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INTRODUCTION

The temperature distribution inside the Earthʼs mantle de-
pends on the rate of heat transfer by convection and conduction. 
The bulk thermal conductivity of a material is the sum of lattice 
conductivity and radiative conductivity (Clark 1957; Schatz and 
Simmons 1972; Gibert et al. 2003). Radiative conductivity is 
due to heat transport by emission and absorption of photons. 
It therefore depends on the absorptivity of the sample in the 
infrared and optical region, and in the simplest approximation, 
it is inversely proportional to the average absorption coefÞ cient 
α. If α were constant, the radiative thermal conductivity should 
increase with the third power of temperature, and therefore, ra-
diative conduction should dominate heat transfer in the mantle. 
However, earlier experimental work suggested that most ferro-
magnesian mantle minerals become opaque in the near infrared 
and visible range at high pressure, due to an intensiÞ cation 
and red shift of Fe2+ → Fe3+ charge transfer bands (Mao and 
Bell 1972; Mao 1976). Accordingly, it is widely believed that 
radiative heat transfer is relatively unimportant in the mantle. 
Only recently, there has been a renewed interest in the radiative 
contribution to the bulk heat ß ux in the mantle (Dubuffet et al. 
2002; Hofmeister 2004). 

Direct measurements of radiative conductivity are difÞ cult be-
cause, among other things, they require relatively large samples 
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ABSTRACT

 High pressure optical and near infrared spectra of a single crystal of ringwoodite with composi-
tion (Mg0.90Fe0.10)2SiO4 were measured to 21.5 GPa. The spectrum at ambient pressure shows a strong 
band at 12 265 cm�1 with two shoulders at 8678 cm�1 and 17 482 cm�1. The bands at 12 265 cm�1 and 
at 8678 cm�1 are due to spin�allowed crystal Þ eld transitions of octahedral Fe2+, while the band at 17 
482 cm�1 is most likely due to Fe2+ → Fe3+ charge transfer. The absorption edge due to ligand-to-metal 
charge transfer occurs close to 30 000 cm�1. With increasing pressure, both the crystal Þ eld and the 
charge transfer bands shift to higher frequencies. Whereas this is expected for the crystal Þ eld bands, 
this blue shift is surprising for an intervalence charge transfer band. Moreover, neither the crystal 
Þ eld nor the charge transfer bands broaden or intensify signiÞ cantly with pressure. These results have 
major implications for radiative heat transfer in the Earthʼs mantle. It has commonly been assumed 
that radiative heat transfer is blocked in the mantle, because it was believed that the red shift and the 
increased intensity of charge transfer bands with pressure would effectively make mantle minerals 
opaque throughout the near infrared and visible range. Our results demonstrate that this effect does 
not occur for ringwoodite with a Mg/Fe ratio realistic for the Earthʼs mantle. Quite to the contrary, 
the mean free path of photons in ringwoodite actually increases with pressure, because the absorption 
bands move away from the maximum of the blackbody radiation.  

and nearly isothermal conditions during the measurement (Gibert 
et al. 2003). Accordingly, no direct measurements of the radia-
tive conductivity are available for most high-pressure phases, 
while for example the lattice part of the thermal conductivity of 
wadsleyite and ringwoodite has recently been measured (Xu et al. 
2004). Radiative conductivity can, however, be calculated from 
infrared and optical absorption spectra. In this paper, we report 
the infrared and optical absorption spectra of ringwoodite to 21.5 
GPa and discuss the consequences for radiative conductivity of 
the transition zone. 

EXPERIMENTAL METHODS

Sample
A sample of synthetic ringwoodite of composition (Mg0.90Fe0.10)2SiO4 synthe-

sized at 1400 ûC and 19 GPa was used for all measurements. The sample is part of 
the charge SZ0107 described by Smyth et al. (2003). The estimated ratio of Fe3+/ΣFe 
is about 10 percent. The sample contains 0.85 wt% H2O. A doubly polished slab 
with a thickness of 24 µm was prepared from an optically clear and deeply blue 
colored grain of ringwoodite. 

Infrared and optical absorption measurements at 1 bar
All spectroscopic measurements were carried out using a Bruker IFS 125 

Fourier transform infrared spectrometer together with an all-reß ecting microscope 
(Bruker IR scope I). The spot size on the sample was limited to a diameter of 50 to 
60 µm by an aperture in the rear focal plane of the 15-fold Cassegranian objective. 
Measurements were carried out from 1000 to 9000 cm�1 using a tungsten source, 
a Si-coated CaF2 beam splitter and a narrow-band MCT detector; from 8500 to 25 
000 cm�1 using the same tungsten light source, but with a quartz beam splitter with 
dielectric coating and a Si diode detector; and from 18 000 to 30 000 cm�1 using 
a xenon arc lamp, an Al-coated quartz beam splitter and a GaP diode detector. In * E-mail: Hans.Keppler@Uni-Bayreuth.de


