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INTRODUCTION

Experimental investigations on the influence of oxygen
fugacity (fO2

) and water activity (aH2O) on phase relationships
and physicochemical properties of basaltic, low-viscosity, vola-
tile- and Fe-bearing systems at geologically relevant conditions
require the development of special vessel and furnace setups
with the following features: (1) the maximum temperature must
reach at least 1200 ∞C because of the high liquidus tempera-
ture of basaltic compositions; (2) temperature (T) and pressure
(P) in the range 0.05–1 GPa must be held precisely for long
duration if equilibrium crystal-liquid phase studies are per-
formed; (3) PH2

 has to be controlled accurately to achieve an
exact determination of fO2

 and fH2O during the experiments; (4)
Fe-loss from the sample to the container must be minimized;
and (5) the experimental setup has to be equipped with a rapid-
quench system to quench the charges within a few seconds to
avoid the formation of quench crystals in low-viscosity, hy-
drous compositions. Such design features can be attained best
using internally heated pressure vessels (IHPV).

The general features of IHPV were described by (Holloway
1971). The main advantages can be summarized as follows: P
and T uncertainties are smaller than in piston-cylinder appara-
tus; the relatively large volume of the IHPV under hydrostatic,
Ar-medium pressure allows the use of highly sophisticated fur-
nace- and sample-holder apparatuses; the maximum capsule
size is generally larger in IHPV when compared with piston-

cylinder or cold-seal pressure vessels (CSPV). Roux and
Lefevre (1992) and Holloway et al. (1992) described a rapid-
quench system for IHPV that allows high-temperature and high-
pressure experiments with basaltic liquids and quench rates of
about several hundred degrees Celsius per second. A major
weakness of their IHPV rapid-quench setup is the lack of fO2

monitoring which is important for experiments on Fe-bearing
compositions. The effect of fO2

 on phase relationships in basal-
tic liquids has been the subject of numerous studies using 1-
atm furnaces (e.g., Osborn 1959; Presnall 1966; Juster et al.
1989; Snyder et al. 1993; Toplis and Carroll 1995, 1996). How-
ever, the influence of volatiles is not considered in these stud-
ies. The effect of pressure, H2O and fO2

 on basaltic compositions
has also been investigated by numerous authors (e.g., Yoder
and Tilley 1962; Hamilton et al. 1964; Holloway and Burnham
1972; Helz, 1973, 1976) mostly using the double-capsule tech-
nique (Eugster 1957; Eugster and Wones 1962) or intrinsic
buffered fO2

-conditions. In these studies, the analyses of liq-
uids and solid phases were often complicated by the formation
of quench crystals during cooling. Additionally, the lifetime of
solid buffers limits the duration of the experiments (Scaillet et
al. 1992) and the large size of the whole sample and buffer
charge can even cause quench crystals using the conventional
rapid-quench setup of Roux and Lefevre (1992) and Holloway
et al. (1992).

A further technique for the control and measurement of fO2

is the H2-membrane (Shaw 1963). Several studies have shown
the reliability of this method for experiments under various P,
T and fO2

 in CSPV (Hewitt 1977, 1978; Gunter et al. 1979, 1987;
Schmidt et al. 1995; Frantz et al. 1977) and IHPV (Piwinskii et
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ABSTRACT

This study presents improvements of internally heated pressure vessels to realize high-pres-
sure experiments at controlled fO2

 in low-viscosity systems such as basaltic ones. The  new design
is a combination of two experimental techniques: a hydrogen sensor membrane made of platinum
to measure fH2

, and therefore fO2
, and a rapid-quench system to avoid crystallization of low-viscosity

melts during quench. The experimental setup has been tested successfully at temperatures up to
1250 ∞C and pressures up to 500 MPa. Basaltic melts containing up to 9.38 wt% water can be
quenched as bubble-free and crystal-free glasses. The improvements allow synthesis of hydrated
glass or partly crystallized samples with a large volume (for further studies) and to perform rou-
tine phase-equilibrium studies in basaltic systems at geologically relevant conditions. We used
the new technique to determine the effect of fO2 on water solubility in a melt with MORB compo-
sition. The results show that there is a small but significant decrease of water solubility with
decreasing fO2 from MnO-Mn3O4 to QFM buffer conditions in the pressure range 50–200 MPa.
Kinetic problems in crystallization experiments in basaltic systems and the duration necessary to
attain equilibrium Fe2+/Fe3+ ratio in the charge are discussed.


