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The difference between microscopic viscosity and macroscopic viscosity of crystal-bearing
magmas
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Bubble coalescence deeply affects the dynamics of conduit flow during volcanic eruptions by
modifying the rheology of the magma and through the development of structural heterogeneity. To
model bubble coalescence in silicate melts, we present a new set of equations that describe the
efficiency of the coalescence process as a function of the timescales for diffusive growth and
melt-film drainage from bubble-bubble interfaces. The frequency of bubble coalescence is controlled
by the timescales of these two processes, which is in turn regulated by the composition and
viscosity of the silicate melt. When the vesicularity is less than half, coalescence efficiency
varies as a function of the diffusivity of degassing volatiles in melts. At higher vesicularity,
the coalescence efficiency is controlled by the melt film drainage. The model predicts an
exponential decay of the bubble number density (BND) with time and the exponential bubble size
distribution (BSD) function at stagnant conditions, and is in good agreement with in-situ
experimental observations of bubble coalescence in basaltic, andesitic and rhyodacitic melt for
lower vesicularities. The formulation can be used to estimate an original value of BND formed by a
nucleation event using BSDs measured by the textural analysis for pyroclasts which experienced the
bubble coalescence. In addition, from values of slopes of approximated BSDs, we can estimate the
timescale of magma ascent or the laps time from the onset of bubble coalescence to the quenching.
These textural observations for original BNDs and magma ascent timescales allow us to understand
roles played by bubble coalescence in cotrolling the eruption styles and the shifts, using the
combined method of geophysical monitoring and modelling.
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understanding of volcanic oscillation systems
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We are developing a laboratory eruption experiment system to investigate multi physics of volcano
eruptions. In this study, we focus on a sawtooth wave-like pressure change (STW) observed in a
preliminary system that is a syrup eruption experiment. The STW is cyclic pressure changes of which
a cycle consists of a gradual pressure increasing stage and an abrupt pressure drop stage. STWs
have been observed at many active volcanoes as geodetical signals including tilt, displacement
[Genco and Ripepe, 2010; Ohminato et al., 1998].

An apparatus for a slug-flow experiment was designed based on the syrup eruption experiment. This
apparatus was equipped with a gas chamber (volume, V) and a vertical pipe for a slug flow.
Initially the pipe was partially filled with the syrup to the height of H_ from the end. Then, gas
was injected at a constant mass flux (Q,,) to the chamber to flow into the pipe pushing up the
syrup in the pipe. Two representative flow patterns were observed in the pipe. One was
characterized by alternate layers of syrup slugs and gas slugs ascending in the pipe, which we
called a slug flow. The other was characterized by repetitive transitions between the slug flow and
an annular flow, which we called a slug-annular flow oscillation. The STW was observed during the
slug-annular flow oscillation.

Pressure change in the chamber and acoustic waves at the vent of the pipe were measured. These
measurements were assumed to correspond to geodetic and infrasonic observations at actual active
volcanoes. In the experiment, the flow patterns were also constrained by image analyses. The
occurrences and features of the STW in the chamber pressure were investigated with taking V_, Q,,,
and H, as the experimental parameters. The results showed that the STWs were observed if there were
sufficiently large V. and Q,,, and that the STW changed from periodic to non-periodic cycles with
increasing Q.

A mathematical model was constructed based on the experimental results of the pressure changes and
the flow behaviors in the pipe. The model took account of the compressibility of the gas in the
chamber, and the nonlinearity of the pressure loss in the pipe flow due to the interaction between
the ascending liquid slugs and falling liquid film along the pipe wall. The dependence of the
occurrence, the period, and the amplitude of the periodic STW on the experimental parameters were
well explained by the model. The model has a mathematically similar aspect compared to existing
models for the volcanic oscillation.

Moreover, not only the periodic STW but also the non-periodic STW was observed in this experiment.
The non-periodic STW behavior has not been captured by the present model. According to the image
analyses, we inferred that the non-periodic behaviors were caused by the interaction between the
ascending liquid slugs and surface disturbances of the falling liquid film. From these results, we
obtain an insight that irregqularity of actual eruptions can be caused not only by fluctuations in
ascending flow but also by influences of descending flow such as a fall back, a drain back and a
magma convection of magma in the conduit.
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A dynamical system of conduit flow with magma density change due to gas escape
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Linking petrological and geophysical observations: A case study of the 2011 eruption of
Shinmoedake volcano
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Three sub-plinian eruptions were observed during the 2011 eruption of the Shinmoedake volcano,
which were well monitored by tiltmeter, GPS, and weather radar (e.g., Shimbori and Fukui 2012;
Kozono et al., 2013). To link petrological information to geophysical observations and understand
the evolution of magma ascent processes during sub-plinian eruptions, we investigated pumices from
these eruptions. At the Nakadake volcano, we observed deposits of the 2011 eruption and collected
pumice samples. We primarily investigated gray pumice although two types of pumice (gray and white
pumice) were found in the deposits, because this type of pumice reflects major eruptive magma
(Tomiya et al., 2013). Two to four pumice lapilli for each subunit were polished, and bulk
groundmass and matrix glass compositions were measured. The analytical results showed that the bulk
groundmass composition was almost constant for all three sub-plinian eruptions, whereas the
composition of the matrix glass changed systematically. Considering that the matrix glass
composition reflects the degree of microlite crystallization, we obtained the variation in
microlite crystallinity during the three sub-plinian eruptions. The microlite crystallinity
decreased from the early stage of the first eruption to the end of the second eruption. The final
eruption showed microlite crystallinity similar to that of the first sub-plinian eruption. The
porosity obtained from image analyses showed good correlation with microlite crystallinity, i.e.,
the samples with high and low porosity had low and high microlite crystallinity, respectively.

The petrological data above indicate the following scenario. During the first sub-plinian eruption,
magma experienced outgassing and microlite crystallization, resulting in the formation of
relatively low porosity magma with high microlite crystallinity. The degree of outgassing decreased
during the second sub-plinian eruption and the microlite crystallinity decreased. The magma erupted
by the final sub-plinian eruption experienced outgassing and crystallization similar to that of the
first sub-plinian eruption. The variation in microlite crystallinity can be explained by
considering the change in magma decompression rate and/or the change in the final pressure at which
the magma is quenched (e.g., Riker et al., 2015).

Linking the petrological and geophysical observations allows us to understand more details of
temporal evolution of explosive eruptions. Geodetic data indicated that the magma fluxes were
almost constant during the three sub-plinian eruptions, whereas the pressure in the magma chamber
monotonically decreased corresponding to the eruptions (Kozono et al., 2013). These observations
are counterintuitive because it is commonly expected that the flux decreases in response to the
decrease in the pressure of the magma chamber under the assumption of magma chamber of constant
volume. However, these paradoxical observations (at least those from the first and second
sub-plinian eruption) may be qualitatively explained by considering that magma fragmentation
pressure increased, as recorded in the groundmass of pumices, i.e., the decrease in microlite
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crystallinity observed from the first to the second sub-plinian eruption. According to the steady
conduit flow model (Kozono and Koyaguchi, 2009; Koyaguchi, 2016), even when the magma chamber
pressure decreases, the magma flux can be kept constant if the fragmentation pressure slightly
increases so that the length of gas-pyroclastic flow regime in the conduit increases, i.e., the
level of the fragmentation surface descends.
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BER—LEBX: IFTY (1 YRERIT) vs. BIIEEE
Lava dome eruption: Sinabung (Indonesia) vs. Unzen (Japan)
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RETVYRRYT7, AVESBEBOYFITVRLTETHROBRE R—LABXTEHASINIZIEXDOHER(E, 19904F
NS19BFEF TR DOREWEBEBNEEBIL TUD, N2 NLOBSE R —LBNOEICEHYIDIT
hef@snier—59hH5, MEAOELURCHEERZHEL, BAER—LBAXOERCEEREXRELULE
AWELBRNMITH > EhERT B,

2F T VRNILT(E2010E8B (CERRIIDKBIUBANRFEEL, 2013FIFOBEEXNE, JTILH ) REXNEMDS
VOVKBIBENERDEL, 203FE1NARNSILBEICASER—LBARE U, AER—LISEEERED
BULERSHEL, RI3KnCEETIAERICHRERLUE. BEFAEICK > TABRRMNEECRE Uz, 201445
IAENSABRKBRE T DL DIED, 2015FEMH S (INRIEL T ILA ) RBEXICETL, 2013FE0OARSEHIR
NES2FERESFRETEAEMEGEL TS, BANCKII>T, XMUMMENCERIFEE EEISERSED, £
NEHIC, WHAERINRE(CIEE(CE DIz, BARBRERRICERNSIEICEL, INMEOEISEIRMEMEEE
(NS TE DT, BAEMIGHRFEDMI/sH SR E & EICIFFEFAITHLD Uz, #I2m3/s%& TE o fztEH
S5EICABRMKRECE D2,

—7, BEBETII1990FECKBIBBANKEEL, ZOBVYIVARIBNERT, 199F58(CASER—LA
MLUBICHRL, BMREAEHE (NHBRAEE) £BDRUIZ, BAEaF—LABRNBEEARNBRERZRD
RUTE, BEftiEE, MHEOKWeN/sZ LRICL T, BREEEBICBDLER, XKIMNTEEUNSI N, BE
A2 m3/sZE TES EBER—LIBRABRNBREEZ Uiz, BAEHOREICAERENERLUZ, Nl
WEOERIAER—LBRICEFT, AANSRKBCILEOGEDSE, BRAE EEISERSE o, KEHED
GPSERAIICL D&, BAICHKTLT, WENERL, BEBXORRE EEICUMELIRGTI, IMBOESVIIREE
EEITHDL, BEROBLOLEAEEBLUR,
IFITVKNEBEBEETRELUCBRER—LEATIE, LWFNE, ITFHAS VYO VAP > DAROCER
THEH(C, KRREANSVIVKERBEBANERT, BER—LBXICE>ECETHELTVWS, 22
L, BIBCIEAER—LEXNCETLT, BESEMUKET D ITILA/RBARRELZCEE, BAXD
KEEEZ SNDBRE, NEEETILA ) REAXARGENICHEEL TVDBCETREE D,
BEEVFITVNLTEIAEBARRLSE (Si028H58-60%) THH, EIEEECIEERARAT Y1~
(63-65%) TH DN, ARASIOMEMKIZSI0ENT5-80%E VWVFNEE Y U AFRBETH D, L, WSk
HEDNSHEESINBXILEDEEIZIENEN>900CT <850 CTH D, BRMUEKRDEDZEWVISEIZHSH TIIIL
WA, IFTVRLDOVIVOEREIDSBRTRIBETCHDICENFHCTHD. CDLDIC, MAER—LIE
KNFBRE(GBVWRSHDIEDD, VIVOEAEHNSENOHEBITABNICIELIBMTSD, BREEHEOE
{ERBER—LORRZEDI Y RO—-ILLIEEE R D, T, KDBEBRNLENEL, RUBEREER L
IFTVRUTIE, XIVEREDEBTH > ENFEL TLEIHE LN,

FoO— R ABR-LEA BUEES. YT VKL
Keywords: Lava dome eruption, Unzen volcano, Sinabung volcano
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Understanding of caldera-forming eruption from geological and petrological approaches
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FEENILT SEFERT DERNMEN DB CZDERRMA N _ILEBRIDEHCE, DILTSIERICED
VOVBEIOOBETOLRY, VOVBIOXRHOBENAELSITVIVEIDADENZLPANEBEDEESE
Zib, HDVEENSNETI B 1 LT —ILEZRULITNEESEV. BRNLUERKIIL TR, &
DL DEFERAILT STERE D KIBRBEN (IFEAEFRKEL TUVEWZS, ZOHBOETNOVIVEBED
AZOEX, H3VEEBEEOREIOTIEOERE, BEDKEEBENEHYE B ZYERNZNG T 7
O—FICESIZIEF/LEL. BHEYOEBRYZDEBAEDERNTE U\ I ERNEERE AU CBANEBOETT
DFER, Z<DOIEENIVT S DENHER(SFEEEIIA(C S5 DRIFRRLEA & ZNICE | EHR< ERNBRDEL
EVWDIFI—=VEEDCENRSNTULSD. EE53A, CNESONRI—VICR@TEIFEHLENVI—-—2arvhib
NE3. 10~100kn'E B2 B3 VI VEEBLE T IBAN TR, Z<DBEBENILFSHERSNS. BEAILF
5@%&@ ZEDVIVIRVIVEBIONSEEICEL UERVIVEBEIDRDOVIVEMETL, ¥
DVBIDEEDBRKEVIVEBIEDANDIBERFRELZCEERLTVD. BRINLEZLDMEEDILT
ja)ﬁL‘\b, FERDILTSHTITONEZHOR—) Y ORBOERE, BEAHILTSEEVNEERERBN
BELTLWBCEETLTVLSD., ZOETELIELEIKNEBR D CENRHD. KIBREBANICEIEZDLSE
FOMBENZFEL CUEFEXICKWVWT EDS, BERDILTSROEVWNERRIEBYIDREEE, MEENDIL
FTSNLBSERNBRERFCRELZCEETET S, DILTSAONBRTRERYIE U UILKREL D
T SEOBEEBYCERBRICHDCENSE, KRBAMRDER ENILT SEERNRFICETLIZC
ERRBEIND. EXRNBROEL(CHIERT BEXN(E, KBRBLETU Z—RBEANTHDIHEE (AIXE, ZEX
BRICHEIUDZERTEAR) CIEELIANRER, HBDWEZOMAE (AFNBRICKIDABE TRAEEE
NEERIEE) BRBEOHSNDCERHD. CNOSDEIERENICK O TYIVEBIDDRENETL, YIVE
DEXFOBIREFBEESITRLEEZEZIS5NSD. TLEDHES(E, FIRREAEEC TYIVEBEDANRE
L, BIEREANHDS KBEANBREN(CBITITDEZTICVIVBIDRHERMIT S CHIEREEISZELZG
FTHD. KEEBEBNOFRAAN_ILEEBRL, ZOETIUEETSEOICIE, BEREBANCHITDIVIVE
FODOBEDETE, BEYOYERIZHERICLIDEENICTHMAIT BRANNETHD. &z, TLZED
KOHLBEEBLENERVIVEBID(ICEUZER, TNABEXFOMBEHECEDLSICRIMEINBHIC
DUWTEREITDCENRBRLSS. T5IC, FIRENE XKBBABRROEL G ZEEGNS DM, LW DH
DHBEHITEHDTHEREREKR NG D & DEREBRINTU D, MEZILFENSFIEREN & KBENTR
D&V EDEFEERRY, BIBREX DM, KBENRROBHRGREGEZHITICEE, BADE
FIbLE ZDEBREIX N Z X LOBROIZHICIZIRMNETILO.

F—O—R I KREEN DILFTS. VIV
Keywords: large-scale eruption, caldera, magma
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The possibility of rapid and huge magma accumulation in the crust from dynamical point of
view

*BEA S B SFE

*Shiori Fujita1, Hiroshi Shimizu?

1N KFERZ IR RHIRRERZER, 2. UNKZXFRIEBEZHERMNERE X LRAREE Y5 —
1.Department of Earth and Planetary Sciences, Graduate School of Sciences, Kyushu University,
2.Institute of Seismology and Volcanology, Faculty of Sciences, Kyushu University

HDILFSEERL. 100 kn' A EDOVIVEBET 3L SHEKRBENDOEE (CIIHBAANDKEBD VI VERBMN
RDETHD, EABENICLDE100-41000 kn'D—ENOVIVHE (ATH - i 1992) (IHBACKEDOY
DINBEINTUV T EERT, d5(C. Takada (1999) (VI VRNEBHELErBEREENLLOHEHN S, BEH
EOBEOVIVOMBAEBINTUVBAREEERL TLD, AILTSANLDEBEEYIE L IEARERE
(Salisbury et al, 2011) NSEXIBEAN VI VERR(F, FIIHIC0.001~0.01 km'/yeariREERHSND
EOD. ZOEBBERIEFEAEESHCEINTUEL (Jellinek & DePaolo, 2003) ,
Druitt et al. 2012(340-60 km®'DVY I VEIEH L HILFSEFEMR L 2Santorini M LIEEMIHROREGRRD
TEERERN. [BAEIDI0ETHMDABOVI VHERL LI EERL TL3, COBENOVIV
EBREXR(30.01-0.1 km’/yearTH D LEOFEINL AT SNLDVI VERBRE R L TI1A—F — K
U 100FEREDEHBICCNBRMECDIERETD L. HRTIIAEDO VI VERIC L DASTEMRREEFHN
BRI CTETBOEEMNRH D0, NMUBEXFRICEETH D, LHL. BRAZNFECIDEIMEVYIVORE
HEOSFEERBN. NEMNENERZINE SNCDUVTIFREINTULEL,, €T, ANHAFEISIIEHERI(C
WRRICER CETBIVIVOLREZHEET S ZBRNE L. BRERE (Marc Mentat, ver. 2012) (€L D
BUBSTEICKDETEEIT DT, Druitt et al. 2012HY&ER D (F72#U100 5 (F3thRR DMaxwe L B FIRFRE (C LEAR+-43
[CRU Tz o, HMhRR(EmEMEE U TiRD e,
B3, VOVEETDDECENESXCHESE., VIVRIVEAINEHEEL CHROBREH10"
-10° (Rikitake, 1975) & HEITBZHEERU, RHELT. VIVERBICAZTHET /315 X—5
EVIVEFZTODOERE., FEEVIVEBRBIBRICT TICHEELTWLW Y IVIEEONAE (LT, #0H
#RE) FEFEURZ, 2T, 100~2000 km DRSS HMIAREE T DOIRIRV T VIZ & 0 L O MEEFHARAR
DIIWDETIVEEBR LETEET oo YVOVEEZFDDLmDES (EETHREANILTSDODVIVIEEDFET
»35 km (ZAFEH,2015 ) [CEELRE (LIEADT. FIDOFES SMHEAEICLDRELD) . REEBEH
RE. HWRIESETEFIEEREL. A = p= 40 GPa (JRAK, 1957) DEZEALz. ENOREFEEL
To BNET. LBRDEEDHICEFBETHIERIRETTREET IV (Mogi,1958) &V IILERIEOKBETIL
(Okada,1992) MZDICDVWTCERRG TEHEET O lZe CNSDEFTIVEVI VEBRIO VI VIZE DIAE
MERDE NSV (FIHBETE~0) C E'RIRICERDII D,
BT OBR. RATKEH FERIREIVE - )LD 7S CHIHEEOEM(CH > THEREBEHNICTHY Uiz, RE
KELEEH SBAE-0DBINRET IVIC L BHEETH oIz, FIHEIARE2000 km’ DV I VIEE D ERRS &
EBROMKR(CH (T IRAEMEHZfig.a,blCRT, YIVEETDDFIRICK S FHEIBINE & RABIKTEHD
BEHFILEMR. REETCHRT D EVILOARIERNNES >z, ZRREORICEBD VI VHERT 315
B. VILOABHMBOBREHGELICS L BRENDREIDZLDVIVEEBCETDH IEERD, LHMLK
WS, FIEBAREN2000 km’E KE < TEARREMEBNT km'EiBX 3 L EHIHBROBREHEBX TU
3, WRODEHDENMHRDOBREHEBR DS, WRIIFBA LU TEMERT D, 650\ IHEEBIENREE
T B, MEREMMERE LTRSS C EFTERL,. DE D, Druitt et al. 20120FERT BHkn’ DV T IH
100 FRRE DR TER T IBADMRBEECDUTIE. YIVEFTDDERE L UVHBHGRENEE(CEENS
TR BT EEZERB U ICERDNNETH D,
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Rapidly accumulated
magma volume
by Druitt et al. (2012)
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fig.a, b

The maximum shear strain in the surface versus
volume increment for a. Spherical magma
chamber (radius 7.8 km-central depth 12.8 km-*
upper depth 5 km) and b. Spheroid-shaped sill
(aspect ratio 10 : 10 : 1+ major radius 16.8 km-*
minor radius 1.68 km-central depth 6.68 km-
upper depth 5 km). Primary volume is 2000 km3,
respectively. The distance starts and radially
directed from immediately above the chamber in
the surface. The shaded region shows the
probable range of the ultimate strain of the crust
and the region to the right of the dash line
indicates the rapid magma accumulation volume
by Druitt et al. (2012).



