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INTRODUCTION

The recent eruption of volcanoes such as Soufrière Hills
Volcano (Montserrat), Mount Pinatubo (Philippines), and
Mount St. Helens (U.S.A.) have all been characterized by dome-
building activity. Dome-forming eruptions are often observed
to have complicated, non-linear behavior, which is related to
volatile loss, crystallization, and rheological stiffening during
ascent (Eichelberger et al. 1986; Melnik and Sparks 1999;
Sparks et al. 2000; Blundy and Cashman 2001). Water
exsolution during ascent can alter the conditions of the phase
boundaries for minerals such as plagioclase feldspar in water-
saturated magmas. Magma that was at or above the plagioclase
liquidus at elevated pressures can become significantly under-
cooled during decompression, causing extensive groundmass
crystallization. The overall temperature of the magma is bal-
anced by cooling due to exsolution of water from the melt
(Sahagian and Proussevitch 1996; Zhang 1999; Mastin and
Ghiorso 2001), with latent heat release during crystallization
(Couch et al. 2003a). This crystallization, combined with the
decreased water content of the melt phase, can cause the magma
viscosity to increase by several orders of magnitude (Lejeune
and Richet 1995; Sparks et al. 2000), which will have implica-
tions for eruptive style.

Crystallization during ascent is by definition confined to
the period of time spent in the volcanic conduit or within the
lava dome. The short duration of this phase combined with the
extent of disequilibrium (i.e., high undercooling) imposed by
water exsolution, results in the crystallization of numerous small

crystals (Couch et al. 2003b). If ascent of magma is very rapid,
magma can cross the glass transition temperature before any
crystals can form (Cashman and Blundy 2000). Therefore, it is
expected that changes in groundmass textures are likely to re-
flect variations in degassing style and magma ascent rate.

A haplogranite composition (73 wt% SiO2) was selected for
study, as many andesite and dacite magmas have a rhyolitic melt
composition just prior to eruption [i.e., Mount St Helens (Ruth-
erford et al. 1985; Soufrière Hills, Montserrat (Couch et al.
2003a); Fish Canyon (Bachmann et al. 2002)]. The haplogranite
composition used was similar to the average granite composi-
tion of Nockholds (1954) that was experimentally investigated
by Whitney (1975) and Swanson (1977). Swanson considered
crystallization kinetics as a function of isobaric cooling. Charges
of starting material were annealed at a high temperature before
being rapidly cooled to the temperature of interest and left for an
appropriate period of time. Hence, one aim of this study was to
compare the kinetics of crystallization induced by decompres-
sion with the cooling experiments of Swanson. An advantage of
the haplogranite is that it is intrinsically a simpler system than a
natural composition, although the addition of minor components
(e.g., MgO and FeO) may affect the crystallization kinetics
(Naney and Swanson 1980).

The concept of decompression-induced crystallization is not
new (Tuttle and Bowen 1958; Whitney 1975), however, it has
only been in recent years that such crystallization has been re-
produced experimentally. Such studies include dacites from
Mount St Helens (Geschwind and Rutherford 1995) and Mount
Pinatubo (Hammer and Rutherford 2002) and andesites of the
Soufrière Hills, Montserrat (Couch et al. 2003b). This study
seeks to provide further experimental data by using a rhyolitic
composition and considering the influence of composition on
the crystallization kinetics.

Equilibrium experiments were run to determine the phase
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ABSTRACT

A haplogranite composition (73 wt% SiO2) has been studied experimentally to investigate the ki-
netics of crystallization. A series of equilibrium experiments over a range of pressures (5–200 MPa)
and temperatures (825–1185 ∞C) determined the stable phases at water-saturated conditions. The
haplogranite system crystallizes plagioclase over a broad range of pressures and temperatures, with
crystalline silica and then alkali feldspar becoming stable at progressively lower temperatures and
pressures. Plagioclase An contents decrease and bulk crystal fractions increase as experimental condi-
tions tend to lower pressures and temperatures. A second series of experiments investigated the kinet-
ics of crystallization induced by depressurization and associated water exsolution. A nucleation delay
of at least 4 hours is estimated for all final pressures (Pf) studied. The amount of crystallization in-
creases as Pf decreases and experimental duration and undercooling increase. Nucleation and growth
rates are observed to increase with undercooling, although at very high undercoolings, growth rates
start to decrease. Comparison with other experimental studies shows the importance of composition
and water content to nucleation and growth rates. Increasing water content lowers melt viscosity, aid-
ing crystallization.




