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ABSTRACT

The absorption of light by Fe/Ti and Fe/Fe intervalence charge transfer (IVCT) bands has previously
been found in aluminum oxide and Al2SiO5 aluminosilicate minerals to decrease markedly at elevated
temperatures. Given the abundance of iron at depth in the Earth, assessing the generality with which and
extent to which IVCT mineral phases become more optically transparent at temperatures than they are
under ambient conditions has potentially significant implications for the modeling of mantle geophys-
ical processes such as radiative conductivity.

A broad experimental survey of the optical absorption spectra at elevated temperatures of various
mixed-valence iron minerals has been conducted. The minerals considered here are cordierite, chlor-
itoid, lazulite, dumortierite, jeremejevite, beryl, osumilite, biotite (mica), pargasite (amphibole), and
aegirine (pyroxene). All samples transiently lose significant Fe/Fe IVCT feature intensity at elevated
temperatures. In beryl, osumilite, biotite, pargasite, and aegirine, spin-allowed Fe2� d-d features also
decrease in integral intensity at higher temperatures; in all but beryl, the intensity loss is significant. This
trend is consistent with d-d band enhancement via Fe2�/Fe3� exchange coupling, which has not pre-
viously been identified in the majority of theseminerals. It is contrasted against the behavior of ordinary
spin-allowed Fe2� d-d bands in non-IVCT minerals forsterite (olivine) and elbaite (tourmaline). The
depletion of Fe/Fe IVCT and enhanced Fe2� d-d band intensity at elevated temperatures may both be
important mechanisms by which iron-bearing mineral phases become more optically transparent under
conditions at depth.
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INTRODUCTION

Recently, Evans and Rossman (2024) examined the high-
temperature behavior of Fe2�/Ti4� and Fe2�/Fe3� intervalence
charge transfer (IVCT) bands in the optical absorption spectra of
corundum and Al2SiO5 polymorphs. Under inert gas conditions
up to 1000 °C, these bands dramatically decrease in intensity
with heating and show near-complete recovery on cooling in
thermally equilibrated samples. This effect can be sizable:
though the Fe/Fe IVCT band is prominent in the room-tempera-
ture spectra of Fe/Fe IVCT-dominant corundum samples, at
higher temperatures it vanishes almost completely. If Fe/Fe
IVCT minerals in general become significantly more optically
transparent at elevated temperatures, given the abundance of
iron at depth, that could potentially have implications for mantle
geophysical processes like radiative conductivity.

In the optical absorption spectra of iron-bearing minerals,
which in nature often contain both ferrous (Fe2�) and ferric
(Fe3�) iron, the primary features centered in the visible and
near-infrared (NIR) wavelength regions are usually Fe/Fe IVCT,
Fe2� d-d, and Fe3� d-d bands (Burns 1993). Crystal field transi-
tions of relatively isolated iron atoms produce ordinary d-d
bands; exchange coupling between iron atoms in adjacent cation

sites can intensify d-d transitions, producing enhanced d-d
bands. Though various d-d bands of Fe2� and Fe3� can be
enhanced through such a mechanism (e.g., Ferguson and Field-
ing 1971, 1972;Mattson and Rossman 1987a; Taran et al. 2005),
this paper only discusses the enhancement of spin-allowed Fe2�

d-d transitions in Fe2�/Fe3� exchange-coupled pairs (ECPs); for
ease of discussion, the corresponding absorption features will be
referred to as enhanced Fe2� d-d bands.

Intuitively, one can consider ordinary Fe2� d-d, enhanced
Fe2� d-d, and Fe/Fe IVCT bands to form a progression from
a process where an electron remains localized on Fe2� to one
where it is hopping transiently from Fe2� to Fe3� in adjacent
cation sites. However, intermediate states exist. For instance,
an IVCT transition may have some mixed d-d character to it;
as Evans and Rossman (2024) noted, this could be the case
for corundum’s Fe/Fe IVCT band. These authors observe
commonalities between the behavior of this feature at elevated
temperatures and the thermal trends described by Taran et al.
(1996) for enhanced Fe2� d-d bands.

Previously, Taran and Langer (1998) and Taran et al. (1996)
surveyed the behavior of IVCT and enhanced Fe2� d-d bands,
respectively, across several minerals. Both types of bands were
observed to decrease in intensity at low to moderate heating
temperatures: the former persistently; the latter up to a certain
temperature threshold where their intensities are restored to
approximately those of ordinary Fe2� d-d bands. Above that
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