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An empirical model for the solubility of H2O in magmas to 3 kilobars
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ABSTRACT

We present 16 new manometric determinations of H2O solubility for a range of natural
silicate liquid compositions equilibrated up to 3 kbar of H2O pressure. As the threshold
temperature of dehydration of the quenched glasses during measurements of the H2O con-
tent becomes lower as a function both of bulk silicate composition and the dissolved H2O
content, we measured the H2O released on heating over a range of temperature intervals.
For example, alkali-rich samples having a dissolved H2O content greater than ;6 wt%
start to evolve H2O at temperatures less than 150 8C, whereas more mafic samples and
silicic samples with less than 6 wt% H2O begin to dehydrate at temperatures greater than
200 8C. This behavior is consistent with the concept that alkali-rich liquids can have their
glass transition temperatures lowered substantially by dissolved H2O and that H2O is re-
leased only significantly on heating in the supercooled liquid region, rather than in the
glass region. Using these new data, in conjunction with previous data from the literature,
we refined and extended the empirical H2O solubility model of Moore et al. (1995b). The
new model works well (2s 5 6 0.5 wt%) between 700–1200 8C and 1–3000 bar and can
be applied to any natural silicate liquid in that range. The model may also be used for
systems where X , 1 in the vapor phase.H O2

INTRODUCTION

Dissolved H2O in the silicate liquid portion of magmas
is one of the most influential components of igneous sys-
tems. It affects the density, viscosity, and the phase equi-
libria of these systems (Burnham 1981; Schulze et al.
1997; Johnson et al. 1994; Lange 1994; Ochs and Lange
1997; Paillat et al. 1992), thereby determining their chem-
ical and transport history as well as their eruptive behav-
ior at the surface. As it is the exsolution of high H2O
contents (4–6 wt%; Sisson and Layne 1992; Anderson et
al. 1989) that drives most explosive volcanic activity and
controls the formation of magmatic ore fluids (e.g., Low-
enstern 1994), it is clear that an understanding of the H2O
solubility in natural silicate liquids as a function of pres-
sure, temperature, and melt composition is of paramount
importance.

Much work has been done toward this end but past
solubility measurements tended to focus on natural and
synthetic granitic and feldspar liquid compositions at 2 to
8 kbars (Burnham and Davis 1971; Burnham and Jahns
1962; Dingwell et al. 1984; Holtz et al. 1992; Oxtoby and
Hamilton 1978) or on single natural compositions at low
pressures relevant to magmatic degassing processes
(Blank et al. 1993; Dixon et al. 1995; Silver et al. 1990).
None of these studies provided the means to predict the
effect of bulk composition on H2O solubility in natural
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silicate liquids, though there were several attempts to
model the available data. These studies were hampered
however by either the lack of data (Nicholls 1980) or by
the significant amount of scatter that is found in the lit-
erature (Papale 1997). For example, the data of Hamilton
et al. (1964) provided the first information on the H2O
solubilities for a range of natural compositions (basalt to
andesite) at varying P-T conditions. These early mea-
surements are problematic however as they used a
weight-loss method to determine H2O content, and this
method is subject to error because of H2O trapped in ves-
icles. Furthermore, the liquid may have lost H2O on
quench because they used a relatively slow quenching
method. Despite these problems their study stands as the
benchmark for any estimate of H2O solubility in naturally
occurring silicate liquids, but it is also representative of
the types of experimental error present in the earlier sol-
ubility studies.

More recent H2O solubility measurements on a range
of natural melt compositions to 2 kbars were conducted
by Moore et al. (1995b) using a vacuum extraction meth-
od to measure H2O content, as well as a rapid quench
synthesis technique, in an effort to eliminate the problems
encountered by Hamilton et al. (1964). These experiments
were conducted over a wide range of P-T conditions and
on many lava compositions to constrain an empirical
model for H2O solubility as a function of melt composi-
tion, temperature, and pressure. Although the Moore et
al. (1995b) model worked well for most lava composi-


