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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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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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DVEHDFEECBREEEZE XD LT, EELEAO—DENED.
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VYHSDMAIC L DIERE VI VOBREMEERARDET VL (X (FBurgisser and Bergantz, 2011,
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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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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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Is there any causality between the 2002-2005 volcanic activity of Baitoushan volcano and
the 2011 Tohoku M9 earthquake?
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The characteristics of the Late Cenozoic calderas in the northeastern Japan arc
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The uplift of the present Ou Backbone Range began in the island-arc period at 10 Ma, and was
associated with an increase of horizontal compression. Between 8 and 1.7 Ma, active felsic
volcanism created more than 80 calderas associated with subordinate andesites to basalts in the
northeastern Japan arc (Ito et al., 1989; Yamamoto, 1992; Sato and Yoshida, 1993; Sato, 1994;
Yoshida et al., 1999; Prima et al., 2012). There are two peaks in caldera formation interrupted by
a short period of dormancy at 5-4 Ma, which is related to a short transgression, and the number and
size of collapse calderas decreased from the late Miocene to the Pliocene.

These late Cenozoic calderas have an average diameter of about 10 km and an average aspect ratio of
1.24 in diameter. They are divided into three groups related to their diameter size (about 5, 10
and over 14 km), and are mainly classified into piston-cylinder type with subordinate funnel type.
The spatial and size distributions of calderas are comparable with those of the Cretaceous granitic
plutons from the Kitakami Mountainland in northeast Honshu. The collapse of such calderas would
bave formed in a neutral to weakly compressive stress field (Sato and Yoshida, 1993; Sato, 1994),
and this would have resulted in the rise of felsic magmas into the crust where large intra-crustal
magma chambers were formed (Yoshida et al., 1993; Aizawa and Yoshida, 2000; Aizawa et al., 2006).
It has been argued that the regional stress field controlled the volcanic activity in the northeast
Japan arc (Sato and Yoshida, 1993; Yoshida et al., 1993, 1997, 1999, 2014; Acocella et al., 2008),
and that basaltic magmas derived from the mantle wedge, underplated and stagnated near the Moho,
which acts as a density barrier (e.g. Ryan, 1987; Takada, 1989). These magmas would then have
fractionated, re-mobilized or re-melted from solidified mafic precursors or the pre-existing arc
crust, to form the felsic magmas in the inland area of the northeast Japan arc, with a thick crust
(Sato and Yoshida, 1993). Such an event is confirmed by the existence of large felsic effusives in
the eastern margin of the back-arc basin rift system (Yamada et al., 2012). During the neutral
stress condition between 13.5 and 10 Ma, the felsic magmas would have risen diapirically through
the ductile lower crust owing to their buoyancy (Aizawa and Yoshida, 2000; Aizawa et al., 2006),
and the mode of ascent would have changed in the brittle upper crust to dyke or sheet. An increase
in the compressional stress field occurred between 10 and 8 Ma, and it is likely that this increase
led to the formation of sills and laccolithic shallow reservoirs in the upper crust (Sato and
Yoshida, 1993; Aizawa and Yoshida, 2000). The regional change in the stress field was, therefore,
the major control of caldera-dominated volcanism with laccolithic shallow reservoirs that occurred
in the earlier half of the island-arc period. Felsic magma at this level could then have intruded
along subsurface low-angle thrust sheets, and it is possible that magma migration along the thrust
sheets caused the uplift of the Ou Backbone Range (Sato and Yoshida, 1993; Sato, 1994; Yoshida et
al., 1993, 2014).

The clockwise rotation of SW Honshu (Otofuji and Matsuda, 1983) and the collision with the Kuril
forearc sliver (Kimura, 1986) caused an oblique (NE-SW trending) compression of the northeast Japan
arc during the Miocene to Pliocene, and triggered felsic magmatism along the areas of localized
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extension (Acocella et al., 2008). After about 5 Ma, the Pacific plate accelerated (Pollitz, 1986).
Pol1litz(1986) suggested that the change in Pacific plate motion introduced a large component of
compression normal to the Japan trench. This strong ENE-WSW compression closed the caldera-feeding
systems and favoured the development of stratovolcanoes with deeper magma plumbing systems directly
connected to the basaltic mantle source region.

F—U—F #EFERNILT B RAtARI. EREALES

Keywords: Late Cenozoic calderas, northeastern Japan arc, felsic volcanism
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ELXL1991-1995FIBE YR OEZHRE I BV DLV ZHRDZRIEDIRIRE v I VHIGR
Variation of mineral chemistry of mafic inclusions in the 1991-1995 dacite of Unzen
volcano: variable degree of annealing of microlites in low temperature stagnant magma
reservoir and its implications for the magma plumbing system

“EgE R NLY JSYVYDL RyFe)LI7 O-vYL il &t R—LUYX NSIVR?
*Hiroaki Sato', Francois Holtz?, Roman Botcharnikov’, Setsuya Nakada®’, Harald Behrens’

THREXRE. 2.\ —NR—KZF 3. RRKEMERER
1.Kobe Univ., 2.Hannover Univ., 3.Univ. Tokyo, ERI

Mafic inclusions in the 1991-1995 dacite of Unzen volcano show chemical and textural variability,
such that bulk Si0, contents range from 52 to 62 wt.% and fine to coarse microlite textures. In
this paper we show variations of mineral chemistry of hornblende and plagioclase and classify the
mafic inclusions into type-I, type-II and type-III; i.e., type-I includes high-Mg plagioclase and
low-C1l hornblende as microlites, and type-III includes low-Mg plagioclase and high-Cl hornblende,
and type-II has intermediate mineral chemistry. Type-I mafic inclusions tend to show finer-grained
in the matrix, have slightly higher bulk rock Si0, contents (56-60 wt%), compared with the type-III
mafic inclusions (Si0,=53-59 wt%), but overall bulk rock compositions are similar to the
basalt-dacite eruption products of Quaternary monogenetic volcanoes around Unzen volcano. The
origin of the variation of mineral chemistry in mafic inclusions is interpreted to reflect the
different degree of diffusion relaxation of minerals in low temperature dacitic magma reservoir;
i.e., older intrusion produced mafic inclusions, whose constituent minerals were subsequently
annealed at low-temperature to be in equililbrium with the rhyolitic melt (type-III), whereas the
latest intrusion retained high-temperature mineral chemistry corresponding to those of the type-I
mafic inclusions. Mg contents of plagioclase are modeled in terms of temperature and X(An) for
hydrous Unzen magma, suggesting that plagioclase microlite in type-III initially crystallized at
high temperature subsequently reequilibrated in low temperature stagnant magma reservoir.
Compositional profiles of Mg0 in plagioclase suggest that older mafic inclusions spent at least
several hundred years for annealing at ca. 800°C in the stagnant magma reservoir before
incorporation into mixed dacite of the 1991-1995 eruption of Unzen volcano. A magma plumbing system
that afforded variably annealed mafic inclusions in 1991-1995 dacite of Unzen volcano is discussed
and illustrated.

F—O—F Bl SHRETIEY. VI VEIER

Keywords: Unzen volcano, mafic inclusions, magma plumbling system
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BARFHICREFEXBNLOVIVHIER
Petrological constraints on magma plumbing system beneath Izu-Oshima volcano
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[[FUSIC]

FEXEANLEGE, FEMOANLTOY~EDFENLTHSD. FEABXNLOBEHEYIOER(F 3 DICKRIT

N, 40,000 FE LD EHVBEIHN S D RBEEE, 40,000~1,500F8] (DILTSERE) ITHEEYHSHK
SHHAEBER, TNUBRREI TOEEMHSHIFEABEBEH CHS. FHHEOFEAXEANLICHFVT

(&, 18HHIZFE TIIBEHEENE ~ VIRBOBANRS KZ10ENS150ECIEOBETNREREC ofz. <N5D
55, EAMBCEELBENRSDEEXISNTUBIEAXNIE, 838FBNSBFETSICHITTD I HIBDHN
SOERIICHRVWTHREC 212 3EIDEBENTH D GRAHF(EH, 2008) . 192 LIR(E, BAENRETF A ~VUT
EWVD, RERKIDERER—MIULENST VEBEXNRIVENSWEC 1 BEOEIETEC DTUVD. COYTIILIC
Rz, BEOBNTHS1986~1987FEBNNSEEICIVENRBL TLBIZ6, ELVGER, BUBEANT SEHE
MAEE>TUVS. 2L, ZOEAMN, 2011E3B1HOEIIMA K EENG I TEEL > TEANT S
EICEBONE SMIRBETHD. AFBETIE, FEABANLOXNLEDEGZNHAELS, FEAXENLD
VOVEHERICDWTECETON > TLBIMERERL, AUVIIRICFRSISNDEXN(CHER B 1200 DEFRBHIL
BREEETS.

[REXENLOXIVSEBRD/NNU I -3 V]

FERENLOBEMIC(E, BAU/SIEL Y REEBAUSIFLYRERBEIT CENTSE, NLEDEBR/NY
I—23vEIN52DORLYROFREICHD. COZEND, RiF, BA/SIL YR EDREEAL/SI -
LYREDRDEEMTH DN, BAU/SIikL Y REEEREMEERDRGEBAL/SINL Y REEFERD
BLERDOREOFRENLEZETTEIMEZD, OLWFNHTHDEEX 51N S (Hamada et al., 2014). EEH
B2 (Hamada and Fujii, 2008)(CED< &, BAU/SikL Y R(E~3 wttH,0E ST RMEXIL D, EAL/Si~
LY REFEFEAEBEKDRHMEX IV SDBRMEERE UTESAT S EMAIRETH S .
[REABNILOY IV DEKGERSEER]
FEREAXEBNLONLEZEEICHETBIEMYL 71 I, LELE, GICEURERA (Anx90, ZZ2LUY LI
An~75) ZBIRICED. Hamada and Fujii (2007)(F. FREXBANLOHRENKRDMOL2BEBEDVYIY (MAM3E
MA44, Mg0~-5 wt%) DEZKRAEERER (1~6 wt% H0) &IV, BHI SRRADEMICKIFT X)L ~OERE
BKEOMRZEFANR. MAZEHEAL/SIitL Y R EOHENRMEERERTH D, MAMFEAL/SIikL YR E
DEERHIRMEERIARE(ERT 5. MMIEHRESKEBLIZECS, 1~6 wtt HODRGFTTREAMNY +
SIETHD, SKEOEMICH ST, MRADELHEEMETIS/ENSONL. RRADMEMI(E, K
[GEVWRETTEANBOTH 2 e, BKEDEMICH D> TQICED LSIIED, XILEDOEKE>S wtsTE
An>90TdH DTz, MAAEIRIE SKBIELIZE C 3, BEKE (<2 wi%) TTREBRERANRVUFTIIMBTH 1

m, TSICHKENEMNT D EERNBARYFIIMBE L TRE LUz, RIRGOHERE, BKIGEVWRETT
(FANTOTH D, BKEDIBMICHE O TCQIZETMR, XILEDEKEMN~4 wt% H0TABICEE o, IHD
5, ICETRERA (An>90) (&, SAU/SIitL YR EOBRNSIEXILEDEKESS wtsTRETETIN, B
AU/SikL YR EDOBNSIE, BKECEDSFREHTETEL. —F, GICZULLRIRAY L (An~75) (&, &
AU/SIFL YR EORNSIEEETELUVN, BAV/SIFL YR EORNMNSIIRETES. 2T, GICETH
BRI, BAU/SIELYREOBRNSEE URZEBICEA/SIFL YR EDRICIDIATNZENDEEZEZSNS.
[f&m]

FERENLOBHERIC(E, SAU/SIEL Y REBAUSIFL Y RERBITCENTE, NLEDEMR/Y
I—23v@EN52DOLYEREOFEICHS. BAL/SIEL Y RIS wts HOESTRMEXILEDR, B
AL/SikL Y RIFFEEKDRMEX IV S NERMUERZETSC LK > TEL CENERS. T4 kmdDR
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BICHBIVIVEETD (BKE~3 wtk) HSHMRMNE (FEFEAXILE) (CESTTONEFRT, XIUHIEH,
0ICEERILTH D, REICIGU TEKEDRLIIFH T CENENHERMUERNRRETLTUSEEXN
(&, FEXBNLOVIVEHISREERFNICHAITSICENTES.
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Deep Structure of Fuji volcano
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2011E3RTBICREE ZEXRMEOEZE CEAINEDNLNZ S WNEEE BT SERRE(ICH S L HRIN
Do HEHIFEPLNEEBZRIBT SXREENLRHE—73. FI0ENTTVYIVEDDREZ LIFXREL
BANEERCITEREVIVONLEDSDRLSD S, RENSNLFBEBOFHGBREZ HHE 2HICEFERA (TN
LDREBEE ZDI 1 FZOXCEAITBEREZNZENOANLUICDOVTENSCEMILDEETHBEE
ZBo

NILFEER EEEIOERZRMRERBU DI CECIDANLDVIVEDICDVTHIEEDHEEEITD
CENABEETH D, VIVEBODKEREZ CHETETIHENH S (B 1 BERANLICET ZRED—EDHE
BE)e UMLIERS, BIBRBALICSOVWTIEIRBIINDTI VI VED DUESHRRZI (RS 3~10k
MMIEAETHEZSET ST+ —HSHEESTNS TEIROEXLVIVEDDIEHRERSS C E(FEHT
R#ETH B,

EXALETL—FBRICUET SEXLIRBAMLTANERD r VEYBTIL—rE1-35TY7TL—rEF
RSHEICHFAT D EVSERTHANR TCEBH TCIZ—ILFECH D, EXREBAXDEBELEYERBRERF
HICHARUTBR. BARIORERAEVIVIEIRS 2k mOTERVYIVIEXDICAEBLUIRC EMHIBELT
CEEFEN. 202FMLER) o COBECTEETNLORFBEEMESNET ST v —. RBERP. B
NUSEEIENSRETL. BEXALDBERET I SO XDBREERT 3,
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