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Iron Spin Crossover in Silicate Glass: 
Implication for Iron-rich Melt in Earth’s Deep 
Mantle

Spin state of iron strongly affects the partitioning of iron between coexisting phases.  We performed X-ray 
emission spectroscopy measurements on (Mg0.95Fe0.05)SiO3 glass at high pressures and observed a spin collapse 
around 70 GPa.  Insofar as the glass is a good analogue for the liquid state, such a high-spin to low-spin cross-
over of iron may also occur in melt at a similar pressure range.  It indeed explains a drastic change in iron par-
titioning between melt and (Mg,Fe)SiO3 perovskite above ~76 GPa.  As a consequence, melt becomes strongly 
Fe-rich and thus more dense than solid in the deep mantle at >1800-km depth. 
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We have performed X-ray emission spectroscopy 
measurements on (Mg0.95Fe0.05)SiO3 glass at BL12XU, 
SPring-8.1  The spectra were collected at 300 K in a di-
amond-anvil cell (DAC) with increasing pressure from 
8 to 85 GPa (Fig. 1).  At low pressures, the Fe Kβ' sat-
ellite peak was clearly observed at 7,045 eV, showing 
high-spin Fe2+ in the glass sample.  The satellite peak 
diminished weakly at 59 GPa and vanished at 77 GPa.  
This indicates a high-spin to low-spin crossover of fer-
rous iron included in the glass. 

Additionally, melting experiments were per-
formed on (Mg0.89Fe0.11)2SiO4 bulk composition at high 
pressures by using laser-heated DAC techniques.2  
Samples were recovered from the DAC and examined 
with a high-resolution field-emission-type electron 
probe micro-analyzer (FE-EPMA).  The quenched 
melt pocket was surrounded by perovskite, a primary 

mineral in the Earth's lower mantle.  We determined 
the Fe-Mg distribution coefficient KD = ([FePv]/[MgPv]) 
/ ([Femelt]/[Mgmelt]) between perovskite and melt in the 
pressure range from 36 to 159 GPa (Fig. 2).  The ob-
tained KD values were approximately constant at 0.22-
0.29 below 73 GPa.  On the other hand, melt compo-
sition suddenly became Fe-rich and the KD dropped to 
0.07 ± 0.02 at 76 GPa.  It was again almost constant 
at 0.06-0.08 to 159 GPa. 

Insofar as the glass is a good analogue for the 
liquid state, a high-spin to low-spin crossover of iron 
observed in the glass may also occur in melt at a 
similar pressure range, thus providing an explanation 
for the measured jump in Fe-enrichment in partial 
melt.  Indeed, the pressure range of the spin crossover 
observed in our glass matches the pressure where KD 
changed dramatically (Fig. 2). 

Fig. 1: Evolution of X-ray emission spectra of (Mg0.95Fe0.05)SiO3 
glass with increasing pressure. 

Fig. 2: Change in Fe-Mg distribution coefficient between 
perovskite and melt. 
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A strong change in iron partitioning suggests that 
partial melt becomes more dense above 75 GPa, cor-
responding to 1,800-km depth in the Earth's deep 
mantle.  We calculated the density of (Mg,Fe)SiO3 
liquid in equilibrium with (Mg0.92Fe0.08)SiO3 perovskite, 
a typical composition for the Earth's lower mantle, at 
4,000 K as a function of pressure (Fig. 3).  For simplic-
ity, we used KD = 0.25 below 75 GPa and KD = 0.07 at 
higher pressures.  While (Mg,Fe)SiO3 melt is buoyant 
compared to any of the typical lower mantle miner-
als below 75 GPa, it suddenly becomes more dense 
at higher pressures. Seismological studies show the 
presence of ultra-low velocity zone at the base of the 
mantle, suggesting the presence of melt at ~2900-km 
depth.  The present results indicate that such melt is 
gravitationally stable.  Moreover, a stable melt layer 
could be as thick as around 1,000-km in Earth's early 
history. 

Beamline SPring-8 BL12XU
IXS end station
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Fig. 3: Density of (Mg,Fe)SiO3 liquid coexisting with (Mg0.92Fe0.08) 
SiO3 perovskite is calculated at 4,000 K using newly ob-
tained Fe-Mg partitioning data.  Those of (Mg0.86Fe0.14) O 
ferropericlase, Ca-perovskite, and PREM (seismic observa-
tion) are also shown for comparison.
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