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Letter

X-ray diffraction and Mössbauer spectroscopy of Fe3+-bearing Mg-silicate post-perovskite 
at 128–138 GPa
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aBStraCt

The effect of ferric iron on the properties of Mg-silicate post-perovskite (PPv) were studied up to 
138 GPa using synchrotron X-ray diffraction and Mössbauer spectroscopy. Our diffraction measure-
ments revealed that the incorporation of Fe3+ has virtually no effect on the volume of PPv, in contrast 
to Fe2+, which increases the volume. Therefore, incorporation of Fe3+ increases the density of PPv much 
more effectively than Fe2+. Mössbauer spectroscopy suggests that Fe3+ enters PPv through charge-
coupled substitution and is high spin in the bipolar prismatic site and low spin in the octahedral site 
(i.e., mixed spin state). Our results may have important implications for the gravitational stability of 
lower-mantle heterogeneities. 
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introduCtion

The D'' region is a seismically distinct layer at the lowest 
200–400 km of the mantle that has been known for decades (Lay 
et al. 1998). Only in recent years was Mg-silicate perovskite 
(Pv), the dominant phase of the lower mantle, found to undergo 
a phase transformation to the so-called post-perovskite (PPv) 
phase at pressures (P) related to the D'' discontinuity (Murakami 
et al. 2004; Oganov and Ono 2004; Shim et al. 2004). Since then, 
many studies have attempted to reconcile the seismic features at 
the lowermost mantle with the properties of the PPv phase.

For example, the anticorrelation between shear and bulk 
sound velocity anomalies has been related to the physical prop-
erties of the PPv phase (Oganov and Ono 2004; Wookey et al. 
2005). However, some seismic studies have indicated that the 
anticorrelation can be observed from a much shallower depth 
than the PPv transition, suggesting that compositional variation 
at the lowermost mantle may still play an important part (Hern-
lund and Houser 2008). Furthermore, the observation of the 
large low shear velocity provinces, which extend to well above 
the expected depth for the PPv transition, with sharp lateral 
boundaries (Ni et al. 2002), appears to be more consistent with 
compositional changes. Therefore, it is important to understand 
compositional effects on the properties of PPv. 

Iron is an important cation in mantle silicates and oxides. 
Recent studies (McCammon 1997; Sinmyo et al. 2006; Jackson 
et al. 2009) have suggested that a significant amount of iron in 
lower mantle silicates can be Fe3+ due to crystal-chemistry effects 
at high P. In addition, Fe3+ concentration appears to increase 
with the presence of Al to Fe3+/ΣFe ≅ 0.6 (McCammon 1997). 
Aluminum is particularly enriched in basaltic materials in the 

lower mantle. Therefore, it is important to understand the effects 
of valence state changes in iron on the physical properties of the 
lower mantle silicates.

Here we report the volume of Fe3+-bearing PPv (hereafter 
Fe3+-PPv) measured within its stability field using synchrotron 
X-ray diffraction (XRD). Our synchrotron Mössbauer spec-
troscopy (SMS) reveals the spin state of Fe3+ in PPv, which is 
important for understanding the physical property changes due 
to the valence state change in iron.

exPerimentaL metHodS
The starting material was a glass synthesized using the containerless laser 

levitation method (Tangeman et al. 2001) in an O2 atmosphere. This material is also 
used for studying the effects of Fe3+ on Pv (Catalli et al. 2009). Electron microprobe 
measurements show that the starting material is consistent with MgSiO3 with 8.5 
mol% of Fe2O3 (95% enriched in 57Fe). 

The glass was ground to a powder and mixed with 10 wt% Au for use as an 
internal pressure standard (Tsuchiya 2003) for the XRD study. For SMS, the sample 
was not mixed with Au, but instead pressure was measured using the first-order 
Raman mode of diamond, the anvil material (Sun et al. 2005). Symmetric type 
diamond-anvil cells (DAC) were used with diamonds with 150 µm beveled culets. 
The sample powder was pressed to a foil of ~10 µm thickness, and loaded into 
a pre-indented Re gasket. Argon was cryogenically loaded into the DAC, acting 
as both an insulating and a pressure medium. A few spacer grains of the starting 
material were used to keep the sample foil from having direct contact with the 
diamond anvils. 

The advanced flat-top, double-sided laser heating system at the GSECARS 
sector of the Advanced Photon Source (APS) was used to heat the sample to 
temperatures up to 3000 K (Prakapenka et al. 2008). The two diode-pumped fiber 
lasers were focused on both sides of the sample in the DAC. The size of the flat-top 
heating spot was about 20–30 µm, comparable to the sample size.

Angle-dispersive XRD was performed at the GSECARS sector using a 
monochromatic X-ray beam with energy of 40 keV, focused to a size of 5 × 5 µm2. 
Diffraction images were collected using a MarCCD detector. A total of 12–23 dif-
fraction lines were used to constrain the volume of PPv using the UnitCell program 
(Holland and Redfern 1997). The volume of Au, constrained by 2-3 diffraction 
lines, was used for calculating pressure using the scale of Tsuchiya (2003). Pressure * E-mail: krystle@mit.edu


