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INTRODUCTION

Previous trace-element studies report that minor amounts of 
Cr are present in the Earth�s mantle in an oxidized form (~0.3 
wt% Cr2O3 is believed to be present in the primitive mantle, from 
O�Neill and Palme 1998). Chromium is mostly found as Cr3+ 
and Cr6+ in Earth materials, and the only natural occurrence of 
Cr2+ was observed in lunar basalts (Sutton et al. 1993). However, 
Berry et al. (2003) have recently shown that in the presence of 
iron and at high temperatures, Cr2+ is not quenchable because of 
electron charge transfer with Fe3+ upon cooling. Changes in the 
oxidation state of transition elements have been predicted to be 
induced by high pressure (Li et al. 1995) but have not been veri-
Þ ed experimentally, even though such changes would be critical 
for their partitioning behavior during differentiation processes. 
Also, the valence state of transition elements in ferropericlase is 
important because these elements play a role in properties such 
as electrical conductivity (Dobson and Brodholt 2000), ionic 
diffusion (Mackwell et al. 2005), H solubility (Bolfan-Casanova 
et al. 2003), thermal conductivity through radiative heat transfer 
(Goncharov et al. 2006), and lower mantle oxygen fugacity (Mc-
Cammon et al. 2004).

To better understand the factors controlling the incorporation 
of chromium in mantle materials, we investigated the crystal 

chemistry of Cr in synthetic high-pressure Cr:MgO periclase, 
Cr:(Mg,Fe)O ferropericlase, and Cr:MgSiO3 perovskite using 
X-ray absorption near-edge structure (XANES). We focused on 
pre-edge features, which strongly depend on the valence state 
and coordination number of transition elements (Calas and 
Petiau 1983; Farges et al. 2001; Giuli et al. 2003, 2004; Sutton 
et al. 2005; Westre et al. 1997; Wilke et al. 2001). Additional 
57Fe Mössbauer spectra were performed on the Fe-containing 
samples to examine the relationship between the oxidation state 
of Cr and Fe.

EXPERIMENTAL METHODS
Two starting materials were used for the high-pressure synthesis of Cr-bearing 

periclase: one containing iron, of nominal composition Mg82.5Fe16.0Ni1.0Cr0.5O100, 
and another one without iron, Mg97.5Cr2.5O100, both prepared from mixing oxides 
MgO, Þ red at 1000 °C for 12 h, Fe2O3, NiO, Cr2O3 and metallic Fe and Cr. Iron 
was incorporated in the form of Fe2O3 and Fe in the molar ratio of 1:2.5 to provide 
excess metallic Fe for maintaining low oxygen fugacity. Cr was added in the form of 
Cr2O3 and Cr in the molar ratio 2:1. Divalent chromium should be stable at oxygen 
fugacities below the iron-wüstite buffer (Papike et al. 2005). The high-pressure 
samples were synthesized in a 1000 ton multi-anvil press at the Laboratoire Magmas 
et Volcans, Clermont-Ferrand, France. MgO octahedral pressure cells of 25 and 
14 mm edge length were used for experiments at 4 and 12 GPa, respectively. Dif-
ferent conÞ gurations were adopted depending on the composition of the samples. 
Metallic iron capsules were used inside a LaCrO3 furnace (fO2 slightly below the 
iron-wüstite buffer, since both phases were still present after the experiment), 
and graphite capsules in a Re furnace. Both conÞ gurations are expected to exert 
reducing conditions on the samples (Table 1), but the graphite capsule does not 
contaminate the sample. After the experiment, the iron capsule almost disappeared * E-mail: eeckhout@esrf.fr
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ABSTRACT

Cr K-edge X-ray absorption near-edge structure (XANES) spectra were recorded on Cr:MgO 
periclase and Cr:(Mg,Fe)O ferropericlase synthesized at different pressures (4 and 12 GPa) and tem-
peratures (1200 to 1400 °C) at reducing oxygen fugacity conditions (~iron-wüstite buffer IW to IW 
� 2), and on Cr:MgSiO3 perovskite with 0.5 wt% Cr2O3. 57Fe Mössbauer spectra were collected on the 
Fe-containing samples. The aim of the study was to determine the Cr oxidation state in phases found 
in the Earth�s lower mantle, and to examine the possible relationship with the Fe oxidation state in the 
same materials. To calculate the amount of Cr2+, the intensity of the shoulder at the low-energy side 
of the edge crest was quantiÞ ed using the area of the corresponding peak in the derivative XANES 
spectra (Berry and O�Neill 2004). In Cr:(Mg,Fe)O the relative Cr2+ content reached at most 12.5% but 
results from Mössbauer spectroscopy combined with chemical composition data suggest that some 
Cr2+ oxidized during cooling through the reaction Cr2+ + Fe3+ → Cr3+ + Fe2+. In iron-free Cr:MgO, the 
Cr2+ content is much higher and reaches ~40%. In Cr:MgSiO3 perovskite with 0.006 Cr pfu (similar 
to estimated lower mantle abundance), chromium is mainly divalent.
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