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INTRODUCTION

The possibility of spin-pairing of Fe2+ in the lower mantle has 
been discussed for decades (e.g., Ohnishi 1978; Burns 1991). 
Spin-pairing, i.e., the transition from a high-spin state to a low-
spin state could be important essentially for three reasons: (1) 
it considerably reduces the ionic radius of Fe2+, which could 
lead to a major density change; (2) the change in ionic radius 
and electron conÞ guration could affect the partitioning of Fe; 
and (3) changes in the optical absorption spectra could affect 
the radiative thermal conductivity in the Earthʼs mantle. Badro 
et al. (2003) have recently reported evidence for spin-pairing in 
ferropericlase between 60 and 70 GPa based on X-ray emission 
spectra. Kantor et al. (2006) found evidence for spin-pairing 
in Mössbauer experiments under similar conditions, but with 
a wider range of pressures required for the completion of the 
transition. Spin-pairing occurs in the outer d-subshell of an 
atom and accordingly, both X-ray emission spectroscopy and 
Mössbauer spectroscopy probe this effect only indirectly, as they 
are based on processes occurring in the inner electronic shell 
or the nucleus of an atom. Optical spectroscopy, on the other 
hand, offers a much more direct access to spin transitions, as it 
directly probes the energy separation of the d-orbitals involved 
in the transition. Moreover, optical spectroscopy provides a 
direct measure of radiative thermal conductivity. Since the 
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ABSTRACT

Optical and near infrared absorption spectra of ferropericlase Mg0.88Fe0.12O have been measured 
to 84 GPa. Under ambient conditions, the spectrum shows two crystal Þ eld bands of high-spin Fe2+ at 
8922 and 12 533 cm�1, which shift to higher frequencies with increasing pressure (dν/dP = 50.7 and 
85.5 cm�1/GPa). Simultaneously, the intensity of the high-frequency band continuously decreases until 
it vanishes around 40 GPa, suggesting a quenching of the Jahn-Teller effect. Between 51 and 60 GPa, 
the absorption spectrum changes drastically. Two new bands appear at 60 GPa at 9728 and 14 592 
cm�1 with frequency shifts at higher pressures of dν/dP = 23.8 and 21.0 cm�1/GPa, respectively. If 
the change in optical spectra between 51 and 60 GPa were interpreted as being due to spin-pairing, 
the crystal Þ eld parameters of low-spin Fe2+ at 60 GPa would be ∆ = 10 546 cm�1 and B = 377 cm�1. 
This would imply that the main cause of spin-pairing is not the increase in crystal Þ eld splitting ∆, 
but the stronger covalency of the Fe-O bond as seen in the reduction of the Racah parameter B. Even 
at 84 GPa, ferropericlase is by no means opaque. In particular, the inferred spin-pairing transition 
between 51 and 60 GPa reduces radiative thermal conductivity only by about 15%. Spin-pairing in 
ferropericlase is therefore unlikely to have major consequences for the temperature distribution or the 
mode of convection in the lower mantle. The absorption edge of the high-pressure phase appears to be 
deeper in the UV than for the low-pressure phase, which could imply a reduced electrical (polaron) 
conductivity. 

Keywords: Ferropericlase, spin-pairing, low-spin, iron, optical spectra, radiative conductivity, 
crystal Þ eld splitting, Racah parameter, Jahn-Teller effect

work of Mao and Bell (1972), it has almost universally been 
assumed that all Fe-bearing minerals become opaque at high 
pressures due to an intensiÞ cation and red-shift of charge-transfer 
bands. This would imply that radiative thermal conductivity in 
the deeper mantle is negligible. However, Keppler and Smyth 
(2005) demonstrated that ringwoodite remains quite transparent 
to more than 20 GPa. 

Shankland (1968) and Shankland et al. (1974) studied the 
optical absorption spectra of ferropericlase to about 4 GPa. 
Recently, Goncharov et al. (2006) reported some optical absorp-
tion spectra of ferropericlase to 74 GPa and they assigned some 
features in the high-pressure spectra to low-spin Fe2+. Moreover, 
they concluded that spin-pairing could have a major effect on 
the radiative thermal conductivity of the lower mantle. However, 
the samples studied by Goncharov et al. were prepared at atmo-
spheric pressure. Pressure has a major effect on the defect equi-
libria in ferropericlase (Bolfan-Casanova et al. 2002). Samples 
annealed under the same oxygen fugacity become poorer in Fe3+ 
at higher pressures. Even traces of Fe3+ have a drastic effect on 
optical absorption, as they cause intense Fe2+-Fe3+ intervalence 
charge transfer bands (Burns 1993). Therefore, the effect of 
annealing ferropericlase at high pressure can often be observed 
with the naked eye as a color change from dark brown to light 
green. In this paper, we report the optical absorption spectra of 
ferropericlase samples annealed at high pressure under reduc-
ing conditions. The defect equilibria and therefore the optical 
absorption spectra of these samples are probably more realistic 


