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INTRODUCTION

Examination of natural volcanic products shows that because 
crystal nucleation rate determines crystal number density and 
ultimately crystal size distributions, it governs the texture of 
crystallized materials (Brandeis and Jaupart 1987; Kirkpatrick 
1981; Lofgren 1980; Toramaru 2001). It is also the least under-
stood aspect of crystallization in magmatic systems, in which 
melt composition and structure evolve during crystallization. 
Experimental studies of nucleation kinetics in silicate melts 
have traditionally focused on low-pressure, cooling-induced 
crystallization of terrestrial and lunar basalts (Baker and Grove 
1985; Berkebile and Dowty 1982; Lofgren 1974, 1983), rhyolites 
(Fenn 1977; London 1992; Swanson 1977), and simple systems 
(Davis et al. 1997; Deubener 2000; James et al. 1997). Numeri-
cal treatments of thermodynamically well-characterized simple 
systems are starting to yield insights into the transient period 
before crystals are detectable (Davis and Ihinger 2002). 

Effective undercooling by H2O loss is another mechanism for 
crystallization in which the thermodynamic driving force is the 
progressive increase in the liquidus temperature accompanying 
devolatilization (Westrich et al. 1988). This mechanism has been 
studied recently in natural arc magmas, where it is recognized 
as an important contribution to changing melt composition 
and magma rheology during volcanic eruptions (Cashman and 
Blundy 2000; Hammer et al. 1999; Kuritani 1999; Nakada et 
al. 1995; Simakin et al. 2000). Thus, it is crucial to study crys-

tallization in hydrous magmas undergoing decompression and 
devolatilization for application to volcanological problems. The 
ability to forward model crystallization rates and textures that 
develop during magma ascent requires an understanding of the 
thermodynamic driving forces as well as the kinetics of all the 
relevant reactions and phase transformations. We approach the 
challenge of uniquely interpreting volcanic processes from the 
textures of erupted products by collecting experimental data for 
natural magma compositions and critically examining classic 
physical models of these fundamental processes. In this paper, the 
results from an experimental study (Hammer and Rutherford 2002) 
are analyzed in the context of classical and non-classical theoretical 
views of crystal nucleation to investigate thermodynamic controls 
on feldspar nucleation in H2O-saturated silicate melts. 

METHODS

Natural dacite from the 1991 eruption of Mt. Pinatubo was selected as the start-
ing material for an experimental study of decompression-induced crystallization 
because syn-eruptive crystallization due to decompression and devolatilization may 
have modulated this 50 h eruption sequence (Hammer et al. 1999; Polacci et al. 
2001). This material is phenocryst-rich (~45 vol%) and has rhyolite matrix glass 
composition (78 wt% SiO2). With respect to crystal nucleation during experimental 
runs, the system of interest is the hydrous interstitial melt from which feldspar 
grew upon devolatilization. Nucleation rate information was gathered for the most 
abundant nucleating phase, plagioclase feldspar (An40-20) (Hammer and Rutherford 
2002). In addition to nucleation of new crystals, crystallization occurred by growth 
of pre-existing phenocrysts. Crystal growth phenomena are beyond the scope of 
this paper, and are not considered further. 

The experiments analyzed in this study comprise Series A runs of Hammer 
and Rutherford (2002); the reader is referred to that paper for a detailed description 
of techniques. In summary, crushed dacite pumice with suffi cient distilled water * E-mail: jhammer@hawaii.edu
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ABSTRACT

Feldspar nucleation rate data obtained by laboratory decompression of hydrous silicate melt are 
interpreted in view of the classical theory of nucleation (CNT) and a non-classical variation, the dif-
fuse-interface theory (DIT). The nucleation rate data can be modeled by the CNT formalism only if the 
interfacial free energy (σ) is allowed to vary as a function of composition. The values thus obtained vary 
by a factor of four (0.024–0.100 J/m2) and decrease systematically over a sixfold increase in dissolved 
H2O content (0.8–4.8 wt%). This result is qualitatively consistent with the effects of dissolved H2O 
on the liquid-vapor interfacial free energy in haplogranite magma (Mangan and Sisson 2000) and the 
liquid-crystal interfacial free energy in the one-component Li-disilicate system (Davis et al. 1997).

The DIT states that the interfacial region between the bulk solid and bulk melt has thermodynamic 
properties intermediate between these phases, and that σ is defi ned as the difference between the 
interfacial enthalpy (Hint) and interfacial entropy (TSint). If the DIT model is correct, the nucleation 
rate data for feldspar may indicate that: (1) dissolved H2O content controls the spatial distribution of 
enthalpy and confi gurational entropy around incipient crystals, and (2) the spatial gradients of these 
potentials diverge during devolatilization. 

This study suggests that crystal nucleation studies may yield insights into the structure and ther-
modynamics of hydrous melts; likewise, experimental studies are important for refi ning a physical 
understanding of nucleation phenomena. Our results can be applied to quantitative numerical models 
of ascent-driven magma crystallization.




