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INTRODUCTION

The greater abundance of Fe in basaltic magmas compared 
to other elements with variable redox states means that the 
equilibrium:

FeO +  1/4O2 = FeO1.5  (1)
melt                 melt

sets the oxygen fugacity (fO2
) of the magma (e.g., Holloway 

1998). To understand how the redox ratios of other components 
and the speciation of volatiles change with temperature, pres-
sure, and magma composition, it is therefore necessary Þ rst to 
know how Equilibrium 1 depends on these variables. There is 
now a large body of experimental work that addresses the ef-
fects of melt composition and temperature on Equilibrium 1 
at atmospheric pressure (e.g., Sack et al. 1980; Kilinc et al. 
1983; Kress and Carmichael 1991; Jayasuriya et al. 2004), but 
the effect of pressure is known mainly from thermodynamic 
calculations. The thermodynamic relationship for reaction 1 in 
the usual notation is:
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The effect of pressure is given by:
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The change in molar volume of the condensed components in 
reaction 1 [i.e., ΔV

�melt(T,P)(1)] has been determined from density 
measurements on multicomponent silicate melts at atmospheric 
pressure (Mo et al. 1982; Lange and Carmichael 1987), with the 
pressure-dependence of the molar volumes (i.e., compressibility) 
being obtained from ultrasonic velocities (Rivers and Carmichael 
1987; Lange and Carmichael 1987; Kress and Carmichael 1991). 
In keeping with the usual convention, we take the standard state 
of components in condensed phases (i.e., here, the melt) to be 
the pure component at the temperature and pressure of interest, 
but for O2, we use the standard state of the pure ideal gas at 1 
bar (105 Pa) and the temperature of interest.

The only direct experimental study quantifying the effect 
of pressure on Fe3+/ΣFe ratios in anhydrous silicate melts of 
which we are aware is that of Gudmundsson and Holloway 
(1990). This paucity of direct measurements is probably due to 
the experimental difÞ culties of controlling fO2

 in high-pressure 
ß uid-absent experiments. The molar volume and compress-
ibility measurements predict that the effect of pressure is quite 
subtle compared to that of fO2

, hence this latter variable must be 
controlled very accurately for meaningful measurements to be 
made. Recently, a way to do this has become apparent: to use 
an internal oxygen buffer of a platinum group element (PGE) 
plus its oxide, such as Ru + RuO2 (O�Neill and Nell 1997). The 
important property of PGE metal/oxide oxygen buffers is that 
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ABSTRACT

The effect of pressure on the Fe3+/ΣFe ratio of an anhydrous andesitic melt was determined from 
0.4 to 3.0 GPa at 1400 °C with oxygen fugacity controlled internally by the Ru + RuO2 buffer. Values 
of Fe3+/ΣFe were determined by Mössbauer spectroscopy on quenched glasses with a precision of 
±0.01, one standard deviation. This precision was veriÞ ed independently by XANES spectroscopy of 
the same samples. The XANES spectra show a systematic increase in energy and decrease in intensity 
of the 1s → 3d transition with increasing pressure. The results to 2.0 GPa are in good agreement with 
predictions from density and compressibility measurements Þ tted to a Murnaghan equation of state, 
but the datum at 3.0 GPa has higher Fe3+/ΣFe than predicted from the trend established by the lower-
pressure data. This might be due to a coordination change in Fe3+ at high pressure; although there is 
no evidence for this in the Mössbauer spectra, such a change could account for the change in intensity 
of the 1s → 3d transition in the XANES spectra with pressure.
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