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AbstrAct

The oxidation state of Fe in hydrous ultrapotassic (phono-tephritic) melts coexisting with mixed 
H2O-CO2 fluids was studied experimentally at 1200 and 1250 °C and pressures from 50 to 500 MPa. 
The oxygen fugacity (fO2) varied from NNO–2.9 to NNO+2.6 in log fO2, relative to the Ni-NiO oxygen 
buffer (NNO), as imposed by external redox conditions in experimental vessels and internal varia-
tions in water activity from 0.05 to 1 inside the capsules. The Fe redox state of the quenched melts 
was determined by colorimetric wet-chemical analysis. This analytical method was optimized to 
measure the Fe2+/ΣFe ratio of milligram-sized samples within ±0.03 (2σ). The accuracy and precision 
was tested with international reference materials and with standards analyzed by other methods. The 
Fe2+/ΣFe ratio of the experimental glasses covered a range of 0.41 to 0.85. A small negative effect 
of dissolved water on Fe2+/ΣFe at given fO2 was found, consistent with the thermodynamic model of 
Moretti (2005). No effect of pressure and temperature on the redox state of Fe was resolvable in the 
investigated P-T range. Compared to hydrous ferrobasaltic melts that were studied previously under 
similar conditions, systematically lower Fe2+/ΣFe ratios were found for the phono-tephritic melts, in 
particular at low oxygen fugacities. This effect is attributed to the much higher K2O contents of the 
phono-tephrite (7.5 compared to 0.3 wt%), but the difference in FeOT (7.8 wt% in the phono-tephrite 
and 12.9 wt% in the ferrobasalt) may have an influence as well. Comparison of the experimentally 
obtained relationship between log fO2 and Fe3+/Fe2+ for the studied hydrous ultrapotassic melts with 
commonly used empirical and thermodynamic models suggest that these models can be successfully 
applied to phono-tephritc melts, although such compositions were not implemented in the model 
calibrations. Furthermore, the new data can be used to improve the models with respect to the effects 
of compositional variables, such as H2O or K2O, on the redox state of Fe in silicate melts. 
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introduction

The oxidation state of Fe varies widely in natural magmas 
(e.g., Carmichael 1991) and influences their physical and chemi-
cal properties as well as the phase equilibria for Fe-bearing min-
erals. The redox state of Fe in the melt is related to the oxygen 
fugacity via the reaction Fe2+Omelt + ¼O2 gas = Fe3+O1.5 melt and 
the equilibrium constant of the reaction can be expressed as 
K = aFe3+O1.5/[aFe2+O·(aO2)1/4] where a denotes the activity of the 
respective components in the melt. K depends on temperature, 
pressure, and melt composition. Knowledge of the Fe redox state 
in magmas is a pre-requisite for understanding the physical and 
chemical properties of magmas, for constraining source regions 
of magmas and their redox states, and for evaluating the processes 
occurring during magma genesis and evolution. Specifically, the 

redox state of Fe has influence on the stability of Fe-bearing 
minerals that may crystallize during magma evolution, and hence, 
control the Fe content of the residual melt, and the stability and 
composition of major silicate phases (e.g., Pichavant et al. 2002). 
Furthermore, the structural incorporation of Fe2O3 and FeO in 
silicate melts may affect the viscosity of a magma (e.g., Liebske 
et al. 2003; Vetere et al. 2006), which has a strong influence on 
the dynamics of volcanic eruptions. In particular, interaction 
between various species of different elements may influence 
the partitioning of volatile elements between silicate melts and 
coexisting gas phases, which strongly affects the degassing be-
havior of ascending magmas (e.g., Moretti and Ottonello 2003; 
Moretti and Papale 2004; Burgisser and Scaillet 2007).

Several empirical relations have been proposed to quantify 
the effect of various parameters on the Fe-redox state in silicate 
melts and to predict the prevailing oxygen fugacity in a magmatic 
system from Fe-redox ratios of quenched melts (e.g., Sack et al. 
1980; Kilinc et al. 1983; Kress and Carmichael 1988, 1991; My-
sen 1988; Borisov and Shapkin 1989; Nikolaev et al. 1996; Jaya-
suriya et al. 2004). The early empirical models were calibrated 
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