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A petrological test of the earthquake-trigger model of the Mt. Fuji Hoei eruption
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!Department of Earth Science, Graduate School of Science, Tohoku UnivéMdityunt Fuji Research Institute, Yamanashi
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It is fairly widely recognized that huge earthquakes may trigger volcanic eruptions. The statisitic validity of this “hypothesis”
is, however, under debate. Besides, only little is understood about the triggering mechanisms and resulting incubation perio
from the earthquake to the eruption. The Hoei eruption of the Fuji volcano in 1707 A.D. occurred 49 days after the Hoei M 8.7
earthquake, and thus often referred as a typical example of the earthquake-triggered eruption. This clear paleographic reco
of the incubation period provides us an excellent opportunity to test the cause-and-effect link between the huge earthquake at
magmatic eruption. Fujii (2002) proposed a triggering mechanism of the Hoei eruption, in which basaltic magma injected into the
shallow dacitic magma chamber and induced volatile exsolution. In this study, we elucidate the timescale from magma injectior
to eruption from the mineralogical record in the Hoei erupted materials, and compare the result with the known interval of 49
days.

We found reverse zonings of plagioclase phenocrysts in the basaltic scoriae. The phenocrysts were considered to have be
derived from the dacite magma because their core compositions are consistent with those in the silicic magma initially erupted il
the Hoei sequence. Based on the measured MgO concentration profiles, we can estimate the timescale of magma mixing and tf
test the scenario that the Hoei eruption was triggered by the Hoei earthquake. The temperature of basaltic magma of the Ho
eruption was estimated to be 1080-1180 (Sato & Hara, 1990). With this temperature range, the timescales of magma mixing wel
calculated to be 45.9, 9.6 and 2.2 days at 1080, 1130 and ‘C186spectively. Because these estimated timescales are shorter
than 49 days, the mixing should have started after the Hoei earthquake. On the other hand, the estimated timescales are lon
than the duration of the Hoei eruption, showing that the mixing was not syn-eruptive but preeruptive. These results support
model that the Hoei earthquake triggered the injection of basaltic magma into the shallow dacite magma chamber, leading to tt
Hoei eruption.
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Evaluation of elastostatic effects of large earthquakes on the dike system around Mt. Fuj
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HEEDVKILY AT NS5 2 % 1154508 7 ik L TR AR OWESE (Chesley et al., 20128 (&, 1707405k (FifE H 5 7)
Mg & 1703 DT BIRIIERIC X 2 E LI R D34 A 7 (Lvh-rdER) L0217z, RS EIREIC B
%70 — EBZZFIH LRI Lc, S DRER T, G0k (Rl &2 7) HEEOSHA DA TR A 7 s OEERIC U
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73 & LI EKENIC B > e & E e,

ARHIFE T, FTEIEITMIZEOEAZTT> 2 LT, 20118t EOERICTEMHIL Uk S IEE#»h SHEE TESEIX
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B LTz, Tofth, BT Z/NEDTRHZHE IO THRAE LSBT aiE L LT, &) IR W= b
LI EIC DN TEER L,

MR, LRCOSOK (R b T 7) HEETIR, EX2 47 LI3RED, fIEA 7 TEREDHC % s HZ2eh T2 T
ENDI o Te, TUABIHUIEE & ERE-TREE-EIRIIEE T, BOTD XA 7 HICRAEDAC 251 S NVEL S %0 —75.
2011 HCILHIEE D E I AT DR A 7 SIS RN < NS N AZAE U, &L IR OTE Tl 50 %A 2
HASTRERDI AW TERED P U 2 /T NS IS DZAET % &0 5 FERDMG B Nz,

TDEIIT, KMENELINDR A T AT LG Z 2 1R ZHTH D, (FRESHItIEDRICR 5N
K II) KHEMN X A 7 DIEFOD on-off E ANBZAA v F L L TEIGELHEEEZENS, TDEZICHINUX, 2011
WILENE X BB THLHED S RO N o THIENRET 2 F Tk, BIXA 70Ok LrEEhi Y 2 7 HhiiE s
EbhEmnc iicks,
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Magma ascent process during the late stage of Fuji 1707 eruption; constraints from pla
gioclase microlite
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1707 IS BE 23K NE, ELMUTREFLOVEATSHS. FLAUOBEXIFZEAEPLREED X o VR
Uk, B, IEERENTHZDIH L, FREAIELAITRE LW ) —— - #E7) ——A Wk EBT L,
LRETFT TS TAYA b ewliazZEH Uz, EAdBs X7 15 HkEE, SHEMUE, waE~x /<o) =—-
U7 —— KRG LIz T EDRIDN A D, FEARE—KOHOKEEDOTFEE, BAKOBREKETTY =—Ah 5
A+ YR)RNEEAEREEZ 2T R LTWS. LML, TOMRZ(LOERIIHSMCENTWVIERY. FC
TR TIE, EARENAAOLRAEERATY 7 OFYIEHHR E S GHEE» S <D R T aw R z# e L, WEX
FEEHYZA b U 7 R & RGE L 7z,

TV = — RO T A3 7HEREYE, EARKOD S A 8km OIS THE Uz, R FORBICHE DN T Ho- 1 ~
VICAX5 L, HICHINL 1702y MTHOFTER L. AR TR EREEIZ N GRE LTWA D, FRELE
A3V T7DIEHo-IVD 6 L= hZX5E Lz, T, ERE—NOFOKRE TR LUZA3Y) 72NATE 7 A
T—=YDFHCDOWT, BHEAYA 70541 OB « YA X - BEEDO i ZiToz. A4 7154 hO{bE
i, BEURAHIENIZEATO EPMA (JEOL-8800R IC X > THIE L. 47054 FOY A XL EEEORIEX, &
R R EMFZEE D SEMIC X > THi L7z BSEERDRFTIC K > Tiro 72

T =Rk A v a R RO RT3 7IZIIRIF M SE T, MEREYOMHAG R ERLUTHo T2 B
EAORA 7054 SOk An i [=Ca/(Ca+Na)] kYA X LiEEesigix, 7)) Z—RXEAkDO A3 7 TENZTNH
74.4 #9191 pu m, #1240 /mnt, A b2 RYREAKDO R 7 TENENK 78.3 #4293 m, #88Lmnt &, i
FHORTH AN RSN, ) AWM HERTZA ra VR RO 2T 7 OFH, Anfi & fSeY 1 Zid K
=<, BN WEERLUT.

DIMCTENZAVEY - REABE X)L N OHBGRN S, FEREKDS T OIREZ2#) 1135°C & RfEE > 7z,
ZLT, UMW ORETHER EALEEEZ, Putirka (2008DFHER- XV FE/KEFHC X > TIA 7514 RO
HBHRRIE 2 RS o 7z, ZO8EE, 7V Z—AWATII B L Z 2IMPaTH > 7=DIicx L, A b RY XA TIEE
XZ 24MPat RREHETHZ T W h o, TNFTNOENE, HE 840-870mEB X U 940mIcH4d 3. &5,
Toramaru et al. (2008~ 1 7 10T A MU ERITHEET ZHNT, YA 78054 MAHREICB T 5~ 7~ O LA
FHRHEEL A, ) — A TEXZ 54km/h A by sRY Nk T X7 36km/hDENE SN, U =—
BN DT L5EEDh > Tz e b oz, TOREENS, FRENEAIHO T ) —Z—RK-ZA ba VR ) R AAERZE
ki, JoE FRHEEOWMNCE > TR EINLEZISNS. iz, CoJdol FREERDOFRREIZ, X7 700m
KD BEEBTONERMDZEL UGERDOBADLBEITEDORA) IKhHBHeEZLNS.

F—U—FrEtAkl REA, X754 b, KGE FAREE, A0 7, Bk
Keywords: Fuji volcano, plagioclase, microlite, conduit ascent velocity, scoria, eruption style
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Recycling of pyroclasts controls style of small basaltic explosion at Stromboli Volcano,
Italy

i 2P e T 5 L R KGR 2 Bl 3 L AGE 3 i S
MIWA, Takah|r01* ; KAWAGUCHI, Ryohei ; NISHIMURA, Takesh? ; AOYAMA, Hiroshi? ; YAMADA, Taishi?
FUJITA, Eisuke
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INIED, 2Tohoku Univ,*Hokkaido Univ

Understandings of controlling mechanism on eruptive style is one of the most important subject not only for volcanology but
also for hazard mitigation. Vesiculation, outgassing and crystallization that drive or break their ascent have been considered ¢
essential factors for the controlling mechanism (e.g., Jaupart and Allegre, 1990; Houghton and Gonnerman, 2005). In contras
recent studies have suggested that vigorous recycling of pyroclast into the vent occurs at basaltic volcano where small explosiol
are repeated (D’'Oriano et al., 2014; Eychenne et al., 2014). The recycling of pyroclast that fills the vent can affect explosion
dynamics such as shape and ejection speed of jet cloud (Goto et al., 2001; Ohba et al., 2002; Taddeucci et al., 2013).

This study examined component, texture, granulometry and chemical composition of ash samples from normal activity a
Stromboli to discuss a controlling mechanism of explosion style of small basaltic explosion. Stromboli volcano has three vent
regions as northeast (NE), central (C), and southwest (SW) craters. The three craters emitted white steam continuously th
was interrupted by relatively strong explosion. During studied term (14:26-18:29, May 21th, 2014), different explosion styles
were observed in each vents. The NE crater exhibited explosive emission of ash rich cloud, and the C and SW craters showe
emission of glowing bomb with dilute ash cloud. We collected falling ash from the three craters every 4-18 minutes. Although
the samples contain ash particles from the three craters, ash falling rate at sampling site becomes large after occurrence of ashr
explosion at NE crater. The ash particles are divided into Juvenile (glassy particle with elongate, spongy, or dense morphology
Recycled (non-glassy particles with highly crystalline which has similar texture with product of reheating experiment of basaltic
ash; D’Oriano et al., 2013), Altered, and Crystal particles. The origin of the each type of particles are interpreted on the basis o
their external and internal textures observed under stereoscopic and electron microscope (D'Oriano et al., 2014). We calculate
bulk componentry using the componentry variations with grain size (125-250, 250-500, 500-1000, and 1Q00)206@Dgrain
size distribution. The bulk componentry shows that the volume fraction of recycled particles increases with ash falling rate at
sampling site that concords the occurrence of ash rich explosion at NE crater.

The ash observation implies that burial of eruptive vent by recycled particles relates with occurrence of ash rich explosion at NE
crater. The explosion occurs at which the gas rich magma from deeper conduit (e.g., Ripepe et al., 2001; Lautze and Houghto
2007) reaches to the boundary between magma column and buried sediment. Emission of gas jet by the explosion blows tt
sediment which buries the vent-conduit (Patrick et al., 2007). Thick sediment can store large amounts of gas, magma and he
that generate ash rich cloud at the blowing. Therefore, we suggest that thickness of buried sediment is one of a controlling factc
for the style of small basaltic explosion.

F—U— R AR, VA7) T, KIEE S U<, KR, A R a2 R ki
Keywords: eruptive style, recycling, basaltic magma, volcanic ash, Stromboli volcano
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Spatio-temporal changes of magma pressure in the conduit at Stromboli as inferred fror

analyses of tilt records
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LA, JEFEINMEAAC Y S R SRl SOV ML 6% TEIIE N, BEKERTICHEET 2 ILHADIZE & W o T2BISR DM 2
ENBEIICE>TER. TNHDT—REITT 25T LT, MANEROS IS AR ERINCHIRTE S L1
5 W ENTVS. FRRIZ2014FES5HRE DA XY 7 « A bV RY KUK I ERET & Lt EE T %
i LRI 217 o /2. S OBIHINC X O 155 NI /e T 2 RIS EIRCE D S UK E RO AGEN Y 7 < £ ] DRE
ZEZ L DHEEZIT > 12D THE T 5.

Z hayRY KUK CIEED S #EEE 500 mEIND 354 (RFR PZZ, CPL IR E 1 55 (RFR)ICIAFFEHIERT
% BOCMEREEDIESICRE LTz, ThBEDESEY V7)) 7N 100 Hz CEikIE: Uiz, 3 BN T oA IChE

I EREBO ISR E NIz 7 AP E TORED S, BAFEED 57HiH SMOENKIC K %> 7 FIVHEL, BAIZHES
HEENC ST U T R iR 28 5N % 26 DA X2 b i U TZOREZENT-. ZO/RER, HAICPES H
EBEREOREHITD SN TG ROREZ R EREZEDAEE O, HESHORA: % TIC 100-400 nano radiafitfE o1
REFHOMIMMN 2 TCOBRIE TR EINE T ENbh > Tz, iz, BAD 55700 5 OHERIAR 7 FVIZHIESOF) 5 7
D5 RFREBUHIA TREFFTEID, CPLAITHEIEIDICARY MIVORENZEL LTS T Ebhhot. ThE DRI
ittt Uiz 26D A XY b 22D A XY b TRHENS. TN b 22{HD T — R MEHOFR LR ZHAEL UTES
L, ERANXT MVOFMAZHNS &, RFRAIX 162.5 FDOREENHIEEESIORAERN S 5 i 165.5 1Z, CPLA
X 87 Mo 77 I kL. Fiz, PZZIIEHIC 113 FTADREEE R L.

BIE NIRRT MV S, KGENEDIEJIRORZE R A2 HEE S 5. NEKIIDE FIC 250 mOFREAGE
@ L, BREZIECK > TA My RY KUOHTEZE O AN TIWALE 2R Lz, 25 mORXR T & ic—EH ]
FHZ THEURER, EHFEOHERE DEWVIC K > THIERICHENZHERIANR T VO T & B AR OIRIE LA B I 28
kg ehbholz. BT —Z EBUEFFR RO HIRIC X 5T, CPLEDK 10° DOFNhifa DZ{LZ T % 12IC
&, EHEOELIE 50 M EFEL REZHRERH B T b ol £z, RFREE PZZ S0 Jihifa %3S % /-8
I, PEXICHE S HIEBEhFEAE O S BT K O LIATOHEJJIROEEE 13K T 50-100 MEETH S T Ebholk. TNHD
cehn, AbhayRY)REXOEBGRIN S KON DOHEE 50-100 mEEREE DT CIE IO EE O, BADERTIC
FEAFIEKO T 150 MEE X TR G2 TWVWB EEZLNS. TDX D HAENTITREDRFZER 540 ORI 5% A
Fa Yy R KEND AN AL fRT 2 L TEETHLEEZLNS.

F—U— R Rz E), A o 2Ry Ak, R
Keywords: Tilt motion, Strombolian eruption, Pressure source
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Pllnlan eruptions without precursory basalt injection: Case study of the Sakurajima his-
toric eruptions

e ECD Y N ETE L BRI
ARAYA, Naoki'* ; NAKAMURA Michihiko ! ; OKUMURA, Satoshi

L HAERZ R EBE B A TR A e
! Department of Earth Science, Graduate School of Science, Tohoku University

Injection of new magma into a shallow differentiated magma chamber is often considered as a trigger of volcanic eruptions
This is primary based on the petrological observation that magma mixing precedes the eruptions by a short interval. Howeve
some petrological records such as oscillatory zoning of phenocrysts, in addition to geophysical monitoring of active volcanoes
(e.g. lguchi et al., 2008), suggest that magma injections had occurred repeatedly without triggering eruptions immediately. Ir
such a case, the mafic magma injection may be regarded as a preparation process for eruption rather than a trigger. To clarify t
magma injection and accumulation processes prior to the past large eruptions is crucial for forecasting the volcanic activity. Fo
this purpose, we investigated the pumice clasts of the three historic Plinian eruptions of the Sakurajima volcano, Kyusyu Japa
in 1914-1915 (Taisho Era), 1779-1780 (Anei) and 1471-1476 (Bunmei). We have focused on compositional zoning of magnetite
phenocrysts, because element diffusion in magnetite is relatively fast and thus has high time resolution.

The magnetite phenocrysts showed scarce compositional zoning in all the eruptions. This result indicates that the last magn
injections occurred more than a few months before the eruptions. Hence, we infer that the magma injection did not trigger the
historic eruptions immediately. This leads to an implication that a Plinian eruption may occur in the Sakurajima volcano without
the injection of new magma prior to several months.

F—T— R R, B R Y A —, BEEREE, < 7 <TEA, YT SIRG
Keywords: Sakurajima Volcano, eruption trigger, magnetite, magma injection, magma mixing
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Estimation of surface tension of lava from lava stalactite and lava stalagmite appeared i
lava tube cave and tree mold

AL Jyt*
HONDA, Tsutomd*
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ELHIC] ZLEREBRERICE > TERENARETF 12— TIRRERIEEE OZGRNEICIE & IS EEIL A E AR
MBI E NS, AL & IEKHOHEECATE LT AED E IS K O ALE & 75 0 HRI R MM Z2 TE A LR HSO ]
BENSISENEN FOZBHR T, —HAG0E & IR EDOWHNKHX D& T URTPICHEE(L T 285 TH5, K
FOMBEIC A U % ARSI O M OES ORI & IRE DRI IC TS N U THERTS 2 AR D S IAS DR R 172
i@ L THIz,

AEBADEIE Y FICKZRERDHE] KIS LIRS EIEENICKD FKESE 5 &350, —
HERMENEZTNZIIEL XS &5 %, KAOWERERATENICHIMEELZ 52, XL EOEEEIET % LIPS
BANMEEN. ZOREWRALD S, WAEOWBOEEE Yy F P=271 (ylg p )2 ME5N%, TTTylRiasE
OXMHRS . gIEENIINEE. p L BIAEOEETH S, Lieh> THED 2 VIO KL 572N FH B4
FEFLOMBEDOMMOE y F P25 T LICKDIAEDORIE I y=Pgp /4 1 2 ZKRDB T ENHKD, SHIOE
AT a— THRPBEEBIHD SE5NZ Yy F BB EZ P=34cmTH . p = 2.5g/cnt, g = 980cm/d % A% &
Fmg & LT y=560~990 dyne/cmf3 51 % 12),

[(BEAEZENT 2ETRBAICKDRERNEE] BEiEIRHORKENSERE N 255855 LRAHD
HBAMA—ZIER LIcBT I OIREDWRMEMNE NI 550055, WHIEHIRSICEZEENLTD%E NI S
HOWIRIZZEFACTH B, TOBHBICELWMOEERIMEE L THED ., KAEIDRHEOERICIHA 5NEl k5 L
WEEE 1 E B ESNTHIEIETE F L. & F L7k FEB TR A T M E SITTE N2 DR U TIREBICZ < DRI A HE
Y5, ThCERIAORERNZEHNT 2 —RNEAETH 2 NEHESE ZEHT 5 EMNHKS,  EHOHER
Zm&d B ez Mg f = mg (QIEEIINEE) T, —A UKL T Rcg & EF &K S &9 BKiH4R
Nidfa=2nryTHs, TTTr3MHDIMED LR, LIch> T = fo ORFOWIHOE RN DML y IFFTRTE
% BRI RLEDWMOESZI T HET,=mg=nr’lp gT. TTTp [ BRHDOEETHD, KINEARSIX
BLZ25glcm THH T T TIE—EffiE Lize TOBMRICKDIE N LIEHOEE L RN SIEEDORERI. y=1l
p Lo2Z1G5 T LN TESD, TITg=980cm/8 TH5., FEOBEICLZZ D, 72L& A r =0.2cm, I=2cmé
9% & y =490 dyne/cm, r=0.25cm, I=4cti 9% & y = 980 dyne/cmCTdH %,

[BoWIc] ENNSTTOFEBROBISIC K S &, Eaiif & ORI LBEDFRIA S 22NN ZOENE & & N RED 5
HEE ENBEAEDORIRNEZEIE BT 5, ChRITOBMEBTIVNZLETHE I LZmLTV0bLEbNS,  Hi
LT, WaEHRNOEEETL - ISE AR OIEIC BN TR, IsE OXRMIEI DS R EE ZHETWE EEAL ST
bbb, FlMEINRERIMEEBBTRML - fi5 3 1K > THEERE TR N MOIMFORPIICH 5, 5%
E DI (& LIUBEARDE, RS, F77 27kl 2 ALY KL, ATFARY < L=k, ZL—5%—-
ATV L=V ZEOIEET 2 — 7R SIEERIOHE (BEHEOREE 25O T) ZHITLTDE L,

[B%E 3HA]

1)T.Honda(2000) & t:[La G B 24 H N O 1A 5 #FL OTE BGEFE DOIFZE (The investigation on the formation process of the
lava stalactite in the lava tree mold of Mt.Fuji)H AR 22235 26 Mk AR % p 3

2)T. Honda, F.Martel, V. Bello,O.Lucas-Leclin(2014):A2-26:Investigation on the lava of 1998-2007 and lava tube caves in the
Reunion Island, The 2014 fall meeting of the Japanese Society of Volcanology.p38

3) I.Yokoyama,S.lizuka(1970): Technical Report,Hokkaido Univ. p57
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Plinian eruptlon preceded by disruption of lava dome at Kelud volcano, Indonesia, in

2014
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AKHMAD, Zaennudirt ; IGUCHI, Masatd

VRGO AIGER ST, 2 (LU E LI IR ARIZERT, 3 HIER AR ABTERERG SEHZER), *CVGHM, « > R 77, 5 ZiEK

RS LRI s > & —

IEarthquake Research Institute, University of Tokytjount Fuji Research Institute, Yamanashi Prefectural Government,
3Graduate School of Environment and Disaster Research, Tokoha Univé@igter for Volcanology and Geological Haz-
ard Mitigation, IndonesiaSakurajima Volcano Research Center, Disaster Prevention Research Institute, Kyoto University

Kelud volcano, Indonesia, is an active andesitic stratovolcano that has repeatedly erupted over many centuries. After a quie
cent period since the dome-building eruption in 2007-2008, a plinian eruption with a radially spreading umbrella cloud at 18 km
height occurred in February 2014. We present results of field observations, and discuss the sequence of this plinian event, wi
estimation of some physical parameters controlling eruption dynamics.

Eruptive deposits can be divided into three major units, Unit A to C, which corresponds to the main stages of this event. Unit
A is pyroclastic density current deposits characterized by massive, poor-sorted, and composed of pumice, lithics and wood
fragments. The distribution is limited to the northeastern side of the volcano, and extends up to "5 km from the summit. In distal
area, this unit consists of a thin fine ash layer. Numerous trees blown down on the substrate in the northeast also belongs to t
same unit. Unit B is pyroclastic fallout deposits. In proximal area, the unit is characterized by thick fallout deposits containing
large pumice clasts and lava blocks. This unit underlies numerous ballistic ejecta originating from andesitic lava dome produce
in 2007-2008. In distal area, the same unit is recognized as a thin ashfall layer. This unit is widely distributed from north to
southwest. At Jogjakarta "200 km away, "2 cm ashfall was observed. This observation is consistent with satellite data show
ing the plinian plume drifted by strong easterly wind and dispersed mainly western side of the volcano. Unit C is poor-sorted,
pumice-rich pyroclastic density current deposits that are distributed along southern and western valleys up to 3-4 km. Multiple
pumice-rich flow lobes are well developed. Large pumice clasts are generally concentrated in the upper part and flow front o
the deposits. In the northern side, this unit is recognized as normally graded, fine ashfall layers. After the eruption, a number o
secondary phreatic explosions occurred from the valley-filled pumice-rich deposits, and created explosion craters.

Volume of tephra fallout from all stages is estimated to be 0.32-0.4% Wsing relationships between dispersal area and tephra
thickness. A total volume of pyroclastic density current deposits for Stages 1 and 3 was estimated to bé adedon the
deposit distribution and thickness assumption. Duration of plume development was estimated to be 2.5-3 hours based on satell
images. From the tephra volume and eruption duration, mass discharge rate was calculated to be in the rand@®5kg?8.6

Our field observation suggests that, in Stage 1, pyroclastic density currents run at least 5 km to the northeastern side wit
blowing off vegetation including numerous trees. Perhaps, the 2007-2008 lava dome acted as a cap-rock of conduit, and it we
partially destroyed from the northern edge. Initially, the eruption couldn’t produce a buoyant steady column from an open con-
duit, but generated energetic and directed pyroclastic density currents (like a blast) from the partially disrupted dome. Then, th
dome was completely destroyed and blown away by ascending magma, and the eruption entered the stable plinian phase, Stz
2. Within 3 hours, magma discharge rate decreased, and column collapse began. The eruption stage moved to Stage 3, wt
pumice-rich pyroclastic density currents occurred. They could run along valleys and buried them with multiple pumiceous flow
lobes.

The plinian eruption in 2014 was characterized by a strong eruption plume preceded by blowing off lava dome and generatiol
of energetic pyroclastic density currents. Also other pyroclastic density currents by column collapse followed the plinian erup-
tion. Deposit data suggests that the scale of eruption is ranked as VEI 4 and one of the largest eruptions at Kelud volcano in tf
last few centuries.

F—T— R b= kL, T SR VA R — L, KR, KR —
Keywords: Kelud, Plinian, Lava dome, Pyroclastic density currents

1/1



Japan Geoscience Union Meeting 2015 0/0)

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

SVC46-09 2155304 FFR:5 H 25 H 09:15-09:30
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Pyrrhotite oxidation as an indicator of air entrainment into eruption columns and lava
flows

A - STz
MATSUMOTO, Keiko'* ; NAKAMURA, Michihiko !

L HAERZ R EBE B A TR A e
! Department of Earth Science, Graduate School of Science, TOHOKU University

KL K DRSO X A F 2 7 A, WD KBRANDKGIDHL D AR TH U 2T /10~ 7 < OImHINE B %
2RIz L T3, BLld, EERYEIRENES 7 ANDORKDOEG B Z HEEOEHYIN b e &b d 2 FEZE L
TWa. BAICERLT, 7 <G NORTTERRED RO &L (Gf0y) IREALAMIC LAL, ZOBETY
TRICEENSHALIYNIEELT 5. ZOKGEER (X7 <DIRE) N THIRN SR E VS, KOG
SIS LTz R — )V CHEI TS B 728D, WA A F 27 R KLU T2 aJREME D H 5. Matsumoto and Nakamura
(2012)1%, FEERIEEAD TV = —IEARE FEAPIC, MEREEIE (Po) D BREFKEE (Mt) DR bR OMREZ R
Laddl L7z, MR R U, JGEERE A~ IR TO~Y 7~ L K L DIRGRBHIOWRRIC LWV EL 2 L T-EE N
%128, R TIEE SICKIEENO KA S (ZHEh, 2007 &RSRASH TORISHEITEZHW, BBIE IO
MORMD 211> 7.

Polc UF LIE R BN 5 LRI R BEMEEEIER L S < Vb S Mt & Hm GRERSE) S EIELE. Pok %
DBCHARICDNT, KInEITEZERIL T 5728, 2k 2 SRYHHO kR & 72 S E Y b 72 0 9 30 ki FHlliE
Uz, BT, —RTHIC Pol Mt H2W0IE Pos Mt « Hm —AHDMEIET 2 ODRHE T, KIERIAS Tk PoiZ & A
ERAFEIERIC HMILL TV 2RI T RZETH D, BHRIES Tl PoDd, Pos Mt, Mt Hm, Hm DA LW T
BOBBEOR THFET 280D, BADX I IC=MHARHCIIFIE L ED > 7. £z, Mt HmHD Ti O EPMAIC K %
XBOTR v ¥ T 2{Tolc b TAh, AL KIS EHARITIE ML - Hm EBIC Ti Z3E LA - 720, BHRIAS Tl
Mt I Ti DILHD RS SNz,

CDEX D7, WIS K% PokiF OB LAIKKOMEX, TR « I EHERFRERT] IS0fd % TEEFO, ] TRMTE
%. TEEFO, | 1 (A) BEABAARTO~ 7= (B)Po & Mt DFHi  (C)Mt & Hm O Ffli (D) K& fO, DHEZ 525
N3. TNEDFO0, &, EKRKIFENOIREHIFH 950~1050°CIcHBWV T (A) 10775~10790 par (B) 10-6-9~10-83 bar
(C) 1047~107%2 bar (Matsumoto and Nakamura, 2012; Huebner and Sato, 1970; Eugster and Wones, 1962){d:0
RO ITE) LROENS. —77, [k - SFEEHERRRR 12, ()Poh 5 Mt ANDFEALIGKEH (ipMt 205 Hm
NOBALKISKER (Mt T Ti OFLEIEE 28 LICHB>THEZ5AbN%. 58, 7 o—XEARAODORE
fO 1, MUK ORI T (B) DR, ROKEBIE Hm MDA EL e (O ZiBA, FNIHET S
Hm Oft ki 7 (B) & (O DRiE%%. BLRISETOR FIEZWE DD, HMALMWTE T LI FHIEFEE S Mt I
Ti DI A oNGh >l e b, BADORME TORIE 3.5 KA & RS NS (i), #Al, ¥ 7 <iRIc
NIBF KO TR A IR RREIC KRG L i L DODIRENIT 5 L B2 5NE DT, FOREITIL U THA DR T DRSEDN
5DV EIRTES. KRIASTOR FXIEEAED HMILETE T LT W eized, FEFO, 13 (O LILET, 2%
FKTIROABHIC K O RISHMFIET % F TIC 6.3~22I5#08E U7c LEIRT E 5 (i), A RGaEE, BaRbkIc—HIZ
W7 80 U CRIPRINIC K AFO, BREFIC & 5 SNz LIC, ZOREHEYINEIAL Liz7zdicia L 0 & @i - @bk
BEDNECFEL, BIERIOD TICEIT LT SR T Z 5. WIAE T, KPRk B) LLFTHELIE (B) ~
(D) THEL Tz, BRERERE (i) 25 3.6~33MH L HEE TN D, BIALDIO, DIXHDEIE, BHICRIEA A
DJRFTHYRERE & VEAES, R Ll L7z~ < R ONENDBEZ ARG EZ KM L TS A[EHENH 5.

DLEORRE, PoDRELIIGH, HEETNZ—EHOBEARR L &SI 5N, KB OMIEE LIRS &
M BMNTITHIE T NTOKIEIE S ERRTA G DO E BTN TH 5 L 2Rd. Ko T, PO LKIGOREER, "
KIRFDOWEEEDTA G NDKKDHL D IAFH DI 75 B A REEN B 5.

F—T— F: Bk, REDHLD AR, HERRERIES, fO, bl
Keywords: oxidation, air entrainment, pyrrhotif&)s, Sakurajima
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{5 20040 WA B 7508 & N BRI DR LD E 7))
Model of phreatic eruptions inferred from the 2014 eruption of Ontake Volcano

FEH =R
IDA, Yoshiaki'*

Ly RRVAY T MR att
L Advance Soft Co.

201449 A 27 HICHEEHLIOIITHTKZASIEN ORRSURFE) MFAEL. HIcBEZAENE D IHADERZZT 2D
UTHILER E 50 %L EMNTE L Ir o Tz, KAEKEXIE E T DOXKUTE XL ZBRTH 20, HRANCHEX DOHIED
INEVWT EEH > T T2 BN THRAEBMOIRINEN TV 5, S EIOERLEA TR 7,
HRAsE), MRS &, MAOR LR 2T 5 L THREL T - 2MME5 N, KB IhEDT— 2 2EHEL
TKZELIEK DFEAE R 2RO . BGHEZ S 2 2L —2 9 VT 5ODETIVZHRET 5,

L L THO F RN B & N7 E LGB A BTN DO © 74 A X 12, HIHROHE EITEENDD»>T05 6
DO, BB LTz 9 A 27 H 118 55 i ORGSR E N TV S, BAIIEED DI M T2 T IR
BTG T D, BADD > TIGRG 2L < U BRI E 9 ARRE UTTRIIDSIED > T 3kmiE EiiF
L. BOBICERICICTEME ToTe, L—X—BIIC K2 & BRI AOMNS 8km & DE SITE L, [HIEFHIC

ZEMHENY) AT Z—TIROENTWHGIC K 2 & 14AREICIIE DI R O . KD B OB AL 508 L T B
TBONEITT BN,

ETABYRICHER DN BRI R OB AUAIE, GRS TRMRE LTIRN R o722 5 HT, ZROME/ K
K772 3 A THEED K D& o Tz, BMADZHOEAZRIE L, fmAXLIKICE S Bl fdit Thze BT
%o MHGUAR, EHARTZHER L TR Z> TS5, EAICIRU TR L Ao T LN T X 5, AR T3 HHFIC
EHALORBTDOL 5NIEDEA S D5, MELMRESNTIER LI EAWMLWVIETZE 25 LI EHEIITZ 5,

K DFEBIEZIRS 2D DE 5 O L DOHRELBINT— 2T, AETHOFEBNATES NIEREDNH S, T
DT =KD & BABHIRD 7 731& EHi 5 EAGFEAERE OHN TRZSRDEIT L. KIS KB 5RO & & Il
DRI E Nz,

ENFEA IR ORI TIKDZEFE U ORESDH A T T EMRRTES 5 A, BlE AT ICH IS E T2 4
HE N2 D SIZRICIHFT O, BHAFERDO R, HO N THSMOYWEMN BRI S EZICKET S, T
Tld, HFKDETHEENIIKAELKDEME T LA T HMNCETT 2RZ2E 2 5. Wikz R ERAT O FERICEE
FEMEFRHRIE SNV S, RED SIS NIZBUC K > THE FKDETALZENET D, 2SN HE > TK
jae LA LTI EET B,

PLED#EZZ2E L LT, H MR TSI RA T il e BT LT %, M FKRIE FEOM Fke EEO
KGN 578D | FRfiliE CIRZRFEMHRICIN 5 B2 DR D SIDE D LT %, HFKDEKTA Y 2K DR
&, SHRSATF L UTHRI OB E UTRIES %0 HFAREACP IR OB LWL, # FKCRZ2 8 5 Stie KRR
WRERE UCED IR 288 TRET %, REIC K ZEHILOIRIFIZERORINTRE L, RERNLIT 2EE
(I H T & IRER O SRR E U TRET %,

COETIVTCR, ESomE iz EOZRORFHZLIR, RIFRIPPET 22N BIGRD 58N 2 T 0 /TR
HEtREN S, FIRICBEG 9 588, BI. WIHMEZE SICHHEEd 2 &, WOKATOMZED S 27E W NI 2 5 7K 285U
KOFELERE 2 E NS TS 2 R E O | ERDMEIRER D BIBIE WEBR OB A DHEITICE S K2 ICHIKE NS,

ST — R ORGRAUIN, AKGRAURSE, T AR, MRty $effi S 2 L—> a3 >
Keywords: phreatic eruption, phreatic explosion, Ontake Volcano, pyroclastic flow, crustal deformation, computer simulation
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D 5lFE

A nTJmericaI study of pyroclastic flow dynamics: Development of a two-layer model based
on Shallow-Water equations

K AT Y /N LT A L SR ERAR
SHIMIZU, Hiroyuki'* ; KOYAGUCHI, Takehird ; SUZUKI, Yujiro!

LB RO BT 22 A
IEarthquake Research Institute, The University of Tokyo

KINTEAT UIE UIBFEA S 2 kM, KPR & KT A 5 52 TRAHIR DA PR S & OO % 7 72 R0 11 i g
THEEIRTHD, WLNEEL plp,(~100-10°) ZED LW RN D 5 (T T T p FKPEROREE, p, (PR D
BE). £o, TOERBEEREDZAF IV AR, KIPERNICIBT 2 KR Ok, FFERKOI D AR (T2 k
LAYAYE) 7R EORATEYBBROE B 2200 5. AMROBEMNIE, KFEREAF I 7 AcET 5 NS DMR%
Higg 2L ThHd. ZTDRDIC, BKBEFTEXZRIC UToARERET IV ZBFEL, £ DT T IV MRNTIES> B A7
PHISNTWB XL« T LA ZREICHEHAT 5 Llic k> T, b UMRza L7z

MBI plpg 72 & DKFERZ R TIE L < R 7edicid, Feiic 380 2 558 & PRI A0S > 2%
IS IE UL RS RBEND B, SATHIZETIE, Fmgth OB O OIS 28l ik & LT, Joimdth 2 i
Z&f & U TH#E < Boundary-Condition (BCY 1 7 E7)L &, Jelink D & /eDEEICERE U 72 MuNa AR RS 2 5 T
IOETEZ1T S Artificial-Bed (AB) Z A T ETFIVAMERIN TS, AWFETIE, XL - 7 LA 7 BEON#RZE vz
MREIC X 5T, plp,>100TiE AB XA TETIVERNS T ENTE, plp,<100Tid BC XA TETIVEHNZXRETH
5T LMLz, EHIC, TNETOBCEZATET I EREL, fmc B0 THRIZAIZBIIMCIE L L R (E
OB N T IV X LERFE L.

WAL LT BUEFEZ W, XL T LA ZRIEIC BT 2N O FERICN T 5 plp, D, Ryt >
LA VAV FDORRZEERICBNT plp, DGENED K SICZALT 5D 72Tz, Rk, SelinDIafhdiE
RS, N2 NEHC K > THE L JBERIC T EES B 2R DD, ZOREDIEMIZ plp, WRE XD ITHE>
THRES. TV FLA YAV MR, el afdE 2 s <8, WL BEO B2 iHd 28RN H 0, e, T
YERLAVRAYFDBMUE plpg WRELTEBINES> THUL &%, RFIREE T2 N LAY A2 hOR;OEND
B9, TNTNOLISTHMROBARICK T, B - RSSO NEROIERE L, RNOEMHIC NN T—> 3 ¥
WECBEEZBNS.

KPR, — RIS EAROARIRIEER (10P<plp,<10') & IO EIRIEES (plpa~10°) MEKD, ZHUT K> TREHH
EAZ D, ZDOXK S RMELRZFDONRERO XA F I 7 AT 572013, KREHRZ BC XA TETIL, &
IREE 2 AB 2 A TETIVCIRS 2 BIRET IV EZEHT 208 NH 5. AT, K OBENRABERZ AT I 7 A
OFIZHEL, (GRETICER TR E TS P LAY A Y ORISR, @SIEEEICIIR Pk KO8 R 28
AUTe 2[RETIVOENE L FREZITV, (KRS - @RIERT - HEBY) ORFRIFEIRIC DV T TR R Z 1572,

S B KRR, IR, T, BoKBOTRER, 2 R E 7
Keywords: pyroclastic flows, density currents, gravity currents, Shallow-Water equations, two-layer model
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Effeé?s of vertical diffusivity and plume shape on the inversion analysis of tephra fallout
deposits

A2 2] o NEL W L BR RERES
KIYOSUGI, Kojit* ; KOYAGUCHI, Takehird ; SUZUKI, Yujiro!

LB RO BT 22 Al
IEarthquake Research Institute, The University of Tokyo

Rt R NEHERE I 5 Z OBHETRO N R 2155 C Lld, WEDOBFRIEK OIS A F X v 7 ADOFE, ZHUcHD
SBERREDREIR TR EDT8, K FEELZELEND 5. A, KLKOBRILEE 7 IVICHEDWT, R
WEHERTYI D SIIEIC 550 2 K RIROME (B, e, AWIRIEE) Z21E U Re 20t THEZ L 2 T &
ZHNET %.

BRILECE 7L 72 FIO TR FARAHER D S HGTIRD 8T A — 2 B HEE S 2 WRHTIC DV TIE, T E T Klawonn
etal., (2012)®, Mannen (2014)x & DWIZEFINERE TN TV 3. TS OMERNT T, SHiE 5 ORL 7 OHLEEUE FEEH L
720, EIC X ZWEEOEZ AT 2 LW NENEENTVS. ABIZETIE, KO EO—h 5 E Nz Rk
W5 7% 2 BB OR I — RGO KSR TR - Hhi T 2 L. ZOMRICBI 2HRREMMZHEL 2 Lic& -
T, TNEDIGEDZYTEICDWTHGES LTz,

—HREED KRG TN ED—f 5 E NP2 —RROR 71X, JEEIC X > TR E EBICIERT 2 Thi it &
RS %. R FREOHULIZEHED K E S THAESANBH U, R FORKESEE DK E S THNT 5. $hil F ok 10
LR R U 72356, R AR ACEBRIRICHER L, HIRICHBWTHIEED JOtiER 5. —/, $hi/gmic
K FDMLECS 250, KFRHIMEERIROIEREZHFD. SRETMNERZF - Tohi FRE T, EEROK & TEF DR D
HERSICHFRI AR U S, Fiz, R FREOEOR S Lk d, TEROR FHE M % £ TR FEHIEIC X - Tk
SEHTCEE Uil 5. ZORE, HEED M, “XOTERMH S, (D 20— okdit, (2 ©—7ii#E
DOIERFME, (3 BMEFATHHNDDHDHTD 3O DALHEL S, TheDXLDHb, (D & (2) &, ki
HERE L DD E SICEhEICHER UK 5 C LISER L, (D.v2)/2>0.2 DGRICEEZICKS. T T D, 3EhELSIR
B, v ZRIEEE, 2 3RIEEETHS. £, ) DXL, EXER-> R FEEDHER LODEICHEE NS T Ligid
WU, EdExE W, AFLEREE D, & LzRE, D.Y2D,~1/2Wv, ~ 1 >3 D AICIEFICR 5.

—fRiC, MOE BT, EERE NICmh o TEMT 5. OB ENHEREYI 2 HIC S 2 280DV T,
TEDEHHE L& Fhoki FOBREZ KT 5 LIc k> TIMli Lz, 2ot B X OUROEEEZE LISt 7))
(1 z 1, BENTETIL ; Bursik 200D ic k% &, JEHEW O RTEI LU, WhEFE#HNET 98 OEMOEE z L3
thE x ORIRIE, z=CBY/3W1x?/3 LW RN TERST T &N TE S (Wright 1971) T C CldEs, BRAEMZENLY
Zw 7 X (Sparks etal., 1997F%H 5. —/5, B FHHORFOBRE b I3RS z & Z O OKGHEE v, EHEW H
5 b=zWly, LEIRENS. EEOERE x DEMRTOBE b DEIC X T /N E WS (xb<n; nid 107 OF—
R—DER), OB X ZHBIIMETES. LHL, xHDb EHRTRKEVES b>n), BHiOPEIEET
TRV, ZOHE, EEOEBMEORLR EBHREOXRDLLEKN S, C 3B 1z2Wy,2>n? x5 ehbhb.

DL EoO#EFRE, KREREGERICIA, MWK FDMEOEED S E Nz & ZICEEILEORE (CIoTiERD b 5 D
ALY BREL, BITHOK D SO EED S I E NGB IR O 2 MR X L) WREL RS T L am
T ETEW T IE LA & AR ORI ORI K D, WINOFEL Din ki T ORSEE IR S N - H#iPHic H
LT Mo, ZOHPHIE Wz(D,Dy)~V2<75DIFIC D,/0.04<v,<nC3¥/2B/2z-1/2W-1/2 tH b, Wz(D,D,) /2>75
DOIFITIE WD, /2/3D, /2<v,<nC3/2BY/2z-1/2W—1/2 T %. TS5 LIRifR & HERWI AR ORI, KERYI i B
O 3 X 2R BRI IC B VW THEE S R U R 5450,

F—T— R W, BN AKREHERTY), BIRILECE 7L, T
Keywords: volcanic plume, tephra fallout deposits, advection-diffusion model, inversion analysis
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A trial of measurement for shape and velocity of ash-fall by using a digital image analysis
technique

al

ARER RS 1= i) =BG L ER (!
HATTORI, Yasud* : NAKAO, Keisuke' ; SUTO, Hitosht

LRI

LCentral Research Institute of Electric Power Industry

Accurate descriptions of terminal velocity of ash-fall are practical interest in volcanic ash risk assessment on critical infras-
tructure (e.g. Wardman et al. 2012). Numerical simulations with an ash transport- and deposition-model, which has a capabilit
to estimate spatial- and temporal-distributions of ash concentration and deposition, have become a powerful tool of the risk ac
sessment (e.g. Folch 2012). Such simulations give the solution of governing equations on ash transport processes with numeric
procedures. The governing equations include some empirical formulas with assumptions. Also for the estimation of termina
velocity of ash-fall, many empirical formulas have been already reported, but there exists considerable scattering of calculation
among them (e.g Folch 2012).

In the present study, we examined a measurement for shape and velocity of ash-fall by employing a digital image analysi
technique. We configured the experimental setup based on a shadowgraph particle measurement system of Dantec Dynamics
deal with non-spherical particles. The particles were illuminated by high-intensity pulsed lasers, Nd: YAG laser, with an optical
diffuser. A CCD camera was placed in front of the light source, and the camera was equipped with a long-distance microscop
lens to obtain visualized images of small particles. We carried out a trial measurement for sedimentation of corrected ash an
discussed the optimization of measurement parameters and relationship between shape and velocity of ash-fall in a laboratc
test. More details will be presented in the presentation, and we believe that our study must be helpful to develop the numerice
simulations for evaluation of volcanic ash risk.

The authors wish to express our gratitude to Mr. Y. Futawatari of Dantec Dynamics, Ltd., Mr. T. Sato and Mr. K. Ota for
helpful comments on the design of the optical setup, and to Mr. K. Toshida, Dr. D. Miura and Dr. S. Takeuchi for fruitful
discussions on this study.

F—U— R ke, AR ETEEHR, SN SR, AL REE-HERE TV

Keywords: Terminal fall velocity, Particle image velocimetry, Laboratory test, Ash transport- and deposition-model
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Stokes—DEM coupled simulation for a granular media of magma chamber

ol ERCT P 2R AT
FURUICHI, Mikito* ; NISHIURA, Daisuké

VBRI - Sem BRI B, MR R A

!Department of Mathematical Science and Advanced Technology, Japan Agency for Marine-Earth Science an

The dynamics of a granular media has been suggested to play an important role in a reheated magma chamber by a hot intrusi
(e.g. Burgisser and Bergantz, 2011). Although several mechanisms, such as Rayleigh Taylor instability, unzipping, and rhythmi
convection (e.g. Shibano et.al. 2012, 2013) have been proposed for characterizing an evolution of crystalline magma chambe
their contributions in the long geodynamical time scale are not clear yet. Thus we performed dynamical numerical simulations
of the granular material in three dimensions to investigate the thermal evolution of the magma chamber.

In order to solve high-viscosity fluid and particle dynamics for modelling a melt—crystal jammed state of the magma, we have
developed a coupled Stokes—DEM simulation code with two key techniques: formulation of particle motion without inertia and
semi-implicit treatment of particle motion in the fluid equation (Furuichi and Nishiura, G-cubed, 2014). Our simulation can
successfully handle sinking particles in a high-viscosity fluid.

In our simulation, the top fluid—particle jammed layer is heated by the hot basal fluid at the bottom. This initial setting
represents the first-stage toy model for an erosion process at a melting roof of the magma chamber. We have investigated t
dynamical patterns of the settling particles which strongly depend on the rheology of the granular layer. In addition, we have alsc
examined the dynamical role of the density of the basal hot melt. Our numerical result indicates the possibility of the spontaneou
formulation of crystal rich layer on the basal dense melt layer.

Keywords: Magma chamber, Viscous granular material, Magmatic dyamics, Reactivation, Discrete element method, Stokes flow
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1 JoeGET « 3 Zoe IS T 7L 7% WO T FEMIE R OHERS T
Forecasting the transition of explosive volcanic eruptions using a combined model for
conduit flow and eruption column

/NECT W 5 SR HERAR
KOYAGUCHI, Takehird* ; SUZUKI, Yujiro!

LUK A MRS
!Earthquake Research Institute, The University of Tokyo

TR BT, HIBRYER 2 BTSN 21 - B AT — 2D O THEAHER 2 Tl 9 5 2 &I nTRED ?
AWFETIE, TORWVICEZ S0, 1 oTEHENEFRETIVE 3XeIEEE MIEEE T Vs L THETTIV)
EHONTY I al—y 3 VN ZEED TV S, AFREETIE, HETTIVE O TZIERE N OHERS Tl O BRI
KU, ZITHhHRATL ZEKHER RN AT 7RIS DOV TiGm T 5.

BERENIC BN TIE, — I, AoE FhE T 7~ D FREENSHIGEL TWS. TORE, 7o, 5
i TS 7 OEHE, KRNI (1) RTIPODLSZTHRIGETZ L)V (TTTR, ZOL\)V7E DAOE] &
EFET D) TTOLFERE, (2) KNCBT 26E - [EfmEkE, (3) K& TOREEE), L5 3 DOMIHIC/HEIT
x5, 1 EFINERETIVICE S E, (1) OfFEEOFHEN WA, R &, II7WMOOE, 7mons
KOAKETOEX, JEfk, 7 ~Da/ka, FEFICET % (Koyaguchi, 2005, (2) OXINCIBUT B HE5E « T
BRI DWVTIE, KITBIRDIST XA—% CAITEDOHFEE B X UM Bl FigoWrmfg) #2525 2ick->T, kI
BT ZEEYIOE S L EERREOBBE L TKRDZ T e TES (Koyaguchi etal. 2010 1 XoTiE H EEA:E
FIU (51713 Woods, 1988 I1C k% &, (3) OEMESEENCIBNT, NIRRT E FEICELIBORE X L FI v Y
A (REJEAT BRSO MR 1, IS, MR, <7 OIRE (BWER) - BU/KE, KR&UTE & FHIE LIRS TO LR
HE, KKREDREANERTHRES. 2L, KRREICET S E TOME « JEMmEfE, 3ouckuiEes I BzE
Suzuki et al. 2005 THEZFE T Z20ENH 5. M EOERD S, BERAEAOHERIL, I 7OBERS IO DL
NS T, NEDKODBIROF LR ZHT-IAE « BRI il E NS C EARENS.

TEFEIIRE N DHERIT NS 2 MGHE « KITDIIRDFER IS 2 72818, AW TIE, KIIR & EHITE ) « EHEE S
BARAT U 2 BUNT iR BT % & L 61, KREEERARZ TS THE U 7TEORER « FEMERE DS EE 0 PRS-
BAF 2w 7 RCHZ BBV T 3 RITEEE 7))V 2 FIW TRz, K B S A & kil 2o
EYINKKE & Bx 2 51 CHEI UIIGE, BEERBOmND EEFHRIKIC K > THok L, JEBBICERIR Ehd iR b 7%
T 5 LWV RIS R TER T 5. KETE & PHICE U S TOREO b & O P EFRE R, b O
& BRI D FNENOHE K TZ OWmfELED SEHEE N, ZOMHEIE 1 JotEFEIZE « JEfET 7V (Woods and Bower,
1995 D Pl E W —d 5. 1t> T, IXTHEMETIVIC K BETEAEERIE, MO SO M /s & O 42k
DORIFHHRZD FENMNTDOWTIE, 1| ToTEFEEE « BT TIVE 1 RTEFHEMAE TV EHAE DB T 5hE O Bk R
(Koyaguchi et al., 2010 & EMIC—ET 5. —J7, (T & md AR K D 7% 2 NSO BRI, S0
HEIC KB KPR AR ORISR £, 1 JOtEREEAE T IV TREHINEVWESEZ 72569, ThH5DH
AT 2y 7 AORHHE, KIOIREKNEDOTRICEET /35 A—222 LD L Y — L v T LTEMT S L
NTED.

EEROBNICBWTIE, BAOREE & BIC IO DTS & KE « KOOI FEIRHICE LT 5. £z, HRZE
g« O S EEOBNE, KM OMEZNT—X, MEVOSAZET—2HEDOVT, TMO DTS, <
TOME, HHER, ol « KODEIRE EICBT %/85 XA—2 8, SRR EARIRETHTE S NS, HAEEOEN
T RITFD W TRFEINEN DR TR 72179 12D, <7< DENZEL & AGE « KITDIRZE (L #Al v s
UFICHT BEMER A F Iy 7 ZAOHERICDOWT, FidLI— Ly 7 TRV L, BT —2h 5 MEEICH AL
NZWEMzTHIREL THEILEND 5.

F—T— R JGE, KR, BEE 7L, BHERS T

Keywords: conduit flow, eruption column, numerical model, transition of eruption style
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20144F 5 H 10 HAx SRR O MP L— 20— .
MP radar observation of the explosive eruption of Sakurajima on May 10th, 2014

P do— T R A T O L A EN L SRR N L B, 2
SATO, Eiichit* ; FUKUI, Keiichi! ; SHIMBORI, Toshikt : ISHII, Kensuké ;: TAKAGI, Akimichi ! ;
YAMAUCHI, Hiroshi! ; MAKI, Masayuki

LSBT, 2 R SR

IMeteorological Research Institufagoshima University

KBNS R L — X =T A 5N 5 T LI 1960 FERB N DHIS N TV e, ZOE|mIIEERNIE £ 72/ LT
Wi, —. ERENEKHEE (QPE) R FHIH (HC) 7z L OfEI T, MP (T EfK) KRl —&X—IC X 2 Hifihaus
WCHELTETWVS, BIfE, HARGKRL—ZF—IC X ZEEOE 2B (QAE) DFIREZHIEL TWAH, BT
I—H QAE DEED—D LK > T\ 5,

AWFFE T, 20144 5 H 10 HRZEE A OFHZ RG0S, ROk & 72K 9 RIEBHBERE (ohv) I X 5%
Pl a—fE O E R ATz, £, TOTETHRE I NIEEERKS KOSl a—fEsic s 3 L—F—/85 X —
X —DBE A2 T UTc, T O, FHUT I —HEIE OB RITKF L Tz EZA 5N 5,

F—T— P KL, MP L— & —, ZH R L — X —, T a—
Keywords: volcanic plume, MP radar, polarimetric radar, false echo
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XJ/\“/ FREL—X B X KaNY R Ry 7T —1L—RIC K B E KL O8]

i

Observations of Sakurajima Volcanic Ash Column with X-band Polarimetric Radar and
Ka-band Doppler Radar

FOR HEZ Y wirk W 2 5 A R 2
MAKI, Masayuki'* ; MAESAKA, Takesht? ; TANADA, Toshikaz(?

VR SR AU S BB > 2 —, 2 BRI S T
'Research and Education Center for Natural Hazards, Kagoshima Univéi&itipnal Research Institute for Science and Dis-
aster Prevention

RS KILD ZDOIFFEIIENEHNCDONT, X NV FIREL—X & Ka/NY B Ry 75— L —2 D7 — 27z fifthi L T
PEFEDNEHE 2 X Tzo BH— O EHIIE 20134 8 H 18 HOWIA T, WA EAKOMNS 5.5kmETEL, ME
A 5K 10kmI (i 9 2 BRI THNICREIKZ & 725 Uiz, KA B 10kmIC BB & N7zBi%E X /3 RIFE L — X O
W7 —% (50ME, 1.7 ~20° O 12{1f) ZHEHik LT, R 30FRkE, {1/ 0.5 RO 3ot hY a—L7—
RN UTeo T— 2 ORSRIIREIRE, v 7o —dE, KEHRTE, KFE REREOHBEGRI TS 2, 3T0TT—
Z OIS, BENEZOREFENE— ARG TR CEBORMRIED AT N 5K >T0nE T ENbh o7, Fv
7T 5 KITE ETH 60m/sOMEHHE DRI E N, DR FICHRN T R TIEES S W RhRIC &
BRI DI ERRIRK 7 D& FEBAD—EA R E N, —FEOHEFIE 20144F 5 F 10 H DM TR 5
EKEADDS 4500mTH o7z, TOHREPITIE, XY RREKEL—FT—XIAT, KOS 3.6kmicikiE S Nzt
Ka/NY R Ry 75— L —XDEEE - @220 RAED T — 2 2l LTz, KasNY B L—2IC K 2 AT O $hiE
RN B, WK D RKEEICEES 2 X TORBEONEREDZLZH S M Lz,

F—T—F: KBL—X, KaNy FL—&, KUIKE, KFRT, B TI5—EE, YA XY —T 127
Keywords: Weather radar, Ka-band radar, volcanic ash column, reflectivity, Doppler velocity, size sorting
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fhmEDZL 2D < U7 < IR G MR DO IRIEREE L ZS TR K B it 2l
Experlmental simulation of mixing processes of crystal-rich and -free magmas

BE ga O BN R R SR
KOMAMIYA, Chizen'* ; OKUMURA, Satoshi ; NAKAMURA, Michihiko !

VLR SAR G E T Rt B

!Department of Earth Science, Graduate School of Science, Tohoku University

NI« TECGE IS, RS HRD B DO~ 7 < BHERNTIRA L T L 2R ML RIS, C
DX S HHBOBHIRDEEGD A Z X LRIADTZDIC, L REBIITIZEDM TN T E . FICEBEOELEHWZE
B, KRBT AV A MERIRTER 82326 (Kouchi and Sunagawa, 19829, #iMEDF7x 2 X)L k[EL% iR
TEF ¥ 7525 (De Campos et al., 2008, 2001 EEEE X )V k ERilG 2 &l » S E F TR S ERA ENDH %
(Laumonier et al., 2004 #7&Z#HEK - IRE DO~ 7 < [FE LD - [R5 2BCiEmiE~ 7~ Tldbat L, (K - &t
BEFE'F777’CC§:“B AR C S EEZ bN5. Thkhbb, HBREICHELU TEKD < 7 ~idWnd g IEEEIRREIC H
3. LML, BEICINSZIRMICEFR LIZEZBRIITbNTHERY. 20 OBMIESICIEHREIIDEY, 7R
BB TIFERDOREMMEET NS (Kouchi et al., 1986; Vona and Romano, 20185, T D& 5 B £ Sk
RITIDBEEICED K S % U%%K@‘?’J‘Liﬁﬂ%75\6;“51/1’(1/\7&1/\

ZFT T, REFETIRERD AV kR - SfEmEO~ 7 < b - BT 2RI C 25E5E - TERORIRS, i
FNES WERIEMNERICED K S R E R G2 507, FRIMREECEIF 2 V2325 K D X7z, AREERTIE, LA
NORT ZEEO A AR E AT ZEE (OINSER SmmOMR) RS B7-1%, S L FIhsEEER
U EEREEE B2, REROHFEARITE, SRV e LT, K 15FE FTH IR EDME T2 5 7L
IV EBDH T Xk V. C0)7'7“37\Li ML OMmEZ s FEEES) oMKWz Y 2=y MFNT
1400 C T 2B L AR LTz, £z, @fWmE~ /< OEREME S LT, HL@?:Z(‘*E:I@J:U%{[JU\UJOJT%h‘
A4~ CEREE) Oa7 ez vz %{IJJ)\IJJT/T“UL/I’ FAY, BEIEF TOMEIC X O KR, SR TARLL 72BED X)L
~ ORI, SR X)L FREEDOR) 2005 TH . FERIE KR Y R ARy MEE HT A% 1100 C BIHED 4.2 X
102 s DKM FTIrotz. RERIFRIZ 6, 30, 6077 L7z, HT=1100 ClcBWTiE, HEZLARZY 4 AMe
LTREGEETIEETH D, 1400 C TREMITBE2M LT AF, 1100 ClcBWTIE, M@EEI AL MIREEL 7
%. TORY, X TIEAROERN~ 7O X2 2RRTE 5.

F ORI ZITDRWIEEOEERIC K > T, SEME T &AL NOBERDSIER L, #EHM S E A
VNN READEE T 5 C RSN Fiz, EEHH%&%E%é}: UlzEismg~ 7<flclx, FE sl

HATBRORENE L Cnie, [isZ T 2R T, S~ J~ & UTHIEZILISZ AW EZRICBNT, 307
LI, Uiz 7= AV b7 oy 74ﬂuﬁibﬁihfdﬂﬁb‘ﬁﬁméht i, WMiAENnzTay 7ﬂ
T, (BZFH <Ti’3§$§ﬂbﬁk®ﬁﬁki%) HWEHI AU b DRSS EDE L L, 6077 DEERTIE AL hHIFIZFE2ITHE S
kL. 9kbb, BEMES T OETARMENEIICON TEMMESD B L, HERPWERE TIEASDEIT, Z
LTFNUHES Tf‘nﬁaftb‘{;@;@éh% T EMEHEINZ. BAEEELL AV Mo bR R ET SR T 5728,
FENC X % X0V FELOEELEHE L TV A A TEE%EB% —7'5 EiEmES I LT AV A MEHWZERT
1 607 DEERTIES &F LW b D EEE S NIh, DETIES - EREDNEJERINE T, TNEEERE
<RI DOEIVAMEICIA T, XV MEEDOIENRES JEJ#%S'ZEEL’CV%T EMEKIRL TS, DLEOFEENS, #E
MEICE U CIREERREIC B B < VIR E Tld, BICHEMDEZ S I OWARRE TOREG &I EE 0, OEdmEx o<
DIAMED FRICKBEEOE 07 NUEEI NIZER AL OSSR ER OFUC K 2EEGOMH] O X
57, MEEEOEILEREGEROHEEERD, HEEZH L TWAaREENS S C EHARBEINE. 5%, K03k
FER CVARIE - SEREOEEEEITY, BEOHEE AW A LEHENCT 5.

F—T— R YIRS, B, fEEL, kil
Keywords: Magma mixing, Magma mingling, Shear flow, Crystallization, Viscosity
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BREUTER A O TR IEE O S L GERE ; APIA MR D DOFlF] _
Pre-eruptive conditions and eruptive process of the Tsurumi-dake summit lava; constraint
from hornblende phenocrysts

Ry G5O 25 ke L AT S
NAGASAKI, Shihe ; ISHIBASHI, Hidemi'* ; TAKEMURA, Keiji 3

LR RS EBE B A TR, 2 SR AR AR R R 2R, 3 BT RS2 RS B AR R R B A 25 i 7
!Grauate School of Science, Shizuoka UniversiBaculty of Science, Shizuoka UniversitGraduate School of Science, Kyoto
University

NI O AL 7 v > b RIchiEd 28Rk, BREZECHETIMUETH . BRALMNCE, B2
FHADMFEE L T3 T & A Ohkura et al. (2002 & D #iEi N TH D, Furukawa (2009) T DEJFRZE KD ZE M 04
5, MR 9-11kmfhHiTIic B 1-2kmiBEDR I EE DB B LHEE L T35, LA L5, YEBZNES, S,
BREM < 7 <72 % 0 ORI EREIZFRIE N TRV, A CHEE LR ELTESES1E, X% 10,5006 H
5 7,300 FR1DICHEM Uz, BRAUTEREFTLWIAETHS (BERIFH, 2000. COBESILRUEETHD, M
iz AP AT 2 FE. 0FE, BEEES TR LZARAOILHEHRDOAD S, ZORMREITE Mz’
EE 2 HEDMRREIN TS (Ridorfietal., 2010. 7 Z TAIZE T, BREILEESICEENSARGEEEICOWNT
RN S AL IV, ZOREK LIS T2 0 OB 2NELZ T 2 L L &I, TOREDOEAT Ot
AU DWTHRET L 7z,

BRELTRE R, BEA, ARG, BTG, HERNEG, A%, 7 x2 A, BREROBEZ I K Z 30vol. %5 7,
ZD5 B TvolwxAAMN LD S, SR, ABABES S66MEIC DV THIEIER 217> 72h, D5 B S03EIEHIRIHEY)
HEAERANE BRI LTV, 223 ABAREE 62 I DV TIE, BSEMROEEIRITIC K > TF DR [=/771#
E Ok, PP O ] TR L& T A, 18~98%DHiH & I1E 5 DUz

DIEL TORWABAE D O(L Az, R EHERZETO EPMA (JEOL-8800R I K-> TEEMT LTz, KiF
T EICBUS O EIT>T2h, 1ZE A EDOMAARIEZNE NG RLEHRNE R Uz, TN DAMAIE, AIT[=
e 239 2 Al O] IZBXZ 1.2E 21DME%E/RT 2DOD7 ) —T1chhNdz. AIT & SigHEOMICIZADHE
BRHLN, £ SHCETAAIEERENEWEMDA RSNz, WInoMmEIaE, Al[=[6]AI AIT] X 0.21LLF
DOfiZzz7~ L, Ridorfi et al.(2010)D A BIAIREH: JJaT OS2z L7z, % C T Ridorfi et al.(2010yDik &+ /15172
WHLZE A, AABEEIZHK 100~200MPad [T #iPHZ R 9 KE S )V—T"&, ) 350~450MPad T /1 #{ipH 2 /" g
BET V=TTt REED SNTIREREE, KEYV— 7T/ 820~920°C, &7V —7T#970~1000°CT
Holz. TNEDREESIZEME, ZIE~ <N TAANZERSMMETE LRV, iz, KROAKAIE EDiE
JERaNTAN A= RSF g fal

BRELTEESHOMPIAREMIC 2 DOREZENHEEZRTEONETEN TV &iE, BRI L
E2DDORIRIEFONFET ST ERRMBT 5. BB I CER~ /< ZE D OETITFNFNE 2.5~5km £#7 8.5
~11kmTH%. DI B, FEH T <IEE D DYEEIE Furukawa(2009) & > THEE X NIz L lia—8d%. BX
Z 1 HERER OB B OFIK & BETORME RO—HE, COIEFON 1 HEM RN Tws e
ERLTWBEONE LRV, —75, IR TREESNTOVEWRER I DICDOWNTED, ORI HHI
Ohkura et al.(2002)c & > THE T N/HIEBZEAMOZ N EFIMNTH S, TOXITIEXODBIEEHFFEN TV S D
EIMITDODVTIEAHTH D, HBREE FOMBEZHE OB RICERNICERL7Z0ME L.,

2 DODHIR B E M2 RS AMARSOIEC A, KIROARGIZERENRKZTVERZ, TOBRENITRIE
HFlCE > TER SNz CRKEIEH 1990 199D T EAEEZ 2 EHFELRTV. I~/ EZolikoER~ 7~ &%
M~ 7<EE0HROMEST MRS T % &, IMEREOAGIE RSN LRLTV—ITT, SESROMMEA
BEHIENZOTHRLICL V. Z0%, BIGERTORA ALK, BEGIROAGE —EDHT 5. D),
PO IRE L IREORNCHBEN R A e EZZ bNS. iz, RECARGICORED/NEVWEDORRLNEZNT &
Mo, ITBERICANGOBEERIZIBZ > TwiEnEEZLN, TOT LRI ITEARICOE OIFMZRTS
WICEEADBC S5leT e ERELTNS.

F—U—F: ARG, ERE, MEIRERHER, X RIEED

Keywords: hornblende, Tsurumi-dake, geothermobarometry, magma chamber
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BT LIEEE AR 7 OREOR S OMRBEAEENT - v < iEE b Tatk R
AND il

Zoning pattern analyses of plagioclase phenocrysts in Fuji-Jogan magma; constraints ¢
pre-eruptive magma process

—lim R 2 Ak HE
MIWA, Harun& ; ISHIBASHI, Hidemi'*

VR RS AR AP ARITTERE, 2 B AR AR LR

IGuraduate School of Science, Shizuoka universfaculty of Science, Shizuoka University

Al E B, PHEF 864-866EIC Y T E LI TH T - LR URAKDOENTH B, O TIE, [t
B — oMb LT LB~ 7 < H 1.3km3LL EE A LTz, BHIC, ZDOREEEAFIAD 2 AR Lz &
Mo, ZTOXTIEEDRIHRN KRR TH T2 TFETES. ZNTE, CTOXIIEEORT, I/EFEDLD
B AR TENICESTZDFEA I ?

ARHFETIE, EHBIEAOEEMICTENSREAKMICEHT 5. RIEADLEHBRIE, 7T 5 AL b DL,
Gk, E, EINCEBIEICISE L TAERT 5. 2hUCinz, SO EIEEEDEY. Ch5oMEN S, RE
GHROILRR Y — = F1F, FOREDMERL CEEIIREDOZ (b2 LKL TWS EEZSNTED, C
NEFHARL T ET, XTI TCET O ARMBET e EL RS, %;TZISEH%“C@ R AE Y
FICEENSREARRICDOWT, BSEMIBRZIC X B (LA H Y —= 2 82—V OB ZITV, ZO0EITo 1.
FiZ, RENEZA TOREGICDWTZEDIEHGERZELRL Chkﬁé“)b\f?ﬁ?b‘ﬂakbzi% ETCICRCERT
U'&X@ﬁ*ﬁﬂ%uﬁ&f;

AT EBENEHYIO S B, ERIIAS EERIUAIV VICEENZREAREE RS E Uz, B kid
e ED SEMZHV, ERINASEERLAIY 7ICHEEN2REAMSEZNZTN 187MH, 79I DUV T BSE {4
Tt U, WHEREZR S KGR 7 & ImageVe FWZIHE T O 7 7 A VDWW T LTz, £z, RHEAD
BSEH{§#D/RSHEZ(L DR ZRE T 128, REWFR FICOWTILRIY v EV T 8oz, Hic, RENTRE
ABERICDOWTIE, B RFEHIEMIY O EPMA (JEOL8800R 7 W TILHHR I & 1715 7=

PEADBSESETTET Y EVTOMBEEIIG LIz T 5, BSEROHEX An fEl [= Ca/(Ca+Na)DHIKkTFT
LT ehbhol. V=V IRN2—VBIROER, RHEAMSZU D5 21 FIcnhLz s (A) Anlcg8ar7zh
L, VA / —<NWVW—=2F%pR3E0D, (B) WETANCZLWaA7E / —< )V —=V 7Lz L%EEE, a7
EV LDBERTRABIEVNN—AYV ==V T 7R3 ED, (O WIKEHHEZRT EO (REEEICK > THICH/) TZ
%), (D) V==V INRZ2—=Uhr izt D, (BE) WEEED. TDH3E, 24T DEERHTHD, BHAE-LE
Zhotz. VAU N=—ZAV ==V T L TVBRELGRASNEN -T2, 24T BORELTE, IRoa7-V LEER
0, a7-V LIS O AU MaEYIOESIDERTE. XA T ARELGOATEHINE, XA BRELGDEDEHS
Xt AnlCEA TV,

24T A DREA, ﬁﬁ?&%mafﬁﬂﬂbcc}: S TIEHOBREEFIHTES. AT BDYV =T 82 —1F, Z0K
KANENZA T AREAOATH LD BEANETH S0, ITRBESICX>TERINES 2%, T, I
ROAT7-V LB, a7-1) LEESFUCIH S XV NaBEY ORI % E O LM TH %, 247 B D7 BRIk
VDLAXDE Aniczlnc e s, aA7EnhEELIZAV NIEEASAID &ML TWiEEEZ NS, &1
T COREAIX, ITEBSEGH - fEEMEHOBROIRUICK > TFORREFHATES. TOXA TDS BE CRE)
M2 RSTE DDOEGNLRNDIE, K& & EICHEH - TEBFIC K > THRD ESNE7DEAS. TDOXI MWD
FN(T 5, TOXTIEZORETTOER « RAHEZED IR LU ODOEHBME I SN TS EEZ5N5. 121
TARTOFERTY LIRS/ =W == TR eh b, TOEDIEHEADBRIIEREINIzEEZENS. 24T
BRIEATYN—AYV ==V 7% QICRINRY LE THlifiNa / —< )V ==V JIi LA T e h b, RITRIELGE
FERLEADBEA[REMEN D 5.

F—U—FrEtokil, BEA, HRERTE, < 7 <IEX0, Sk
Keywords: Fuji volcano, plagioclase, Compositional zoning, magma chamber, Jogan eruption

1/1



Japan Geoscience Union Meeting 2015 0/0)

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

SVC46-P04 S ay Ry gV R—)b FFR9:5 5 25 H 18:15-19:30

EREMILRAIE A DR K HERIY) O 4 3R ok

Groundmass texture of B-fall deposit from the Ten-nin eruption, Asama volcano, Japan

ARG AET L R SETE T BN R T R HS
HONGO, Yukd ; NAKAMURA, Michihiko * ; OKUMURA, Satoshi* ; MUJIN, Mayumi'

VLR SAR G AT R B

!Department of Earth Science, Graduate School of Science, Tohoku University

WETEENE, JEFERIEAD S IEERIIEN, &5 WIXERIENTERZ A HXDOENIER TS Db, TDX
5 I NEERDZ L 2 Sl B B IST A= D—DONWI IO FFAHEETH S, FREENETE~ Z <A
BFITBFMEZHERF U, ISR & A ADHEST LIR@EHEANEHER T 2 L EZ 5 NTWS (Bl A1E Jaupart
and Allegre 1991. ZC T, AW T XILEHRYIOfRNTH S~ 7<= EAEE & AR OBRZIN S 201, T
WS TIBRENE A 7054 FOY A X004 (CSD) ICiEH Uiz, fgE Lo, EEALRIEEA (377
Z—AMEA) ICKBEFRAOTHS. TOENTHEN Uz BB N AR FA S B-1 — B-8D 8EICT5NT
W5, B-1, B-5JE3 LK, B-3, B-7BIIREOOLESF, B-2, B-4, B-6, B-8EIIRATHKINTVS. KA
EREICIKERCREERAON LD, B-4, B-6, B-8EICIIHMELERFETENTWVWS. LT, B-4, B-6, B-8/gntEfn
BAOICOVWTRIEAY A 7051 D CSDffi 2 To 7z, 3R & Uiz TOMK cem b HE R 2RI R 5N
IR (IR, 2013 HANKIIRS). CSDILIRDETHER. £3, 8005DEHHREHVWTREAY A 70T 1
DY A X BERTET S. X<, CSD Slice5 (Morgan and Jerram2006 W T~ A 27054 FOIIRHEE ZTT>
7z. If%IC CSD Corrections(Higging 2000 72 W TR EDFliiEZ1T> 7z CSDZ1S7z. B-4, B-6JEDFEIAE Lk
EEE, B-8EDEDXDRORENT Loz, CSDDMEEX, B-8EMNB-4, Bk K&Ehoiz. E5IC, [H
CotiFEEHOWTCNETICHESNTWVWS CSDT—X 231V, SHESNZ CSDTF—R LTz, Z
DOFER, CSDDMHEE BRI TREL, AIETHE LN T —RIFERNEANO/RTHEK E BBX T T 5ED
aho itz SEENE FREENKEVE CSDOMEEIFRICRS T eh b, TORRIIEMERE FREEICIERE DA
HEDH D, FREHENRKEWVIEEBBNENICAE EEZDTENTES. —HT, Y7 7) Z—REA RS R—
LA TlE CSDIGEVHRONENE WS FIEMEETNTIEH (Castro and Gardner2009), 5% L DEZ < D — &I
DNTT—RZDERENLETH 5.

F—U— R R A X0, <A a5 4 A, 477 = — ek, EREA L
Keywords: crystal size distribution, microlite, pumice, sub-Plinian eruption, Asama volcano
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ﬂ/@(mk BT 5 m/@*ﬁﬂ(&ﬁ/ﬁk@iﬁﬂﬁl
Development process and controlling factors of bubble waves in bubbly flow

*—F ﬁ L , jﬁ\}(_l‘ ?ill_.\
KINOSHITA, Akane'* ; TORAMARU, Atsush?

IR IEEBEA BRI R AL, 2 SN R P AT e I BR 2 S R 22
!Department of Earth and Planetary Sciences, Graduate School of Sciences, 33 Kyushu Urfiaségment of Earth and
Planetary Sciences, Faculty of Sciences, 33 Kyushu University

The hydrodynamic behavior of a two-phase system is investigated by an analog experiment. Bubbly flows with spatially
periodic distribution of bubbles are sometimes observed in various natural situations such as in the conduit and lava flow. Fo
instance, the early stage of the 1986 fire fountain eruptions of the 1zu-Oshima volcano had the continuous magma effusion wit
a rhythm of mean period about 5s. This suggests the inhomogeneous distribution of bubbles in the conduit. The similar structur
of bubble distributions is observed in a glass of Guinness beer. The bubbles are distributed nearly uniformly at the momen
Guinness beer is poured, and quickly form layers or waves which appear to propagate downward. Unfortunately, Guinness i
not appropriate for scientific experiment because of difficulties to control parameters (e.g. volume fraction and radii of bubbles).
formation and dissolution of bubbles, and poor reproducibility of initial conditions such as pouring condition. We therefore
conducted an analog experiment using the special liquid and the hollow glass particles as analog materials of a beer liquid ar
bubbles, respectively, presuming that the bubble waves in Guinness form by the relative motion of bubbles to liquid by buoyancy
but not by the formation and dissolution processes. We mixed the liquid and the particles in cylindrical test tube by gently shaking
the test tube. The bubble segregation or relative upward migration of bubbles starts from the homogenous mixture as an initi
state just after stopping shaking. We found that under some conditions, the bubble waves form during the upward segregation
bubbles. In order to constrain factors for the formation of bubble waves, we conducted the series of experiments with varying th
volume fractions, sizes of bubbles and the inclination of a test tube. We found that the bubble waves formed only when we incline
the test tube, and when volume fractions of the particles are less than approximately 30 %. If we settled the test tubes verticall:
the bubble waves didn’t form. On the other hand, when we inclined the test tubes, we observed that the circulatory current o
the particles directed upwards near the inter surface at higher wall of the test tube and downwards near the lower wall of it. The
wave like structure of the particles with the wave length about 10-20 mm and the horizontal width about "5 mm developed neal
the lower wall of the inclined test tube. The wave length and the horizontal width of bubble waves were inversely proportional to
the inclined angle of the test tube and the volume fraction of the particles. We propose the formation mechanism of bubble wave
on the basis of the Kelvin-Helmholtz instability which develops at the thin boundary layer formed near the lower wall, where the
downward bubble-poor and overlaid upward bubble-rich layers contact each other.

Keywords: bubbly flow, inhomogeneous distribution of bubbles, analog experiment
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ST R D RISy v B 1 2a A & MR A ilam D e R

Direct molecular dynamics simulations of homogeneous bubble nucleation and improve
ments of classical theory

HhSHT Y lh HFMY, T 7Y Ra)Nsg 2, 7YV x U LAEYR?
TANAKA, Kyokol* : TANAKA, Hidekazu' ; DIEMAND, Juerg ; ANGELIL, Raymond

VAt EREAHRIRRIATIET, 2 Fa—Y v LR
nstitute of Low Temperature Science, Hokkaido Univergityniversity of Zurich

Bubble nucleation in liquid is a liquid-to-vapor transition phenomenon and plays an important role in vulcanism. Studies of
homogeneous liquid-vapour nucleation typically use the classical formula (CNT) for the bubble nucleation rate. However, the
applicability of the CNT is not well understood.

Numerical techniques such as molecular dynamics and Monte-Carlo simulations are powerful methods to resolve details of th
nucleation process and provide useful test cases for nucleation models. Typically, these simulations show large deviations fro
the CNT predictions. Most of the simulations for bubble nucleation in the literature use arotiod fEver atoms, making it
difficult to measure nucleation rates directly.

Recently, we presented large-scale, micro-canonical molecular dynamics simulations of homogeneous bubble nucleation wif
5 10® Lennard-Jones atoms, and succeeded to directly measure nucleation rates in the rafigeafri0s—! for argon by
resolving bubble nucleation events in the steady state nucleation phase [1,2]. The unprecedented size of the simulated volum
allows us to resolve the nucleation and growth of many bubbles per run in simple direct micro-canonical (NVE) simulations
while the ambient pressure and temperature remain almost perfectly constant.

We find bubble nucleation rates which are lower than in most of the previous, smaller simulations. It is widely believed that
classical nucleation theory (CNT) generally underestimates bubble nucleation rates by very large factors. However, our mee
sured rates are within two orders of magnitude of CNT predictions - only at very low temperatures the CNT underestimates the
nucleation rate significantly.

We also derive an improved classical formula for the homogeneous bubble nucleation rate, where we revise the prefactor i
the nucleation rate and compare it with the widely used classical nucleation theory (CNT) [3]. Our large-scale molecular dynam-
ics simulations and laboratory experiments for argon bubble nucleation enable us to precisely test our theoretical models. Tt
improved formula including the Tolman correction with a small positive Tolman length leads to good agreement with both MD
simulations and laboratory experiments.

[1] J. Diemand, R. Angelil, K. K. Tanaka, and H. Tanaka, Pys. Rev E 90, 052407 (2014)

[2] R. Angelil, J. Diemand, K. K. Tanaka, and H. Tanaka, Pys. Rev E 90, 063301 (2014)
[3] K. K. Tanaka, H. Tanaka, R. Angelil, and J. Diemand, submitted

F—T— F: KUADZAERR, WAH—5HH, tHZ21E, 77731 Aat A
Keywords: bubble nucleation, liquid to vapor transition, phase transition, molecular dynamics simulation
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ST 72320 B a7 S SRGEETE AR O 288 O B AT . :
Numerical analysis of the behavior of a viscoelastic body containing gas bubbles by rapic
decompression

B[4l b al ER 1 TR 22
KUROKAWA, Noriaki'* ; KAMEDA, Masahard ; ICHIHARA, Mie?

VTR « L« B A, 2 BOK - HiEmT
IMech. Sys. Eng., TUAT?ERI, Univ. of Tokyo

<7< OERBME A L@ D V) & X%, Ichihara and Rubin (201Q%, #55EATH % < 7~ DIE
R 2 DINE EB8F A—2 b UTHEEZER L, MM C O LW e 2ICET S e L. L
L Kamedab (2013)1%, ¥ 7'~ DU 25 U T BNEIRJEEBRN S, BRI IS D i VWIS GR
EINIC 5B E IR TEAELR T 2R LK. HHE, HEEMEWIREETEMRDNEC2HEE LT, sidBNOA
= 51@80 x> MNIFICER/WNEIRT 2 T & TERMRBIEDE T, ZOmiFYE & > IHc A U2 BT a0 2
ED R4 L (sequential fragmentation evehtge 5 | Zifd & 3 & #EII L 7=.

AFETIX, Kamedads OHEROZ LM Z2MGEET 5 L2 HINE LT, NI—ICKIEM 7T % Maxwell figPEARIC
DV, OIS T B REMARN DS 1, WaTEEE 75 ORFZ b2 BUEE BRI X > TilA L.

BUEFIEIX, COMSOL multiphysics ver5.de 75w b 74— & Uiz, ZERIROTICIE 2 ol FR, A€ 7 vic
AL Maxwell €7V 7z Wz, FHEREZER (450 11, B 100mm)é L, BERORKES 2 DORERIEZ
Bl U7z, KREASE (B 20 mm) EEROHL (R ERCMABICHOZROXSIBE L. &9 —DD/hE 0K
 (ER S mm) &, Rl iz b, SGEREAIINT T % X 5 ICHREEA R TldE Lz, ikt ko,
SR ORF BRI B N2 SRERIC OV 2K, JRESIFICHEIL L, ZEBRNER DI E—Efi & Uiz, DI, < Dt
BEEEFHE Case 129 5.

Case 5 KZEWVATE L HXTT 2N WKIEDRIEICIGIERNEC S Wb ofz. T LT, KEVWATE
DOREIIISSERIEC R o7z, COMEBEFIRS T2, Case DT A X MU EHWT, Case 2 KEWKIEICDH
FEN7ZREREE, NEOKIEIEENZEH S B 0nEE, Case 3 /NEWKTEICORAENZEFAEE, KEVL&IEIE
JENERIER TSR EWIGED DDA RITo Tz, ZDiER, Case 2Tl Case 1& AR/ NS WRIED R T T JIEH D
U, Case 3TiE, KEVWATIOXRMICILIETHIECHEWT EWNgh o Tz,

& 5T Case T/ E WD R DG EHFAVE U7 id L FORICEZ 5h 5. (1) KIE DI RS 205
NI B O, BRI Z DOKIEDRIUKITFT 5. (2) KEWETUDMES 2SI 10 O BN I/
TVETENMEET B &, KREVKIEDIES 2SIl E N TN WATEaDER EICSHERNET 5. (3) Casel, 3
T, /DEVGTUDMES ZICTI AR OGEFIHNIC K E WKIAIFE LR o 17, KREWSIERE DITIZISIERD
EZxiah otz

RIT, ZIEDMARIC & €752 STANITE I OZ(bZE I AN, MEEERPAIC I 2 et ORI A2 (b 25X 7z. Case 1
DRIHEFEENICH 2 5TEDWEEZ S E - H—%TaDFE (Case 4 Zfro iz, SUEOWEHIENTFRA(LZE L TE
Bz, ZFOFHE, Case 1 4 TlE, XUAZEM FOMTEEORMBREICII A HEVZR NG >T. —F, KHED
DEISHDEKREIZISTTEF DB E S Case IDIZ I WEBICH L TV -1, TORERE, 201D FUEICET % b
MMM (SN 1%, Case IDIEI W@ AB T e nh-o Tz,

D EDS, EBOKIEDFIET 2RO 2PRERFOZEIC R L, ROMERZE. (1) FPICFEET 2 508Km &
DRREENZ DOLGIEDEREE D L &, SaRmISHETNEC S, (2) Ie/1ENZR C 3 5GERE T, Io1EET
DEFFMEEENE L RS,

e 1 T, R, R, SR

Keywords: Magma, Viscoelasticity, Fragmentation, Numerical analysis
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X #8 CT HReC K B FE < 7 < AR DT E%
X-ray CT observation of fragmentation of vesicular magma analogue

BAY R Ml R A L SR TR SRR 2 AT BR 3 BAZ fdREA 4
AOKI, Yamato'* : KAMEDA, Masahard : TSUGO, Mitsuaki : YAMADA, Akihumi ! : ICHIHARA, Mie? :
OKUMURA, Satosht : UESUGI, Kentar8

VEETOR - T« B R, 2 BOK - HUENF, 3 BLIbK - B - Hh2E) 4 ml Rl emsi > 2 —
I'Mech. Systems Eng., TUAEERI, Univ. of Tokyo,3Earth Sci., Tohoku Univ:JASRI

Kl TSR 1ZFR L DEFRICE R A EE KIES. <7< DM & %< 27 < NH A D27 it b g
HIENEFERLCTEEZLNT VS, Z T AW TR, R, B0/ V7 REENHRENTH B I
i B9 EAR %8 %59 THEMERERE (brittle-like fragmentation] (Kameda et al. JVGR 2023IcEH L, Z D X
NZALZMHT % 2 L zidd%.

B, WA T- TEIENFE (Shidaetal. IAWCEI 2013 T, /NVIKE, KA RREZAZTZAEITE, Yo
X7 /NEL T BICDON, Mtk (chihara and Rubin JGR 20100 EEGI U IRAE T B & T &V h o
Tz, TOERBTHOTWSiEHNE, YA ZXWVNEL EBZIEENTOKIET DL IS, coce kb, Hktm
ez g | Eifd 2 I REOMERE, SARNTICET 2500 MO NI —Rn iz E >MFICEC TS LHRENS.

WO T RIS T 21 H 120, I TZRET ML LT, KkbdEMAVS. KEDOHIMERIT< I<IEL, &
Te KR ORKIC & - TR 2 ISR 9 2 C E D R[RECTH B 728, ST DOBHEMEL L LTl L TW\a. B, Kb
HOTEMLKZFKR T b VAV ZIEAL, BEKIOZFRESE2 L TRAY /< Z2EBRL 05 GEax
TR L DUT, BRD. RO REICIIRREEEZH VWS, RQREEER, W2 AN ENALGR L 5D
REZETZSIAF v 7 OVIT7—) BEHhLHREKEI NS, VI T—RciZ=7a LEhiEo fFirsnhTtns. FHRE
OHICERIZ AN, BETENDE CRBNICERHAZAET S, RIS, = 7a L@z @EmnaAL, ZoRzFHLLI
T—Wiz2M 5 C L TRIBEZITS . AURHIERHR 20 mm & E ) 10 mmoOfERIKE U, KifE% 10 MPa- s~200 MPa-
s OHEIPFATA(L T BTz, BIERTOWIEAEIIE 2 MPa JRERHERE CRARNIEIDWIEAE /1D 1/ell7x 5D 1349 5~
TmsTH5.

AR ONEREIGE 2 BI5E T B 7= 0I, A EME Rt > 2 — (SPring-8 OE—LZ 1> (BL20B2) 1T, X
R~ 7u CTH (0° ~180° , 0.1° fHIEBRZEIT) 217V, FEOWEEE (2048pixelsX 1400pixels 15.5 p
m/pixel) ZHSF L7z, CTHueZziTo 24 XV 7WEhEa CR&UE ), e, RUCREES CRXUETR) O 3[EE L,
SIRERHCEERE S VA4 757 ¢ (100 fp9 1 & > THIRFO 2 S 2 BICHE X 7z

DL EDIFERN S, BEOKHENEELEL TOIMBRICBOTHINVEL S T W nhofz. THICHLT, KEk&E
PN U THEE L C W AT TR Ulah o Fe. T, 7NUZIREBIC 51T 2 3R O MR D RIAR) (WatEEEAY 14)
ETIEEY) THo>TH, KHIBEBICE T 5EE LD REIIC K > TNV ECHRL T W g o T,

T RS R, RIIE, PRI, X R CT 1R, a0 R4
Keywords: Magma, Fragmentation, Rapid decompression, Brittleness, X-ray CT, Non-uniform distribution of bubbles
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ELKMEN RTIC HIGRICER LIS 2 < 7 71ﬂiﬁ®iﬁﬁ@?&i

Estimating of the maximum volume of magma accumulation in the crust before a large
volcanic eruption

FREFH AR 1 s WK TR 2
FUJITA, ShIOI‘il* : SHIMIZU, Hiroshi?

LIUNRZERZEBEER A R AA I, 2 UMK AR AR B AR 2 B i s s = A LI 25 2 > &2 —
!Department of Earth and Planetary Sciences, Graduate School of Sciences, Kyushu Univessiiyte of Seismology and
Volcanology, Faculty of Sciences, Kyushu University

—[E DL TE 100kn? DX F < 2T 5 & 5 mEREIE, VT I DBz, HARKTIE 1 7RI —
FMEOHETRELTE ., TNRITDORITIZENT 572DI1CiE, BRI ZNLL EOZ DO TREDOR T 72 Hijlk
WICERT 20EDHBHH, Y TTHE D DERS PP, I TYERRZEICK > T, DN ENR T DT
RZ2ERLRZOMNICDONTIE, TNHRTIEEAEETED R INTHEL,

WEDE RO~ ZEHED SHEE &N 3 EHNE~ 7 < &R%E 0.001-0.01kiyr & H#EE SN2 A%, Druitt et al.
(2012)i& SantoriniXILDOFRHEFHD Mg OB 5. AT L00FFEE OFEHAR TH 10km? D KED 7 < W&
L7emlREE 2R Uiz, THUd, 0.05-0.1kmifyr LWV S D TR ERY VY ER-ELEKRTZM, TOXIBREEIT<
EERIE. EEN DD DOALICBWTERIEN TS, FlAX, Chang etal.(2010%. Yellowstone/1)V T FIZHWT,
GPS& INSAR 7% W T iz @@l 5. 2005-2008F1C 0.06-0.07km/yr DX VR ERZEEE WS, Fiz, RUE
7 @ Uturuncu K I BT H. INSAREHIA 5 0.03kn?/yr (1994-2004F) DX 7 SRR HEE TN T3 (Sparks et
al, 2008, TNHOWZHERIE. Dia< &L BUE ~100F R EORIIRIC ZHIC < 7 DHIGRNIC B3 - ET 558
NH2T 2R UTW5, HRZRGHIE A L H Z TGE OIS RARRIZIE 2 McENWC e b, TOXIR2MES
T ERBIC K B HGHRDISE I HIEARDEIL & LTHS TN TE %,

Z T T, AWZETIE. T THGEROISIRMRR K O & ERFHIC~ < WERT 2 A ICHRNICER LIS~ /<&
WEOWTHEET %, XTI DEE « IR - KREZEREALICEZ TZGEOMBROZER, OTHRISNEFHEL, HiRo
RAROTH LT S, T <O DOIIRIZERIR, XA 7, 2IVizExEL, 105 kmH S km OFES IS 7D
EIRELTERT S, 0T ADFEICIE,. I Okada(1992)c & 2 stk DR A ET T IV 2T %,

N USEREEDNRE | MR st 2 A L R B BIC OV T, BFE 10kmICARZE (LR 10k DERIRD 7'~
FEE D ZES &) 30km DRI TOF ROMEISHERORF O T HTH S 107 ZHA 2 T eWhoTc, TORR
(3, TS 10kmOERINY Vi D O &d. 10kn? &S B HHIC Y 7~ O L OHBISFHR U TR ZTE T 20, e
PERED LS % T L 2R T B

F—U—F: BERBA, 7 TER, fi, O9H, 60, VTS
Keywords: large volcanic eruption, magma accumulation, crust, strain, stress, caldera
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J(Eij{ﬁ%?b%g?nﬁ%ﬁﬁﬁ D HRAE B KO~ V< OB K > THRES NS

INT X=X DFBEE

Parameterization of conduit flow model based on the inverse analysis of data from groun
deformation and magma extrusion

MR R Y /N LT AT s SRR ERAR
MATSUO, Naoyd* ; KOYAGUCHI, Takehird ; SUZUKI, Yujiro!

LB RO BT 22 Al
I'Eartuquake Research Institute, The University of Tokyo

KENZE LRSS 7 ORNIENIFE 2R D720, ZEODITHREWVIC K > TAS F— LE KL &
DEREENAA T2 8125, ZTOXIBIGEFRO R AF I 7 AW T 5720, <7 ORISR~ 7 <Ok
BRERETIWINTGA—=2ELUTHA, JENEBOETPEHRORRIFEZFIH T 2 JGERE T IVAERREZE A TY
% (A1, Melnik and Sparks, 2005 FERRIEBIS T 2 KILEAKDOHER Z THIT 2 722X, BT — X OwifigiTic
Ko TETIWSTA=REIELLHEET 2080 H 5. Anderson and Segall (2018), N1 ZHEHICHED W T HIRAH)
RIEH < 7 OBHINME SNz & EDETIISNT A— 2 OF®IERHERHZENLL, <)V aT7#HE > 7k
(MCMOC) 12 &> TI8T A—ROMERBE M T Uiz, UL, HiREgh et~ 7 <o EOBHN S, HE%
BDIRT A— 2 H{EE N AIRE L 72 2 DM EMRDEHE L. £z, HOEDHWZIGERET VL, NEROIEREEICKE %
WER 5 A BT EFITHES A AR Rb LW TR (BIIA 1, Kozono and Koyaguchi, 202272 5& L T\
V. R TIE, HIFR BRI < < OBRIIN NS A —2HEEICG A 52872 PR L, mAINCIEIFEE DR
ERETIVOIST A—2HfEE 7z Higd .

AW T, BMEAE T RIROS 7O OEND, HIRERH SO T OMihE L NENDT F< DO HED
NG VAL > TREENBE MR ZREZ S, T, JOERIGITEHAR EXMESIONS VAT E > TIREE NS
HNn (RIZXA2H) THBEERETS. TOVATLDETIVIST A—=RIETEO DK, <7 <0 EIOS
LBXURTBONDO< T~ DORFHIER, GRS, NEE, ST7ROBELIUCMMERRETHS. BRI, BR
IREITRZGE L= 7 <0 DlFgiRD 5 WIdINEIC X 5 HEEZ bR (AVe) cHRICBIF 27 <EEE (AVE) ©
KERA|T—RTH 5.

T DBERRERNIGENT—ETH S EIREL, ITNEER QBLXUS /<MD DF S POFIEEE LT,
EHR (Q,,Ps) LIXHRRZMEE LA TG, QBXU PIIRFER 1 TERMIGLO L. REE r I 7 <0 OKEE, X
BE, X7<OMMERICHHIL, IGERD 4FHB X UENFERICK BT S, AVe BXU AV ORERY]T— X Diif
FRHTIC & > TEFIRENDBHIBFE OB ER r DIETE LS, 7S RBIEROHRNRT X LY AT LB
T 5HME, AVe BT AVE HBIRES I OEMMRS 7 <0 OIRICET 2 EMESD N TES.

ARETRE DI, T IOEEDRMERICHEL GBI Z 5 2, BA AR bR EDZBERN/ ST A —ZHEEIC
L.z BT 5. iz, WRBENROMMIEE MCMC IC & > THEE LI BUERRO IR 2175 T & T, NEHTE
TINC B B A ZHEE DI DOV TELET 5.

S R KL, G, T 1 — L, ST, et
Keywords: volcanic eruption, conduit flow, lava dome, ground deformation, inverse analysis
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WK 77 0 T HEERIC BT A I & 7 a8V R T 258 _
Sawtooth wave-like pressure change and cyclic out-gassing observed in laboratory expe
iments

BRSO
KANNO, Yo'* ; ICHIHARA, Mie'!

L RUR A RIS
'The Earthquake Research Institute, the University of Tokyo

OlFLoIc

B - il (2014, K102 2) TRIKD D2 O TEEMN LA IR 21T,/ aF ) BROHE1258) (Sawtooth
wave-like pressure change, N SWT) DR5NZ AT —IZFA Uiz, SWTIEZHEXIC & &30V ILHADEZE « INFEDOY A
7)VELTHIIENTHED (Genco and Ripepe 2010, Lyons et al. 2012, Nishimura et al. R0O#8FEERD SWT D X - =X
LEHSMTT B T & THEEDNIENIHEOBBRICENI TS T ERHEE LTV, JGEFRIZ A A « WO R#EE
A AMFE T HRIC K > THRA RIREREISER 5 2 E WIS N TS (Vergniolle and Jaupart, 1986 % C T A X ii#H)
FEXDOZED / aAFVPIRDIENEEHZHE L TV EEZ, BNRKDO LA DY —0idr 2L T8 HBEIToTE
Teo LML, SWTRHIEENED STz, SEIETF ¥ 2 N—DEBDENZEENC ED X S ITHET Zh2HET 5,
OB E

TR S H A2 ML TOKSHD & HADHEA T THNANVENICIERE NEEEEZHIE LTz, SRl OFRER TR
K1 PasStEEOKSDEMEH Lz, Fa—7RIFEREmMME Lz, Fa—7 0 R’ & H Ao hEICER 50 mm
S 100 MmO 7 7 V) VAR CURF v 2N—) B Lz, Fa—T& FE T 7V VAIRNEROE D ZRIE Uz,
Fa—7 IR A 70T + DR L. Fa— T NHAEHIC X 3252 A Tz Fa—TNEEEHEL 74
AT THE L (M1 @ Fa—7 FEO/NIVT 2D IZIREET 60mmDE SR 2 K5 F 2 —THITkHDZETEA
L. ZO% VT 2R U AHE 256 LTz AKHDMEH LZNK S ICEET 800mmDF o — 7 = Lz, Fv
IN—ITKZEFEA L, KEOE S ZiET 2 HTF v N—D4E (LUR Vo) iR Lz, HAM/Eay Ly —
KE>TITWV, LF2L—F—TF v UNN—{FAFE LT Qin) 2L,

OFERAE R
Ve 7z 0 55120 en? T 6 BRBEZ LT Tz ZNZ D Vel LT, Qin Z# 0.1 -30 p m3/s DT 3 EXM5IC F
L7z,

1. Ve ZZ(bEE% (Qin—iE)

Ve AVNE W, SWTIZRSNT | MEEFIROERZ ST LS « FENALNTZ, KDDED FFHEEIE—E
T. HEAZ 7 LEOKBDENENTE. FERICH K KBDFIE—EHE T LRAZHIT 2o Ve ZRKEL LTNKL
EL REUEEIME RS SWTARLON (K1 b, SWTDREE, BENO/KHDENT N THEI L THERL, BRIREE
WMo THAN U E NIz, ZDt%, IKHDDFRENC K > THIENFHAER L, EIIDRAIC ER Ulzs BAERK
L7zKH DI ENEEZ L > T T 2/KkbD ESRLENDELDDEUEIC LR L, KHDENHZEIIET S
CHGEL T—ERET LA Lic, Fv Y N—HHEIDHEINT 21 KD EIEEFIEL, BELEA L TV o7z, 7K
HOEND B ENET 5 E AT THROBEIEIE ST EN, KHEDEN—FICHA L. FEEIDZBIALT Lz,

2. QinzZ{bkE¥s (Ve —iE)

Ve WNEWNE ZITIE QINIC K 59, EIEKBROENETMNR 5Nz, QinZ LIF TV AT FMIIR 2> T
Wolze VEWKEWVEE, QnAVNE WL E ZITiE SWT E— F & EIELIRAE) T — FANRE LI ENEHNA LNz,
Qin%Z LI T\ & SWTE—RAEEBL TR SN,

O&%

SR ORMERRICBNT, F v N—HNOENET L GEROTGHE « [ESIRED Y TV FIC X B ETDEEEET

JWELTHEEEINTWS (Ida,1996; Barmin et al,2002; Nakanishi and Koyaguchi, 2008 115 DE T )L BEIC,
1. KEDBENRKEL ONEL) &0 FRKE. b bENBINRKELS UhEL) &%,
2. FN=DESNNY T 7 ELUTHEEEL TV,

EVIOIRIREZRE L., BHEAEMD RN ETIVEERATZ, TOETIVTIE QinZ—EICfR> TIKEET Ve
ZLFTw<E, SWIHARLNE (K10, Fv o N\—KEzZ/N N LT\ &, BEIELENGE N EZENCER T 5,
7z, Ve 2Bl TZIRBET Qin Z/hE L LTV &, SWT h S HEIESGR NG 2N ER T %,

ARETINCE ST, SRIDENFIEEROIRES FOZEEMICHTE 2, SRIEARERDE/RT A— 2B RHI 2 —
VU TEDKDICHET ZDM, KOEIELL, 'MW - ETEICFHEZ1T5 o
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Keywords: Sawtooth wave, Analog experiment, Multi phase flow, Magma chamber, Conduit flow, Tilt motion
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A b1 VR A LIDBEKIT IS ISR DR & 5%
Variation of VLP signals accompanying eruptions at Stromboli volcano, Italy

IDH R T Bl @ b PR AGE 2 I 52 3 =i 20 3 R 5 3 YRR <A U A 4
FUAVHVRA, ShYF Valdt

YAMADA, Taishi'* ; AOYAMA, Hiroshi® ; NISHIMURA, Takesht ; KAWAGUCHI, Ryohe? ; MIWA, Takahird® ;
FUJITA, Eisuké ; RIPEPE, Maurizié ; GENCO, Riccardl ; LACANNA, Giorgio*

VAEHEE R ARG TSR, 2 BRACR AR EBERR AR, 3 B SR 2RS4 7« LY 2 K%
IFaculty of Science, Hokkaido UniversityGraduate School of Science, Tohoku Universttyational research Instituite for
Earth science and Disaster preventitihipartimento Scienze della Terra, Universita di Firenze

Stromboli volcano in Italy, one of the most active and famous volcano in the world, has been the target field of volcanol-
ogy to understand eruption dynamics. From aspect of volcano seismology, broadband seismic observations have revealed tt
VLP(very-long-period) signals (107sec) are dominant among the seismic signals accompanying eruptions at Stromboli volcan
(e.g. Neuberg et al., 1994). Chouet et al. (2003) demonstrated that inflation-deflation-inflation sequence of moment component
which represent inclined crack, is dominant at VLP signals observed at Stromboli volcano. The estimated force system wa
considered to represent the rise and ejection of gas slug, which causes repressurization of crack corresponding second inflatit
However, most previous researches have analyzed a few VLP events having specific waveform characteristics, that were typic
among their temporary observation data for days or weeks.

We have conducted broadband seismic observation at Stromboli volcano since May 2014. From 4 month long broadban
seismic record, most VLP events seem to have similar waveform characteristics mentioned in Chouet et al. (2003) (inflation
deflation-inflation sequence). However, we recognized there are several waveform types prior to main first inflation phase.

1. Gradual inflation (10 30 sec) prior to main inflation

2. Having small deflation phase ("5 sec) during gradual inflation (type 1)
3. Gradual deflation (10 30 sec) prior to main inflation

. Combination of type 2 and 3

5. Short deflation ("5 sec) prior to main inflation

6. No main inflation phase (Only downward pulse)

N

As described above, there are certain groups of VLP events which have deflation phase prior to main first inflation phase
Even if amplitude of deflation phase is small, such deflation process cannot be explained by the simple gas slug rising mode
Moreover, some VLP events (type 6) have no inflation phase at the onset. Particle motion analysis for onset and first inflatior
phase shows events in type 1, 2, 5, 6 have common azimuthal direction (NW-SE direction), while events in type 3, 4 have slightly
different direction. Since Stromboli volcano has several active vents on the northwest direction from our seismic station, thes
differences of azimuthal motions may reflect the difference of vents where eruptions were taken place. Another remarkable fec
ture is about the transition of occurrence frequency of each type. For example, occurrence frequency of type 6 has decreased
the beginning of Aug. 2014. Those days correspond to the period that amplitude of RMS (root-mean-square) of high frequenc
(>3 Hz) has decreased. Also transition of eruption style has been reported at that period, from intermittent Strombolian eruption
to lava outflow and effusive eruptions.

F—U— R A ba R R, IR, L s gt
Keywords: Strombolian eruptions, VLP, explosion earthquakes
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Relative hypocenter determination of eruption earthquakes using deconvolution: Appli-
cation to Stromboli volcano

AT i b PEA RKEE L Bl 2 i KGR 2 R T 3 )1 STRF 3 g A8
SUGIMURA, Shunsuk& ; NISHIMURA, Takesht ; AOYAMA, Hiroshi? ; YAMADA, Taishi? ; FUJITA, Eisuké ;
KAWAGUCHI, Ryohe? ; MIWA, Takahiro®

VHIERAICEBERAWIIER, 2 JEHRE R R GEESERE, 3 B SR 2B ST
!Graduate School of Science, Tohoku Universifaculty of Science, Hokkaido UniversifyiNIED

Aty RY RN TIVA S REATIE, IR OD S ~8Bt77, H2WIREERLL O T~ /< %IE
H3 2 DIy, EAHENEORLERIENS. LHrLiahs, TNHDOMEDIZEA LR, P, SEDOAMAELAH
THD, WOFERLERHT % RN EEFERECINETHS. 2T, AKETETIyR)a—vave
R R PR 1 2 fH A S DR A B E 7 A b a YR MLUDTF =R L TiTo 7z,

HALREE T 4 LY 2 RATEK D, 20144E 5 AN D A Fa VR ALK IR EICHERIE D 3 SRESNE. 5
[, ThoOEREHT X DidEE Nz, EAHIEICrES 0.5 ORI EIADIIE Z AT W 5. Fl—kOh 5D L
Fo T ZMEAHIEELR, B S SICBIEDN R BITVWS E WS K% 5. 22T, TaAVRY a— 3 VEEHNT
FHHUETOIYARZ—ANY FEAL—T AN N OMEREZEORKEZHAIND. 7TaAV R 2a— 3 ViEFE, R
BB TAL—TAXY DY AZ—A XY FOWETHOEL, ZDAXT M)V 2RHRHEIC AL TH5.
2BNERITZOHRADEDOAEZ, YARX—ARNY MIET 3 2 BHSEOMERFEORL)EE, AL—TA Xk
BT % 2 BRSO RBERBGE ORI L OZITHYT 2. TOAIX, HMENRORERZOAMEEINTED, <
AR—=ANY N EAL—=T AN FOHMIEO R TERINS. &b, ZTOMHMIEE RN IETRDS.

AWIZETIE, 201447 A 1 H 0:00~3:00 F TICFAE LTz, 2 TOBIMATIRIED 20 p rad L EZ2RdEk U 7z A hizE
3= LTz, ZOWIBOM TIRANCHEELIEANY FERAZ—ANY e L, AL—TAXY FDERZRDT.
RAR—ANY FDEFZ NE 7 L—2—, EFEOHFEE 100m HIEREE T S EEE 800m/s& A E L, AN EIRIE
Eiiolz. ZORER, FE—NITRETHZHEOEBROHEZ X 70~225mDififickd 5Niz. AFEZHONL, K
BOTF—ZICH U THHIEROFAI D 2 HEMNICITS TN TELDT, SHBBFIOBEEDIT C LIckD, Ata
VR KL TOBERROMRZE 2 B E =2 —FT 5 L AAREIC R B EEZ BN 5.

F—T— N BIRIE, BAME, S A2 —A XV ME TaVRY a—ay, AharRy Al
Keywords: hypocenter determination, eruption earthquake, master event method, deconvolution, Stromboli volcano
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FAEIC BT B0 — TN U % 75— i &K _
NW-SE trending graben structure and crater row on Teishi Knoll, off Izu Peninsula

P R T T
MINAMI, Hiroki '* ; IWABUTI, Yo'!

b ORI RS

!Hydrographic and Oceanographic Department, Japan Coast Guard

Fa e EEEAMICNE T 2ELTH D FEEBAUBHICOEIN TV S, B LR THEEERT T
N L OB B OB « S 217> T 0. 20144 12 HICHIEM & O HEAEKEEKSZE (AUV) ZHOVTEAL
W EOFEHAHIERE 2 L, A ROMIZIC DWW TIE 19894F DENE LI i FRLTIC X > TR RSN
Iz (BIA L Oshimaetal., 1991 HTEIC LR THOFRED S 2 HFEHE CIHE T N TV 5728, KREMEHIIEIC DN
TIETH>TWEH, FAHIZICDOWTIE D> TRy, SEOFHEOHE. A mIciEZIbrm - EaTmicfdo
B0 —RXUDMERENTVWB T ENHALMCE STz, FleFaMEROKIDONIRICIE., 75— EREULIE - &
HAMICES Uz 4 DO/NKIADHER S NIze TDXIET T =N/ & W5 iR I N T I I
DT DEFZHEET D FNN0 &5 %,

1. AEFE

AT 20144F 12 Al EIRZTORIERM THEE) (B 28550 b)) ICH# LTz~ IV F B — L2501 IE EM302
(Kongsbergit#) KU AUV [TAES S I LTIzA 2 —7 2 X M) S8 GeoSwath Pluge WV T3 L
7o

2. AERR

77—V EFAMBEOFERICERENTE D, L - BRI TN S, 77— XVOEEIE 120m f§id 70m,
RS 1.5mTH 5. /INVKITE 1989FDIE A URZESUEFE) 1> TH UTziERE 180mDH I IDWNEICTERR E LTV
%o INKITNEAEPE - FHUTIICH 272 L TIBENTH D . B/IKCIDEREIL 20~50miEE TH > Tz, KicdT—Y
E/NKOFN ORI IR - FATTANCHT 28RO D B> IZHIE BB E N TV e,

3. AEERDER

FAUBLO 198AUFEDNICDNTIE. HEDHEBAR ZVSHAEA LR ETRELEZEEZ SN T VA (Yamamoto
etal 1992, FX7BEDOHERIEND 7 < DMHGICONTIL—m A/ I (N125 BE) OBCWIENBG LUz C &AM EHE
ENTWV% (Okada and Yamamoto 1991 FHERIC DWW T TR WVA, BE FANOIFYOHE A (X4 7)) LHESE
HICBITZ T T DEKEDBERICOWVTHIREINTED, BEALEIRDETOEER, BEXZFTI7—X20D
IEDORIREDIC RS LEZ 5N T3 (Mastin and Pollard 1988; Chadwick and Embley 1898 115 Off3eE S 2 & L1
SRIOFEEREMIRNT S L. FABEDT T—XVDEIZ70mMTH-7T eh b, ZTON0ThSUFE R 35miLE
EFCIIROEANS e #fiEZENDd, TOTIT—RUMN198HEDT IR DE A TR E NI T L BRI HEE
MR IR I U LB OO RIEM 7 B . Bl 21T 19894FEDIENIC K-> TIERE NIz L ZEZ 5N A FAMRND
4 D0INKIAD, 75—V R CERIRIC, R UCHET, DD U —mE g HICHS L TWa T e S, MDA
CRICEREE, DED., 1989 DT RDOE A o TEREINZEEZEND,

F—7U— R AR LRE, BIEHIE, < )VF C— LS E8IGEE, 75—, kOF, B A7
Keywords: Higashi-lzu monogenetic volcano group, bathymetry, multibeam echo sounder, graben, crater row, dike
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A e & KO IR S N P O 24k _ _
Variety of morphologies which are formed by molten lava-water interaction

IR P S
NOGUCHI, Rind* ; KURITA, Kei'

VR UR AR ST

!Earthquake Research Institute, the University of Tokyo

There exists 2 types of responses when molten lava interacts with water environment: explosive and non-explosive. Howeve
during eruption, it is difficult to make a judgment on whether explosion occurs or not. For example, in Nornahraun, Iceland,
lava flowed into a river, but no explosion occurs to this day. This is a same as Nishinoshima Island. However, previous studie:
presented explosions which relate with lava-water interaction occurred in many places including Japan in the past [e.g. Matto
and Mangan, 1997; Ito and Taniguchi, 1996]. Its disaster risk has not been recognized; its explosivity would reach the degre
of maar (magma-water interaction), and it is possible to generates low-concentration pyroclastic density current [Fagents an
Thordarson, 2007]. Thus, it is important to understand this explosion mechanism for us Japan because of not only interestin
of volcanic explosion but also prevention and reduction of disaster when lava flow into water environments near distinct of
residence.

Today, it is known that there exists 3 types of morphometry which relates to lava-water interaction: rootless cones, spiracles
and lava pillars.

Lava-water explosive interaction have been well-known in basaltic volcanism, but previous studies showed it occurred in
andesitic and rhyolitic [e.g. Hayakawa and Yui, 1989; Ito and Taniguchi, 1996]. Although their related-morphology has been
studied, there remains problems to understand this phenomenon. Rootless cone (aka secondary crater and pseudocrater)
typical morphology which is formed by lava-water interaction. They have a variety of shape; Hamilton et al., 2010 showed 3
archetypes of them which relates to flowing types of lava (tube-, channel-, and broad sheet lobe-fed). However, the relationshi
between their morphometry and formation conditions (e.g. explosivity, water/magma mass ratio, underlying sediments) has nc
been revealed. This is a problem for not only rootless cones but also other pyroclastic cones (e.g. scoria cone, maatr, tuff cone
Rootless cones would be useful also in planetary science. Recent studies have found candidates of rootless cone on Mars |[e
Greeley and Fagents, 2001]. These morphologies are expected to reveal recent 100Ma Martian magmatism. Thus this stu
could give great influence for planetary science. It is necessary to understand the variety of morphology and distribution of
rootless cones to know the style of magmatism and environment.

Spiracles are found in bottom of lava flows as irregular shaped-vesicles which are formed by lava-water explosion. In Japar
cylindrical vesicles in Aokigahara lava flow was considered as typical spiracles for many years. Now its are considered as trei
molds which were vertically-elongated by inflation of lava, and we lost an image of spiracle. Therefore we should reconstruct
the image once again.

Lava pillars are considered as results of non-explosive lava-water interaction [e.g. Gregg et al., 2002]. They show chimney
like morphology, and has been found both in subaerial and submarine volcanism. Recently, Gregg et al., 2002; Gregg an
Chirstle, 2013 showed that lava pillars were formed by water vaporization or hydrothermal activity at gaps of pahoehoe lava
lobes. However, there exists lava pillars which were formed by a’a lava flow. Hence it remains problems for the lava pillar
formation and non-explosive lava-water interaction.

In this presentation, we will review previous studies about morphologies which relate with lava-water interaction, and marshal
problems to 1) understand volcanic explosion, 2) know its disaster risks, and 3) apply to planetary science. Especially focusin
on rootless cone, we will discuss its variety of shapes based on our aerial photo analysis and field survey. Additionally, a nev
type of lava-water interaction-related morphology which we found both in Iceland (called as hraunbollar) and Hawaii will be
introduced.

F—T— R IEE KBS, B, V— L Aa—2, AL T 0 )V, RS E T —
Keywords: lava-water interaction, explosion, rootless cone, spiracle, lava pillar

1/1



Japan Geoscience Union Meeting 2015 /0 d ;

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ];;g’g‘sgimc

Union

SVC46-P16 S ay Ry gV R—)b FFR9:5 5 25 H 18:15-19:30

1 e BN FHERS 7 0 b RS 3513 2 AN - o |
The influence of the linear increase in the source height on the 1D quasi-steady state fa
and sedimentation processes

A7 AL 08
IRIYAMA, Yu 1* ; TORAMARU, Atsush?

LIUNREERZEBEER AR IER R RS A I, 2 SN R SAR AR B A 2 B R R R AR
!Department of Earth and Planetary Sciences, Graduate School of Sciences, Kyushu UnfRegiytment of Earth and
Planetary Sciences, Faculty of Sciences, Kyushu University

The stratigraphic variation of grain-size distribution (GSD) of pyroclastic fall deposit records the time variation which may
reflect the time variation of GSD in the umbrella eruption cloud. In order to relate the stratigraphic variation of GSD and the time
variation of umbrella eruption cloud GSD, it is necessary to consider the transportation process of ejecta.

Iriyama and Toramaru (2014, AGU) formulate the mathematical relationship between the depositional structure and the sourc
(the umbrella eruption cloud upward in a vertical direction from the sedimentation point) parameters under the 1D constant
height model in which the source height and the source GSD are constant with time throughout a release duration. In this cas
we showed that the thickness ratio of the upper and lower layers, which is defined as the ratio of the thickness of the uppe
layer above the extinction point of the largest grain to whole layers depends on the ratio of the source height, the source GSL
and release duration. In nature, however, the eruption column height or ash cloud height may change even during continuot
eruptions such as plinian type. In this study, we numerically assess the influence of the linear increase in the source height on t
sorting structure of deposits in the simplest case.

When the linear increase rate in the source height is given as constant b, the increase in b makes the sedimentation durati
longer than in the constant height model at the sedimentation surface. The numerical simulations for the linear increase heigl
model are carried out with varying b under the same conditions of the initial source height, the source GSD, and release duratiol
Results show that the linear increase constant b have a negative correlation with the peak accumulation rate and have a posit
correlation with the thickness ratio of the upper layer. These suggest that the increase in the source height (eruption intensity
can be detected from the thickness ratio of the upper layer which can be observed by the geological survey.

F—T— R B RRHERY), Bi7-5 o X500, EAAHERS
Keywords: pyroclastic fall deposits, grain-size distribution, development of eruption
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PR RPN DRI S 2 b— gy _
The Tephra Fall Simulations of the Ignimbrite Eruption of Aso Volcano

A ST L BR HERGER 2 5 iy O T AR - ek S
ISHII, Kensuké* ; SUZUKI, Yujiro? ; SHIMBORI, Toshiki ; FUKUI, Keiichi! ; SATO, Eiichi"

LSBT, 2 R UR A RIS
IMeteorological Research Institut&arthquake Research Institute, The University of Tokyo

KT R ZE B N LIRSt >~ 2 — (AL VAAC) Tld. fiZEs izl LIRS K B iz 0w 8 [biid %
i, EBERBIRILEE 7V (IMA-GATM) Z W TR D Tl 7Z1T> TWd, TOETIVIE, KBTERET IVORE
B (PHMEE7EENE (OMA, 2013) ZR&HE UTHIH L, BibEfe - ILH0EkE - =778 MEfE - i GEMi
U M) ZEE L TUKK FORREZETZ2ETIVTEH S, TOETIVEMNT, EREXDAREM D R X
NTW SRR LEA (Tatsumi et al, 2014 DFFIK TR I a L —arw=BT ko,

Blfigi Lk, 9 30 FEERTLARE 4 RO E KB ERROIR L TE 2, ZOHTH, K9 HENMOEMIFRAIETH O,
Bk 4 LWHIND, ZTORETHERY (k477 2) &, JLEETE 15emEEOBEEMN MRS N2 K EENICIAL 710
L. BIHEH HOEELIEEEO—DIC A > TW5, AL TR, Bk 4 I3 2 BREA 2 RE U T35 72 35
Thxo Tz KILIRDFHNE —E5REE T 20 Rk L. famiHE X 7.2¢10kg & GE LTz,

IMA-GATM DIEEOF| I TIE. AT TV (Suzuki, 1983 U &I 55 5 N5 KK ZIIHHE L LT
%o ARWFETIE. KOMEDEWNILIKOZERM A HZPIEE LTE A 5728, KIUEEX A F X 7 A0 3 Rclfit
7V (Suzuki etal, 2005)C &5 2 2 L—3 3 Y217V, B 3R] 303D b L—Y —hi F o DRz iz, 7z
7ZL. IMA-GATM &, KUK FOVRKICH S DT RIS EN TS T 2 REL TWVWA T2, 3XTBEET VDG
BEAERD SHIHMAZERR T 2 BICiE. KER EFRZRDALIRL 70, K&ids () & KkE < B 2EE 2Rl
IR FWHED SERO Tz, EINANOREIR M 7% AT % 72 6DIc . SR E A E TR b ik U 72 5 ERE T % 2014
4 H 3 H 12UTCZ#HAME & 3 2 RERFHMEZ VT, $I3 HEE TOBRIEETI T Tz, ZORSHE, i ER#ERIZItHE
BT cm~10cmA2E L 750 TR B R L BENZNEZ BB Lz, £, KEGLUNIRUCEMFIC LT, Bz
DG CTHIKTIY S 2 L—ya v EBT RS ER, EANRIEE A CHERETICR TN ERET 5755 8
R TZINZ— 2 DFIET B T & 2R LTz,

F—T— R BT TV, FORE, AL, B, Bl S 2 L—s 3 ¥
Keywords: Atmospheric Transport Model, ignimbrite eruption, tephra, tephra fall, numerical simulation
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KB N Z2 A e U 7B IRIC B9 2 HEY T )L XA L « 2T 2V DAL _
Quasi-Realtime Contents of the Tephra Fall Simulations against Large-Scale Eruption

BT BORE sk T Y A S AR R R !
SHIMBORI, Toshiki* ; ISHII, Kensuké ; SATO, Eiichi' ; FUKUI, Keiichi' ; YOKOYAMA, Hirofumi !

N
IMeteorological Research Institute

KGR TlE 201440 5, TRBIRE AR N LIBI S D BIREEE K ORI O i RIS B 2 055 ] ICHUD FHA
TWa. MGEELTW5, BHHED 104 m? 4 — X —DENAILO KB AIIEE 1004FERFEEL TEL T, HLDX
BIGO TN TR NG LTI D Y 2 2 L— g VD 7))V R A LTHEITT B T &I, Z O %2 KR
FTHIZ L LI, BETET I ELR - ABT 2L LEMAD 5. Z 2 TAUNIZEB T, WEDOKBHEEATH S
1707 CEZK 4) = LIk (HAKILSESS 2013 SR E, P45 *° 1914 (KIE 3) FhEMEA (HARMMERERE R
HiE 20144 K22, SVC50-P0OD ZHE LT, ELDOSKERIT AV ki AJ1ME & § 2 B mILRE 7L (IMA-RATM)
WC K BRI TR a7V RER L.

ARETIE, KRR NIUTERO R —LR—=I D EHHEHT S EZFHH L TWAE I YT IS DWTHNT
5.

F—T— R BT TV, KU, AOLIB, BERE, HEY 7 )L 2 A I, BUflis R 2 L—>a >
Keywords: Atmospheric Transport Model, large-scale eruption, volcanic ash, tephra fall, quasi-realtime, numerical simulation
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Numerical assessment of the potential for future limnic eruptions in Cameroon, based ol
regular monitoring data

/N FRsE T HOREB 922 5 #8 2 ; Ntchantcho Romarit; K i 5 ; Tanyileke Gregory ;

Hell Joseph 4

KOZONO, Tomofumt* ; KUSAKABE, Minoru? ; YOSHIDA, Yutaka ; NTCHANTCHO, Romarié ; OHBA, Takeshi ;
TANYILEKE, Gregory* ; HELL, Joseph VA

VHER - B 2 EOR - B 2 O R ST, YIRGM, ° SR - B

1Science, Tohoku UnivZScience, Univ. of Toyam&Yoshida Cons. Eng. Officé)RGM, ®Science, Tokai Univ.

FZKIEEFE | 1A TD S OR2a H A ZES HRTH D, FHAHIBAOEK W EEZNIFT LD 5. T
TUH A=V OKTHZ A AME X—VTIE, FNFH 19864 & 19844FIC AR CO, H ADH %
PES HIKIEFDEEC D, § 18004 DEAFEENEIE L oz, NS OKMNC B BIKIEFE D X 1 = X 17 B
B, WKkOL2 AR O & FBLNAEKIER R LOKAK: L TIrbNTH D, UK > THIKAN CO, SRiE 2D
ZEHERRICET 25 ERNME SN TV, AW, BIEETY 7 L el 515 5Nz COo, DD ¥,
ZF AR O X = B B KB OFRETREN 2R 5 C L 2 HIE L.

KN CO, M DZEFNBRAIC K B &, WIED S D CO, IS RBIRIAFRADMEAZIC X > T, FOREIRIRAEDHEE KD
EAICU EFEN, ZOREIIKNOFEEIC B THKDEIRNREEICET 5, LWV KERFE~D T ) 4 7%
FTRTZTENTES. ZTTTARIIKTIE, CO%XaEZLTY) a—LD FRICEHT 2 EEET IV ERWS LT, |
WO F 1) AN BT ZWIKNHREE TOKIEERD, WKEmIGET S K557 a—LZzHHTERZNE S X
To. ZORER, EHET— 20 SHEAIE NS TKN COy 70 fi7a EDBIEMEEMFDOE & T, WNHRETAERE Nz
TV 2 —LDEFRED CO, ZE-> TH/KEIIET B ehbhoiz. TOTY) 2 — LOFBIZEIE COo, A %
PESWIKIBREIRICH YT 5. UEDT e b, COy I ik MEEOKREICK > TilERc s 5ia sy a—
LD FRAD, WKBEREELZSTEERANZALO—DELTEZILNS.

A AR T 2= WIS B BHIKN CO, DAICHER 52 2EERER L UT, BiH A TERAWTZHKN S
DNLE CO, BRENFIT 5ND. COy ICETIHIKDERDIEN S84 T72@ L THIEAENS &, ERT BHIKDH
JEIC RS G K E R DN RIC K > T, 734 THOFENHE U TRk (B L, ZOSEN/KEEIC IO TEKD
ET%. EHBINCIED BBIOMIKN CO, 0RICK B &, IKICET % CO IBENZMICIK RLTWaA T b, Z
DK COy IBEDZEALHSA TWIRND X A F 27 AR ADIREIC G 2 B8 % IR 5 1281, AW TR A
784 THOWHIKOFHAUCE T 2 EUEE T IV EFHIZICHFE L. CTOETIVCE ST, HED CO, L, HikEmcE
WCHHAIMTREARTE K S E ORI DO E BN AEGREES T ENTE. £z, RETIVIC K BFERIFEICHE Nk
FEEISBLTED, TOTERAET VLA R TR X =BT ZHH R4 TDORAF 27 Xz EHE
WIKHHLTWSZ ERBRLT V5.
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