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abstract

The effect of iron on the post-perovskite phase transition has been controversial. We have performed 
direct chemical analyses of co-existing perovskite and post-perovskite that were synthesized from an 
(Mg0.91Fe0.09)SiO3 bulk composition using a laser-heated diamond anvil cell at pressures above 100 
GPa and temperatures of 1700–1800 K. Analysis on quenched samples was carried out using the 
transmission electron microscope (TEM). The results demonstrate that crystalline perovskite grains are 
enriched in iron compared to adjacent amorphous parts presumably converted from post-perovskite. 
This indicates that ferrous iron stabilizes perovskite to higher pressures. The ferrous and ferric irons 
are likely to have competing effects on the post-perovskite phase transition, and therefore the effect 
of iron may be controlled by aluminum. 
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iNtroductioN

The recent discovery of MgSiO3 perovskite to post-perovskite 
(CaIrO3-type) phase transition (e.g., Murakami et al. 2004; 
Oganov and Ono 2004) has profound implications for the nature 
and dynamics in the core-mantle boundary region (e.g., Hirose 
2006; Lay and Garnero 2007). Strong chemical heterogeneities 
are likely to exist in this boundary layer, possibly caused by the 
accumulation of subducted slabs, partial melting in the ultra-low 
velocity zone, and metal-silicate chemical reactions. It is there-
fore important to determine the compositional effects on the post-
perovskite phase transition. Both experiment and theory show 
that aluminum stabilizes perovskite relative to post-perovskite 
(e.g., Tateno et al. 2005; Caracas and Cohen 2005). In contrast, 
the effect of iron remains unsettled. 

X-ray diffraction (XRD) measurements by Mao et al. (2004) 
demonstrated that the post-perovskite phase transition occurred 
in (Mg,Fe)SiO3 at pressures much lower than in pure MgSiO3 
determined earlier by Murakami et al. (2004). This led to the 
conclusion that iron considerably expanded the stability of 
post-perovskite to lower pressures. Subsequent TEM studies by 
Kobayashi et al. (2005) and Auzende et al. (2008) also showed 
that the Fe/Mg distribution coefficient between post-perovskite 
and ferropericlase is higher than that between perovskite and fer-
ropericlase, KD (PPv/Fp) > KD (Pv/Fp), consistent with the XRD 
studies by Mao et al. (2004). This is supported by theory as well 
(Caracas and Cohen 2005; Ono and Oganov 2005; Stackhouse et 

al. 2006). These calculations show that post-perovskite structure 
is stable with respect to perovskite in FeSiO3 end-member at all 
pressures in Earth’s mantle. Contrary to these experimental and 
theoretical studies, the TEM analyses by Murakami et al. (2005) 
reported that post-perovskite was depleted in iron compared to 
perovskite in natural pyrolite. A recent XRD study by Tateno et al. 
(2007) also demonstrated that (Mg,Fe)SiO3 perovskite can incor-
porate more than 75% FeSiO3 component at deep lower mantle 
conditions and that iron expands the pressure-temperature (P-T) 
stability of perovskite relative to post-perovskite, in agreement 
with the result of Murakami et al. (2005). Thus, there remains 
important unresolved questions about the behavior of iron in 
(Mg,Fe)SiO3 perovskite and post-perovskite and its effect on 
the phase transition. 

Here we performed direct chemical analyses of perovskite 
and post-perovskite that co-existed in an (Mg0.91Fe0.09)SiO3 bulk 
composition under the TEM. The results demonstrate that per-
ovskite grains include higher amounts of iron than surrounding 
post-perovskite. This clearly indicates that ferrous iron expands 
the stability of perovskite to higher pressures, while ferric iron 
may have the opposite effect. 

experimeNtaL metHods
The sample was synthesized at high P-T using a laser-heated diamond-anvil 

cell (DAC) by Shieh et al. (2006). The (Mg1.80Fe0.18Al0.01Ca0.01)Si2O6 natural orthopy-
roxene starting material was directly compressed to 106 GPa in an Ar pressure 
medium and subsequently heated by a Nd:YLF laser to ~1700–1880 K for a total 
of 90 min. Platinum was mixed with the sample as a pressure calibrant using the 
equation of state of Holmes et al. (1989). The size of the hot spot was about 20 
µm in diameter. The XRD measurements of this specific sample were reported 
by Shieh et al. (2006), and demonstrated the co-existence of perovskite and post-* E-mail: kei@geo.titech.ac.jp


