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Abstract
Valence and spin states of Fe were investigated in a glass of almandine (Fe3Al2Si3O12) composi-

tion to 91 GPa by X-ray emission spectroscopy and energy- and time-domain synchrotron Mössbauer 
spectroscopy in the diamond-anvil cell. Changes in optical properties, total spin moment and Möss-
bauer parameters all occur predominantly between 1 bar and ~30 GPa. Over this pressure range, the 
glass changes from translucent brown to opaque and black. The total spin moment of the glass derived 
from X-ray emission spectroscopy decreases by ~20%. The complementary Mössbauer spectroscopy 
approaches reveal consistent changes in sites corresponding to 80–90% Fe2+ and 10–20% Fe3+. The 
high-spin Fe2+ doublet exhibits a continuous decrease in isomer shift and increase in line width and 
asymmetry. A high-spin Fe3+ doublet with quadrupole splitting of ~1.2 mm/s is replaced by a doublet 
with quadrupole splitting of ~1.9 mm/s, a value higher than all previous measurements of high-spin 
Fe3+ and consistent with low-spin Fe3+. These observations suggest that Fe3+ in the glass undergoes a 
continual transition from a high-spin to a low-spin state between 1 bar and ~30 GPa. Almandine glass 
is not expected to undergo any abrupt transitions in electronic state at deep mantle pressures.
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Introduction
The high-pressure behavior of Fe-rich silicate liquids is key to 

the differentiation of the mantle from a primordial magma ocean 
(Labrosse et al. 2007; Stixrude et al. 2009; Lee et al. 2010) and 
to understanding possible dense melt-rich regions near the core-
mantle boundary (Williams and Garnero 1996). The dynamics of 
melt in the deep mantle is largely controlled by the behavior of 
Fe, Earth’s densest major elemental component. A density cross-
over in the deep mantle, with negatively buoyant Fe-rich silicate 
melt relative to solid mantle silicates, has been suggested based 
on the compressibility of melt (Stixrude et al. 2009; Thomas et 
al. 2012; Muñoz Ramo and Stixrude 2014) and partitioning of Fe 
into the liquid phase (Nomura et al. 2011; Andrault et al. 2012). 
However, detailed characterization of mantle melt is challenging 
due to experimental difficulties at deep mantle pressures. As low-
temperature analogs of melts, silicate glasses have been explored 
in recent high-pressure experiments (e.g., Nomura et al. 2011) 
and computational studies (e.g., Stixrude and Karki 2005). In 

both silicate liquids and glasses a range of coordination environ-
ments may evolve continuously with composition and pressure 
(Stixrude and Karki 2005), but a surprising sharp transition was 
recently reported at ~70 GPa in Fe-bearing melt and glass and 
attributed to an iron spin transition (Nomura et al. 2011).

Spin transitions in crystalline mantle phases and their implica-
tions for seismic properties and chemical partitioning have been 
the focus of much recent study, particularly of ferropericlase 
(Badro et al. 2003) and silicate perovskite (Badro et al. 2004). In 
ferropericlase, a spin transition occurs in sixfold-coordinated Fe2+ 
at pressures between 50 and 90 GPa, depending on Fe content 
(Speziale et al. 2005; Fei et al. 2007). In silicate perovskite (now 
known as bridgmanite), the presence of multiple sites and valence 
states makes characterizing the spin state more complex, but both 
experiments and density functional theory results indicate that a 
spin transition occurs in sixfold-coordinated Fe3+ at 15–50 GPa 
(Catalli et al. 2010; Hsu et al. 2011; Lin et al. 2012). At high 
temperatures relevant to Earth’s mantle, the effects of Maxwell-
Boltzmann statistics and kinetics have been predicted (Sturhahn 
et al. 2005; Tsuchiya et al. 2006; Lin and Tsuchiya 2008) and 
observed (Lin et al. 2007; Kantor et al. 2009) to broaden each of 
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