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Precise Leveling survey around mount Io, Kirishima Volcano (2012 - 2016)
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Probabilistic Prediction of Vulcanian Eruptions at the Showa Crater of Sakurajima Based on
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Comparison between ground deformation events at Sakurajima from January to June 2015 and
on August 15, 2015

“EE $HEL #0O EAL KB BE. LA =B AF &

*Kohei Hotta'’, Masato Iguchi’, Takahiro Ohkura', Keigo Yamamoto?, Takeshi Tameguri?

1 RERXZKEGIEZAERL 2. TERZP KRR
1.Graduate School of Science, Kyoto University, 2.DPRI, Kyoto University

We applied some source models to the ground deformations in different stages of volcanic activity
of Sakurajima to make clear style and process of magma intrusion.

One is slow ground inflation with highly eruptive activity at the Showa crater during the period
from January to June 2015 (first-half 2015 event). This event is similar to that during the period
from October 2011 to March 2012 (2011 event). A pressure source analysis based on Mogi model (Mogi,
1958, BERI) during the 2011 event revealed inflation sources to be located at a depth of 9.6 km
below sea level beneath the Aira caldera and 3.3 km below sea level beneath Kita-dake, and a
deflation source is located at a depth of 0.7 km below sea level beneath Minami-dake (Hotta et al.,
2016, JVGR). The characteristics of ground deformation during the first-half 2015 event is similar
to that of the 2011 event, and inflation sources beneath Aira caldera and Kita-dake and a deflation
source beneath Minami-dake are considered.

The other is much rapider and larger ground deformation on August 15, 2015, when eruptive activity
was decreasing from July 2015 (August 2015 event). The pattern of horizontal displacement during
the period from August 14 to 16, 2015 shows a WNW-ESE extension, which suggests a tensile fault. A
nearly vertical dike with a strike of NNE-SSW is obtained at a depth of 1.0 km below sea level
beneath Minami-dake. The length and width are 2.3 km and 0.6 km, respectively. The opening 1.97 m
yields its volume increase +2.7 million cubic meters (Hotta et al., under revision, EPS).
Associated with the August 2015 event, 887 volcano-tectonic (VT) earthquakes occurred beside the
dike, differently from the first-half 2015 event while only 63 VT earthquakes occurred for the 6
months. Half of the total amount of deformation of the August 2015 event was concentrated from
10:27 to 11:54. It is estimated that the intrusion rate of magma was 1 million cubic meters per
hour during the period. This rate is 200 times larger than that of magma intrusion rate beneath
Minami-dake prior to the vulcanian eruption on July 24, 2012 (5 thousand cubic meters per hour;
Iguchi, 2013, Study on volcanic eruption process by multi-parameter observation at Sakurajima). The
quite rapid intrusion rate caused extremely high-rate accumulation of strain in surrounding rocks,
and this forced significant increase in seismicity. The first-half 2015 event is considered to be a
process of magma accumulation and migration among the pre-existing spherical reservoirs, similarly
to the previous activities such as the 2011 event. Conversely, the August 2015 event is
dike-creating event at a different place from the pre-existing reservoir beneath the Showa crater,
and magma stopped at a shallow depth of 1.0 km. The direction of the opening of the dike coincides
with the T-axes of the VT earthquakes at the SW flank and is influenced by tectonic stress around
the Sakurajima volcano. The VT earthquakes at the SW flank during the periods of 1976-1978 and
2003-2004 are inferred to be the magma pass from southwestern part of Sakurajima (Kamo, 1989,
Proceedings of Kagoshima International Conference on Volcanoes) and vertical tensile crack that
across Sakurajima from NE to SW (Hidayati et al., 2007, BVSJ]), respectively. The first-half 2015
event was accompanied by the VT earthquakes at the SW flank during the period from March 31 to
early April, 2015, similarly to 1976-1978 and 2003-2004. Magma might migrate beneath the dike
intruded on the August 2015 event along the magma pass from southwestern part of Sakurajima or
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along vertical tensile crack that across Sakurajima from NE to SW accompany with the swarm of VT
earthquakes at the southwestern part of Sakurajima in the first-half 2015 event.
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Continuous relative gravity observation at Sakurajima Volcano: Tilt and gravity changes
during the dike intrusion event
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Scintrex CG-3M Gravimeter at Arimura
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Gravity vs Strain/Tilt Changes at Sakurajima Volcano from the Dyke Intrusion Event in
August 2015 through Resumption of Frequent Explosions in February 2016
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Vertical deformation associated with the 15 August 2015 dike intrusion at Sakurajima
volcano measured by leveling survey
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Earthquake Swarm Activity at Sakurajima Volcano on August 15, 2015
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Failed eruption observed by seismic arrays during the Sakujirama volcano activity on Aug.
15, 2015.
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Unknown later arrivals in cross-line shooting seismograms of the repeating seismic
experiments in Sakurajima Volcano
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Depth of pre-eruptive magma reservoir of Sakurajima Volcano estimated from melt inclusions

A B N EFE BN B RA . KE AN #O EA’

*Naoki Araya', Michihiko Nakamura', Satoshi Okumura', Atsushi Yasuda’, Daisuke Miki®, Masato Iguchi’

1R KEXEHFIEPARRIMPEIR, 2. RRAPHEMAFRA. 3. ZBREBEARRLEBSRE Y5 —

1.Department of Earth Science, Graduate School of Science, Tohoku University, 2.Earthquake Research
Institute, University of Tokyo, 3.Sakurajima Volcano Research Center, Disaster Prevention Research

Institute, Kyoto University

To interprete magmatic processes of the ongoing Vulcanian explosions and to forecast possible
future activity in Sakurajima Volcano, determining pre-eruptive magmatic conditions of the historic
eruptions, especially depths of the magma reservoirs, is crucial. We therefore analyzed volatile
contents and major element compositions of melt inclusions (MIs) and their host phenocrysts in the
three historic Plinian eruptions (1471 A.D., 1779 A.D., and 1914 A.D.) and recent Vulcanian
eruptions (1955-present).

The water contents of 110 MIs were analyzed with a FT-IR micro-reflectance spectroscopy (Yasuda,
2014). Most of the pyroxene-hosted melt inclusions (MIs) were dacitic to rhyolitic (Si0, = 65-72
wt.%) and gradually shifted to mafic compositions with time as observed for bulk rock compositions
after the 1471 eruption (Uto et al., 20@05; Nakagawa et al., 2011). The water contents of the MIs in
the three historic Plinian eruptions have similar frequency distributions ranging from 1.2 to 3.5
wt.%. More than 95% of the data were within 1.2-2.9 wt.%. By contrast, those of melt inclusions in
the recent Vulcanian ejecta were less than 2.3 wt.%. The lower maximum water content of the erupted
materials of the Vulcanian explosions compared to those of the Plinian eruptions are interpreted as
a result of degassing before quenching upon eruption. The MIs containing up to 4@ ppm CO, were
rarely found (Sato et al., 2012, JpGU), but most of the MIs did not contain detectable CO, content.
The saturation pressure for the water content of 1.2-2.9 wt.% was calculated at 15-73 MPa, which
corresponds to the depth of 0.6-3.1 km assuming that density of the upper crust is 2400 kg/m’. The
depth of the shallowest magma reservoir estimated from the geodetic observations on the present
Vulcanian explosions are located at a depth of 4 km beneath the Minamidake summit (Iguchi et al.,
2013), which is deeper than the depth ranges for most of the MIs (0.6-3.1 km) and in accordance
with the maximum depth (4.1 km, corresponding to 3.5 wt% H,0). Considering the erupted volumes of
these Plinian eruptions (0.3-0.8 km’ for the Plinian eruptions and 0.8-2.0 km’ including lava flows
in DRE, Kobayashi et al., 2013), the obtained depth range (2.5 km) may be largely explained by the
difference in the position of the magma reservoir.
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Volcanic gas composition of Sakurajima volcano, Japan
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Detection of abrupt increase in (€0, flux from a submarine volcano, Wakamiko, in the
innermost par of Kagoshima Bay in July 2015
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Hydrophone observations of volcanic activity from the sea area surrounding the
Nishinoshima volcano

“RE F= 2R AT FEk B TR XT. KR K. &8 £ B
*Yozo Hamano', Hiroko Sugiokaz, Aki Ito', Mie Ichihara®’, Masanao Shinohara®, Kiwamu Nishida®, Minoru
Takeo’

1 EFRRRERESEHIRRERS 7 F = O AMRDH. 2. HFARZEZFMARXRERZER. 3. FRKFMEMH
Bz

1.Department of Deep Earth Structure and Dynamics Research, JAMSTEC, 2.Department of Planetology,
Kobe University, 3.Earthquake Research Institute, University of Tokyo

BR (FREENLOEESZ EFRMICEZI—L. TOXREBZEMHFITBHIC. BENMLEZIVVYITIIIFLOD
HEEEDHTUVD,. COIYXTLATREATEENICBRZEMCEDBF ISV TI4a—LELTDI—D
oS —zZRV. BRRR. BEER. TRER. ROLAREREER T SHDRRERNEERMT S5E
Thd (FZ[fh,2016) . D&, EBEREM (HUNL] (CKBKRI5-0IFETIE. SERICENEGTSHE
REDEDEET. LENFEACHMBELDIERETP/N\TROIT 4 VED VY —BEOSHRE =

Tolz. Tz, CORMETI(E. ARBEZOEIOMEESHZERIANICEZI -9 3 (. BEMEST
(0BS) 5EMFZEBEINc, ABETII/N\TROTA VOERACL > TESNIERBEERDICHRET Do

N RO7# VERIZE. AZBEAN 7 knACE1318mDIBFAT. BE TRE1MTITE >z, BAFICH ETOR
iR, TR, RUOTAZENS14kmBENTENIT SR (KFE2177m) TOBSERRIMTTIE DN, ERIEARIE
201552 827H13052093 ~ 1485403 D 1852093 & W\ S ERETH o 1z . C ORFERAIIC L > TRERUBEBED
FEIMNBESH(CED, BBNLERY XFLEBEITZ LT, ASHEENESN.

EBRARF O ENEBNIIERK T, MEIFRE20~ 30 DEA MR T15EREDEE TREC > TL)

3. CDENEENE EIRETRUBSOEBITZFRE DHEBEFIBOTEL . ENENICERINTEN. BN(CEBE
[CREARUZNUIREESEERC L D TRELIZCEERLTULS (R, 2016) o NITsIAFE TOCTDEIE DS
FHo. AREFIOTFREBSMN. 1000mEE TRE M ESHBNETEFFEF v RIVER D EN
B olze M EDFERIE. 0BSICEEMINIZEM, BEAICHESERMEL U TNLEEITRER., KPFTR
(T-PhaselR) ELTCDF v RIVELEL TSR EERET D,

—7. N1 RO7 7 VER(F. BEABYR. BSRUZEIRSTERE (F. (FEAEMEBERRESNEV,, /\1 RO

T 7 VR THEELOE. 135409H S URHENDH L2009 < /\—EZ v OME (BEAREREH:z, B XIRIES
Pa) ThHhD. CO/N\TROT#VTEAL TULSHENZ. 0BS. EIRSATERASI NS ANLDZXEREE L F{ABET
HBEDS. EDFEBDEHCLBIENTHS D, BSE/\7 ROT # YV CEAST NS KPZFTRDERNEL
B EE. KPNBERREBEICRRANHDEEZXS5ND, AZBERITHRICAESIN T RRERS

(&, SBENSEE200 mE TM1518 m/sTIEEF—F. LKDFWTIEERE(FEBUTHD L. EZ1000 mTil/ viE
1480m/s&E ED . FNLLRIETEEARP > D EBMUL. 2000mDFES TIE1490m/s&ETED>TL D, COBEICES
NB3IEREBDFEICLD. HROFRS(ICHKEL T, REICTIVYRIOV—-VURELDCENTRESIND, /\ T
ROT#VOBAERCDI v ROV—-—VARICHDEHICIE. BSICEERINITBAEMEDRIRIE. 2 00nk
DIFROR, . ZOERBEORBICHDEEZRSND, —H. \—FEZvIOMEMNEBERICGEVW\TROT 4T
gl N3HCF. FERFEF v IIVICEBAETARIDIRERSD. /\1ROT+ VERRBETOKE
30 OMDEBEMEAISKENS D EHESIND, BSTC DNLMHEINEISTNLEOVRRIDNSEVNNR, &
Z5<KBEF v RIVEE D T ZKFFTROIRIEARZT O ZHIC, FEHHSDMERNEINTULDINTHS
So MERNRTERZ/N\7ROT# VERORRE. BEENLERY X7 LAOBAGTEE/ESRRICBH TER L
$3,

F—O—F I AZE. KEE. N\rRO7 75 VERR

©2016. Japan Geoscience Union. A1l Right Reserved. - SVC47-13 -



SV(C47-13 HAMERSER S EA2016EAS

Keywords: Nishinoshima, Volcanic activiy, Hydrophone observation

©2016. Japan Geoscience Union. A1l Right Reserved. - SVC47-13 -



SVC47-14 HAMERSER S EA2016EAS

AZEXLOESEEEZ BiE U CZIEE&R

Multi-parametric observation for assessing activity of Nishinoshima volcano
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Volcanic activity of the Nishinoshima volcano detected by ocean bottom seismometers and
remote sensing observations
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Development of a monitoring system of remote island volcanoes using an autonomous vehicle
of the Wave Glider
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Nishinoshima is a remote island volcano 1000 km south of Tokyo. On November 20, 2013, a brand new
island was born nearby the older Nishinoshima. Over the past two years with continued volcanic
activity, it has grown up to 12 times the size of the original island, which is offering us a rare
opportunity to study how volcanic island forms and grows.

We develop a remote island volcanic activity monitoring system using an unmanned vehicle of the
Wave Glider (WG), manufactured by Liquid Robotics Inc. of California, USA. The WG is designed to go
forward using the wave and solar energy without any fuel and is equipped with a satellite
communication modem to transmit data message to the land station in real-time. It has led the way
to make ocean data collection and communications easier and safer, lower risk and cost, and
real-time. In order to investigate the feasibility of the WG for station-keeping operation, we made
a long-term deployment in the sea off Miyagi. Based on the detailed analyzing of 5 months
navigation data from September to May in 2014, the potential utility of the WG as a sea surface
gateway has been confirmed to identify the operating parameters.

In the remote island volcano monitoring system the WG plays roles not only in a satellite relay
device but also in a multi-parametric observatory platform with microphones for detecting
infrasound waves associated with volcanic eruptions, with hydrophones for detecting acoustic and
seismic waves associated with deep volcanic activities, with wave gauges for detecting heave
displacements associated with volcano collapse, and with video cameras. We investigated the
performance of these sensors except for the wave gauge close to the Nishinoshima volcano during the
KR15-03 cruise of R/V KAIREI in February 2015 (Hamano et al., 2016; Ichihara et al. 2016) and
obtained extremely important results to establish the remote island volcano monitoring system.
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Relative hypocenter determination of eruption earthquakes at Stromboli volcano based on a
temporal observation in June 2015
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Earthquakes associated with eruptions of magma or gases are repeatedly observed with intervals of
several or tens of minutes or hours on Strombolian explosions. The source of these earthquakes is
likely the source of magma explosions associated with the rapid change of pressure in a conduit.
Hypocenter determination of these eruption earthquakes enables us to understand the shape or
location of the conduit. However, they generally have obscure onsets of P or S phases, which
disable us to use general hypocenter determination methods using arrival times of these phases.

In our previous study, we developed a new relative hypocenter determination method using
deconvolution and master event method (Sugimura et al., 2015, JpGU, VSJ). Deconvolution filter
enables us to automatically obtain higher resolution of the arrival time difference between a
master event and a slave event and to separate the arrivals of two or three explosion events
occurring in a very short time. In June 2015, we developed a temporal seismic network at Stromboli
volcano. In this study, we determine relative hypocenter locations of eruption earthquakes using
our method and the temporal observation data.

In the observation, we deployed five short-period seismometers at 200 m-1 km from the crater at
Stromboli volcano. To obtain higher accuracy of source locations, we deployed them at west of the
crater or the lower altitude than the expected source. The signals were recorded with a sampling
frequency of 250Hz (Kinkei System, EDR-X7000) or 200 Hz (Hakusan Kougyou, LS-8800). Observation
period was about two days in the beginning of June 2015.

In addition to our data, we analyze the signals obtained by the two permanent broadband seismic
stations of Department of Earth Sciences of the University of Florence. In our analysis, we use
band pass filter for the signals at 0.2-0.4 Hz. We choose a master event and use deconvolution
filter to obtain arrival time differences between the master event and the slave events. We further
calculate time differences of the arrival time differences between two stations using cross
correlation of the deconvoluted waveforms. This enables us to eliminate origin time differences and
to express these time differences as linear functions of the relative source locations from the
master event.

We assume ~200 m beneath SW crater for the master event and the wave velocity of 1000 m/s. The
result shows that the relative source locations are distributed in the range of ~200m in depth and
sub-vertically. In future, we will consider a more possible source location of a master event and
compare the source of short-period signals to understand the mechanism of magma explosions in a
conduit at Stromboli.
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Seismicity model of volcanic earthquakes for a quantitative assessment of volcanic
activity
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Fluid properties estimated from frequencies of LP events using the analytical formula for
crack resonance frequencies
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Acoustic VLP signals accompanying the continuous ash emission following Vulcanian
eruptions
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DO0FILDSE, AEEMOM EDOFEE (VLP) (CEEU TOHOERIFAFDEF (L.

A (F2012FENS52013FE(CHNFTTON—FERIC, TVRXITORST T VEIEBICAIBT SO0V NIERSE
[CHVTILBEME, EREBAZToR. BIFERICAV R (E, MHEST(Trillium 40, Nanometrics
Inc.)(30.025-50 HzlC, ZEHRET(SI 102, Hakusan Co.)(30.05-1500 HzDHBIHICENFNT S v LGB IEREE
BLTLWS. SREEEPCOTIVNLTETILA ) RENWS0EFERE UM, SEDSE8EIEFEDTA
U EBYIDBRBROEENSHIAINSHEDORBOEICERBEDHRKEE/MH > TUSD. HEREE ZIRK
FEOERETIE, BRICH >TIRILS ERDOFHE VT V/IVIVARED O F IV, EHEERE(CAE > TIEIRIENEE
FBIRCELT MR ENZNRHO5ND. RYUDBRICHVREINIMEREZIRE, E55EF/HEMN
1R EIDEVEFIICEELRBEEFS, VWPEDIYTFIVORAREBIIEREICLERD ES LZE1/10RETL
VEV., —AT, EHEEICAESIE, EIREFECE, MEORKTEARY SCHVWTHEIDRIAMHEICVLPE
(CEHMTIERENILINEHSND. FERR(CH(FTDC OAAEDEIRER (ENOMEH S EFFORE TIRiE
IHIENITRETHATETDICENS, VIP/ULI(FEHGEECHSRAPDERICK > TSI TWLSC
ERRBENS. TN VERIRXT )L — (0.03-0.1 Hz) &EA UL L TE3EALREICH(FBVLP/ILXIC
&, ERETDBREFBLDEREABEO IO FIVAEB U TUVDCENS, BTRARSER TS ETEthE R
EAVTLS.

BERROEGEE (CHSERPREE, 20MFEOBEELFMETRELZIILA/RBERICSVTERDDIC L
NTE3. BHERIZHAERFAMNERL TLSERNANLEARED S5, FIREREEDRE (n.krv) , BFA
(n.krhv) BRIS CORSEEMERF (Trillium 240, Nanometrics, Inc., 0.004-200 Hz)IC(E, 2011418
BICEELZTIVA I RBANEEE T DEGHENZRINTUD. FILKFRTHRERT IETENER
(v.kitk) , BB (v.kiam) BRIRICH (T EIRETERAKICER BT dWEELRL LS. BE, &
FARICH (T ETEMMEREIC/NANYR/IIX T v LS — (0.01-0.05 Hz) ZERAI DL, WENEDCERRET
KRONSIGIE I BMUMBERRIDCENTED, ILAMBRSICHITIHMKEST (AP270, Koshin Co.) @
F=HICAKRDODNY ISR T IV —&EBAITDE, NV RRIMMERE CHESEINIZAMEEBIVSENZE S
NRHo5NSD.
FTRREZDONLTIIEE A aAAONSHFOOER (CAIEL, VLP/IILID/NY R/IAR ETENRER
FEOBRXRIEIIESSONLTEN 0/sOF—5F—TH3d. KRHFDOENZLEZNITHEVEL 31BN
{%(&Ben-Menahem and Singh (1981)ICK D> CTEMEINTH D, MRMHEDHFRDOBMREREE EBEERIC
2700 m/s, 2500 kg/m’EI B &, VIP/LRERMEL ZERSRE L TOENZIEHLZ10 PanA—5F -t
EINB. BINTRELTUSROFREN MEETHBCENS, VP/ILINNGESRE L TRONSIE
BL, R YRY—RL>THESINTUVBERETDE, MBRICHITDIRIEBEDRKBENHEETE
% (Lighthill, 2001) . WAXLLWTFNDBZEE, RREEENKT 3 & EREREORBICHEDSY —XTORR
DHBZCENDRAMBIIS LZ10° n'/sOF—F —EWEIND. COHRESERSGY, BELE(CLDE
ENFEESUVEBRONZN, MHOMETHRESINTVBSITILA I/ RBATOYEOELREFLRBENTH
3 (FIXE, [NEO, 2008) . VLP/ULZADHBEIDRAEDCRELTUVBICELELADETERI DL, C
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VEREE DEEZRANDCET, BEICIIVA I RBAOT AT =0 XDBRICESTE RN
3. XBBULFMRETOTILA/NENICEL T, BERNZEMER, [SRTOT—IEFERATETIREIL
Iz.

F—O—R:BE JIWAJREX 71VITSYIIUR
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Active source seismic experiment in Zao Volcano, Japan
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BELE, FILAARMPRBCNE LU EHE L ILFRCEZAZIEEBALTSE D, BEOBELOXLES
DOFOEEDFREE(CHVTIE, NOH - HZFED TOXNLBARE S KZRBNLE < DENTHEHE
ThTnd. —A, BELUETTE, 201MERIEMARKFEFPMELE, FERERRMEDFEREORIBICH
(T3 EEHETIECN LEHEIORENREH SN, SBOEHSETRHNNETHDIEEZISND. TN, i
ERREBECHEERD M E V> EFRONLEERFRIC DEMNIERIBRERDEHIC, THKBOER
(CEY Do DMtE N LERIREEtE | O—BELT, ATHEERVCEEFERRERMLIZ.
ARATIMERELZ, EEOKE - KKTHHE TN S5212 S L T2015FE108 (CfTHhN, 28RS 1
TV SR EE (FEE200kgd K U300kg) (CK > TEULMERE 132 DRIFERIS (2HZIhEEST - 500H Y
VTUVIRER) SFIUOEEHARCSOVTEILEZ. AR, BINEERICKDNUEBENDERT—5D
BBOELUT 7Y Ya—F 1 VIFENERIC K DEZERINM TEKRDERZBHIEL, BBEREE
7oz, Flz. ARFERICINZ. BABICHITIRKREFAL. REKERNICLDRIBEHEDRBERDLE
BigLTz.

BONZRBDRN DS, BWOSE—EREE LT, MERERZZE FEEE U TR SNIZEREDtine termE
BBEITOIZIRER, PERES.2~5.5 kn/sDEBMMFZTHO.5knDEBCET TEEI D ENRHASHE
oz, &z, RATHERERS JU2014FECFHHEERE U TTO>RERIRT7 L& BV ERER DD EIE
BITOEBRE, C<EBITERENEBNEETDICLERL, CNSOBREBONTHS. —

B, T7RCEE UZERIRICH (T DREMEBROVEIBS LOEFEMED I RILT —ERERNS DA AR
(K&, fHE - BRIEEEET IHEOIRBLUOSFRICASDIEREEHELUCBR, HZ P rtEORS
kMBI (CREDA S BB AEET S ERndhe.

FREEICHUVTIE, CNFTTECHEZNFRCKIDLBEEDRZRMTONTETTHD, Ez110mA LD
MRICSVTEREBEENRROSND CELENSKREBBENZVIREENREBINTE R, RATHERSE
DFERECOMBEMEBEE EBRENTHSD. —H T, BONCREBEE, CNFITRELOANLEED
ERREICAVSNTEE—RTEREBELDEARICEERETHD, SBERDMOBRINNETH

3. Ffz, HELOHROESMFEE FOFREE, RARMEOEREGHCEKIEDRUSINSHES
NZIEBEMIFE (FEF—BL, BESLUZCICNETDIBKEOREDEEETRIERTSD. SEBODSTSLDME
WICKD, BEREEOEREMLE, XLUEHS LU TREAROEREE ENBEFIND.
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Estimation of the low velocity region beneath Mt. Fuji revealed by inversion of receiver
functions
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ELLEBEARORKRELENLTHD. YVIVOREHENSULCLE, KREEDVIVEIRHTS. U5
IDOEFBEF>TULD, BEXILACOESHEMEEF DERMVEDE LT, BLLEXFEETIL — DOEH
AHCLODTTERFERERZIUVY PFHEIMIBMANERE L THHAD., FERICERTIBRICEHDH. YTV
HIGRNBEEDEMNILE(FRESD. EVWSENREZSNTUL D, LITHETIE. ELILET20kmELEDE
HSEREE IKRHENTH 5T, AAETIE. ETILEIDOIBMEEE ETILTICHDEREBZD I HE
KeHBreshlc. LY — BT ERMEL T,

LY—NEEOST « 7LD OIREE. ELILEESMEICEE TS E. BELILTHI40-60kn0)ES (CRFIL
(EFATBOVENREEREANSD. ETILE T CZOERARRNEGEICLE>TULDERDM Oz, &
lz. BT CEERTENRKE T BEENDT. HLZ255kmDES (CEELEOEREBRANS S EHD
holzo EXILEETIE. REICHERERENEVWVNLEEYAERBL THED. TSRS 20k (C(SFEE
it E R REEREEIANG D EEXI S5SNI EH. LIY—/N\BEORBHENSNDH. REBEESHRT D
EFELL, ZCT. 7 YN—IJ I3 VEBRICE DT, MTOSKREOEMMEZ RHc. LT —/\BEHEOIRIEE
WMTFOREIY LS SHKET D20, GITHEICLDIREROBMRE —ECrY/N—Jarvddie
T. BERESI G, 1VN—IJ3 VDBER. UTICETIIDNDBERMNESNIZ, 1) FITHEICKLDIEHFA
CHIOIBMEMDREBS E LR T D . FTXETE. IBMIIDMRRDE S (FTHI40kmDEST T THREL TL)
B, 2) BEDBFEIL — REHATCIBAATIE. KITHED TSI ST v DER EBEMNLIBARCSRIERE
BEADD. CNEEHFAGEFEMRERL TUD, 3) BLILOTICEEARICHI40kn, TS HMAEICH
20kmD A E S DSEIEREEENEFET o

AAEDFERLD. ETILOVIVEEERAZTUDE., HTOVIVBIONRKXZTUNSTHD., Ffe. B
LDV IOVRXBREELDIE. VIVEBIDDBMMNEVWNSTHD. LRI SICEMTE S,

F—O—F BT LY—/\BEEER. FER-VYUT7TEN
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Characteristics of seismic velocity changes on volcanoes using noise correlation method:
Analyses of JMA seismic data
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MERTFEHEICLD, MEPNUSEERCH > T 1-BEOHMERREZLAREINTUSD. FFCANURICH L)
TlE, VIOVOEAZFILLDMERREZEMEHINTUND. BANICKTIIMERRERLERINT D/
HICE, BFEHEHOERERILORMIEIHERARTHLCENRETHSD. EZCTRARTIE, KRTHSE
ESTNTUVSIHEARDFNLICH T DHEMENECHE BV THBERETV, NMURETERELRIBZ LI
KO TRIEKICH (T B IMERRER( L DIFHEERANRD.

[IRTTRTEAINTL D, BEABEMESTOERLCRO L TN SZEFIEL CHERRER{LE KRS, £
(C3mBEM GNSSERBIm & 2Rl EDIEST NSRBI NTULD, UEER » &, MRS, +B&E, @ainl, 2
BL, EABRIL, BEAESE, E2ERL, FEXE, =88, EE, MEONANLERERLZ. SRR
GNSSF—AI NI NTULB2012FE181EN 52013F1283MBE TO2ERE L. ENLICEVTERSERT
BIIRTHS4R_RTETHD, RS EHIkmDSS5knDEEETHS. 0.5-1MHz, 1-2Hz, 2-4HzDERE
FETNYRIRI TS EERL, HHEHOMHEAEEREREE ((CF) 518 L. SEBEXSvI UL

(CF&, 1BRRI VO LMD, THCEDMERREZ{bE RS, MERREZLOMERE(C(IMICSTE
(Poupinet et al., 1984) &=HUL\IZ.

ERREL, 8y BHS1EREOFEHETHNI~ZHL THD, BAPMESENLV K SHEFEETEIMERE
EBEXELELLLTULWDERDM Dz, BHOBRISRTOENSINLUICHVT, SERIRRT7ETHER
EEZLELTOEBREERDIZECS, BHIX(E1-2H75 THREREN. 5 EONLIIFEXRS, Eail, =
B8, LBERyENHTHOZ. COBRNSZOANLTIEIEmDEERICHUVT, BRFFICHIERRE
TEHAEBETTUVSAREENERI N, B, B—R7DERREEEECHERFES(hEBR L& C
3, REZLDEFRICHEREEH D EDDIRBMRELBHIZ (I THELS, ~LYRPUERKEELESANLM
ZHESNZ. COXSEARAWEEHFENRRSNZER (T UERASHTIEEOVR, FICXLDIREZILD
ERADEZEVCHEBEIDGRFIEDEZVEE KL TLDAREEREZ S5NS.

NRILMEFREEN(C K BB NELICHE > THERRENAZEL TUBFRREINTULDINOT, FANLTESN
B EEE(LE ERLOEERE RNz, ERIIZROKRTNNSSERASHNSHELE. AEREES
BLT, EEENR-2x10°UTEE2x10° U EOBEOHEBFICALE. BRENEATAMELDSHL
TLV3HEOHEMEL T, REZLEEZ(COERUZERNZ. BEENICTHEY Y TIVBOHBFEX
E&@anl<T(E, HERHMR-0.60T T, RERLICHBLERFEUENRESNZ. UNUEARS, BRlRRT
BPEREETIES DEDAZTVHBETI+DEY Y TILBEHAEZIEOD, FEE(LOEKREFIEIZSNL
hofz.

AHAETIE, BAXOEOVBEROXNLICHSWTHI-3OMERRERtERE Uiz, 8AmnP(C(TREZRLD
HRSEREMERIREHD, BBENREZLICHEES X DABEMNTREBINC.

FoO— R MERRED. MEETEE. ALK
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Shallow crustal velocity structures obtained from ambient noise study of dense broadband
seismic array in the Tatun Volcano Group of Taiwan
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3.Taiwan Volcano Observatory at Tatun, Ministry of Science and Technology, Taipei, Taiwan

The Tatun Volcano Group (TVG) is located in the northern tip of Taiwan Island with a radius of 10
km. The TVG situates adjacent to the Taipei metropolis in the north and was predominantly active in
the Quaternary period. Shanchiao Fault is an active normal fault transits the TVG in northeastern
orientation. A sequence of normal faults and scarps inspected on the hanging wall of Shanchiao
Fault and sub-parallel to its orientation in the extent of TVG. Since the major geothermal
activities such as fumaroles, solfataras and hot springs also expose on the hanging wall of the
Shanchiao Fault, it is thought to be the passage for volcanic-hydrothermal gas and fluid. Besides,
Kanchiao Fault is a suspected active fault and known as the important geologic structures adjacent
to the southeast of TVG.

The subjects about TVG is already extinct or still active are also under frequent discussion.
Attribute to new technological advances and methodologies improvement, various types of
observations and experiments were implemented to monitor the activities of TVG in recent years.
Basing on the results of these recent researches, various evidence proved that TVG is not extinct,
should be a potentially active volcano and cannot exclude the possibility of volcanic eruptions in
the future. It is important to understand the magma chamber and detailed velocity structures below
the TVG but are still not well resolved. The fundamental theory to obtain S-wave velocity structure
from ambient seismic noise analysis has been already proofed and provided important constraints
around the world in the past decade. We present the results of ambient seismic noise studies in the
TVG with dense seismic monitoring network.

The seismic network in this research is composed with three sub-networks, totally there are 40
free-field seismic stations equipped with Giralp CMG-6TD broadband seismometers and GPS timing
system. The interstation distances are between 0.6 km and 28 km, with an average of 8.5 km. The
cross-correlation functions (CCFs) were calculated with the methodologies of one-bit
cross-correlation and spectral whitening. We selected vertical component to obtain the CCFs in the
period band 0.5-7 s for all station-pairs and derived with the selected daily recordings in 2014.
The daily CCFs were stacked monthly and then the monthly CCFs were stacked again to further obtain
TDEGFs and Rayleigh wave phase velocity dispersion curves. We stacked positive and negative lag
times of TDEGF to enhance coherent signals and suppress the effect of uneven seismic noise sources
distribution. The maximum period can be measured for each station-pair is related to the
inter-station distance and phase velocity. For far-field approximation, the inter-station distance
is required to be at least twice of propagating surface wave wavelengths in this study to assure
surface wave can well develop between station-pair.

We focus on phase velocity maps in the period band 0.5-3 s in the TVG and the study region is
parameterized by 0.02°x0.02° grid points. Phase velocity maps show high velocities are dominate
between Shanchiao Fault and Kanchiao Fault at study periods, which maybe relate to the solidified
andesite lava. Especially in the south parts of Jinshan area, which locates the earliest stage of
volcanic activities in the TVG. At periods longer than 2.5 s, high velocities separate into two
major regions beneath the ChiShingShan and south parts of Jinshan area. At periods shorter than 1
s, there are some localized low velocity areas correlate well with the surface geothermal
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activities. The regions north (footwall) of Shanchiao Fault show low velocities at the study
periods maybe relate to the Tertiary strata already covered by andesite lava flows with dozens of
meters thickness. The detailed S-wave velocity structures in the shallow crust will be investigated
and searching for possible candidates of magma passages and hydrothermal reservoirs beneath TVG.

Keywords: ambient seismic noise tomography, Tatun Volcano Group, shallow crust
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Monitoring eruption activity using temporal stress changes at Mount Ontake volcano
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On 27 September 2014, around 11:52 a.m. JST, Mt. Ontake volcano produced a hydrothermal eruption
with a VEI value of 2. We examined temporal changes in the local stress field at Mt. Ontake over a
period of 17 months (August 2014 to December 2015) with the 2014 eruption from focal mechanism
solutions of 168 volcano-tectonic (VT) events (Terakawa et al., in press). In general, the local
stress field around volcanoes represents the superposition of the regional stress field caused by
plate motion and stress perturbation related to volcanic activity. The regional stress field does
not change over periods of weeks to months, and so temporal stress changes over such time periods
are attributed to volcanic activity.

We defined the angular difference between the observed slip vectors and theoretical slip vectors
expected from the regional stress field as the misfit angle, based on the concept that seismic slip
occurs in the direction of the resolved shear traction acting on a pre-existing fault. The misfit
angles larger than the estimation errors of the regional stress field and focal mechanism solutions
(>65°) mean that the local stress field was deviated from the regional stress field due to enhanced
volcanic activity. The average misfit angles remarkably exceeded the threshold value (65°) two
weeks before the eruption, but immediately after the eruption the values showed a marked decrease.
The pre-eruption seismicity was dominated by normal faulting with ENE-WSW tension, indicating that
the volcanic activity caused strong tension for the pre-eruption period. On the other hand, many
reverse faulting with ESE-WNW compression for the post-eruption period corresponded to shrinkage of
the volcanic edifice, controlled by the regional stress field.

The stress perturbation for the pre-eruption period suggests existence of dyke-type volcanic system
beneath Mt. Ontake in which inflation is driven by magmatic/hydrothermal fluids propagating upwards
in a vertical crack. This is consistent with the distribution of hypocenters of volcanic
earthquakes relocated by a DD method (Kato et al., 2015), the alignment of craters from the 2014
eruption (GSI, 2014), and source mechanisms of VLP events prior to the 2007 and 2014 eruptions
(Nakamichi et al., 2009, Maeda et al., 2015).

The time history of average misfit angles showed slight enhancements in November 2014,
January-February 2015, June-July 2015, and October-December 2015. Especially, the final stage of
the enhancement in June-July 2015 was synchronized with an unusual tiltmeter signal indicating
summit upheaval. These observations suggest that some re-pressurization/de-pressurization processes
repeated after the 2014 eruption. Temporal stress changes revealed in this study were well
associated with physical processes at the active volcano. This indicates that the method has
potential to contribute to eruption monitoring.

F—O—R ERL. BB HEOX AN ZXLE
Keywords: Mount Ontake, stress fields, focal mechanism solutions
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Deflation source after the September 2014 eruption of Ontake Volcano, Japan detected by
ALOS2/PA1SAR2 InSAR
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IHE - EFEE(ICMBET 3L (EE3067m) TIX201449827H (354330 (CAIBHIHKEKEN RELE L
Izo COEXOKIZERRINS AMLMMEMEML. BAOHNI0DHIC EZDERNRAR ISERSELDIAS. N
(CIZFEEE L TIEREBA DRI NIz, BAIHER(ICHIZICERSINZAONNSIEED. ZOEEEH
CECEBHEEBMNICHEE UREICED>TUL S,

BENETEICITTONLERTE. BAREODI SV IERERET DRI LEEHNIEISNTULD, BENBERTICH
B UTZVLPOEEMT CIE. FrAOFET300-1000m(C (ZFRAICHOITDIISVIREEINTULIS( Maeda et
al. 2015) , E5I(C. AL0S-2(C L BIBANEIRG R DInSAREER T, ZEEEFHAOFITIAS. FT100mH\ S
1400mE CHRUBFFHELEOMES SV I DERICIDENTH D ENEESI Nz (ELHERE, 2015) o
—7. ALOS-27—F (KD BEXNEELEDAE TR RIEUEHEDHIRES ARG TS C EARBESHIC
2 TVB. AHAKF. COBET—IZEFHMICHENTL. BEBXBIFEBOESLOMBEEREEHTE L. STITH
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Landform change detected from the airborne laser survey before and after the 2014 Eruption
of Ontake Volcano, central Japan
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NILBEXDBEIEICETIMERIICIZELERNG D, ZNEND - BLE - REEZHKTHD. CN5D
EONILTAER, BELEEREC CAIEICHEERITT. COROHBEAXBEENSDIMERLEIRIRET S &
(FEDFANDFEEZ FAT S LETRAELEL. ULHLZ<DBE, BARKRMERGAORBZISGED S CEMRR
#MILBENZ L, BOICHERLERBEIT S EMATELL. 014FEEHRLBANEEKTSED, BABEEZOIT
FEZCRLEECH (T DEMEIEREDIERERESNTUS. CORKIEE, MEL—FHIEE@RERLE
BINSREEDMFEZRE L —FFT—IEDE LUTRRDCEMNTED. AAKRTIEIRENFIEOHAZZ(L
Z20054F, 2014FENBER, 2015FIBHORHRICIEIN ZMEL —TRET —SEEE(ICIBEITSCEE
HAHlz. NREUMEZEE, AMLUKET, BfR, KOMEZRL, BRATICASER - HECEH3IED
THhD.

NILR DERE(C L BHIFEEAL 2014/2005D L — S F =S ED(CEINIFE, — /BREEBICH U T+0.3-40.6 m (IE
(IEEEM) , &7 BFERIDERT+0.3-40.6 m, TAXOFHETH0 nEIEOESREE R~ MEZ(LNR
shfc. FAROFGEVFEEDBREERAKTVWC EHNSNILRERICLD ERBNONSD. NUENFREERS
&rl 12015 £8H19-208 OEFLILTERAE DR | (CINSEKRE(F T— /b = tEFEAIRE T8

cm, —/SHEERIT20-37 cm, R4 IEFEBIO— /) HEROEEETHT0 cn] ESNTHD, KABRDEEEEST
3. &7 EFEAEGEREAIRE (GHERA_ L) Tld+2-+6 mOMSEAENIICRH SN, FAOFREMETE
+8-+10 mDIMHE NS S. BEDEERSEOARERIEELEEZE LEAFIOSMEC—RTS. BEAFIEIE
NEBEHE (2015%F) NOEHFEEE KT 3 & MRS L TERARELICEAZRBLEAMENRBENEZIEBEH SNz
KDCESHEHE(CZEIELTED, NURMBELUZEBDONS. AFE(CGRBHEII NS C &S NER
[CKBDEBOAREMARSS. BEMZKEAONDREETCERE THDCENSEMTOXNLURODEENSSNT
WEOWARSEIL —YF—9ERCIDEANLEEBENS SN, ECATCOREDEHSIHEEY

(&, 2015/2014MEDCEINE, —FERTETHEBL TLD. IEHEHIERAS LETE2015FIFFTICFIN
SNLKRAEE - BEIUERLUZ. $5(22015/2005TLHER T S &, BAEBIFERTOERREBEANRID L AL
(CRBEITTHEL, -4--6 mMEENREREAERT. BRKNMERNICERIANEEEZRERICENRRD.
WAORBEDMFEZEL — /OB AIREAHEICH VT, FEiLFE-EREEAMEIC190 m x 35 mEEEOE~E=EM
WHAEFEETSD. 04FEBAMIAOBBICHVERINZEHFSNSD. FMICERIT D EBERREN20 n, FE-6--
10 mDZFRFEOXOMENRZEH SN, ZCHSHEAICERNREL, SEBMIBO—EZEEL TLDDHE
BTED. EDICINTEROBEIRAT2-1 nEH5ND. KOEBRLEBRA FIEHREEHNSERS (CH
RCEBIN, ZOFE - BEQRIL—YFT—9ZRCLDEENCIBETETS. £33 TENEEICES SN
190 m x 35 mEEOSEEMEBORFEDF2015FIBRR CIETHERLULE., ZOBHDIDIFERAICHKELZA
—DERICLD.

BARICHTIER - HE ENE—FREND2015/20142 5737 — 5 TEAN(CREBIL DMEZLEEELEED
BAVTHONDIER - HBEEATHS. WERRIORFT VYA LR, BIILREE, KRS EREE, &
R EREE, BN LEREBOBZAT-1--6 nOBEBTHAERTE, FAVTREEINERTHDIEMRSHM
nd. CNSOERMIGALIIEER (BLiER) T MIakUAY—1 ERDTNTUVSEEMRECHEY
93. —ATEIPBIIBAVT(E100-500 MEENDXBETI0 niA TOEBELENRREHSN, & BCKDIEREE
MREET S, <5 UMERAIE2015 /20050EDT—S TERHSND. D E(FBENEO—FRTENS]
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The September 14, 2015 phreatomagmatic eruption of Nakadake crater, Aso Volcano, Japan and
its deposits
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FIER AL E TIE2014FE11B ~2015FE5 BEBIC ALV O VIBAREE L, ZORITHEZETD (KO#M) "B
FEINBEELHRIECHTIRRTH o e, 2015F9814H9IB439 (C K S EIRE 4 S IBFR VLB N RFE
Lz, EESQEAFEEEENSHESINOBETORMATE EEIC, EABICEVWTERKARET
V), ZROEBEEYERIEENLZ. AREKXRTREEYODHOEE, BEHESRECEZORBERICDOVTHRS
95.

IF14HIEEYE, BHEEH SHEHEY), NREBERERY, BTARYOIDCH T5NS. #hEmtd
NEEAEAOFILNS500 MEENEHE CEEL TL\Z. BARODF TRADEDIIERL.6 nTHOEM, K
IR0 U FTDEDTH o, EEEINOEN3.5 mMOEE CHET 32 158ENBAE R L TEHEL
EfER, PEBEIFHCRXIXBREERILET, BROBEELUZEAGTH . NRZEERERYSAORB
DDHI2.3 k' DEE(CLR> TUER, BABEIZ10 amUTEEL<, BRAEFEAESTHURENDED
Thole. BESHHSNREBEREBYOESS.2E N VEEEHMEINGE. BTN~ )L ~EDE
AORVERBYMITH D, WMTEAORBEAS knftii X THERICRHONE. [RFTICLDE, BREGIE”ME
MBI TOLEHRIICRATVZCERDMADTUVSD. BTITABYIOE[RN.TERYTHD, KRAEERIEREY
EEDEDE, CHOEBEXNICLDIBBEHRERT.OD K VEEILELS.

BRI TERE L e NRRERERY & BTN OERIE S350 3T, 0.125~0.25 mOKF&E BV TERZ
ER U TRATEMIR T CEHR U, ZORR, I~5E8RBEOTIITFTLBRADEHREETIC, 2~3EEEDH
BIEASIFEaINS DN oz, A RFEDODKRERFFEAEZERIED SNEVNVERBREDREE
HSXTHole. Flz, EPMAIC KD THS AFDIEEDHRETOIeECSD, TDLEME/IF1979F
1989~19904, 2014F1MB~2015F5BDOHREXNLRFDAS I EFEAEENDSEVEDTH D IZ.
SOMNEXNEETZTERFCBRINTULVIEEDINR, SERHCNRZEERORE, SS(CEHYDICH
LWVYIOVICHRTBEEZXOND 2~ SEREODYEDEENS, VIVKRIBANTH IZCEIZBHASHT
HD. PETIF1979FIF6HP1990F48 2008 (CERBKRDEASAFEE L TULBIN, BEYENICES L, SEOD
BAEFZENS [CEERTIHIEERENNSTVWEDTH D

F—DO—R I VOVKERIEAXN. [BA. KBRRER. AL P&

Keywords: phreatomagmatic eruption, ballistic clasts, pyroclastic density current, Aso Volcano,
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Fine sediment discharge after Sep. 14, 2015 Eruption in Aso volcano
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—RRMCNILABAT D &, HBLURALBEYICLD, REOREEMETL, DFHNLERTENLER
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7, BAITNERFNUIBRNEELPLIT LB EVNSDIFTELL (FIzE, EFEH (2013) ) . DI
&, NLBHRMRFEE LT OVREBIGAER SN TULSIHEHNDOHRKIBZEORIINARSH SN TULD. ERHEFHN
(2012) (&, BRENES<EDIKESEN, VI VKERENRCERRLE, #ikoE AXAEOWLERE
(CEET - BT E DL SU XN ZILMME<IBRIC, KEBRAFEE LRI LB OEERG D CEEIBREL
fz. R E NOBZICET - HESE3I XA ZILMECERE LTI, BRED (2012) HNERETIRR
DIEM, KR (KRBT —Y) EE(FRCEETETSD. T TEESIE, 2015F98148, 1979FLIKI6ESRD
(CHBIVNRIBETEH D EDD VI VKRRIEN RO NEROFEE RER S NIZAFRPEXOOBZREICS
WT, R THOREOEREZERIRABETOZNDT, ZOBREHREITD
2 SABERABKRUBR
108288 (10BH3) , 11H825-270 (MMBH) , 12817-188 (128H3) MO3BFHA(CFIER &EZD DA (%&
N, Bd&EI, &I, BRFES) (CHVTRBARETL, REAROTEMIKROBERLEZIT O,
oftt, RN, &), EFNES mrﬁm&iwmﬁW€ﬁu,uEﬁmutﬁﬁot.EMﬂﬁmﬁ%,ﬁ
N, BAENTEI0BEERT, &I, EFMES)NTENBEHIBRT, M2 CETREDRBIRERY (U
T, MRIER) A, —RBAICFAERLEZDOERICHEB L TLSEBAN LM E BmH S BmZENEST TEL
=T VI TBLICBEOTUVDDERRLZ. MR TRORRKIZE (D50) (30.005~0.016mmE =/ )L 53 (C
ECENDTH o2, R, AENITIHHERYOMEERIE L, BIRTH oz, RIIKRCERIMES)ITEHEEY
—ER(FAEEMIFR (12818H) THICERKGL, Xy ITEENTELVWIENDES TH 2. RHELT
TR, MEREL<, BRI EERIBIFHMEGL LB ez, RIC, MR TRORH
CEMNORRZERESRE L. R, BE)ITHATHOREZERLC10BHORBERRUARIDORARERE (&
26mm (1081H220F : 88 RR B8 | MEAIFT) Thofe. LEMRDT, INSORBTIE26mm/hKRiEDEE
MICKDHRETWARELIZEDEEZSNSD. —7A, RIICHSWVTIE, 1MA1BHEFEIC, siEMSHAIC
MITORERERA2SmA (BBARR MEFNES ] NESEIFT) (CHBERISRIBICZEDMA THDOTR
ARG olzC &, ITAFCDRISTMREITWORHEERBRLUECEREN>eCE®, TEMIEETHD
AREBEERMCHTITDET U VITCIDBERLUE. RIIBRETE, IB4EDEXLE, I817HBICRKXEHRMRE
34mm (BEARIR [MERNES ) MEBERIFT) Z8RIL TULER, ZOBISHEATHOREEEN oz,
3 ER
SEEMEUCHAEICKD, NER (KBRTY—Y) OFEEZ(ITCARFBETICHUVTHR TRORENRED, F
EZOIWREECDEE UTEEHOEEDBEMICEDREELTUVDCEEHERLUE. 2014FEM 5201545
IAFTORRILIBMDIEXNTONXNILIRDHEH (BBAKXE, 2015) 2R3 &, SRBUOTFNERKOFER S
(FTHD, FTR20M5F5838(CE DIV AT ORI ICECNILIRARER L TVSMR, COHEBFRCARS
TR UL STHER TR ORE (SR I N TULEL (BBRRRENSIREE RO, MRERMHE T VI’
R) . COlehns, IBUBICAKRER (MY —) MALAEGICHRT Uk C & TRORBIICHRIE A LR A
HIGS N, RIBOBBISEHNENL, MRTWARTURZIEMNEIEIND. CO&(E, SEMRINLIRNA
HEFEICHEHRB LU ERICIE, RBADREEE TIFREEHESATHSD, FIX/NFREDBENTHO>TEVYY
VIKBRBEANRONR (KRS —) BREELZEE, +2ICKREDTBIMERSDICEEREBLTUS.
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Variation of fumarolic gas composition along the volcanic activity of Mt Hakone, Japan
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F

FERILCEBERICNLMEIENERT . AIXIE2001EBHNS10B(ICHT THRE LIIIEEHIERT, +
RAOEOM T THRBERASRAISIN, WERICHREEFEEZS L. COMREHE, FSTkmOERE 1R
&, KAAS LU EDOREBICHFTBIBENLHOSINBICLDERBAINE ((KEIFH, 2009) . 2001578
[CRIABEAICEEHIN TV ZR—Y VIAORSHREENARE (CIBALEE GERIEH, 2003) . 2015F48FK
HOEFMEABZTD, 68308 (/)RETKRIBEANRKEE L. AEIBETICHEFNIDRICER,
DE(FFETIRREN G L TUL 5.

N7 R DEREY

AEAMBMEOBABESRE 2 iR (CHUVT2013EBANS(FEEA2016F 28T TEDIR UEEL - 9L

fz. FEUm 0 EDIE, BEBD MEER0mCHIER T, CCTREREES. ZHAFB(F, BEHOILA
500mDILEICHBIER T, AFICHEOERELUZ. COBKEFESEMES. FHESOBLTE, BWARMEIE L
TL3. mEEE, BROHKMDEE(FECHIBTH D, KOBRIOEL., ERDOBESIE, BRKDBHEMNS
m, FEKTE, EMICEIOBEHMRZO.

2015FEMEFFIME(S48260B ICIRFT o2, BAEZN2HAIICESROEREZ LTUL\Z. ZORDIESIME DN
HRIBEELE<LEDSHEI O, BREEBLEDIEBELT, EROBERTEROEANRKELS, BEXOERH
[, EFEOAEARSRCERL, +PLEENEBEIEEAT I EMTELEM>ERREFTSNS. 4H26H
MC02/HISHEIE, BREFIER T, TNZN, 3.6, 20Tholc. BERIMERBENOSHSAICZENS(E, ZhE
N, 4.431(3BIMLTLZ. ZDE, (02/HSHIE ERZST, NREBETKEKIBEANERISINIZ6 8308 (CH
BEBROMEIFSIGELR. BERERVNC EC, CD59EVWSER, KA (2013) HERMIEDERT TH D12201345F
28268 ICHESTERILUZ8EVWSEE(FIF—HLUTULSD. (02/H2SELIZTALRE, EESMMCETL, 20164
2A1SHISRT, B8, FIIESAZENZN, 3.9, 9FTIETULE. (02/H2SEEDZEEN(FC02/H20LE DS & SF4T
LTHD, CNS5OHOEIEDERERF02ZEENDELEBRTES.
EROESIICEEINDIHOORMHALLIC (FBFRMEDRIIKE FESTNBIEEAERA I NIZ. 2015F1820HI(C
dDIF-516THdleh, ZORIBHBETL, 4H24HI(C(F-676ZE L. BERMMERBENDSHASHIC(E-56%F T
EELZ. CORIMHALLDZ(LIE, BRMEFTXCESKELR L TUVDREBEUKRT, VI VIEIROH20DLER
METL, HTFKOBESHARS L EEBHKRLTVD. EROESICEAL, BAHALLEEMLIZELE
L CHe/N2LbEZE (TR ENRTES. 2014FE128198 (CHe/N2LE(23.3x10-4TH > feht, 2F(CETL, 48248
([Z(31.1x10-5F TIETF LTz, BERthERBEOSHASHIC(E2.8x10-4FX TRIE LIe. BAHALL & He/N2EEDETIKHY
IEZAB(E, REBEVKRICNT D VIVEIROHODEIEERMET L, BKROEAMETL, EXOEANEE
ECEEREBTSD. VIVIEEREDHOIDEHEEDE TEMUTOLDICHEIRT D ENTES.

201518 TIE, YVIVHSKRHEHIND HXEEFEKRICHIEI N, ZOBKRHSHRICESHNBES

n, MEOREEIELTULZ. ULHL, 2005F2BANSVIOVERDBETG Y-V VOV —-VURKEL, VIV
NOMESINBIAREI—-V IOV —-VARICEREL, VIVEREEBLE. CCTCYy—YVOY—-VE

(&, R.0.Frunier(1999)MBERLIZEII T, YO VHENIDOB@EEMN_KILY) (BREL, &ML, YU N, BELAE
HE) OEBICEVWBECSHEITIBRTHSD. Y—UVIOY—VCBEFN, 2015F28BHS548BICNITYIV
MARCEEINDIKBLIORENBDL, KKERBTKEDEESDBERE L BEKDDFE L &R

z. 20015 AR TEICY =Y VOV —=VIIEREO A ZEBMICKDOBIEL, VIVHEAIR—RISREEKR(C
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(U XLARDERPHREEE ZN5 OREZELE. MUDOHT TR C > TL S B LERER
DIBEEHEIDFRNDEL D, W DHDAREICDVWTHALEBBEICAEI S HEELT. VILFH
ZEFENDEENBLSNTULS (FIX(E, Shinohara, 2005) , HA (L, TIROEFE S EESEZHIS
DEBCET. BREOVILFARZEBE L COFBAEHI. HBECERILTRIIZT > TCE . CNET
NDECD, MEEDRAIET—5 EHBRUTEFBEODLEVERNMESNTULS (FA - i, 2015 JpaU)
+RSE T3, EREMRIAT ORI DGNSSELRIC K D T 20068 LARE62- 2 X AFEORERMNIEX SN TUL
fZh 2015458 h\ S8R ICH T THIEBRZE S CBPIREIIRAH SNz, Tz, 62-2KO0NEEAIICET dIRF
SRIBSFLEFDILKRL,. 62-2KOKTOSZSBDERELE . BEECEILMNRE D TU D, BRI XOC&(CH
ZHARISEWDRHSNBHE DH0. 2014FIBDRIER/R LR L TERIEAHFSNBEINE DDMCEBL

T. 015F7THEIBICERBEVILFHRICEIDBRIEET DI,

RESE: AAERTIEIIEEDTEES (S0, HS. (0,) ZRALE, EZNENORBESTOREL > 23S0,

: 0-100ppm. H,S : 0-100ppm. CO, : 8-9999ppmTdr V. FEEREIENZN. SO, : Tppm. H,S : @.71ppm. CO,
CppmTH Do BEHMDE D> EERUVEEFCEDE B2, H,SESO,DRRINCTDEDOBENFEIINEE
M9 CETRECEDLEEDERVCHIGUZ,. INTHOEBESTORAEERE2MICEEL. BEOHZE. X
VROERIITHTIBCETHAEETE DR, e HSKRUSO,BEEICDVWTIIREREZITV. HEF
BOEEEMUZ, EH. RIEAOICDVWTIE. EBEDODKEINMERMAZED X SICUTEEFERBHICTEN
TVBe®. EEMEOEBENHEVYVE VI URERERELDCEICL > THREREETE LU,
AERREER . AIEE. KIEXO. 62-2K0. IRFRESILBEIOIERTITIE DI, BEE—JRIED
F—AZERAVTHXEROEBRZEER L. TOEESHNSKILE (BILLE) XKD E. KIEXODKILL
(. SO,/H,S : #16. CO,/H,S : 15, €0,/S0, : #1TEH dleo —77, 62-2KOTIFC0,/50, : #I0.5, IRFRESL
B¥CI3C0,/50, : #90.4TH ofce HH. 62-2KOALIRFRIEKFLEFCIE. BRICHSEFEAEEINTULEN
CEEHIHLR,. FXOMHIMALIF2015F7THEIATIFERRTH D, 2014F LR L TEBRLZENIE
BOHSNEV, ZDEH. COVFETHRAIBEBICEEESZI DL OHLELERC >TULWEVEEZR SN

Do —H. LEBDOIFTETEAD015F(SEIE LR KEXONS DS, MEZRIHI6~7 t/dTH olce [IKT NSO,
MEZREA (D0ASE) ([CLNUFE. (FFREFHEICH(FBIANOBEEDMEZE100-200 t/d T. BIFEEEHEART
HUBCIE D TULE, CDTEMDS. 20155 (CHFBS0,EDAHF62-2K 0. RUFIZITILA U iz RIE
SEBNSDBEEEERXS5SND, KEAXOEZNUNTHEHBENBEICEED EVSBRICDOVTIE. KO
HWTEMOBKRODBEERREONDIN, BERTEIIRTORAERRESENCHIRTEIETILERSDIC
EDTULEL,
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Improvement of the realtime volcano observation system based on the satellite infrared
imagery and its application to the case of the 2015 Mt Raung eruption
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We are monitoring active volcanoes in east Asia using MODIS and MTSAT images. From 2015 through
2017, Japanese new optical satellites, Himawari-8/AHI and GCOM-C/SGLI start operation, which are
next generation instruments of the ones we are currently using for monitoring. We plan to replace
the MODIS-based realtime thermal monitoring system to a combination system consisting of
Himawari-8/AHI and GCOM-C/SGLI. Further, for more precise non-realtime analysis, we also plan to
use high-resolution images, in linkage with these two realtime datasets - combined analysis. The
new type of Himawari, carrying the AHI sensor, can be used for thermal analysis, because of the
improved resolution to be 2km. Also, its ultra-high frequency observation, every 10 minutes, will
be particularly useful for thermal analysis of eruption sequences, which can change in a short
period. We recently developed a prototype of realtime monitoring system based on Himawari-8/AHI.
SGLI onboard GCOM-C is a moderate resolution sensor having resolution of 250m in the 1.6um and 1Tum
channels. The satellite is being launched at the end of 2016 by JAXA. SGLI can be applied for more
precise realtime monitoring than MODIS having resolution of 1 km, such as observing enlargement
process of lava flows. Here, in non-realtime analysis, high-resolution images are used for
specifying topographic change or type and distribution of erupted materials relating to the
on-going eruptive process, which cannot be identified by the medium to coarse resolution images. In
order to examine effectiveness of the combined analysis based on the three different datasets, we
analyzed the 2015 eruption of Raung, as a test case.

Mt Raung, one of the most active volcanoes in Indonesia, is located in the easternmost of Java,
Indonesia and has a large conical edifice with altitude of 3320 m. It has a summit caldera of 2km
in diameter approximately 300 m in depth, of which topography is similar to the of Miyakejima
formed in 2000. In June, 2015, the volcano erupted and lava continued to effuse in the summit
caldera from the pyroclastic cone at the center of the floor. Analysis of high-resolution images
(Landsat, SPOT, WV and GE) showed that the effused lava enlarged gradually and covered the entire
areas of the caldera floor by the middle of July. At the same time, the accumulated lava bed
increased in thickness. The total volume of effused lava and the average effusion rate were
estimated to be 5.3x10" m’ and 1.1x10° m*/day, respectively. We also analyzed Himawari-8/AHI images
between 1st of June to 31st of August. The time series variations of thermal anomaly (1.6 um, 2.3
um, 3.9 um) showed that there were two pulses in the activity - Pulse I and II, which were divined
by a low activity period at the end of July. Through examining the short term variations, we found
that the eruption started at 4:30 on 20th of June (UTC) and ceased on 7th of August. Reactivation
of the activity, i.e., start of Pulse II, occurred at 21:10 on 1st of August. The activity level
was nearly constant through the majority of the period, which can be considered as a characteristic
of the effusive eruption involving Strombolian lava fountaining. Several hours ahead of the onset
of Pulse II, a small thermal pulse was observed. This can be a precursor to reactivation of the
activity. In substitution for SGLI images, NPOSS/VIIRS images (resolution 38@m) were analyzed to
observe enlargement process of the lava bed on the caldera floor. We could recognize increase in
the size of high-temperature areas at the summit on the 11 um images of VIIRS in the period from
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late June to early July. This is probably showing enlargement of the lava bed on the caldera floor.
This result suggests that we can monitor detailed eruptive phenomena by using SGLI images in
realtime. Also, the combined analysis proposed here is considered as a useful method for exploring
eruption sequence.

Keywords: satellite remote sensing, indrared imagery, Indonesia
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Estimating the total mass of tephra from radar echo-top height of eruption column
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The morphology and effusion rate of deep submarine silicic lava flows and domes emplaced
during the Havre 2012 eruption, Kermadec Arc, New Zealand
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1. Introduction

The eruption of Havre 2012 was the largest deep submarine silicic eruption in the modern history
(Carey et al. 2014). The eruption was first detected by an airline passenger who saw extensive
rafts of floating pumice on the ocean. The later investigation identified the onset of pumice
dispersion on the 18th July 2012, which was accompanied by a subaerial plume and hotspot on the
NASA MODIS satellite imagery. In addition, significant seismicity at the Havre caldera was measured
during this time. Three months after the event, R/V Tangaroa of NIWA (National Institute of Water
and Atmospheric Research, New Zealand) visited the Havre volcano and mapped the area using a EM120
multibeam system. This survey detected several new features along the caldera rim which did not
exist in 2002. However, the resolution of the map did not permit the identification of the types of
volcanic features present.

2. MESH Cruise

In 2014, the Mapping Exploration & Sampling at Havre (MESH) cruise was conducted to visit the
seafloor and performed a geological field study of the 2012 eruption deposits. The R/V Roger
Revelle (Scripps Institution for Oceanography, UCSD) and two unmanned vehicles, Sentry AUV
(Autonomous Underwater Vehicle), and Jason ROV (Remotely Operated Vehicle) of WHOI (Woods Hole
Oceanographic Institute) facilitated the voyage. The Sentry AUV mapped the full area of the 5-km
wide Havre caldera with high-resolution bathymetry (1-m grid). The ROV Jason conducted traverses
along the eruption products discovered by the Sentry high-resolution map, conducting sampling for
the rocks and sediments at the seafloor.

3. Results and Discussions

The MESH cruise identified six lava flows (A~D,F,G), eight lava domes (H,I,K~P), two units of ash
and lapilli deposits (AL,ABL), two debris avalanche deposit (MF1,2), and an extensively emplaced
giant pumice deposit (GP) as the products of the 2012 eruption (Fig. 1). Most of the effusive
products which this research focuses on have porphyritic textures with the phenocrysts of
plagioclase, and pyroxene. Their whole rock composition ranges from 68~72% Si02 and inferred that
the Havre 2012 magma was rhyodacitic.

The series of lava consists of both lava flows (length of 0.6~1.2 km) and lava domes (height of
70~250 m). Their vents were distributed along the fissures at the southern rim of the caldera which
strongly infers structural control for magma ascent. The western part of the fissure is dominated
by lava flows (A~G) which immediately descended the 30° slope of the caldera wall. They have clear
levee structure with 70~150 m thickness, compression ridges for 10~3@0 m intervals, and talus with
>20 degrees. The fissures from the middle to east formed small lava domes (H~P), although the
easternmost one (0-P complex) is exceptionally large (1.1 x 0.8 km elliptical base with 250 m
height). The total volume of these effusive products was .24 km’.

The chronology of the lava effusion has been investigated using the stratigraphical relationship to
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the GP unit, which was dispersed on 18th July. This enables constraints on the lava effusion rate
between the 18th July to 19th August (NIWA voyage). The maximum volume of the lava post-dating GP
(0.19 km® for A, F~P) draws the maximum effusion rate of 25 m’/s for 90-days average. This values
comparable to other well-constrained subaerial silicic lavas, such as 50 m’/s for 20-days at
Cordon-Caulle 2011 eruption (Bertin et al. 2015), or 66 m’/s for 14-days at Chaiten 2008 eruption
(Pallister et al. 2013).

4. Conclusion

The Havre 2012 eruption produced 0.24 km® of rhyodacite lava flows and domes. The largest lava dome
grew to the height of 250m and the longest lava flow advanced 1.2km from its vent despite the deep
submarine environment. These investigations have calculated submarine silicic lava effusion rates
(25 m’/s) for the first time.

F—O—R BEBEXL BEDILTS. AaRiE. BHERE. REa8EvIV
Keywords: Submarine volcano, Submarine caldera, Lava flow morphology, Effusion rate, Rhyolitic
magma
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Evolution of magma ascent during the climactic phase of 2011 eruption of Shinmoe-dake,
Japan, in view of groundmass microlite textures
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The climactic phase of the Shinmoe-dake 2011 eruption is characterized by three sub-Plinian events
(Jan 26PM, 27AM, 27PM) and a lava accumulation stage in the crater (Jan 27-29), both of which were
accompanied by vulcanian events. This study aimed at reconstructing magma ascent in conduit for
this phase by using groundmass microlite textures. We then related the changes of magma ascent
conditions with those of eruption intensity and style.

The analyzed samples include pumiceous clasts (gray and brown) and denser lava-like juvenile clasts
from sub-Plinian (Layer 2-5, each with lower and upper subunits) and Jan 28 vulcanian deposits, and
a lava block ejected from the crater on the Feb 1 vulcanian event. These are from magmas of the
same chemical and storage conditions just prior to ascent from the reservoir. Representative
samples for the textural analyses were selected based on bulk density that reflects syneruptive
ascent rate and resultant degree of degassing. Subunits of Layer 2 to Layer 4 resemble one another
in bulk density distribution (0.8~1.7 g/cm’), except Layer3-up with extension to higher density
(0.8~2.1 g/cmz). Also, subunits of Layer 5 to Jan 28 resemble one another (0.8~2.8 g/cms) in having
extension to much higher density than Layer3-up. The bulk density of Feb 1 lava (2.1g/cm’)
corresponds to high value observed in Layer 5 to Jan 28. The textural analyses were carried out for
samples with maximum and minimum bulk densities in representative units (Layer2-up, 3-up, 4-up,
5-low, 5-up, Jan28, Feb 1 Lava).

The crystal size distributions (CSD) of plagioclase microlites are almost the same for all samples
over the larger size (40-100 micrometer length in 3D). CSDs over smaller size change depending on
the bulk density; dense samples from Layer 5-low, Layer 5-up, Jan 28 and Feb1 lava have steeper CSD
than low density samples. These lines of evidence show magma ascent conditions at deeper part of
conduit were constant throughout the climactic phase, but condition at shallow part was changing.
The higher crystal numbers in dense samples can be explained by either a) higher ascent rate (when
undercooling is relatively small, as a whole) or b) lower ascent rate (when undercooling is
relatively large). Model b) is more likely in the present case, if decreasing trend of eruption
intensity is considered. The bulk density distribution and correlation between bulk density and
ascent rate show that the decrease of magma ascent rate at shallow part occurred gradually. The
ascent rate variation widened in the third sub-Plinian event (Layer 5), by a little appearance of
slowly ascended magmas. Only slowly ascended magmas came to occupy the conduit in the lava
accumulation stage.

Suzuki et al. (2014 JPGU meeting) proposed that Layer3-up corresponds to the start of the second
sub-Plinian event, based on that the bulk density distribution of Layer3-up has an extension to
higher density, and degassed magma could have been formed in conduit during the resting phase (Jan
26, 19:00 -Jan 27, 2:00; between the first and second sub-Plinian events) due to decreased eruption
rate. The textural study this time newly revealed CSD of plagioclase microlites of high density
sample (ca. 2.0 g/cm’) from Layer3-up resembles those of other pumiceous clasts from the first and
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second sub-Plinian events, implying conduit residence time of the degassed magma was not extremely
long. This interpretation is consistent with the infrasound data indicating quasi-steady state

magma flow for the resting phase.

F—O—R FMRE. BHIEBE. REVrOO0>7h VIVLER. BAX. iR
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Petrographic study of juvenile blocks of the 1783 A.D. (Agatsuma) pyroclastic flow in
Asama Volcano
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The Agatsuma pyroclastic flow (APF) in the 1783 A.D. (Tenmei) eruption of the Asama volcano,
central Japan, is characterized by occurrence of abundant rounded juvenile blocks with poorly
vesiculated inner core and small proportion of fine ash matrix. The blocks have been referred to as
cabbage for their shape and size. APF is a typical example of the "intermediate type" pyroclastic
flow defined by Aramaki (1957), which have intermediate characters between the nuée ardente
(dome-collapse type) and the pumice flows (column-collapse type) in terms of their volume, density
of juvenile blocks and proportion of fine ash matrix. Because these characters may represent the
magma outgassing and fragmentation processes, the intermediate type pyroclastic flow may be
important to understand key processes that determine the bifurcation between explosive and effusive
eruptions. Based on the observation that APF was composed of many (> 50) flow units, Takahashi and
Yasui (2013) proposed that APF was generated through fountain collapses following Vulcanian
explosions. They also suggested that lava lakes were formed by fall-backs of pyroclasts from the
fountains during the Vuclanian activity on the basis of welding structures of the juvenile blocks.
However, formation processes of these blocks are unclear. In this presentation, we propose that the
cabbage-shaped juvenile blocks were formed repeatedly in the volcanic crater prior to each
explosion.

On the surfaces of juvenile blocks ejected at the last stage of the 1783 A.D. eruption, we found
the crusts impregnated with very fine (1-1@ pm) ash particles and interstitial opal. The presence
of opal shows that the juvenile blocks had been emplaced in a hydrothermal system after their
rounded shape was formed. Since there is no geothermal area at the sampling location and its upper
flank of the Maekake volcano, it is highly possible that silica precipitation from circulated
geothermal water followed the formation of characteristic round shape of the juvenile blocks before
generation of the APF. The weakly welded ash particles existed between the opal-bearing crust and
the inner core; the welding process thus should have occurred before the crust formation. The
surfaces of the juvenile blocks without opal-bearing crusts, which were collected from
weakly-welded APF deposits, were covered instead with welded ash particles, which may have been
formed at the higher temperature condition in the crater. These features indicate that the juvenile
blocks were rounded probably via coagulation and welding and coated with volcanic ashes, and filled
the crater before their eruption.
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