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Abstract

By applying the method of chemical shifts of the uranium La1 and Lb1 X‑ray emission lines, the 
oxidation state of U has been determined in select samples of microlite and monazite. From the relative 
contents of U4+, U5+, and U6+ species, the oxygen coefficients have been calculated as a characteristic 
of U-oxidation rate. It is shown that the oxidation state of U is higher in the studied microlite than in 
monazite. Possible mechanisms of U oxidation in these two types of minerals are discussed, and it 
appears that the crystal structure of monazite plays an important role in stabilizing the U redox state. 
Spontaneous purification of the monazite structure from alien atoms, including U, may be possible 
via recrystallization of the a-recoil tracks. An explanation is suggested for intensive U oxidation in 
microlite and in other minerals of the pyrochlore group.
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Introduction

U- and Th-containing minerals are regarded as natural ana-
logs of matrices to be used for the immobilization of actinides. 
Among the phases that have been studied in this respect, the most 
common ones are titanates, Ti-Ta-niobates, phosphates, silicates, 
and silico-phosphates of groups II, XIII, and XIV in the Peri-
odic Table of the Elements. In particular, crystalline pyrochlore 
ceramics are, since several decades, at the center of attention of 
researchers as possible waste forms for the immobilization of 
excess weapons-grade plutonium and other actinides (Lumpkin et 
al. 1986, 1999, 2014; Lumpkin and Ewing 1988; Buck et al. 1999; 
Icenhower et al. 2000; Gieré et al. 2000, 2002; Lumpkin 2001; 
Stefanovsky et al. 2004; Zhang et al. 2013). One of the most 
important goals of such research is to try to forecast the long-
term behavior of these ceramic waste forms under conditions 
of an underground repository. Most of the minerals mentioned 
above would be rendered metamict as a result of the gradual 
accumulation of a-recoil collision cascades, as documented 
by numerous X‑ray and electron diffraction studies (see e.g., 
Lumpkin et al. 2014). These and other investigations provided a 
vast amount of data on the structure of metamict minerals, i.e., on 
dislocations in, and damages to, the atomic arrangement within 
the solid. At the same time, however, not enough data are avail-
able on the electronic disorder observed in metamict minerals 
(e.g., Hawthorne et al. 1991; Salje et al. 2011). This discrepancy, 
thus, results in a relative lack in knowledge of the relationship 
between the chemical composition and the physico-chemical, 
colloid-chemical, nuclear-chemical, and radiation-chemical 
processes occurring in complex compositions of amorphous and 
crystalline materials.

Possible approaches to studying this specific aspect of solid-
state chemistry include the examination of chemical and redox 

states of polyvalent elements present in these complex natural 
systems as well as the investigation of how these states may be 
modified by external processes. In addition to providing im-
portant fundamental knowledge, studies of d- and f-elements in 
minerals as well as reconstructions of the physical and chemical 
processes that occurred throughout the geological history of these 
minerals could help in predicting the behavior of host phases for 
nuclear waste in deep geological formations. Important data on 
the state of U, Pb, and Fe in various minerals were published, 
for example, by Zhang et al. (2002, 2003), Kramers et al. (2009), 
and Salje et al. (2011).

The main goal of the present work is to report data for the 
oxidation state of uranium in select specimens of microlite and 
monazite, both minerals that are considered to be natural analogs 
of host phases for the immobilization of actinides in high-level 
waste (HLW). In addition, this paper explores possible explana-
tions for the different results obtained for monazite and microlite.

Materials and methods

Sample description
Microlite belongs to the pyrochlore-supergroup minerals, which crystallize 

in the isometric crystal system (space group Fd3m or its subgroups; a ≈ 10.4 Å; 
Z = 8) and conform to the general formula A2–mB2X6–wY1–n. In this formula, A and 
B represent eightfold- and sixfold-coordinated cation sites, respectively, and X 
and Y are fourfold-coordinated anion sites (e.g., Atencio et al. 2010). The general 
microlite formula is (Ca,Na)2Ta2O6(O,OH,F).

The studied microlite originates from a Li-rich pegmatite in the Mutala area, 
Alto Ligonha, Mozambique (Gieré et al. 2000). The sample investigated here is a 
piece of a large crystal and its two smaller fragments, which were first examined 
visually with the aid of a binocular (10×60) microscope. There are few small 
particles (0.2–1 mm) formed on the surface of the broken-up crystal. The microlite 
crystals are slightly unusual, as they are evidently not octahedral, but instead show 
some dodecahedron faces. Overall, they exhibit a yellowish-gray color, but the 
outer layers of the large fragment are dull brown, probably because of the strong 
chemical zoning observed in microlite from this locality (Gieré et al. 2000). Along 
cracks and parallel to the crystal faces of microlite, one can observe light-colored 
mica (muscovite or lepidolite), which possibly resulted through epitactic growth. 
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