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Abstract
Using large volume press, samples of bridgmanites (Bg) in equilibrium with both silicate melt and 

liquid Fe-alloy were synthesized to replicate the early period of core-mantle segregation and magma 
ocean crystallization. We observe that the Fe partition coefficient between Bg and silicate melt (DFe

Bg/melt) 
varies strongly with the degree of partial melting (F). It is close to 1 at very low F and adopts a con-
stant value of ~0.3 for F values above 10 wt%. In the context of a partially molten mantle, a larger 
F (closer to liquidus) should yield Fe-depleted Bg grains floating in the liquid mantle. In contrast, a 
low F (closer to solidus) should yield buoyant pockets of silicate melt in the dominantly solid mantle. 

We also determined the valence state of Fe in these Bg phases using X-ray absorption near-edge 
spectroscopy (XANES). Combining our results with all available data sets, we show a redox state of 
Fe in Bg more complex than generally accepted. Under the reducing oxygen fugacities (fO2) of this 
study ranging from IW-1.5 and IW-2, the measured Fe3+ content of Bg is found moderate (Fe3+/SFe 
= 21 ± 4%) and weakly correlated with Al content. When fO2 is comprised between IW-1 and IW, 
this ratio is correlated with both Al content and oxygen fugacity. When fO2 remains between IW and 
Re/ReO2 buffers, Fe3+/SFe ratio becomes independent of fO2 and exclusively correlated with Al content. 

Due to the incompatibility of Fe in Bg and the variability of its partition coefficient with the degree 
of melting, fractional crystallization of the magma ocean can lead to important chemical heterogeneities 
that will be attenuated ultimately with mantle stirring. In addition, the relatively low-Fe3+ contents found 
in Bg (21%) at the reducing conditions (IW-2) prevailing during core segregation seem contradictory 
with the 50% previously suggested for the actual Earth’s lower mantle. This suggests the presence of 
1.7 wt% Fe3+ in the lower mantle, which reduces the difference with the value observed in the upper 
mantle (0.3 wt%). Reaching higher concentrations of trivalent Fe requires additional oxidation pro-
cesses such as the late arrival of relatively oxidized material during the Earth accretion or interaction 
with oxidized subducting slabs.
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Introduction
During the process of Earth accretion, as soon as the Earth 

achieved about 30% of its present-day mass, the floor of the 
magma ocean reached a pressure sufficient to enter the stability 
domain of bridgmanite [Al-bearing (Mg,Fe)SiO3 with perovskite-
type structure, Bg]. As Bg represents 80% of the mass of the 
lower mantle, the phase relations between Bg and melt are key 
parameters in understanding the early, as well as the actual, 
mantle dynamics. As a matter of fact, two recent studies report 
contradictory results on the partitioning of Fe between Bg and 
melt at very high pressures, leading to an open controversy about 
the buoyancy of silicate melts potentially present today in the 
D″-layer sitting just above the core-mantle boundary (Andrault 
et al. 2012; Nomura et al. 2011). Concerning the early period 
when the Earth was partially molten, it is also unclear how 

bridgmanite has controlled the redox conditions during magma 
ocean crystallization.

It has been proposed that Al-bearing silicate Bg displays a 
major ability to incorporate Fe3+ even under reducing conditions 
(Lauterbach et al. 2000; McCammon 1997). Because point 
defects can have strong effects on the physical and chemical 
properties, such as electrical conductivity (Xu et al. 1998), trace 
element partitioning (Jackson et al. 2014; Liebske et al. 2005; 
Walter et al. 2004), and compressibility (Andrault et al. 2007), 
several studies have investigated the mechanism of Fe3+ incor-
poration in Bg. The predominant mechanism of Fe3+ insertion in 
Al-(Mg,Fe)SiO3 is the coupled substitution of Al for Mg and Si 
in their respective dodecahedral and octahedral sites (Andrault 
et al. 2007; Frost and Langenhorst 2002; Lauterbach et al. 2000).

Both the Al content and the Fe/(Fe+Mg) molar ratio of bridg-
manite have been previously reported to enhance the solubility 
of Fe3+ in Bg (Frost and Langenhorst 2002; Lauterbach et al. 
2000). On the other hand, the fact that Fe3+ content in Al-bearing 
bridgmanite was found to be independent on capsule material 
(Re or Fe; i.e., more oxidizing or reducing conditions) suggests 

American Mineralogist, Volume 101, pages 1560–1570, 2016

0003-004X/16/0007–1560$05.00/DOI: http://dx.doi.org/10.2138/am-2016-5561      1560 

* Present address: NASA Johnson Space Center, 2101 NASA Parkway, Houston, 
Texas 77058, U.S.A. E-mail: asmaa.boujibar@nasa.gov
Special collection papers can be found online at http://www.minsocam.org/MSA/
AmMin/special-collections.html.




