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POREWORD

The interest in radiocactive ainerals asong prospeotore, mineral oolleetors,
and people in general has inoreased by leaps and bounds in the past few ysars.
This interest 13, of oourse, due to the widespread publioity given the eléxmént
uraniua, beoause of 1its rather sudden emergence as a souree of fabulous power
and as & super-destruotive war weapon. The publieity hae brought hoae to all
of ue the great need of inoreasing our euppliee of uranium for national sseurity
reasons, and has advertised, perhaps with o¢vercmphasis, the great finanoial
revard to anyone who dieocovers uraniua ores.

The Departaent laboratories are equipped to test for radioesotivity, and
the staff is prepared and glad to analyszs szaples for uraniuc and thoriua
ainerals by any of several standerd methods. Eardly a day goes by that the
Departaent dees not reoceive a sample or samplee to test for radicaotivity;
also many inquiries oome in eonoerning the properties of ureaniua minerals.
Usually inquirers want to know how the prinoipel minerals may be recognized
and tested, and wvhat gsologieal assoolatiohs are favorable for prospeoting.

This pesphlet has been prepared to answer the prinoipal questions whioh

are soantinually being asked. It is hoped that the information oontained herein

will pot omly enever these questions but will point the way to disoovery of
oommeroial depeasite of uranium oree in ®regon.

F. ¥W. Libdbey
Direotor

May 10, 1949

POREWORD
(revised edition)

Continuing demand for thie pamphlet exhaueted the firet edition in 1952
and made necessary the issuing of a seoond edition. A fev revisiens in the

text have been made by the author.

P, W. LSbbey

December 30, 1952
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RADIOACTIVE MINERALS THE PROSPECTOR SHOULD KNOW

Introduction

Radioactivity 1s the property of certuin minerals or substances to disintegrate spon-
taneously zith external emission of energy or radiation. Uranium and thorium are the most
ocamon radioactive elements. Uranium emits three types of radiation known as alpha, beta,
and gamma rays. Alpha rays consist of positively charged particles; beta rays consist of
nesatively charged particles; and gamma rays are similar to light rays and X rzys, but are
of extremely shorter wave length. During the process of disintegration uraniua breaks up
into a nuaber of elements, two of which are radiuam and lead. The mass of a quantity of
uraniun is decreased as a result of this process. The time required for a quantity of
uranium to loee half of its mass 18 more than 4,000 million years. Investigations in reoent
years have led to the discovery that the nucleus of a urunium atom can be split into two
portions and as a result enormous quantities of atomic energy are released.

Uranium and thorium occur in nature combined with other elements to fori. a large group
of minerals. 0nly a few of these minerals are important ores of uranium; and one amineral,
mor.azite, 1s the principal ore of thoriuam.

Uranium and thoriuam minerals occur in very small amountt 4in many rooks and waters
of the crust of the earth. jiineral springs which have been in contact with radioactive
rocks often are radioactive to some extant. Acidic or light-colored igneous rocks, such
as granites, normally contain minute percentages of radioactive minerals; the dark or
basic igneous rocks, such as basalt, have smaller percentages of these minerals than
the acldio rooks. Some oil shales, other marine sediments, and phosphate beds are khown
to contain small quantities of uraniuam. Nearly all rock samples, vhen examined by the
most sensitive methods, show extremely weak radioactivity. However, sufficlent concentra-
tions of radioactive minerals in rocks to constitute minable deposits are rare.

Physical properties of minerals

It 13 essential that prospectors for uranium as well as other ores be familiar with
the physical properties of minerals, The following physical properties are defined by
freasher (1940)}:* color, luster, cleavage, fracture, form, speoific gravity, hardness,
and streak. Treasher's bulletin, or any textbook on mineralogy, will serve as a referenoe
from which practical knowledge of these terms can be obtained.

Phosphorescence and fluorescence are physical properties of minerals which are also
of some lmportance in prospecting for uranium ores. Phosphorescence 1s the emission of
1ight by a substunce after heating, rubbing, or exposure to eleetric radiation or to ultra~
violet light. Fluorescence is the omission of 1li:ht from a substance while 1t 1s being
exposed to direct radiations, such as ultraviolet 1light. 0Only a few uranium minerals
fluoresce, und they are discussed under individual amineral descriptions,

Generel characteristics of uruanium minerals

Minerals are classed as either primary or secondary in regard to their origin., Primary
minerals are those originally formed in rocks by solidification from magma or deposition
from related solutions, and retain their original form and ccamposition. Secondary minerals
are those formed by the alteration of primary minerals; for example, metal oxides, sulphates,
and carbonates formed by the oxidation of original sulphides,

The most ieportant primary uranium minerals are uraninite and pitohdblende. Torbarnste,
autunite, carnotite, and gummite are the most common setondary uranium minerals.

*see 11st of publications in the back.
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Uranius minerale may be black, brownieh black, reddieh brown, gray, orange, green, or
yellow in color. Primary uranium sinerals are dominantly blask to reddish brown, extremely
heavy, and have a metallio or eubmetallio luster or appearance. Secondary uranius sinerals
are oharacterized by brilliant yellow, orange, or green colors,

Kost primary uranium minerale, exoept pitchblende, which is ocompact and masaive with
no evidenoe of oryetal etructure, ooour as well-formed oryetale or masses. Secondary
uranius sinerals ooamonly foram as fine powvders, graine, or ae orusts on primary uranius
ainerals and on other sinerals and rooks.

Geoloegy

The sinsrals whioh oontain urenium ocour as orystals, masess, or '‘pockets™ in fise
sures, veins, and dikes eimilar to the occurrence of other metallio sinerals, suoh as
gold, eilver, copper, lead, and 2ino. Uraninite 1s more ocomaonly found in aoidio or
light~-oolored igneous rooks, particularly granite pegmatites, than in other types of
rooks. A pegmatite 13 a vein or dike of igneous rock oharaoterized by extremely ooarse
texture due to the irregular concentration of large orystals of sinerals. Crystals of
uraninite ooourring in granite pegmatites are ueually eocattered among large Quartz and
pink- to red-ocolored feldspar orystals. Ketalliferoue vein deposits oontaining pitoh-~
blende associated with cobalt and niokel ainerals in addition to other minerals of baee
metale and preciocue metale have boon, 00 far; the major ecures of uranium.

Sesondary uratilua siheralé mky o6céur in Veins as aruete on thsé primary iranium
finerals or ad coatings on other vein minerals or oountry rook, but are generally found
as fine powders or as aggregates of minute orystals or grains soattered through sedi-
mentary rooks, euoh as sandstonee. Occasionally seoondary uranius sinerals ocour in
maseive, bedded depoeits,

Kmown deposits

Prier to World War II highegrade pitchblende depoeits located on the eastern ehore
of OFeat Baar Lakeé in Canddd, in the Katanga provinoe 6f Bolgian Congo, and in the
Joaocohimethal dietriot in B8ohemia produced moet of the world's supply of uranium, The
pitohblende in the Great Bear Lake deposits ococurs in quartz-oarbonate vains in asta-
aorphosed Pre-Cambrian sediments, associated with a variety of metallio minerals, suock
as oobalt-niokel ainerals, bieauth, native silver, ohaloopyrite, argsntite, galena, and
pyrite. The oobalt-niokel mineralization is more extensive than the other types of
sineralization. In the Belgian Congo depoeits of pitohblende and other uraniuz minerale
ocour in the metamorphoeed dolomites and ehales of Pre-Cambrian age. Cobalt and copper
are aseociated with the pitchblende in many of the veine. The mineraliszation in the
sines of the Joaohimsthal dietrict in Bohesia consists dosinantly of silver, cobalt and
niokel, bismuth, and pitchblende in a gangue ocnsisting largely of quartz, oaleite, and
delomsite. The host rocks are Pre-Cambrian sohists and phyllites intruded by late Paleo-
tole granites.

Ooourrencee of uraninite and pitchblende are known in the Rew England etatee, Colo-
rado, Texas, and in other states which contain areas of light-colored igneous rocks and
msetalliferoue veins, A large number of minor ocourrenoces of other uranfium minerals have
been found 1in the United States, but the ocarnotite deposits of the Colorado Plateau area
(Colorado, Arizona, Newv Mexioo, and Utah) are best known. The ocarnotite in these deposits
ooours along the oracks or bedding planes and in pockets, mainly in sandetones and other
sedimsnte of Triassio and Juraeeio age.
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Silica deposits, chiefly opal, ohalscedony, and agate, whioh are ooated by minute
partioles of seoondary uraniua ainerals have been found in a fsv looalitiee in Oregon;
for example, in the Puedlo Mountains near the town of Denio, Oregon; north of Jordan
Valley in the area of Cow Creek, Malheur County; near Madras in Jsfferson County; and
in the Mutton Wountaine near the Wara Springs Reeervation in eouthern ¥asoo County, where
they are assooiated with rhyolite, a fine~grained, aoid, igneoue rook. The rooks whioh
are thus ooated often exhibit the pale green to yellow fluoresoenoe of oertain uranius-
bearing ainerals. Thess deposits are not considered of coammercial velus as an ore of
uraniua.

Monagite, the principal thoriua aineral, ocours in very small amounts in the blasck
sands of soas of the beaohes along the ooaet of Oregon. Acoording to Day and Rioharde
{1905), sampless of blaok sands froam Astoria, Carnahan Station, Clatsop Spit, Clatsop Beaeh,

Gearhart Beaeh, Port Stevens, Hammond, and ¥arrenton in Clatsop County oontained froam a
traoce to as auoh as 6,5 peroent monazite. Generally these saaples oontained about .02 pere

oent of this thoriua mineral.
A speeimen oonsisting of pitohy, blaok massss of allanite in large brovn-stained

feldspar aoryetals was subaittsd to the Departaent in 1948, but the exaot location from
vhioh the sample was taken has not yet been determined. 4illanite usually oontains a

saall peroentage of thoriua.

There to prospect

¥hen ooneidering areas to prospeot, it should be reseabered that the known high-
grade pitohblende deposits ovour more oommonly as replaoezent bodies in =metalliferous
veins than in pegaatite veins. The best ohanoes of f£inding radicaotive aminerals would
probably be in areas of knovn deposits or where geologioal oonditions are similar to thoss
of known deposite, and where other metals (espeoially oopper, niokel, oobalt, silver, lead,
siae, and vanadiua) ooour. The searoh for uranium ores in the United States is in its
infanoy, and the disoovery of new types of depoeits is possible,

Generally, the most likely plaoes in Oregon to prospeot for uranius ores are bslieved
to be: the northeastern part, in the Wallowa and Blue Mountain ranges; the southwestern
part, in Jaokseon, Josephine, Curry, and Douglas oounties, where old igneous and ametasorphie
rocks ooour; and the southeastern part, in the Puedblo Mountaine in Harney County (sse index
aap opposite page 1). Other likely looalities would be in other areas in whioh pegzatits
and setnlliferous veins are found,

The blaok sands of the Oregon beaohes, whioh in a few places oontain small amounse
of monssits, shculd not be overlooked as & po3sible souroe of thoriuam, However, She
blaok sands thus far investigated have not oantained euffioient ooneentrations of thorium

to be of value.



PRINCIPAL RADIOACTIVE MINERALS

Primary Uraniua Hinerals

Uraninite and pitchblende

Yorn: Uraninite belongs to the 1sometrio orystal systea. It ocoeurs as vell-foraed
orystale whioh are generally eight-sided, sometimes oubio, and rarely twelve-sided.

Pitohblende 1s the amorphous {no orystalline struoture) variety of uraninite. It 1
usually maseive and amay ocour with botryoidal or kidneylike surfacee., It may showv a banded
or layered struoture.

Properties: Uraninite and pitohblende have an uneven to oonochoidal fraoture and are
brittle with a hardnees of 5 to 6. Both minerals are heavy, having a speocifio gravity varying
from 6.5 in the amorphous forms to almost 10 in the orystalline varieties {ocommon rook has a
speeifio gravity of 2.5 « 2.8). <The luster 1s eubmetallio to pitohlike or greasy, and some-
times dull. The oolor may be blaok, brownish blaok, gray, or dark green. The streak 1s
brownish blaok, gray or greenish blaok. Uraninite, if pure, 1s the uraniua dioxide, 002,
but usually 1t 1e oxidised and containe some impurities. Pitchblende 1s the uraniuam oxide,

U 0g. Lead, thorium, and other rare-earth metala are usually present in uraninite and
pitehblende. Radiua 1s found in uruninite and pitchblende in minute amounts. Both forme
of the mineral readily alter to yellow, orange, red, or green seoondary uranius ocompounds.

Ooourrence: Uraninite is found mainly in pegmatite dikes assooiated with quartz and
feldepars. Pitchblende ooours predominantly in veins asecoiated with cobalt and niokel

minerals and other migerals of base metals. Also, pitohblende ooours in small spotty
depesits in veine with lead, zino, ocopper, gold, and silver ainerals.

Distinguishing oharucteristics: Uraninite and pitohblends are heavy, black ainsrals
with a submetallio luster, There are several nonradioaotive ainerals wvhioh may be oon-

fused with thea.

Hematite, a gray, reddish-brown or blaock iron-sxide mineral, often ocoours in a bot-
ryoidal or kidneylike fora similar to pitchblende, but the streak of pitehblende 1s blaock
to greenish bdlack and that ef hematite 1s red. 1Ilmenite, wolframite, magnetite, and cas-
siterite are heavy dark-ocolored ainerals with ooourrences siailar to those of pitohblende;
however, pitohdlende may de disvinguished by 1ts ohareoteristio weathering to yellow and

orange-ocolored secondary minerals.
Hornblende, a blaok nonmetallio aineral whioh ooours in ignsous rooks, and black tourma~

line, whioh often 1s found in pegmatites, are two zinerals that are often mietaken for the
primary uraniua aminerale. Hornblende and tourmaline are lighter in weight than the uraniua

minerals.

Seoondary Uranium Hinerals

Torbernite, autunite, oarnotite, and guamamite are the more common seoondary uraniua
minerals with whioh prospeotors should be familiar. iore deposits of oarnotite have been
found than have deposits of any of the other secondary minerals. Carnotite has been mtned
in oommercial quantities in southwestern Colorado and southeaetern Utah for many years.

Torbernite

Porm: Torbernite belongs to the orthorhombio crystal system and oocours usually in
thin, tabular, platy orystale.

Properties: Torbernite 1s bright green with a pearly luster and is traneparent to
translucent; hardnses 1s 2 to 3; and specifio gravity s 3 to 4. tThe streak is a slightly
paler green than the color of the mineral. It is a copper uraniua phosphate and often
losss scme oombined water to form metatorbernite,
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Fluoresoence: Torbernite 1s not fluorseocent, but metatorbernite exhidite a yellove-

green oolor under ultraviolet light.

Ooourrence: Torbernits is ocommonly aesooiated with deposits of prisary urenium ores,
eespeeially in pegmatites or sulphide lodes. It may roram ooatinge in oraoke and openings
in veathered outorops or may be soattered through the oountry rocks some dietanoe froms
the primary ore.

Autunite

Yora: Autunite is similar in appearance and ooourrence to torbernite. It belonge ¢o
the ortherhombio oryetal syetem and usually ococurs as soalee or tabular orystals.

Preperties: Autunite 19 a lemon. to sulfur-yellow ocolor, and is eimilar to torbernite
in hardasse and speocific gravity. It has a pearly luster and a yellowish streak. It fs a
ureaaiua ocaloium phosphate.

Pluoresesnce: Autunite is fluorescent, giving a yellow-green color.

Qoourrsneo: Autunite 18 oommonly associated with deposite or uraninite and othor
yreniua sinerals. It usually oooure in Jjoints and oraoke im granites and other roeks,
and oooasionally with tin, silver, and iron ores.

Sapmetite

Form: Carnetite bolongs to the orthorhomdio orystal syetem ooourring ae doft powdery
*r oartby aggregatos of wery minute orystals whioh are not usually vieible te tho naked

oye. It ales ocours &s an amerphous powder.

Properties: Carnotite 1s ocanary yellov, but may bave brown iron staime or a greenish
tinge. Hardness 1o 2 te 3 and epecifis gravity is 4+; both of these preperties very videly
épe te impurities., It 19 a poetaseium uraniua vanadate.

Pluoresseence: Carnotite does not fluoresoce.

OQsgurrenss: Carnotits usually ooours ae eoft powder or graine whioh ocoat the eraeke
and partimge and as a filling in the spaces betveen graine in eedimentary rooks. Also,
4t cemetimee replaces wood and ditumin of eedimentes.

Distinguishing oharaoteristics: Tho bright oanary or lemon ysllow of oarnotite ie
sharasteristie and distinguishes it from the dull tan or yeliow colér of limemite, an

iron-oxide mineral.

Gummite

Pora: The mineral ie maseive and doneo ooourring aes rounded or flattened maecees
azd 1s rarely erystallino.

Properties: Guowite 1s brittle with a hardnees of 2 to S and a oonohoidal to unevea
freeture, It has a greasy or wvaxy lueter ressabling gum. The oolor Sis ysllow, oramge,
reddish yellow to orange red, roddiah browvn to brownioh blaok, and biack. ©Pho stresk fa
yollow, brownish, or olive gresn. The spsoifio gravity 1s 4 to 6. Guumits has a variadle
ehemieal oompoeition, oonsisting essentially of oxides of uranium wvith lead and thoriua,
It ie probably the final oxidation produot of uraninite.

Qeourrence: Gummite 1e an alteration produot of uraninite or pitohblemde, somotimes
replacing orystale of uraninito, and thues it indioates the presence of uraninite.



The oharaoteristio physiocal properties amd usual ooourrences

minerals are tabulated below:

Table 1.

The More Coaaon Uraniuam Minerals

Speoifio Remarks and
Name Color Luster Hardneas
- - gravity Soourrences

Uraninite Blaok, gray, Subaetallio 5-6 8-10 Primary; usually in pegmatite
greenish, to greasy dikes and in veins similar to
brownish those in whioh pitohblende

ooours; massive; rarely as
eight-sidod orystals or as
oubes,

Pitohblende Blaok to Dull metallio 5-6 Varies Prisary; amorphoue variety of
greenieh $o pitohlike but uaraninite, in veine asso-
blaok heavy olated with silver, oobalt,

(6-9) niokel, lead, and copper
minerals; no orystal fora;
sometimes botryoidal or
kidneylike.

Torberaite Bright Pearly 2-3 3-4 Seoondary; assocoiated with
grass green primary uranium ores; in

araoks and joints of granite
and other rooks; thin platy
arystals,

Autunite Leaon to Pearly teo 2-3 3 Seoondary; tabular,
sulfur sub- mioaoeous orystals similar
yollow adasantine in ooourrenoe to torbernite;

fluoresoence - yellow to
green,

Carnosite Canary Dull 2«3 be Seoondary; usually as
yellow soft powder (either amorphous

or finely crystalline)
£111ing oraoks and spaces
{n sedimentary rooks.

Gummite Yellow, Greasy, 2-5 4.6 Seoondary; reseables guam;
orange, waxy alteration produot of
orange red, pitohdlende and other
reddish- uranius ainerals.
brown

-6

of the prinoipal ureniuas



Thoriun .idneruls

dany Pprimary uranlum minorals, esgecially thoso occourring in pogmatitos, oontain
some thorium. Tho zreatest quantity of thorium 1s obtained from the mineral, monazits.
Allanite 18 another thorium mineral but 1s not, at the present, considered as a com-
mercial souroe of thorium. The United States Atomic Energy Commission uses thorium for
research only, at the present time.

fonazite 1s known to ococur in veins as the uranium minerals do, but 1ts most coumon
ococurrence is in river-placer and beach-sand deposits, where i1t usually 1s assocliated
with ilmenite, chromite, zircon, and rutile. Beach~sand areas rich in heavy black minerals
are worthy of sampling for a possible monazite content. A8 mentioned before, some of the
black sands of the beaches along the coast of ©regon are known to contain a small amount
of monazite.

Thorium minerals do not alter or precipitate from sclution as readily as uranium
minerals, hence secondary thorium minerals are practically unknow¥n.

fonagzite

Form: uonazite occurs as flattened, tabular crystals und also in massive form.
When massive it tends to yleld angular fragwents. In beach sands 1t often occurs as pale
yellow prismatic crystals with rounded ends.

Properties: The color of the orystals varies from a pale yellow to reddish brown,
The streak 18 white, luster 18 resinous, and fracture 1s conchoidal to uneven, Hardness
is 5.3 and specific gravity 1s 4,9 to 5.3. Sometimes 1t 13 the heaviest mineral present
in sands. Monazite consists mainly of cerium and other rare-earth elements, with as much
as 18 percent thorium. Sometimes the thorium content 1s practically nil.

Occurrences: In pegmatite dikes, and as small grains in rocks intruded by granite
or pegmatite. Most commonly the known commercial ores occur in river and beach deposits.
In these deposits, the monazite and other heavy minerals have been concentrated by current
and wave action,

Allanite
Form: Allanite occurs in tabular crystals or 1s massive.

Properties: Color 1s black when fresh, but 1s brown on weathered surfaces; luster
1s submetallio, pitchy, or resinous; hardness 1s 5.5 to 6; specific gravity 1s 3.0 to 4.2,
Allanite 1s a silicate of cerium, thorium, and other rare-earth elements, together with
calcium, iron, and aluminum. It 18 usually altered and then has a brown, friable outer
crust. It contains froa 1 to 3 percent of thorium.

Occurrences: The mineral 1s primary in pegmatites end granites.



EQUIPMENT AND METHODS USED IN TESTING FOR RADIOACTIVE MINERALS

Radioactivity 1s determined by the effect of its rays or wave motion upon different
substances. Por example, a photographic emulsion will be exposed when struck by radio-
active radiations; a gas, normally an insulator, will readily conduct electricity when
gamma rays, which are emitted by radioactive substances, come in contact with 1it.

Certain types of equipment or methods for testing radioactivity of minerals are
described as follows:
1. Geiger-u¥ller Counter

2. Photographic
3. Electroscope

%, Fluorescence

Geiger-uﬂller counter

The Geiger-Miller counter is the most practical instrument that has been devised for
locating radioactive minerals. These counters are available in various types from large
laboratory models to light field models at prices ranging from $100 to $400 or more,

A Geiger counter, as it 1s usually called, employs radionie principles to measure and
record radiocactive emissions. It consists of a source of electricity, an amplifier unit,
a Geiger-uﬁller tube, and an attachment for noting the radiations, such as earphones or
a meter. When the electrical source is switched to the tube, a high voltage is placed
aocross the terminals of the Geiger tube, which contains a nonoconductive gas. ¥hen a gamma
ray from a radioactive mineral penetrates the tube, electricity is conduocted mementarily,
This electrical pulse is amplified and noted as a "olick." {A amall instrument which
records gamma ray contact by a flash of light is on the market.) €osmic rays and random
gamna rays produce the same effect, and will cause "cliocks'" to be heard even when the tube
1s not mnear radioactiwve substances. This effect is called the '"Dackground count.® W¥hen
a radioactive substance is placed near the tube the clicks increase to a faster rate than
the normal background rate. Various degrees of increase of the rate will be noted, but
highly radioactive minerals will cawse a rate which the prospector will usually be unable
to count accurately.

The background ocount will vary according to rock types and topography encountered and
to variations in atmospheric conditions. Operators should learn to recognize the causes
of these variations and should carefully record any change in background count.

Different types of rocks will cause a variation. ¥For example, limestone is usually
not radioactive, but igneous rocks may show very small amounts of radicactivity.

A decrease in the normal counting rate will sometimes be noticed when entering a
surface depression with steep sides. This 18 due to the counter being somewhat shielded
from the cosmic raye of space by the steep walls of the depression.

The amount and type of overburden of a radiocactive deposit muet be considered.
Usually only a few feet of overburden will prevent a Geiger counter from readily detecting
radioactivity, Size of deposit and concsntration of radioactive minerals are all«important.
Intense radloastivity was detected by a counter at the Great Bear Lake high-grade pitch-
blende deposits where the ore in one place was covered by 60 feet of overburden. Best
results are obtained when the bedrock or veins are exposed.

A thunderstorm will greatly affect the counter, and 1t should not be used during a
storny period. The counter should be kept as dry as possible ae exceseive moisture often
w11l cause a short circuit.
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In testing samples of minerals or rocks which appear to be highly radiocactive, first
record the background count observed for a period of one minute. This should be repeated
until an average 1s obtained. Then place the sample to be tested under the tuhe and record
the number of counts per minute caused by the radiocactivity of the spesimen. The number
of clicks obtained with the sample under the tube minus the background oount gives a
relative measurement of the radioactivity of the mineral or rook. For accurate measurements,
the specimen should bo compared with samples of known radicactive content.

The use of the Geiger counter in the field for a systematic survey of an area should
be carefully planned., The limitations and oharacteristiss of the counter to be used should
be studied thoroughly and be well understood before beginning the survsy. A topographies
and geological survey of the area in question should, if possible, precede the counter
survey, in order to facilitate planning and reduce the number of observations necessary.

Systematic observations should be made frequently, and the distance between observations
should depend on previous knowledge of the area, For a detailed study of an area vhioh
has been geolosiocally mapped and is known to contain radioactive minerals, the observation
stations will probably be close together, from 20 to 50 feet or more apart. For general
reoonnaissance these stations may be placed from 20 to 50 yards apart, or morc, according
to accuracy of information desired.

The Geiger tube should be placed on the ground at each station cnd the average number
of clicks per minute obtained from a 1- to 1C-muinute or longer period of observation.
A record of the count is made, after subtracting the average background count obtained
during an equal period of observation. The counter stations should be accurately plaoced
on a map ulong with values obtained at each station. When enough stations aro recorded
on the map, a contour map of the radiocactivity values can be prepared. In this way the
arocas of intense radiocactivity may be plotted.

Photographic method

Only basic knowledZe of photography 13 needed in the use of this method. It is
probably the simplest means by which radiocactivity of minex2l18 can be detected.

Lay the 8specimen on an ordinary piece of film in a light-tight box for at least
36 hours. Place a coin, key, or other metallis object batween the spe:imen and film.
It 19 best to use a sheet of dlack paper between the metallis objent and film to minimize
possibility of 1ight reaching the film. Develop tho film, and if the sample is radiocactive,
an image of the coin will be obtained. The clearness of the image is a measure of the
radiocactivity of the mineral.

Electroscope

The use of the electroscope in detecting radiocactivity depends on the princijle “hat
air 13 an insulator, but becomes a conductor in the presence of radicactive substances.
An electroscope is usuclly a delicate instrument and should not be used in the field as
the Gelger oounter is, Gamples should be breuxht from the field to the laboratory or any
convenient place vhere the electroscope is kept.

A recent publication™ describes a method of constructing an electroscope as follows:

‘"The materials rejuired are a plece of glass tubing 2 inches in diameter,
5 inohes in length and open at both ends, a plece of metal, c.y. copper, 1/8 inch
diameter and 3 3/4 inches long, 1/% pound of sulphur, the 1id of a tobacco tin
and 2 to 3 square inches of #old or aluminium foil. These foills are widely used
in oommeroial art and can usually be procured from art supply stores and from
stationers. It should be sufficiently thin to allow objects to be distinguished

*"Radioactive mineral deposits’': Australia Bur. Min. Resources, Geology, and Geophysics,
pept. Supply and Dov., Pamph. 3, August 1948.
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on looking thzrough 1t. The leaf 1s cut into strips 1 in:h long by /4 inczh
wide by placing it between sheets of paper and cutting it with a sharp razor
blade. ©One end of the metal rod i3 flattened snd then moistened with thinned-
out shellac and a strip of foil i3 attashed to either side ¢f the flattened
portion of the rod,

"The next step is to suspend the metal rod and the foll in the glass tube
through an insulating plug of sulphur o other material with similar properties,
This is dene by pushing the free end of the rod through a piece of paper which
18 then pressed into one end of the glass tube and moulded into the shape of a
stopper. <The sulphur is melted and poured around the metal rod, the paper
serving to prevent it from running through the tube. The 1id of the tobacco
tin is then soldered to the top of the metal rod, making sure that it does not
touch the top of the glass tube."

uetal plate (1id of tobacco
tin) soldered to rod. Plate
must not touch top of tube,

Plug of
meltod sulphur,

1/8-tnch diam. metal rod
(large nail) flattened at end.

5"

Clear glass tubing open
at both ends, small
lamp chizney or pilece

of bottle. " o
] H\ ::; 13" X 4" leaves of thin

alumintum foil stuck to
flattened end of rod with
o i shellaec.

Note: Gold or aluminium leaf may be used in place of aluminium foil, but 1s difficult to
handle and t20 fraglle for use in & portable electroscope.

¥ig. 1. Sketch of electrossope showing
materials used in construction.*

*WRadioactive mineral depositd: Australia Bur. Min. Resources, Geology, and Geophysics,
Dept. Supply and Dev., Pamph. 3, August 1548.
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An eleotrioally oharged object, suoh as a pleoe of glass rubbed with eilk, is held
oloee to the metal 1id of the eleotroecope and the 1id 1s touohed with a finger. Then
the finger is removed from the 1id of the eleotroecope followed by the removal of the
eleotriocally oharged objeot. This plaoes 1like oharges on the leavee of the eleotrosoope
with the result that they repel eaoh other and therefore separate.

The leaves will remain oharged and separated for several hours under normal oonditions.
The dietanoce apart of the leaves is measured and the eleotrosoope is placed over a samplo.
Radiations froa a radiocaotive substance will oause the leaves to ocollapse in a few minutes,

The bottom of the glass tube should be smooth and the eample should rest on a pilece
of felt in order to prevent air surrents from entering the tube and dieturbing the leaves.

Rluorescent methods

Fluoreeoence has been defined previouely (page 1) and the uranium minerale whioh
exhibit this property have been noted under individual mineral deeoriptions. The
short-wave-length ultraviolet lamp 1s the type oommonly used in teeting the fluor-
eeoence of uranium minerale. Portable lamps are available.

The primary uranium minerals are nonfluoreeocent and only a few secondary ones
fluoreece. Henoe, the use of this method is restrioted.

The fluoreecent oolor of autunite 1e yellow green or greenish yellow, That of
metatorbernite ie yellow blue; gummite fluoresces a dull purplish red; and carnotite
does not fluoresoe.

Uranium 4n a substance may be detected by fusing a small quantity of the subetanoce
with eodium fluoride or borax on a emall loop of platinum wire to form a bead. The
bend 1s formoed by dipping the hot loop into tho powdered amineral and reheating for a
minute or two. It ie cocoled, and then tested for fluoreecence, Uranium will oause
the bead to fluoresoe a bright lemon-yellow color. The long-wave-length ultraviolet
lamp gives the best reaction to the sodium fluoride bead.

When ueing borax inetead of eodiua fluoride for the bead, uranium =minerals will
eanee the bead to fluorescs from & pale-green, yellowieha.green, or greenieh.yellow to
pale-yellow oolor. Either a short-wave-length or a long-wave-length ultraviolet lamp
is satisfaotory with the borax bead.

Seintilliscope

A sointilliecope is a tudular instrument oonsisting of an eyepiece with a ®mag-
nifying lens and a soreen coated with zino eulphide powder. ¥hen an extremely radio-
aotive mineral is placed near thé’soriun, the rays emanating froam the radiesetive
material produoe bright flashes of light as they strike the zino sulphide soreen.
These bright flashes of 1ight, whioh ocan be seen through the eyepiece, are oalled
sointillations. The eointilliscope ehould be used in a dark plaoce, and only after
the observer's eyes are adjusted to the darkness. It is useful in deteoting only
etrongly radioaotive materiai.
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THE UNITED STATES ATOUIC ENERGY CUMMISSICN

Prior to 1942 the demand for uranium was restricted to 1ts use as a coloring agent
and as a source of radium. During World War II the search for uranium as a source of
atomic energy was oonducted with secrecy by the Army's Manhatten Project. Since then
the use of uranium in atomic weapons, for isotope production, and the possible use for
generation of power has made 1t necessary to intensify the search for uranium deposits.

On August 1, 1946, the Atomioc Energy Act was passed by the 79th Congress, and the
Atomic cZnergy Commission was establfished. In April, 1946, the Commission announced a
program to stimulate the discovery and production of domestic uranium by private enter-
prise, The major elements of this program are:

1. Government-guarantced 1C-ysar minimum prices of $3,50 per pound of oontained
UB.B for small lots of domestic refined uranium, and of $3,50 per pound of
recoverable 0308 less refining costs for small lots of ore or mechanical
ooncentrates assaying at least 10 percent 0303, both prices f,o.b, shipping
point.

2. A bonus of $10,000 for the discovery of a new deposit and production there-
from of the first 20 tons of uranium ore or mechanically produced concentrates
as8aying 20 percent or more 0305.

3. Government-guaranteed 3-year minimum prices for the low.grade ocarnotite and
roscoelite-type uranium-vanadium ores of the Colorado Plateau area and
Government operation of two vanadium-uranium plants in that area,

Some laws and rules of the Atomio Energy Commission are:

1. Uranium deposits on the public lands, and osther lands owned by the United States,
are now reserved by the United States, subject to mineral rights established on or before
August 1, 19%46. Valid looations of deposits of uranium ores on public domain may be staked
if the uranium ocsurs in a deposit which is valuable because of other minerals, 1In the
unlikely event of the discovery of a deposit of uranium-bearing ore which does not oontain
some other valuable mineral, the Commission, upon notice, will take steps to proteot the
prospector?s equity. Uranium in deposits on lands in private ownership to whioh title was
granted prior to August 1, 1946, belongs to the owner of the land. Such uranium, &s well
as that on public lands, 1s subject to licensing procedures disoussed below.

2. Licenses are required for all transfer of source material after 1ts separation
from 1ts place of deposit in nature. Ths term "source material' means any material, exocept
fissionable material, containing 0.05 percent or more either of uranium or thorium., This
means that a liocense must be obtained from the Commission in order to buy or sell uranium
or thorium after 1t has been mined, A license oan be obtained from the United States Atomio
Energy Commission, Post Office Box 30, Ansonia Station, New York 23, Hew York.

3. Samples of meterial which are suspected of containing uranium mey be sent to the
New York office of the Division of Raw Materials of the U.S. Atomio Energy Commission for
free examination and analysis, or they may be sent to any U.S. Bureau of Mines or U.S.
Geologiocal Survey laboratory.

4, Anyone with uranium for sale to the Government should get in touoh with the
Division of Raw Materials, United States iAtomic Znergy Commission, in Washington, O0.C.,
and disouss a contract, First, samples of the ore should be sent to the New York office
for analysis.

5. Certain information pertaining to uranium ore 18 considered az seoret. The Coa-
mission preserves secrecy concerning the actual production and reserves of uranium available
to the United States. Also, some formal procedures must be followed in handling Yolassified®

letters, reports, und the like.
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Appendix

Some Manufacturers and Distributors of Geiger Counters

Smith's Pluoresoents
220 S.W. Alder Street
Portland 4, Oregon

The Mineralogist
329 S.E. 32nd Avenue
Portland 15, Oregon

White's Eleotronios
3218 " Street
Sweet Hore, Oregon

Pisher Researoh Laboratory
1961 University Avenue
Palo Alto, California

National Teohnioal Laboratories
820 South Mission Street
South Pasadena, California

Ultra-violet Produats, Ino.
5205 Santa Moniea Blvd.
Los Angeles, Califeoraia

Fatten Engineering Company
1732 Blake Street
Denver, Colorado

Aloo Munufaoturing Company
%011 Cuming Street
Omsaha 3, Nebrasie

Omaha Solentifio Supply Corporation
3623 Lake Street
Omaha 4, Nebraska

Radiation Counter Laboratories
1844 w. 21st Street
Chiocago 8, Illinois

The Viotoreen Instruament Company
5806 Kough Avenue
Cleveland 3, Ohio

Herbach and Rademan, Ina.
1204 Aroh Street
Philadelphia 7, Penneylvania

The Radiao Company
489 Pifth Avenue
Kew York 17, New York
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Field identification of minerals for Oregon prospectors and collectors {(rewv. ed.), 1954t

Compiled by Ray C. Treasher « « « « « o« o o o o o o o e o o o a0 o 0 060 0 o0
Inv. of reported occurrence of tin at Juniper Ridge, Oregon, 1942: H. C. Harrison and J.
Scil: Its origin, destruction, and preservation, 1944: W. H. Twenhofel

Geology of the St. Helems quadrangle, 1946: W. D. Wilidnson, W. D. lowry, and E. M. Baldwia
Bibliography (supplement) of tlie geology and mineral resources of Oregon, 1947: J. E. Allen
Mines and prospects of the Mt. Reuben mining district; Josephine County; Oregon, 1947: E.A.Youngberg

E. Allen

® o o o o o o o & s & 8 #

Geology and coal resources of Coos Bay quadrangle, 1944: J. E. Allen and E. M. Baldwdn . . . . . .

Prices

(subject_to_change)
. 0.50

Geology of the Dallas and Valsetz quadrangles, Oregon, 1947: E. M. Baldwin « « « o ¢ = ¢ =+ o ¢ o &

{1st vol.) Five papers on foraminifera from the Tertiary of Western Oregon, 1947:

J. A. Cushman, R. E. Stewart, and K. C. Stewart . « ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ = ¢ ¢ o o o o o o o &
(2¢ vol.) Two papers on foraminifera from the Tertiary of Western Oregon and Western Washington,
1949: Custman, Stewart, and Stewart; and one paper on mollusca and microfauna of

Wildcat coast section, Humboldt Cowity, California, 1949: Stewart and Stewart

I

Geology of the Albany quadrangle, Oregon, 1953: Ira S. AlJiSON « « « o o o o o o = o o s o s s o o @
Geology and mineralization of the Morning mine and adjacent regiom, Grant County, Oregon,
« « « o(withdrawn pending revision)

1948: Rhesa Mq¢ Allen, Jr. . . . « ¢ o o«

Preliminary description of the geolegy of tne Kerby quadrangle, Oregon, 1949:
Ground-water studies in (matilla and Morrow couties, 1949: Norman S. Wagner
Eighth biennial report of the Department, 195052 « ¢ ¢ = = ¢ = ¢ ¢ ¢ ¢ = « o o -
Bibliography {2 supplement) of the geology and mineral resources of Oregon, 1953: M. L. Steere
Ninth bieandal report of the Depariment, 1952=54 . ¢ o o e o ¢ o o o o s o o s o o s o s » s «
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15.
17,
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19.
20,
2.
22.

Industrial aluminum - a brief survey, 1940: Ieslie L. Motz ¢ « « « « «
Flotation of Oregon limestone, 1940: J. B. Clemmer and B. H. Clemmons
Geologic history of the Portland area, 1942: Ray C. Treasher . . . . .
Antimony in Oregon, 1944: Norman S. Wagner « « « ¢ ¢ ¢ ¢ o ¢ o o o o &

. .
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o« »
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. = s

Notes on building-tlock materials of eastern ®regon, 1946: Norman S. Wagner

Reconnaissance geology of limestone deposits in the Willamette Valley, Oregon, 1946:

Sodiwm salts of Lake County, Oregon, 1947: Ira S. Allison and Ralph S. Mason . .

Radioactive minerals the prospectors showld know (rev. ed.), 1954: David J, White
Brick and tile industry in Oregon, 1949: J. E. Allenand R. S. Mason . « « « ¢« « « &
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Glazes from Oregon volcanic glass, 1950: Charles W. F. Jacobs . « « ¢ = ¢ ¢ o o &
Lightweight aggregate inaustry in Oregon, 1951: Ralph S. Mason « « ¢ ¢ ¢ ¢ ¢ o ¢ o 4 o s o « &
Praliminary report on tungsten in Oregon, 1951: Harold D. Wolfe and David J. White . . . . . .

GEOLOGIC MAPS

Geologic map of the central portion of the Wallowa Mountains, Oregon, 1938:

Wells, Hotz, & Cater

W. D, Smith and others

Geologic map of the Hedford quadrangle, Oregen, 1939: F. G. Wells and others « « ¢« o« « s + ¢ &+ & &
Geologic map of the Butte Falls quadrangle, 1941: W. D, Wilkinson and others . « « « « « « o« o« « &

Preliminary geologic map of the Sumpter quadrangle, 1941: J. T. Pardee and others

Geologic map of the Dallas guadrangle, Oregon, 1947: E. M, Baldwin (also in Bull. 35)
Geologic map of the Valsetz quadrangle, Oregon, 1947: E. M. Baldwin (also in Bull. 35)
Prolim. geologlc map of the Kerby quadrangle, Oregon, 1948: Wells, Hots, & Cater {also in 6ull. 4L0)
Geologic mep of the Albany quadrangle, Oregon, 1953: Ira S. Allison {also in Bull. 37)
Geologic map of the Galice quadrangle, Oregon, 1953: P. G. Wells end G. W. Walker

MISCELLANEOUS PAPERS

1.
2.
3.
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Se

A deecription of some Oregon rocks and minerals, 1950: Mollis M. Dole

Eey to Oregen mimeral deposits map, 1951: Ralph S. Mason o « & & o o & s

Facte about fossils, 1953: (Reprirmts) . « ¢ o o o o o ¢ o o o s o & &
Rules and regmlations for the cemservation of oil and natural gas, 1954
Oregon's gold placers, 1954: (Reprints) . « o« ¢ ¢ o = o o o « = s o &

KISCELIANEDUS PUBLICATIONS
The Ore.-Bin - Issued menthly by the staff as medium for news about the Department,

%3 complete 1list of publicatioms will be mailed upon request,

minerals. (available back issues 5 cents each.) Subscription price per year..

Oregon mineral deposits map (22 x 34 inches) 1951 « ¢ « « « o o s o & &
Oregon quickeilver losalities map (22 x 34 inches) 1946 « . . + « + o «
landforms of Oregon: a physiographic sketch (17 » 22 inches) 1941 . .
Index to topogresphic @apping in Oregon, 1954 =« « ¢ ¢ ¢ ¢ ¢ ¢ o o s & &«
Index to published geologic mapping in Oregon, 1954 . « ¢« ¢ « = ¢ « o &«
Bibliography of the geology and mineral resources of Oregon, to 1936:

*" asing raport numbers out of print.

Geologic map of the Partland area, 1942: Ray C. Tre@sher « o o o« o ¢ o o ¢ o o o o s s o s o o o o
Geologic map of the Coos Bay quadrangle, 1944: J. E. Allen and E. M. Baldwin (sold with Bull. 27)
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