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DETERMINING THE OXYGEN FUGACITY OF EXPERIMENTAL 
CHARGES: DON'T BELIEVE EVERYTHING YOU CALCULATE Valerie J. 
Hillgren, Johnson Space Center, Mail Code SN-4, Houston, TX 77058. 

Oxygen fugacity CfOz) is an important variable in many geochemical and petrological 
experiments, particularly metal-silicate partitioning experiments. However, it is often not possible 
to directly measure t h e n 2  during an experiment. In these cases, the oxygen fugacity is calculated 
after the fact based on a calibration of the iron-wiistite buffer and the composition of the run 
products. The calculation involves several assumptions, and the purpose of this work was to 
compare calculated and measured f02's and determine if the assumptions made are valid. I find 
that at oxygen fugacities below IW there is a constant offset between calculated and measured 
f02's, and at higher oxygen fugacities, the offset steadily increases with increasing f02. These 
results demonstrate that there is a need for a calibration curve for calculated oxygen fugacities. 

The calculation of t h e P 2  in experimental charges containihg both metal and silicate liquid 
is based on the oxidation of Fe metal to FeO (wiistite). An expression for the free energy of 
formation of wiistite can be combined with a calibration of the IW buffer to produce an expression 
with the general form: 

a ~ e o  log f0, = IW, + 2 log - 
a ~ e  

wheref02 is the oxygen fugacity; IWT is the oxygen fugacity of the IW buffer at temperature T for 
the chosen calibration of the buffer, and a F d  and a h  are the activities of FeO in the silicate liquid 
and Fe in metal, respectively. The activity of Fe in the metal can be calculated from the mole 
fraction of Fe in the metal and the activity coefficients of Rammensee and Fraser [I]. The activity 
of the FeO in the silicate liquid is normally estimated by assuming that all the Fe in the silicate 
liquid is present as FeO (i.e., it is all divalent), and that it behaves ideally. Thus, the activity is 
simply the mole fraction of the FeO. However, under very oxidizing conditions, there may be 
sigmficant trivalent Fe present in the silicate liquid which would lead to an incorrect estimate of the 
activity of the FeO and thus an incorrect estimate of thefOz. 

In order to investigate the combined effects of nonideal behavior of FeO and the presence 
of trivalent Fe on the calculation of oxygen fugacities, a suite of experiments were conducted in 
which t h e P 2  was monitored during the experimental run with a solid state zirconia fugacity probe. 
The experimental charge consisted of synthetic basalt and Fe and Ni metal powders in varying 
proportions in an alumina crucible (the particular metal compositions were chosen because the 
primary purpose of these experiments was to create a calibration curve for a separate suite of 
experiments that had already been conducted [2]). The charges were suspended in a vertical 
Deltech muffle furnace. CO-C@ or H2-C@ gas mixtures were used to control the f02.  The run 
temperature was 1275 "C, and runs were left at temperature for 1 to 2 days and then quenched in 
air. 

The experiments were analyzed by electron microprobe, and the oxygen fugacity was 
calculated based on the composition of the charge and the IW calibrations of OYNeill [3], Myers 
and Eugster [4] and thermodynamic data of Robie et al. [5]. Table 1 compares the various 
calculated values of thef02 to the measured values. In all cases the calculated value is larger (more 
oxidized) than the actual measured value. At low f02's the offset is a fairly constant: ~ 0 . 2 7  log 
units for the calibration of O'Neill, ~ 0 . 1  for the calibration of Myers and Eugster, and ~ 0 . 3 9  for 
the thermodynamic data of Robie et al. At higher f02's, the offset increases steadily with 
increasingf02. Depending on the calibration used, the crossover between the constant offset and 
the increasing offset ranges from 0.56 to 0.75 log units above the IW buffer. 

The sense of the offset of the calculated from the measured fO2's is the opposite from what 
is expected if the sole source of the offset is the presence of trivalent iron. If some of the Fe in the 
silicate liquid is present in the +3 valence state, then the activity of FeO in the silicate would be 
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lower thati that estimated assuming that all the Fe is in the +2 state, and simple examination of 
equation 1 shows that would result in a lower f 0 2 .  The most obvious explanation for this is that 
FeO does not behave in an ideal sense. For calculations based on the O'Neill calibration of the IW 
buffer, this would require an activity coefficient on the order of 1.4 at lowf02's where the offset is 
steady and it is safer to assume that all the Fe is divalent. The highest f 0 2  would require an activity 
coefficient of 2.6 if all the Fe is divalent, and even higher if significant trivalent Fe is present. 
Snyder and Carmichael [6] report activity coefficients for FeO in basic liquids between 1.6 and 
5.1. Thus, the activity coefficients required to bring the calculated f02's and the measured f02's 
into agreement are not unreasonable. 

From the limited experimental work presented here, it is not possible to pinpoint and then 
parameterize the exact cause of the offsets. Therefore, the offsets determined here should only 
strictly be applied to systems with similar compositions. More experimental work will be needed 
to generate a more universal calibration curve. 

Table 1: Comparison of measured and calculated oxygen fugacities for various calibrations 
of the IW buffer. Fugacities are in log units. Calc. is calculated, M-C is measured minus 
calculated 

O'Neill Myers & Eugster Robie et al. 
Run # Measured Calc. M-C Calc. M-C Calc. M-C 

93 -7.63 -8.47 0.84 -8.30 0.67 -8.58 0.95 
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