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Abstract—Three groups of industrial uranium deposits that differ in the distribution of lanthanides in U
oxides have been recognized. A dependence of the REE distribution type on the Yttrium content and Yttrium
index YI = (La + Ce)/Y that controls the formation of REE phases capable of selective accumulation of lan-
thanides has been discovered. This indicates the important role of crystal—chemical fractionation in the dis-
tribution of lanthanides. Preferable accumulation of Sm—Gd by U oxides has been found to occur at relatively
low contents of Y. In Proterozoic uranium deposits, the yttrium specialization of oxides predominates, while
in most Phanerozoic deposits the lanthanum—cerium specialization is typical. These results extend the pos-
sibilities of using REEs in ores for purposes of study of the genesis of various uranium deposits.

DOI: 10.1134/51028334X17030102

The type of distribution of rare earth elements
(REEs) in minerals is widely used to determine the
conditions of their formation and the sources of ore-
bearing fluids in various deposits. The REE distribu-
tion in rocks and minerals is a cumulative effect of
their fractionation in processes of magma differentia-
tion, fluid migration, and mineral crystallization.
Variation in the REE, Zr, Th, and U concentrations in
evolution of granitic magmas [1] is one of many exam-
ples of their fractionation in conjugate phenomena of
fluid—magmatic interaction and crystallization. The
reasons for such behavior can be subdivided onto geo-
chemical and crystal—chemical. The former relate to
the chemical properties of the REEs and determine
their fractionation in melts and fluids. The latter are
caused by differences in the structure of crystalline
phases and lead to the separation of rare earth ele-
ments during deposition of minerals from melts and
aqueous solutions.

These mechanisms of REE fractionation are com-
bined and can be repeated several times during forma-
tion of minerals concentrating individual REEs or
their groups: light (L, La—Nd), intermediate (I, Sm—
Tb) and heavy (H, Dy—Lu) [2]. The most common
REE-selective phases are monazite—phosphate of Ce
and LREEs and xenotime—phosphate of Y and
LREE—HREE. Oxides of U (uraninite and pitch-
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blende), the ore minerals of most uranium deposits,
are also selective minerals accumulating IREEs [3].

Variations in the indicator ratios such as the
yttrium index (YI = (La + Ce)/Y), La/Yb, Eu/Sm,
and patterns in spider diagrams (chondrite—normal-
ized REE content in oxides [4]) reveal different distri-
bution types of rare earth elements in ores of the main
industrial genetic classes of uranium deposits [5] and
demonstrate their dependence on the content of
yttrium and the value of the YI in U oxides [6]. This
index reflects not only the (La + Ce)/Y value in
U oxides, but, perhaps, also a number of REE-selec-
tive mineral microphases (monazite and xenotime),
since these elements constitute more than 70 wt % of
their composition.

Analysis of the literature [7—12] and our own data
on the contents of REEs in U oxides from ores of ura-
nium deposits (obtained by ICP—MS, SIMS, and
ID—TIMS) has allowed systematization of these data
and identification of the causes of REE fractionation.
Three groups of U oxides have been identified (Table 1,
Figs. 1-3).

The first group has a positive distribution type and
a dome-shaped spider diagram pattern with increasing
concentrations of lanthanide from Sm (Pr) to Er (Tm).
It has an inherent value of La/Yb 0.01-0.47,
YI10.004—0.17 and a lack of a negative Eu anomaly
and dominance of Y, whose content exceeds (La + Ce)
many times (Table 1). Such a uraninite with an age of
more than 1275 Ma form rich ores of the Canadian
unconformity—type U deposits (Fig. 1a): Sue, Shea
Creek, McArthur River, in Northern Australia (Fig. 1b),
and Nabarlek, Pine Creek, and others were found in
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Fig. 1. REE pattern of the first group of U deposits.

metasomatic albitite ore of the Proterozoic U deposit
Mistamisk (Canada) [7-9].

The second group demonstrates the sub-chondrite
or negative type of REE distribution with local peaks
in the Sm—Dy and Sm—Gd area. It differs from the
first group by higher values of La/Yb (1-23) and
YI (0.23—2.83) and a negative Eu anomaly (Table 1,
Fig. 2). This type is dominant in pitchblende of the
Mesozoic vein uranium deposits in France (Pen Ar Ran,
Limousine), U—Mo deposits of the Streltsovskoe
(Russia) [11] and Dornot (Mongolia) ore fields, and
the Paleozoic U deposit Vostok, Northern Kazakhstan
[12]. The same REE distribution has been found in the
late pitchblende of Mesozoic age (60—130 Ma) in rich
ores of the Shea Creek deposit (Table 1).

The third group of oxides differs sharply by the
negative type of REE pattern with a distinct positive
peak of Gd (Fig. 3). It is characterized by the highest
value of La/Yb reaching 495 (Table 1). This type has
been identified in pitchblende of the Late Palacozoic
Schlema—Alberoda deposit (eastern Germany) [1, 2]
and roll-front deposits of South Kazakhstan [10]. The
latter show high values of XREE 884—2395 ppm,
La/Yb > 50, and distinct positive anomalies of Gd
(Table 1, Fig. 3).

French researchers, applying ion probe and laser
ablation techniques, studied the REE distribution in
66 U oxide samples from uranium deposits from
around the world, targeting their genetic classification
[10]. These data were not used here completely due to
lack of data on the concentrations of Y, Yb and Gd,
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which are indicative elements when analyzing the
REE distribution. The patterns of the spider diagrams
obtained by those researchers are also similar to the
REE distributions described above for a number of
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Fig. 2. REE pattern of the second group of U deposits.
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Fig. 3. REE pattern of the third group of U deposits.

uranium deposits. The pattern of the first type is found
in uraninites of a wide range of deposits of an ancient
unconformity type in Athabasca (Canada), Cigar
Lake, Eagle Point, Sue, Millennium, and the Alligator
River (Australia) and Nabarlek and Coongarra. Dis-
tribution of the second type is characteristic of pitch-
blendes from U—Mo deposits of Streltsovskoe ore
field (Russia) and vein U deposits in granites (France).
Those researchers considered the distribution of REEs
in U oxides as one of the indicators of the formation
conditions of uranium deposits, which may became
the basis of a genetic classification [10, 13]. They sug-
gested that REE fractionation was caused by geo-
chemical factors affecting REE behavior in solutions
and melts with different ligands at different tempera-
tures and pressures. Thus, elevated IREEs—HREEs in
uraninites from unconformity-type deposits was
explained by sorption of LREEs in aluminum phos-
phate—sulfates formed earlier [14] and then their
removal from the mineral-forming medium.

Thus, the studied U oxides of the main industrial—
genetic classes of endogenous uranium deposits can be
divided into three types according to the pattern of
their spider diagrams and different values of the indi-
cator element ratios. The dependence between the
REE distribution type and relative content of Y in U
oxides and the value of YI has been revealed. In turn,
the YI value determines the possibility of formation of
minerals, selectively absorbing LREEs or IREEs—
HREE:s [2, 3]. The capability of U oxides themselves
to accumulate IREEs (Sm—Gd) occurs at relatively
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low contents of Y, i.e., at high values of YI. For the first
time we found in U oxides a relation between the REE
distribution patterns and the crystal—chemical prop-
erties of deposited rare earth minerals, the composi-
tion of which was determined by the YI value in ore
fluids.

As conclusions the following should be noted. It
was determined that the REE distribution in U oxides
is mainly influenced by crystal—chemical fraction-
ation. This conclusion is based on identification of the
REE distribution dependence on the value of the YI,
which determines the possibility of formation of min-
erals selectively incorporating REEs. The ability of U
oxides to accumulate IREEs at different values of YP
has also been demonstrated.

Dominance of Y or (Ce + La) in the studied U
oxides permitted recognition of two groups of depos-
its. The first has yttrium specialization (the first type
of REE distribution) and is characteristic of ancient
Proterozoic deposits, the second one with a cerium—
lanthanum specialization (types two and three) is typ-
ical for most of the Phanerozoic deposits (Table 1).
The causes for the differences are in various composi-
tions of the ore-forming solution that determines for-
mation of microphases of either xenotime or
monazite. The dependence of the REE distribution in
U oxides on the mineral-forming medium allows
identification of possible sources of polychronous U
deposits. These data can be used in the development
of a genetic version for classification of uranium
deposits [15].
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