in some detail
on pages 5 7 to 71 , and early in the booklet something
was said of the nature of radioactiv e disintegra tion and
the radiation from uranium and thorium minerals. In
considerin g the applicatio ns of various types of Geiger
counters in prospectin g, it is important to remember
the nature of the three very different kinds of radiation
given off by radioactiv e minerals: the alpha particles,
with little range or penetratio n; the beta particles, with
much more range and penetratio n; and the gamma
rays , with very much greater penetratio n than the beta
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rays. Thus the most effective instruments for searching
for radioactive deposits are those that detect the highly
penetrating gamma radiation most efficiently, and for
this the scintillometer and models of Geiger counters
having gamma-type counter tubes are best. The alpha
scintillation detector and beta-gamma types of Geiger
counters with shielded probes are best for close work in
localizing the radioactive mineralization and studying
its distribution in detail at the surface of deposits, or
in mines and openings, where the gamma-type instruments are likely to be much more affected by general
gamma radiation.
So far as their use in prospecting is concerned, commercially available Geiger counters differ mainly in the
following particulars:
(J) Some are equipped only with earphones, others have meters,
or, usually, both meter and earphones. Still others have
small neon lamps that light up momentarily as each ray is
detected.
(2) Many models come equipped with gamma-type counter
tubes; others have beta-gamma tubes. In some instances,
the manufacturer offers a choice of ga mma or beta-gamma
tubes on a given model.
(3) In perhaps most Geiger counters, the Geiger tube or tubes
are enclosed within the metal case that houses the batteries
and amplifying circuit, but some have the tube enclosed in
a metal cylinder and connected by a short cable to the
circuit inside the case. The tube in this so-called 'probe'
may be cylindrical or may be of the end-window beta type.

The types that have only earphones range from small,
relatively light instruments that can be pla ced in a
pocket to those weighing about 7 pounds; but most of
them are smaller, lighter, and cheaper than meterequipped models, and they are satisfactory for ordinary
prospecting purposes. The models with meters in some
instances may have larger counter tubes or more than
one counter tube , and hence be more sensitive than the
cheaper, meterless types. They are desirable for detailed
surveys of deposits, especially those of higher rade
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where t he counting rate is too high to be estimated
by ear.
Geiger counters that detect only gamma radiation are
satisfacto ry for almost all prospecting purposes. They
a re not as sensitive as beta counters, however, for testing small or low-grade hand specimens of radioactive
material.
Geiger counters without probes are satisfactory, but
a probe has certain advantages. The main part of the
instrument can be carried by means of a sling placed over
one shoulder, and only the probe need be carried in the
h and. The probe is particularly useful for testing crevices
a nd other small openings. Some probes are waterproofed
and can be thrust into shallow water to test a deposit
t h at may be at t he bottom of a pit or in the bed of a
stream. A p robe a lso permits greater selectivity for determ ining t he exact source of radioactivity or for noting
the differences in ra dioact ivity for short intervals across
a deposit, if it is of the lead-shielded beta t y pe .
CARE O F T HE I NSTRUMEN T

The following notes are not intended to cove r all t he
inst ructions con t ained in the p amphlet s su pplied with
most inst rumen ts, but merely to outline the m ain precautions that should he observed.
(I ) Geiger counters are fairly rugged, considering t he d elicacy of
some of their parts, but hard jars should be a void ed, a nd
the instrument should be padded for shipping. A wooden
case lined inside with sponge rubber is very satisfactory.
(2) I nstruments that are not waterproofed should be protected
from moisture. Some operators of the larger models, even
when these are protected by a canvas case, place waxed
paper on the bottom and sides of the case so that it can be
et on wet ground without getting wet. Wetting of the earphones should be avoided. For wet weather use, instru ments having the counter tube contained in the case and
using earphones may be easily waterproofed by putting them
into a small plastic bag obtainable at 10-cent stores. The
bag is tightly closed around the phone cord.
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(3) The instrument should not be overheated.
(4) Care should be taken to see that dust or larger fragments
from radioactive minerals do not contaminate the instrument or its case. Waxed paper is useful for this reason as
well as to prevent wetting.
(5) The instrument should not be kept switched on for any
length of time if near a highly radioactive specimen or
deposit, as this would shorten the life of tubes and batteries.
In general. instruments used for surface work should not be
taken underground in high-grade uranium mines or into
treatment plants for uranium ore.
(6) Care should be taken to see that the instrument is switched
off when not in use.
(7) Batteries should not be left in the instrument when it is
shipped or stored for long periods because swelling, leakage,
or corrosion may result. A batteries, especially, should be
checked daily and removed promptly when they show swelling or other indications of exhaustion.
(8) Most types of counter tubes may give very misleading
results when they are nearly worn out; therefore, it may be
necessary to have a tube replaced before it is completely
"dead". It is impossible to state the effective life of a tube,
but it would be advisable to have the tube replaced before
beginning a long trip in a remote district or as soon as the
instrument consistently showed abnormally high background
counts.
(9) Batteries can be changed, and loose or broken connections
can be repaired by the operator, but other servicing should
be done by a qualified person. Spare batteries should be
taken on long trips including the small bias batteries that
are soldered into some circuits and might be overlooked.
(10) If extensive work in a remote district is planned, it is desirable to have two or more Geiger counters to prevent loss of
time in the event of failure or damage of one instrument.
USE OF THE INSTRUME

T

A Geiger counter will register occasional counts if
it is switched on at any locality. This is partly
because the instrument is sensitive to cosmic rays,
which reach the earth from outer space, and partly
because almost all materials contain minute amounts of
radioactive substances. These low counts are called
background counts. When the instrument is being used,
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the background must be determined from time to time
during the day by switching the counter on at localities
well away from any possible radioactive deposit or
specimens. Background counts of up to about 80 per
minute may be heard in the earphones, or the needle
of the meter will be seen to fluctuate between two
low dial readings. The number of background counts
per minute depends on the effective area of the counter
tube in the instrument, its efficiency and the voltage
applied to it, as well as on the local conditions. Therefore, normal minimum backgrounds will be different for
different instruments. The average count for periods
of 1 minute to 3 minutes should be recorded either as
counts per minute or as the average dial reading. Some
instruments are provided with a voltage control, which
should be turned only a very little past the point where
clicks are first heard. The background may vary from
time to time at any given locality, because of changes
in the amount of cosmic energy penetrating the atmosphere and changes in weather conditions. It will also
vary from place to place-for example, it is generally
higher over granitic rocks than over limestone. It may
be increased during damp weather or in a damp mine.
The principal ways in which the Geiger counter is
used in the field are as follows:

General Prospecting. For this type of work the instrument is usually slung low over the back and the earphones are worn. The switch is kept on except when
crossing large areas of deep overburden. The prospector
walks slowly over rock or shallow overburden and listens
for 'anomalies', that is, appreciable increases in the
number of clicks, and stops to investigate these. After
a little practice he will not need to count the clicks
continually, as he will learn to distinguish almost automatically between background and anomaly. To this
end, a novice may practice with a radioactive specimen
or over a known radioactive deposit. For investigating
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anomalies the prospector should take the instrument or
the probe in his hand, hold it within an inch or so of
the rock, and move it slowly to locate the source of the
radioactivity. He should be equipped with a pick or
grub-hoe, as the radioactive minerals may not be exposed. Anomalies should be checked by walking away
and returning to the site at least once, because anomalies
are occasionally caused by bursts of cosmic rays or by
short circuits. Care should be taken to see that radioactive specimens, contaminated clothing, or watches or
compasses with luminous dials are not carried where
they may affect the instrument. If an anomaly is
proved, the position is marked by paint, a pile of rocks,
a stake, or a blaze, and specimens are taken.
It has been generally considered that twice the background count, or more, constitutes an anomaly. However, of the thousands of samples sent to the Geological
Survey during the past 2 years, 86 per cent showed
radioactivity equivalent to less than 0-05 per cent U 3O 8 ;
therefore, it would appear that very low anomalies are
unimportant, and that samples need not be taken
unless anomalies of four times background or more are
obtained. It is impossible to be definite in this matter,
because a large, low-grade uranium deposit causing low
anomalies might be important, whereas a small isolated
crystal of uraninite or stringer of pitchblende would
cause a very high anomaly but be worthless.
There is some difference of opinion as to whether it
is best to record anomalies as multiples of background
or as direct readings. Some companies prefer to show
direct readings on records for their own use, because
they know what instrument was used , and because they
believe that variations in background make the other
method undesirable. In general, however, records intended for publication or for submission to the Geological Survey are more informative if the readings are
shown in multiples of the average background.
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An inexperienced prospector will pay equal attention
to all rocks and all geological conditions. In some
respects this may be an advantage, as discoveries may
be made under conditions that are not at present known
to be favourable. A more experienced prospector will.
however, select an area that he believes may be favourable; and he will pay greatest attention to favourable
rocks and structures.

Testing Old Workings. Old workings should be tested
for the occurrence of radioactive minerals, because they
are at localities that are favourable in a general way for
mineral deposition, and because it has been found that
uranium may accompany other types of mineral deposits. Pits. dumps. drill core, and underground workings may be readily tested with the help of a Geiger
counter in the same way as described above.
Detailed Prospecting. The Geiger counter is used iri
detailed prospecting either by holding the instrument
or probe very close to the rock and walking very slowly
both along and across favourable formations or structures, or it is used for making systematic surveys called
Geiger surveys or grid surveys.
Grid surveys are generally made, or supervised. by
engineers, geologists. or geophysicists. They are made
by recording readings along lines at evenly spaced intervals called stations. and are commonly used to prospect claims systematically after staking. In such surveys the lines may be picket lines 100 feet or more
apart, along which the operator will not only take readings at the stations but will also listen for anomalies
while walking between stations. For particularly favourable localities, smaller areas may be surveyed with
grids at 5- to SO-foot intervals. Such very detailed
surveys are generally made by a crew of two or more
men, using more than one Geiger counter; one tape may
be laid along a base line and another be used to indi.
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cate the traverse lines at right angles to it; one man
may act as recorder.
In making grid surveys, the instrument is either held
close to the ground, placed on the ground, or placed on
two sticks carried for the purpose. The background
count is recorded from time to time. Readings may be
taken with an instrument equipped only with earphones,
in which case low anomalies will be recorded as multiples of the background count and high anomalies as
"continuous buzz", but use of a metered instrument is
less tedious and permits more accurate data on higher
anomalies. When using a metered instrument, it is important to record both the dial reading and the setting
used, as well as the serial number of the instrument;
thus 16(2) would indicate a reading of 16 on the second
setting. Because of differences in the background and
differences in instruments, reports and plans are more
informative if these readings are converted to factors of
the background count; thus, if the background was 8
and the second setting had a factor of 10, a reading
of 16(2) would be reported as 20 times background.
Anomalies that are greater than the limit of the meter
are recorded as 'O.S.' meaning 'off scale'.
Grid surveys may be plotted to form a plan, and lines
called 'isocounts', resembling contour lines or the lines
on weather maps, may be drawn through anomalies that
are even multiples of the background. The zones between these lines may be coloured or patterned differently, thus depicting the distribution of various ranges
of radioactivity.
Samples for testing or analysis should be taken from
all anomalous stations or from a suitable proportion of
them.

Examination of Properties. The Geiger counter is very
useful to examining engineers and geologists for indicating whether a property contains significant amounts
of radioactive minerals and for helping to outline the
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distribution of such minerals. Closely spaced grid surveys can be made, or the instrument can be used continuously along and across deposits. Use of a Geiger
counter, however, does not avoid the necessity of taking samples, unless it indicates no appreciable radioactivity and, therefore, no necessity for sampling. After
one has become familiar with the characteristics of a
particular instrument and a particular tube in relation
to properties that he has sampled, he can form a rough
idea of the probable grade of another occurrence by the
use of the Geiger counter alone; but, in general, an
examination requires the same kind of chip, channel,
panel, or bulk sampling as would be desirable for, say,
a comparable type of gold deposit. Radioactive deposits
that have been evenly mineralized may, however, be
appraised by interpolating Geiger counter readings between a reasonable number of sampling results, and
such practice may be possible for deposits containing
erratically distributed high-grade minerals if a probe
and a lead shield are used. At the least, it would be
necessary to take enough samples to indicate the
uranium-thoriu m ratio, the equilibrium factor 1 , and the
characteristics and variation of the instrument.
OTHER CONSIDERATION S

The following general information is additional to the
foregoing considerations.
Radioactivity from minerals of low uranium or thorium content or from deposits containing small quantities of minerals with higher content may be shielded
by a few inches of rock or overburden. Radioactivity
from larger quantities of the most radioactive minerals
are shielded by 2 or 3 feet of rock or overburden.
Discoveries have been made with ordinary Geiger counters where overburden was deeper than this, but in
these instances it is believed that fragments or secondary
1

This expression is explained in the next section.
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minerals derived from the deposits were incorporated
in the overburden, or that radon gas emanating from
the deposits was trapped in the overburden. Discoveries
have been made over 4 feet of snow, but wet snow has
about the same shielding effect as overburden.
Geiger counters are sometimes affected by electrical
storms, and should not be used during such storms.
Radioactive material may be scattered by blasting;
therefore, it is desirable to make Geiger counter investigations before blasting, if possible, or to watch for such
effects if it· is necessary to use the instrument near
where blasting has been done.
Potassium is weakly radioactive: F. E. Senftle has
pointed out that such minerals as the potash feldspar
commonly occurring in pegmatite may cause anomalies
of two or three times the background count.
Many radioactive deposits and many samples or specimens from such deposits emit radioactivity that is not
consistent with their true uranium or thorium content
because the primary elements are out of equilibrium
with their disintegration products. This effect is called
the "equilibrium factor". This effect is not of great
importance in dealing with Canadian pitchblende deposits, although minor adjustments may have to be made
between the true uranium content and the content as
estimated with a field Geiger counter or by laboratory
radiometric tests.
RADIOACTIVE MINERALS IN CA ADA
GENERAL STATEMENT

Uranium and thorium are widely distributed in natural materials of the earth's crust. With sufficiently
delicate tests it has been found that almost all natural
products such as rocks, soil, sea water, and plant and
animal organisms contain at least minute traces of these
elements. (A trace as usually defined is less than
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0-01 per cent, but there is much less than 0-01 per

cent uranium and thorium in most of the substances
mentioned.) Uranium and thorium nearly always, if not
always, occur together in minerals formed in high temperature deposits, such as granites and pegmatites. The
pitchblende of vein deposits, its alteration products,
and the various secondary minerals deposited by
uranium-bearin g waters are usually, for practical purposes, free from thorium, though minute traces could
probably be found by refined methods in most of such
materials.
Names have been given to a large number of minerals
carrying uranium and thorium in amounts greater than
a trace. Besides these, such common minerals as zircon,
titanite, apatite, garnet, and biotite, not classified as
radioactive minerals, may be radioactive, due either to
chemically combined uranium or thorium or inclusions
of radioactive material. A recent publication lists 164
names of uranium- and thorium-bearin g minerals, of
which 44 are secondary alteration products. Another
late publication gives detailed mineralogical descriptions
of 64 well-defined secondary uranium minerals alone.
Of the numerous names that have been applied to
radioactive minerals, it is probable that in some instances what is essentially one mineral species has been
described under more than one name; and it is equally
probable that new species will be found when sufficient
precise detailed work has been done on these minerals.
With the exception of a few of the simpler uranium
and thorium minerals such as pitchblende, uraninite,
thorianite, monazite, thorite, and some of the secondary
uranium minerals, the identification and precise naming
of these minerals is difficult and may be impossible even
in a well-equipped laboratory.
The difficulty in naming radioactive minerals, especially those of primary granitic and pegmatitic origin,
is due mainly to the following factors: their extreme
94299-7
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complexity of composition; the great variability in percentage content of constituent elements, even among
those that contain the same elements in appreciable
quantity; the fact that they are rarely found as accurately measurable crystals; the fact that the original
crystal structure of most of the primary minerals has
been disorganized due to radioactive disintegration, so
that it is often difficult or imoossible to obtain conclusive optical or x-ray data; the difficulty, in many
instances, of obtaining sufficiently pure material for
tests, due to alteration, the presence of inclusions, or
intergrowths of more than one mineral; and, finally, the
difficulty of making exact chemical analyses of these
complex compounds.
To illustrate the variability in composition of radioactive minerals some analyses are given here showing
the variations in composition of uraninite, chemically
the simplest radioactive mineral occurring in pegmatites
and granitic rocks, and one of the best-defined radioactive species. Uraninite has been found in many pegmatites as well-developed crystals consisting of practically unaltered pure material free from inclusions or
intergrowths with other minerals. Only uranium oxide,
U 30 8 ; thorium oxide, Th02 ; rare earth oxides, R.E.;
and lead oxide, PbO, are shown, in percentages, in the
table; small amounts of common elements are also present in all uraninites. Three analyses of thorianite are
also shown for comparison. Thorianite is an equally
well-recognized species occurring as good crystals of
well-preserved pure material, in pegmatites. Both uraninite and thorianite crystallize in the cubic system, and
both give exactly the same x-ray diffraction patterns
except that they may have very slightly different dimensions. It is clear from the analyses that oxides of uranium and thorium can substitute for each other in
either of these species, and, in the case of analysis o. 5,
it may be seen that both uranium and thorium oxides
are present in about equal amount. There is no special
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name at present for such a compound, but it has been
classified under thorianite. Specimens containing mainly
uranium, with appreciable thorium, have been called
thorian uraninite; those containing mainly thorium, with
appreciable uranium, have been called uranoan thorianite.
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1. Uraninite, from placer de Guadalupe, C hihuahua, Mexico.
2. Uraninite, from near lake Pied des Monts, Saguenay d istrict,
Quebec.
3. Uraninite, from near Wilberforce, Haliburton coun ty, Ontario.
4. Uraninite, from the Huron claim, Winnipeg River area, southeastern Manitoba.
5. Thorianite, from Easton, Pennsylvania, U.S.A.
6. Thorianite, from Ceylon.
7. Thorianite, from Madagascar.

The lead shown in above analyses is derived from
the atomic disintegration of uranium and thorium . It
may be noted that the uraninite from Mexico (analysis
No. I) has a very low lead content and is the youngest
known uraninite, whereas the uraninite from Manitoba
(analysis No. 4), with its high lead content, is the oldest
known uranini te.
94299-7
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As previously mentioned, this is the simplest possible
illustration of one of the difficulties mineralogists encounter in attempting to define species of pegmatitic
radioactive minerals and apply names that mean something definite in relation to chemical composition. It
also shows why the identification of a radioactive
mineral by physical means, and applying a name to it,
does not imply that anything very definite is known
of its actual percentage composition, in the absence of
a chemical analysis. Unfortunately, chemical analysis
of these minerals takes too long and is too expensive
to be used for routine examination of prospectors'
samples.
As has been said, the more complex pegmatitic radioactive minerals rarely occur as crystals suitable for
accurate measurement, even though rough faces may be
present; their original crystal structure, also, in almost
all cases has been destroyed by atomic alteration, so
that they do not yield optical data of diagnostic value;
they appear to resemble glass in having no definite
arrangement of their atoms. For this reason also, they
do not yield x-ray patterns in their natural state1 • It is
true that x-ray diffraction patterns can commonly be
obtained from them after they have been heated, but
these patterns may vary depending on the temperature
of heating and other factors, and may be contradictory
in some cases. For these reasons many of the names
given to these minerals are based solely on their chemical composition, whereas, for strict mineralogical classification, the crystal system or x-ray pattern of the
mineral must be known, as, for purposes of classification,
mineralogists consider the crystal form and associated
atomic arrangement of a mineral to be of greater importance than its chemical composition. A simple ex1 Minerals that must originally have possessed crystal structure
as they still show crystal form, but are now in this condition, are
said to be 'metamict'.
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ample of this is the classification of natural titanium
oxide, Ti02 • This substance occurs in nature in three
different forms, and in texts on mineralogy is, accordingly, classified as three different mineral species, rutile,
octahedrite, and brookite, though all three have exactly
the same chemical composition. Both rutile and octahedrite are tetragonal in crystallization, but with different crystal measurements and different arrangements
of the atoms, whereas brookite is orthorhombic in crystallization. Among the radioactive minerals, euxenitepolycrase and eschyni te-priori te, as examples, are
comparable to rutile and octahedrite in regard to classification. Both groups have proved to be orthorhombic in
crystallization, in instances where good crystals have
been measured, but have different crystal constants.
The numerous, highly complex minerals included under
these groups are highly variable in quantitative chemical
composition, and can rarely be distinguished one from
another, or positively named, without elaborate research.
As, in general, the chemical composition of minerals
is of chief economic importance, except where, in the
case of gemstones, quartz crystals for radar, and a few
other instances, the physical properties are more important, it might seem that mineralogists are unduly
concerned with defining mineral species in terms of
crystal and atomic structure. It may be noted, however, that one of the chief reasons why mineralogists
try to classify minerals into definite species is that, once
the range of physical properties of given species has
been accurately determined on chemically analysed examples, it is, in the case of the non-radioactive minerals
at least, much quicker, easier, and cheaper to identify
a mineral by means of the properties of its crystal
form or structure than by chemical analysis. Once the
mineral has been thus identified as to species, the variations in its composition to be expected can be ascer•
tained by looking up analysed examples of the same
species. This is not quite as satisfactory as a chemica
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analysis of the particular specimen concerned, but may
be all that is necessary for many purposes.
In the case of the many primary radioactive minerals
that occur in pegmatites, it is not always possible, for
the reasons given, to identify a given specimen as
belonging to a single definite species, and when, or if,
it is possible to do so, the identification still does not
afford the fairly definite information as to composition
expected in the case of ordinary non-radioactive minerals, such as rutile, quartz, pyrite, galena, etc. Actually,
in the case of the more complex radioactive minerals,
it is commonly only possible by physical tests to identify a mineral as belonging to a group rather than to
a single, well-defined species.
From the foregoing remarks, the prospector may surmise that the identification of radioactive minerals is
the field of the specialist in this most difficult branch
of mineralogy, and that he cannot hope to accomplish
much by the simple observations of physical properties
that can be made in the field. It would, therefore, be
useless to give here elaborate desqiptions of the numerous radioactive minerals that have been described and
named. Only those that are known to occur in Canada
and a few others will be mentioned.
URANIUM MINERALS

From here on in this booklet a distinction will be
made between those minerals usually carrying more
uranium than thorium, which will be called uranium
minerals, and those that ordinarily carry more thorium
than uranium, which will be called thorium minerals.
It is customary to divide uranium minerals into two
groups, the primary minerals formed in pegmatites,
veins, etc., and the secondary minerals that have been
formed as a result of alteration of the primary minerals
by near-surface weathering processes. In Canada, heavy
glaciation has, presumably, swept away most of any
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weathered zones or secondary deposits that may have
existed previously, and the relatively cold and wet
climate has not been favourable for the formation of
such deposits since the Ice Age.
From the economic point of view in Canada, a division of uranium minerals according to the type of
deposit in which they are found is much more useful.
Pitchblende, found typically in veins, is of major importance, whereas the minerals occurring in granitic
rocks and pegmatites are of only minor interest under
present conditions. Uranium deposits in sandstones, and
uranium-bearing shales and phosphate rock, which occur
in other countries, are also less likely to be of importance in Canada.

Vein Minerals of Uranium
Pitchblende. This is much the most important ore
of uranium. It occurs only in vein-type deposits, and
consists mainly of oxides of uranium and the associated
atoms of lead resulting from the atomic decay of uranium. Thorium is usually almost wholly lacking and the
content of rare earths is small, usually less than 1 per
cent. It does not occur as crystals, but is massive, or
occurs in some instances in rounded, mammillary or
botryoidal forms, which may show fine banding or radiating structure, as in hematite. It is dark steely to
pitch black in colour when reasonably fresh, but may
be greenish black when much altered; powder black to
greenish black when altered. Not magnetic; shows no
cleavage, but breaks with a conchoidal fracture like
glass. Does not fluoresce under ultra-violet light, but
some of its alteration products may do so; these products may be bright canary-yellow, orange, green, or
various shades of these colours. When fresh, pitchblende
may be as hard as steel and as heavy as iron, but by
alteration it becomes softer and lighter.

98
Pure pitchblende may contain, theoretically, well over
90 per cent Ua0 8 , but actual specimens are likely to
contain inclusions or intergrowths of other minerals present in the veins, such as quartz, carbonates, hematite,
sulphides. arsenides, selenides, etc. By alteration, it
changes to softer, hydrated and silicated materials,
usually mixtures of somewhat indefinite composition
that are commonly called gummite, when the silica content is low, and uranophane, when the silica content is
higher. These materials may be yellow, orange, brownish, or black, depending on the completeness of alteration and the purity of the compounds.
In textbooks on mineralogy, pitchblende is classified
as a variety of uraninite, but for practical purposes it
is usual to restrict the name uraninite to the crystallized uranium oxide mineral that occurs in high temperature deposits such as granites and pegmatites. Some
authors, however, do not make this distinction, and
may refer to pitchblende as uraninite.

Thucholite is a jet-black, uranium- and thoriumbearing carbon, which is very light in weight and looks
like pitch or brilliant, black, hard coal on a freshly
broken surface. It has a conchoidal fracture and is
easily broken. It may occur as rounded lumps or, in
some instances, intimately associated with pitchblende,
as though it had formed by replacing the latter.
Thucholite can be burned by heating in a crucible, but
will not support combustion by itself; it simply burns
like very hard coal without giving off any smoky, tarry,
or oily substances. In other words, heavy hydrocarbons,
such as occur in soft coal, are lacking, but thucholite,
when heated without burning, does give off a large
amount of invisible gases, which are mainly hydrogen
and carbon monoxide. The ash content is variable both
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as to amount and in content of uranium and thorium.
Varieties that occur in vein deposits carry little thorium;
those that are found in pegmatite s may carry more
thorium than uranium.
Thucholit e occurs in both vein deposits and pegmatites in Canada; in pegmatite s in Sweden and Karelia,
Russia; and in the gold-beari ng conglome rate of the
Witwaters rand, South Africa, where it carries microscopic inclusions of pitchblend e. Although the average
content of thucholite -pitchblen de is very small in the
South African deposits, the possibility of recovering _it
as a by-produc t of the gold extraction , and the enormous
extent of the deposits, have caused this area to be
rated as potentially the greatest source of recoverabl e
uranium known.
T orbernite-metatorbernite. These are hydrous, copperuranium phosphate s containing around 60 per cent
uranium oxide. When well crystallize d, they may occur
as small tabular crystals, scales, or micaceous masses
of a greenish colour. Metatorbe rnite contains less water
than torbernite , and is said to be the variety more
usually found. Minerals related to metatorbe rnite have
been found as the chief radioactiv e constituen t at the
surface in two vein-type deposits in Canada, but these
minerals are not likely to be widesprea d or important
in this country. However, although they appear to
have always been considered as merely alteration products of primary uranium minerals, it would seem possible that in some instances they may also be deposited
by hydrother mal action; if so, there might be a greater
possibility of their occurrence in appreciabl e amount in
Canadian deposits.
Autunite-m elaautunit e. These are hydrous, calciumuranium phosphate s correspond ing to torbernite -metatorbernite , but with calcium instead of copper. They
occur as small yellow or greenish yellow tablets or
scales, which fluoresce bright green under ultra-viole t
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light. They are found with, and under the same conditions as, torbernite in other countries, and have
been found in Precambria n sandstone in Canada.

Uranium Minerals of Pegmatites
Most of the known primary uranium minerals occur
only in pegma ti tes and granitic rocks. It is only in
pegmatites, however, that they are found as crystals or
masses of appreciable size or in quantities that might
in some instances he worth recovering as a by-product
of feldspar or mica mining.
The radioactive minerals of pegmatites almost always
contain both uranium and thorium. Some are relatively
simple in composition , but many are very complex,
containing, besides uranium, thorium, and lead; titanium,
tantalum, columbium1 , zirconium, and the cerium and
yttrium groups of rare earths as major constituents ,
with various commoner elements in smaller amounts.
The members of this class of complex minerals rarely
carry quite as much as 10 per cent U 30 8 , but a few
may, in some instances, contain up to 20 per cent UaOs,
As chemical compounds, they may be considered to be
titanates, tantalates, columbates, zirconates, or solid
solutions of the various oxides. They are always metamict2 in Canadian Precambrian occurrences.
Uraninile consists mainly of uranium oxide, but usually
contains several per cent of thorium and rare earths,
and, in the case of uranini tes of Precambrian age, a large
content of lead derived from the uranium and thorium
by atomic decay. It occurs typically as well-develop ed,
steely to black, cubic or octahedral crystals; though
1 This element has
usually been called columbium on this continent, but recently it has been proposed to call it niobium hereafter in accordance with European practice. Both columbium and
niobium are, therefore, likely to be used as names of the element
in the near future.
2 See p. 94, footnote, for
definition of this term.
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the mineral is not always in crystal form it always has
crystal structure . Uraninit e is usually harder, heavier,
and less altered than pitchblen de, and on the average
it is much purer, more homogen eous, and freer from
inclusion s and intergrow ths of other minerals than is
pitchblen de. The one primary mineral with which it is
fairly common ly closely associate d is thucholit e, which
in some instances seems to partly replace the uraninite .
Uraninit e, like pitchblen de, alters to gummite and uranophane, which are thorifero us when the· uraninite contains thorium, as it usually does. A young uraninite
could carry more than 90 per cent U 30 8 , but Canadia n
Precamb rian examples usually carry around 80 per cent
U 30 8 • Some analyses are given on page 93.
Uraninit e in small amounts is of fairly common occurrence; it is widely distribut ed in pegmatit es of the
Canadian Shield and has been found in British Columbi a.

Thorianil e (uranoan ) may be mentione d here, although
it usually contains much more thorium than uranium ,
because it common ly carries a consider able content of
uranium and because uraninite and thorianit e appear
to be end members of a series in which the uranium
and thorium are mutually replaceab le. Thoriani te crystallizes in cubes resembli ng uraninite .
Thucholite has been referred to under uranium vein
minerals . It is also quite common in pegmatit es, especially in associati on with uraninite . Varieties from pegmatites may carry more thorium than uranium .
Euxenite- polycrase . Many minerals found in Canadia n
pegmatit es could be included under these species, and,
next to allanite, they are probably the most abundan t
and widespre ad of radioacti ve minerals in Canadia n
pegmatit es. They contain uranium , thorium, rare earth
oxides of the yttrium and cerium groups, titanium ,
tantalum , columbiu m, iron, calcium, and various other
common elements . The percenta ge of any one of the
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main constituents may vary considerably in specimens
from different pegmatites or even in specimens from the
same pegma ti te. These minerals are black when fresh.
yellowish to reddish brown to brownish black when
altered, and when powdered are generally yellowish to
reddish or greyish brown. Their specific gravities are
likely to be close to 5. They show no cleavage, are
brittle, and break easily with a conchoidal fracture.
They may or may not show rough crystal forms, and
are considered to be orthorhomb ic in crystallizati on but
are invariably metamict.
Minerals of this type usually carry less than 10 per
cent U 30 8 , though some may carry a very little more.
Minerals of the eschynite-priorite series are very closely
related to euxenite-pol ycrase, but usually carry more
thorium than uranium.
Quantitativ e chemical analyses are necessary to ascertain the percentage composition of any of these two
groups of minerals.

Pyrochlore-microlite. Minerals classed in this group are
essentially columbates and tantalates of calcium, sodium,
rare earths, uranium, and thorium. The content of
uranium and thorium is extremely variable, but uranium
is usually in excess of thorium. Members of this group,
ellsworthite and hatchettolite , found in Ontario pegmatites, carry more than 10 per cent U30 s (up to 20 per
cent U 30 8 in one instance), with less than 1 per cent
Th02 • They would be saleable ores of uranium if found
in quantity.
Members of this group show a fairly strong tendency
to crystallize in rounded, garnet-shap ed forms of the
isometric system, or, if not crystallized, they are likely
to occur as rounded or globular nodules. Colours vary
from yellow to brown to black, depending on the degree
of alteration, the black types being the less altered. The
lustre is vitreous, resinous, or waxy.
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Fergusonite-Jormanite. These are essentia lly columbates and tantalat es of the rare-ear th element s. The
U 3O 8 content is always less than 10 per cent, and thorium is low. Mineral s of this group are tetragon al in
crystall ization, and fairly commo nly show rough crystal
form or may be massive . The colour on a fresh fracture
is black, and the lustre vitreous . Ferguso nite is known
from Ontario pegmati tes.
Samarsk ite is essentia lly a columb ate-tant alate of the
rare earths, calcium , iron, uranium , and thorium . The
U 3O 8 content is usually greater than 10 but less than
20 per cent. The mineral may occur as rough orthorhombic crystals , but is commo nly massive . The colour
is black or brownis h black, and the lustre vitreous and
brilliant . Samars kite has been found in pegmat ites in
Quebec and Ontario .
Uranothorile is a hydrous silicate of thorium and uranium, and is include d here because it has been known
to contain more than 15 per cent U 30a, though thorium
is likely to be present in greater amount than uranium .
The mineral is usually found as black tetragon al crystals ,
but may occur as rounded masses. It may alter to a
brownis h, massive materia l.
Zircon-cyrtolite. Commo n zircon may or may not be
appreci ably radioact ive, but the variety cyrtolit e, with
distorte d, curved, crystal faces, is believed to be always
radioact ive. Analyse s of Canadia n example s show less
than 1 · 5 per cent U 3O 8 • Cyrtolit e is of commo n occurrence in Canadia n pegmat ites as rounded masses of
radiatin g crystals ; also, but less common ly, as single
crystals . Zircon and cyrtolit e crystall ize in the tetragonal system, and are almost invariab ly found crystallized. Cyrtolit e is usually greyish in colour. It carries
apprecia ble amount s of the rare element hafnium .

104

Apatite is commonly, if not always, slightly radioactive, but the U 3O 8 content is negligible for practical
purposes.
Columbite-tantalite usually shows slight radioactivity
but not enough, of itself, to be of commercial interest
as a source of uranium. In Ontario, it is in some instances very closely associated with masses of radioactive minerals of the columbate-tantalate type; in the
Yellowknife area it is associated with cassiterite.
Gummite and uranophane, previously mentioned under
vein minerals, also occur as alterations of uraninite.
A few minerals not previously mentioned have been
found in foreign deposits of sufficient size and grade
for commercial production. Of these the most important
are carnotite and tyuyamunite.
Carnotite and tyuyamunite are hydrous uranates and
vanadates of potassium (carnotite) and calcium (tyuyamunite). They carry up to about 62 per cent uranium
as U 3O 8 and 20 per cent vanadium oxide and, hence,
are a valuable ore of both these elements. They are
soft, yellow, powdery, micaceous, secondary minerals
that occur cementing the grains of sandstones, in
localized concentrations, over large areas in the southwestern United States, and have been responsible for
a large production of uranium and vanadium from that
region. It is believed that they have been precipitated
from circulating waters in continental deposits under
semi-arid conditions. They also have been mined in
Ferghana, Russia, and Olary, Australia.
Beta.file and ampangabeite. These are minerals of the
complex columbate-tantalate type carrying about 20 per
cent or more of U 3O 8 , with about ) to 2 per cent ThO2.
They have been mined in relatively small amount from
weathered pegmatites in Madagascar.
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THORIUM MINERALS

Thorium minerals are of primary origin in pegmatites,
granitic rocks, and migmatites. The occurrence of thorium in vein deposits is rare and negligible in amount.
As previously noted, all thorium minerals carry at
least traces of uranium. Those listed below usually contain much more thorium than uranium.

Monazile is the chief ore of thorium. It is obtained
commerciall y by concentratin g it from enormous beach
sand deposits in India, Ceylon, and Brazil, and some
is also recovered as a by-product of stream placer tin
mining in Malaya. Other minerals of value are also
obtained in the concentratio n of the monazite. The
large content of cerium group rare earths in monazite
adds to its value. Some thorianite and thorite are also
recovered from placers.
Monazite is essentially a phosphate of the cerium
group of rare earths, and generally carries from about
5 to 14 per cent Th02 • The Brazilian monazite usually
contains about 6 per cent Th02 ; the Indian and Ceylon
concentrate, about 10 per cent Th 0 2• The average
Ua0 8 content is less than O· 5 per cent.
Monazite occurs in pegmatites, usually as crystals
that are wedge shaped in section, resembling those of
titanite. The colour is most commonly reddish brown
or yellowish brown, like ti tani te, and if the mineral is
not too much altered it may be more or less translucent.
It has a good cleavage and a resinous lustre, and is
scratched by steel. From these properties it is one of
the few radioactive minerals that can be relatively easily
recognized in the field.
Monazite crystals have been found in Canadian pegmatites, and it has been found as grains in small amount
in some Canadian sands, but nowhere so far in encouraging quantities or grades.
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Allanite is probably the most commonly occurring
radioactive mineral in Canada. Mainly, it is a silicate
of rare earths, aluminium, calcium, and iron. The Th02
content may be very small or may reach as much as
3 · 5 per cent, whereas the U 30 8 content is rarely more
than 0-2 per cent. The mineral is common in granitic
rocks, especially in any pegmatitic phases, and has been
known to form very large crystals in pegmatites. The
crystals are usually of long tabular form. When little
altered, allanite is black, with a glassy lustre, but it
alters easily. typically around the margin of the crystals, to a brownish material. Many varieties of allanite
have been described and analysed.
Because of its content of cerium group rare earths,
a large and rich deposit of allani te might be of interest,
but experience suggests that such deposits are not very
likely to be found.
Thorite is essentially a silicate of thorium, the purest
examples containing about 70 per cent Th02 and I per
cent U 30 8 • The mineral resembles zircon in crystal
form, and is commonly associated with it, occurring
usually as small, square, tetragonal prisms. It is most
commonly yellowish or orange, but may be black or
brown. Thorite is usually altered, and as such shows
conchoidal fracture and resinous lustre.
Thori te is commonly found as tiny crystals in Canadian pegmatites and associated rocks.
Uranothorite, thorianite, thucholite, and the eschynite-priorite group have been listed under the uranium
minerals. Ordinarily they carry more thorium than
uranium.
Titanite (or sphene), a calcium, titanium silicate, is
not ordinarily classed as a radioactive mineral, but
samples from some Canadian deposits show appreciable
activity. Those that have been analysed have been
found to contain rare earths and thorium.
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TABLE

The More Common Uranium Minerals
Chief
elements
present1

Mineral

UaOs
Per cent

Th~
Per cent

Usual
colour

Usual
lustre

Hardness Specific
gravity

Habit

Vein Minerals

Pitchblende

Uranium
Lead

To 91
Usually
to 80 in
Canada

Negligible Steely black
Pitchy
Black
Dull
Greenish black
Greyish black

5-6

6-8

Massive
Rounded
Botryoidal
Banded

Thucholite

Carbon
Hydrogen
Oxygen

Variable

Negligible Jet black

Brilliant
Dull

3.5-4

1•77

Massive
Nodules

Gummite

Uranium
Lead

To 76

Negligible Yellow
Orange
Black

Dull
Greasy

2-5-5

3-9-6-4 Massive
Rounded
Crusts
Films

Uranophanc

Uranium
Silicon
Calcium
Lead

To 60

Negligible Yellow

Greasy
Pearly

2-3

3-8-3·9 Massive
Fine fibrous

I

Crusts
'

Films

Negligibl~ Green

Torbernite
Metatorbernite

Uranium
Copper
Phosphorus

To 60

Autunite
Meta autunite

Uranium
Calcium
Phosphorus

To 60

Uranium
Thorium
Rare earths
Lead

To
To 95
Usually to
80 in
Canada

15

Thorianite
(uranoan)

Thorium
Uranium
Rare earths
Lead

To 37
Usually
less

To

93

Euxenite
Polycrase
Eschynite
Priorite

Columbium
Tantalum
Titanium
Rare earths
Uranium
Thorium

To
To 15
Usually
less than

17

Pearly
Greasy

2-2•5 3-2-3-6

Small
square
tablets

Micaceous
Scaly
Negligible Yellow

Pearly

2-2-5 3-0-3·2

Like
torbernite

Pegmalile
Mineral s
Uraninite

1

Besides oxygen.

10

Steely
Dull
Pitchy

5-6

Black
Greyish or
brownish
black

Submetallic

5-7

Black
Brown

Glassy
Resinous

Black

8-10·6

Crystals
Cubes
Octahedra

6-7-9-7

Crystals
Cubes

5-5-6-5 4.5_5.7

Massive

Rough
Crystal
forms

~

TABLE

Mineral

Chief
elements
present

UaOa
Percent

Pyrochlore
Microlite
Ellsworthite
Hatchettolite

Columbium
Tantalum
Titanium
Uranium
Calcium

To 20

Fergusonite
Formanite

Columbium
Tantalum
Rare earths

To 9

Columbium
Tantalum
Rare earths
Uranium
Iron

To 20
Usually

Uranothorite

Thorium
Uranium
Silicon
Rare earths

Zircon
Cyrtolite

Zirconium
Silicon
Rare earths

Samarskite

I-Continued

Th02
Per cent

To

5

Usual
colour

Black
Brown
Yellow

Usual
lustre

Vitreous
Resinous

Hardness

Specific
gravity

5-5-5

4-2-6·4 Rounded

Habit

octahedral
crystals or

nodules
To

5

Black
Brown

Vitreous
Resinous

5-6

4-6

Tetragonal
crystals

Masses

To 3-6

Black
Brown

Vitreous
Resinous

5-6

4-6

Rough
crystals
Massive

To 27

To 50

Black
Brown

Vitreous
Dull

4-5

4-5

Tetragonal
crystals
Grains

To J.5

To I

Brown
Reddish
Greyish

Vitreous
Dull

3- 7-5

3.6-4.7 Tetragonal

8-15

crystals

0

Nodules
Rough
cubes

Thucholite

Carbon
Hydrogen
Oxygen

Variable

Variable

Black

Brilliant
Dull

3.5-4

1•77

Uranium
Thorium
Lead

To 76

To 25

Orange
Yellow

Dull
Waxy

2•5-5

3-9-6,4 Massive

Gurnmitc

Uranophanc

Uranium
Silicon
Calcium
Thorium

To 60

To 3

Yellow

Greasy
Pearly

2-3

3-8-3-9 Massive
Fine 6brous

Rounded

TABLE

II

The More Common Thorium Minerals

Mineral

Monazite

Allanitc

Thorite
Uranothoritc
Thorianite
Eschynitc
Priorite
Thucholitc

Chief
elements
present

Th02
Per cent

Rare earths
Phosphorus
Thorium

To 14

Rare earths
Aluminium
Iron
Calcium
Silicon

To 3.5

Thorium
Silicon

To 71

Sec Table I

UaOs
Per cent

To 0-5

To 0,2

To 27

Usual
colour

Usual
lustre

Hardness

Specific
gravity

5-5-5

4-6-5-3 Crystals

Brown
Yellow

Resinous

Black
Brown

Vitreous
Pitchy
Resinous

5-6

Yellow
Orange
Black

Vitreous
Greasy

4.5_5

Habit

Grains

2.7-4.2 Long
tabular
crystals

4-1-6

Tetragonal
crystals
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SAMPLIN G AND EVALUATION OF URANIU M
DISCOVE RIES
The following suggestion s on preliminar y sampling of
new finds are intended for amateurs who may never
have had occasion to 'size up' or sample a discovery.
More detailed sampling of deposits showing some promise is usually done under the direction of mining engineers or geologists. Eldorado1 does its explorator y work
on promising prospects mainly by diamond drilling, paying relatively little attention to surface rock trenching,
etc.
The prospecto r who has found a radioactiv e showing
is immediate ly faced with the problem of deciding what
is the best way to find out, with his limited facilities,
if the deposit is likely to be worth further attention or
staking. Presumab ly the discovery was made Ly means
of a Geiger counter, but unless the instrumen t has a
meter it may be difficult to judge the intensity of the
radioactiv ity, assuming it is more than three or four
times the normal backgroun d. In such circumstan ces,
the next step should be to determine the nature of the
radioactiv e material, whether granite, pegmatite , gneiss,
or a vein or shear zone. The rock should be cleaned
as thoroughl y as possible by brushing or washing and
carefully examined. If the activity appears to follow a
vein or streak in the rock, or several of these, having
greater length in one direction than another, the occurrence may be assumed to be of vein type or gneissic
material, and may be expected to have much greater
length than width; the direction of greatest length, or
'strike', should be carefully noted by sighting or compass bearing, and extensions of the active body should
be sought for in both directions along the strike. The
1
"The Exploration and Developmen t of Canadian Uranium Deposits by Eldorado Mining and Refining (1944) Limited", by B. S.
W. Buffam and E. B. Gillanders. Available on request from
Eldorado Mining and Refining ( 1944) Limited, Ottawa.
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outcrop, of course, should also be carefully examined in
a direction at right angles to the apparent strike, to
determine the full width of the radioactive material
exposed. The possibility of parallel veins or radioactive
zones at greater distances from the original discovery
should also be checked by slow and careful Geiger
counter traverses across the direction of strike.
Having satisfied himself that the occurrence is not
merely a slight local concentration of radioactivity in
a granite mass or a crystal or concentration of radioactive mineral in pegmatite, but is a deposit having
length and more or less continuity, the next problem is
how best to take samples for radiometric or chemical
tests. As radiometric tests are made without charge and
very quickly by the Radioactivity Division, Geological
Survey of Canada, the prospector will save himself much
initial expense by taking advantage of this free testing
service, or of similar services offered by provincial mining departments.
Decision as to the method of taking initial samples
might depend largely on the immediate circumstances,
such as time, equipment, and labour available, size and
nature of the deposit, time required to send out samples
and receive a reply, costs, and doubtless other special
local or personal considerations. Generally, the net result of such factors, in the case of a new discovery, is
that the prospector takes what may be called selected
grab, lump, or chip samples from the material showing
the highest radioactivity on the Geiger counter. This
procedure has something in its favour for preliminary
sampling, as it is quick and easy, and if the best material
that can be found does not show at least as much as
0-05 per cent U 8O 8 equivalent activity, the showing
cannot, in most instances, be considered promising.
However, if the indications are that the deposit is in
a strong break, with good length, or if there are several
showings on the line of strike, or if so much of the
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fairly good paint or varnish brush 2 inches or more
wide is also very useful. A simple folding magnifyi ng
lens of good quality, 1¼ inches or more in diameter , is
about all that is necessary for optical equipme nt, and
is inexpens ive. A magnific ation of 3 •5 is a suitable
power that does not give too much distortio n on rough
surfaces. If higher powers such as 10 or 15 are desired
the "Hasting s Triplet", costing about $15, gives best
results. Lenses should be carried in a chamois or plastic
bag to exclude dust. An alnico magnet is also useful.
Professio nal prospect ors usually have drills, sledges,
and dynamit e for hand-dri lling short holes for 'popshots' to expose fresh surfaces of rock as an aid to examinatio n and sampling . Gasoline -driven core drills are
also available for boring to moderate depths; the use of
such drills, however, would necessita te first obtainin g
an explorati on permit from the Atomic Energy Control
Board.
Samples taken in various ways are described as: grab,
selected grab, chip, channel, bulk, diamond -drill core,
etc. A term not found in text-book s, but which is
used, and probably should be recognize d, is the 'lump'
sample. This term has no recognize d meaning, but probably applies, in most cases, to one of the richest fragments that can be readily picked up or knocked or
pried off.
A grab sample, by strict definition , is one taken at
random, without selection , as from an ore pile or a
dump, and is not presume d to represen t any particula r
width, length, or depth of the deposit. The term has
considera ble elasticity in ordinary u sage, however, and
probably most samples so described represen t a fairly
high degree of selection as to place and grade, and
should be called selected grab, chip, or lump samples.
Chip samples are obtained by taking a series of chips
with a moil, usually over a definite distance, as across
a vein or other mineraliz ed zone. To be as represen ta-
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tive as possible the chips should he of about the same
size, and about equally spaced, so as to approxi mate
channel samplin g as nearly as possible . If pop-sho ts
have been put in, it may he possible to take chip samples
by chippin g the edges of suitable large fragmen ts with
a hammer .
Channe l samplin g consists in cutting a channel , usually 2 inches or more wide and ½ inch or more deep,
across the width to he sampled , and saving as much
as possible of the materia l from the channel . The edges
of the propose d channel should be marked on the rock,
and a narrow cut, ¼ inch or more wide, made along
these lines to the required depth and cleaned . The
sample materia l between these cuts should then he removed with great care so as to lose as little as possible .
In all samplin g operatio ns involvin g uranium mineral s
there is likely to he loss due to the friabilit y of these
mineral s, and special care should he taken to avoid
losing small particle s and powder, which may be relatively richer in uranium than the rest of the sample.
The foregoin g types of samplin g come under prospecting as defined by the Atomic Energy Control
Board, and no permit is required . Bulk samplin g, however, as it might involve removin g conside rable quantities of uranium , must be authoriz ed by first securing
an explora tion permit from the Secreta ry of the Board.
In bulk samplin g, relative ly large samples are taken,
usually for concent ration tests. For this purpose the
Mines Branch requires that each sample be at least
300 pounds in weight, and explora tion permits limit the
total of such samples to 10 tons from one propert y.
Bulk samples are taken in various ways. Each sample
may represen t a mining width across the vein or zone
of mineral ization, and thus resembl e a large channel
sample, or samples may be taken by blasting out for
definite lengths and widths along the vein at various
points.
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Although the first sampling undertake n by the prospector at a new discovery may be done hurriedly for
the purpose of deciding whether to stake or not, it
would be worth while, even in the roughest of sampling,
to attempt to represent a definite width across the vein
or mineralize d zone and to take several separate samples
at different places along its length, so far as possible,
including the richest part and the poorest part exposed.
If possible, pop-shots should be put in, and a chip or
channel sample taken from the fresher material at the
bottom of the holes, or possibly from the blasted fragments. Otherwise , the surface should be cleaned, the
surface material scaled off as well as possible by chiselling or chipping, and the sample taken by chipping or
channellin g for a definite distance on the scaled surface,
across the vein or zone.
Grades are usually estimated for mining widths of at
least 3 feet. Suppose a deposit is found in which the
uranium content is confined to a vein of pitchblend e
i to ¼ inch wide, which might occur as a streak in a
larger vein filling or as the chief filling of a small f racture. If it could be proved that this pitchblend e vein
extended for several hundred feet in length and depth,
it can be shown that it should be workable. However,
in order to mine this narrow vein, a mining width of
3 feet of barren rock must be taken out and, in addition, shafts must be sunk to provide for the underground workings. In sampling this theoretica l veinlet,
it would only be necessary to take very short channel
samples across the vein, or for definite lengths along it,
if it was certain that there was no uranium in the
rock on each side of it. In actual practice it would not
always be safe to make this assumptio n, and it would
be advisable to take some samples representa tive of say
2 feet of the supposedl y barren rock on each side of
the vein.
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practicable, and procedures for such assaying have been
described by Senf tie and McMahon1 •
It may he of some interest to calculate the grade
across a mining width of 3 feet for imaginary deposits
showing pitchblende veins of various dimensions. Such
calculations can he readily made from the following
data.
Reasonably pure pitchblende varies in specific gravity
from about 6 to 8. As a cubic foot of water weighs
62 • 5 pounds, a cubic foot of pitchblende of specific
gravity 8 would weigh 8 X 62-5 = 500 pounds; with
specific gravity 6, a cubic foot would weigh 375 pounds.
Suppose a vein of pitchblende averages 1 inch in width:
then, for a length and depth of 1 foot there is a square
foot of pitchblende 1 inch thick, or
cubic foot, or
31 •25 pounds of pitchblende, using the value of 6 for
specific gravity. The U 30 8 content of pure pitchblende
might he as high as 80 per cent or more, but assume
that it is 50 per cent for this pitchblende of specific
gravity 6: the U 30 8 content of the vein section 1 foot
by I foot by I inch is then 50 per cent ( or 50 / 100) of
31-25 = 15-625 pounds.
The grade for this same vein section for a 3-foot
mining width can be worked out as follows: the mining
width is not accurate to an inch, but suppose it is, then
with each vein section, I foot by 1 foot by 1 inch, of
pitchblende, there is also removed 2½: or 2-92 cubic
feet of barren rock. Assume that this has a specific
gravity of 2-8. The weight of barren rock removed is
then 2-8 X 62-5 = 175 pounds per cubic foot or
2 · 92 X 17 5 = 511 pounds across 2 feet 11 inches. Add
to this the weight of the pitchblende that goes with it,

n

1

"Determination of Uranium in Ores by Field Analysis", obtain-

able on request from the Radioactivity Division, Mines Branch,
Department of Mines and Technical Surveys, Ottawa.
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Price Calcu lation Jor 2 · 882 per cent Grade Ore
Grade of ore 2 · 882 per cent or 57 •64 pounds a

1
ton: 57,64 pounds at $2.75 a pound X $2.75. $158.5
. 25
Milling allowa nce ...... ...... ...... ...... .. $ 7
$165. 76
Value of ore per ton ...... ...... .. ...... ....
Recove ry of 70 per cent of 57-64 pounds =
40 · 348 pounds .
Price to be paid for the UaO conten t of concen 4. 11 a pound
trates is $165.76 + 40-348 or ..... .. ...... . $
Specia l develo pment allowa nce of $1.25 a pound
U30s for the first 3 years produc tion. . . . . . . . $ 1 . 25
Price to be paid. . . . . . . . . . . . . . . . . . $ 5. 36 a pound
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Therefore , the return from concentra tes produced at
70 per cent recovery for the first 3 years of production1
is 40 · 348 X $5.36 = $216.26 per ton of ore milled, for
the I-inch wide solid pitchblend e vein.
It might be mentioned that a recovery of 70 per
cent is about average for simple gravity concentra tion
applied to a suitable ore. By leaching2 the whole or
part of the ore it is not unusual to reach 80 per cent
or even 90 per cent or more total recovery. The return
from a 90 per cent recovery in the case of the I -inch
vein of solid pitchblend e would be 51 -88 X $5.36 =
$278.08 a ton of ore milled during the first 3 years of
production .
However, the possible value of a I-inch vein of solid
pitchblend e as calculated above is only of theoretica l
interest for purposes of calculation , as a vein of such
purity is unlikely to occur.
Suppose that the I-inch vein is estimated to be onethird pitchblend e by volume. A rough estimate of
values could be obtained by taking one-third of the
above figures for the solid vein; for example, one-third
of $216.26 (or $72.09) would represent the approxima te
return per ton of ore milled during the first 3 years of
productio n at 70 per cent recovery. However, owing to
the effect of the price formula the actual return would
be somewhat greater, as shown below.
The I-inch wide pitchblend e-bearing vein is assumed
to contain one-third pitchblend e by volume. The grade
is, therefore, one-third of 2-882 = 0-96 per cent UaOs.
1 Or any part thereof.
That is, any amount of acceptable concentrate produced during any time period included within the first
3 years of production will be entitled to the developmen t allowance
of $1.25 a pound of U 30 . Prices as derived from the price formula
are guaranteed to April 1960.
z Leaching is a method of treating the ore with acid or alkaline
solutions, which dissolve the uranium. The final product is a
chemical precipitate containing the uranium in concentrated form.
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Price Calculation Jor O· 96 per c:ent Grade Ore
Grade of ore, 0-96 per cent or 19-2 pounds a
ton: 19·2 X $2.75 ....................... $ 52.80
Milling allowance. . . . . . . . . . . . . . . . . . . . . . . . . . $ 7 . 25
Value of ore per ton ........................ $ 60.05
Recovery, 70 per cent of 19·2 pounds = 13.44
pounds.
Price to be paid for the UaOa content of concen•
trates is $60.05 + 13•44 or .......... . ..... $ 4.47 a pound
Special development allowance of $1.25 a
pound UaOa for the first 3 years production. . $ 1 . 25 a pound
Price to be paid. . . . . . . . . . . . . . . . . . $

5 . 72 a pound

Therefore, the return from concentrates produced at
70 per cent recovery for the first 3 years of production
is 13 . 44 X $5.72 = $76.88 a ton of ore milled, for the
vein 1-inch wide carrying one-third pitchblende by
volume. The difference between this result and the
approximate figure $72.09 above, is due to the effect of
the price formula. This effect is relatively greater for
ores of 0 · 25 per cent grade or lower, as will be shown.
Suppose now, that a vein ½ inch wide is composed
of solid pitchblende, or there is a streak of solid pitchblende l inch wide in a larger vein filling of gangue
material. The grade over a mining width of 3 feet is
approximately one-eighth of 2 · 882 = 0-36 per cent
UaOs. Taking one-eighth of the $216.26 return from
the 1-inch wide vein of solid pitchblende at 70 per cent
recovery gives $27 .03 return per ton of ore milled. The
actual return after applying the price calculated for
this grade is considerably greater, as shown below.
The ¼-inch vein is assumed to be solid pitchblende
of specific gravity 6 and 50 per cent U 30 8 content, as
in all these calculations. Grade for a 3-foot mining
width is one-eighth of 2 · 882 = 0 •36 per cent U 30 s,
942 9-9
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Price Calculation for O· 36 per cent Grade Ore
Grade of ore 0 · 36 per cent, or 7 •2 pounds a
ton: 7 · 2 X $2. 75 . . . . . . . . . . . . . . . . . . . . . . . . $ 19. 80
Milling allowance. . . . . . . . . . . . . . . . . . . . . . . . . . $ 7. 25
Value of ore per ton ............. ........... $ 27. 05
Recovery of 70 per cent of 7 •2 pounds = 5 •04
pounds.
Price to be paid for the U 3Os content of concentrates is $27.05 + 5-04 or ............. .... $ 5.37 a pound
Special development allowance of $1.25 a
pound UaOs for the first 3 years production .. $ 1 .25 a pound
Price to be paid. • . . . . . . . . . . . . . . . . $

6. 62 a pound

Therefore, the return from concentrate s produced
at 70 per cent recovery during the first 3 years of production is 5 · 04 X $6.62 = $33.36 per ton of ore milled,
for the solid pitchblende vein ½ inch wide. At a recovery of 90 per cent, the return under the same conditions would be 6-48 X $6.62 = $42.90 a ton of ore
milled.
Assuming that the ½-inch vein actually carries only
one-third pitchblende by volume, the grade becomes
one-third of 0-36 = 0 · 12 per cent U 30 8 • One-third of
$27.03 is $9.01. of $33.36 is $11.12, or of $42.90 is
$14.30, but as the grade is now less than 0-25 per cent,
the maximum price of $7.25 per pound of UaOa will be
paid for acceptable concentrate produced during the
first 3 years of production, and the actual return will
be somewhat greater, as shown below.

Price Calculation for O· I 2 per cent Grade Ore
Grade of ore 0 · 12 per cent or 2 · 4 pounds a
ton: 2 · 4 X $2. 7 5 . . . . . . . . . . . . . . . . . . . . . . . . $
Milling allowance. . . . . . . . . . . . . . . . . . . . . . . . . . $

6. 60
7 . 25

Value of ore per ton ............. .......... $ 13.85
Recovery of 70 per cent of 2 • 4 pounds = 1 · 68
pounds.
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Price to be paid for the UaOs content of concentrates is the maximum of $6.00 per pound,
as $13 .85 + I •68 is greater than $6.00 ...... $
Special development allowance of $ I .25 a
pound U 30s for the first 3 years production. . $

6.00 a pound

Price to be paid. . . . . . . . . . . . . . . . . . $

7. 25 a pound

I . 25 a pound

Therefore, the return from concentrates produced at

70 per cent recovery during the first 3 years of production is 1 -68 X $7.25 = $12.18 a ton of ore milled,
or, at 90 per cent recovery is 2· 16 X $7.25 = $15.66 a

ton of ore milled, for the vein ½inch wide carrying onethird pitchblende by volume. Thus, the return of $12.18
per ton of ore milled is $12.18 - $9.01 = $3.17 per ton
greater than would be obtained at the price calculated
for ore of 2 · 882 per cent grade in the case of the
I -inch ein of solid pitchblende.
It might be mentioned that in all these calculations
of prices to be paid per pound for the U 3O 8 content of
acceptable concentrates, the reference to 70 per cent
recovery is merely a prescribed part of the price formula
and does not mean that a producer would be penalized
as to price for a lower or higher recovery. Thus, a producer working on 0 · 12 per cent ore would receive
$7 .25 a pound of U 3O 8 content of acceptable concentrate produced during the first 3 years of production
whether his recovery was 40 per cent or 97 per cent.
The latter figure has been reached in experimental work
using leaching methods.
CALC ULATING THE SIZE OF DEPOSITS NECESSARY TO
PROVIDE ORE OF ANY REQUIRED AMOUNT OR VALUE

The foregoing data can also be readily used for making rough estimates of ore and values present in an
imaginary deposit assuming the body contains pitchblende veins of known dimensions and grades. Or, the
dimensions of veins necessary to produce a given return
942 9-9½
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can be roughly estimated, assuming they are of known
grade.
The prospector, of course, can only judge a discovery
from surface outcrops or strippings and the strength of
the break in which it occurs. The grades at the surface
can be estimated, to some degree at least, by sampling,
but the depth to which values may go, and grades at
depth, can be estimated only after much exploration
and developmen t and can be completely known only
when the deposit has been worked out. Nevertheles s,
such theoretical calculations are useful in order to gain
an idea of what grades and dimensions may be necessary to make a deposit attractive for capital outlay
on exploration and developmen t.
For example, the 1-inch vein already considered, that
averages one-third pitchblende by volume, and is of
0-96 per cent grade (See page 122) will contain one-third
of 15,625 pounds or 5-208 pounds of U 30s per foot of
length and depth. If these values hold for 200 feet of
length and 100 feet of depth this block will contain
200 X I 00 X 5 · 208 pounds = 104, 160 pounds of UaOs.
With 70 per cent recovery at 0 · 96 per cent grade for
the 3-foot mining width, the return from concentrates
from this block, if recovered during the first 3 years
of production, would be 0-7 X 104,160 X $5.72 =
$417,056.64 . At 90 per cent recovery, the same block
under the same conditions would yield 0 · 9 X I 04, 160
X $5.72 = $536,215.68 .
The ½-inch vein that is one-third pitchblende by
volume and of 0 · 12 per cent grade for a mining width
of 3 feet, will hold one-third of one-eighth of 15 · 625
pounds or 0 • 651 pounds U 30 8 in a section of the vein
I foot long and I foot deep. Assuming this is the average
for 200 feet of length and I 00 feet of depth, the block
will contain 200 X I 00 X 0-651 = 13,020 pounds UaOs.
At 70 per cent recovery, the return from milling this
block would be 0 · 7 X 13,020 X $7.25 = $66,076.50, if
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recovered during the first 3 years of production. At 90
per cent recovery, the same block under the same conditions would yield 0-9 X 13,020 X $7.25 = $84,955.50.
The foregoing figures, summarized in Table I I, will
give some idea of values that might be contained in
pitchblende-bearing veins of known widths. The imaginary veins used for the calculations are not likely to
be duplicated as to continuity and uniformity of grade
by real veins, but they afford an idea of the amount of
pitchblende that must be present to produce ore of
various grades. The necessity for exposure of fresh
material and extremely careful sampling over measured
widths is obvious. The positive identification of pitchblende as a constituent of the vein filling is also of
great importance1 • A prospector without access to assay
facilities but able to recognize pitchblende might be
able to make grid estimates of areas of visible pitchblende sections over measured lengths and widths on
cleaned or blasted surfaces, add them up and convert
them to the equivalent of a solid vein of corresponding
length and area. This might not be too difficult in
cases where pitchblende is the chief or almost the only
metallic mineral in the vein, but would be impossible
in many cases where the vein filling is very complex or
where the pitchblende is very intimately mixed with
hematite.
The general value and versatility of the grid method
of estimation might be emphasized. It is applicable on
any scale, from estimating large areas or crystals in
pegmatites down to measurements of minute particles
1 For this
reason prospectors sending samples of vein material
to the Geological Survey for test should always include a separate
ample, even if quite small, of the freshest and richest material
available, marked 'for identification'. Vein material is given first
priority over other types of radioactive raw materials in making
identification tests and, therefore, results of such tests are reported
more quickly than in the case of tests requested on other types
of materjals.
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under the high-power microscope. I ts application is
limited only by the necessity of being able to positively
identify the desired constituent and distinguish it from
all others. Corrections must be made for curved surfaces.
Mining and milling costs, and especially the latter, of
course, are very important factors in determining whether a deposit, especially a small or low-grade one,
could be worked at a profit. The subject of milling
costs has been discussed in a recent paper1 by Arvid
Thunaes, Chief of the Radioactivity Division, Mines
Branch, Department of Mines and Technical Surveys,
Ottawa. This is obtainable on request. As the present
trend of costs is upwards, it would be advisable to
consult Mr. Thunaes in regard to possible revisions of
these estimates.
Some data from Mr. Thunaes' paper may be abstracted here. In producing concentrate containing 10
per cent U 30 8 by simple gravity concentration from
rich ores of pitchblende or uraninite, not disseminated,
and suitable for such treatment, 60 to 75 per cent of
the values may be recovered as 10 per cent U 30 8 concentrate. The estimated operating costs for a daily
tonnage of 100 tons are $2 to $3 a ton; for a daily
tonnage of 500 tons, $1.75 to $2.50 a ton. This does
not include mining costs. Capital costs are $750 to
$1,200 per ton of daily capacity depending on location,
ore characteristics, and tonnage. In the case of pitchblende ores requiring special treatment, for example
those in which pitchblende is very intimately mixed with
hematite, additional expenditure will be required, but
such expenditures will be relatively minor.
Leaching may be applied to all of the ore, or to a
reduced tonnage resulting from preconcentration. The
estimated costs for leaching all the ore are: for a daily
1
"Notes on Treatment of Low Grade Uranium Ores, with Notes
on Approximate Costs for Treatment of Uranium Ores", March l 9S l .
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tonnage of 100 tons, $6 to $11 a ton, average $8 to $9;
for a daily tonnage of 500 tons, $4.50 to $9, average
$6.50 to $8.50.
Capital cost of plant for leaching will vary from
$2,500 to a high of $5,000 per ton, the higher figure
referring to very remote localities and including plant
for producin g acid. In reasonab ly central localities ,
$3,000 per ton could be used for the prelimin ary estimates.
With preconce ntration and leaching of the reduced
tonnage, the estimate d costs for a daily tonnage of 300
tons mined and 150 tons leached is $4.50 to $7 a ton
mined. The capital cost will be as for leaching, plus
the cost of the preconce ntration section.
Leaching , either of all the ore or combine d with preconcentr ation, gives total recoverie s of 70 to 97 per cent.
The foregoing estimate s do not include capital costs
of mining plant nor mining costs.
Mr. Thunaes states that "An ore containin g O· I per
cent U 30 8 may be sufficien tly rich to be treated at a
profit if the indicated daily tonnage is very substant ial
and the locality and treatmen t costs are favourab le .
For a small tonnage 0-3 to 0 · 4 per cent U 30 s may often
be required to allow sufficien t margin of profit, and in
very remote areas an even higher grade must be mined.
" .. . If uranium occurs in ores that contain a substant ial
amount of other recovera ble v alues, then the economic
limit for ore grade will of course be lower".
S. N. Kesten , in an article1 on "Radioac tive Occu rrences in the Sault Ste. Marie Area" , assum es that the
minimum requirem ents for a mining operation are
100,000 tons of ore valued at $11 a ton in place.
Mining costs for pitchblen de deposits would probably
b e compara ble to those of gold mines of equivale nt
tonnage. M ining costs, usually including developm ent
1

Canadian M ining Journal, August 1950.
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and associate d costs, as for haulage, hoisting, etc., as
shown in the annual reports of Canadia n gold mines
range from about $2 a ton to a high of about $8 a ton.
Much of this section has been written not only for
the amateur prospect or but also with the idea of aiding
the more experien ced prospect or, who has to depend on
his own resources , in remote areas, to arrive at a rough
estimate of the economic value of his discoveri es, when
it is impracti cable to have regular assays or other
laborato ry tests made during the prospect ing season.
The method of field assaying with the Geiger counter
previous ly referred to (page 71) would be a very valuable aid in such circumst ances; use of the fluoresce nt
bead test would serve to confirm the presence of uranium
in radioacti ve material, and a final suggestio n might be
the possible value of panning as an aid in isolating
pitchblen de or other radioacti ve minerals for test and
identific ation by these or other methods. If, by panning
crushed vein material, a highly active, heavy, black,
non-mag netic concentr ate were obtained , which evidently was heavier than the other minerals of the vein
filling, such as quartz, carbonat es, sulphide s or arsenides ,
hematite , etc., this by itself would constitut e a reasonably good identifica tion of pitchblen de. Panning should
also be helpful in isolating the active mineral or minerals
from schistose deposits, granites, or pegmatit es carrying the active minerals dissemin ated as minute grains.
Any heavy concentr ate obtained could be examine d with
the lens and tested with the Geiger counter or by the
fluoresce nt bead test.
In a concentr ate from these types of deposits, hea vy,
black, highly active minerals might be uraninite , thorianite, uranotho rite, or black, complex columba te-tantal ate
minerals , such as euxenite, etc. Yellowis h, brownish , or
reddish active grains might be thorite, gummite , or uranophane, monazite , or altered phases of complex columba tetantalate minerals . In general , the specific gravities~of
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pitchblende, urammte, and thorianite may be con
sidered to be from 6 to 9, and of most of the other
radioactive minerals from 4 to 6. Uraninite and pitchblende thus are heavier than any of the commoner
mineral~ except galena (which has a specific gravity
from 7 · 3 to 7 · 5) and can be readily concentrated by
panning. Thorianite is relatively so rare that the chance
of encountering it is almost negligible. The specific
gravities of some of the commoner minerals of interest
in this connection are: quartz, 2-66; carbonates and
micas, 2 · 7 to over 3; feldspars, 2 · 5 to 2 · 7; barite, 4 · 5;
garnet, 3 to 4 · 3; and pyrite, hematite, magnetite, and
ilmenite, about 5. Columbite-tantalite, a heavy, black,
non-magnetic mineral that may be encountered in pegmatitic material, and valuable for its content cf columbium and tantalum, has a range of specific gravity from
about 5 to 7.
For the best results in panning, the material panned
should be as nearly as possible of uniform grain size,
and if a prospector intends to do much panning it
would be worth while to take along two or more nested
brass sieves about 6 to 8 inches in diameter of the type
sold by laboratory supply houses. Use of the sieves
would permit crushing the material a little at a time
with frequent sifting, so as to produce as little very
fine powder as possible, a procedure that would be desirable in testing for radioactive minerals, which are
very friable and in crushing may be more readily reduced to fine powder than some of the other minerals
with which they are associated. Highly altered pitchblende from near the surface, especially, is thus easily
powdered. Such material may have a specific gravity
as low as 3 or 4, but cores or particles of less altered ,
harder and heavier material may be included in the
highly altered material. Such soft, light material, of
course, is no longer pitchblende, but is a hydrated,
oxidized, silicated product that may consist of several
secondary minerals.
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In panning crushed radioacti ve material it is advisable, as previous ly mentione d, to wo1 k on fairly closely
sized fractions if possible. Owing to the friabili ty of
radioacti ve minerals , they will be, to some degree, reduced to very fine powder, which on panning will tend
to stay in suspensio n. This fine, suspende d powder or
'slimes' may in some instances comprise a rather large
fraction of the total active material, and it should be
saved for testing by pouring it off into another pan or
receptacl e for settling and drying. Thucholi te, specific
gravity about 1• 7, if present, would probably pass
largely into the slimes, and any larger particles would
mostly come off ahead of the quartz and other lighter
gangue minerals . It would be advisable to have several
pans or receptacl es in which all the products of the
panning could be settled and dried for testing. If a
number of pans are available , it is also possible to
repeat the panning treatmen t of any product to any
desired degree. Aluminiu m pans are preferabl e because
they are light and rust free. It might be well not to
try to produce a perfectly clean heavy concentr ate in
one operation , but, after pouring off the slimes, to endeavour to produce as clean a discard as possible of the
lighter gangue minerals such as quartz, carbonat es, or
feldspar, without panning down too close to the heavy
materials . An effort could then be made to find if it
is possible to remove non-radi oactive heavy minerals
without too much loss of the radioacti ve materials .
A very small amount of a wetting agent added to
the water used in panning facilitate s the operatio n and
prevents floating of fine particles . The househol d powder
'Vel' is suitable, but the amount added should not be
sufficient to produce frothing 1 . An alnico magnet is useful for removing magnetic material.
1 A few drops of a 10 per cent solution are enough for a pan of
water. A half teaspoon of the powder dissolved in one or two
tablespoon s of water should be made up and added by drops .
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Panning is essentially the same sort of simple gravity
concentration as is done in the lahoratoryt by mechanical
equipment such as Wilfley tables and the superpanner.
An experienced panner can, in many instances, obtain
comparable results.
Stream sands or reworked glacial sands could also he
tested by panning for monazite or other radioactive
minerals that might he present.
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APPEN DIX I
GOVER NMEN T PURCH ASING POLIC Y FOR
URANI UM ORES AND CONCE NTRAT ES
As several announ cements have been made in regard
to the purchas e of uranium ores and concent rates, the
later ones are more easily underst ood by conside ring
all of them in order, commen cing with the first announcem ent by the Right Honour able C. D. Howe, on
March 16, 1948, as follows:
"The governm ent will purchas e through Eldorad o
Mining and Refining (1944) Limited , or other designated agency, accepta ble uranium bearing ores and concentrate s on the followin g basis:
1. A minimu m uranium content equival ent to IO per
cent by weight of uranium oxide (U3O 8 ) in the
ores or concent rates will normall y be required .
2. Price will be based upon the uranium content of
the ores or concent rates and will be at the minimum rate of $2.75 per pound of contain ed (U 3O 8 )
f.o.b. rail and will be guarant eed for a period of
five years.
3. This price includes all radioac tive element s in the
ores or concent rates, but conside ration will be
given to the commer cially recover able value of
non-rad ioactive constitu ents by adjustm ent of
p rice or by the redelive ry of the residues contain ing such constitu ents.
4. Under special circums tances, conside ration may be
given to paymen t of a higher price or to accepta nce of ores or concent rates of lower grade.
5. All operatio ns will be carried on subject to the
provisio ns of the Atomic Energy Regulat ions of
Canada ."
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On December 20, 1948, the expiry date for the guaranteed floor price was extended to March 31, 1955.
A further amendment to the purchasing policy was
announced by Mr. W. J. Bennett!, President and Managing Director, Eldorado Mining and Refining (1944)
Limited, at the Annual Meeting of the Canadian Institute of Mining and Metallurgy, Toronto, April 18,
1950. This was designed to encourage the development
of low-grade deposits and efficiency in ore dressing by
payment of a milling allowance on ore treated . The
formula for determining the price to be paid for the
UaOs content of concentrates is based upon four factors:
(1) $2.75 a pound for the average U 3O 8 content of the ore or
mill feed
(2) A milling allowance of $7.25 a ton of ore milled
(3) A maximum price based on a mill head of 0-25 per cent U30
( 4) A minimum extraction of 70 per cent

Eldorado Mining and Refining ( 1944) Limited will
purchase, f.o.b. rail, acceptable concentrates, which normally will be required to contain a minimum uranium
content equivalent to IO per cent by weight of uranium
oxide (U 30 8 ) and will pay for the U 30 8 content at a price
per pound determined in accordance with the following
formula:
The price per pound to be paid for the U30 content of acceptable concentrates containing IO per cent
or more by weight of U 30 shall be the product obtained by multiplying the average number of pounds
of U 30 8 per ton of mill feed by $2.75 a pound , adding
to this a milling allowance of $7.25 per ton of ore
milled, and dividing the sum of the two by 70 per
cent of the average number of pounds of U30 per
ton of mill feed.
1 Remarks of W. J. Bennett on Purchasing
Policy at Annual
Meeting of C.I.M.M., Toronto, April 18, 1950; obtainable on application to the Secretary, Atomic Energy Control Board , Ottawa,
Ontario.
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The maximum price per pound for the U30s content
of acceptable concentra tes that will be paid under this
arrangeme nt is that based upon the formula applied
to an ore with an average grade of 0-25 per cent or
5 pounds per ton.
As the price is based upon the average grade, Eldorado
reserves the right to adjust the contract from time to
time to bring it into conformit y with actual operating
results.
The formula is designed to encourage efficiency in
ore dressing. Although the minimum extraction of 70
per cent is used in the formula, it will be apparent that
if recovery exceeds 70 per cent there will be more
pounds of U 30 8 to be purchased . Hence the value per
ton of ore mined and milled will be greater.
Although the price includes all radioactiv e elements
in the concentrat es, arrangeme nts will be made for valuing other constituen ts that can be recovered commercially.
The following examples show how the formula is
applied:
(I) Grade of ore, 0 · 25 per cent, or 5 pounds a
ton 5 X $2.75 .... .. . . . . . . . . . . . . . . . . . . .
illing allowance. . . . . . . . . . . . . . . . . . . . . . . .

$13.75
7 . 25

alue of ore per ton . . . . . . . . . . . . . . . . . . . . . . $ 2 I . 00
Recovery, 70 per cent of 5 pounds = 3 · 5
pounds
Price to be paid for the U30 content of concentrates: $21.00 + 3. 5 .. . . ... . .. ...... $ 6 . 00 a pound
(2) Grade of ore, 0 •5 per cent, or IO pounds a
tonl0X$2. 75 .. . ... ..... ..... . ... .. .. $27 .50
7 . 25
1illing allowanc e........... .............
alue of ore per ton . . ... .. ........... . . .. $ 34. 75
Recovery 70 per cent of IO pounds = 7
pounds
Price to be paid for the U 30 content of concen trates: $34 .75 + 7 = ........... .... $ 4. 95 a pound
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(3) Grade of ore, 0-75 per cent, or 15 pounds a
ton 15 X $2.75 ........................ $ 41.25
Milling allowance....................... .
7 .25
Value of ore per ton. . . . . . . . . . . . . . . . . . . . . . $ 48. 50
Recovery 70 per cent of 15 pounds = 10- 5
pounds
Price to be paid for the UaOs content of concentrates: $48.50 + 10-5 = ............ $ 4.62 a pound

The Right Honourable C. D. Howe, on April 17,

1950, announced the extension of the guaranteed price
period to March 31 , 1958.
On March 6, 1951. Mr. Bennett1 announced a further
revision in the price schedule by which the price paid
per pound of U~0 8 content for mill products produced
during the first 3 years of production, or any part
thereof, will be increased by $1.25 a pound. Thus,
for example, the U 30 8 content of a concentrate produced from an ore with an average grade of 0-25 per
cent or lower will be paid for at the rate of $7.25 a
pound during the first 3 years of production. In the
case of a concentrate produced from ore of O· 5 per cent
average grade, the new price will be $6.20 a pound of
U 30 8 content, for the first 3 years, and so on.
The period during which these prices are guaranteed
was also extended to April I, I 960.

1 Address of W . J. Bennett, President,
Eldorado
mmg and
Refining (1944) Limited, at the Annual Convention, Prospectors
and Developers Association, and Fourth Annual Meeting, Geological
Association of Canada, Toronto, March 6, 1951; obtainable on application to the Secretary, Atomic Energy Control Board , O ttawa,
Ontario.
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APPENDIX II
EXTRACTS RELATING TO PROSPECTIN G
AND MINING, FROM THE ATOMIC ENERGY
CONTROL ACT, 1946
1. This Act may be cited as The Atomic Energy Control Act, 1946.
2. In this Act, unless the context otherwise requires,(a) "atomic energy" means all energy of whatever
type derived from or created by the transmutation of a toms;
(b) "Board" means the Atomic Energy Control
Board established by section three of this Act;
(c) "Chairman" means the Chairman of the Committee of the Privy Council on Scientific and
Industrial Research as defined in the Research
Council Act;
(d) "Committee" means the Committee of the Privy
Council on Scientific and Industrial Research as
defined in the Research Council Act;
(e) "company" means a company incorporated pursuant to paragraph (a) of subsection one of section ten and any company the direction and
control of which is assumed by the Board pursuant to paragraph (b) of subsection one of section ten of this Act;
(f) "member" means a member of the Board;
(g) "President" means the President of the Board;
and
(h) "prescribed substances" means uranium, thorium, plutonium, neptunium, deuterium, their
respective derivatives and compounds and any
other substances which the Board may by regu-
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lation made under this Act designate as being
capable of releasing atomic energy, or as being
requisite for the production, use or application
of atomic energy.
3. ( 1) There is hereby constituted a body corporate to
be called the Atomic Energy Control Board for
the purposes hereinafter set out and with powers
exercisable by it only as an agent of His Majesty.
(2) The Board may on behalf of His Majesty contract in the name of His Majesty and property
acquired by the Board is the property of His
Majesty except shares in the capital stock of a
company which shall be vested in the name of
the Board in trust for His Majesty.
4. ( 1) The Board shall consist of the person who from
time to time holds the office of President of the
Honorary Advisory Council for Scientific and
Industrial Research as defined in the Research
Council Act and four other members appointed
by the Governor in Council.
7. The Board shall comply with any general or special
direction given by the Committee with reference to
the carrying out of its purposes and shall advise the
Committee on all matters relating to atomic energy,
which, in the opinion of the Board, may affect the
public interest.
8. The Board may,(a) undertake or cause to be undertaken researches
and investigations with respect to atomic energy;
(b) with the approval of the Governor in Council
utilize, cause to be utilized and prepare for the
utilization of atomic energy;
(c) with the approval of the Governor in Council
acquire or cause to be acquired by purchase,
lease. requisition or expropriation, prescribed
substances and any mines, deposits or claims of
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prescribed substances and patent rights relating
to atomic energy and any works or property for
production or preparation for production of, or
for research or investigation with respect to,
atomic energy;
(g) with the approval of the Committee, disseminate
or provide for the dissemination of information
relating to atomic energy to such extent and in
such manner as the Board may deem to be in
the public interest;
(h) with the approval of the Governor in Council
license or otherwise make available or sell or
otherwise dispose of discoveries, inventions and
improvements in processes, apparatus or machines, patent rights and letters patent of Canada
or foreign countries acquired under this Act and
collect royalties and fees thereon and payments
therefor; and
(i) without limiting the generality of any other provision of this Act, establish, through the Honorary Advisory Council for Industrial and Scien~
tific Research as defined in the Research Council
Act, or otherwise, scholarships and grants in aid
for research and investigations with respect to
atomic energy, or for the education or training
of persons to qualify them to engage in such
research and investigations.
9. ( 1) The Board may with the approval of the Governor in Council make regulations,(c) respecting mining and prospecting for prescribed
substances;
(d) regulating the production, import, export, transportation, refining, possession, ownership, use or
ale of prescribed substances and any other
things that in the opinion of the Board may be
used for the production, use or application of
atomic energy;
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(e) for the purpose of keeping secret information
respecting the production, use and application
of, and research and investigations with respect
to, atomic energy, as in the opinion of the
Board, the public interest may require; and
(g) generally as the Board may deem necessary for
carrying out any of the provisions or purposes
of this Act.
10. ( 1) The Board may with the approval of the Governor in Council,( a) procure the incorporation of any one or more
companies under the provisions of Part I of
The Companies Act. 1934, for the objects and
purposes of exercising and performing on behalf
of the Board such of the powers conferred upon
the Board by paragraphs (a), (b) , (c) and (h)
of section eight of this Act as the Board may
from time to time direct and all the issued
shares of the capital stock of each such company shall be owned or held in trust by the
Board for His Majesty in right of Canada except
shares necessary to qualify other persons as
directors; or
(b) assume, by transfer to the Board in trust for
His Majesty in right of Canada of all the issued
share capital thereof except shares necessary to
qualify other persons as directors, the direction
and control of any one or more existing companies incorporated under the provisions of
Part I of The Companies Act, 1934, all the
issued share capital of which is owned by or
held in trust for His Majesty in right of Canada
except shares necessary to qualify other persons
as directors and may delegate to any such company any of the powers conferred on the Board
by paragraphs (a), (b), (c) and (h) of section
eight of this Act.
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(2) Every company shall keep and maintain such
books and records, in addition to those required
by The Companies Act, 1934, as the Board
may prescribe and shall make such reports and
returns to the Board as the Board may require.
(3) The accounts of a company shall be audited by
the Auditor General.
14. Whenever any property has been requisitione d or
expropriated under this Act and the compensatio n
to be made therefor has not been agreed upon, the
claim for compensatio n shall be referred by the
Minister of Justice to the Exchequer Court.
20. Any person who contravenes or fails to observe the
provisions of this Act or of any regulation made
thereunder shall be guilty of an offence and shall
be liable on summary conviction to a fine not exceeding five thousand dollars or to imprisonme nt
for a term not exceeding two years or to both fine
and imprisonme nt, but such person may, at the
election of the Attorney General of Canada or of
the province in which the offence is alleged to have
been committed, be prosecuted upon indictment,
and if found guilty shall be liable to a fine not
exceeding ten thousand dollars or to imprisonme nt
for a term not exceeding five years or to both fine
and imprisonme nt; and where the offence has been
committed by a company or corporation every peron who at the time of the commission of the
offence was a director or officer of the company or
corporation shall be guilty of the like offence if he
assented to or acquiesced in the commis::.ion of the
offence or if he knew that the offence was about to
be committed and made no attempt to prevent its
commission , and in a prosecution of a director or
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officer for such like offence, it shall not be necessary to allege or prove a prior prosecution o r conviction of the company or corporation foT the
offence.
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APPENDIX Ill
EXTRAC TS RELATIN G TO PROSPEC TING AND
MINING FOR URANIU M AND THORIU M FROM
THE ATOMIC ENERGY REGULA TIONS OF
CANADA (REGULA TIONS OF THE ATOMIC
ENERGY CONTRO L BOARD MADE UNDER
THE ATOMIC ENERGY CONTRO L ACT, 1946,
NOVEMB ER 3, 1949)
10 I. Interp retation
(I) In t~ese regulation s, unless the context otherwise
reqmres:
(a) "Act" means The Atomic Energy Control Act,
1946;
(b) "atomic energy" means all energy of whatever
type derived from or created by the transmuta tion of atoms;
(c) "Board" means the Atomic Energy Control Board
establishe d by the Act;
( cl) "deal in" includes produce, import, export, possess, buy, sell, lease, hire, exchange, acquire,
store, supply, operate, ship, manufactu re, consume and use;
(e) "fissionab le substance " means any prescribed substance that is, or from which can be obtained,
a substance capable of releasing substantia l
amoun ts of energy by nuclear chain reaction;
(f) "member" means a member of the Board;
(g) "order" means any general or specific order,
licence, permit, direction or instruction made,
given or issued by or under the authority of the
Board;
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(h) "person" includes firm, corporation, company,
partnership, association or any other bod~ and
the heirs, executors, administrators, receivers,
liquidators, curators and other legal representatives of such person according to the laws of
that part of Canada applicable to the circumstances of the case, and includes any number of
persons acting in concert or for a common purpose;
(i) "prescribed equipment" means any property, real
or personal, other than prescribed substances,
that in the opinion of the Board may be used
for the production, use or application of atomic
energy;
(j) "prescribed substances" means uranium, thorium,
plutonium, neptunium, deuterium, other elements
of atomic number greater than 92 and radioactive isotopes of other elements and any substances containing any of the said elements or
isotopes;
(k) "President" means the President of the Board;
(I) "produce" includes develop, drill for, mine,
dredge, dig, sluice, mill, extract, concentrate,
sme1t, refine, purify, separate, enrich and process;
(m) words of one gender include all other genders.
(2) Elements of atomic number greater than 92,
radioactive isotopes of other elements and substances containing any of the elements or isotopes
mentioned in paragraph (j) of subsection one of
this section are designated as being capable of
releasing atomic energy.
(3) The Interpretation Act is applicab1e to and m
respect of every order.
(4) The grammatical variations and cognate expressions of a word defined in these regulations shall
have meanings corresponding to the meaning of
the word so defined.
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200. Prescrib ed Substan ces and Prescrib ed Equipm ent
General ly
(1 ) No person shall deal in any prescrib ed substan ce
or prescrib ed equipm ent except under and in accordanc e with the provisio ns of these regulati ons
or of an order.
(2) Where any person controls or directs any dealings by any other person in prescrib ed substan ces
or prescrib ed equipm ent, whethe r such control is
exercise d through share ownersh ip, trustees hip,
agreeme nt, duress or otherwi se howsoev er, all
dealings in prescrib ed substan ces or prescrib ed
equipm ent by such other person may he treated,
for the purpose of these regulati ons or of any
order, as dealings by the person who controls or
directs such dealings .
(3) Any order may
(a) Impose conditio ns as to furnishi ng informa tion,
prevent ing disclosu re of informa tion, control of,
disposit ion of, price of, inspecti on of, access to
or protecti on of any prescrib ed substan ce or prescribed equipm ent, or otherwi se in relation to any
prescrib ed substan ce or prescrib ed equipm ent;
(b) regulate , fix, determi ne or establis h the kind,
type, grade, quality, standar d, strength , concen:..
tration, or quantit y of any prescrib ed substan ce
or prescrib ed equipm ent that may be dealt in
u der the order or that may he dealt in by any
person either generall y or for any specifie d use
and either generall y or within a specifie d period
of time.
ed Possess ion
Continu
201.
No order shall he necessa ry to authoriz e the cont inued possessi on by any person of any prescrib ed
substan ce (whethe r or not in such quantit y or
concent ration that an order would he required to
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authorize other dealings therein) or prescribed
equipment acquired prior to the date of the coming in to force of these regulations, if full information as to the nature, kind, location, ownership,
possession and use or intended use of such prescribed substance (if in such quantity or concentration that an order would be required to authorize other dealings therein) or prescribed equipment
is furnished to the Board within 60 days after the
said date.
202. Uranium
( 1) No order shall be necessary to authorize dealings
within Canada by any person as regards uranium
(a) contained in any substance that contains less
than. 0-05 per cent by weight of the element
uranmm; or
(b) contained in any substance and which dealings
do not involve during any calendar year a total
of more than 10 kilograms of contained uranium
element.
(2) Nothing in this section shall authorize any dealings in any substance that contains any of the
uranium isotope U-233 or that contains uranium
having any greater percentage of the isotope
U-235 than is normally found in nature.
203. Thorium
No order shall be necessary to authorize dealings
within Canada by any person as regards thorium
(a) contained in any substance that contains less
than 0-05 per cent by weight of the element
thorium; or
(b) contained in any substance and which dealings
do not involve during any calendar year a total
of more than IO kilograms of contained thorium
element,
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204. Radioa ctive Isotope s
(1) No order shall he necessa ry to authori ze dealing s
within Canad a by any person as regards radioactive isotope s of elemen ts of atomic numbe r less
than 90 contain ed in any substan ce if such dealings do not involve buying , selling, leasing or
hiring.
(2) No order shall be necessa ry to authori ze dealing s
b y any person as regards radioac tive elemen ts of
a tomic numbe r less than 80 contain ed in any
substan ce that does not contain any greater percentage of any radioac tive isotope of any such
elemen t than is normal ly found in nature.
300. R ecords
E v ery person dealing in any prescri bed subt ance (otherw ise than as may under Part II of
t hese regulat ions be done withou t an order) or in
any p rescrib ed equipm ent shall
(a) keep fully and accura tely such books, accoun ts
and records as are necessa ry adequa tely to record
all dealing s by such person in or with any prescribed substan ce or prescri bed equipm ent including such books, accoun ts and records as may
from time to time be require d by order;
(b) furn ish to the Board in such form and within
such time as may from time to time he require d
by order such inform ation as the Board may
deem necessa ry in relation to the dealing s of
such person in any prescri bed substan ce or pre·
scribed equipm ent;
for
writing
in
zed
authori
person
(c) p roduce to any
t he purpos e by the Board all or any books,
records and docum ents in the possess ion or cont rol of such person ; and
(d) permit the person so authori zed to make copies
of or take extract s from the same and, if so
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authorized by the Board, to remove and retain
any such books, records and documents.

30 I. Prospecting
Every person not operating under an order who
finds in situ any mineral deposit that he believes
or has reason to believe contains more than 0-05
per cent by weight of the element uranium, or
more than 0-05 per cent by weight of the element
thorium, shall forthwith notify the Board of the
place of origin and character of such mineral, together with all other information in the possession
of such person indicative of the character, composition and probable extent of deposits containing
uranium or thorium at or near the place of origin
of such mineral.

302. Assaying and Analysis
( 1) Every person who otherwise than
(a) on behalf of a person operating under an order
and as incident to a dealing permitted by such
order; or
(b) as incident to a dealing authorized under Part I I
of these regulations to be done without an order
performs any assay or analysis of any material
that indicates that such material contains more
than 0-05 per cent by weight of the element
uranium or more than 0 · 05 per cent by weight
of the element thorium shall forthwith report to
the Board full particulars relating thereto including the name of the person from whom such
material was received, the purpose of the assay
or analysis, the origin of the material so far as
known to the person making the report, and the
results of the assay or analysis, and shall not
disclose, except to the Board, the result of such
assay or analysis, until otherwise directed or permitted by order.
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(a) such person shall if so requested by the Board
exercise that power for the purpose of assisting
the Board to obtain such information; and
(b) any such information possessed or obtained by
such person whether upon a request of the Board
or otherwise shall, upon the request of the Board,
be communicated to the Board.
305. Inspection
Every person dealing in or who proposes to deal
in any prescribed substance or prescribed equipment shall permit the Board or any person thereunto authorized by the Board
(a) to enter any land, premises or place where such
dealing is or is proposed to be carried on; and
(b) to inspect and control such prescribed substance,
prescribed equipment or dealing in such prescribed substance or prescribed equipment to
such extent as may in the opinion of the Board
be necessary to ensure compliance with the terms
of these regulations and of any order relating
thereto.
306. Disclosure of Information by Board
No information with respect to an individual
business that has been obtained by the Board
under or by virtue of these regulations or of an
order shall be disclosed without the consent of the
person carrying on such business, except
(a) to a department of the Government of Canada
or of a province or to a person authorized by
such department requiring such information for
the purpose of the discharge of the functions of
that department; or
(b) for the purposes of any prosecution for an offence
under the Act or these regulations.
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possession thereof is known to the Board, by
taking possession of, or posting a notice of the
Board's intention to requisition on, such prescribed substance, works or property, or in the
case of patent rights by filing with the Commissioner of Patents a notice of the Board's intention to requisition such patent rights.
(2) The Board may use or deal with, or authorize
the use or dealing with, or hold, ·sell or otherwise
dispose of, any property requisitioned under subsection 1 of this section as if it were the owner
thereof, or of the interest therein specified in the
notice.
(3) The compensation to be made for any property
or interest therein, if not agreed upon, shall be
referred by the Minister of Justice to the Exchequer Court and shall be paid to such person and
upon such terms as the Exchequer Court shall
direct, and upon such payment being made, His
Majesty and the Board and all persons acting
under authority of the Board shall be discharged
from all liability in respect of such requisition.

800. Exercise of Powers
(1) Any order authorized by these regulations may
be made by the Board, by any such officer or
member of the Board or other person as the
Board may designate.
(2) Every order made under these regulations shall
be final and binding unless and until it has been
reviewed and varied or vacated by the Board.
802. Service and Publication of Orders
( 1) Any order may be served on any person by sending a copy of such order by registered post to
the last known residence or place of business of
such person or if such person is a corporation by
so sending it to the head office or to any branch
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or place of busine ss of such corpor ation in
Canad a.
(2) The Board may cause any order made under
these regula tions to be publis hed in the Canad a
Gazet te and every person shall be deeme d to have
had notice of such order as from the date of
public ation of the issue of the Canad a Gazet te
in which it appear s.

94299-11
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APPENDIX IV
PRESS RELEASES OF THE ATOMIC ENERGY
CONTROL BOARD, ETC.
ATOMIC ENERGY CoNTROL BoARD
THE FOLLOWING IS A COPY OF A PRESS RELEASE ISSUED
RECENTLY BY THE DEPARTMENT OF
TRADE AND COMMERCE

Ottawa, December - 20 - With a view to the encouragement of further prospecting for radioactive minerals, two years have been added to the period during
which the government will guarantee a floor price for
uranium, Right Honorable C. D. Howe, Minister of
Trade and Commerce, announced today.
Earlier this year, the government announced the establishment of a guaranteed floor price for uranium ores
and concentrates during the subsequent five years. The
expiry date for this guarantee has now been extended
to March 31, 1955.
The original terms of the floor-price guarantee have
not been changed. By these terms, the governmentowned Eldorado Mining and Refining ( J944) Limited
will purchase acceptable ores and concentrates with a
minimum uranium content equivalent to JO per cent
by weight of uranium oxide (U30 8 ). The Crown company will pay a minimum of $2.75 per pound of contained uranium oxide, f.o.b. rail.
"Since the announcement of a floor price last March,
prospectors and mining companies have been very active
and have made several discoveries which appear to be
important", said Mr. Howe. "However, because of
winter conditions and transportation difficulties, the

157

men responsibl e for discovery of the ore bodies will
encounter unavoidab le delays in developin g the new
properties . In view of this, the Advisory Mining Committee on Radioactiv e Minerals recommen ded the extension .. of the guarantee period and the governme nt
agreed.
ATOMIC ENERGY CONTROL BOARD
INFORMAT ION FOR THE PRESS
OTTAWA

FOR IMMEDIAT E RELEASE

2 November , 1948
Recent discoverie s of radioactiv e deposits containing
small amounts of thorium, usually accompan ied by
uranium, have given rise to queries as to whether the
Canadian Governme nt is interested in the purchase of
thorium. Consequen tly, it has been considered advisable to outline the present position in this respect.
Thorium has long been recognized as a possible source
of nuclear fuel. For this reason, it was declared a prescribed substance by The Atomic Energy Control Act,
1946, and all dealings in it are subject to the provisions
of the Atomic Energy Regulatio ns of Canada.
Many complex problems must he solved before thorium can he regarded as an available source of nuclear
fuel. Since the solving of these problems may take
several decades, it was decided that it would not he
practicabl e at the present time to work out a basis for
the purchase of thorium in Canadian ores or concentrates. This decision, however, will he reviewed from
time to time in the light of progress in the solving of
the problems of utilization and of any new informatio n
as to occurrence s of thorium hearing ores in Canada.
At the present time the main uses of thorium in
Canada are for research and for the manufactu re of
incandesc ent gas mantles, for which purposes supplies
of thorium are being obtained from the monazite sands
of India and Brazil.
94299-11½

158

ATOMIC ENERGY CONTROL BOARD
INFORMATION FOR THE PRESS BACKGROUND INFORMATION
FOR IMMEDIATE CIRCULATION
OTTAWA, June 24, 1948.
Prospecting and Exploration for Radioactive Minerals.
This is by way of supplement to the Board's press
release of April 5, 1948, which related particularly to
communication of the results of analyses of ore samples
and dealings in ore samples in connection with prospecti~g and exploration for uranium-bearing minerals.
Questions have arisen as to the extent to which other
information relating to uranium prospects and properties may be made public.
Generally speaking, the only such information that is
restricted, is information which by itself, or taken with
other published information, discloses the amount of
uranium reserves or the amount or rate of uranium production at a producing property.
It may therefore be taken that any information relating to a mining property that has not reached the stage
of commercial production may be published.
ATOMIC ENERGY CONTROL BOARD
INFORMATION FOR THE PRESS
OTTAWA

FOR IMMEDIATE RELEASE

5 April. 1948
Prospecting and Exploration for Radioactive Minerals.
In order to carry into effect the policy with regard
to private prospecting, exploration and mining for radioactive minerals announced by the Right Honourable C .
D. Howe in the House of Commons on 16 March, 1948,
it is necessary that prospectors and others concerned be
informed of and be able to communicate to others the
results of analyses of ore samples and to have hand
samples for the usual purposes. Accordingly, a general
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order has been issued under the Atomic Energy Regulations of Canada permitt ing these things to be done.
Under this order:
(a) Persons perform ing analyse s of radio-ac tive minerals may report the results to the persons for
whom the analyse s were perform ed, provide d that
(where the analysis is not done by the Department of Mines and Resourc es) a similar report is
at the same time sent to the Chief!, Geologi cal
Survey, Departm ent of Mines and Resourc es,
Ottawa , which for this purpose acts for the
Atomic Energy Control Board.
(b) The persons for whom such analyse s were made
may (subjec t to any specific order of the Board
in the case of actual mining operatio ns) make
public the results.
(c) It is still necessa ry that the Board be informe d
of the place of origin and charact er of radioactive mineral s discove red by any person. If the
necessa ry informa tion is sent in to the analyst, it
may be forward ed with the results of the analysis
to the Chief1 , Geologi cal Survey, Departm ent of
Mines and Resourc es, Ottawa , for the Board.
Otherwi se this informa tion should be sent to the
Chief, Geologi cal Survey, as soon as the results
of the analysis are known.
(d) No special order of the Board will be required
to permit prospec ting so long as no mineral other
than samples for analysis and hand samples for
the usual purpose s are remove d from the claims.
(e) Specific orders of the Board will be required to
authoriz e explora tion by diamon d drilling, surface
work , test pitting and prelimin ary undergr ound
work. Such orders will contain appropr iate pro1

Now Director.
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v1s1ons as to the handling of samples and the
furnishing of information to the Board and will
permit the operator to receive and communicate
information as to the results of analyses.
(f) Specific orders of the Board will be required to
permit mining operations involving removal of
radioactive material in excess of sample quantities. These orders will contain appropriate provisions with regard to security both as to material
and as to information.
ATOMIC ENERGY CONTROL BOARD

Dated

5 April, 1948.

Order No.

1/301/48
1/302/48
2/400/48

Order made under the Atomic Energy Regulations
of Canada respecting prospecting,
exploration and mining

1. (a) Authority is hereby given for any person who
performs any assay or analysis of any mineral
that indicates that such mineral contains more
than 0 -05 per cent by weight of the element
uranium or more than 0-05 per cent by weight
of the element thorium, to disclose to the person
from whom such mineral was received, the result
of such assay or analysis provided that the person who performs such assay or analysis shall
forthwith report to the Chief1 , Geological Survey,
Department of Mines and Resources, Ottawa,
the name and address of the person from whom
such mineral was received, the purpose of the
assay or analysis, the origin of the mineral so
far as known to the person making the report
and the results of the assay or analysis.
1

Now Director.
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(b) Subject to the prov1s1ons of any specific order,
permiss ion is hereby given to any person who
receives the result of any assay or analysis of any
mineral that indicate s that such mineral contain s
more than 0 -05 per cent by weight of the elemen t
uranium or more than 0 · 05 per cent by weight
of the element thorium , to commu nicate to any
person the informa tion so received and informa tion as to the location and probabl e extent of
deposits contain ing uranium or thorium at or
near the place of origin of such mineral , provide d
that the person who receives the result of such
assay or analysis shall forthwi th inform the
Chief1, Geologi cal Survey, Departm ent of Mines
and Resourc es, Ottawa , of the place of origin
and charact er of such mineral togethe r with .all
other informa tion in the possessi on of such person, indicati ve of the charact er, compos ition and
probabl e extent of deposits contain ing uranium
or thorium at or near the place of origin of such
mineral .
(c) Permiss ion is hereby granted for the removal
from their places of deposit in nature of samples
of mineral s contain ing more than 0 -05 per cent
by weight of the element uranium or more than
0 · 05 per cent by weight of the element thorium ,
for the purpose of assay and analysis and of
hand samples of such mineral s for exhibiti on purposes; but nothing in this order shall authoriz e
any use of any such sample for sale, export,
manufa cture, consum ption or product ion, or any
dealing in any such sample except as inciden t to
assay, analysis or exhibiti on.
1

Now Director.
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2.

Nothing in this order shall apply in relation to any
assay or analysis of or other dealing in any material
that contains any uranium containing any of the
isotope U-233 or any greater proportion of the !isotope
U-235 than is normally present in nature.
ATOMIC ENERGY CONTROL BOARD
BY

G. M. Jarvis
Secretary.

STATEMENT oF RIGHT HoN. C. D. HowE REGARDING THE RESCINDING OF ORDERS IN COUNCIL
P. C. 7167 AND 7168, HousE OF CoMMONS
16 MARCH, 1948

It will be recalled that orders in council passed in
1943 reserving title to radioactive minerals on Crown
lands in the Northwest Territories and the Yukon were
extended under the Continuation of Transitional Measures Act, 1947, largely because the question of ownership of ores in the ground was still under d iscussion in
the United Nations Atomic Energy Commission and it
was felt that no action should be taken here that might
embarrass those discussions. Since then, the Second
Report of the United Nations Commission has been published, and that Report does not contemplate ownership
of ores in the ground by any international authority
which may be established. As I told the House on
March 25 last, the policy of the government is that
radioactive material be controlled after it has been
mined and the Atomic Energy Regulations of Canada
provide for this sort of control.
While the orders in council were in effect and until
the Atomic Energy Regulations had been passed, it was
necessary that mining operations be exclusively in the
hands of the government. The whole situation has been
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reviewed in the light of present circumstances and
changed condi_tions, and the government is now satisfied
that it is in the best interests of Canada that restrictions against private prospecting and private development of radioactive minerals should be removed and
has accordingly revoked the orders in council which
reserved to the Crown title in these minerals in the
Terri tori es.
The policy decided upon is as follows:
The government will purchase through Eldorado
Mining and Refining (1944) Limited, or other designated agency, acceptable uranium bearing ores and concentrates on the following basis:
1. A minimum uranium content equivalent to 10 per
per cent by weight of uranium oxide (U 30s) in the
ores or concentrates will normally be required.
2. Price will be based upon the uranium content of the
ores or concentrates and will be at the minimum
rate of $2.75 per pound of contained (U30 8) f.o.b.
rail and will be guaranteed for a period of five years.
3. This price includes all radioactive elements in the
ores or concentrates, but consideration will be given
to the commercially recoverable value of nonradioactive constituents by adjustment of price or
by the redelivery of the residues containing such
constituents.
4. Under special circumstances, consideration may be
given to payment of a higher price or to acceptance
of ores or concentrates of lower grade.
5. All operations will be carried on subject to the provisions of the Atomic Energy Regulations of Canada.
This cons ti tu tes the new policy. As noted, the new
policy permits private exploration and private mining
and proposes to encourage both by putting on the ores
a definite minimum value, which will be the minimum
value for the next five years. I might say that I was
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interested to note that the semi-annual report of the
United States Atomic Energy Commission to the Senate
and the House of Representatives, which reached me
only yesterday, contains the following two paragraphs:
The Commission believes new reserves of source
materials can best be developed by competitive private industry, under the stimulus of profits, and the
means of accomplishing this are under study.
In general it will be Commission policy to purchase
ores for its program from private sources and limit
direct government production as far as possible.
It would seem that, although we arrived at the
Canadian policy independently, the policy of the United
States will follow parallel lines.
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APPENDIX V
ATOMIC ENERGY CONTROL BOARD, OTTAWA.
CANADA
EXPLORATIO N PERMIT

Dear Sir:
This permit is your authorizatio n to explore the property later mentioned, by diamond drilling, surface
work, test pitting and underground work; to remove
from the property samples for assay and analysis, hand
samples for exhibition purposes and bulk samples not
exceeding in all ten tons for mill tests; and to make
public any information you may receive from assays
and analyses or from exploration work on the property,
up to the producing stage.
It is most important, in order that an inventory of
Canada's uranium resources may be built up and that
geological information on uranium occurrences may be
organized for the benefit of prospectors and mine operators as well as of the Governmen t, that the Board be
kept fully informed of the progress and results of the
work on the property. This permit, therefore, is granted
upon condition that monthly reports be sent in duplicate to the Director of the Geological Survey of Canada,
Department of Mines and Technical Surveys, Ottawa,
who for this purpose acts for the Board. Each report
is to include a summary report and copies of all
diamond drill hole logs, plans, reports of analyses,
radiometric tests and mill tests and other information
necessary to show fully and accurately the work done
and the results of exploration of the property up to
the end of the preceding month, the first of such reports
to be sent by the 10th of the month following the date
of this permit. "Nil" reports are to be made if no
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work is done in a particular month, but if no work is
to be done for an extended period, the Geological Survey
may be notified and the sending of reports suspended
until work is resumed.
The monthly reports are treated as confidential and
should be sent in sealed envelopes addressed as follows:
THE DIRECTOR,
GEOLOGICAL SURVEY OF CANADA,
OTTAWA.
ATTENTION: Radioactivity Section1•
A duplicate of each report on mill tests performed
on samples from the property is to be sent to the
Secretary, Atomic Energy Control Board, Ottawa,
promptly after it has been prepared.
All work on the property is to be conducted according to good standard mining practice and records kept
so that the place of origin of all samples and other
radioactive materials removed shall be clearly identified.
Samples from the property may be sent to any of
the persons hereafter mentioned or hereafter designated
by the Board for the purpose. Advance arra ngements
should, of course, be made before any material is sent.
If samples are sent to the Mines Branch, transportation charges are to be prepaid since the Mines Branch
cannot undertake to assume such charges.
Such matters as the staking of claims and mine safety
are regulated by the provincial governments and by the
administration of the Northwest Territories and Yukon.
It is, therefore, a condition of this permit that, subject
to the Atomic Energy Regulations of Canada, any applicable provincial statutes and regulations, or the regu1

Now "Division".
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lations affecting mmmg in the Northwest and the
Yukon, as the case may be, are to be observed and
complied with in relation to the property and to all
operations undertaken in connection therewith.

Yours faithfully,

ATOMIC ENERGY CONTROL BOARD
BY
Secretary.

