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Mt. Zao is an active volcano located in northeastern Honshu and has histories of phreatic or
phreato-magmatic eruptions in the last 2 ka. Unrest of Zao volcano started in January, 2013 with a
volcanic tremor (JMA, 2013) followed by activated seismicity mainly in the lower crust and very
-long-period seisimic events (VLP) up to today. Since a burst of shallow volcanic earthquakes
initiated in April 2015, JMA announced a Volcanic Warning for the area near crater, which was
lifted in June because of the quiescence of the seismicity.

Mt. Azumayama is an active volcano located in northeastern Honshu and has repeatedly erupted around
the Oana crater within recorded history, and currently a fumarolic area extends across its southern
and eastern flanks (JMA, 2013). Recent seismicity between 2001 and 2009 are characterized as
repetition of active and quiet periods with intervals of around 2 to 3 years, while it shows steady
activity after 2010 (IJMA, 2014a). Seismic activity looks gradually increasing since October 2014. A
volcanic tremor with a duration of about 35 minutes occurred on December 12, 2014, and the monthly
number of volcanic earthquakes in December 2014 counted 576, and a volcanic alert (Level 2) was
applied by JMA and is lasting at present.

GNSS data obtained around the two volcanoes are processed using the precise point positioning
strategy (Zumberge et al., 1997) of GIPSY-OASIS II ver. 6.2 with IGS@8 precise ephemerides and GMF
mapping functions (GMF, Boehm et al., 2006). Since the wide area of northeastern Honshu still
suffers the long lasting postseismic deformation following the 2011 Tohoku-oki earthquake (M9.9),
we extract volcanic deformation related to the unrest of the volcano by fitting an approximation
function of time consisting of linear, logarithmic, annual, and semi-annual terms. The coefficients
of each term are estimated by the least-squares method.

Resulting displacements around Zao and Azumayama volcanoes show radial expansion and uplifting, and
suggest the existence of pressure sources for the periods between January 2015 and May 2015, and
October 2014 and May 2015, respectively. These deformations can be modeled with an point pressure
source at a depth of around 5 km and 3 km, respectively beneath the summit, and related to raised
volcanic activity.
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Past ca. 800 years magma feeding system beneath Zao volcano
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RIEEANAL DOy ~OFREB(CAIBIT DT NG, LA DHF CENZEHENRZOEFNLTH D, X
54 - NS OERFDEASEENS1894~97TETH D 1940F(C(FEZEDILER2 . kit ma M SINBENNFEE L T
WD, ZDEE. BEAICEESHEN D RESSER(CPERMELE DRIJKMIIRKRMN
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C Tl KOMBEDEIZE(CFE O IZHIB00FERILEDEN R & v I VSR DB TO TR (C DV TOR
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BOEEBRVYI VY (950~1000C) T. EEE GHTHOknZE) (CUBT BEERVY I VICEEHRROEIENEA - B
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A (AZw t4ERR<) TR EfICAAN> TEEERIETERE(ICEEL. ZNERRICY AMDECEBEE S
DRIEGPEREFOREALVEGHRZDIGHNER. T An ENERBICEBUVRIREGERDSND LD
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Deep seismic structure beneath volcanic arcs
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The subduction zone system on the Earth is over 40,000 km long. The active processes -brittle
deformation, metamorphism, convection and volcanism- beneath volcanic arcs are all linked with
slab-derived fluids. Here I review seismological observations in subduction zones and show that a
low-velocity zone is observed in the mantle wedge beneath all volcanic arcs. Interestingly,
geometries of the low-velocity zone, however, vary depending on the dip and age of the subducting
slab. I also present deep crustal structure in NE Japan and discuss how the crustal structure
changes along the volcanic front, providing a clue to understand deep origins of arc magmas and
ongoing processes beneath volcanic arcs.
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Toward an examination of magmatic activation from viscosity-perspective
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RUESOERICDIRRZE VI VEENCKDHEHEE, EBLXEBERD—DEVIVOMETHS. YVIVIC
AE, HDVENETBIRINICKL DT, VIVRERT IEEDIBIIE LTV V@S, ERLERED
HALRT=)VCKRELBBNIEEZISNBZINSTHSD. AR CIE, BEH VIV ORMEDHEEFIORGEDE R
NafThnev I VEEEELBRICEIIMRELE1—L, SEBOMREEZXD.
BEEEEAHNSHESNIBEBANERIOVIVEBIDRETOVIVOIME (preeruptive magma viscosity) (&
10'1\510° Pas|CRSNAVVEEE(CHTz2 5 (Scaillet et al., 1998, JGR; Takeuchi, 2011, JGR; Anddjar and
Scaillet, 2012, Lithos). COOKXSIEHRE(L, XILHEETTIL (BFIX(SE Giordano et al., 2008, EPSL) &
ZEVIVYORMEETIL(FI X (EMarsh, 1981, (MP)ERL), MRESUCVIVORMEE UL TERENT—SIC
HOFIHEIBZICETHRETHSD. EAZNICHEIN VI VOMIEF, XEREHNSTRME(CEDCD

n, 10'M510° PasEm< S BEAN S Z—7, RIUENST Y1 REVIVO—ETI0° PasE THIENE
<7£3(Takeuchi, 2011, JGR). COXSHERILENST Y1 REVYIVIE, $50 volslCcH IIEEENH
BEST. Tz, SREOHENAREELD, XIUMERAEEEKRKD EERERAIICTN, TMEER (1
75 wt% Si0,) ([CED>TLB. CNSOCEN, BLKMEZERDEHTHS. BARDL SLEMTEEN(CEE
IRIRILENST Y1 REDVT VORMENEEE10°1 510° Pasd 5HilCHRD. CHOEBEDLISE, ¥
DVEHDFEECBREEEZE XD LT, EELEAO—DENED.

BANERIDVY I VHEOE R SR INE VI VIEMICEND S ETIVERAVS DN\HSD. FAEERYS
VYHSDMAIC L DIERE VI VOBREMEERARDET VL (X (FBurgisser and Bergantz, 2011,
Nature) D\S, CNSOBEROI 7 LT —IVIERBREEVIVORERSVWEERLEDCEMNRINTL
3. Tz, BAYOEHEREMNED TSN VI VEIDNSOEREROTEMMRERINTUD (HIXE
Rubin, 1995, JGR) . FHEARZWVZE, BEMERDEHICHEBLEVI VBT DBREIEDASZTIAKRET LS.
S1&(F, MLOBEABEREORAZEBE DR (BIX(E Gardner et al., 1995, Geology; White et al.,
2006, G3) , YOVEEDS1TLRT—IU (Hlz(E Tomiya et al., 2013, BV) CASMEDEER, EXNBERIDIM
BRYJIBZMIRSR & DR (B X (S Passarelli and Brodsky, 2012) L&, ¥MEDEBESN SOV I VEENE
MAGBIE(CRET SERIAMTMEREZSNS. ZOBR, XU —IL (Takeuchi, 2015, BV) MREELL
YO VKIEHREICRIID.
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Large earthquakes sometimes activate volcanoes both in the near field as well as in the far field.
One possible explanation is that shaking may increase the mobility of the volcanic gases stored in
magma reservoirs and conduits. Here experimentally and theoretically we investigate how sloshing,
the oscillatory motion of fluids contained in a shaking tank, may affect the presence and stability
of bubbles and foams, with important implications for magma conduits and reservoirs. We adopt this
concept from engineering: severe earthquakes are known to induce sloshing and damage petroleum
tanks. Sloshing occurs in a partially filled tank or a fully filled tank with density-stratified
fluids. These conditions are met at open summit conduits or at sealed magma reservoirs where a
bubbly magma layer overlays a newly injected denser magma layer. We conducted sloshing experiments
by shaking a rectangular tank partially filled with liquids, bubbly fluids (foams) and fully filled
with density-stratified fluids; i.e., a foam layer overlying a liquid layer. In experiments with
foams, we found that foam collapse occurs for oscillations near the resonance frequency of the
fluid layer. Low viscosity and large bubble size favor foam collapse during sloshing. In the
layered case, the collapsed foam mixes with the underlying liquid layer. Based on scaling
considerations, we constrained the conditions for the occurrence of foam collapse in natural magma
reservoirs. We find that seismic waves with lower frequencies < 1 Hz, usually excited by large
earthquakes, can resonate with larger magma reservoirs whose width is > 8.5 m. Strong ground motion
> 0.1 m/s can excite sloshing with sufficient amplitude to collapse a magma foam in an open conduit
or a foam overlying basaltic magma in a closed magma reservoir. The gas released from the collapsed
foam may in filtrate the rock or diffuse through pores, enhancing heat transfer, or may generate a
gas slug to cause a magmatic eruption. The overturn in the magma reservoir provides new nucleation
sites which may help to prepare a following/delayed eruption. Mt. Fuji erupted 49 days after the
large Hoei earthquake (1707) both dacitic and basaltic magmas. The eruption might have been
triggered by magma mixing through sloshing.
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Basic fluid dynamical processes in rejuvenation of magma chamber
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Large earthquakes are expected to activate magma chamber to induce eruptions. Up to now only
phenomenological correlation between occurrence of earthquake and the timing of eruption has been
suggested and the linking physical process is still unknown. When we evaluate probable long-term
effects of the Great Tohoku Earthquake on the volcanic activity the lack of models for the linkage
is crucial. From the lessons from historical eruption cases time scale up to 50 years is suggested
for the linkage(Takahashi 2012 ), which indicates involvements of lower crustal processes because
of the long term nature. We strongly need for conceptual models which link between the large
earthquake and eruptions in the lower crustal situations. The models should be presented in a
testable,observable style. Material scientific investigations on various eruption cases have
revealed injection of fluidic magma into crystal-rich mushy magma chamber could be a direct trigger
for the eruptions. In this presentation we summarize basic fluid dynamical processes associated
with this injection process to induce rejuvenation of magma chamber.

In the pioneering works on the modeling (Burgisser and Bergantz,2011,Huber et al 2011) importance
of fluidization has been addressed. Both works are an approach from numerical simulation. Since the
process is essentially dynamical two-phase system and the relevant rheology is complicated
experimental supports are necessary further on the simple numerical simulations. Here we report
three cases of fluidization from experimental approaches:1) fluidization of packed beds, 2)
switching permeable/gross flows in deformable gel system, and 3)shear-induced fluidization of
yield-stress fluid system. When fluid is injected to the aggregate of particles and liquid fluid
usually flows through the space between particles as a permeable flow. Above the critical injection
flux both the particles and the fluid begin to flow together. This is fluidization process, which
could be a kind of phase transition. As an example of 1) we demonstrate the initiation process of
fluidization in a conventional experimental setup of fluidizing beds(Kon & Kurita 2016). The
initial state is the packed bed formed by homogenous sized particles of sodalime glass,polystyrene
and acryl. Injection of water induces disintegration of the particles. The propagation velocity of
fluidized zone is controlled by free-fall velocity of the particles and the injected fluid
velocity. This basically controls the time scale of fluidization. When the particles become soft
and irregular shaped the system begins to behave as a yield stress fluid and peculiar cyclic
behavior switching permeable flow and gross flow appears(example 2, Kumagai et al 2010 ). This
suggests pressure oscillation phenomena in rejuvenation process. As an example of 3) we show
fluidization process induced by shear in terms of development of shear-banding(Kurokawa et al
2015). Curious stress fluctuation phenomena found in this experimental study is suggested for the
origin of low frequency earthquakes.
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