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ABSTRACT
Previous investigators have shown that, at high pressure, Re is a good capsule material and that Fe
loss to Re under these conditions is minimal (e.g., Herzberg and Zhang 1997). We present here the
first systematic low-pressure study of Re loop stability and of Fe loss from silicate melts to Re loops
as a function of fO2. Experiments were performed at 1400 °C and one bar pressure over a range of fO2.
For fO2 values as low as QFM-2, Fe loss was found to be negligibly small, even for a charge/loop ratio
of only about 2. According to our calculations, for the same conditions, Fe loss to a Pt loop could
reach 70% of the initial FeO content. We have also estimated the diffusion coefficient of Fe in Re and
found it to be very small (≈10–12 cm2/s), which is an additional factor in preventing Fe loss.
At values of fO2 near QFM, Re metal reacts to form volatile Re oxides. But at fO2 below QFM-1.7,
Re loops were found to be stable for any reasonable experimental run duration at 1400 °C. At lower
temperatures Re may be stable to even higher values of fO2. These conditions are similar to or slightly
more reducing than the accepted redox states for the mantles of the Earth and Mars. Consequently,
for many experiments, Re may be a more convenient loop material than Pt.

INTRODUCTION
The container problem in experimental igneous petrology
is an old and well-established one (e.g., Basaltic Volcanism
Study Project 1981, p. 517–519). Platinum is a soft, flexible,
and relatively cheap noble metal with a high melting temperature (1769 °C), and it has been used widely as loop material in
low-pressure experiments. Unfortunately, the significant affinity of Fe for Pt metal can result in large Fe losses from FeOcontaining systems, especially at low values of fO2. Such loss
can seriously change not only phase relations and compositions in long-duration experiments, but also the texture, mineralogy, and chemical zoning of products in short,
dynamic-crystallization experiments (Lofgren et al. 1979;
Weinbruch et al. 1998). Presaturation of Pt metal with Fe is a
time-consuming technique and needs an exact knowledge of
the Fe-Pt alloy composition for every experimental condition
(e.g., Grove 1981; McKay et al. 1994). For this reason commercially available noble metal alloys (Ag-Pd, Au-Pd, Au-Pt)
also have been widely used in experimental petrology for the
reduction of Fe loss, although without great success (Stern and
Wyllie 1975; Biggar 1977). The calculated affinities of Fe for
different noble metals (Borisov and Palme, unpublished manuscript) showed that, with the exception of Au, whose melting
temperature (1064 °C) is too low for many experiments, only
Ru and Ir are likely to be useful alternatives to Pt. Unfortunately, the brittleness of Ir wires and the absence of commercially available Ru wire would make the use of these metals
impracticable.
Rhenium is one of the less-common refractory metals and
has the second highest melting temperature (3186 °C). At high

*E-mail: aborisov@ems.jsc.nasa.gov
0003-004X/99/0010–1528$05.00

pressure, Fe loss to Re is greatly reduced compared to Pt (e.g.,
Herzberg and Zhang 1997). Unfortunately, Re metal is not
stable over as wide a range of redox conditions as Pt. At only
modestly oxidizing conditions (≈QFM), Re reacts with oxygen to form volatile Re oxides, destroying the loop and ruining the experiment.
Here we present the results of a systematic investigation of
(1) metallic Re volatility under controlled oxygen fugacities;
(2) Fe loss from FeO-containing melts suspended from Re
loops; and (3) the diffusion rate of Fe in metallic Re. Thus, this
study delimits practical guidelines for the use of Re as a container material in experimental petrology and geochemistry.

RHENIUM VOLATILITY AS A FUNCTION OF OXYGEN
FUGACITY

Experimental procedures
All experiments were conducted in a Deltech vertical-tube,
1 atm furnace, where the fO2 was controlled by CO/CO2 gas
mixtures. A PtRh6/PtRh30 thermocouple in the working furnace
and a ZrO2 solid-electrolyte oxygen sensor in a remote furnace were employed for measuring temperature (±2 °C) and
fO2 (±0.1 log unit) during experimental runs. Experiments were
performed at a constant temperature of 1400 °C over a range
of fO2 from 10–3.0 (pure CO2) to 10–10.4 atm (4 log units below
the QFM buffer). Total gas linear velocity through the furnace
was 0.76 cm/min for most experiments and was adjusted with
a gas flowmeter (Matheson, model 10220) with an accuracy of
±0.07 cm/min.
One or two short pieces (2–6 mm long) of Re wire (99.97%
purity, Alfa) with a nominal diameter of 0.25 mm (0.246 mm,
according to our measurements) were placed in a small silica
crucible and suspended in the hot zone of the furnace for a
fixed period of time at fixed fO2 (Table 1). The Re wires were
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