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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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Ferric-ferrous ratio of magma reflects source mantle and evolution of redox state during magma ascent to earth surface (e.c
Kelley and Cottrell, 2009 Science; Burgisser and Scaillet, 2007 Nature). A direct method to determine the redox state is tc
investigate the ferric-ferrous ratio of quenched glasses in volcanic rocks. The synchrotron micro XANES technique, which hax
high spatial resolution down to 10 um (Delaney et al., 1998 Geology), has been applied to the measurement of ferric-ferrou
ratio of volcanic glasses, but the major disadvantage of this method is the limited number of facilities. Here, we develop a visible
microspectroscope to measure ferric-ferrous ratio of silicate glasses in in-house laboratory and report preliminary results.

The visible microspectroscope consists of a microscope, a halogen lamp unit, and a monochromator. In this system, th
intensity of the monochromatic light through a sample thin section is measured using a digital camera with the raw mode.
Because we use the monochromatic light and digital camera, two dimensional data can be obtained, which is expected to ha
high spatial resolution.

We synthesized standard glasses with different chemical compositions (JA3 and JB3) and different ferric-ferrous ratios tc
calibrate the relationship between ferric-ferrous ratio of the glasses and the transmittance of visible lights. The glasses wer
prepared by melting powder samples using a Pt wire-loop method, at a temperature of 1300 deg C wrdien@@d gas flow.

On the basis of the C{H- ratio, the oxygen fugacity was controlled to be deltaNNO-1 to deltaNNO+3, and the ferric-ferrous
ratio was calculated from the mixed G/l ratio. The quenched glass was doubly polished to thin sections with thicknesses of
approximately 60 and 110 um. The visible light image of the glasses was obtained using some different wavelengths (420, 44(
and 520 nm). The greyscale intensity in 8 bit was measured in different points in the glass and normalized by the backgroun
intensity. For the analytical condition of this study, the transmittance of 420 nm shows a good correlation with the ferric-ferrous
ratio without intensity saturation. Hence, there is a possibility that the ferric-ferrous ratio and redox state of basaltic to andesitic
glasses can be determined using the visible microspectroscope.

We will apply the method established in this study to melt inclusion in pyroclasts to investigate the change in redox state of
magma before volcanic eruptions and to examine the relationship between redox state of magma and the injection of fluid int
magma chamber which has been recently proposed in many volcanoes (e.g., Blundy et al., 2010 EPSL).
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Bubble number density (BND) from bubble wall

oo 0ot
ITAKURA, Matomu**

l0opgooooO0oOoooooo
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One of the dynamics of volcanic eruption is the expansion of magma volume resulting from its bubbling. Under high pressure
condition, volatile such as water and ¢@®elt in the magma. Decompression caused by uprise of magma leads vaporization of
the volatile contents which invoke bubble nucleation and expand into bubbles. Bubble number density (BND) is the number of
foregoing nucleation per unit bulk volume. BND is proportional to the (3/2) power of the decompression rate as demonstratec
by Toramaru(2006), and it may give significant information of the erupting magma in the chamber and the conduit, where
observation is difficult.

To calculate BND, various methods have been developed so far. For instance, Toramaru(1990) calculates BND from th
distribution of the length of the lines which cross bubbles, Sahagian and Proussevich(1998) calculates it from the distribution o
the cross-section size of vesicles. These traditional methods concentrate on the vesicles, thus it is difficult to calculate BND fron
the fragmented sample such as volcanic ash or volcanic glass. Volcanic ash, however, constitutes more than half of the volcan
ejecta from a pyroclastic eruption, therefore it is also important to gain the information from fragmented samples or bubble wall.
This study proposes two methods to calculate BND from bubble wall thickness.

Regarding bubble wall ag shell covering the vesicland assuming bubble cell model proposed by Zhang(1999), the bubble
number density N is calculated from following formula: W=6(1-P'/3)?/pi(1-P)c*, where P is the porosity, pi is the circular
constant and d is the mean thickness of the bubble wall (Oki et al., 2004). On another front, presuming bubble wall to be
a board nipped by the vesicnd assuming a bubble as a spherg,ist Ny =16(1-P¥/(9piP’I3), where | is the mean free path
regarding the bubble wall as space and the vesicles as obstacles.

To verify these methods, BNDs are estimated by both these methods and traditional methods from cross-section images of t
same pumices. These pumices have various quality: basaltic or rhyolitic material, high or low porosity, and circular or flattened
cross-section shape. Comparing these BNDs, they are within a range ff8rfoi@'” and show a good correspondence. Thus
BND can be calculated from bubble wall.

Keywords: bubble number density, bubble wall
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The deposition period of Ohachidaira pyroclastic flow of the Taisetsu volcano estimatec
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Experimental study on the textural relaxation of melt foam
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Vesiculation and outgassing of ascending magma control the style of volcanic eruptions. In a series of Vulcanian activity,
dense lavas are formed in the volcanic craters in the interval between explosions. It is believed that this dense, less-permeat
lava caps play a key role to accumulate overpressure within shallow conduits. Detailed mechanism of the lava cap formation i
however, poorly understood. The decrease of permeability in the foamed magma has generally been attributed to the compacti
associated with permeable-flow outgassing (Westrich and Eichelberger, 1994, Okumura et al., 2010). The surface tension of me
is a primary force for textural development of vesiculated magmas such as bubble coalescence and textural relaxation (e.g., Se
and Manga, 1999), but its effect on the microstructure, density and permeability of magmas is not well constrained.

We carried out heating experiments of an andesitic pumice (Taisho eruption of Sakurajima volcano in 1914) to examine the
process of surface tension-driven foam collapse. Its bulk water content is ca. 0.5 wt.%. We have conducted the experiments
two pressure conditions. One is low water vapor pressure experiment {0B{pa,; = Po2, NNO < 1atm, LVP), and the other is
higher (Rotai = P20 = 20, 40 and 60 atm; HVP). The experimental temperature for the LVPs and HVPs were 400 to 1000 and
1000 deg.C, respectively. The run duration ranges from 0.5 to 32 hours. After the runs, run products were observed with scannir
electron microscope (SEM). The geometry of bubble such as vesicularity, circularity, connectivity and bubble size distribution
were analyzed on the BSE images.In the LVPs and HVPs at 1000 deg. C, the vesicularity and the connectivity decreased and t
circularity increased. At 800 deg. C, however, no significant densification was observed. The melt viscosity was calculated to
be 1¢, 10° and 10' Pa s for the HVPs, LVPs at 1000 and 800 deg. C, respectively. The surface tension was calculated to be ca
235 m N/m for all the experimental conditions. It is inferred that in the Vulcanian eruptions, the microstructure of the foamed
melt quickly relax due to the surface tension of melt, resulting in the formation of impermeable lava caps in the crater.
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evelopment of low noise calorimeter type cosmic ray muon detector to image internal
structure of Usu volcano
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We are now developing a low noise calorimeter type cosmic ray muon detector to image internal structure of Usu volcano with
cosmic ray muon radiography. Usu volcano has often erupted and formed upheavals such as Oo-usu, Ko-usu, Ogari-yama, a
Usu-shinzan. But the conduits of these are unspecified. Thus, we intend to find out the internal structure of Usu volcano witt
cosmic ray muon radiography.

Cosmic ray muon radiography of volcano has been performed several times: Mt. Asama (Tanaka et al., 2007, NI&M A;
Tanaka et al., 2007, EPSL; Tanaka et al., 2009, GRL; Tanaka et al., 2010, JGR), Showa-Shinzan (Tanaka et al., 2007, GRL
and Satsuma-lwojima (Tanaka et al., 2009, GRL). These cosmic ray muon radiographies had been performed between only
few hundred meters to one kilometer of muon penetrating length of volcanoes. Because the cosmic ray muon flux penetratin
through a few kilometers of rock is two or more order of magnitude less than that through a few meters of rock, signal-to-noise
ratio becomes worse and therefore we cannot properly determine the density structure.

In order to investigate Usu volcano conduits, we need a better signal-to-noise ratio detector for accurate measurement «
cosmic ray muon flux penetrating through a few kilometers of rock. So we are now developing a calorimeter type muon detecto
that is thought effective for reducing noise. The calorimeter type muon detector consists of several position-sensitive detectors. .
position-sensitive detector consists of sets of plastic scintillator strips and photomultipliers, and they make matrix-like segment:
so that we can detect where muon passes through. Utilizing the muon characteristic of straight passing through detector, we cou
as muon when we can connect pass points of each position-sensitive detector by a straight line.

We focus on 'fake track’ as a noise source: electromagnetic particles such as gamma rays and electrons generated above
muon detector can simultaneously pass through each position-sensitive detector and make a track as if muon comes from a targ
This noise would be reduced with use of more position-sensitive detectors.

We will report simulation result how fake tracks are reduced as number of position-sensitive detector changes by combining
cosmic ray simulation and reconstruction of muon detector on computer.
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