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Pressure-induced high spin – low spin transition of 

iron in the lower mantle minerals has been attracting 
many researchers’ interest because the spin transition of 
iron largely affects the mineralogy and dynamics of the 
lower mantle. Among the previous reports on the spin 
transition of iron in the minerals stable in the lower 
mantle, so far most of the reports on ferropericlase 
(Mg,Fe)O demonstrate nearly the same tendency that the 
spin transition of ferrous iron in ferropericlase with 10 - 
20 mole% iron occur at pressures around 50 – 70 GPa 
and the transition pressure increases with the iron content 
[1, 2]. However, the experimental reports of iron in Mg-
perovskite are inconsistent with each other and show a 
large discrepancy from the theoretical reports. We think 
that most of inconsistency in the experimental studies 
originates from the poor qualities (such as coexistence of 
ferrous and ferric irons) or poor characterizations (such as 
ambiguous site occupancies of cations) of the samples 
used for the experiments.  

We performed the spin state measurement of ferric 
iron in Al-bearing Mg-perovskite by X-ray emission 
spectroscopy (XES) at SPring-8, using the well qualified 
samples. We used the samples which contain ferric iron 
because the recent studies indicate that the predominant 
valence state of iron in Mg-perovskite in the lower 
mantle is ferric rather than ferrous (MacCammon, 2005).  

The measured samples with the composition 
Mg0.85Fe3+

0.15Al0.15Si0.85O3 were synthesized from gel of 
the same composition at 27 GPa and 2000 K by a multi-
anvil cell. The XES patterns of the perovskite samples 
were measured at pressures up to 200 GPa, the highest 
pressure ever reported for Mg-perovskite, at room 
temperature (Fig. 1). The observed spin state of ferric 
iron is almost in the high spin state from 0 to ~ 120 GPa, 
and it gradually decreases at higher pressures. However, 
even at 200 GPa, the XES pattern is still intermediate 
between the patterns of high spin and low spin states. 
These XES patterns are well fitted by the linear 
combination of the patterns of high spin and low spin 
states of ferric iron in Fe2O3, indicating the coexistence of 
ferric iron of high spin and low spin states. The gradual 
change of the refined ratios of high spin and low spin 
states with pressure suggests that partial disordering of 
Fe3+ and Al between the A- and B-sites with the different 
spin states of ferric iron occurs by the annealing of the 

samples at high pressure before the XES measurements.  
The present result indicates that the spin state of 

ferric iron in the A-site of Mg-perovskite is in the high 
spin state for the whole lower mantle, while that in the B-
site is in the low spin state from relatively low pressure, 
and the ratio of the low spin state of ferric iron would be 
significant by the disordered distribution of ferric iron 
and Al between the A- and B-sites at high pressure and 
high temperature in the lower mantle. 

 

 
Fig. 1: X-ray emission spectra of ferric iron in Mg-
perovskite at pressures up to 200 GPa and Fe2O3 in the 
low spin state at room temperature. The kβ peaks are 
aligned for comparison. 
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