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INVESTIGATING PETROLOGIC INDICATORS OF MAGMATIC PROCESSES IN VOLCANIC ROCK
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Abstract
Capsule pre-saturation has been traditionally employed to circumvent Fe loss from the charge to
the container in petrological experiments. However, the method is time-consuming and fraught with
theoretical and practical difficulties. An alternative method, based on the use of starting materials
pre-enriched in Fe, is presented. Test experiments on two natural basalts, both non Fe-enriched and
Fe-enriched with the addition of Fe oxides, have been carried out at 1 atm and 50 MPa (H2O-saturated),
1200 and 1250 °C, between NNO and NNO-1 and in Pt and Au80Pd20 capsules. Glasses and capsules
were analyzed by electron microprobe. Fe-concentrations in the capsule near the glass interface strongly
depend on the capsule material, being 5–10 times less for Au80Pd20 than for Pt. For non Fe-enriched
compositions, Fe loss reaches –15% (Au80Pd20) and –60% (Pt). Increasing the level of Fe-enrichment
reduces Fe loss, the amount of Fe alloyed with the capsule being compensated by the amount of Fe
added to the starting composition. FeOt concentrations in high-pressure glasses bracket the nominal
FeOt of the two starting basalts, demonstrating that Fe alloying has been successfully counteracted.
Combination of AuPd containers with Fe pre-enriched starting materials offers excellent perspectives
to solve the Fe loss issue in high-pressure experiments on basaltic compositions.
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Introduction
Fe loss from the charge to the container is one of the most
difficult problems in experimental petrology. Classically, in a
high-pressure experiment, the charge is contained in a chemically
inert noble metal such as Pt, Au, or Ag (e.g., Chou 1986). For temperatures <1050 °C, Au capsules are commonly used. However,
the relatively low melting point of Au makes it inappropriate for
experiments on basaltic systems. The use of Pt enables working at
temperatures >1050 °C, but Pt is known to interact strongly with
the charge, leading to the formation of a PtFe alloy, which removes
most of the Fe from the starting material (Stern and Wyllie 1975).
Various methods have been proposed to mitigate Fe loss, the most
commonly used being capsule Fe pre-saturation (see Grove 1982).
This method involves the preparation at 1 atm of an alloy (PtFe in
early studies) in equilibrium with the Fe-bearing charge at high
temperature and pressure, and the use of that alloy as a container,
instead of pure Pt (e.g., Ford 1978; Grove 1982). More recently,
AuPd alloys have attracted much interest as a substitute to Pt because of their lower susceptibility to alloying with Fe (Kawamoto
and Hirose 1994). However, large amounts of Fe can dissolve in
AuPd alloys depending on fO2 (Hall et al. 2004; Di Carlo et al.
2006; Barr and Grove 2010; Balta et al. 2011). Therefore, the
Fe pre-saturation approach has been extended to AuPd capsules
(Gaetani and Grove 1998; Barr and Grove 2010; Balta et al. 2011
and references therein).
There are however several theoretical and practical difficulties
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with the Fe pre-saturation method. Balta et al. (2011) emphasized
that defining the conditions needed to saturate either Pt or AuPd
with the proper amount of Fe for a high-pressure experiment is
difficult. Even after the correct 1-atm pre-saturation conditions are
determined for one high-pressure experiment, these conditions will
differ from those needed for the next experiment in ways that are
difficult to predict. In particular, one parameter that must be known
precisely for the planning of the pre-saturation conditions is the
fO2 of the high-pressure experiment. For example, for a hydrogen
buffered (i.e., constant fH2) gas vessel experiment with charges
of different fH2O ran together (e.g., Di Carlo et al. 2006), fO2 must
vary between charges. Theoretically, for each charge, a specific
alloy would need to be prepared if the pre-saturation method is to
be used. Another major shortcoming of the pre-saturation method
concerns the long durations necessary to prepare chemically
homogeneous Fe-noble metal alloys even at high temperatures
(Gaillard et al. 2003; see below). Dissolution of the Fe doping
material following capsule pre-saturation can be also sluggish,
the whole method being very time-consuming.
Difficulties with capsule Fe pre-saturation leave room for alternative approaches to reduce Fe loss in petrological experiments. In
this paper, we present a new empirical method to mitigate Fe loss
in high-pressure experiments on basaltic systems. The method is
based on a new approach, i.e., the use of starting materials preenriched in Fe.

Experimental and analytical methods
The new method was developed within the framework of two experimental
projects on natural basaltic melts that required Fe loss to be minimized. In the first
project, S solubilities are measured at high temperatures (1200 °C) and pressures
(200 MPa) under moderately reducing conditions (i.e., at fO2 ≤ the Ni-NiO buffer,

2106

