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Degrees of Fragmentation of Crystals Contained in Andesitic Pumice Fall Deposits and Lava

Flows: Case Study of the Eruptive Products of Asama Volcano and Sakurajima Volcano
Maya Yasur™

Broken crystals are often contained in the eruptive products of explosive and nonexplosive eruptions. Although
little is known of the actual mechanism of crystal fragmentation, the broken crystal itself is useful for understanding
phenomena in the course from magma ascent to eruption. In order to describe the nature of broken crystals, the degrees
of fragmentation of plagioclase (referred to as “b/a value”, hereafter) were measured in this study. The b/a values were
obtained by dividing the length of a broken surface (b) by the circumference of the crystal (a) on the thin section.
Plagioclase contained in the following lava flows and pumice fall deposits of Sakurajima Volcano and Asama Volcano
were measured. In the case of the 1783 Asama eruption, the activity culminated to its climactic, pyroclastic eruption that
generated Plinian pumice falls and clastogenic lava flows and formed a pyroclastic cone after the intermittent Vulcanian
eruptions for about three months. The 1914-1915 Sakurajima eruption progressed from the initial vigorous pyroclastic
eruption (Stage 1) via lava flowage with intermittent Vulcanian eruptions (Stage 2) to the long-lasting, gentle outflow of
lava (Stage 3). The eruptive style of Stage 1 is similar to that of the climactic stage of the Asama 1783 eruption. The
eruptive style of the 1946 Sakurajima eruption was similar to that of Stage 2. Concerning the pumice fall deposits,
crystals in a single pumice clast and free crystals of various grain sizes were measured. Multiple timings and fields of
crystal fragmentation are indicated from the following results. In the case of Stage 3 of the Sakurajima 1914-1915
eruption, a small amount of plagioclase shows smaller b/a values suggesting that a small amount of poorly fragmented
crystals was produced prior to the eruption. In this case, crystal breakage related to melt inclusions foaming during the
decompression of ascending magma and to shear-induced fragmentation of ascending magma near the conduit wall are
instanced as the possible mechanism. In the cases of Stage 2 and the 1946 eruption, b/a values are higher than that in
Stage 3. Crystal fragmentation within the conduit could occur, probably due to shock by repetitive Vulcanian
explosions. In the cases of Stage 1 of the Sakurajima 1914-1915 eruption and the climactic stage of the Asama 1783
eruption, average b/a values increased in the order of crystals in pumice clast, free crystals, and crystals in lava. Free
crystals consisting of broken surfaces without glass coating and crystal faces covered by vesicular glass are dominant. It
is considered that the abundant broken free crystals are produced by magma fragmentation and then by quenching of
erupting pyroclastic materials in the eruptive column. Additional fragmentation during flowage can be considered within
the clastogenic lava flows.
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2006; ZH - L, 2007). OB OFIEIZH LTI,
% 21X Pallister et al. (1996), Best and Christiansen (1997)
%> Allen and McPhie (2003) 371 3 A N ~ iU E O
HIZOWT AV I OFEIEI K DR R~
7T OSSR 2 G U, IEAE Tl S O 2B 5
A EBRIMEEL b TS (B 21E, Gonnerman et al.,
2003; Kennedy et al., 2005, Forien et al., 2011). L72*L 7%
O RKIKOB B OB KA B OBEEBNLEL <13k
<, FEPAUZ GNP Z . KR CIZINEE~ 7~
DK & AT O D IR F1 B 728, FeZz M
TERE DHERR M & 2 B IR OB D FEE (%
I B, 2003) WEBT A, BREORERNRE LT
13, FIEEKRILOKIEE A & &AL O KBHE K O
Wz v, BREOIRIE SR EA LD FEA LD
WA 3%, #MOWHEICNZ, BrRELOEH=
KA OB RS G THRET5 2 LI12LD
KR OB DR &35, B L OBIRIZOWTE R
5.

2. EEBREOREREENR

ARWFFE T - B (2003) & [EEED H TR
FEER O IR (b/a fl) ZWIE L7z, F 3 mOLE
WEET I OB akIcbo THEEREZ1TS . KIS
SRR G E L OB RS (FE>0.1mm) O (FHE)
a LW O b & EWE Y 7 b Canvas % JH\WTH) 4
WML —AL7H a bOESHHEEL, bafiiked
72. ba=0.3 & ba=0.8 OFIOHEHFEEH % Fig. la &
Fig. 1b \Z7” 3. B PR HERTY & BERL 9 2 A o &
B R FNES DA, B X ORI & £ AR &
wlER R L Lz, HIET 28R, CoHERmIZY
S EENAFERE Lz, WEEESIE, 5250 THE
EHiACHOSHIE T L, TE Ao R.L %S
BHEDICHA AR L/ B, EEE R, BEO&R
BOGEIZEE) [22onwT, TE BT 100 HF O
PR GO bla izl L7z, EEOMEDDIZ, #
F&RIZhizo THist L725E 3 X C % bla HOHIES
S L7z L UGBS IS BV O 25152
TEZHMICYIW S N7z, SHRE IS SHIRUA
T, WEOTEXWHETLH -7, LILEREAR, T
KA REEOGHEEDN VR VEREIOWTIE, WA O
B AT 2 L CHlER AR L7z, & 2 CIEEn -
RIFBEK &8 - KIEFK O Y B L OB E OB
B 2O E TN D EE 1,068 1H O FHE G OB
JERRE L7z, % BEEMEOBE R R & OBEREE % 51 5
DNWHWTH L7280, BT OD & e ibdy (b/a fE
=0) IR L L7z, EFREHIOW T bafiO e A M7

TAERERL, BA, BRSNS, BEORBRREEDL
—v MoK EITo72 (BlFig.2). AN TLOR
EWEIDID, F—F % T T AR OHRZ T
ZNENDOL A LT T LAOFARR T3, iR % iR
FALEZAh, RELBEVIRDONLWD, HIERK
T+ Cd s LMLz R OMRE & REOM
o BTz, M4 OB RIS OWEiAE %2 Canvas T
HWEL, ZTNEIEHEEPL—EBoESZRZEL LT
o 7z,

K - R &R - RIEB K OB OMEE &
HEN R E LR ORHEL DUF IR R2 . &H - K
BAMEK (1783 4F) CTlE 5 H 9 H & 0 KILIKRR A7 % W
T RENASIIGE L 22 555 WS ICHUBEAT L, G BIBIIa
3 BRI L KK ASEE & 72 (Yasui and Koyaguchi,
2004). 8 H2 H2H 4 HF R E TIZ 7 = — KA
WieiIZd 1), ESE R T KSR O T E0 AT S 1
7. OB ORIC T REO KPR T 12 &
LAPEEOER (i) &, KERES CRITHES)
DOFHEDIEF - 72, S ORI K DRI 7>
THAE L (BFEERO—IL= ). 4 HE»SD
FISEEMIZT ) = =B 7 I~y 7 ALY
BT En (21 k), Ko Ebg, miEa o)
EEFEREFOKRFEFOL=y HEEH L W7
= — XTI L 7ok (B & KIRES) 106
INLIEHOWIIEE MBI, TZTRr7 94~y 7
AQRBETE 21 Fhg) & RIMHA S & S e o Hl
ERMFRET DL, FREOD, TLIIAT v T AD
P 17 B0V T b RS OME 247 - /2.

P ESRIEMAR (1914-1915 4F) TIIm@FIIH L vk
MR E, ZDH%TIVH ) RIEKDWiRET 5 E & D
WA OB RIS L 72 (23F - i, 2007). 2o
WL 3 2OAT—JITKEN S, 1 A 12 HICHA
L7227 =3 1 T, EILEOEHE K2 55K 36
I R L v 7)) = — RS & CREA ASA LS
BT L7 CRIEEA). MEAAEORIC Tl KED K
BT & 2 KRR &, KR E OBz ) (O
FILEORIEES TI O—3L= v MIHY), B2 /hH
B K b Lz, Z20H%o8 20 HEORATF =
2T, EVEILE E D ENH OO KOO 0%
(T DEHADH > 72, AT —T 2 TEWHIZT VS
AN GHZ > TREOEIKDEH -7z, 191442 F
VIBEOMEE) (A7 — 2 3) @HMLEIZES h, 7vh )
KK OB IR EIZTHE S 7205, ET207 AU EOE
HlZb 7o TR PR ES (T2) OUTAMEE L7z, &K
OBAIZX Y, AWfETIEAT—Y 1 O TEA (KRIE
BH) EAT—TV 1~3 0Es R ELEOKIESE:S)
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0.125 mm
Fig. 1.

Photomicrographs of broken plagioclase contained in lava flows. Symbols: X, cross polarized; P, plane polarized. (a)

Photograph of lava of the Sakurajima 1914-1915 eruption. (b), (c), (d) and (e) Photographs of the Asama 1783 eruption.
(a) Example of poorly fragmented crystal (X). The degree of fragmentation (b/a value) is 0.3. Broken surface is shown by
white line. (b) Example of highly fragmented crystal (X). Value of b/a is 0.8. (¢) Broken phenocrysts and abundant
crystal debris in the groundmass (P). Sample is taken from the terminal of the Onioshidashi lava flow. (d) Cracked
plagioclase (P). Thin section is the same as (c). (¢) Enlargement of the cracked plagioclase of photograph (d) (P).
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Table 1. Summarized table of degree of fragmentation of plagioclase.
Container . b/a
Erup- 1t broken Erup- . Grain Average | Number | value
tive aqi Volcano tive Unit size b/ | . 0%
roduct | Pa9'c age (mm) avalue >50%
P clase (%)
21p 0.39 100 25
Asama 1783
17p 0.34 32 19
Pumice Sak 1914
clast akura- -
jima 1915 Stage 1 0.34 80 14
Haruna mid 6¢ 0.6 22 91
Total
(2.0-0.0) 0.45 100 35
21p | 075-05 | 034 22 9
0.5-0.25 0.52 21 48
: 0.25-0 0.53 30 53
P“fra"l'fe Asama | 1783 —
ota
(2.0-0.0) 0.49 107 50
Free 0.75-0.5 0.44 18 44
17p
crystal
0.5-0.25 0.54 18 50
0.25-0 0.54 39 59
Total
(2.00.0) 0.47 107 42
Sakura- | 1914- 0.75-0.5 0.41 23 26
jma | 1915 | Stage?
0.5-0.25 0.5 28 46
0.25-0 0.6 32 72
Asama | 1783 | Onioshi- 0.53 100 54
dashi
Lav Stage 1 0.53 137 48
ava Lava 1914-
flow Sakura- | 1915 Stage 2 0.41 90 26
jima Stage 3 0.36 101 12
1946 0.45 114 27

*: Measured number of plagioclase grains. b/a: the ratio of length of broken surface (b) to the total circumference of a
crystal (a). “b/a value" was measured for plagioclase using the microphotographs. For detail, see chapter 2 in the text.

W2 XU, BRFIAAIE 1946 43 H 10 HE2 S 24 A
FATh oo ThEE L7248, BaimthomM s 7 7 X
KW Z - 72,

3. BAKEEN3BROBHRE

EH - KB 21 FREEAWR T 2BANFICEEN
LEEADFI blafiild 039 TH Y, WHZBoE5LEAs
W (b/a f>0.5) TH L EA1L25% TH 5 (Table 1).

Pl - RIEBAOBAR 7128 N8/ OFY b/a
12034 TH Y, TZOP4LLLEABEWTE (b/a fii>0.5)
THLERIE 14% TH 5 (Table 1). 5 - KIEREA T
X baflins 0.61 X0 &R FIEASNT, EHE - R
A1 21 T I b/a HOWEASR (Figs. 2a and 3a).
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- KRR 21 8 128 T2 ERE ROREN
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Fig. 2. Frequency diagrams of the degree of fragmen-
tation (b/a value) of plagioclase contained in the
eruptive products of the climax of the Asama 1783
eruption. (a) Plagioclase contained in the pumice
clasts of the 21st layer of the pumice fall deposits (N
=100). Number of thin sections is 7. (b) Free crystals
of the 21st layer of the pumice fall deposits (N=
100). (c) Plagioclase contained in the Onioshidashi
lava (N=100). Number of thin sections is 4.

RO bla flild 045 TH Y, BEE D400 LLEDSHE
i (b/afi>0.5) THHEEIL35% TH S (Table 1 and

Fig. 2b). KIZEMIZZ\ 0.75mm LU ORZIFEH T
Ll HIRLZZR A2 E balfEOFERKE L, »olnsh
D55 LLEDSHERIE T & % R T O E A DK Z v (Table
). D70, & - KA 17 HBRBIZOVWTARD L,

0.75-0.5mm X[ T 21 THREBIZILRR R EHEETH 5
Y, X D VIX R 21 T L FIERBEOME R T
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Fig. 3. Frequency diagrams of the degree of fragmen-

tation (b/a value) of plagioclase contained in the erup-
tive products generated in Stage 1 of the Sakurajima
1914-1915 eruption. (a) Pumice clast of the pumice
fall deposit (N=280). (b) Free crystals of the pumice
fall deposit (N =107). (c¢) Taisho lava (N = 137).
Number of thin sections is 6.

(Table 1). B - KIEE A 0MaE, Bk SoEN
EROFI b/aflild 047 TH Y, 4!@»3430)4:)7 Db 5T e
fi (b/afE>0.5) THHEAIL42% TH5H (Table 1). 0.75
mm DT ORAEETIE, MRLIZ 72 51T E bla EDOFIHHKR
&<, homEON5 uLﬁMMFT%%ﬁTWHA#
K&\ (Table 1).

DLEACIR L7260 - RIFESA &R0 - KIEEA Tl o.
47 Wi OB OB S AS v, WRICEHT 5 &
ELELOHFTD 0.5mm LT ORI E W b/a il IR
T L ODBLWEHTA D B (Fig. 4).
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Fig. 4. Relationship between the degree of fragmen-
tation (b/a value) and the grain size of broken plagio-
clase crystals. (a) Eruptive products of the climax of
the Asama 1783 eruption. (b) Eruptive products
generated in Stage 1 of the Sakurajima 1914-1915
eruption.

5. BEICEFh2HBROWHRE

- RIS OFI b/a X 0.53, wE 0550
LASHERTTE (b/a li>0.5) T L E A1 54% T S (Table
D). MBKLOKIEBEEDI B, AT 1 OBEHIZE
INLFEEADOF b/afilild 053 TH Y, blafE>0.5 1%
48% T A (Table 1). [FAEICA TV & Table 1 BL O
Fig. 5 &0, A7 =V 3DEEEZAT -V 1 BLUA
T =3 2 OEE AWM, W5 DL EAS
BEIRTT C db 2 4GS 2SI L ~FEF D e W 2 &R SN
L. FIAT— T2 OB L BAES I L 7w
Z7RY (Table 1). F7/2AT—3 3 DES (Fig. 5¢) 138
MEB LA LTI LOFIRAKIEREA (Fig. 3a) &
L3 % (Table 1).

WIS BRKILO B S OWH RFHEA &4 = (BPL) (%
-, 2007) L REVEORIMREIRE T 4. BPL OilllE
HiEFLUTOEBYTHD. 1) HEOHF OF L
GHEYHET 5, 2) EMEE T TF0.5mm L EO#E IR
FHEABESZERL, T LEEIIY—295, 3) K4
YAy METHERRFIEA EHERRTRVRIERE
WET S, 4) W TR IRBHRABES O & H & (BPL%)
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Fig. 5. Frequency diagrams of the degree of fragmen-
tation (b/a value) of plagioclase contained in the lava
of Sakurajima Volcano. (a) Stage 1 of the 1914~
1915 eruption (N=137). Number of thin sections is
6. (b) Stage 2 of the 1914-1915 eruption (N=90).
Number of thin sections is 5. (c¢) Stage 3 of the
1914-1915 eruption (N = 101). Number of thin
sections is 6. (d) 1946 lava (N=114). Number of
thin sections is 4.
%59 %, BPL=100 X (BPL* = (BPL* +NPL)) = Z

T, BPL* : B IRBHRA DA 7 >~ M, NPL B IRT
EawglEaos Y v ML IR - Al (2007) 12 XU,
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Fig. 6. Relationship between the content of broken
plagioclase (BPL %) and the average b/a value
(degree of fragmentation) for each thin section of the
lava of Sakurajima Volcano. Stages 1, 2 and 3 are
the lava flows of the 1914-1915 eruption.

KIEEE OB RKE = (BPL) X, 27— 1 OEAET
60% L&, BEFEREHMAREZRI O L, X
T =3 2 OEEIL 50% BiA THESMBRITIZL A LRD
LN, AT —T 3 OEEITE10% HifE & B IR

BIZZ L, BRI D RO S,
mﬁ&ﬂﬁﬁaﬁimmaéﬂmttm&@(%
DWW blafix ib &, MHEITIZIEOHBEN AL,
WHEDE TP AT —Y | OEE, AT—YV28E

UGS, AT —Y 30EAEDIHTH % (Fig. 6). Z
DT EDSWHRIREMCE RIS, Hr ofEAD
B b B VR D,

6. BOPOKSE, BEMiER, NBRBEEPOERDE
HEDLE

T - KA o AT S & B - RIER KD 2 7 —
VIOBEEREE RIS F VT4 v ZHBERL, 80%
BIZOE IR s (BPL) 7R3 2 &b, Tihth
ERBAEETH Y, BTERAT L LT ==K
MR V2R T BT L 72 K O 5 & B & %
KRB THDLEEZLNTND
2004; %3 - B, 2007). S TIRINLDEEICETN
DAEEH ORI &, BT AR 2 BT 2 BA 12 A
F N A B & OHERERS  OBEPE D AT .
&W~ﬁ%ﬁﬂwﬁ74vvﬁx@%&%Ti,%T
A Q1 TFERE) ORMICETNARER, EHEES, BE
2B F NS OMEICHE - IRFHE A O3 bla HATK &
{7 % (Table 1). EFho P55 DL LA (b/a iti>0.5)
THhLEEGLEBDOIEFTRKE (25 (Table 1). B A T
7T A OTGIRITHERERE b & EEDRRPT WS (Figs. 2b
and 2c¢).
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Bl - KIEBKDOAT—Y 1 0%a0, Balcain
it WG S, BEICEENLRRBONEIZ Y ba
EAYKE {7 % (Table 1). FaFho 43Pl - sHERTI (b/a
fili>0.5) THHEE S FEFEDIHIZKE %% (Table 1).
S S A N )N il_?’ﬁ% HEBEEDRRMUTN S
(Figs. 3b and 3c). HEA (L HERERS 5 R 765 12X bla fHO
@A\ (Fig. 3). 723 Fig. 3¢ (X Fig. Sa L [M L7 5 7T
H5b.

I - RBIER SRS - RIERAC S il LT, ARk
BEIE T baftind 0.5 Th Y, WEO 55 L L2k b
i (b/afli>0.5) TdhDHEEIL50% Rtk e, BALHEHE
AR LA S OB DS E V. b/a i & RO R E
HD & (Fig. 4), S - R CTIEBEHER & OB R

R=—04, KWHHESAE R=—0.1, BAIE R=—02 %K
TR - RIEMCAK T BRSSO BRI R=—0.4,
A@&@aiR:fm BHIZR=—01%RT. T
AU AHBI AR 25, EBERS 5 13 b/a il & RIS R0 X0 HH B
BHY, WHEOECEEATIRICZ BRSNS,

7. i Eid

7-1 REROWELEFRO S

DR olk, BIEASLHESLE Vo 72T
EOEVR, [ LA THEEORBEOENIZ LY
FESLOBEE SR 5 2 L HUREN, RSO LB
SGHECTHDLIENTFERIND. 22 TIIAEEOBRIEIZ
TNz, B RS S & A = i TR S O HLKE O i D
BT, EHAKLEBEEKILOHREFIZONTORKRHD
Wiem R 2 WEAE L, TNZIUIOWTIHRET 5.
7-1-1 R R OB

Arlnl@ige L 723l - REIR & B SRl - KO
KOBETEAHERYICE LD 1 mm B OO b HERE
flE, WU 2R T 2B AR FNICEENS 1
mm IO, & ESFETHL 2 nn, v 7<h
OHEAEH L -dbDEF 2 E5NE. 2F 8 KD 15
B0 FE T EAHERE D v B S OB b/a
A - (2003) 12 K AUE, E OB b EERE
i b ERERE DWEAST . F 228 Fr IR o stz et (3 B T
BEOEVHOLRD3D2DF AL IR EnD (i -
@,mmmFgw 947A'%%ﬁ#%ﬁtﬁﬁﬁ#
S, AESEINIZ ) TFOBIKOIA L 7277 AT <
LENLDS, Mﬁ@iﬁ7z_%bﬂfw&w,547

CHRERASRE SN S EWIE A S Y, HH T A EF
ﬂé,&47C.K%%T%%@¢&fﬁﬁ%ﬁfﬁi
n, BT AEDNTWERW. ¥4 7 AL BODOBI#% Fig.

TAIRT. BRSO LEI A TATHY, 547
BidAdwv, FoMif aiEMmcZs A T A, ¥4
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0.5 mm 0.5 mm

Fig. 7. Photomicrographs of broken crystals contained in the pumice fall deposits. Symbols: X, cross polarized; P, plane

polarized. (a), (b), (c) and (d) Photographs of the 21st layer of the pumice fall deposit of the Asama 1783 eruption.
Photograph of (e) a pumice grain of the Sakurajima 1914 eruption and (f) the Haruna mid-sixth century eruption. (a)
Breaking plagioclase contained in a single pumice clast (P). (b) Same as (a). Penetrative cracks are seen in the
plagioclase. Photomicrographs (b) and (c) are examples of plagioclase with cracks filled with vesicular glass (X). Arrows
show cracks. (d) Plagioclase free crystals of types A and B (P). Broken surfaces are shown by black lines. Thin glass

coatings are shown by arrows. (¢) Note that crystal debris in the groundmass is scarce (X), (f) Note that abundant crystal
debris is scattered in the groundmass (X).

C b\, SNBIE LM OBESEOS CREINE I 7~ ol (K3 E /& E ST AV bR

Nl Lo ETEIA T CHhIA TATHAS. HEAFICHB SN TEFINLIRAEIEZ SN D
7)) = —ARERICB U 2B TIERER S & &b Martel et al., (2001) 1&, SHIC L D RERICRBENPEL D
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Fig. 8. Schematic illustrations showing expected pro-
cesses of crystal fragmentation generating variations
in free crystals of Types A, B, and C. (a) Formation
of a fracture through the crystal in the bubbly flow,
probably owing to burst of melt inclusions during
decompression of magma, (b) Formation of broken
free crystals of Type B owing to breakage of crystal
shown in (a) in the course of magma fragmentation.
Note that the whole crystal is surrounded by a thin
mantle of vesicular glass. (c¢) Formation of broken
free crystals of Types A and C by rupturing of Type
B shown in (b), caused by quenching in the eruptive
column. For detailed discussion, see chapter 7-1-1.

CEHRERNICRL, BEHBICLAWBREEZ. 20
CEPHENE AT BRI, BT AR
MEEIILHAYE U ClE T 2 TTREMES D 5. Z 0k, i
<ﬁhttmm@mﬁi&47cmﬁ%§ 275k
FHEEND (Fig. 8¢). b, BEEAGRICAOND
T ANEDINT AR WHERTTHNE, BA s o & 2E
Lo 7O L D RICTE LR SN S,
54T AL BOBEHERIZIE, BT T ADE W)
AOND. ZEOXIAEEE AN FDET 5020 L
FEEBNITEAEEE L W L2 o T IasgsA L,
AESHEB O A )V RS SR L 72 & 5 &, RS
JABE DT APHNZ EDFHATE L0 Litkwvy, K
BN E LRI AR~ 7 ~HTIE, SoFERIE AL
b & DEEEE L RN T2OIZ, < 7 OB 2RIV

WZAE S O B AS e U CHEBERS S E U A TTHEME D &
b, Bz 5L, SIERICBV TR OMEET 5359

AP L CHERE L, TC A AE S DD % WHISAHA R
ThD, LEH2BZLLTED.

7-1-2 BRAICEFh 3 FEROWRERR

SRR E L&Al - R & BBkl - KIE
MK O e AR Y O BEA R N O G121, bla
ﬁ#oaﬁ%@ﬁ@ﬁ@ﬁwmmﬁﬁﬁﬁﬁéa@sh
and 3a). Z O 2 & XA OER ORI D K OB
HoleZ ERFIET D, KD LD Bl OB

PO At U
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ESIAL; TR 1 RS SNE O 2V M A Y OIS
X 2 B R OB, TR 2 - B~ S~ o RO
STWTRERE, TTRRTE 3 ARG DS, Pallister ef al.
(1996) %> Best and Christiansen (1997) &, #5fa@ifE0 A1
ZAERE L L CTREME 1 12D W CRERm L, Allen and McPhie
(2003) 1Z T HEM: 2 ’i’ﬁjﬂ‘ﬂ Lf: % 72 Best and Christiansen
(1997) (ZWTREME 1 DU T RENE 3 12 & o T OB IROF
SR END Z L BIRRT WD,

HHEPE 1 I2BE L CZ 2 Cld Fig. 7a & Fig. 7b (2R L7
EH - KRG 21 FROBAR FOMMICEHT 5.
C OBEARAIIIE, B & TR S s kO IR
OFHFEAREDE T T WS, WA ) BRI O R
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Fig. 9. Photomicrographs of a crystal clot contained in the lava of Stage 3 of the Sakurajima 1914-1915 eruption. Symbols:
pl, plagioclase; ol, olivine; X, cross polarized; P, plane polarized. (a) Whole view of the crystal clot which consists of
crystals of plagioclase and olivine (P). Squares and a circle show the areas of photographs (b), (c), and (d). (b), (c), and
(d) Cutouts of the crystal clot. Note that the boundaries between different crystals are subhedral to anhedral in shape (X).

(e) An ellipse in the photograph shows the boundary between plagioclase and olivine. Note that the zonal structure of the
plagioclase is cut off at the boundary (X).
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Fig 10. Schematic illustrations showing the timings and fields of crystal fragmentation in the different eruptive styles.
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