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Kinetics of iron oxidation-reduction in hydrous silicic melts
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ABSTRACT
The kinetics of Fe oxidation-reduction in two hydrous rhyolitic melts, one metaluminous and the
other peralkaline, have been studied at 800 ∞C, 2kb, for melt water contents from ~5 wt% to saturation and fO2 between NNO-2 and NNO + 3 (NNO = nickel-nickel oxide redox buffer). The
metaluminous melt (~1 wt% FeOT) reached redox equilibrium after 10 hours and the peralkaline one
(~3 wt% FeOT) after 3 hours. The kinetics of Fe oxidation and reduction are similar and unaffected
by the presence or absence of a hydrous fluid phase. No redox front is observable in the glass as the
Fe3+/Fe2+ ratio evolves, implying that the Fe redox kinetics in hydrous silicic melts is rate-limited
neither by the diffusion of H2 nor by the mobilities of divalent cations, as observed for anhydrous
basaltic melts. We propose a two-step reaction mechanism that involves: (1) virtually instantaneous
diffusion of H2 in the sample, followed by (2) slower structural/chemical reorganizations around Fe
atoms. The overall redox process involving iron and hydrogen in Fe-poor, H2O-rich melts is thus
reaction-limited and obeys a first-order logarithmic rate law. The relatively slow kinetics of oxidation/reduction explains why melt Fe3+/Fe2+ can be readily quenched in laboratory experiments. Simulation of oxidation of magmas due to H2 exchange with wall rocks is performed using these new
kinetics laws and two DH2 values extracted from the literature. We demonstrate that the metaluminous
composition is not significantly modified whereas the peralkaline composition undergoes important
and fast changes of Fe3+/Fe2+ during short processes such as ascent prior to Plinian-style eruptions.

INTRODUCTION
Because Fe is the most abundant heterovalent component
of terrestrial magmas, the Fe3+/Fe2+ ratio of melts or glasses is
commonly used as a measure of redox conditions or oxygen
fugacity (fO2). To constrain fO2 precisely from glass Fe3+/Fe2+,
numerous experimental studies have characterized the dependence of silicate melt Fe3+/Fe2+ on fO2, melt composition, T, and
P (Sack et al. 1980; Kilinc et al. 1983; Mysen and Virgo 1989;
Kress and Carmichael 1991; Moore et al. 1995; Nikolaev et al.
1996; Baker and Rutherford 1996; Gaillard et al. 2001). The
Fe-redox ratio of erupted lavas is commonly regarded as a window on the redox state of the magma source region (Carmichael
1991). However, the oxidation state of Fe in natural silicate
melts may also reflect the interplay of numerous complex processes such as interaction with C-O-H-S fluids (Brandon and
Draper 1996), change of melt composition, crystallization, and
chemical exchange with host rocks. The ability of these different processes to affect the melt Fe3+/Fe2+ ratio depends on,
among other factors, their kinetics. So, to understand and model
the redox behavior of natural magmas, kinetic constraints on
Fe2+-Fe3+ reaction in silicate melts are required. These kinetic
constraints must involve redox couples and cover conditions
that reflect those of the Earth’s interior.
Currently, experimental studies aimed at characterizing the
kinetics of the Fe-redox equilibrium have been conducted at 1
atm, on H-free melts (Naney and Swanson 1984; Wendlandt
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1991; Cooper et al. 1996; Cook and Cooper 2000). Under these
conditions, the redox half-couples involved are O2/O2– or CO2/
CO, and Fe3+/Fe2+. Cooper et al. (1996) have demonstrated that
Fe2+ oxidation is rate-limited by the mobilities of divalent cations and electron holes. The mobile cations, which include Ca,
Mg, and Fe, migrate from the oxidizing front toward the glassair interface, decreasing locally the cation/oxygen ratio, whereas
a second wave composed of univalent cations (mainly Na)
migrates from the reduced inner part of the sample toward the
oxidizing front. As stressed by Cook and Cooper (2000), because O2– ions are relatively immobile in silicate melts, the fastest reaction path acting to level out redox gradients in dry silicate
melts involves cation diffusion toward the glass-air interface.
The mechanisms described above may apply to the oxidation of Fe-bearing melts at the Earth’s surface where O2 is a
major component. However, in the Earth’s interior, free O2 is
present in negligible amounts. Furthermore, most terrestrial
magmas contain C-O-H-S volatiles phases (Stolper 1982b;
Blank and Brooker 1994), which introduce additional redox
half-couples (H2/H2O, S2–/S6+, CO/CO2; Candela 1986; Baker
and Rutherford 1996; Moore et al. 1995; Gaillard et al. 2001).
Water is by far the most abundant volatile species in magmas
(Johnson et al. 1994), so that the two main redox half-couples
in hydrous silicate melts are H2 /H2O and FeO/Fe2O3. In such
systems, the mobilities of H2 and H2O (or other H-bearing species) and of electron holes are most likely to dominate the kinetics and mechanisms of Fe oxidation-reduction. H2O mobility
has been investigated mostly in low-Fe rhyolitic melts. However, the relationship between H2O diffusion and Fe3+/Fe2+ has
not yet been elucidated (Zhang et al. 1991).
First-order constraints on H2 diffusivity in silicate melts were

