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URANIUM 

A PROSPECTOR'S GUIDE 

Arizona Department of Mineral Resources 
Special Report Number 1 

INTRODUCTION 

Uranium - A Prospector's Guide has been published by the Arizona Department 
of Mineral Resources as a guide to the independent prospector searching for occur
rences of uranium. The report discusses uranium prospecting with part icular 
emphasis on the use of radiation detectors (Geiger-MUller and Scintillation 
Counters) and the ultraviolet lamp. Additional chapters present brief descrip
t ions of tha geology and mineralogy of uranium. A number of recommendations for 
prospecting are given, in the chapter on that subject. The report concludes with 
a chapte~ on sources of information and a bibliography. 

Voluminous books, guides, reports, maps, etc., have been written on uranium, 
its mineralogy, geo'logy, occurrences, mining, processing, and use. For map~ and 
descriptions of occurrences, the details of geology, mining l C~'/s and regulations, 
and marketing, the reader is referred to the final chapter on literature and to 
the Ari zona Department of ~1i nera 1 ~esources. 

The authors wish to acknowledge a number of publications which were invalu
able in the preparation of this report. Coal, Oil, Natural Gas, Helium and 
Uranium in Arizona by H. Wesley Peirce, Stanton B. Keith and Jan Carol Wilt 
(Arizona Bure~u of Geology and Mineral Technology, 1970) was of great assistance 
in the preparation of the chapter on geologic environments and Arizona's uranium 
position. A great amount of information for the preparat.ion of the chapter on 
radiation d-=tection was taken from Robert J. Wright's Prospecting With A Counter 
(U.S., AEC 1954). Data and ideas for the chapter on fluorescence were provided 
by Sterling Gleason's Ultraviolet Guide To Minerals, (U.V. Pro~ucts, 1960). Dr. 
Richard M. Pearl's Handbook for Prospectors, {McGraw-Hill, 1973} was extremely 
valuable in preparation -~e chapter on prcspecting and for other ideas pre
senten in thi ~ report. 

Uranium 

Uranium ;s a metallic element with the chemical symbol U, atomic number 92, 
and atomic weight 238.07. It is the last and heaviest of the naturally occur
ring elements in th~ Periodic Table. Natural uranium is a mixture of three 
isotopes, 'i.e., elements having the same 23gmic number but diffe2~gg in atomic 
weights. These isotopes of uranium are U (99.285 perc~nt), U (0.71 per
cent), and U234 (0.005 percent). ~hese percentages may vary slightly from one 
geographic source to another. U23 is the only naturally fissionable isotope 
or nuclide of uranium; but under the bombardment by neutrons, the more common 
isotope, U238~ produces plutonium 239 (Pu239 ) which ;s another fissionable 
material. U2,j4 i:; not fissionable and of no importanCie in atomic energy . 
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U238 and U235 are called radioactive because they break down spontaneously 
at a constant rate into isotopes of other elements by the emission of charged 
particles from the nuclei of their atoms. In the breakdown through different 
ser ies of isotopes or daughter products they each end up eventually as9stable 

(1:~~l6~g~g~~~O) ~~:r~a;~r o~2g§c:~d i~. r:S~~§d (~~o~~6~:b~~)s ~e:;;l f~Y'l ~235. Ha If-
life is the period of time in which one half .of a radioactive substance will 
radioactively decay. 

The use of uranium as a source of energy, first for military purposes and 
more recently for supplying sustained power, has evolved only within the past 
forty years. This energy, ca.lled nuclear or atomic energy, can be derived 
from the fission of uranium in which the atomic nucleus of fissionable uranium 
is hit :by a free neutron and then splits violently into two different elements 
and yields a large amount of energy in the form Of heat. In this fission 
only about 0.1 percent of the mass is converted to energy. Theoretically one 
gram of fissionable uranium could furnish as much heat as three tO'lS of gcod 
coal and · one pound could supply ten million kilowatt-hours of electrical 
energy. Nuclear fission releases additional neutrons that can bombard other 
uranium nuclei and thus set up a continuing process called a chain reaction. 
The use of neutron-absorbing or moderating materials can control the reaction 
at the desired rate and the regulated energy released can be used for produc
ing heat, power, propulsion, and additional useful fissionable Of radioactive 
materials or isotopes. 

Uranium was discovered and named in 1789 and isolated in 11341. BGcGuerel, 
in 1896, first noted th~ radioactive character of uran"lum. Ear;~' exper";ments 
\'lith uranium and radioactivity excited little public interest. Ji'anium salts 
were used in limited amounts as ' coloring agents in ceramics and g"i3SS and in 
specialized photography and luminous paint. The total demand for uranium ore 
up to the early 1940's was never more than a few· hundred tons of very high 
grade material per year. 

World t~ar II and the use of uranium in atomic weapons diverted nuclear 
energy research almost exclusively into military channels. Nevert~eless, the 
successful demonstration of a controlled chain reaction by Fermi anj his 
associates in Chicago in December, 1942, opened the door to the eventual use 
of uranium as a commercial source of energy for civilian purposes. 
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ECONOMIC URANIUM MINERALS 

Minerals 

Minerals are the building blocks of which the lithosphere (solid rock portion) 
of the earth is constructed. Over 2,500 such substances have been recognized and 
described by trained mineralogists. Of these only a few hundred are of commercial 
consequence in our metallic, non-metallic and energy industries. Around 200 uran
ium and thorium mineral species have been recognized. However, the uranium pros
pector needs to only recognize less than ten of these to be effective. The recog
nition and identification of all minerals is based upon certain fundamental con
cepts including: 

1. Minerals are naturally occurring. 
2. Minerals are inorganic chemical compounds. 
3. Minerals are homogeneous (all parts of a given mineral are alike). 
4. Each mineral possesses rather definite physical properties 

such as, hardness, color, luster, etc. 
5. The chemical composition is sufficiently constant that simple 

formulas may be written for it. 

A mineral's physical properties are the prospector's most u~eful keys in their 
recognition and identification. These properties are: 

1. Radioactivity 
2. Fluorescence 
3. luster 
4. Habit 
5. Specific gravity 
6. Color 
7. Cleavage and fracture 
8. Hardness. 

A discussion of these physical properties as they pertain to the recognition of 
uranium minerals of interest to the prospector follows. 

Radioactivity 

Certain minerals, including all those containing the elements uranium and 
thorium and some others, spontaneously emit small particles of matter from their 
atoms in a process called radioactivity. Special techniques are required for 
recognitjon of this proper.ty, and this ~~st important aspect of uranium minerals 
and uranium prospecting will be discussed more thoroughly later. 
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Color 

Most of the more common uranium minerals have a distinctive color and visual 
examination alone is a significant aid in recognizing a number of minerals. The 
color of a mineral is largely the result of its chemical composition. The secon
dary (more about that term later) commercial uranium minerals' often exhibit bright 
hues of yellows and greens 'while the primary uranium minerals range from dark 
greenish to black. 

~ tAster 

Luster is the appearance of a freshly broken surface of a mineral in reflected 
light. Some of the most common distinctions include: 

1. Metallic - surface reflection like a metal. 
2. Glassy - looks like the surface of bright glass. 
3. Greasy - reflection similar to an oily surface. 
4. Silky - appearance of silk in light. 
5. Resinous - like resin, almost waxy. 
6. Pearly - 1i ke mother-or-pearl. , 
7. Dull - reflects little light (for example, clay) 
B. Ea~thy - no noticeable reflection of light. 
9. Pitchy - like pitch or tar. 

The uranium minerals have, for the most part, earthy, pearly, g'lassy, dull 
or pitchy lusters. 

Hi:lbit 

The habit of a mineral refers to the characteristic form assumed by a mineral 
as found in the field including its general shape and irregularities ~f growth. 
The habit of minerals may be as crystals (definite shapes such as cubes, pryamids, 
prisms, etc.), rounded grains, radiating groups, nodules, band~ d, massive, etc. 
The common habits for the uranium minerals are plates or scales" eartry masses 
and coatings. 

Spec if i c lira vi ty 

. Specific Gravity or "heft" is the comparative weight ,of a volume of a mineral 
to the weight of an equal volume of' water. The specific gravity of water is arbi
~Tarily set at lIone". If a mineral ' has a specific gravity of 3.5, a given volume 
of the mineral weighs 3.5 time't ' the ' same vO ;L'me of water. The spetific gravity 
of common rock is about 2.6. Any mineral or rock of significantly greater heft 
(heavier than the same sized piece of common rock) should arouse any prospector's 
(uranium or otherwise) interest. Specific gravity values for pure uranium minerals 
range from 3 to 10. However, since most uranium minerals occur mixed with other 
minerals or as very thin coatings on average heft rocks, valuable uranium ores may 
not necessarily have significantly high specific gravities. 
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Fluorescence 

Fluorescence is the property .of a substance to emitvi~ible light in a dark
ened space when acted upon by ultra-violet light. - Specia1 mineral lights or black 
lights are used for this purpose. Fluorescence has been detected in some speci
mens of about 600 different mineral species. A few nearly always exh1bit fluores
cence, many only rarely. Five of the important uranium minerals are either always 
or occasionally fluorescent. In addition there are about 50 rare or trace uranium 
minerals, the so-called "uran1um ochers"or "color halos" that are sometimes fluore
scent and may provide a clue to the presence of economic uranium minerals. Fluore
scence will also be discussed further. 

Cleavage and Fracture 

The orderly arrangement of the elements (such as uranium, thorium, oxygen, 
etc.) into minerals builds a strong atomic structure in certain directions and 
weak structures in -others. When a mineral breaks with ease along the weak 
directions a smooth surface is usually produced which readily reflects light. 
This property of ease of breaking into plain-like forms is called cleavage. It 
may be in one or more directions. If the mineral breaks unevenly or with a curved, 
shell-like (conchoidal) surface, t~is property is known as fracture. Some uranium 
minerals have three directions of cleavage, some two, some . one and others show no 
cleavage but conchoidal to uneven frac-ture instead. . 

Hardness 

The hardness of a mineral is an expression of its resistance to abrasion or 
to scratching. It ranges on an arbitrary scale from "oneil (soft l1ke talc) to 
"ten" (hardest substance known, diamond). A mineral with a hardness of "oneil will 
mark the flesh of the hand or a piece of paper. The fingernail is about "two"; a 
copper penny, "three"; a steel knife blade, "five"; and window glass between "five" 
and "six" {5.5} in hardness. The mineral, quartz, has a hardness of "seven" and 
there are only a few minerals which are harder. If the minerals occur as small 
aggregates, coatings, or are powdery in nature, the hardness determinations will 
be difficult, inconclusive and of little use. Otherwise it is a simple matter to 
relate scratching ability to the common articles named above. A mineral which may 
scratch a fingernail but will be scratched by a penny is said to have a hardness 
of between "twoll and "three" or simp.ly .2.5, etc. 

Most of the uranium minerals in pure crystalline or massive form have a hard
ness of less than "six"; the brighter-colored oxides of u,ranium range from "two" 
to Itthree lt

• 

Uranium Minerals 

The uranium minerals are divided by geologists into two general classes: 
primary and secondary. Most primary minerals are those that have been formed by 
heated gases and solutions coming up from deep within the earth. , Secondary min
erals have been formed by alteration of the primary minerals as a re~ult of the 
weathering action of ground waters or other natural proce~ses. Primary uranium 
minerals are readily altered to the secondary vadet1es as a .result of this chem
ical 'action. 
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Primary uranium minerals usually occur in vein deposits (tabular bodies), 
pegmatites (coarse-grained igneous dike rocks) and mixed with secondary uranium 
minerals in Colorado Plateau sedimentary deposits. They are generally dark
brown to black, have a high specific gravity, and usually a dull, pitchy luster. 

A brief description follows for each of the common ore-making uranium 
minerals •. . '. 

Primary Uranium Minerals 

Uraninite y including its massive impure variety, pitchblende, is the most 
important primary (sometimes secondary) uranium mineral. Uroninite is found in 
isolated crystals and masses in veins and dikes. It is also found as stringers, 
lenses and blebs filling cavities in rocks and occasionally is disseminated as 
dust1ike grains similar to carbon dust. Uraninite is essentially uranium oxide 
with a variable uranium content of 46 to 88 percent. Pitchblende often occurs 
in rounded, irregular masses, and then breaks with a curved (concoidal) surf~ce 
as does glass. Pitchblende is heavier than steel, about as hard, and is grayish 
or greenish black. 

Coffinite is a significant uranium mtneral in many of the Colorado Plateau 
sandstone uranium deposits. When found in such deposits it is typically associ
ated with pitchblende. Further its physical characteristics are very similar to 
those of pitchblende (See Table 1). 

The other major, so-called primary uranium minerals, brannerite and davidite 
are rare enough as to not need consideration here. 

Secondary Uranium Minerals 

The secondary uranium minerals are characterized by their bright colors, in
cluding yellow, orange, and green. They usually occur as earthy or powdery masses, 
as groups of very small crystals, or as flat plates. The secondary minerals are 
present in a1most any type of rock, and mayor may not be found with primary min
erals. A few of the more common secondary minerals are carnotite, tyuyamunite, 
autunite and torbernite. 

Carnotite is generally considered ·the most important secondary uranium min
eral. Carnotite is a hydrated potassium uranium vanadate. It is bright yellow 
in color with an earthy appearance and an indeterminate hardness. A5 it is often 
very difficult to distinguish between carnotite and a great variety of other less 
common yellow uranium minerals, carnotite is a useful descriptive name for the 
group. 

Tyuyamunite resembles carnotite but is more greenish-yellow and may fluoresce 
yellow to a weak apple green. 

Autunite is a bright lemon-yellow material. It is soft and occurs in small 
flat and translucent crystals. It always fluoresces a bright yellow or apple 
green when exposed to ultraviolet light. 

Tobernite and meta-torbernite are .bdght ,.green. Jl\inerals~ They are ··· so-ft and 
occur in flat transparent crystals. 
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TABLE 1 

CHARACTERISTICS OF COMMON ECONOt..flC UR&.NIUM MINERALS 

HARDNESS & 

NAME & CHEMICAL FLUORES- (SPECIFIC CLEAVAGE 
COMPOSITION COLOR LUSTER HABIT CENCE GRAVITY) (FRACTURE) 

PITCHBLENDE Grayish black; Pi tchl1ke , Massive; roun- None 5 to 6 
(Uraniuu: Oxide) Greenish black dull, earthy ded surface; (6 to 9) (Conchoidal 

or glassy banded or Uneven) 

Ul\ANINITE Grayish-black; Pi tchlike; Small cube- None 5 to 6 (Conchoida! 
(Uranium Oxide) Greenish-black; dull; or like crystals; (8 to 10) or Uneven) 

Brownish-black glassy massive 

COFFINITE Black, pale to Dull to Fine aggregates; None 5 to 6 (Conchoidal 
(Hydra ted sili- dark-brown adamantine dissemina tions; (5) or Uneven) 
cate of uranium) small bodrgoidal 

SAMARSKITE Li ver -brown Glassy Massive; coarse None 5 to 6 (Conchoidal 
(Complex mineral crystals; radi- (4 to 6) or Uneven) 
containing uran- ating crystals 
ium and rare earths) 

C"'RNOTITE Canary-yellow Earthy; Earthy masses; Yellow 2 to 3 One Direction 
(Potassium uran- pearly thi n coa ti ngs Short- (4 to 5) 
1um vanadate) wave 

TYUYAL"1UNI TE Greenish-yellow Earthy; As scales; None; or 2 to 3 Three Directions 
(Calcium uran- pearly thin coatings; weak apple (3 to 4) 
fum vanadate) earthy green 

AUTUNITE Lemon -ye 11 ow; Pearly Thin plates; Brilliant 2 to 3 One Direction 
(CalCium uran- sulfur -ye 11 ow ; micaceous; yellow; or (3) 
1um phosphate) apple-green earthy apple green 
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Table 1 Continued 
Common Economic Uranium Minerals 

NAME & CHEMICAL 
COMPOSITION 

URANOPHANE 
(Calcium uran
ium silicate) 

GUMMITE 
(Complex hydr
ated oxide of 
lead and uran
ium) 

TORBERNI TE And 
METATORBERNITE 
(Copper uran
ium phosphate) 

MCNAZITE 
(Cerium and 

'rare earth 
Phosphate) 

COLOR 

Lemon-yellow; 
pale greenish, 
straw or orange 
yellow 

Yellow to deep 
orange or brown; 
of variable color 

Bright green; 
Emerald-green; 
Apple-green 

Golden-yellow 
yellowish; red
dish or greenish
brown 

LUSTER 

Pearly; greasy 

Dull; waxy; 
greasy; glassy 

Pearly 

Resinous 

HABIT 

Radiating 
aggregates; 
fibrous; or 
massive 

Massive; 
as crusts 

Mica-like 
square crys ta ls j 
soft masses 

Flattened or 
tabular 
crystals 

-8-

FLUORES
CENCE 

None; or 
faint green 

None 

None; or 
faint green 

None 

HARDNESS & 
(SPECIFIC 

GRAVITY) 

2 to 3 
(4) 

2 to 3 
(4 to 6) 

(3 to 4) 

5 to 6 
(4 to 5) 

CLEAVAGE 
(FRACTURE) 

Two Directions 

(Conchoi da 1 
or Uneven) 

Two Directions 

Good 
(Conchoidal 
or Uneven) 
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RADIATION DETECTION 

Name your locality and the chances are favorable that uranium minerals may 
be found. But, that's no promise they'll be in commercial amounts or minerals 
from which the uranium can be feasibly recovered. Few other elements are known 
to occur in as many types of geological settings as uranium. It is therefore 
reasonable that many deposits may have been overlooked. One of the most active 
uranium prospecting and exploration regions in Arizona; at present, the Bill 
Wi 11 iams River - Date Creek Basin area of northern Yuma and southwestern Yavap,ai 
Counties was of little interest 25 years ago. 

Before discussing prospecting and field procedures, two pieces of equipment 
should be discussed. They are the radiation counter and the ultraviolet light. 
By 'I"ilr the most important of the two for uranium prospecting is the radiation 
counter. Although not an absolute necessity, radiation detection instruments are 
so valuable in radioactive-mineral prospecting that the subject is scarcely worth 
discussing without them. 

Dr. Richard Pearl in his Handbook for Prospectors (5th edition, McGraw-Hill 
Book Company, 1973) introduces the subject of prospecting with a radiation coun
ter by stating three basic principles: 

1. Although it is probably true that any child can operate a Geiger counter, 
it takes a certain amount of expel'ien~e and judgment to use it effectively. 

2. Although the Geiger counter (and its more sensitive relative, the scin
tillation counter) is a modern effective electronic device, the com
mercial value of radioactive ores is determined by chemical analysis. 
The counters, therefore, merely indicate the presence of a reaction, 
they do not provide actual evaluation of uranium content without addi
tional data. 

3. These instruments are detectors of radioactivity in general, yet only 
uranium, and to a much lesser extent thorium, have any significant value. 
In addition to uranium and thorium, potassium as well as many other ele
ments are sometimes radioactive, and the surface of the earth is con
tinually receiving cosmic radiation, all of which influence the readings 
on radiation counters. 

Although these three points may be discouraging, remember uranium prospecting 
can be profitable, and it can be easier than prospecting for most other types of 
minerals. The instruments can do most of the work for you, provided you do the 
thinking! The most successful prospecting ventures are those which are well 
thought out using sound scientific principies and carried out by thinking indi
viduals. 

Atomic Radiation 

To effectively use a Geiger or scintillation counter (they will both be des
cribed shortly) it is desirable to understand something about radioactivity. This 
;s the spontaneous automatic breakdown (disintegration, decay) of chemical ele
ments as they change into other lighter eOlements. Every natural element has at 
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least one isotnpe that is radioactive, and all the man-made elements are radio
active. For prospecting purposes only uranium, thorium and sometimes potassium 
are of concern. Both uranium and thorium decay finally to lead, which is the 
stable (nonradioactive) end of the decay series. During the transformations that 
take place, heat is generated, helium gas is given off, 'subatomic particle~ are 
emitted, electromagnetic radiation is emitted, and a number of intermediate 
"daughter elements" or "daughter products II are formed, which ,in turn break down 
radioactively. . ' 

The radiation that is produced by this natural ' processcannot be hastened 
or delayed by pressure, heat, or chemical means and is constant durcing the pas
sage of time. It consists of alpha and beta particles, and gamma rays. Alpha 
particles are positi,vely charged particles of weak penetrating power, (essenti
ally a helium nucleu's); beta particles are negatively ,charged particles of some
what greater penetrating power; essentially an electron and gamma rays' are un
charged electromagnetic radiation, being true rays like X-rays, light rays, etc. 
The Geiger and scintillation counters record chiefly gamma rays, and some ilros
pecting devices measure beta radiation. 

You should be aware that, although some important uranium minerals are 
lumi'nescent and will glow in ultraviolet light, ' this effect is not caused by , 
radioactivity, which is invisible. Neither are there nny maqnet1c properties 
t,hat mig'ht influence a watch or compass. The radiation ;s soundless. 

Regardless of their apparent variety, radiation counters for use in pros
pecting belong to two fund~mental types. These are the Geiger count er, and the 
scintillation counter. Because of its higher sensitivity, the scintillation 
counter is probably as popular as the Geiger count~r in spite of it.s higher 
cost. Other types of radiation detectors such as the ' ionization chamber, 
spinthariscope. radioscope and electroscope have been used in early day uranium 
prospecting s but were not well adapted or popular and are not discussed here. 

,Geiger Counter 

The Geiger-r4i.iller counter was developed as a sensitive device for measure
ments of radioactivity in the laboratory. The first field instruments were 
clumsy. but the modern prospecting counter is a compact, rugged instrument. 
Specialized counters have been designed for a variety of specific jobs, such 
as prospecting from the air, examining bore-holes, and radiometrical'ly probing 
ore sh'ipments. 

The heart of the Geiger counter is the Geiger tube. It is made of metalized 
glass or metal and may 'be from a few inches tos'everal feet in length. 

In some counters, the Geiger tube is contained within the counter case, 
whereas in others the tube is separate. and connected to the case by a conduct
~ ng cable. The tube i s filled with one or more gases, such as helium, argon, 
or krypton, and in operation a positive .charge of about 1,000 volts is applied 
between the glass or metal shell and a center wire. ' 

, A radioactive element such as urani~m ' emits either alpha or beta particles 
and may emit gamma rays as well. Hhen a Geiger tounter is placed near such an 
element the tube is struck by the yoad'ioactive emissions. Alpha. ,particles are 
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stopped by the tube wall and cannot affect the tube. Beta particles have 
greater penetrating power and some of these can ,enter the tube and be reeorded. 
Gamma rays, which are still more penetrating, can 'penetrate the wall, but most 
pass completely through the tube with no effect. A few gamma rays - about one 
half of one percent - ,.enter the tube and collide with a molecule of the enclosed 
gas to produce electrons. The negative electrons thus produced are attracted 
toward the positively charged center wire and produce a 'negativ~ electrical pulse 
as they strike the wire. 

In addition to the tube, a Geiger counter contains a batt~ operated power 
supply, an amplifier, and one or more indicators. The indicator may be a neon 
light. or a meter, which ,gives a visible indication of radioactivity, or a head
set, or speaker which gives an audible indication. The light flickers and the 
earphone clicks each time the Geiger tube discharges. The meter gives an average 
measurement of radioactivity. 

Scintillation Counter 

It was noted above that a Geiger detects gamma and occasionally beta rays 
by the ionizing effect they have upon gases contained within the Geiger tube. A 
scintillation counter, like the Geiger counter, also measures gamma and occasional 
beta rays, but it depends upon another property: the ability of gamma (and beta) 
rays to produce tiny momentary flecks of light (scintillations) in cr'ystals of 
certain compounds such as sodium iodide and potassium iodide. 

The chief advantage of a scintillation counter is that it responds to a large 
proportion of the gamma rays that hit the crystal. Depending on the type and size 
of the crystal, scintillations are produced by 50 percent or more of the gamma 
rays that strike the crystal. In contra.st, most Geiger tubes are dischar~ed, as 
stated before, by less than 0.5 percent of the· gamma rays which penetrate them. 
This means that the crystal counter is more sensitive. .. . ' 

The arrangement of component parts is similar in both types of counters. In 
place of the Geiger tube, a scintillation counter employs :a 'small crystal. usu
ally made of sodium iodide, attached to the end of a light-sensitive photomulti
plier tube. Both crystal and photomultiplier tube are sealed in a light-tight 
unit so that the instrument cannot be triggered by sunlight. The tube "sees" 
the scintillations produced 1n the crystal and transmits them as electrical 
pulses. These are amplified and passed through an averaging circuit to a record
ing meter. 

Using Radiation Detectors 

A few general suggestions about the use of a Geiger or scintillation counter 
should be made: 

1. Because of the high voltage necessary to charge the Geiger tube, or 
operate the photomultiplier tube, it is important that the equipment 
be kept dry, otherwise the counter may short out. Some instruments 
are especially sealed by the manufacture," a9al.n~t fIIo1eture, but unless 
this has been. don~ the 'coufltel" ~Mul<1 not be used in a hum1d .~nv1roo·· 
ment, such as a wet mine. 
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2. The counter should be protected from contamination by radioactive 
clothing, mine or mill dust or ore specimens. 

3. If individual clicks cannot be distinguished or the needle swings to 
the top of the indicating dial, the radioactive field may be so intense 
that the counter might be damaged. Use a less sensitive counter setting 
or move away from the source of radioactivity. 

4. The counter should of course be turned off when not in use in order to 
conserve the batteries. 

5. To obtain an accurate reading, keep the counter away from any watch, 
compass, or other instrument which has a luminous dial. The luminous 
paint contains a radioactive radium compound. 

A Geiger counter is adequate for most geologic and mining problems. How~ver, 
the higher sensitivity of a scintillation (crystal) counter makes it especi~ily 
useful for measuring low levels of radioactivity, for making radioactivity surveys, 
and for prospecting from the air. 

Many kinds of counters are manufactured for field use and before purchasing 
one, the user should determine which type most nearly fits his needs and pocket
book . . 

Gamma Radiat~on 

Since the discovery of radioactivity in 1896, researchers have attempted to 
determine the nature of the emissions produced. In the course of this work many 
types of radiations have been discovered: alpha particles, beta particles, gamma 
rays, protons, positrons, neutrons, mesons, neutrinos. Of these, gamma rays are 
of most importance in the present discussion because field counters are mainly 
gamma ray detectors. Some Geiger counters have a metal sleeve which can be moved 
to expose the Geiger tube directly to radiation, but only in this way can a few 
of the many other particles be detected. 

Gamma rays are like X-rays. They: 

1. Travel in straight lines at the speed of light. 
2. Produce scintillations in certain crystals. 
3. Have neither mass nor charge. 
4. Blacken photographic film. 
5. Penetrate matter. 
6. Ionize gases. 

Like X-rays, gamma rays can penetrate matter, but the gamma rays produced by 
uranium minerals have only slight penetration due to their relatively low-energy 
level. The ease with which gamma rays are absorbed by any material depends on 
its density. The gamma rays from uranium are stopped hy approximately: 

3 inches of lead 
1 foot of rock 
2~ feet of water 
Sever~l hundred feet cf air. 
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Since the outer foot of a rock mass absorbs almost all gamma radiation be
neath it, a counter cannot detect gamma rays which come from a source deeper than 
one foot. Once the rays escape from the rock, however, they can travel for some 
distance through air. In other words, a counter measures only the gamma rays 
from the outer one foot rock shell and it cannot detect radioactive ores deep 
within a rock mass. This is a very important limitation on the usefulness of a 
counter. 

To understand the uses and limitations of counters, it is necessary to know 
a few facts about uranium and its many radioactive daughter products. 

Several elements, as mentioned earlier, are naturally unstable and these 
undergo spontaneous radioactive decay. 

Natural uranium contained in ore is made up of essentially two kinds of 
uranium atoms (isotopes, really) - one with atomic weight of 238 and the other 
with atomic weight of 235. Uranium - 238 is much more abundant than uranium -
235, by a ratio of 140 to 1. Because of its greater abundance, uranium - 238 
is largely responsible for the radioactivity of uranium ore. 

When uranium - 238 disintegrates, it forms thorium - 234. This, too, is 
radioactive and decays to form protactinium - 234, also a radioactive element. 
Other radioa~tive elements are formed by this progressive disintegration until 
finally an inactive element, lead, is formed. Thus, uranium - 238 is the pa:"ent 
element of a long ser'ies of radioactive elements. Each is formed by radioactive 
decay and ee.ch yields another radioactive element. The series begins with 
uY'anium - 238 and includes 13 radioactive daughter elements, one of which - radon 
is a gas. The series ends with lead, which is inactive and undergoes no further 
decay. 

The radioactive decay series for uranium 238 is: Uranium - 238; Thorium -
234; Protactinium - 234; Uranium - 234; Thorium - 230; Radium - 226; Radon - 222; 
Polonium - 218; Lead - 214 (radioactive lead); Bismuth - 214; Polonium - 214; 
Lead - 210; Bismuth - 210; Polonium - 210; and Lead - 206, which is ~tab1e. (See 
Table 2.) 

Each element emits either an alpha or a beta particle, and in addition, five 
of the elements are gamma emitters. These five are thorium - 234, protactinium -
234, radium - 216, bismuth - 214, and lead 210. Bismuth 214 and protactinium 234 
are the strongest gamma emitters. 

It is imp(j;~tant to note that uranium itself does not give off gamma or 
beta rays. Therefore, the Geiger counter, which is primarily sensitive to gamma 
rays, cannot detect uranium directly. Instead, the counter measures the radia
tions of the five gamma ray producers, p~rticularly the strong emitters Bis
muth - 214 and protactinium. Only when the gamma ray emitters al~e present in 
amounts proportional to the amount of uranium can the counter g'i\!a an accurate 
measure of the uranium present. 

Radioac~jv~ Equilibrium 

This is a fact of prime importance, since it 1s a limitation on the accuracy 
of any uranium analysis made by measuring radioactivity. 

Under \:{i)\t conditions. t.hen. are t~h~. gamma y'ayelll;-tteys p~sent 1n -normal 
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Table 2 -- The Uranium Decay Series 

Radiations (mev,) 
Radiometric 

Element Designation Half Life Alpha Beta Gamma 

tranium-238 U1 4,510,000,000 years 4.21 

'Ihorium-234 UX l 
24.1 days 0.18 0.09 

Protactinium-234 UX2 1.1 minute 2.32 0.80 

tranium-234 U1I 269,000 years 4.75 
Thorium-230 Ionium (10) 82,200 years 4.66 
Fadium-226 Radium (Ra) 1,600 years 4.79 0.19 
Fadon-222 Radon (Rd) 3.8 days 5.49 
Polonium-2I8 Radium A (RaA) 3.1 minutes 5.99 
Lead-214 Radium B (RaB) 26.8 minutes 0.65 
Eismuth-2I4 Radium C (Rae) 19.7 minutes 3.15 1.8 
Polonlum-214 Radium e' (Rae') 0.0002 second 7.68 
Lead-210 Radium D (RaD) 22.2 years 0.025 0.047 
Pismuth-210 Radium E (RaE) 5.0 days 1.17 
Polonium-2l0 Radium F (RaF) 139 days 5.30 
Lead-206 Radium G (RaG) Stable 
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amounts? They are present in normal amounts if the material tested is in radio
active equilibrium. 

What is meant by radioactive equilibrium? When uranium is freshly purified 
and isolated from its radioactive daughter elements, it immediately starts to 
decay to form its daughter elements. As these progressively decay all the elements 
in the decay series gradually accumulate. Finally, after about 1 million years, 
each element is present in such amount that it decays at the same rate as it is 
produced, and thereafter no further change takes place in the proportion of any 
daughter element. The series is then in radioactive equilibrium. When uranium 
ore is in equilibrium, a fixed proportion of each daughter element is present, 
whether the ore contains 0.1 percent uranium or 50 percent uranium. At equili
brium each gamma emitter is present in its normal amount and the radioactivity 
measured by a counter is dependent on the amount of uranium present ; hence,.a 
counter reading can provide a reliable indication of the uranium contained 1n 
the ore. 

When is a uranium sample in equilibrium? 

Of first importance is the fact that about 1 million years are required 
for newly purified uranium to reach equilibrium with its daughter products. All 
the uranium now contained in rocks was assumed present when the earth was formed. 
Since the earth is estimated to be 4,500 mil~ion years old, all uranium in the 
earth is also assumed to be of this same age. It might the~ be expected that 
uranium everywhere should be in equilibrium. This would be the case if it were 
not for the fact that some uranium-bearing materials have undergone chemical or 
physical change which has separated the uranium from its daughter elements. If 
this change took place within the past 1 million years, insufficient time has 
elapsed for the separated uranium to establish equilibrium again. 

Lack of equilibrium, then, results from the separation of uran 'ium from its 
daughter elements within the last 1 million years. In nature this can result 
from (1) attack by solutions (such as ground water) and (2) the loss of the 
gaseous daughter element radon. The first of these is important in many geo
logic problems, but the second is important only under special conditions. 

Non-equilibrium due to attack by solutions is a common result of the oxi
dation and weathering of outcropping uranium deposits, especially deposits which 
contain pitchblende and sulphide minerals (such as pyrite, chalcocite, and 
chalcopyrite). Ores of this type are found in many places throughout the South
west. Oxid~tion of pitchblende-sulphide ore forms acidic ground wtt er due to 
the formation of sulphuric acid by the oxidation of the sulphide minerals. 
Uranium is soluble in acid waters and tends to be removed in solution, but 
radium is much less soluble and its compounds tend to remain behind in the 
leached outcrop. Therefore, the outcrop may be radioactive due to the presence 
of the gamma-emitting elements Bismuth - 214 and Lead - 210, even though much 
of the uranium has been lost in solution. As a result, a sample taken from 
the outcrop may give a high counter reading, but a chemical analysis proves 
that the uranium content is low. 

In places secondary uranium minerals - such as autunite, torbernite, and 
schroeckingerite - are deposited by ground water. Most such deposits are out 
of equilibrium. The equilibrium conditions usually vary widely from sample to 
sample and ther'efore counter readings are apt to be quite unreliable. Lack of 
equilibriu:n in these seconday'Y minerals Y'esultc; from the fact that the miner'als 
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were deposited less than one million years ago. Hence, gamma-emitting daugh
ter elements have not yet accumulated in their equilibrium amounts, and more 
uranium may be-present than is suggested by the counter readings. 

Movement of radon- - 222, the second cause of non-equilibrium, is much less 
important than the effect of solution. Radon is one of the daughter elements 
of uranium. It is a heavy gas ,with half life of 3.8 days. Being a gas, radon 
can move by gaseous diffusi'on. Within rocks it normally diffuses only very 
short distances because of its comparatively short half :life; after 5 half 
lives (approximately 20 days) radon is almost completely disintegrated to 
polonium - 218, a solid element, and further gaseous diffusion is stopped. 

The effects of radon - 222 are most noticeable in confined spaces such 
as mine workings, tunnels, drill holes, etc. ' 

In the use of a Geiger or scintillati,on counter a number of practical 
problems need to be brought out. They are, in addition to the equilibrium 
and radon gas effects already discussed: (1) background effect, (2) absor~
t i on effect, (3) cover effect, (4) cosm1.c effect, (5) mass effect, (6) natural 
radioactivity and (7) underground effect. ' 

Background Effect 

Most things are slightly radioactive. All rocks carry, on the average, Q 
few thousandths of one percent uranium. 'Counts are also produced by cosmic rays 
which strike the earth from space. Even the materials of wh1ch a counter is 
made have trace amounts of radioactive elements. All this means that a counter 
1s constantly being bombarded by gamma rays, and whenever it is operating, the 
counter records the normal radioactivity of its surroundings. This is the 
background count. 

Radioactive ore'adds radioactivity to the usual background and hence it is 
the increase 1n radioactivity above background count that is significant in 
prospecting. 

In looking for radioactive ore, then, the first step is ,to determine the 
background count. With a counter having a headset or audio indicator, indivi
dual impulses can be counted and totaled for a period of 1,2, or 3 minutes 
(the longer periods provide more' accurate readings). With a metered counter, 
the fluctuations of the needle can be visually averaged over a similar length 
of time. 

Background radioactivity changes from time to time and from place to place; 
hence the background count should be checked periodically. Readings at one 
spot vary slightly from time to time due to such things as (1) change in cosmic 
count, (2) change in sensitivity of the counter, and (3) weather changes. 

Background count may vary markedly from place to place, due usually to a 
change in the normal radioactivity of the surface rocks. Igneous rocks, such 
as granite, are more radioactive than most sedimentary rocks, such as limestone, 
sandstone, and shale. Among the sedimentary rocks, black shale and phosphate
rich rocks are the most radioactive; pure limestones are the least radioactive; 
sandstones vary widely in ' radioactivity. When passing from one rock type to 
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another, say from limestone to ,granite, the background :. count maY.1-ncrease 
markedly as a result of the change in bedrock. 

Absorption Effect 

It has been noted earlier that gamma rays from uran1umminerals are 
absorbed by approximately: . 

3 inches of lead 
1 foot of rock 
2~ feet of water 
Several hundred feet of air. 

In one test \180 pounds of high-grade pitchblende ore were placed in a 
mine working spearated by 2-1/2 feet of solid rock from an adjoining working. 
No significant radioactivity could be detected through the rock." 

.Many counter users are prone to overrate the penetrating power of gamma 
ray~. It should always be remembered that almost . a~l the .gamma rays ~hat ~it 
the counter come from a surface shell of rock or sOll about 1 foot thlck; ~he 
effect measured by the counter is little 'more than skin deep regardless of the 
type of counter. 

Cover Effect 

Soil or other overburden tends to absorb the gamma rays given off by bed
rock. Where soil is more . than one or two feet thick, a surface re~ding gives 
the radioactivity of the 5011, not the underlying rock. Readings a:--e usually 
higher when taken over a rock exposure tha" when taken oVt:!r the . . same .kind of 
rock covered by so; 1, provi ded the soil is· der; ved. from the rocks wh·; ch ; t 
covers. The radioactive readings of the soil overlaying a radioactive deposit· 
are due to weathered and broken fragments of the rock in the soil, not to gamma 
rays passing through the soil. 

Cosm; c Effect , 

Cosmic rays are radiation which strike the earth from space. They are 
important here because they account for some of the radioactivity detected by 
counters. In a mine or tunnel, cosmic rays are eliminated by absorption and 
all radioac t ivity comes from the surrounding rock. Readings made un~erground 
may be cons lderably higher or lower than those .at the surface. 

Mass Effect 

A counter reading may be strongly influenced by the size of the sample 
tested, particularly if 'it has above-average radioact.ivity. A large piece of 
rock gives off more gamma rays than a small piece, and hence different counter 
readings can be obtained from specimens of d1fferent sizes having the same 
uranium content. 
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The mass effect can be demonstrated by comparing the reading obtained from 
a hand specimen, with a reading taken against the rock face from which the hand 
specimen was taken and with a reading taken with the countet' inserted into a 
crevice within the rock. 

Mass effect is most marked with uranium ores and with rocks of above average 
radioactivity, such as the granite mentioned above . With rocks of average radio
activity, such as most barren sandstone, little mass effect can be detected, and 
if cosmic activity is high, a lower reading can be obtained within a rock crevice 
than with a hand specimen because some cosmic rays are absorbed. 

Mass effect is particularly important to the uranium miner because he com
monly tests rocks of high radioactivity. Some miners have the impression that 
a counter which has been checked against a hand sample of known ura7l'ium content 
can be used to directly estimate the grade of an ore pile, it can't! 

Natural Radioactivity 

In addition to uranium, several other elements are a1so radioactive, but 
only two of these - thorium - and radioactive potassium - are sufficiently abun
dant to create special problems in operating a counter. 

Thorium, like uranium, is the parent of a radioactive series which has 11 
radioactive members and ends with lead. The gamma activity of the thorium series 
is about two-fifths that of the uranium series; in other words, rock containing 
0.1 percent uranium activates the counter as much as rock with 0.25 percent 
thorium. 

Uranium, thorium and potassium do, however, occur together in igneous rocks, 
such as granite, and in pegmatite veins which occur in and near granite bodies. 
Therefore, when prospecting granitic country it should be remembered that some 
of the measured radioactivity is probably due to thorium, and some may come from 
potassium. Remember not to forget the value of a chemical assay. 

Underground Effect 

Mine workings or tunnels present special problems in operating a counter. 
For example: 

", 

1. The instrument is surrounded by rock on all sides and, as a result, 
the mass effect is intense. 

2. Cosmic rays are absorbed by passage through rock and hence their 
effect is reduced or eliminated in mine workings. 

3. Radon contamination may be a problem. 

4. In some mines, particularly those which are moist, the rock surfaces 
are coated with irregular patches of radioactive compounds. These 
are produced after mining by the action of ground water, which dis
solves radioactive salts elsewhere and deposits them by evaporation 
on exposed rock surfaces and mine faces. Usually these materials are 
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fluorescent under ultraviolet light. Such radioactive coatings 
constitute only a thin film and do not represent a minable volume 
of material, but they may be indicative of nearby radioactive 
minerals. 

Background readings in a mine are usually higher than those over similar 
rocks at the surface, but sometimes the reverse is true. 
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THE ULTRA VIOLET LIGHT AND FLUORESCENCE 

The Ultraviolet Light 

The other instrument Of ·use in uranium prospecting ,is the portable ultra
violet (U.V.) light. Though not nearly as important as the Geiger or scintil
lation counter, the U.V. light can be quite valuable. Additionally, the U.V. 
light can be used in prospecting for many metals and non-metallic minerals that 
neither contain uranium or thorium or are radioactive. 

The ultraviolet light, often called black light or mineral light, is avail
able in two wave lengths. Long wave, which is very similar to the so-called 
"black lights" used to illuminate fluorescent posters s is the 10We5t energy 
level ultraviolet light with a wave length in the area of 3,500 A. Shortw~ve, 
or so called IImineral light", is a bigher energy level ultraviolet light . fth 
a wave length in the area of 2,500)t. Some fluorescent minerals react to 10ng
wave, many more react to shortwave, including most of those that react to long
wave. If you must make a choice, it should be shortwave, however, combination 
lamps are available. 

The internal operation of the U.V. light as well as the physical property 
of fluorescence in minerals is both beyond the scope of this presentation and 
need be of little interest to the uranium prospector. It is sufficient to know 
that, as mentioned earlier, five of the common uranium minerals either always, 
as in the case of autunite, or occasionally, as in the case of the others, are 
fluorescent, and; some 50 of the rare or trace uranium minerals sometimes are 
fluorescent. 

Fluorescent Uranium Minerals 

Fortunately, the majority of uranium's secondary minerals fluoresce in some 
shade of yellow-green, ranging from deep yellow to bright green, usually better 
in short wave. They do not phosphoresce. That is, the fluorescence disappear~ 
immediately when the U.V. no longer illuminates the rock. Their dependable glow 
enables the Geiger operator to move in on a hot formation with the ultraviolet 
lamp for a close-up look by visual inspection. 

The important primary uranium mineraols, pitchblende and its crystalline 
co!..: nterpart, uraninite. do not fluoresce. Most deposits, however, are accom
panied by at least traces of the secondary minerals, formed by alteration of 
the primary ore. Thus weathering tends to produce fluorescent streaks on out
crops, and percolating ground water carries these tracers with it creating a 
trail detectable under U.V. 

The thorium minerals show no visible fluorescence, nor do the rare earths, 
but there are special U.V. tests for certain of these as well as uraninite and 
pitchblende. 

Autunite, a phosphate, is easily uranium's most brilliant fluorescent min
eral. At the approach of the lamp, its brittle micalike flakes spring to life 
with a yellow-green sparkle recognizable at cons~derable disti.:nce. 
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Tobernite, also a phosphate, contains copper, a well-known quencher of 
fluorescence, and is not often fluorescent. 

Remove the filter from your lamp and you ,can pinpoint~ the torbern1te by 
its strongly intensified emerald-green color. A hand lens may show its thin, 
flat, typically square plates or flakes. 

Uranophane, a silicate, usually shows only 'a faint yellow-green fluores
cence or is non~fluorescent. It is not an important ore, often coating rocks 
with UpaintU or fine, fibrous crystals in minute pattet1 ns like flo\'Jer petals. 

Schroeckingerite, a sulfate-carbonate, fluoresces bright yellow-green, 
occasionally a light bluish green, 1s a very soft and powdery, and dissolves 
readily 1n' water. 

Carnotite, a potassium uranyl vanadate and major ore mineral does not 
generally fluoresce. It is eyecatching when not too widely disseminated 'in 
the sandstone or masked by mineral stains. Remove filter from lam~ to make 
carnotite stand out sharply in ' contrast to other yellow minerals. 

Tyuyamun1te, also a calcium uranyl vanadate and generally non~fluorescent, 
has its yellowish color greatly enhanced by rays from the U.V. lamp .with filter 
removed. 

The average uranium-bearing ore you will pick up will probably show its 
pay m~neral as flecks, coatings, or powdery streaks scattered through the 
matrix. 

If your specimen phosphoresces, it is neither uranium nor thorium. 

If your fluorescent specimen cannot be scratched with a knife, 1t is . 
probably not a secondary uranium mineral, most of which can be scratched with 
the fingernail. Instead, it is probably a filling or coating of chalcedony 
or common opal, both of which will be fluQrescent if they contain a~ little 
as .000048% uranium. 

Chalcedony and common opal, along with petrified wood, agatized wood, 
and agatized bone usually exhibit a green fluorescence under short wave U.V. 
when they contain trace amounts of uranium and this can sometimes be used as 
a lead to deposits. 
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GEOLOGIC ENVIRONMENTS AND ARIZONA OCCURRENCES 

Uranium is a chemically active element that always occurs in combination 
with other mineral forming elements. It never occurs naturally in its free or 
elemental form as do other less reactive metals such as copper, gold and silver, 
but rather is found as oxides, uranyl vanadates, and in other combinations. 

Most chemical analyses for uranium are expressed in perc~ntages of U308• 
The radioactivity of uranium makes it possible to detect its presence easlly. 
Under carefully controlled conditions, the approximate amount or concentration 
can be determined by radiometric instruments such as the Geiger or scintilla
tion counter which measures the emissions from the constant breakdown. Assays 
based on these readings are expressed as eU or eU30g , and frequent1y may contain 
inaccuracies due to lack of equilibrium or due to tne presencs of other radio
active elements such as thorium or weakly radioactive potassium. 

Uranium is present in at least trace amounts in most rOCKS, and is esti
mated to make up about two parts per million {2 ppm or 0.0002 percent} of the 
earth's crust. The average uranium content of most sedimentary rocks approxi
mates that value. Basic igneous rocks (i.e., basalt, gabbro and pyroxenite) 
tend to be lower, and granitic rocks higher in uranium than the crustal aVerage. 
The highest concentration of uranium in surface rocks appears in the average 
volcanic glass (5.6 ppm). 

Although an enormous quantity of uranium, literally quadrillions of tons, 
occurs in the earth's crust, it does not concentrate readily and is not com
monly found in sufficient quantities to warrant extraction. The problem then 
is to locate a concen~rated amount of uranium in what we call an ore deposit. 

Ore-grade mineralization of uranium is peculiar to certain specific geo
logic environments. There are several known modes of occurrence that have 
been or are major sources of uranium. Most of the uranium produced in Arizona 
occurs or has been mined from five different environments: (1) sandstone, 
(2) veins, (3) pipes . (4) pegmatites, and (5) placers. 

Sandstone Environment 

The sandstone-type of deposit has been the largest producer of uranium ore 
in this country and comprises our largest known reserves. Major sandstone-type 
producers are well known in the Colorado Plateau province that includes such 
famous districts as Grants, New Mexico, the Uravan Mineral Belt in southwest 
Colorado and southeast Utah, and the geologic basins of central and northeast 
Wyoming. Other producing environments of this general type exist in south Texas ~ 
the western Appalachians, and several basi ns on the east flank of the Appala
chians. 

The deposits in sandstone consist principally of fine-grained uranium 
minerals that usually fill the pores of the host rock and replace plant fossils, 
but also partly replace the sand grains and the cementing minerals of that rock. 
Geochemical1y similar elements such as vanadium, chromium, and copper commonly 
occur wi ~~ uranium in these deposi ts . 
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A majority of the ore bodies are tabular masses that lie nearly parallel 
to the. bedding of the host rocks and are called "peneconcordant ll

• Most pene
concordant deposits are in lenticular sandstone beds that were deposited under 
continental cond1tions~ chiefly by fresh-water streams. Fossil plant material 
and sedimentary features in the host sandstone obviously influenced the local
ization of many of these deposits. The ore deposits range from small mas~e$ ~, 
containing a few tons of ore to large masses containing a mi 11 ion tons 9r. .. f-'"" 
more. , . l.f .• ,i~i':· " 

'\'l:~ J.' 

The geologic environment in which the sandstones were formed was typically 
a low lying delta, alluvial plain, or flood plain or, in some instances, a re
stricted drainage basin or coastal shoreline where terrestrial sediments were -
deposited by slow moving, braided and meandering fresh-water streams. Result
ing from this environment, generally, are mixed lithologies of sandstone layers 
interbedded with finer grained rocks of lower permeability: commonly mudstone, 
siltstone, and, in many cases, argillaceous tuff. Vegetation was rather com
mon as evidenced by the abundance of woody debris found in the sediments. 

The source of the uranium and other metallic elements in the ore deposits 
has been a matter of speculation. There is considerable evidence, however, 
that the mineralization could have been derived from trace amount$ o:t uranium 
and vanadium occuring in near-surface rocks or in connate waters. Volcanic 
ash flows, heavy black sand minerals, and granitiC rbcks have all ~aen ~us'
pected as potential sources of metals. These metals were probably'carrl@d 
in solution in alkaline surface waters and groundwater. As-the groundwater 
moved th'rough the more permeable sandy rocks, the uranium minerals r'recipi
tated out upon encountering reducing conditions, such as occur when wood frag· 
ments and/ordecay1ng organic material are present. 

Vein Environment 

A vein is simply a distinct mineralized crack or fissure that cuts across 
the host rock. The vein may be confined to one type of rock or- it may cut , 
through several hosts. The strength of mineralization may be greater in one 
part of the vein than in another. 

Although vein-type uranium deposits are fairly common, it is frequently 
difficult to determine the origin of the mineralization. Many vein deposits, 
are derived from a rising hot-water source while others are formed by the con
centration of secondary or oxidized minerals dissolved from fiearby sources by 
migrating solutions. 

Pipe and O~atrem~ Environment 

like ve1ns, pipe structures cut through the . enclosing rock. The config
uration of pipes is different, however, in that they are generally round or 
oval, in plan view, and essentially vertical in attitude. There are two 
types of pipe-structures, classified according to origin, that commonly contain 
uranium. These two include the diatreme and the solution pipe. 

The diatreme is actually a volcanic vent explosively blasted through over
lying rocks by gas-charged magmas. CharncteY--\stlcal1y' di.atl'e1\les range from a 
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few hundred to a few thousand feet in diameter and normally flare out at the 
surface. At depth they commonly contain breccia, volcanic tuff, and jumbled 
blocks of country rock. Near the surface, however, diatremes may serve as a 
restricted sedimentary basin receiving a variety of clastic materials such 
as sands" silts, and clays. 

, In Arizona, uranium-bearing minerals in diatremes occur generally in low 
concentrations and are usually unidentified. The mineralization may be of hydro
thermal origin or of redepositional origin from prior solution. The deposits 
are most commonly small, a few tens of tons, and are not a significant source 
of uranium . 

, The ' solution pipe generally originates by solution of limestone and col
lapse of the overlying strata into the resultant void. Walls of a solution 
pipe are generally vertical with breccia-fi'lling in between. In some cases 
the pipe structures' may be closely associated with faults. 

Usually mineralization 'occurs around the perimeter of these collapse 
structures but in some instances mineral concentrations occur in the brecciated 
interior. The mineralogy may be simple or complex. Frequently uraninite and 
secondary uranium minerals occur with copper and iron sulfides and oxides. 
Lead and zinc minerals may also be present. 

Much of the uranium may have been introduced by hypogene sources. However, 
there is considerable evidence suggesting later solution of the uranium and 
secondary deposition and enrichment. Some deposits in Arizona are of good 
grade and moderate size and have contributed significantly to total production. 

Pegmatite and Placer Environments 

Uranium-bearing pegmatites and placers represent more of a curiosity to 
the serious prospector than an economic source of mineralization. Complex 
pegmatites in Arizona have yielded specimen crystal samples of uranium-bear
ing rare-earth minerals such as allanite, euxenite, and samarskite. Placer 
accumulations of black sands containing weakly radioactive uranium-bearing 
heavy minerals such as ilmenite, urano-thorite, and zircon occur locally in 
Arizona. Under present economic conditions neither of these types of deposits 
can be mined because generally they are small and/or they contain minerals 
that require expensive beneficiation techniques. 

Arizona Occurrences and Production 

The major host rocks of sandstone-type uranium occurrences in Arizona are 
the Chinle Formation, the Morrison Formation, the Toreva Formation, and some 
Tertiary lake beds. These rock units have produced more uranium than any other 
geologic occurrence and are still the most favorable for future prospecting. 

Production from the Chinle Formation has accounted for over half of the 
total uranium ore mined in the State. The bulk of this ore came from the 
Monument Valley district of northwestern Apache County and northeastern Navajo 
County. Other districts, Cameron, Vermillion, Little Colorado River Valley, 
Chinle Valley, and Northern Mohave, have pV'odllced smaller tonnages from the 
Chinle. 
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Although the Morrison Formation is the major source of uranium in the 
Colorado Plateau, it does not have extensive outcrops in Arizona and it has 
produced less than 30 percent of the State1s ore. Nevertheless, the Morrison 
is an important host for uranium in the Northwest Carrizo and Lukachukai Moun
tains districts. Other districts where uranium-bearin~ Morrison occurs include 
North, South, East, and West Carrizo, Redrock Valley, and Ch1lchinbito-Rough 
Rock. 

Several small low-grade deposits have . been mined in the Toreva Formation. 
Most of these occurrences are in the northeastern corner of Black Mesa, in 
Navajo and Apache Counties. 

Recently attention has been. focused on Tertiary or more recent sediments 
localized in intermontane basins. These sediments, commonly associated with 
lake deposits, contain interbedded sandstone, shale, mudstone, bentonitic 
material, gypsum, and volcanic ash or tuff. Frequently plant remains also 
occur. 

These lake-bed deposits may be locally silicified and, in some cases, 
mineralized with the uranium-bearing mineral carnotite. Although differe~t 
in some respects, this type of deposit is similar to, and classified as, a 
sandstone type formation. Major exploration and development, spurred by the 
high pric~s of the mid-seventies, of these lake sediments have centered 0:1 
an area ;n southwestern Yavapai County (in the vicinity of the Anderson Mine 
near the Santa Maria river and northwest toward Artillery Peak). 

Of the numerous vei n-type occurrences of urani urn ; n Ar,i zona ~ the most . 
notable consist of mineralized fractures i"th~ Dripping Sp'ring (iuJrtzsite of . 
Precambrian age. Abundant radioactive sites 'are present throughout the rugged 
Sierra Ancha region of Gila County. The mineral i zation consi s.ti.ng chiefly of 
uraninite and secondary uranium minerals, is generally confined to fracture 
zones associated with diabase dikes and sills intruding the Quartzite. 

Although total production from the Dripping. Spdng is only abo.ut 23,000 
short tons. the nature of the uranium occurrences appear to be amenable to 
low cost leaching operations. Such an operation is currently on st~eam at 
th,~ Lucky Boy deposit, on the south flank of the Pinal Mountains south of 
Miami. 

Diatremes have produced very little utanium in Arizona. Occurrences are 
usually smal l and low grade. Many are clustered in restricted are6S of north-
east porti ons of the State. . 

Solution pipes, however, have a record of sign·ficant. production. The 
Orphan deposit, occurring as a collapse structure in the Redwall Limestone of 
the Grand Canyon region, produced about 500,000 tons of good grade ore. Al
t hough attractive in terms of potential, similar deposits may be difficult to 
locate because of their relatively s;nall areal · dimensions and because they are 
often concealed by younger sediments. . 

As mentioned earlier, pegmatite and placer deposits in the State represent 
marginal mineralization at best. Complex pegmatites are fairly common in western 
Arizona, near Kingman and in the Aquarius Range. Placer'type deposits containing 
low grade uranium have been reported in heavy mineral concentrations near the 
Black Mountain Trading Post in Apache County and on t he San Xavier Indian Reser
vation southwest of Tucsor.. 
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PROSPECTING 

Where To Start 

Unlike most valuable minerals, uranium has not been long sought after and 
prospected for. Uranium prospecting was essentially non-existent prior to the 
late 1940's. But, in the boom and rush days of the 1950's, prospectors with 
counters were everywhere and most radioactive outcrops were noted. 

Start by researching old literature, especially that published by the old 
U.S. Atomic Energy Commission and -mine files at the Arizona Department of Min
eral Resources. Arizona Bureau of Geology and Mineral Technology Bulletin 182 
is an excellent over-all data source. Establish a region of interest and re
evaluate the published data in the field yourself. Meet and discuss your ideas 
with the Engineers and Geologists at the Arizona Department of Mineral Rescurces 
and the Arizona Bureau of Geology and Mineral Technology. 

What To look For 

When making your ground survey with Geiger or scintillator, mark all radio
active hot spots for later U.V. study, or narrow down the hottest area for later 
study by night or in daytime under a black cloth about two yards square. 

Watch for alteration halos-yellowish or rusty rings around a crystal or 
embedded rock in matrix. If uranium, the halo may fluoresce. If it does not, 
it may be an alteration product of thorium. Unusual color changes in nearby 
rocks are sometimes brought about by uranium or thorium content ranging higher 
than equivalent ,01 percent uranium as follows: 

Near uranium, quartz is turned smoky, diamond becomes green, coarse 
calcite assumes a pink color, fluorite turns a deep purple. Green 
monazite is highly uraniferous, though uraniferous monazite is not 
always green. 

Near thorium minerals, quartz becomes rose-colored. Feldspar has a halo 
of reddish color around primary uranium or thorium minerals. Radioactive 
minerals do not cause these always but do so in enough cases to make 
them useful. 

Radiation-damaged zircon crystals sometimes show fluorescent zones, 
blue or multicolored. Damaged fluorites turn black and evil-smell
ing; celestite may turn blue, beryl a golden color. 

Try to identify the fluorescent tracers, even if they plainly are not 
uranium. The glow of a lead or zinc mineral, for instance, 1s an encouraging 
reminder that lead-zinc ores often are companions of pitchblende. 

All interesting spots should be mapped and sampled. Don't make the mistake 
of not being able to retrace the location of a "hot spot". 
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The following general suggestions might also prove of value: 

1. Reevaluate areas where, uranium minerals or anomalous amounts of 
uranium have already been found. 

2. Look for areas of unexplained radioactivity. 

3. Investigate geologically favorable areas for the presence of elements 
commonly found in varying amounts with uranium, such an vanadium, 
copper, molybdenum, selenium, and arsenic deposits in sedimentary host 
rocks; or silver, lead, cobalt, nickel, and copper in vein deposits. 
Aluminum, titanium, and ferric iron are especially lacking and magnetic 
properties are typically negative. 

4. In known uranium-bearing areas, examine extensive sandstone outcrops 
that are bleached or iron-(limonite)-stained. After radioactivity 
has been detected, drilling may be warranted if geologic conditi~n5 
are favorable. 

5. Follow known trends rather than testing at random. Large deposits 
often cluster in elongate trends, which offer better-than-average 
places to drill, for they may mark the direction in which the ore
forming solutions moved. 

6. Investigate the marginal zones of base-metal deposits, wh-;ch are 
better places to prospect than the districts themselves. 

Prospecting For Sedimentary Deposits 

Inasmuch as 96 percent of the uranium deposits of commercial ore in the 
United States are in sediments that are continental (formed on land) and 
clastic (fragmental, brOken), the following prospecting suggestions that are 
specific f~r these deposits are worth emphasizing: 

1. Sc; ect a uranium province: this refers to the Rocky Mountains, in 
which nearly all the uranium of the United States has been mined 
to date. 

2. Find, by regional reconnaissance, an ancient or modern basin, 1,000 
to 10,000 square miles in area, that was fed by grar; i te wa :~ h not too 
far from its source and that contains tuff (from volcanic &5 h) and 
S j~ nd5t\)ne that was laid down by s ·~reams. A positive read'ing 
(anomaly), especially of total gamma radiation, recorded from the 
air is an added sign of encouragement, and each area has its own 
set of air guides, which should be listed. 

3. Lo~k for the following features: 

a. Sandstone or conglomerate: 

(1) Deposited by water - not wind, and thick enough so as to have 
been deposited over a long time interval. 

(2) Interbedded with mudstone beds, lenses, or zones. 
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(3) Carbonaceous: medium content of -organic matter - "dirty". 

(4) Poorly sorted: of differefJt sizes. 

(5) Pastel colors: bleached gray, green, buff sandstone, caused 
by a favorable reducing environment in contrast to red and 
brown sandstone in an oxidizing environment, which is gener
ally less favorable; the gray versus red color contrast is 
mostly limited to the Colorado Plateau, except that pink is 
a good indicator for some deposits of moderate size. 

(6) Moderateiy fractured: permeable enough to have admitted the 
original solutions but not so permeable as to allow too much 
leaching away of uranium. 

- , 

In summary: "continental. -fluvioclastic, pO\~ous t u:'lcon501idated ~ 
carboniferous, arkosic sandstone and' cQnglomm'"ilte", "dirty, 
chet"ty,·trashy, arkosic, mud-seamed sands'l, with: 

(a) Flattening of dipping beds ', in the transitional zone 
between fast-water (sand) and slow-water (silt) 
deposition. ' 

(b) Halos of uranium anomalies: chemical, radiometric, or 
mineralogiC. 

(c) Yellow or black uranium minerals and pyrite. 

4. Trace to their sources any anomalous (higher than background or average) 
occurrence of uranium in stream water or stream bed sediments. 
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LITERATURE 

So~rces : 

Uranium has been the subject of as much or more literature in recent years 
as any mineral commodity. Resurgency of uranium demand and exploration has 
caused an increase in the amount of literature presently being published. A 
tremendous amount has been published by government agencies, in technical jour
na1s and as IIdo-it-yourself ll books on prospecting. Much of the literature was 
published during the early to mid-1950's, the so-called IIboomll years and 'is now 
out of print. 

Many prospecting guides and especially those written on uranium in the 
1950's dwell considerably upon mining law and regulations, claim staking pro
cedures , government buying programs and incentives and marketing. However, 
both government regulations and marketing economics change. The technical 
staff of Arizona Department of Mineral ,Resources is always available to dis
cuss the current status of regulations and markets. The uranium prospector 
is invited to make and keep contact with the Department. Further, every pros
pector ope'rating in Arizona should have a copy of the Department's taws a"d 
Regulations Governing Mineral Rights in Arizona which explains in detail in 
everyday 'language mining laws, regulations and claim staking procedures. 

In place of a typical bibliography listing of references a, t: t he conrJ usion 
of this guide, this chapter will list a number of publications of interest to 
the independent uranium prospector. The literature is divided i nto three cate
gories: 

1. Location of known occurrences. 

2. Geology. 

3. PY'c'specting. 

Uranium Occurrences 

Ava i lahle (both in print and out of print but in librar1 es) ir.formation on 
urln;um oe:.:urrences in Arizona exist generally in four forms: 

1. Individual mine file data at the Arizona Department of Mineral Resources 
in Phoenix. . 

2. The uranium chapter in Mineral and Water Resources of Arizona published 
by the Arizona Bureau of Geology and Mineral Technology in Tucson as 
Bulletin 180. 

3. The uranium section in Coal, Oil, Natural Gas, Helium and Uranium in 
Arizona also published by the Arizona Bureau of Geology and Mineral 
Technology in Tucson as Bulletin 182. 

4. The U.S. Atomic Energy Commiss i on (no~.! Department of Energy) series of 
?re1iminary Reconnai5s ;mC;t~ Re , '~ :"t5 en the various Adzona counties. 
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All of the above items are available for reference at the Arizona Depart
ment of Mineral Resources office in Phoenix. Items 2 and 3 are currently (1978) 
for sale by the Arizona Bureau of Geology and Mineral Technology, Publications 
Office, 845 North Park Avenue, Tucson, Arizona 85719. (Item 2 - $4.50; Item 3 -
$4.5C; pl us 10% postage and handling.) 

A partial bibliographic listing of literature on uranium occurrences in 
Arizona follows: 

Cooper, M., 1953; Bibliography and index of "li"terature on uranium and Thorium 
and radioactive occurrences in the United States, Part I, Arizona, Nevada, 
and New Mexico: Geol. Soc. Am. Bull •• v. 64, p. 197 - 234. 

Granger, H.C. and Raup, R.B., 1972; Reconnaissance study of uranium deposits 
in Arizona: U.S. Geological Survey Bulletin 1147-A, p. Al-A54. 

Hansen, M. V., 1969; Distribution of domestic uranium deposits: R~p. on file 
at Arizona Bureau of Geology and Mineral Technology. 

Krusiewski, S. Victoria, 1970; Selected Bibliography on Radioactive Occurrences 
in the United States, U.S. Atomic Emergy Conmission, RME - 4110 TID UC-5l,136p. 

Magleby, D.N. & Mead, \4.E., 1955; Airborne Reconnaissance Project - Dripping 
Springs Quartzsite, Arizona: U.S. Atomic Energy Commission, RME-2023, 22p. 

U.S. Atc~ic Energy Commission, 1966; Airborne Radiometric Reconnaissance in 
Arizorn , California, Nevada, and New Mexico, 1953-1956: U.S. f,tomic Energy 
Commi s5i on RME-147, 73p. ", " " 

U.S. Atomic Energy Commission, 1969; Selected Topical References Relating to 
Uranium Exploration: U.S. Atomic Energy Commi'ssion PB 187 - 560, 31p. 

U.S. Atomic Energy Commission, (Mid 1950·s); Apache County Uranium Deposits 
Preliminary Reconnaissance Atomic Energy Report: U.S. Atomic Energy 
Commission, PB 187 - 477, 35p. 

U.S. Atomic Energy Commission, (Mid 1950·5); Cochise County Uranium Deposits 
Preliminary Reconnaissance Atomic Energy Report: U.S. Atomic Energy 
Commission, PB 172 - 478, 37p. 

ll.S. Atomic Energy Conmission, (Mid 1950·s); Coconino County Uranium Deposits 
Preliminary Reconnaissance Atcmk Energy Report: U.S. At omic Energy Com
mission, PB 172 - 479, 86p. 

U.S. Atomic Energy Commission, (Mid 1950·s); Gila County Uranium Deposits Pre
liminary Reconnaissance Atomic Energy Report: U.S. Atomic Energy 
Commission, PB 172 - 480, 168p. 

U.S. Atomic Energy Commission, (Mid 1950's); Graham County Uranium Deposits, 
Preliminary Reconnaissance Atomic Energy Report; U.S. Atomic Energy 
Commission, PB 172 - 481, 35p. ' 

U.S. Atomic Energy Commission, (Mid 1950·s); Greenlee County Uranium Deposits 
Preliminary Reconnaissance Atomic Energy Report: U.S. Atomic Energy 
Commission, PB 172 - 483, 1p. 
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U.S . Atomic Energy Commission, (Mid 1950's); Maricopa County Uranium Deposits 
Preliminary Reconnaissance Atomic Energy Report: U.S. Atomic Energy 
Commission, PB 172 - 484, 31p. 

U.S. Atomic Energy Commission, (Mid 1950's); Mohave County Uranium Deposits 
Prelimi nary Reconnaissance Atomic Energy Report: U.S. Atomic Energy 
Commission, PB 172 - 48S, 169p. 

u.s . Atomic Energy Commission, (Mid 1950's); Navajo County Uranium Deposits 
Preliminary Reconnaissance Atomic Energy Report: U.S. A'i:omic Energy 
Commission, PB 172 - 486, 67p. 

U.S. Atomic Ener:Jy Commission, (Mid 1950's); Pima County Uranium Deposits 
Preliminary Reconnaissance Atomic Energy Report: U.S. Atomic Energy 
Commission, PB 172 - 487, 56p. 

U.S. Atomic Energy Commission, (Mid 1950's); Pinal County Uranium Deposits 
Preliminary Reconnaissance Atomic Energy Report: U.S. Atomic Energy 
Commission, PB 172 - 488, SOp. 

U.S. Atomic Energy Commission, (Mid 1950's), Santa Cruz County Uranium Deposits 
Preliminary Reconnaissance Atomic Energy Report: U.S. Atomic Energy 
Commission, PB 172 - 489, 42p. 

U.S. Atomic Energy Commission, (Mid 1950's), Yavapai County Urani um Depcs its 
Pre"li minary Reconnai ssance Atcmic Energy Report: U.S. Atom ic Energy 
Comm'ission, PB 172 - 490, 12(jp. 

U.S. Atomic Energy Commission, (Mid 1950's); Yuma County Urani um Deposits 
Preliminary Reconnaissance Atomic Energy Report: U.S. Atoml {; Energy 
Commission, PB 172 - 491, 58p . 

.!!.ral'l i um Geology 

A p~,tia1 bibliographic listing of literature on the geology of uranium 
deposits follows. Listings are generally restricted to those of potenti al 
value to the prospector. 

Adler, H.H., 1963; Concepts of genesis nf sandstone-type uranium o!"e de~osHs : 
Econom1 c Geology, V. 58, No.6, p. 839 - 852. 

Ant h(lny • . L W. , 1950; Rad 'ioactive uranium and U:ori um: 2nd Ed., Arizona Bureau 
of Mines, Circular 13, 23p. 

Butler, A.P., and Schnabel. R.W .• 1956; Distribution and general features of 
uraniu~ occurrences in the United States: Geological Survey Professional 
Paper 300, p. 27 - 40. 

(ooper , M" 1951 ; Pre1 iminil ry bib1icgr'aphy on ut'ilnium and thorium r'adioactive 
carbonaceous depos i ts: U.S. Atomic Energy Commission, RMO - 835, 40p. 

Cooper, M., 1953; Selected bibliogr'aphy on uranium explorat'ion and the. geology 
of uranium deposit:;: U.S. Atomic Ener gy Commissi on . RME - 4007, 34p. 



Curtis, Diane, 1958; Selected annotated bibliography of the uranium geology 
of igneous and metamorphic rocks in the United States, U.S. Geological 
Survey Bulletin 1059 - E, p. 205 - 262. 

Davis, D.L. and D.L Hetland, 1956; Uranium :incla'stic rocks of the Basin and 
Range province: U.S. Geological Survey Prof~ssiona1 Paper 200, p. 351 - 360. 

Dean, B.G., 1960; Selected annotated bibliography of the geology of uranium
bearing veins in the United States: U.S. Geological Survey Bulletin 1059-G, 
p. 327 - 440. 

Everhart, D.l., 1956; Geology of uranium .deposits - a condensed version: U.S. 
Atomic .Energy ·Commnssion, RMO-732, p. 97 - 104. 

Finch, W.I., 1967; 'Geology of epigenetic ~ranium deposits in sandstone in the 
United States:' U.s.. Gecrlogical Survey 'Professional Paper 538, 121p. 

Ftscher, R. P •. , 1968; The urani urn and vanadium 'deposi ts' of the' Colorado Pl a teau 
region; Ore Deposits of the United States, 1933-1967 (Ridge, J.D., Editor): 
AIME, Granton-Sales Volume, v. 1, p. 735 - 746. 

Frondel, J.W., Michael, Fleisher, and R.S. JOnes, 1967; Glossary of Uranium 
and Thorium-Bearing Minerals, 4th Ed., U.S. Geological Survey Bulletin 
1250, 69p. 

Granger, H:C. and R.B. Raup, 1959, Utanium DepOSits in the Dripping Springs 
Quartzs,te. Gila County, Arizona: U.S. Geological Survey Bull~tin 1046-P, 
p. 415 - 486. 

Hostetler, P:B., and Garrels, R.M., 1962; Transportation and precipitation of 
uranium 'and vanadium at low temperatures, with special reference to sand
stone-type uranium deposits: Economic Geology, v. 57, No.2, p. 137 - 167. 

Miller, William C., 1958; Geologic Study of the Bidahochi Diatreme: U.S. 
Atomic Energy Commission, RME 133, 16p. 

Osterwald, F.W., 1964; Structural control of uranium-bearing vein deposits and 
districts in the conterminous United States: U.S. Geological Survey 
Professional Paper 455-G, l46p. 

Peirce, H.W., et. al., 1977; Uranium - A survey of uranium f~vorability of 
Paleozoic Rocks in the Mogollon Rim and Slope Region - East Cen -7":"al Arizona: 
Arizona.Bureau of .Geo1ogy and Mineral Technology, Ci rcular 19. 

Reyner, M.L., W.R. Ashwill, and R.L. Robinson, 1956; Geology of Uranium deposits 
in Tertiary· Lake sediments of southwestern Yavapai County, Arizona: U.S. 
Atomic Energy ConInission, RME 2057, 34p. 

Sharp, Byron J., 1956; Preliminary Report on a Uranium Occurrence and Regional 
Geology in the Cherry Creek Area, Gila County, Arizona: U.S. Atomic 
Energy Commtssion., RME 2036, 18p. 

Shoemaker, E.M., C.H. Roach, and F.M. Byers, Jr., 1962; Diatremes and uranium 
deposits in the Hopi Buttes, Arizona, in Petrologic studies: Geo1. Soc. 
America, p. 327 - 335. 
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Ward, F.N. and Marranzino, A.P., 1957; Field' determination of uranium ,in natural 
waters: U.S. Geological Survey Bulletin l036-J, p. 181 - 192. ' 

Weir , D.B. ~ 1952, Geologic guides to prospecting for carnotite deposits on 
Colorado Plateau: U.S. Geological Survey Bulletin 988-B, p. 15 - 27. 

Prospecting 

Uranium prospecting has been the subject of many books and pamphlets. A 
nurr:ber of thes-e werewr'jtten for the independent prospector, most of which are 
out of print and available for reference only at librar1es and the Arizona De
partment of Mineral Resources. A part1al list of references on urunium pros
pecting, exploration, geophysics and development follows: 

Bail~y, Robert V., and Chelders, Milton 0., 1977; Applied Mineral , ~::(ploration 
Wlth Special Reference to Uranium, Westview Press, Boulder, COl 0rad05lt2p. 

Ballard, Thomas J., and Quentin E., Conklin, 1955; The Uranium Prospector's 
Guide, Harper & Brothers, New York, 251p. 

Black, R.A.; F.C. Frischknecht; R.M. Hazlewood, and W.H. Jackson, 1962; 
Geophysi cal methods of exploring for buried channels in the Monument Valley 
area , Atizona and Utah: U.S. Geological Survey Bulletin l083- F, p.161-283 . 

Cannon, H. L., and F. J. Kl e; nhamp 1, 1956; Botan; ca 1 methods of p ~"~:5pecti w: for 
uran i: .. lln : U.S. Geological Survey, Professional Paper 300 , p. 6[;1 - 685. 

Cannon, H.L., 1957; Description of indicator plants and methods of prospecting 
for uranium deposits on the Colorado Plateau: U.S. Geological Survey 
Bulletin 1030-M, 18p. 

Cannon, H.L., 1960; The development of botanical methods of prospecting for 
uranium on the Colorado Plateau: U.S. Geological Survey Bul 1et'i n lO85-A, 
tt9p . 

Chew, R.T., 1956; Study of radioactivity in modern stream gravels as a method 
of prospecting, 3rd Ed.; U.S. Geological Survey Bulletin 1030-E ~ p.149-169. 

b ans, La Mar G. and Carl, Rampacek, 1958; Radiometric Oeterminathm of 
Urani ~~ in Ores: U.S. Bureau of Mines, R.I. 5390, 15p. 

Gleasc1 , Sterling; 1960; Ultraviolet Guide to Minerals, Ultraviolet Products , 
~an Ga ~riel, California, 244p. 

McDermott, Mark M., 1977; Field Surveys Using A Portable Gamma Ray Scintillo
meter: Geo Metrics Technical Report #12, Geometries, Inc., Sunnyvale, 
California, l2p. 

Nelson, J.M., 1953; Prospecting fo~ urani um wi t h car~mounted equipment: U.S. 
G.eo1ogica1 Survey Bu11et 'i n 988-1, p. 211 - 220. 

Nininger, Robert 0.,1954; Minerals for Atomic Energy - A Guide to Exploration 
for Uranium, Thorium and Beryl 1iufll, D. Van Nostrand. New York. 367p • 
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Pearl, Richard M., 1973; Handbook for Prospectors, 5th Ed., McGraw-Hill, 
New York, p. 472. 

Proctor, Paul Dean; Edmond P. Hyath, and Kenneth C. Bullock, 1954; Uranium -
WhelAe it is and How to Fi nd It, Eag1 e Rock Pub 1 i shers, Salt lake Ci ty, 8Sp. 

Sil l , C.W. and H.E. Peterson, 1945; Fluorescence Test for Uranium: U.S. 
Bureau of Mines I.C. 7337, 6p. 

Thompson, C.E. and H.W. lakin, 1957; A field chromatographic method for 
determination of uranium in soils and rocks, U.S. Geological Survey 
Bulletin 1036-l, p. 209 - 220. 

u.S. Atomic Energy Commission, 1957; Prospecting for Uranium, U.S. Atomic 
Energy Commission and U.S. Geological Survey, 229p. 

Wright, Robert J., 1953; Prospecting with a Counter, U.S. Atomic Energy 
Commission, 70p. 
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ARIZONA DEPARTMENT OF MINERAL RESOURCES 

The Department was created to aid in the promotion, development, 
and conservation of the mineral resources of the State. Particular 
emphasis is placed on providing prospectors and small miners with 
semi-technical assistance and economic information. 

The general goal of the Department is developed by working with the 
following objectives: 

- Provide technical assistance to prospectors and operators of 
small mines. 

- Disseminate comprehensive mining and mineral information to 
the citizens and government officials of Arizona counties. 

- Study conditions regarding small mine activity and seek 
solutions to problems. 

- Serve as the State's public bureau of mining and mineral 
information. 

- Maintain and expand the Department's mine file library. 

- Provide educational services in the field of mineral 
resources and mining. 

- Analyse proposed Federal and State administrative actions. 

- Develop interagency cooperation between the Department 
and other local State and Federal offices. 

- Gather all information available on mineral occurrences. 
prospects, partially developed properties and known mines 
in the State in order to promote further exploration. 

- Provide publications in the form of mineral reports~ annual 
directories, technical reports, annual mineral industry 
surveys~ informatjon circulars, and media articles. 


