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In situ bubble vesiculation in silicic magmas
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aBstraCt

Volatile degassing is a major process driving volcanic eruptions. Therefore, a full understanding of 
mechanisms ranging from bubble nucleation, growth, coalescence, to magma fragmentation is required. 
We have simulated magma degassing during ascent in the volcanic conduit by depressurizing hydrated 
haplogranite melts in high-pressure and high-temperature optical cells (a hydrothermal diamond-anvil 
cell and an internally heated pressure vessel fitted with sapphire windows). This allowed the whole 
process of bubble nucleation, growth, and coalescence to be directly observed in situ through images 
captured from the recording videos. Bubble nucleation pressures, number densities, growth laws, 
and characteristics of coalescence were estimated as a function of melt water content, decompres-
sion rate, and temperature. Melt/vapor surface tension during bubble nucleation and coalescence 
was calculated. Our data show good agreement with those previously obtained in classical vessels. 
Methodological improvements are proposed for the experimental simulation of magma degassing in 
volcanic conduits.
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introduCtion

The mechanism and rate of magma degassing primarily 
controls the intensity and the style of volcanic eruptions. Indeed, 
experiments (Mader et al. 1994; Phillips et al. 1995; Alidibirov 
and Dingwell 1996; Martel et al. 2000) and theoretical studies 
(Sparks et al. 1994) have predicted that the rapid decompres-
sion of a volatile-supersaturated melt may lead to an explosive 
vesiculation, as a result of volatile expansion, acceleration, and 
fragmentation of the material. The degree of supersaturation, 
and thus the potential for explosive vesiculation, is governed 
largely by the decompression rate and the efficiency of volatile 
exsolution (Mangan and Sisson 2000).

A silicate melt that contains dissolved volatiles (mainly 
molecular H2O and hydroxyl groups but also C- and S-bearing 
species) at depth becomes supersaturated with volatiles by de-
pressurization, and consequently exsolves a separate gas phase 
to maintain chemical equilibrium. Classical nucleation theory 
predicts that relatively high degrees of supersaturation are neces-
sary for bubbles to nucleate homogeneously in a melt, whereas 
bubbles form more easily in presence of heterogeneities that 
act as nucleation sites (Hurwitz and Navon 1994; Gardner and 
Denis 2004). Indeed, in a rhyolitic melt, supersaturation pressures 
(∆Pn = saturation pressure – nucleation pressure = Psat – Pn) of 
150–200 MPa are needed to trigger homogeneous nucleation in 
the absence of preferential nucleation sites (Mourtada-Bonnefoi 
and Laporte 1999, 2002), whereas ∆Pn of 5–20 MPa are suf-
ficient in presence of physical discontinuities such as crystals 
(heterogeneous nucleation; Hurwitz and Navon 1994; Cluzel et 

al. 2008). In addition to the presence of preferred nucleation sites, 
decompression rate is a second important parameter in triggering 
bubble nucleation and growth (Gardner et al. 1999; Mangan and 
Sisson 2000; Mourtada-Bonnefoi and Laporte 2004). 

Once nuclei have formed, bubbles grow upon decompres-
sion by volatile diffusion from melt to bubble and gas volume 
expansion. Extensive bubble growth may lead to bubble co-
alescence, eventually promoting volatiles to escape from the 
magma. The whole vesiculation process (nucleation, growth, 
coalescence), and the subsequent magma ability to develop 
permeability, directly control eruption dynamics. Therefore, a 
detailed understanding of the various degassing mechanisms is 
required to improve the forecasting of hazardous events related 
to explosive volcanism. 

The textural characteristics of natural pyroclasts from 
explosive eruptions, such as porosity, bubble number density 
(BND), and bubble size distribution, provide information about 
the magma degassing history (e.g., Sparks and Brazier 1982; 
Toramaru 1989, 1990; Polacci et al. 2001; Klug et al. 2002). 
In particular, BND has an important impact on the vesiculation 
process because it affects the travel distance for water mol-
ecules to reach the bubbles, and thus controls bubble growth 
and coalescence.

Natural pumice from Plinian eruptions has BNDs of 1014–16 m–3 
(Polacci et al. 2001; Klug et al. 2002). However, although the 
parameters measured in pumices provide information on the final 
stage of the degassing process, the characteristics of early bubble 
nucleation events (number of events, pressures, BNDs, percola-
tion thresholds) are largely obliterated. Therefore, numerical and 
experimental simulations have been developed with the aim of 
investigating the initial conditions of bubble nucleation, growth, * E-mail: cmartel@cnrs-orleans.fr


