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Methods to Investigate Syneruptive Magma Processes Using Textures in Ejecta

— A Review of Progress in Last 10 Years —
Yuki Suzukr®

This paper reviews recent (last 10 years) progress in petrological and textural studies on eruptive products relevant
to syneruptive magma ascent in the conduit. Compared with the period when petrological and textural studies focused
only on magma behavior in the reservoir, they came to have more potential to link various volcanological research fields
including geophysics and geology.

The target of the present review is narrowed down to 1) analysis of groundmass crystals (microlites) for revealing
eruption mechanism of specific eruption, and 2) decompression experiment for general understanding of crystallization
kinetics and 3) accompanying techniques in collecting eruptive products in the field, in selecting representative samples
for detailed textural analyses, in conducting textural analyses of ejecta and experimental products, and in running
decompression experiments.

The basis in revealing magma ascent rates using microlites is that higher magma ascent rate results in larger
magnitude of undercooling, resulting in nucleation-dominated crystallization. Its validity has been repeatedly confirmed
in decompression experiments, as in the period before 2006. New trend in the last decade is that increasing number of
experiments came to deal with basaltic and rhyolitic magmas, which is in contrast with the predominance of experiments
for andesitic and dacitic magmas over the period before 2006. Similar trend is found for studies for specific eruption
with or without experimental replication of microlite textures. The appearance of microlite number density water
exsolution rate meter (Toramaru et al., 2008) made it easier to estimate absolute magma ascent rate, even when
experimental facilities are not available.

The author proposes the method by which further development of this research field is possible. The method
includes a) utilization of different types of eruption products (e.g. ash) and b) utilization of different sizes of groundmass
crystal (e.g. nanolites) and ¢) acquisition of knowledge on crystallization kinetics at low pressure. The last two points are
necessary when we try to infer final emplacement process of the ejecta at the surface (e.g. to solve the genetic problems
of clastogenic lava flow and rootless cone), in conjunction with geological studies.

Key words: syneruptive magma ascent, emplacement at the surface, groundmass microlite, decompression experiment,
crystallization kinetics
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LS L0, TN DHFICEEE R E RS O
WL~ 7~ OBBINCH L. WHEEHENTFETIY
WH ZEDTELDEEN L2~ I ~YDOFEFHTH - C,
HER L AFZE DB L T b b DL DRIZIEE v v
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WFREEEEORGOWEEIZ 5720, BEROFH
(70 o= BRIT A0S L (B 1914~
1915 WK O K IE 7 S O 78 ; Nakamura, 2006). F 72 b
REBROBHIZE D F—N—=7) v Mlkk%E, ZhLL
AT & X3 2 DI, KI5 Okk 4 72 I CERIL
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WIRCEIZ SN DM (B 21319~ 7V INOMEARY
B2 X ) REDRIEND Z LDV (Wright er al., 2007
Castro et al., 2012,2014) . Wright e al. (2007) Tl 10 [lFE
YR X727 2 A e R e LS, 4
O RILGEDS, EDA XY N TR SN OPIFHFET
ol Lo LEKEBEDRE NI TWz720, 10
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T, % OEKDETNVEENS SO LTS 7.

WD LHEFHFBIRDL 2 ENTE D XD R ILBH/N
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%78, W22 A T 200 1l (Polacci et al., 2003) <2
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B, 1272 LLBEEAARRIC K o TH LT 5 b o
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) ==X T, g0 7)) ==, [FEE
I 9 2 K D5V E L AR AR & v (Cioni ef al.,
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B ORI % SO R OMEN LI % 5, KAET
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R -, 1960) 2SS NTE 2, LT, 3D AF %
F— & LARRGE 2 179 B Blit7: (Suzuki and
Fujii, 2010; Fig. 2).
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Fig. 1. The use of bulk density distribution to select
representative samples for groundmass (GMS) textural
analysis. An example of the basaltic sub-Plinian
eruption which produced Yufune-2 scoriae in Fuji
volcano (modified after Suzuki and Fujii, 2010 with
permission by Elsevier). Asterisk shows samples that
mostly covered bulk density variation for each eruptive
unit (a to e) and were selected for the textural analysis.

BB (B, 2006 D 2-1 ). FFHNTZT— 8 H SR
121d, 3T TOERT—% - BIROILIRZ HIFT 2 &
W27 5. L LE%To 2 ktEHE 3 ktlEl s 2
FL—MIRTDHIOTIEARY., FTF3RTLTELELE
BOHETHo TH, YMHOMEIIG U TEHRILE
ZRY. F3RILTELFALESA AORETH- T

b, YK &S NAMEIZE U T2 KL TOH A XFLERIC
72 % (cut-section effect). F 72#EfmD A X2 X - TP
T SN DR R Y, NS RERIT EZ O
4 /N & (intersection-probability effect). FFid 7 — %
DY L, RO, KT 25 AR FIE T
Wb EHIT SN DA T, 2 RITOHEIL TS -
TREENL Z LS.

Jerram and Higgins (2007) 12 & % &, HHBEE—E2 5
3RICCTORE MG T — 5 2T A HEL LT, 1) B
WIZSEAT % 2 IRTTKTTE O W%, AROTEIC L > T
B L, B{EE AT 52 LT3 RICEEELE
(serial grinding), 2) X i CT TOHUS, 3) AA#HH DA
SRR IC BT, HA LIRECTHEEOE o 7o/ ah %
RS L, E{EEAK TS E T3 RTTEEEL TE
(optical scanning; Castro et al., 2003 ; Sano et al., 2015), 4)
2 RTCETORMNFER T, AFL 40V —DFFEIZL o
T, 3RICOERICENRS 2 J1k, ST 5

1) XIS [ A58 25 O FEHMFI T UL 40 um TH B DT,
Bt um RO 4 XTH D 2 & D3I
FTHOEHE L. 2) O XA CT & X BNARE (LAC)
DZEMGAT % AT, MRS ONTHEEEHEL SO T
HbH. L7zhoT, @ALWHIOBIZKE 2@
HHIEDPLETHY, SHIHML 7-FEOR L
FIXFIE N &) AR RO L WD
HoH. 3)IE WHEICLCRONL L) BT AHOR
AL, —BICHHLIZCW, 20 X912, AXE
ORI TIE, 4) Pid KNG FHEL R o TV,

2 KICHIfE & LT BSE AR S5 2 & A5 —fikiy
Thb. FHHOKFOMFZ I wr—2 (B2, B
REBEEW o, FHEALTIA) 1k Lk~ vy
Y 7MBoREL AR TH S (B Z21E, Muir ez al., 2012).
BSE 1§ % i L 72334 12X, Adobe Photoshop &5 T
WMOYVEE ML — AT 5 FHITEIM S 525, BRI
ZOL DI o T LED.

AT LAuT =280, 2 RITlEE 3 RITIEMIZE
Wod 2 F, BN L (L SN TWE, BRTERT
E LR ORE (B 2 1XWEERHL) T o AL Sahagian and
Proussevitch (1998) %° CSD correction (Higgins, 2000, 2002)
A%, EHEREOKS B2 EHEL) Thh, RidY
CSD correction (Higgins, 2000,2002) M T 5. HEAk
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Step-1
Direction-1

Fig. 2. Procedures of 3D scanning and data handling, to measure ejecta volume for bulk density calculation.
An example of Yufune-2 scoria from Fuji volcano. After Suzuki and Fujii (2010) with permission by
Elsevier. In Step 1, sample is scanned from two directions, in order to scan entire object. Then, a polygon
is synthesized from the two scanning data (Steps 2 to 3). Numbers in Step 2 indicate direction in Step 1.

MiCiE, 2 KT TOBEEE, b L IIFHEE (IE (width)
b LIRS (ength) ICBT 2% 4 X547 —4 %, 3
KILTDF A RGHT— 5\ LR 5.

7128 L CSD correction ¥V 7 b7 = 7 O3 %
BRIZIE, BEVICEZE S 5 38 (S,LL; S<I<L) Dtz o
LRLOWRELTBLLERH L. UL 2 KTITBIT
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WZDOWTEHI L 72 EC, %5 1172 width / length 5347 L2k}
L. Higgins (1994) %> Morgan and Jerram (2006) O %%
WHT A2 ETRET LI ENTES. KRIZREIL, &
B A U E o TEILL TV A TREME b 7S, [
ARSI LT, A= S L LEEIELTLE
)T ENLW,

R OBEZERE S, Image] V7 b7 o 7 &2 IXET
WTEZ, FHNZHA T % BSE ofFEid, oy
AR Ko CHES 2 UEDN D L. E%%m@ﬁ%l#
%1k Tdh L4 (B 2 1F Suzuki and Fujii, 2010 @ Fig. 5
@ coarsely grained sample), 53 & S5 CHi% %
# L, &4 RHRICR & Wik L/ S Wi OFHINS
Awb, &4 TR 2858 OY A X2 ED TH LR
WHLN, BV —N=F 9 TEEDLI LD, KADD
BonH A X5MMEBRTEEORS » N eed, &
CEBEDTEEIL, Shea et al. (2010) O FTIBHMRIEN LT
LA SN TS, R ’frﬁﬁﬁl@ffﬁ%%iﬁﬂﬁ?% Z
EDS, AL =R A XS A ORI MHTH L. Kl
IKEED X912, 1 RF721F T i‘f‘ 7 O s
TERVEELH L. OGS, ERETCULsAT
R E N DB ORER T2V TORHIERE &b

B, H—DH A A5 E+5 (Miwa et al., 2013).

3WICAL SN2 A A5k v L, 3 KITTOHR
WmEAEERT LN TEL. B, BoN A X5
Ak LC CSD Bl & B L, A s & R R

DTN —T R REL /2 BT, —HOEEHET S &
D kAL NS S CHIEL 72, Lo L e ds S A% i

FEASE AL D &Y —ETH S LIET S 2 LT
REKRTHLDOT, 0L Bt fTbhavni )i

7% ) 223 % (Brugger and Hammer, 2010b). A X455
"ob, b AREEAREIZN L 72O, R RED
NG U RAEHBZENTEL, L Lkt TIE, KiskEE
— 71 v b (5 21X Martel and Poussineau (2007)
D Fig. 6) 75, BEREWEDNT VA EHbIz0DT
Oy bEE LT, JK<HWHLERTWD

3-2 EPIEFRE

AREEHEZEH L2 O & LT, Cashman
(1992) % Nakada er al. (1995) DERE~ 7~ & w5 e L
720D o7 MWEIFERIZS, BHRES 7 SEK
DOWIEHN % L {77 (Clarke et al., 2007 ; Martel and
Poussineau, 2007 ; Noguchi et al., 2008 ; Miwa et al., 2009;
Muir et al., 2012 ; Preece et al., 2013 ; Miwa et al., 2013;
Mujin and Nakamura, 2014; Sano et al., 2015; Schipper et
al,2015). PETIEH B, WHHEY S ENRE L
t%@%Aiﬂ%(%mmd2m5&MWaam2m9
HERE~ 7B EIRE L2WIROPARIZIG L, RO
Ewéﬁnfwé.i¢,7wﬁ/ﬁﬁk%mot@®
AHBLL 72 (Clarke et al., 2007; Miwa et al., 2009, 2013 ;
Mujin and Nakamura, 2014). F 72{5%4 F— 2 0% T %
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7u =Ry — DR OREY - BT KR
oz, SRR OERGERE L R L 72 b o3l
L 72 (Martel and Poussineau, 2007). & 5IZHEZLZ DI,
INFTHH SN T hepo AR, X0 Mk
e A G A LY o 2B MBLITH S, Schipper et
al. (2015) &7 1) A s )NF 4 M %, Mujin and Nakamura
2014) 13+ /74 b&, TRENFALZ.

—77, #% 10 FFEH THRBDEH I 2 720h5, TR
BHE~LREERNEE~Y VY OBKEFRE L2 D
T& A (Polacci et al., 2006 ; Sable et al., 2006 ; Gurioli et al.,
2008 ; Andronico et al., 2009 ; Erlund et al., 2010; Genareau
et al., 2010; Suzuki and Fujii, 2010; Costantini et al., 2011;
D'Oriano efal.,2014). A b0 VR T hJ, NAET,
NN T4 v, Bl ETOBREN~IHRIEMIE N &
LA, BIEB O DS, KETORTI~YDF A F Iy
7 AOBESEm SN, oMKW~ YD
T, SRR EFI SR T 0D, v 7D
JEGeth 7 &b ffim S 17z (Sable et al., 2006; Suzuki and
Fujii, 2010).

10 AEAEFERT 2 &, KK O A E W) B 0> A s L
% SR B BIABLAUIG D TV 72 A% (Taddeucci et al., 2004),
[E]kEDFF] (Miwa et al., 2009 ; Andronico et al., 2009 ; Miwa
et al., 2013; D'Oriano et al., 2014) AL >OH 5.

4. BERER{EER

4-1 2005 FRFEE TORR

WEAZEE D AV b2 DK E ZIUSHES ) F 7 A
HAAERLEZ T &SR T L vy 2k, BETIIILL %

FANSILTW S, 2000 4E LLFE L I8 45 S AL EEBRATE
HENLLEIZ S, B oOLERSE (x4 27854 b)
DORABERHBZ T, KIS Lz~ 7~ EA ok

%ﬁéﬁ&ﬁﬁbnfwt<mzﬁxmmMJ%L
Hammer et al., 1999). Z O T & SN/-0id, WITTR

ﬁ%ﬁﬁ@ﬁﬁ%ﬂ%@@ﬂhmﬂ%@@ﬁ%f
Zf’) >72 (B ZIE, Swanson, 1977; Dowty, 1980; Kirkpatrick,
1981).

AN MZHZ N WEHOKE SI2E L, AR
B L R RIS LT A (Fig. 3). #EOZAL
ML, AR - EOMG T, LSO RO
REEETL. HENY -7 I0ETLBEOBGEHORE X
3, BEICH LZERTREZWT, #inHoRE I
BT, BB A XORL DRS4S (Fig.
3). LK CHEGEEID A US54, Mok & ST,
W &R L (Fig 3), FAWMEREIZL-oTH
WK 2 Ll S N7z, U EEO WIS,

YD Fik: 373

Growth rate (x10®mm s™)
0.0 0'|5 1i0 1i5 2.0

266
186
50— 125 M
T 5
o S,
=3 93 §
) c
5 1004 70 2
n [©]
o =3
48 5
«Q
150+ 34
o
19
200 T T
0.01 0.1 1 10
Nucleation rate (mm=3s)
Fig. 3. Changes in nucleation and growth rates as a func-

tion of effective undercooling. Modified after Cashman
(2004). The original diagram was based on the results
of SSD experiments (ca. 170 hour at final pressure;
Hammer and Rutherford, 2002) that impose the maxi-
mum undercooling for a given amount of decompres-
sion. Slower decompression generates smaller under-
cooling, resulting in move of nucleation and growth
curves to the directions as indicated by the arrows.

& B —HOEIPNIONT—E L AL, oK
N RN SHEIITE S b0 E R SR

2000 45 LARE, JH 3 - U - R R 3 v b a—
WV L 72 EAS LR EE R B 2R IO W T T (B
Z 1%, Hammer and Rutherford, 2002; Martel and Schmidt,
2003), #EEALDO AT A X T 4 7 ADFRIE S NIz WIEE
Broffzte LT SSD (simple-step decompression) & MSD
(multiple-step decompression) 75 H & 1L 7z (Fig. 4)
SSD i3, ¥ 7V & E TR THIEL, E512
Uit U RN e Ry (L LFEBRT & ﬁ%
%) WEHRFET 500 THL. —FH MSD 1L, FEExHE
CT, A7 v JIROFRHEEE - SR OWTEE, #
UWiEE TITH) D TH A, SSD & MSD O IO

FEBUE 2 e AR UL IR (SEBRARIER ] 7> & #EUi T

TRAERE 2 B 7z b ) THlo 72 b ORI & 25
ENFz. —DOOWIZED HTld SSD DT HE % —E 12
T5Z DL Hhodz. Tiid SSD 3L T DR Sl
AR R L HIE LTWe7edTh 5.
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Fig. 4. A schematic diagram for styles in decompression experiments. Averaged decompression rates for
MSD and CD are the same in this case. Ps, starting pressure; Pf, final pressure. See text for detail.

IERERALD I A T 14 7 AZED LD B 5T
% &, SSD H MSD b A 7% miZx >, SSD FEERTIL
JEIZPED ) F S A LAOREES AN MIHZ 6N 5H
WHNCE L WE AT LDT, BEHOKE SDEIC
6 U7z, WMEEE - BAREEOZL RS Z LT
X%, —HT, MSD EEROW4, @EGHOZEA— LD
KR B — A v ML OZEL, L w1 7 v %4
FEME BT 72D, R - BERDONA AT A 7 AEE
ZAHDIZA NV MABEOZALEZRE L 25 e 5w
SSD O¥if, TO X)) RHMS X%\, £72SSD Tid,
v e CORFEREH 2 2L 3¢5 2 L T, @EFIEORK
AN R - B RGREE OB E AR D DB A
Hanz.

—J7, EBISEETVWAIY YO LA L WG EE D%
5, SSD I, BRI AR, B RBEEAA N
FCREETWDS, RI~OT T v0A A L g FH
LTBY, MSD ZEFHN R~/ ERZ*HE LTS
(Hammer and Rutherford, 2002). & { % ¢ SSD & MSD
FEERLBIEAE LD A A AT 4 7 AR PRNBI20OELES
NdbDTHsb, L7zh > T SSD EBRIZILDHIED
REPRKENT LIE, EBEOY 7~ OERFHIELD LA
DOHRENPRKENZ LEEZBERT LTI RV, 72
MSD 25 A T v TIRIZ% > TWieDiE, FEICHRET 5
7o, RN IE 2 8800 2 LS RECTd o 72 & v
HIHEFICL D,

WTEEBRO R, WERAKICHED LT O RIEo X
9 T IS HIE &R - AR RGEE O BILR (Fig. 3) 2SHLY

B, R EEIEEESEGEIORE S Ear bu—
V5T EAHERS NIz BARMIZIE, B HIE % R
T AHREMBUERE, YA X, #REErS, vk

AoREL2HETE L EMBIOT N B 21T,

Hammer and Rutherford, 2002 ; Martel and Schmidt, 2003).

MiEERE, S HIOMER LIS, SR O

—in A - IR S e b L, R LSRR O

R LA CTH o7z, TOMOEELALITILT O 2

DTH 5.

D AART A4y 7RRDPHER SN2, Thbb o7k
RESOBFHEFEASELPETH->TDH, Kidh
s 212 b2 9 dH5H (B 21F, Hammer
and Rutherford, 2002 ; Martel and Schmidt, 2003). #&
mAbDSE & 2 E TORHE & ) b FEBRIFH AW Z &
W—RHRNTH 5D, TR RE GBFHIEEA
FLAREL DL, BER - EREIHLT S
(BIZ 13X Fig.3) ZELHIERNTH L. HBEOEMITN
KIZ & B AV M R ORYRAS, AR - RO
BRE ) % Bl o 7245 RA LS. BaHO &) Tt~
A7ag 4R EBYIE, EROER TR S
ns.

2) FEEALDMEITICHE o TRAFEIEDC &, bl
FEORWAIZLY, DT — FAAERD SR
W7 LoD, H£4ORELRTTE (B 213,
Couch et al., 2003). T OBI51% SSD FEERTHIL S
NS, EBEIIZKETY 7 AYEk T 5 IR0 T
ETCVDHEEZLND.
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4-2 BE 10 FERORE

COHEHHETIE, 22 10 FH O AR E LT, R
PG DR ST A ZHM OO REE (Wb 5 AR
EAZIEN; 4-3 FICCREL (FLk) 2FEE NS X512
-7:2 &, CD (continuous decompression) A% A )L ?
LA AL FEBR O I BL (B 21X, Brugger and Hammer,
2010a; Martel, 2012; Waters et al., 2015) &, ek LD b
TERE 7 R CORIEAR BALEBRO LB (Agostini et al.,
2013; Shea and Hammer, 2013a) % JIEIZHET 5.

I 10 AEIIZ BT D, 2006 HOBRET b E R O
& o T2ERE AV P TORER AR S 6 & 17D
LT3 (Castro and Gardner, 2008 ; Andrews and Gardner,
2010; Cichy et al., 2011 ; Martel, 2012 ; Mollard et al., 2012
Waters et al.,2015). #EA) XA LD L EETH DI
R x T OSSN &3 5 5E (Castro and Gardner,
2008 ; Andrews and Gardner, 2010; Martel, 2012 ; Mollard
et al., 2012; Waters et al., 2015) dEZFENTVDLH, Th
1 2006 4 F CERMBI VS ke tro/zbDTHL. ) F TR
&0 S EIROMFESLEMAETIE, VFIFAEDLLMIET LY
B LT, ESOBIEEAIH S, RS - ok
AR E T A 2 LD MHErD STz T IUTERR
T A ZHLDOMEOFA) F A LLY D%, A
BARER AR E N B 7201 E TV B,

CZ 10 MR 72 I B L 72 CD A ¥ 1 )V O TRk
X (Fig.4) TH 575, FIEFERIT LT, Triofh
TR SRR TH o7z, (6, WEILTFB) Tl
ENDIEDVE Dol LIzh o T, FEERAREER S
MEFEHEICED CD A Y A VOBIEDNTRETH -
7o, FETAHLAR LA SRR S LR LT A 0T
FEERREI S AR U CHWEICH 5. 4H CD A5 1 VD
REAE LIRS L 22 01x, AT v 7RO MSD A
Y ANVOWE (Fig. 4) 75, EBO~ 7~ oL (1H)
EHHALTWAVOTIE, LW EENDH -0 5 TH
%. L% L Brugger and Hammer (2010a) & Ftik LT\ 5
A3, MSD A% A VOIEA, FEBEO LA - HIE L K& <
THEL TR EHIESNLEDIF TRV, ZbFH~
YO LA L ERETBINT 2 FESTTAFIEL TV
WO TH L. RRBOIERIZTL CD 25 1)V O
JEERATH) 2D, Tar I AflTIE 2%z 52 8
DTEDL=vy bOBFEADER L7z (212, Brugger
and Hammer, 2010a) .

—H CD ZA¥ A VOFEEDREIZR S &, MSD A%
ANVOFERE DT, EBEYOMIKIZ, So&) %M
ERHLDY, Lol Z EICERFRZNS LI
T CTRREE 4T 5 720 1d, Brugger and
Hammer (2010a) IZBESNTW5A, ZOEERTIIHESZ 2

oz

vol.% BEE G LM 74 4 M2 HIEME L L THW,
ZORTIDOTTEE ) TORESM (130 MPa, KIZ
A FRIEOHIE&ME Lz, CD & MSD O %5k
P oiRiE, 1MPah™ ' ORERE T, #IEDS 5 MPa
& 26MPa DY G ICBE o THEE S 7z, FHEAKNIE,
CD C i, MSD THLGE T o7z (Fig. 5). MSD &
ATy TROBPEZRI LT D70, MEZE TR
By 2 KOWIERED CD L) b RE L, ZNHWEE
ERD#EE LTENRTHEDONE Litiw, £72CD A
Z A& MSD A% A )VOFEERFEDI, 5T O E
b 5N (Fig 5).

CCI0EMO=2>HOMELRESRTH L, WHEEL
FTOFEHBICERBIOMBTH L, ZORTOD 1
SE TOWHRESLEERIZ 1970 418U Loferen (1980)
GEIRBEINDL LIS HH -7 M, LA,
HRELRROFEROKA Vo tz. HHRE %R TOM
JERS AL EBAER S N TV d o 20E, SR
THoH2OTHD, KIZEHA LIILE S N7 R TORILHE
BClt, BRPLRIBMESTRETH L L) BT, —fk
BT AEEEBETITONDL 2 LS. HEH~ Y
< (900C ki) THAUL, KEENMEAEL LT A0 A
HENEBREBLIONIO74 77—y F2HWL I E
T, WS NNO FHE O BER A EICHIE T & 5.
S50, R TR EM A ONS R Y, A&
WIZLWMLTWb, L) ERTERZITIHEG, TZM
EEOENHERTBMT 52 L12% %A (Shea and
Hammer, 2013b), BEZ5FERIENIEE Y 72 IVNTITH
SkERY, CHRICEDHTEAVNPKREL BDLDOT, A
GHEEL L 2B EDOTFROD L TR LERR B
ENTELLHZ KR E~ /<~ Tl, BRE~Y
<A R LEE AR E Vo, R OGRS E
#3845, Shea and Hammer (2013a) & Agostini et al. (2013)
121E, BE OO TRE" 722 Liditdh st
T\ 72\, 7272 Shea and Hammer (2013a) 1& 47 A 4554
IREANOFE 15 A, Agostini eral. (2013) TlE 1-2
MLl By, MEOFERO—HMERIFEL s
FI VA NVOERIIEEEIN TN,

WIS E o 2 v b E5 O FLK 1L, Shea and Hammer
(2013a) TIFZILFE, Agostini ef al. (2013) TIE LA
B EMED D S (Table 1). T OMMEIIGL, FEERRE
L HETE (Table 1), 2 DOHF72134k12 SSD 2 % 1
VOREERZIT> T b, Bk X 912, SSD EERT
X, WERICE > TANMIGZ N BEHORE S
WROHENL72DTHAS.

Shea and Hammer (2013a) 1%, #7212&F 5N LIaE
AV b TORAREREE - RERET—5 &, BffoER
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Fig. 5.

The first comparison of run products after decompression of the same amount (from 150 MPa to 26 MPa

and to 5 MPa, for the upper and lower, respectively) but in the different styles (CD for the left, MSD for the
right). Modified after Fig. 4 of Brugger and Hammer (2010a) with permission by Oxford University Press.

Table 1. Summary of recent decompression-induced crystallization experiments in mafic system.
SiO, wt.percnet before decom. T Ps Pf AT Style  AtPf
Bulk Melt part (°C) (MPa) (MPa) (°O) (hour)
Shea and Hammer (2013a) 557 588 1025 150 100-10 52-155 SSD 1248
Agostini et al. (2013) 49.5 505 1075 100 75-5 491 SSD  0.5-16

Ps, starting pressure; Pf, final pressure

B R Tor—%%, @EHELHEEZE > KT
oy b LIRS L T\ 5. Fig. 6 13,
(2013a) D2, Agostini er al. (2013) D L 72 LilEH
wafmmﬁ HET— 22725 DTHA. Fig 6
FREN TR WY, [ LKE S O#GHETHIUL
)Ul/]‘“'fﬂﬁ Lo THFBEDEIZIZEAEEL V. —
A BGHRE Y, BRETHHIIERELRY, HITHK
RIS CTH LI ERE D (Fig 6). AR
R LN REE OB WIS LG T & T, Mk
WKELTHBEDSFRLICZ->TWS L) THD. HEH
Thlimﬁim”’( 10" 'mms " F£JE 125} L, Shea and
Hammer (2013a) OZEIEE AV FTiE 10 " mms ™! & 2
MRk & <, Agostini et al. (2013) D LIREE AV Tl
1077 Bmms ™' & S5 TR E W, BAREE I,
WHHEIZ L > TRE LSBT B25, m s QBT
WaE, RIEE AV M ﬂbmﬁm“XWFf 7T
ESRFIIIZR E Vv (Fig. 6).

Z @ Shea and Hammer

uki TERE AV M T, EERE AV MK LA
, M2 DFEFRIRE L, AERBEEEE DY S W HLEEAY

ﬁﬁéﬂ%w;t%m&bfw C AT FEBE O
RSN A SMEOZILE S FIEL 2.

Shea and Hammer (2013a) TIEHER L EEROAlZ
[ U SR - MEs4c Hhmﬂ%@%ﬁ0T
Wh, BHEAY X5 A ﬂb [{ U OB H A5
LI mEREEy b T, SEEARETAIET, &
&N EA OMBEE 7229 L Lz, B HED
NS VRIS H &R O FEBRE AT RS, B
HENPREL b L, BEEBRICHANGHEBROBA K
FEAVNS L oz, TIIIEHFEEED T ANV hho
ﬁ?%ﬁﬁ&@ﬁT#ﬁ%-&@,uﬂ#ﬁéﬁ@ﬁﬂ
Lol EH/fFES N Zoftic i Lo
DOBEHEDOKE S 2 HWT 201 E%&Mlﬂwa
3YWOCIEREb Rt s e (Fig. 7 3RHEAE D Y I VA
D).
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Fig. 6. Changes in nucleation and growth rates as a function of undercooling and melt composition. After Fig. 12
of Shea and Hammer (2013a), except data of Agostini ef al. (2013). All data are from SSD runs. Following
the suggestion in Shea and Hammer (2013a), only experiments using natural ejecta as starting material are
compared. Melt part composition of starting material has a variety of B (basalt), A (andesite) and R (rhyolite).

4-3 AEEBOBRERICLS, HEDEATOY
TYLRREDERIL
#K (2006) T b HRLOFFIFIZEIZ DV THES L7z (B
Z AL, Szramek et al., 2006; Suzuki et al., 2007). [FIFEDEK
AT 10 SEHNC Sk L TfTH L (Castro and Gardner,
2008 ; Castro and Dingwell, 2009; Andrews and Gardner,
2010; Cichy et al., 2011 ; Martel, 2012 ; Agostini et al., 2013;
Waters ef al., 2015), AR~ 7 <HEIZOW

TSN D £ 91k o7z Fizdeko A > 3ky)
(Castro and Gardner, 2008), F 1 ®F v A4 7 ~[lI (Castro
and Dingwell, 2009), 77 & F % 51 D 7 A % F 111 (Andrews
and Gardner, 2010), A ¥ > 2 & B 27 — FoE XKL
(Waters et al., 2015) “5CO, HAEHE S 7 < OB OHF
D%\,
INHOHT, FIZEIREEWIFZEIZ OV TRIN T 5

Andrews and Gardner (2010) &, 71V 7 F B3 HI % DK
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Fig. 7.

Change in plagioclase and olivine crystal morphology as a function of undercooling in basaltic andesite melt.

Modified after Fig. 7 of Shea and Hammer (2013a) with permission by Elsevier.

B KODIRAEZALICHE S ~ 7~ L3 02L& it
L7z, VT Iz~ 7 < EFEENMET Lz2o
X, BB X o TAEDIER L 7272072 L3 L 72
Castro and Gardner (2008) 1%, 4 >~ FKILF| OB K DOH)
HNCBSEAICE LB TR &, 20k, BT
W L-RBIBEGRED~ 7~ LAER 2 L7z Ak~
427054 b OFEEFOFPTIZ, LFHE AR
Lo TEL Ty, 22 CHEKERNICY 7 < I
L 725 D& ORISR DIRFEIE % Lo L7 & fawD
7. SHEOHED, WRIIER SNIONIZDONT
W SN T v, Kl BT O~ I~ o A
DIEPHDS, SAHEOZEE AR LTSN D 5.
LA LREERBORMEDE o7z AV MIBWTIE,
FERALOREIZIER IR 2B DT, LASEAND
72 LTh, ZRE~A 7074 Mo IZIZRsERS
NTWRWE IR b5

Castro and Dingwell (2009) T, Ktk W iikia
7N 24 BEI &) BRI O RIS O B2 IR 5
B L7222 2B L, EBEOEEWICROND
FHRABSO A — 70— Z BB SNL 0 E ) »
W&o T, ~r/~oEREMz AL 7. v~/ ~EH
HIEL 0.5m/s, ZAUTKILT 2 FA-OMEERNL 4 FEH T
HoT, AHEOMME L) b, <7< LA O
23, AJRHEEOHIE L ) b8 — A%, Suzuki et al.
(2007) DA Fk 2000 EHE K DOWFFETHHME SN TV 5D,
B OY6, BEERTREDL sh BR - ko
MEFIE, 3.5 H &) Bk MEO M o5 ETH -
72, Suzuki et al. (2007) TlX, FALHEOIMICIE~ 7~
W ERAT L7200 KEPTER SN T2 FR L 7
73, Castro and Dingwell (2009) C & [AA£ DR AT H I

7z

7 B CEBRICBISR SN L EMEE, BEIER
THIHL LD L9254, IMEWEOIERIZ SO0
ENLETHD (HIEWEOIEREEICIT bR TV
WEBL L T L), RIROR 7w i~ 7 <#BEY
PO LA LIES 5B, WESICL o TAV M5O
BN TEAEAI2E, Y/ ~EE ) TORROA
L LB C N BRBAERSEET A2 LD D 5.
BB R X H 12 F 7 2B TORBEREIZ L > T,
BESHOMIZ, FRFAZ A ZH Y O, & v ) R HT A
WV NHICHAE L, SHUDBERDOY A b b, REEK
ARICEST L T A F -1, BEBAROZILE D b
S\ Sato (1995) 1E, PR KEOLRINGEEL T HWC
1 REDRE AL FEREZ L, V) F 5 AT TO 20C D%
R E SRS, WHITH L AR ORIC sHTb om%x 4
LEEEIERHERL. ZLTC, ZOLH)R#EE, Y
F 72 CHAE L 72 AV R OEFAET A XM 0
BICEGSNTWLORE LR L7z, S EHTEL L4
W DEEEEDS, ) F T AEHETOREIRETET 52 &
EWEZ AL, AREAMEE BT 2 MLEERTIX, 5
WEOEROBEZ, RO~ T7~D~7<EE ) ToOIR
BICTEWEETERT2LE DL LD, Thb
L, RIROBELY O EERHSLE (XY FOEAESR
BESAZ A XL D b/ S WiERORE) % T&E 572108
HFLZIRETERZIT ) EWIZETHL, Hl2IE
Hammer and Rutherford (2002) TAi7b a7z, il & L 728
AEREAHIO<7<@BE ) OWRE - ENFRHICE0F F
R, £wvw) 2 & HESEE 5. Shea and Hammer
(2013a) TIIHE 4 7 L AL S AL FEBR OB A B - B 3
F=FEHLEa—352 LT, HEWHIEBEYTH -
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A EREPL G LILET, TNHIREM M
ENHDHZ LRI LTV 5,

5. SHORE

PR IE DS KBS TOR YT A F I v 7 A%
W £ 9127 o T, MERWHAER MBS & OF: S5 2,
SNSRI BT 2 BB A€ TV DIEHUC F 5
TLDEE, 1FEIZTHERZ, LrL, ZTOZENLDY
BIRMIGER STV, UToXH Iz, REz
PeL72 0, et RO A IR ST MED D 5.

5-1 HEREYIRIROBFEREE

WERPH B T, B~ L o 22RO 1 N
VIR END T ENH L. —T, PRI O W
T, 22 FCTORMFEIL: <, MERMERA L &
WERH AR OME 2 W 2 BN E > Twd. Kl
JKIX, COREEFTHT 5 —2 08 & 2 2D H
KIKIZEKRD 7 54 < v 7 ADOBTHm ) TLEIIR
W52 EATE (Suzukietal,2013), F72, FITOH
FHERELEEE OB %S (Shimano e al., 2013) 12 & 1) R[] 45
@O TCHy T Y P25 8910 hoTETY
5. B TIRAKIKH OREYE ORI 5 2 B# D
HEATEBY (Bl Liuetal,2015), ZOX7) RiEREE
HWE ST, SHREKIZBIARETOIT< T A F
Iy AOHRIEHIND Z L END.

52 YUY LROBEXT—IVRESY

WG L R A — Lo AL ) 24T 121,
10 FHICTHIUE, WIEERREFERT S5 ($HAK, 2006)
H D VIF BB O < 7 < 12D T HER S L7 FE B R
B L UNEDND o2, 7277 LERBNIZIE~ T A
A P~ r<IBoNTBY, H¥2rH -7, w7~
BAZB D S TR T 5 FHOTE S Toramaru et al. (2008)
DvA 7 uT A MNERERUKEERDEE SN, RO
FERBIOD 5~ 7B L Tus/zZ & T,
10 FEHICK & {YEEAsiE b 7.

—J7C, BEKFBEIREER T ET 5 2 & LT
THMIkE LTEV. Tabb, s~ 7 ~<IZEED
S (B2, RERAR DY 1 b 252 ft$ 2 55
DA ZRBEREDOEM) Db L THEERZITH 2 &
T, LDEBIIVWY Y EARESRELNDL L)
EZHTHD, FLRBEOBEDEEVE IS L
T~ 7~ FREHER PO 2T LS S wis (Bl 213,
Castro and Dingwell, 2009), Toramaru et al. (2008) /5%
FHEATE R, 20X BRBHET, BFEO LY ZL
DOWFFREIZT, 4t WEEBITILLIICREIL
WLEENS.

nB, WEOEBRINIZEIC BT, BENRE RN E

TREE A AR S D18, IR 2 BRI & B2 L, SR
MNICEEN—ETHo 7o DIERES, HETH0
MBI TH - 72, WILTIE, ZFOBEREOWZEH] b HIH
LTHY (Applegarth ef al., 2013 ; A & A 57—
RV I RIETOER), Zhb5ROMEOH =%
BROFIIRY ) 5.

%B, WEEBROKREZ T 7~ EA O % R
FToHIH-> T, FLEELHELZTNELR S W
Eb L. ZIULIRE) - PSSR TH L. HH
Fi i ALFEER DB 7 % 5% Bartles and Furman (2002) (&7
WA LZREITOWT, RO, EE ROk
&) (1.5 MHz, 150kHz) % 5-2 5K TOEBRZITV, =
ByOf R~ OB B LR L2 REOH 5 TIHHIE
DEACIMEL, 7 AT M EO/NS WEHERE R T &
HEEs 2 ENRWEZESNT. 72 Kouchi er al. (1986)
EETEE AV b O PR Wi A S 35 T RS 5 [
MECHAAD Z L CHREBPOMEE 5 2 72925k % 1 KIET
Fehti L7z, BEHRIC K o TRAE A & % < 72 2 I 75,
WEHEARKE VI ETEFEIC D), AR L Ik
TIMIOEN A U7z, F7-FEBERE, AR X 4G
D5 ETORMIE, #HETEZTIIE, H8L AL EA)
BBVl FOHRLIES O/ EILA~D
R EIN TP olz, L2 LBETAA T =X 4
(Okumura et al., 2009; HET) 3 7/~DL AT —0D
#RAE (Ishibashi and Sato, 2007) D72, 4 U ) SFHIZE I
BRS e AN T B AE Q@I O, B ORGET BB
Vona and Romano (2013) IFZHAB AV P2 RE L7z
I RIEOFERIC LY, HESEAR T RET 2 &2k,
bR E 5 F TORMZEMHET 5 2 &% HER L
7z.

IR LERIZB W T, IREIRC BRI Ik L
e EBIAThIN T v, JHEFEERIC L 2 #EORES
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