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abstraCt

High-pressure synchrotron Mössbauer (SMS) and X-ray emission (XES) spectroscopic measure-
ments were conducted to investigate the spin and valence states of iron in (Al,Fe)-bearing magnesium 
silicate glass (Mg0.79Fe0.10Al0.10Si0.96O3) up to 126 GPa and 300 K. By analyzing the Fe Kȕ�HPLVVLRQ�
spectra using the integrated relative difference (IRD) method, which accounts for the spectral broadening 
effects, the derived total spin momentum (S) of the iron in the glass shows no observable changes with 
SUHVVXUH�ZLWKLQ�WKH�H[SHULPHQWDO�XQFHUWDLQWLHV��$�WZR�GRXEOHW�¿WWLQJ�PRGHO�UHSUHVHQWLQJ�WZR�GLYHUVH�
local iron atomic environments was used to satisfactorily simulate the high-pressure SMS spectra of 
iron in the glass. The doublet with an averaged quadrupole splitting (QS) value of 1.94(±0.25) mm/s 
and chemical shift (CS) of 1.02(±0.25) mm/s at ambient conditions was assigned to be high-spin Fe2+, 
whereas the second doublet with QS = 0.83(±0.25) mm/s and CS = 0.49(±0.25) mm/s was assigned to 
be high-spin Fe3+. Increasing pressure continuously elevates the QS of Fe2+ from ~2 mm/s at ambient 
pressure to 3.5 mm/s at 126 GPa, while Fe3+ only exhibits a slight increase in the QS to 1.34(±0.25) 
mm/s. Comparing with previous experimental and theoretical studies on the local geometries and hy-
SHU¿QH�SDUDPHWHUV�RI�VLOLFDWH�JODVVHV�DQG�PLQHUDOV��ZH�FRQFOXGH�WKDW�WKH�RFFXUUHQFH�RI�WKH�H[WUHPHO\�
high QS of Fe2+ in our glass above ~40–50 GPa can be associated with the enhanced density and diverse 
distortions and geometries of the local Fe2+ environments. Our combined XES and SMS results show 
that both Fe2+ and Fe3+ ions in Al-bearing silicate remain in the high-spin state, rather than undergoing 
a spin-pairing transition as proposed previously. Assuming that the silicate glass results can be used 
as an analog for understanding silicate melts, our results here indicate that iron ions likely experience 
VLJQL¿FDQW�FKDQJHV�LQ�WKH�ORFDO�HQYLURQPHQWV�\HW�UHPDLQ�RYHUDOO�LQ�WKH�KLJK�VSLQ�VWDWH�LQ�VLOLFDWH�PHOWV�
at the extreme pressure and temperature conditions of the deep mantle.
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introduCtion

Physical and chemical properties of rock-forming silicate 
melts at pressure and temperature (P-T) conditions relevant to 
the Earth’s mantle have attracted extensive research interest in 
the deep-Earth community (Guillot and Sator 2007; Lee 2005, 
2011; Ohtani 1985; Poe et al. 1997; Stixrude and Karki 2005; 
Tonks and Melosh 1993; Wolf and McMillan 1995; Yarger et 
al. 1995). These properties hold the key to our understanding on 
the fractionation of the Earth’s mantle in the early stage of the 
terrestrial planetary evolution (Funamori and Sato 2010; Rig-
den et al. 1984; Stixrude and Karki 2005; Stolper et al. 1981), 
the model of lunar formation from a giant impact that caused 
widespread melting (Cameron and Benz 1991; Stevenson 1987), 
and the formation of the Large Low Shear Velocity Provinces 

(ULVPs) beneath the central Pacific and southern Africa above 
the core-mantle boundary (Wen and Helmberger 1998; Williams 
and Garnero 1996). The presence of partially melted materials 
also has the potential to produce chemically distinct reservoirs 
in the Earth’s mantle, because several incompatible elements, 
including both trace and major elements [e.g., Fe and Pt group 
elements (PGEs)], preferentially partition into the melt relative to 
the surrounding solids (Andrault et al. 2012; Corgne et al. 2005; 
Nomura et al. 2011). It is thus of great interest to deep-Earth 
geophysicists and geochemists to have a comprehensive knowl-
edge of the behavior of silicate melts and their solid-counterpart 
glass analogs at relevant P-T conditions of planetary interiors.

A recent experimental study reported an abrupt increase 
in the partition coefficient of Fe between silicate melts and 
(Mg,Fe)SiO3 perovskite at ~76 GPa (Nomura et al. 2011). 
The authors explained that this sudden change in the partition 
coefficient was caused by the high-spin (HS) to low-spin (LS) 
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