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abStract

X-ray absorption spectroscopy was used to investigate the oxidation state of uranium in various U- 
and Th-bearing Al-rich CaSiO3 perovskite samples synthesized at high-pressure and high-temperature 
using a multi-anvil press apparatus. X-ray absorption near edge spectroscopy (XANES) spectra col-
lected at the U LIII- and Th LIII-edges using both micro- and macro-focused beams show U4+ in the 
Al-rich CaSiO3 perovskite. The structure of the U- and Th-bearing Al-rich CaSiO3 perovskite samples 
have been cross-checked by XANES spectra collected at the Ca K-, Al K-, and Si K-edges. Al K and Si 
K spectra suggest that Al incorporates exclusively on the Si site of the CaSiO3 perovskite. Ca K spectra 
of the (U,Th)-bearing Al-rich CaSiO3 perovskite samples were succesfully compared to FEFF8.2 ab 
initio models of a tetragonal CaSiO3 perovskite with space group P4/mmm.

Our results confirm previous assumptions of the coupled substitution of CaSi2 by UAl2 in CaSiO3 
perovskite and that U and Th can be incorporated separately or together in CaSiO3 perovskite by 
means of this mechanism. The possible occurrence of the U- and Th-bearing Al-rich CaSiO3 perovskite 
are discussed as a potential candidate to locally host a large amount of actinides in the Earth’s deep 
mantle. The study of a phase that can act as a storage mineral for heat-producing actinide elements 
such as uranium and thorium is fundamental to the understanding of the geodynamics and thermal 
behavior of Earth.
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incorporate large amounts of U (up to 35 wt% UO2) at 18 GPa 
and 1700 °C (Gautron et al. 2006). The incorporation of U in 
Al-bearing CaSiO3 perovskite resulted in a slightly distorted te-
tragonal structure with space group P4/mmm. Pure and Al-bearing 
CaSiO3 perovskite have been found to be cubic, tetragonal, or 
orthorhombic as a function of T and/or aluminum content (Adams 
and Oganov 2006; Caracas and Wentzcovitch 2006; Kurashina 
et al. 2004; Magyari-Köpe et al. 2002; Shim et al. 2000, 2002; 
Uchida et al. 2009; Yusa et al. 1995). The general consensus is 
that, under high P and low T, CaSiO3 perovskite is tetragonal and 
eventually becomes orthorhombic with an increase in Al content 
(Komabayashi et al. 2007; Kurashina et al. 2004; Uchida et al. 
2009). However, under the P-T conditions of the mantle, CaSiO3 
perovskite is thought to transform to the cubic structure for any 
Al content (Komabayashi et al. 2007; Kurashina et al. 2004). In 
contrast to most previously studied CaSiO3 perovskite, the U-
bearing Al-rich CaSiO3 perovskite is: (1) tetragonal at P and T 
corresponding to lower mantle depths (Gautron et al. 2006); and 
(2) quenchable to room P-T conditions (Gréaux et al. 2009). Also, 
the incorporation of U and Al in CaSiO3 perovskite is reported 
to favor higher density and compressibility. 

Gautron et al. (2006) have suggested that thorium could 
also enter CaSiO3 perovskite. In the mantle, thorium is a major 
actinide, which like uranium, is involved with the internal heat 
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introduction

Uranium and thorium within the Earth are believed to provide 
almost half of the 44 TW heat flux recorded at the surface, by 
means of radioactive decay of 238U, 235U, and 232Th (Helffrich 
and Wood 2001). It is also known that most terrestrial U and 
Th are located within the Earth’s mantle, with a large amount 
of these elements in the lower mantle (Turcotte et al. 2001), 
where the mantle mineralogy is dominated by an assemblage 
of three phases: (Mg,Fe)SiO3 (olivine), CaSiO3 perovskite, and 
(Mg,Fe)O (magnesiowüstite) (Irifune 1994; Kesson et al. 1998; 
Ringwood 1991).

Previous experiments concerning the partitioning of minor 
elements among mantle phases illustrate that U and Th clearly 
partition in favor of CaSiO3 perovskite when in contact with liq-
uids, garnet grains, and MgSiO3 perovskite (Corgne et al. 2005; 
Kato et al. 1988). Recent high-pressure and high-temperature 
experiments show that Al-bearing CaSiO3 perovskite is able to 


