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FOREWORD

This paper, "Mineralogy, internal structural and textural
characteristics, and paragenesis of uranium-bearing veins in the
United States" by George W, Walker and John W, Adams, is a chapter of
a larger, more comprehensive report entitled, "Geology of uranium-

bearing vein deposits in the United States" in preparation by George

W, Walker, Frank W, Osterwald, and others., The comprehensive report will

include information on tectonic and structural setting, kinds of host
rocks, wall-rock alteration, mineralogy, physical characteristics,
processes of deposition, and concepts of origin of uraniferous veins;
but, because it will not be completed until some time in the future,
some chapters of the report are being transmitted as they are finished,
Three reports which are to be chapters of the comprehensive report
have been transmitted: one, entitled "Classification and distribution
of uranium-bearing veins in the United States" (Walker and Osterwald,
1956), defines several of the terms used hereinj another is entitled
"Host rocks and their alterations as related to uranium=bearing veins
in the United States" by George W, Walker (1956)s and the other report
is entitled "Supergene alteration of uranium-bearing veins in the

United States" by Ggorge W. Walker (1957).
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The compilation of data leading to this report and its
preparation by members of the Uranium Research and Resource Section,
U, S, Geological Survey was done on behalf of the Division of Raw
Materials, U, S, Atomic Energy Commission, The report is based on
both published and unpublished information collected principally by
personnel of the U, S, Geological Survey, the U, S, Atomic Energy
Commission or its predecessor organization, The Manhattan Engineer
District, and to a lesser extent by staff members of other Federal or
State agencies and by geologists in private industry. Information
concerning foreign uranium-bearing vein deposits has been extracted
almost exclusively from published reports; references to these and
other data are included at appropriate places.

The authors wish to acknowledge the assistance of Wendell
Walker of the U, S, Geological Survey who prepared all the

photographic illustrations appearing in this report,
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MINERALOGY, INTERNAL STRUCTURAL AND TEXTURAL CHARACTERISTICS, AND
PARAGENESIS OF URANIUM-BEARING VEINS IN THE UNITED STATES

By George W, Walker and John W, Adams
INTRODUCTION

The study of the many uranium deposits, that have been discovered
in the United States in recent years, has contributed much data on the
mineralogy of uranium-bearing veins and on the géographic distribution
and abundance of the different uranium~bearing minerals; somewhat less
data have resulted from these studies regarding the paragenetic
relations of these minerals and the detailed textural or structural
characteristics of the veins that contain them, Most of the uranium
minerals that have been found in vein deposits in thé United States
were originally identified and their occurrences described as a result
of studies of a small number of deposits in districts of wide
geographic distribution (Frondel, 1957), including principally
Joachimsthal (Czechoslovakia), ngsendorf (Bavaria), deposits near
Schneeburg (Saxony), Shinkolobwe (Belgian Congo), and Great Bear Lake
(Canada). Many of the minerals that were identified in these and
other deposits were thought to be very rare mineral species as late as
1949 (George, 1949); our knowledge of the occurrence and sbundance of
these minerals has increased enormously since then, and species once
considered rare have been found to be sufficiently abundant to
constitute ore in some places. In addition, several new species of
uranium minerals that occur in vein and other deposits, including
principally andersonite, swartzite, bayleyite, umohoite, and coffinite,

have been described.
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The purpose of this paper is to summarize and review some of the
recent mineralogic information relevant to uranium-bearing veins in the
United States, as well as to describe some of the reported mineralogic
associations and the modes of occurrence of the uranium minerals in

vein deposits,
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For convenience, uranium=-bearing vein deposits are subdivided
into 8 mineralogic classes (Walker and Osterwald, 1956, unpub.
report), most of which are intergrading, and only a few of which are
important commercial sources of uranium in the United States. The
classification is based largely on the mineralogic characteristics of
more than LOO vein deposits in the United States and to a lesser extent
on the characteristics of deposits in other parts of the world, One
mineralogic class of deposits--davidite-bearing veins--is not known to
occur in the United States. The 8 mineralogic classes of uraniume
bearing veins are: (1) Fluorite-bearing veins; (2) veins in which
uranium minerals are subordinate to base-metal sulfide minerals
including deposits containing sulfides and sulfarsenides of cobalt
and nickel and gossans derived from alteration of such depositss
(3) veins in which uranium minerals are "dominant" but which may
contain minor amounts of other introduced metallic mineralsy (L)
magnetite or other iron oxide~bearing veinsj this excludes deposits
in gossan derived from supergene alteration of base-metal sulfide
deposits but does include those uraniferous deposits characterized
dominantly by hypogene msgnetite and hematite, or limonite derived
from their alteration; (5) veins dominated by thorium or rare earths
minerals; (6) brannerite-bearing quartz or siliceous veins; (7)
davidite-bearing veins; and (8) veins containing uraniferous

hydrocarbons ._/

_/Descriptions of the 8 mineralogic classes of uranium-bearing

veins and several examples of both foreign and domestic deposits of
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the dii‘f‘ers_ant classes of veins are contained in "Classification
and distribution of uranium-bearing veins in the United States™

by George W, Walker and Frank W, Osterwald (1956).
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URANIUM~BEARING MINERALS OF VEIN DEPOSITS

Of the many known minerals that contain uranium either as an
essential or as a nonessential constituent, 55 different species have
been reported from uraniferous vein deposits in the United States
(table 1); The uranium minerals containing Li-valent uranium are few
in number and include uraninite or its colloform variety pitchblende,
ianthinite (or epianthinite), coffinite, uranothorite, and brannerite.
All of the known occurrences of these li~valent uranium minerals
indicate that deposition took place in a primary reducing environment
with the exceptions of the occurrences of ianthinite and several
occurrences of sooty pitchblende which contains both L=valent and
6-valent uranium, In addition, uranium-bearing hydrocarbons, present

in several deposits, probably contain mostly L-valent uranium,






Table l.—-Minerals that contain wrenium either as sn essential or nomsssential constituent identified from vein deposits in the United States,

Ursnium minerals

Frequenoy of cocurrence
in vein deposits or

Selected localities b/

References or remarks

districts g/
Matagzeumarits unsowmen Majuba Hi1l, Perehing County, Nev. Trites and 'nmnmn, 4in
Arpsnstes acekd Wnite King property, Lake County, Oreg. Matthews, 1955.
Troeperite 1 rae Bald Mourtain district, ’County, S Dake mﬂaﬂgiut v
rave ncpoa Nev.
Uranospinite its in Washoe County, . D Geol. Sirvar- Tile
Calif, Bowes, W.A., written
Walpurgite rare Miracle wine, Kern County, " » lii.on, ot
Andersonite rave Hillside mine, Yavapai County, Aris, Axelrod and ethers, 1951.
Bayleyite rare Hillside lim; Yavapsd Coumty, Aris, Axelrod ed others, 1951.
Ldebigite rare Midnigs mine, Stevens County, Wash, and Silver Cliff wine, Weis, 1955, p. 22i; George, 15k9,
Carbonates Nicbrara County, Wyo. Pel79e
Rutherfordine rare W, Wilson mine, Jefferson County, Mont. Roberts snd Gude 3d., 1953, p. 78.
Sohrosckingerite BNCOMMON Marysvale, Piute County, Utah, Taylor and others, 19-l.
Swartzite rare Hillside mine, Yavapai Axelrod and others, .
Voglite rare W. Wilson mine, Jefferson Oonnv, Hont. Roberts and Gude 3d., 1953, p. 78.
Molybdate Umchoite rare Marysvale, Piute County, Utah, Kerr md others, 1953,
Titenate Brannerite uncommon Chaffee County, Colo. and Mono County, Calif. AMens, 19533 Pabst, 1954,
Becquerslite rave Billikin lode, Jefferson County, Colo. Uq‘)xﬂglﬁ date in files of
oS¢ GeoO,
Isnthinite md possibly rare Marshall Pass area, Saquache County, Colo, Young, E.J., oral ea-munm.on,
Oxides and epimthinite -
hydroxides Schoepi rare Abe Lincoln mine, Yavapai County, Aris, Reup, 195h,
u‘ and ur comeon Marysvale, Utah ;:d Central City district, Colo. Everhart, 1956; Si- and Teoker,
“reouwd to® soemen? W, ¥Wilson mine, Jeffereen Couaty, Mout,.}Buckhora slaims, lunlt. 19565 Uetlmd, 19%%,
Mashos Nex,, md Lassan Cownty, Calif
Mztunite common Waite Signal snd San Acmsia districts; N, Mex. Lovering, 19%,
Bassetite rIre Depoeits in Bripping Spring quartsite, Gila County, Aris, Oﬂhgor, 1955, ps 134,
Dumontite rave Green Monster mine, Clark County, Nev. Albr&g;:vgﬁ and others, 195k,
i Vels, 1955, p. 225
17 unite ‘common Dgybrsak mine, Spokane County, Wash, is, s Pe .
;t:;::emite common Eureka Gulch :n'oa, Gilpin Gom’xhy Colo, Sims, Osterwald, and Tocker, 1955,
"Metat=uranociroite uncommon Deposits in Dripping Spring quartsite, Gila County, Aris. Cranger, 1955, pe 13k
Phosphuranulite uncommon Marysvale, Piute County, Utah, Kerr snd others, 1954, p. kb,
Sabugalite rare Tusas Mountains, Rio Arriba County, N, Mex. Everbart, 1956,
Saldeite 7 rare White Xing property, Lake County, Oreg, Schafer, 1955,
Torbernite common Moonlight mine, Humboldt County, Nev. Taylor and Powers, 1955,
anophans 195k,
Bet. unconseon Deposits in the Boulder batholith, Mont, Wright, Bisler, md others,
C:f:;:irtc uncommon ? leyden (Jefferson County) and Copper King (Larimer Stieff, Sum,nd Sherwood, 1956,
County) mines, Colo,
Silicates  Kasolite common Bast Walker River area, Lyon County, Hev. Staatz and Bauer, 1953.
Sklodowekite rare Honeycomb Hills, Jusb County, Utah, Wilmarth and others, 1952, p. ;,
ite rare Honeycomb Hills, Jusb County, Utah, Wilmarth and others, 1952 p. 1
ye s ]
Uranophane common Silver Cliff mine, Niobrara Cownty, Wyo, Wilmarth and Johnson, 19
Uranothorite uncommon Jamestown district, Bouldsr County, Colo. Phair and Shimamoto, 1952.
Johannite uncommon Qilpin County, Colo. Palache, Berman, and Frondel,
19bk and 1951, Ve 2, pa 607,
Sulfates Uranopilite rare Marysvale, Piute County, Utsh. Gnmarwsh, Gaxd:mer, and Smith,
s P 3.
Zippeite uncommon Garm-Lamoreanx mine, Lemhi County, Idaho, Armstrong, F, C. and Weis, P, L,
written commnication, 1954
Carnotite uncomson Thomas Range, Jusb County, Utsh and Kern Canyon, Kern Staatz and Osterwald, 19563
County, Calif, Gverhart, 1956.
Vanad Mot atyuy ite uncomuon Huron River deposit, Baraga County, Mich, Vickers, 1956,
Tyayasmmite uncomROn Deposits in Pryor Mountains, Carbon County, Mont. Unpublished data in files of
U, 8. Geol. Survey
Rauvite rare ale area, Piute County, Utah, Walker and Osterwald, 1956, p.127.
Sengierite rare Bisbes, Cochise County, Ariz,

Hutton, 1957,

Uranium-besring minerals and bydrocarbons ‘

Fluorite

Hydrated iron oxides
Hydrozincite

Chrysocolla

Hyalite opal
Pyromorphite

Rutile

Allanite and/or monesite?
Magnetite (or hematite) 7
Thorite ?

Uranium-bearing hydroosb

‘common

common

Thomas Range, Juab County, Utah,
Hanosh "ines property, Sierra County, N, Mex.

Pedad prospect, Jackson County, Colo.

(Goodsprings distriet, Clark County, Nev.
Goodsprings district, Clark County, lev.
Harysvale, Piute County, Utah,

"Spelbrink® claim and Golondrina claim, Arisz,
New Years Bve mine, Pimas County, Aris.

Black Dog claim, San Bernardino County, Calif,

Prince mine, Lincoln County, N, Mex,
Roberts prospect, Gunnison County, Colo.

Golden Cate Canyon area, Jefferson County, Colo.

Staa.tz and Bﬂsunnm, 1956,

Hcli‘e, H D., written
commumication, 1953.

Winterhalter, E, C., written
communication, 1953,

Lovering, 1955,

Barton, 19%.

Barton, 1956.

Kerr and others, 1952,

Wright, R, J., 1950,

Walker, Lover: and
Stephens, 1956, p. 2h.
Walker and Osterwald, 19564
m;;a R, C., oral communisetion,
1956,
Sheridan 1955, p. 216,

z The actual frequency of ocourrence is complicated by data inadequate to distinguish between certain hexavalent-uranium minersls and their

and meta= varisties,
b/ Other localities for mamy of these minerals are referred to in "Bibliopr

radiosctive occurrences in the United States™ by Margaret Cooper (1953, 1953, 195!4, 1955).

hy and index of literature on uranium and thorium and
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A large number of uranium minerals ,‘ characterized by 6-valent
uranium, have been found in the oxidized parts of vein deposits;
included are uranyl arsenates, carbonates, phosphates, silicates,
sulfates, vanadates, and molybdates (table 1). Of these minerals,
uranophane, autunite or meta=~autunite, torbernite or metatorbernite,
uranocircite or meta-uranocircite, carnotite, tyuyamunite, and
kasolite have been reported in the largest number of deposits and
presumsbly are the most abundant of the 6-valent uranium minerals in
veins, In addition, reference has been made to "gummite" in a large
number of deposits and to johannite or zippeite in several vein deposits,
the latter two minerals occurring as encrustations on mine walls. In
many deposits, ample evidence is available to demonstrate that these
minerals have resulted from oxidation of primary, tetravalent-uranium
minerals and are, therefore, rightly lsbelled secondary uranium
minerals; in many other deposits. however, evidence indicates that
the 6-valent uranium minerals were deposited, under oxidizing conditions,
directly from circulating ground waters or other solutions containing
uranium of unpknown origin in vein structuress and, consequently, they

are the primary uranium minerals of these deposits,.
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In some uranium-bearing vein deposits, a’i}‘ least part of the
uranium is a nonessential, extrinsic or vioaril:us constituent of a
variety of'minerals including fluorite ,rf opal, rutile, pyromorphite,
thorite, magnetite and possibly hematite, base-metal sulfide minerals,
and probably several of the rare-earth minerals, as for example,
allanite and monazite; arbitrarily, the base-metal sulfide minerals
are omitted from table 1 because they contain insignificant amounts
of uranium, generally less than 10 parts per million (Wright and
~ Shulhof, 1957a). In some of the minerals conta.;i.ning uranium as a
nonessential constituent, the uranium is probably present as

. microscopic or more commonly submicroscopie inclusions of unidentifisble

uranium minerals. In others, the exact mode of occurrence of the

uranium is unknown but probsbly follows one or a combination of the
different modes postulated by Neuerburg (1956, pe 55); these are
eoouranium disposed in the structure of....minerals by diadochy and
in structural defects in crystals, uranium held in cation-exchange
positions; uranium in unknown form absorbed on surfaces of crystals,
uranium dissolved in fluid inclusions within....mineralé s and uranium
dissolved in intergranular fluids..." Although little evidence is
available to document any one of these modes of occurrence, as applied
to vein deposits, several modes have been proposed for uraniferous
fluorite deposits (Staatz and Osterwald, 1956; Wilmarth, and others,
1952), for uraniferous base-metal sulfide deposits (Wright, H D,

and Shulhof, W. P,, 1957a), and for uranium-bearing magnetite~
hematite deposits (Walker and Osterwald, 1956).
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In several oxidized vein deposits, some or all of the uranium is
present presumé.bly as adsorbed uranyl ions in "limonite" or "limonitic"
gossans (Lovering, 1955), in hydrozincite and chrysocolla (Barton,
1956)9 and probably in other oxidation products.

The uranium minerals listed in table 1 are 1) reported from vein
deposits in the United Statgs and 2) identified with accuracy,
principally by X-ray techniques, by chemical analysis and, for many
of the minerals, by both methods. Although several other hexavalent-
uranium minerals could be listed, identification of a few of these is
open to considerable question and for one or two other minerals the
identifications are, as yet, incomplete; the latter minerals may
represent new species, For data on the physical and chemical
properties of the different mineréls listed in table 1 and for the
different synonyms that have been applied to many of these minerals,
the reader is referred to "A glossary of uranium- and thorium-
bearing minerals" (Frondel and Fleischer, 1955), Dana's "System of
mineralogy," 7th edition, and to "Mineralogy of uranium and thorium-

bearing minerals" (George, 1949).



25

Within recent years there has been a tendency among geologists in
the United States to sbandon the term pitchblende for the colloform
variety of uraninite; in this report both the terms uraninite and
pitchblende are used. The term pitchblende is used herein for the
massive; colloform, or sooty variety of uraninite much in the same
sense as that described in Dana's "System of mineralogy" (p. 61k, v. 1,
7th ed.) and in Geffroy and Sarcia's "Contribution a 1'étude des
pechblendes frangaises" (195L, p. 4 and 145); several of the
distinctive features of pitchblende and uraninite have been described
and reviewed briefly by Rogers (1947, p. 90-91). Pitchblende is a
massive, colloform, or "sooty" variety of uranous oxide in which
macroscopic or microscopic evidence of idiomorphism is lacking. In a
very few vein deposits within the United States, the uranous oxide
occurs as microscopic, idiomorphic crystals or fragments of crystalsg
and, for these occurrences, the term uraninite is applied., A
gimilar, but more precise, distinction has been made by Croft (195L,
Pe 53) for the terms uraninite and pitchblende. To him...

"The term uraninite is reserved for the naturally occurring

U0y having megascopic crystal size and often showing crystal formg

while the term pitchblende is applied to material composed of

crystallites on the order of 1073

cm, or less in size. A laue=-
type X-ray diffraction diag;'mn made with characteristic radiation
may be used to distinguish ;oetween these two types. The
uraninite produces individual spots characteristic of a single
crystal, while pitchblende produces debye~scherrer rings
characteristic of the migrocrystalline aggregate. There does not

appear to be any gradation between the macro crystals and the
microscrystalline aggregates."
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Katz and Rabinowitch (1951, p. 75 and 76') have made a further
distinction between uraninite and pitchblende based on the presence of
significant amounts of thorium and rare earths in uraninite and their
virtual absence in pitchblende. No such chemical distinction is made
by the authors of this paper because analytical data are lacking on
the elemental content of pitchblende from most of the vein deposits
in which it has been reported, Arbitrarily, we have retained the
terminology of the papers referred to in this report, although we
are aware that in several places uranous oxide minerals exhibiting
colloform textures and a lack of idiomorphism have been labelled

uraninite.
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Most pitchblende in veins in the United States occurs as
megas<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>