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Hydrokinetic modeling of magma plumbing system beneath Showa crater of Sakurajime

volcano, southwestern Japan
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We numerically simulated hydrokinetic magma supplies in the magma plumbing system beneath an active Showa crater ¢
Sakurajima volcano to find dominant geophysical parameters in the magma accumulating process before an explosive eruptic
on April 9, 2009. Geodetic observations revealed that a periodic inflation and deflation event had lasted 30 hours before th
eruption. Our model consists of shallower gas and deeper magma reservoirs connected by a cylindrical volcanic conduit that he
been suggested by the past geophysical observations. A pressure difference between the two reservoirs forces the magma to m
from the deeper up to the shallower reservoir. We assumed a constant rate of magma supply to the deeper reservoir as an in
to the magma plumbing system and a viscous multiphase magma flow, i.e., crystalized materials, melt, and gas, in the volcan
conduit. The effects of the lateral escape of gas from the conduit, the vesiculation of volatiles in the magma, and the relative
motion between gas and solid-liquid are taken into account in the simulation. Our simulations prove that the time-dependen
inflation and deflation sequences of the two subsurface reservoirs could be reproduced and that the key parameters such as
radius of the conduit, the magma supply rate and the compressibility of the deep reservoir could be constrained through a leas
square error criterion.
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The current big issue of volcanology is to clarify factors controlling the magnitude, style and the temporal behavior of eruption.
| propose a model for predicting an eruption mass and style, and their temporal change on the basis of the fluctuation of degre
of supersaturation in magma chamber.

We assume a square consisting of n x n (e.x., 512 x 512) parcels as a magma chamber with the vacant conduit connected
the surface, in which each parcel has a degree of supersaturation of volatile with a Gaussian probability density function (PDF
in space. We think that an eruption is triggered when the volume of parcels with the degree of supersaturation for vesiculatiot
under the lithostatic pressure in magma chamber exceeds the volume equal to that of the vacant volcanic conduit. This trigge
ing condition (triggering supersaturation) links the average supersaturaion and variance of PDF each other. So one of them
automatically determined when the other is given. Once an eruption is triggered, the decompression vesiculation is induced b
unloading of magma. Parcels contributing to decompression vesiculation have a certain degree of supersaturation, which is le
than the triggering supersaturation according to the saturation curve. Parcels satisfying the decompression vesiculation conditic
are identified as decompression vesiculation parcels. The connected regions of decompression vesiculation parcels are definec
8 neighbor connection of decompression parcels. We calculate the size distribution of connected regions, and suvery the large
connected region which is regarded as unit size when magma ascents to the surface. We divide a square (magma chamber) of
n into sub-squares with unit size of largest connected region. As each sub-square has a different fraction (¥phi) of decompressic
vesiculation parcels, we have a distribution function of decompression vesiculation fraction for the whole magma chamber. A
decompression vesiculation fraction ¥phi corresponds to a potential enthalpy to drive a sub-square of magma to the surfac
A sub-square with higher ¥phi generates larger volume of gas phase by decompression at the triggering of eruption, and has
potential to ascend with higher velocity. Thus each sub-square has different potential, according to fraction of decompressio
vesiculation parcels. We define two thresholds of ¥phi. One is explosive thresholg. ¥psub-square with ¥phix ¥phi;)
can ascend to the surface explosively with high velocity reaching 10 m/s or higher at the surface. The other is effusive threshols
¥phiy. A sub-square with ¥phi (¥phi> ¥phi > ¥phi,) ascends up to the surface with mild or very slow ascent velocity less
than 10 m/s at the surface. A parcel with ¥pki ¥phi,) cannot ascend up to the surface and remained in magma chamber. In
this model, we can define explosive mass and effusive mass and the temporal change of eruption intensity depending on ¥p
of each sub-square. We carried out a Monte Carlo simulation on the basis of the above-mentioned idea. As a result, if PDF ¢
the degree of supersaturation has higher average or the magma chamber is relatively homogeneous, then the eruption is alm
explosive and most extent of magma is evacuated, like a caldera-forming eruption. Decreasing the average supersaturation a
increasing the variance of PDF, the eruption shift to an explosive eruption followed by an effusive eruption and to an eruption
which only produce an effusive flow of magma such as lava flow. This transition of eruption styles from explosive to effusive and
the relation to the erupted mass can account for commonly recognized transition between eruption styles in nature.
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Keywords: decompression vesiculation, erupted mass, eruption style, temporal change of eruption, degree of supersaturation

1/1



Japan Geoscience Union Meeting 2012 @ ;
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]“ gon

Geoscience
Union

SVC54-05 00:301B 00:50 200 11:45-12:00

ODo0ddddoooooodddoooooodooooooodoooood
Do0000ooooooooad

An empirical scaling of shear-induced outgassing: Intermittent magma ascent causes e
fective outgassing
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Outgassing, which changes the distribution of volcanic gases in magmas, is one of the most important processes to dete
mine the eruption styles. Shear deformation of ascending bubbly magmas at the vicinity of the volcanic conduit wall has beer
considered as an efficient mechanism of outgassing. On the other hand, seismological observations of volcanic eruptions reve
the long-period (LP) earthquakes suggesting that there exists a large void space in the conduit. However both, the quantitati
features of shear-induced outgassing and a mechanism to make a large void space, has still remain unknown.

Here | perform a series of model experiments simulating the shear deformation of bubbly magma ascending in a volcani
conduit. Syrup foam including CQgas as an analogue of bubbly magma is deformed by using a timing belt. When the imposed
shear strain is large enough, the height of the foam decreases indicating that outgassing occurs. Experiments also show that sh
localization of syrup foam causes outgassing by making large bubbles or a crack-like void space, likely a LP earthquake sourc
Measured C@ concentration above the foam increases as an evidence that the gas is came from the inside bubbles. When the
is an impermeable layer at the top of the foam, the gas accumulates beneath that layer.

There is a critical strain, gamma, above which outgassing occurs depending on the Capillary number, Caydafont@a
< 1 and gamma- Ca ! for Ca< 1. The thickening rate of the region in which outgassing occurs is described as a function of
gamma®->4 Cal2. Outgassing occurs efficiently at the very beginning of the deformation, suggesting that intermittent magma
ascent causes effective outgassing such that the eruption style becomes effusive. This hypothesis is consistent with the fact tt
cyclic activity has been observed during effusive dome eruptions.
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Large-eddy simulation of eruption column based on multi-fluid approximation - Effects
of turbulent model on development
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