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Kelud in Indonesia, one of the most dangerous volcanoes in the world. Credit:
Mike Cassidy, JGU

A new study published in Geology uses pockets of melts trapped within
crystals to understand the conditions occurring beneath volcanoes before
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explosive eruptions. Volcanologists from Johannes Gutenberg University
Mainz (JGU), Leibniz Universität Hannover in Germany and Uppsala
University in Sweden have discovered that the temperature and water
content of magmas varies through the lifecycle of a volcano, and that
these variations occur in cycles in relation to the fresh input of new
magma from below. The study suggests that the point at which an
eruption occurs within these cycles may control whether the resulting
eruption is explosive, which produces lots of ash and affects a wide
geographical region, or simply erupts effusively creating lava flows or
domes, lessening the hazards to nearby populations.

The study was conducted on Kelud volcano in Indonesia, which is
considered to be one of the most dangerous volcanoes in the world, with
more than two million people living within 30 kilometers of it, and a
death toll of more than 5,000 people killed in eruptions in the last
century alone. Kelud erupted explosively as recently as 2014, dispersing
ash more than 200 kilometers away, leading to the evacuation of 200,000
people, closing three international airports and killing several people. But
Kelud, like many volcanoes, is unpredictable in the sense that it often
changes the way it erupts. In 2014 the eruption was explosive, but in
2007 the eruption produced little ash and instead created a small lava
flow within the crater.

The researchers found that before the 2014 explosive eruption at Kelud,
the magma was in a cool and water-rich state, whereas in 2007, before
the less explosive lava dome eruption, the magma was hotter and dryer.
"Even relatively small changes in the temperature and water content of
the magma can drastically alter the chemical and physical properties of
the unerupted magma," explained lead author Dr. Mike Cassidy from the
Institute of Geosciences at Mainz University. "For instance, when the
temperature drops, this makes the magma stickier, which means the gas
finds it harder to escape, thus building up pressure leading to an
explosive eruption."
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Volcanic crater of Kelud in Indonesia. Credit: Mike Cassidy, JGU

The hotter and dryer magma conditions are attributed to the fresh input
of water-poor magma from below, which mixes and thus dilutes the
magma in water content. The study goes some way to explaining why
volcanoes erupt in different ways and could in the future help to forecast
how explosive an impending eruption will be.
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Pumice stone from the 2014 explosive eruption of Kelud. Credit: Mike Cassidy,
JGU
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Inclusion of liquid rock (small black dots) in feldspar crystals, which were used
to study the change of magma in the Earth’s crust. Credit: Mike Cassidy, JGU

  More information: Mike Cassidy et al. Volatile dilution during
magma injections and implications for volcano explosivity, Geology
(2016). DOI: 10.1130/G38411.1
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