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Long-period harmonic Rayleigh waves were observed on seismometers during the 1991 Mt. Pinatubo eruption in the Philip
pines. The amplitude spectrum of the Rayleigh waves shows two distinct peaks at periods of about 230 and 270 s. In the Earth’s e
mosphere, long-wavelength standing acoustic waves are bounded in a low-sound-velocity channel between the thermosphere ¢
the ground. The Rayleigh waves and the fundamental and first overtone of atmospheric acoustic waves trapped in the low-soun
velocity channels have approximately the same horizontal wavelength and frequency at periods of 230 and 270 s, respectivel
i.e., the atmosphere and the solid earth satisfy the condition for acoustic resonant oscillations. The standing atmospheric lon
wavelength acoustic waves set off by the eruption selectively excited seismic spheroidal modes near the resonant period throu
acoustic resonant coupling and resulted in harmonic Rayleigh waves. In contrast, gravity waves and Lamb waves (atmospher
boundary waves) do not couple to the ground efficiently and are not easily observed as ground disturbance on seismograr
during volcanic eruptions.
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Long-period seismic signals whose periods are several seconds or longer are often observed in active volcanoes and suita
interpretations of these signals are expected to give important information about underground volcanic activities. In fact, the
source process that causes long-period oscillations is not always understood satisfactorily. If elastic resonance produces su
long-period oscillations the resonator must have sizes of kilometers (Fujita and Ida, 1999; Fuijita et al., 1995) which are not usu
ally compatible with known structures of volcanic interiors. Fluid-filled cracks can be a source of long-period oscillations with
smaller sizes (Chouet, 1986; Ferrazini and Aki, 1987) but they are not well fit to axial symmetry that is required for such seismic
events as observed at Miyakejima volcano in 2000 (Kobayashi et al., 2009). In this context a new mechanism of long-perioc
oscillations is proposed here based on computer simulations in an SPH (Smoothed Particle Hydrodynamics) method.

The SPH method is one of the particle dynamics in which deformation and flow of materials are analyzed based on motions o
particles subjected to suitable mutual interactions. Compared with other particle dynamics like DEM (Discrete Element Method)
an important character of the SPH method is that interactions between particles are determined using the same physical conce
and the same equations as in corresponding continuum mechanics. Namely, velocity, density, stress and other physical propert
are allocated to each particle and the relations that control the state and motion of particles are derived from the equation of mc
tion and constitutive equations that hold for continuums. In this paper the SPH method has been further developed so as to apy
to magmatic processes involving the effects of included volatile components. In particular, the particles that represent magma al
assumed to meet the equation of state for bubbly magma when some of the volatile component has deposited as bubbles.

If some area of magma is over-saturated with volatile components this area should be released from the over-saturate
condition sooner or later and should form bubbles in it with almost instantaneous volume expansion at that time. Our numerica
experiments in the SPH method have revealed that quick bubble formation can induce long-period oscillations of the fluid sys
tem. The oscillations attenuate slowly and disappear after about ten cycles. The numerical experiments further point out that tk
long-period oscillations are realizable when the magma system has both a very compressible bubbly area and a free surface. T
period of oscillations that has been obtained from the numerical experiments is about two seconds for the magma system th
contains a bubbly area of radius 5m in a 50m-wide normal fluid with a density, viscosity, bulk modulus and volatile solubility
similar to real magmas.

A simplified model of the long-period oscillations has been constructed based on the numerical experiments. In this mode
the fluid system is treated as consisting of the upper part participating in vertical rigid motions and the other lower part that trans
mits pressure between the upper part and the bubbly compressible area. An arithmetic expression of the period of the long-perit
oscillations is given by the model and predicts that the period depends on gravitational acceleration as well as an effective bul
modulus of the bubbly area and sizes of the fluid system. The model may be useful in getting an intuitive idea of the source
process and applying it to observed long-period seismic events.

gooodo:0obo0ooO,00o0o0o0,0b00,00,SPHO, 0000000000
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We analyze tilt records and broad-band seismic signals preceding or associated with vulcanian eruptions observed at the sumr
of Semeru volcano, Indonesia. Signals from a tilt meter (701-2 Applied Geomechanics) and a STS-2 seismometer (Streckeise
Ltd.) installed at a depth of 1 m are recorded at a temporal station located at about 500 m north from the active crater. More tha
1000 explosions are well recorded on March and April in 2007. To know how the volcano inflation changes with eruptions, we
examine temporal changes and amplitudes in tilt and seismic signals. We first classify the magnitude of each explosion into fivi
categories according to the maximum amplitude of the velocity seismogram of the explosion earthquake. Then, we stack the ti
signals, adjusting the time to the initial motion of the explosion earthquake, to obtain an average view of the volcano inflation.
The stacked tilt records show that gradual uplifts toward the active crater star about 200 to 300 s before each explosion. Th
uplifts accelerate with time, especially about 60 s before the explosions. There is no significant dependence on the magnituc
of explosion in these time scales. On the other hand, the amplitude of tilt increases with increasing the magnitude of explosior
This strongly suggests that we are principally able to predict the magnitude of explosion from the geodetic measurements. W
further examine the broad band seismic signals of explosion earthquakes to obtain the average processes of vulcanian explosi
According to the maximum amplitude of the explosion earthquakes, we stack the vertical component signals that are low-pas
filtered at 0.5 Hz. The averaged signals show downward motions for about 5 s followed by upward motions. The amplitudes
of upward motions are much larger and longer. This means that the volcano first deflates, and then inflates. The source dept
are not determined yet, but are maybe withdrawal of magma in the conduit, and rapid supply or expansion of magma remaine
in the conduit. Although the stacked signals changes about 6-8 times in amplitudes, we do not see any significant differences |
the temporal changes. These tilt and seismic data analyses indicate that the vulcanian explosions repeatedly occurring at Sem
volcano are mainly different in the magnitude, but not in time scale.

Keywords: Vulcanian, explosion, tilt, explosion earthquake, inflation, deflation
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Mechanism of the 1888 Phreatic Explosion at Bandai Volcano, 3. Location of Explosive

Source and Multi-directed Outbursts
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Mechanism of foam collapse near the surface: implications for the Vulcanian eruptions
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In the eruption phase of vigorous Vulcanian explosions, lava domes or driblets repeatedly appear in the volcanic crater. It i
believed that dense lavas are formed via compaction of melt foam, namely, density contrast between gas and melt matrix caus
densification of permeable foam. However, the mechanism of lava formation is still unclear. The permeability of the lavas over-
lying the melt foam should decrease quickly enough to accumulate magma pressure in the conduit that is required from bot
geophysical observations and modeling of Vulcanian explosions. In this presentation, we propose that surface tension-drive
foam collapse may produce dense andesitic lavas in addition to the compaction driven by gravity.

We have carried out heating experiments of andesitic pumices in the air and evacuated silica glass tubes with NNO buffer. W
used the pumice clasts of the 1914 (Taisho) eruption of Sakurajima volcano. Its water content in the groundmass glass is ca. O
wt%. The experimental temperature ranges from 400 to 1000 deg. C, and the run duration from 0.5 to 8 hours. With increasin
run duration at 1000 deg. C, the vesicularity decreased in both atmospheric and evacuated runs. At 400 deg. C, however, 1
significant densification was observed. Since there was no excess confining pressure or shear strain, the only possible force
have caused the densification of melt foam is surface tension of the melt. The textural observations of the bubbles and cavitie
support this idea. The time scale of compaction and its relation to the interval of Vulcanian explosions will be discussed.
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Self-organized microstructure in flowing suspension

ooowoooothooothooot
Hiroshi Kawabat&*, Daisuke Nishiurd, Hide Sakaguchj Yoshiyuki Tatsumi

lOoooooooooooon
YIFREE, JAMSTEC

We present a 3-D numerical simulation developed by combining the discrete element method (DEM) and computational fluid
dynamics (CFD), assuming suspensions containing uniform rectangular rigid particles within a Newtonian viscous matrix. Our
simulation revealed how the bulk viscosity is determined by the particle orientation, particle concentration, and development of
both particle clusters and contact force chains. The evolution of the microstructure is governed by two factors: (1) geometric
relationships between the particle orientation and the maximum principal axis and (2) magnitude of particle-fluid and particle-
particle interactions, which modifies the rotation behavior of particles. The first factor results in the coupling of the particle
orientation and the local fraction of particles. The second factor controls the mean preferred particle orientation and its intensity
Through the combined effect of the two factors, particles are rearranged because of shear-induced strain, and both the microstrt
ture and the bulk viscosity reach a steady-state condition. Under this condition, the microstructure is composed of two domain
having different particle fractions and particle orientations. These findings have important implications for the kinematics of the
flow-related microstructure recorded in igneous rocks.



Japan Geoscience Union Meeting 2011 Jd
(May 22-27 2011 at Makuhari, Chiba, Japan) J

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
I‘%‘Ei‘?"..
SVC047-16 00:301B O00:50 240 12:30-12:45

O0o00D0o0pooopoooooog
In-situ observation of flowing magma at high temperature and pressure

000YL00000 ™ 0000032%00035000¢4
Satoshi Okumurg Michihiko Nakamurd*, Kentaro Uesudi, Tsukasa Nakartg Akira Tsuchiyama

l0pgooo0o0o0OO00O00O0O0O0O0o0O0D,2000000000000,30000000,4000000000000
IDept. Earth Science, Tohoku UnigSPring-8/JASRIZAIST/GSJ,*Dept. Earth Space Science, Osaka Univ.

The vesiculation and degassing of magma ascending in volcanic conduits control the explosivity and style of volcanic eruptions
To understand these processes, the vesiculation and degassing processes have been simulated by performing decompressior
deformation experiments. Previous experiments were carried out using a quench technique in which magma was decompress
and deformed at high temperature and pressure, then cooled to room temperature and atmospheric condition to analyze run pre
ucts. The quench experiments provided important information for processes whose timescale is relatively long. However, som
processes cannot be observed directly. For example, it is difficult to observe brittle fracturing during magma deformation by the
guench experiments, which seems to occur during short period and induce efficient degassing through the fractures. In additio
a sequential process of magma vesiculation, degassing, and compaction has not been observed experimentally, although it |
been thought to be an origin of effusive eruptions.

In this study, we originally made a deformation apparatus to simulate decompression and shear deformation of magma. Thi
apparatus can be combined with synchrotron radiation X-ray radiography and computed tomography of SPring-8 in Japan. i
the apparatus, a sample is placed in a graphite cylinder and sandwiched between two pistons. An upper piston can be rotat
by a rotating motor. The sample and graphite cylinder are externally heated using cartridge heaters. A small hole (ca. 10 mm i
diameter) is created in the path of X-ray in the apparatus, except for the graphite cylinder which is X-ray-transmissive. To obtair
three dimensional image (CT image), the sample is rotated on a theta stage and transmission images are taken from all directic
The approximately 10 degree images cannot be taken in this system because the deformation apparatus has two load fran
which support internal pressure in the cell. Thus, the 10 degree images have to be obtained by interpolation. As a preliminar
experiment, we performed a torsional deformation experiment at a temperature of ca. 1000 degrees C for vesicular rhyolite. Th
vesiculation and shear deformation of rhyolite was successfully observed using the X-ray radiography. In future studies, we will
perform in-situ observation of shear fracturing and degassing-compaction processes of magma.

ooo0o0:000,00000,0000,00
Keywords: magma, in-situ observation, shear deformation, vesiculation
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Sunda arc, a part of Pacific ring of fire, extends from West Java to Flores. The arc developed since Tertiary period at a cor
vergent tectonic plate margin, where India-Australian plate is subducted northward beneath Eurasian plate. Central Sunda Al
(CSA) is represented by a series of volcanoes from the fore arc toward the back arc including Merapi, Merbabu, Telomoyo
Ungaran and Muria. The oldest activity represented by Muria was 1.11 Ma (Edwards, 1990) whereas the youngest one by Mera
was October 2010. Depth of Wadati-Benioff zone beneath CSA ranges from 190 km for Merapi (Gertisser & Keller, 2003) to 350
km for Muria (Nicholls & Whitford, 1989). Field works have been conducted for brief geologic observation and rock sample col-
lection from Merbabu, Telomoyo, Muria, including Genuk on the north and Patiayam on the south of Muria. Data from Merapi is
compiled from Handini (2010). Rock samples were analyzed using X-Ray Fluorescence, Prompt Gamma Ray and Instrument:
Neutron Activation Analysis to obtain whole rock compositions. Using subduction component elements, we tried to estimate the
sediment input from the slab in magma genesis of CSA.

High Al;O3 (718 wt%), low Cr ("29 ppm) and Ni ("27 ppm) from CSA products characterize the volcanic products from these
volcanoes. KO increases gradually with Benioff zone depth. Most samples from Merapi, Merbabu, Telomoyo and Ungaran are
classified as subalkaline, whereas Muria samples fail on both Alkaline and Subalkaline fields. In detail, Merapi samples rang
from Medium-K to High-K, Merbabu Medium-K, Telomoyo and Ungaran High-K, and Muria samples range from High-K to
Shosonitic and Leucitic. We only selected unfractionated lavas to avoid assimilation, including basalt, basaltic andesite, andesit
basanite, trachy basaltic andesite and trachyandesite.

Chondrite normalized REE pattern of Muria samples including Genuk and Patiayam shows steeper patterns than those fro
fore arc volcano. LREE to HREE ratios of Muria samples are up to four times higher than those from the frontal volcanoes. Leac
to HFSE ratios (e.g. Pb/Nb) reach the highest point around Merbabu ("17) and Telomoyo ("21) instead of frontal Merapi ("14),
and gradually decrease toward back arc, suggesting the strongest sediment input at Merbabu and Telomoyo. Lead to HFSE rat
are the lowest ("0.25) at Muria Leucitic products. Those of Muria shoshonitie are “0.67, and those of Muria High-K are "1.27.
Boron to HFSE ratios which also indicate the fluid significance on magmatism shows similar pattern with Lead. These results
from fluid mobile elements provide possibilities on estimating slab influence to mantle source in CSA.

O O 0O 0O 0O : Subduction, Across sunda arc, Quartenary volcanism, Fluid mobile element
Keywords: Subduction, Across sunda arc, Quartenary volcanism, Fluid mobile element
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Hntitut Teknologi Bandung?GSST, Kumamoto University

Pleistocene Gede Salak volcanic complex is located at Banten, northwestern edge of Java island. The volcanism is associat
with the subduction of the India-Australia plate beneath Eurasian plate at the rate of 7 cm/y. These volcanoes are located ne
Sunda Strait, a transitional zone between Java arc and Sumatera arc where oblique subduction is observed. The distance fr
Java trench is 300 km, with a diameter of 30 km. This volcanic complex consists of Gede, Salak, Batur and Wadas volcanoes. T
southeast is located Pinang volcano, and to south is Volcanic complex of Rawa Dano. This study is the first geochemical stud
of volcanic rocks characterizing across-arc variation of Java-Sumatra junction.

Gede Salak volcanic complex consists of pyroclastic flow deposits in the western part and lava flows in the eastern part. Th
later development of dome Wadas formation is probably associated with fault structures trending northwest to southeast.

Volcanic samples from this volcanic complex include basaltic to trachytic rocks, in the range of medium-K to high-K MgO
content is less than 3 %. Elements of Rb, Zr, Ce, and La increase with increasing SiO2. Chondrite-normalized REE patterns au
similar to those of island arc basalts. When compared to volcanic samples from central western Java volcanoes, REE pattern
similar to those from backarc volcanoes (Sendjaja et al. 2009). Gede Salak volcano is slightly enriched in the subduction com
ponent, as illustrated by the low Nb/Zr and elevated Ba/Zr ratios. B/Nb and B/Zr ratios are in the range of (1.5 - 5.4) and (0.03 -
0.10), which are higher than the back arc volcano in central Java transect, but lower than the frontal volcanoes there.

0O 0000 : basalt, subduction, Gede Salak volcanic complex, Northwestern Java
Keywords: basalt, subduction, Gede Salak volcanic complex, Northwestern Java
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Monotonic infrasound at Volcan Villarrica, Chile
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Volcan Villarrica in the southern Andes, Chile, is an active stratovolcano that hosts a convecting lava lake in the summit crater
The Villarrica lava lake is typically overhung by spatter roof that is broken by a central skylight through which the lava lake
can be glimpsed. In January 2010 we pointed a video camera at the open vent and coincidentally recorded infrasound to bett
understand sound generation. We observed monotonic infrasound with stable peaked frequency of 0.77 Hz although there w
a lack of visual correlation between discrete explosions and infrasound production. We demonstrate that the likely source o
infrasound is Helmholtz resonance produced from a cavity that separates the active convecting lava lake from an overhangir
spatter roof.

When pressure perturbation is applied to an air plug in a constriction (e.g., neck of a bottle or vent skylight) that is connectec
to a cavity, the plug will oscillate (Helmholtz resonance). The idealized Helmholtz frequency is given by:

f=(c/2¥3.14)(S/VL)'/? (1)

wherec is sound velocity in the cavity§ is neck cross sectional ardajs neck length and/ is cavity volume. In practice, an
extra air volume proportional to the neck radius moves together with the air above and below the neck. This end effect may bt
added to the geometrical length of the neck and is calculated as 0.85 times the radius for a flanged end and 0.61 times radius
non-flanged (pipe) end (e.g., Fletcher and Rossing [1998]). By considering the skylight as a circular flanged hole with radius r
and when skylight length is negligibly short, Helmholtz resonance frequency is given by:

f=(c/2+3.14)(3.141/1.7V)"/? (2)

Assuming Villarrica volcanic gas concentrations is 95 mol%t2.0 mol% CQ, 2.1 mol% SQ, and less than 1 mol% of
other species [Shinohara and Witter, 2005] and using mixing theory for each gas species [Morrissey and Chouet32eD1],

m/s assuming cavity temperature is 2@D. Using this value withf = 0.77 Hz andr = 5 m (skylight radius determined from

video imagery) we obtain a cavity volume of 1:04° m? from eq. (2), and the cavity height is 31 m if we adopt cylindrical
shape with the same diameter as that of spatter roof (65 m).Cavity gas might also mix with ambient atmosphere whose velocit
is 0.85 times lower than that of Villarrica volcanic gas for the same temperatures. Although the atmosphere-volcanic gas mixing
ratio in cavity is unknown, eq. (2) would predict a volume and height estimations as low a4 @%1> and 23 m, respectively,

for a cavity filled with atmospheric air at 20€. The actual cavity height should then most probably be somewhere between 23
m and 31 m.

In the video we are able to identify occasional lava dripping from the edge of skylight and falling into the lava lake. Forty-four
independent measurements of fall time range from 1.3 to 2.2 sec with a 1.76 s average, corresponding to free fall distance
between 8 and 24 m with an average of 15.5 m if we ignore drag force of the atmosphere. The wide range in estimates could k
by dynamic levels of the lava surface due to bubble slug arrival and surface disruption and poor visibility due to volcanic fume
that serves to decrease the estimated fall times. For these reasons we propose that the actual cavity depth could correspond
fall of at least 2.2 s (or 24 m). The 24 m dimension is similar to the 23-31 m estimate determined from the Helmholtz resonance
model, showing the plausibility of Helmholtz resonance for observed monotonic infrasound at Villarrica.
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