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SPECIAL COLLECTION: RATES AND DEPTHS OF MAGMA ASCENT ON EARTH
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Abstract
The number of studies investigating the vesiculation of natural samples and their implications to
volcanic degassing and eruption mechanisms has been growing rapidly within the last decades. To
interpret the natural rock textures, the geoscience community has produced a range of experimental
and theoretical data sets on bubble nucleation, growth, and coalescence in magmatic systems. A robust
experimental database is required to calibrate (theoretical and empirical) modeling approaches, which
allow the calculation of magma ascent rates from volcanic ejecta mainly by the determination of the
bubble number density (BND). Although, the available data set is still limited, it already shows that
variations in melt (and volatile/fluid) composition can have a significant effect. In this manuscript we
(re-)evaluate the existing experimental data set, while focusing mainly on the review and discussion
of continuous decompression experiments.
One aim of this review article is to encourage scientists to fill the gaps in the existing experimental
data sets and help to acknowledge, use, and further develop the most promising experimental techniques.
Therefore, we highlight different methods and discuss their advantages and possible limitations. We
also discuss possible ways of how to better account for the influence of melt composition in models,
which link BND to decompression rate.
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Introduction and motivation
Large amounts of H2O, CO2, SO2, and Cl are released by volcanic systems. However, the estimated annual volcanic emission
of the “greenhouse gas” CO2 to the atmosphere is ~0.1 to 0.44
Gt and, thus, about a factor of 80 to 270 lower than the anthropogenic CO2 in 2010 (Friedlingstein et al. 2010). On the other
hand, the global anthropogenic SO2 emission ranges around 100
to 110 Mt within the last decade (Klimont et al. 2013), while a
single eruption of a major volcano, such as the Mt. St. Helens
eruption in 1480, the Tambora eruption in 1815 or the eruption of
Krakatau in 1885, can increase the annual SO2 emission by up to
70% (see Shinohara 2008; and references therein). Although the
man-made greenhouse gas emission is without a doubt exceeding the volcanic contribution, large eruptions such as the one
of Mt. Pinatubo (Philippines) in 1991 can release tremendous
amounts of CO2 (here: ~42 Mt CO2) and SO2 (here: ~17–20 Mt
SO2) over a short period (e.g., Bluth et al. 1992; Gerlach et al.
1996) and, thus, impact the global climate for months and even
up to several years (e.g., Self et al. 1996). Notably, SO2 is a
much more efficient climate affecting gas than CO2. It is largely
converted to sulfuric acid after being released to the atmosphere,
where it condenses rapidly to form fine-grained sulfate aerosols.
The sulfate aerosol increases the reflection of radiation from
the sun into space, causing the cooling of Earth’s atmosphere
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and/or troposphere (McGee et al. 1997). Other possible major
environmental impacts of S emission include: ozone depletion
(via reaction with Cl; Self et al. 1996) and acid rain leading,
among others, to significant crop failure (Sigurdsson 1982). Although there is nothing (geo-)scientists can do about this natural
contribution to climate change, the (physico-chemical) way on
how the volatiles separate from a magma or lava is crucial for
our understanding of eruption mechanisms and, thus, is helpful
in forecasting volcanic eruptions and in possibly predicting the
future impact of volcanic activities on the global climate.
Magma degassing, for instance during magma ascent (i.e.,
decompression-induced) or magma cooling (e.g., crystallizationinduced second boiling), leads to the formation of bubbles, which
can grow and/or coalesce over time and even separate the gas
phase completely from the residual melt or magma (e.g., Sparks
et al. 1994). The vesiculation of a magma, and here especially
the size and number of bubbles, changes magma viscosity and,
thus, significantly affects the eruptive style, i.e., “harmless” effusive vs. potentially “hazardous” explosive. The vesiculation
of (natural and experimental) samples is typically described by
the bubble number density (BND) and is a characteristic feature
of some volcanic products (e.g., pumice, tephra) that can help
to elucidate the “ascent-history” of an erupted magma (e.g.,
Sparks et al. 1994; Toramaru 1995, 2006; Hamada et al. 2010).
Once bubble nucleation is triggered and a certain vesiculation in a magma is reached, the bubbles may start to connect and
form a bubble network along which large amounts of fluid can
be transported upward (cf. Edmonds et al. 2010). This process
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