American Mineralogist, Volume 85, pages 1128–1142, 2000

Solubility behavior of water in haploandesitic melts at high pressure and high temperature
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ABSTRACT
The solubility of H2O in three melt compositions along the haploandesite join Na2Si 4O9Na2(NaAl)4O9 (0, 3, and 6 mol% Al2O3) was determined as a function of pressure and temperature
from 0.8 to 2.0 GPa and 1000 to 1300 °C. Water solubility is a linear (or near-linear) positive function of pressure (16–18 mol% H2O/GPa) at constant temperature, and a negative near-linear function
of temperature (1–2 mol% H2O/100 °C) at constant pressure. The solubility is correlated negatively
with Al2O3 content of the melts.
Partial molar volume of H2O in the melt, VHmelt
, was derived from solubility isotherms (1000,
2O
1100, 1200, and 1300 °C) at 0.8, 1.05, 1.3, 1.65, and 2.0 GPa pressure. Values range between 7.8 and
12.8 cm3/mol, and decrease with increasing Al2O3 content. In the pressure-temperature range studied, (∂ VHmelt
/∂T)P ranges from –7.1 ± 0.810–3 to –5.6 ± 1.3·10–3 cm3/mol °C, becoming slightly less
2O
negative as the melts become more aluminous.
values were combined with published partial molar volume information for anhydrous
The VHmelt
2O
oxides in silicate melts to estimate densities of water-rich dacitic magmas in shallow magma chambers associated with explosive volcanism. For a chamber of constant bulk composition during a
comparatively short explosive event, such as that of Mount Pinatubo in June 1991 or Mount St.
Helens in May 1980, the average density of the magma after eruption is ~3% higher than before the
eruption occurred. Furthermore, because of removal of overburden during an eruption, the H2O
saturation value of remaining magma is less than that prior to eruption. From density calculations of
the residual hydrous magma after eruption, its density decreases from top to bottom in the magma
chamber. Consequently, this magma is gravitationally unstable.

INTRODUCTION
Characterization of the solubility and solubility behavior of
H2O in magmatic liquids is central to our understanding of igneous and hydrothermal processes, because dissolved H2O governs most physicochemical properties of silicate melts. For
example, the compositional trends of magmatic liquids during
melting and crystallization are affected by water (e.g., Kushiro
1972, 1990; Mysen and Boettcher 1975; Gaetani et al. 1993),
owing largely to reduction of silica activity in the magma. In
addition, the viscosities of hydrous magmas are significantly
lower than anhydrous magmas (Kushiro 1978; Schulze et al.
1996; Dingwell et al. 1998), and the densities of hydrous magmas deviate from their anhydrous equivalents (e.g., Kushiro
1978; see also Lange 1994, for a recent review). Therefore, the
dynamics of magma aggregation, ascent, emplacement, and
eruption depend on the water content of the magmatic liquid.
There is a substantial amount of data on water solubility
and solubility behavior in magmatic liquids in the pressure regime of the Earth’s crust (less than 1 GPa). Many igneous processes do, however, occur at higher pressure corresponding to
those of the upper mantle. Water solubility data for magmatic
systems at the pressure and temperature conditions in the up*E-mail: mysen@gl.ciw.edu
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per mantle are much more scarce. These systems include those
with melt compositions relevant to magmatic processes near
convergent plate boundaries where magma-H2O interactions
are probably more important than in any other tectonic setting.
In this paper, we address some of these issues by providing
H 2 O solubility data for melts along the join Na 2 Si 4 O 9 Na2(NaAl)4O9 as a function of temperature, pressure, and Al/
(Al + Si). This join was chosen because the degree of melt
polymerization (NBO/T = 0.5) is typical for that of andesitic
magmatic liquids, and because alkalis are dominant network
modifiers in such magmas (Mysen 1990). The data complement those of Mysen and Acton (1999), who examined the solubility behavior of H2O in corresponding melt compositions in
the system K2O-Al2O3-SiO2.

EXPERIMENTAL METHODS
Sample compositions were along the join Na 2 Si 4O 9 Na 2 (NaAl) 4 O 9 with 0, 3, and 6 mol% Al 2 O 3 added as
Na2(NaAl)4O9 (denoted NS4A3 and NS4A6). The Al-free composition is denoted NS4. Under the assumption that the Nacharge-balanced Al3+ is tetrahedrally coordinated in these melts,
anhydrous melts retain their NBO/T-value of 0.5 as Al/(Al+Si)
is increased. All compositions have Na/Al>1 and are, therefore, peralkaline.
Anhydrous starting glasses were made from mixtures of
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