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Effects of composition and pressure on electronic states of iron in bridgmanite
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Abstract
Electronic states of iron in the lower mantle’s dominant mineral, (Mg,Fe,Al)(Fe,Al,Si)O3 bridgmanite,
control physical properties of the mantle including density, elasticity, and electrical and thermal conductivity. However, the determination of electronic states of iron has been controversial, in part due to different
interpretations of Mössbauer spectroscopy results used to identify spin state, valence state, and site occupancy of iron. We applied energy-domain Mössbauer spectroscopy to a set of four bridgmanite samples
spanning a wide range of compositions: 10–50% Fe/total cations, 0–25% Al/total cations, 12–100%
Fe3+/total Fe. Measurements performed in the diamond-anvil cell at pressures up to 76 GPa below and
above the high to low spin transition in Fe3+ provide a Mössbauer reference library for bridgmanite and
demonstrate the effects of pressure and composition on electronic states of iron. Results indicate that
although the spin transition in Fe3+ in the bridgmanite B-site occurs as predicted, it does not strongly affect the observed quadrupole splitting of 1.4 mm/s, and only decreases center shift for this site to 0 mm/s
at ~70 GPa. Thus center shift can easily distinguish Fe3+ from Fe2+ at high pressure, which exhibits two
distinct Mössbauer sites with center shift ~1 mm/s and quadrupole splitting 2.4–3.1 and 3.9 mm/s at
~70 GPa. Correct quantification of Fe3+/total Fe in bridgmanite is required to constrain the effects of
composition and redox states in experimental measurements of seismic properties of bridgmanite. In
Fe-rich, mixed-valence bridgmanite at deep-mantle-relevant pressures, up to ~20% of the Fe may be a
Fe2.5+ charge transfer component, which should enhance electrical and thermal conductivity in Fe-rich
heterogeneities at the base of Earth’s mantle.
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Introduction
Iron-bearing bridgmanite, the most abundant material in the
Earth’s interior, is the dominant mineral responsible for chemical and physical behavior of the lower mantle. Redox of iron in
bridgmanite buffers the mantle and thus has implications for the
formation of the atmosphere and habitability of the planet, storage
and transport of volatiles including water and carbon in the deep
interior, and interpretation of structures and dynamic processes
observed by seismic tomography (e.g., Frost and McCammon
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2008; Gu et al. 2016; Liu et al. 2018). Heterogeneous structures at
the base of the mantle including large low shear velocity provinces
and ultra-low velocity zones have been suggested to be iron-rich
relative to surrounding mantle based on inversion of normal mode
data (Ishii and Tromp 1999), tidal tomography (Lau et al. 2017),
and travel times of seismic waves reflected off the core-mantle
boundary (Rost et al. 2005); identifying these features and their
role in the differentiation and mixing of the mantle depends on
accurate constraints on the physical properties of iron-rich bridgmanite. Because bridgmanite samples from the lower mantle
have not been recovered, redox conditions are inferred based on
remote geophysical observations and experimental and theoretical
modeling of chemistry at extreme pressures and temperatures.
Depth and composition both affect redox states of iron incorporated in the mantle’s dominant phase, but efforts to measure
these changes have been complicated by the crystal chemistry
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