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absTracT

The electronic spin and valence states of iron in lower-mantle silicate perovskite have been previ-
ously investigated at high pressures using various experimental and theoretical techniques. However, 
experimental results and their interpretation remain highly debated. Here we have studied a well-
characterized silicate perovskite starting sample [(Mg0.9,Fe0.1)SiO3] in a chemically inert Ne pressure 
medium at pressures up to 120 GPa using synchrotron Mössbauer spectra. Analyses of the Mössbauer 
spectra explicitly show a high-spin to low-spin transition of the octahedral-site Fe3+ occurring at ~13–24 
GPa, as evidenced from a significant increase in the hyperfine quadrupole splitting. Two quadrupole 
doublets of the A-site Fe2+, with extremely high-QS values of 4.1 and 3.1 mm/s, occur simultane-
ously with the spin transition of the octahedral-site Fe3+ and continue to develop to 120 GPa. It is 
conceivable that the spin-pairing transition of the octahedral-site Fe3+ causes a volume reduction and 
a change in the local atomic-site configurations that result in a significant increase of the quadrupole 
splitting in the dodecahedral-site Fe2+ at 13–24 GPa. Our results here provide a coherent explanation 
for recent experimental and theoretical results on the spin and valence states of iron in perovskite, 
and assist in comprehending the effects of the spin and valence states of iron on the properties of the 
lower-mantle minerals.
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inTroducTion

Magnesium silicate perovskite (MgSiO3), with 5–10 mol% 
Fe and Al, is the most abundant silicate phase in Earth’s lower 
mantle, existing from 660 km in depth to several hundred kilome-
ters above the core-mantle boundary (Ringwood 1982). The pres-
ence of the transition-metal iron in lower-mantle perovskite can 
affect a broad spectrum of the material’s physical and chemical 
properties; thus, knowing the exact electronic spin and valence 
states of iron in perovskite at relevant pressure-temperature 
conditions is of great interest to deep-Earth research (e.g., see 
reviews by McCammon 1997, 2006; Li 2007; Lin and Tsuchiya 
2008). Previous experimental and theoretical studies suggest 
that iron in perovskite exists in both Fe2+ and Fe3+ states and 
can possibly occupy one of two crystallographic sites, the large 
pseudo-dodecahedral Mg site (the A site) or the small octahedral 
Si site (the B site) (e.g., McCammon 2006; Hsu et al. 2010, 2011). 
Current consensus on the site occupancy is that Fe2+ mainly 
substitutes for Mg in the A site, whereas Fe3+ occupies both the 
B and A sites. The abundance of Fe3+ in the A and B sites appears 
to depend on the Al content of perovskite. Previous studies have 
shown that both Fe2+ and Fe3+ in perovskite exist in the high-spin 
state under ambient conditions (e.g., McCammon 2006).

Recently, electronic spin states of Fe2+ and Fe3+ in silicate 

perovskite have been extensively studied using synchrotron 
Mössbauer spectroscopy (SMS), X-ray emission spectroscopy 
(XES), X-ray absorption near-edge spectroscopy (XANES), 
and by theoretical calculation (e.g., Badro et al. 2004; J. Li et 
al. 2004, 2006; J. Li 2007; Jackson et al. 2005; L. Li et al. 2005; 
Zhang and Oganov 2006; Stackhouse et al. 2007; Bengtson et 
al. 2008, 2009; Lin et al. 2008; McCammon et al. 2008, 2010; 
Grocholski et al. 2009; Narygina et al. 2009, 2010; Caracas et 
al. 2010; Catalli et al. 2010; Hsu et al. 2010, 2011; Umemoto et 
al. 2010). The interpretation of these results has been quite scat-
tered, although there exists a general trend in most Mössbauer 
studies—both experimental and theoretical studies have reported 
dominant spectral features with extremely high-quadrupole 
splitting (QS) values of Fe2+ (as high as ∼4.4 mm/s) at above 
~30 GPa (e.g., Jackson et al. 2005; McCammon et al. 2008; 
Hsu et al. 2010, 2011; Bengtson et al. 2009). Combined with 
previous XES analyses for the total spin momentum of iron in 
perovskite (Badro et al. 2004; Li et al. 2004), the A-site Fe2+ with 
the extremely high QS and relatively high chemical shift (CS) 
has been interpreted as an occurrence of the intermediate-spin 
Fe2+ with a total spin momentum of one (S = 1) (McCammon 
et al. 2008, 2010; Narygina et al. 2010). That is, a high-spin to 
intermediate-spin crossover occurs in perovskite at around 30 
GPa, and the intermediate-spin Fe2+ is predominant in lower-
mantle perovskite. The extremely high-QS values of Fe2+ have * E-mail: afu@jsg.utexas.edu


