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INTRODUCTION

In magmatic systems, Fe is the most abundant transition 
element. Due to its heterovalent nature and the different crystal-
chemical behavior of the reduced and oxidized species, Fe affects 
a wide number of physical and chemical properties of magmas, 
such as density, viscosity, stability of phases, and nucleation dur-
ing crystallization (e.g., Dingwell and Brearley 1988; Dingwell 
1989; Lange and Carmichael 1990; Toplis and Carroll 1995; 
Liebske et al. 2003; Liu and Lange 2006). Particularly, the vis-
cosity of Fe-bearing silicate melts decreases considerably with 
decreasing Fe3+-content of the melt (e.g., Dingwell and Virgo 
1987; Dingwell 1989, 1991; Liebske et al. 2003; Bouhifd et al. 
2004), which provides clear but indirect evidence for differ-
ences in the structural role of Fe3+ and Fe2+. Many studies have 
addressed the structural role of Fe in melts using glasses as a 
structural analog (e.g., Calas and Petiau 1983; Virgo and Mysen 
1985; Alberto et al. 1996; Mysen et al. 1985; Hannoyer et al. 
1992; Rossano et al. 1999, 2000; Burkhard 2000; Galoisy et al. 
2001; Giuli et al. 2002). The structural role of Fe3+ in silicate 
melts is considered to be similar to that of Al. Thus, in most 
cases, Fe3+ was assigned to tetrahedral site geometry, although 
evidence for higher coordination was also found, especially 

at low Fe3+ contents (e.g., Hannoyer et al. 1992; Farges et al. 
2004). Very recently, results of an investigation on the partial 
molar volume of Fe2O3 in alkali-silicate melts were taken as an 
argument for Þ vefold-coordinated Fe3+ (Liu and Lange 2006). 
On the other hand, Fe2+ is distributed over sixfold-, Þ vefold-, 
and fourfold-coordinated sites in silicate glasses, with the last 
two dominating (e.g., Rossano et al. 2000). The observation of 
fourfold (i.e., tetrahedral) Fe2+ has been taken as evidence for a 
network-forming role of Fe2+ (Waychunas et al. 1988; Jackson 
et al. 1993). However, a network-forming behavior of Fe2+ is in 
conß ict with viscosity data. In addition, the network-modifying 
role of Fe2+ via redox-dependent changes in the polymerization 
of the samples was clearly shown using Raman spectroscopy 
(Wang et al. 1993).

Based on heat capacity and conÞ gurational entropy arguments 
(e.g., Richet and Bottinga 1995), the structure of melts close to 
the temperature of glass transformation (Tg) is usually considered 
to be relatively close to the one at higher temperature. Thus, the 
structure of the glass, which is frozen-in at the transformation, 
is considered to represent the one found in the melt. However, 
there is evidence for structural changes close to Tg around transi-
tion elements even at high quench rates (Waychunas et al. 1988; 
Jackson et al. 1993 for Fe2+; Farges et al. 1994 for Ni). Farges 
and Brown (1996) summarized these observations by correlating * E-mail: max@geo.uni-potsdam.de
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ABSTRACT

In-situ X-ray absorption spectroscopy at the Fe K-edge was used to characterize the local structural 
environment of Fe2+ and Fe3+ in silicate melts at high temperature (up to 1050 °C) in comparison to their 
quenched glassy analog at room temperature. Measurements were performed on binary alkali-silicate 
compositions and on haplogranitic compositions, which were doped with about 5 wt% Fe2O3. Changes 
in the structural environment of Fe were evaluated by analyzing both the pre-edge feature and the Þ rst 
maximum of the EXAFS of the spectra. In most cases, the spectra collected at high temperature differed 
from those of the quenched samples. At reducing conditions, the melts showed slightly higher amounts 
of low-coordinated Fe2+ than their glassy counterparts. This Þ nding is consistent with results of earlier 
studies (e.g., Jackson et al. 1993), but the observed change in speciation is smaller than reported by 
these authors. At oxidizing conditions, glasses and melts displayed a more heterogeneous behavior. 
The spectra of alkali-silicate compositions indicate higher amounts of low-coordinated Fe3+ in the 
melt, whereas no signiÞ cant difference between melt and glass was observed for Fe3+ in haplogranitic 
compositions, even if the latter are peralkaline. The amount of non-bridging O atoms in the glass/melt 
system appears to play an important role particularly for Fe3+. However, more complex relationships 
between Fe and other structural components, especially Al, are possible.
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