American Mineralogist, Volume 100, pages 2246–2253, 2015

Composition dependence of spin transition in (Mg,Fe)SiO3 bridgmanite
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Abstract
Spin transitions in (Mg,Fe)SiO3 bridgmanite have important implications for the chemistry and
dynamics of Earth’s lower mantle, but have been complex to characterize in experiments. We examine
the spin state of Fe in highly Fe-enriched bridgmanite synthesized from enstatites with measured compositions (Mg0.61Fe0.38Ca0.01)SiO3 and (Mg0.25Fe0.74Ca0.01)SiO3. Bridgmanite was synthesized at 78–88
GPa and 1800–2400 K and X‑ray emission spectra were measured on decompression to 1 bar (both
compositions) and compression to 126 GPa [(Mg0.61Fe0.38Ca0.01)SiO3 only] without additional laser
heating. Observed spectra confirm that Fe in these bridgmanites is dominantly high spin in the lower
mantle. However, the total spin moment begins to decrease at ~50 GPa in the 74% FeSiO3 composition. These results support density functional theory predictions of a lower spin transition pressure in
highly Fe-enriched bridgmanite and potentially explain the high solubility of FeSiO3 in bridgmanite
at pressures corresponding to Earth’s deep lower mantle.
Keywords: Bridgmanite, spin transition, iron-bearing silicates, lower mantle

Introduction
Iron is the Earth’s most abundant transition metal and its
different electronic states have been of great interest for their
possible effects on mantle seismic velocities, rheology, transport
properties, and chemical reactions (Lin et al. 2013). A pressureinduced spin-pairing transition has been identified in (Mg,Fe)O
magnesiowüstite at lower mantle conditions by both experimental and theoretical methods (e.g., Badro et al. 2003; Speziale et
al. 2005; Tsuchiya et al. 2006). The transition increases density,
incompressibility, shear modulus, elastic anisotropy, electrical
conductivity, and iron partitioning into (Mg,Fe)O and decreases
thermal conductivity and bulk sound speed (Lin et al. 2013). Spin
transitions in the dominant phase of the lower mantle, perovskitestructured (Mg,Fe,Al)(Fe,Al,Si)O3, recently named bridgmanite,
potentially have even greater impact on mantle properties. However, incorporation of Fe in bridgmanite is more complex and
identification of spin transition(s) has been ambiguous.
In bridgmanite, ferrous iron (Fe2+) substitutes for Mg in the
larger, pseudo-dodecahedral A site, while ferric iron (Fe3+) can
enter both the Mg-site and the octahedral B site. At ambient
conditions, both species and sites are in the high-spin (unpaired
electrons) state. Pressure-induced spin transitions in bridgmanite
were first identified at 70 and 120 GPa by X‑ray emission spectroscopy (XES) (Badro et al. 2004) and time-domain synchrotron
Mössbauer spectroscopy (T-SMS) (Jackson et al. 2005). These
transitions were suggested to represent changes of high-spin iron
to low spin (all electrons paired) (e.g., Badro et al. 2004; Lin et
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al. 2010a; McCammon et al. 2010), mixed spin (for different Fe
atoms, all or no electrons paired) (e.g., Badro et al. 2004; Catalli
et al. 2010), or intermediate spin (some electrons paired) (Lin et
al. 2008; McCammon et al. 2008). Studies have since reported
a wide range of sharp or gradual transitions in bridgmanite for
different compositions, experimental conditions, and techniques
(Table 1). Changes in the compressibility and electrical conductivity of Fe-bearing bridgmanite at high pressure have also been
linked to these spin transitions (Catalli et al. 2010, 2011; Ohta et
al. 2010; Mao et al. 2011; Boffa Ballaran et al. 2012).
Recent density functional theory (DFT) calculations
(Umemoto et al. 2008; Bengtson et al. 2009; Hsu et al. 2010,
2011; Hsu and Yu 2012) have offered insights important to the
interpretation of experiments on spin transitions in bridgmanite.
Unlike experiments, DFT methods are not limited in accessible
conditions and allow full control of parameters such as the valence state of iron. DFT calculations have determined that both
ferrous and ferric iron in the pseudo-dodecahedral site remain in
the high-spin state throughout the pressure-temperature range of
the Earth’s lower mantle (Hsu et al. 2010, 2011). However, ferric
iron in the B site will undergo a high-to-low spin transition (Hsu
et al. 2011). Theoretical calculations do not support the stability
of an intermediate-spin state (Hsu et al. 2010).
(Mg,Fe)SiO3 bridgmanites were recently synthesized at deep
mantle pressures with as much as 75% FeSiO3, higher than
previous estimates of the maximum solubility of the FeSiO3
component (Tateno et al. 2007; Dorfman et al. 2013). Whether an
increase in Fe-solubility in bridgmanite near 60–70 GPa is related
to spin transitions is unknown. Increasing Fe-content has been
observed to increase the spin transition pressure in (Mg,Fe)O (Fei
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