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Abstract
Decompression-induced crystallization is an important process that controls the behavior of volcanic 

eruptions because it strongly affects magma rheology and degassing behavior in the shallow parts of 
volcanic conduits. Several decompression experiments have been performed to understand and model the 
crystallization processes; however, the effect of superheating (i.e., heating above the liquidus temperature 
for a definite period of time) before decompression has not been elucidated, despite the proposal of its 
importance in previous cooling experiments. As the superheating influences the number of pre-existing 
crystals and melt homogeneity, it is expected to control decompression-induced crystallization. In this 
study, we investigated the effects of pre-existing crystals and melt homogeneity on crystallization during 
the decompression of rhyodacitic magma at a temperature of 900 °C. The magma studied herein has a 
liquidus temperature of ~920 °C. Five starting materials were prepared via heating at different super-
liquidus temperatures (940, 970, 1050, and 1300 °C) and a sub-liquidus temperature (900 °C) using an 
internally heated pressure vessel and a cold-seal pressure vessel, respectively. Decompression experiments 
using these starting materials were conducted from 130 to 30 MPa at decompression rates of 5, 20, and 
100  MPa h–1. When the melt was completely homogenized (at 1050 and 1300 °C), no crystals were formed 
at 100 MPa h–1 and the small amounts of crystals heterogeneously formed along the capsule wall were 
found at 5 and 20 MPa h–1. At the same decompression rate, the number density of plagioclase formed 
during decompression increased as the superheating temperature decreased from 970 to 900 °C, despite 
the higher number densities of pre-existing crystals before decompression in the samples with lower 
superheating. Such finding indicates that nucleation occurs easily when the number density is initially 
high. This result is inconsistent with the idea that nucleation occurs when supersaturation is sufficient to 
overcome the energy barrier for nucleation, and the growth of pre-existing crystals decreases supersatura-
tion. In contrast, the results of our experiments can be explained by considering that higher superheating 
results in a more homogeneous melt structure with few pre-crystal clusters, which are growth sites, and 
ultimately the suppression of nucleation. Based on these results, we conclude that pre-existing crystals 
and melt homogeneity strongly affect the crystal texture formed by decompression. For application to 
natural systems, the high number density of microlites found in natural samples may be due to hetero-
geneous nucleation caused by the presence of pre-crystal clusters and other mechanisms. Furthermore, 
the superheating of magma in a reservoir caused by the injection of high-temperature mafic magma may 
influence the crystal texture during magma ascent and, hence, control the explosivity of the eruption.
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Introduction
Decompression during magma ascent to the surface causes 

dehydration and hence changes in the liquidus of hydrous magma, 
resulting in crystallization (Cashman 1992; Hammer and Ruth-
erford 2002). Decompression-induced crystallization strongly 
controls eruption dynamics because it causes an increase in the 
magma viscosity (Melnik and Sparks 1999; Gonnermann and 
Manga 2003). The number density of crystals and total crystal-
linity of natural samples that experienced decompression-induced 
crystallization have been used to estimate the decompression rate 

using experimentally calibrated theories (Toramaru et al. 2008). 
To this end, several experimental studies have been performed to 
determine the relationship between the decompression history and 
crystal texture (e.g., Hammer and Rutherford 2002; Couch et al. 
2003a, 2003b; Martel and Schmidt 2003; Brugger and Hammer 
2010; Cichy et al. 2011; Mollard et al. 2012; Shea and Hammer 
2013; Fiege et al. 2015; Riker et al. 2015; Befus and Andrews 
2018; Lindoo and Cashman 2021).

Based on previous studies, the decompression history, such 
as decompression rate, final pressure, and decompression paths 
(i.e., single-step, multi-step, or continuous decompression) has 
been recognized to affect the number density of crystals formed 
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