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Eruptive Style and its Temporal Variation through the 1914-1915 Eruption
of Sakurajima Volcano, Southern Kyushu, Japan

Maya Yasur®, Masaki TakaHAsHTY, Kazuhiro IsHTHARA™* and Daisuke Mikr**

The 1914-1915 Sakurajima eruption was the largest eruption in Japan in the 20th century and erupted
andesitic magma was about 1.5km® DRE (Dense Rock Equivalent) in volume. Pumice fall and lava flows were
generated from the fissure vents on the western and the eastern flanks of the volcano and pyroclastic cones were
formed around the vents. Eruptive style changed with time. It is divided into three stages. After the initial,
vigorous, Plinian eruption of about 36 hours (Stage 1), extrusion of lava associated with intermittent ash-emitting
eruptions with or without detonations lasted for about 20 days on both sides (Stage 2), followed by an outflow of
lava for more than 1.5 years on the eastern side (Stage 3). Consequently, the vast lava fields, which consist of a
number of flow units formed on both sides of the volcano. Some units of lava show evidence of welded
pyroclastic origin, suggesting clastogenic lava. In the western lava field, surface blocks characteristically consist
of pyroclastic materials which show variable degrees of welding even within a single block. Typical eutaxitic
textures and abundant broken crystals are also recognized under the microscope. Some flow units can be traced
upstream to a pyroclastic cone. These features indicate that many flow units of lava on the western flank are
clastogenic, which were generated by the initial, Plinian eruption of Stage 1. In the eastern lava field, evidence
of pyroclastic origin is rarely discernable. However, the content of broken crystals varies widely from 20% to
80% in volume. Most lava flows, which were erupted in Stage 2 associated with frequent ash-emitting eruptions,
contain broken crystals more or less than 50%. This fact indicates that magma in the conduit experienced
repetitive fragmentation and coalescence due to intermittent explosions prior to outflow. Lava flows of Stage 3
contain much smaller amounts of broken crystals indicating gentle outflow of coherent lava. Relatively
large-scale lava deltas developed toward the sea in the eastern lava field. Eyewitness account at that time reports
that ocean entry of lava from several points started several months after the beginning of Stage 3. Although
small-scale breakouts formed at the flow fronts of some lava on both sides, a large volume of the deltas can not be
accounted for by secondary breakouts of ponded lava within the precedent flow lobes. It is considered that lava
tube system fed lava to form the lava deltas.
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Fig. 1.

Index map of Sakurajima Volcano (a) and distribution of the 1914-1915 eruptive products (b).
submerged lava flow on the eastern flank is after Ishihara ef al. (1981).

Area of
Isopachs of the 1914 pyroclastic fall

deposit by Kobayashi (1986) are slightly modified. Thickness in cm. The squares on the map show the areas

of Figs. 2, 3a, 8 and 9a.
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Table 1. Summary of ash-emitting eruptions and period of eyewitness of incandescent lava during
the 1914-1915 eruption of Sakurajima Volcano. Data were based on Kagoshima pref. (1927),
Omori (1916b, 1920a) and Yamaguchi (1927, 1968). One month is divided into three in the
table: early represents from 1 to 10, middle from 11 to 20, and late after 21. Phenomena
including rumblings, air disturbances, detonations and eruption clouds were observed at the
north of Kagoshima city and were recorded in detail in the journal of Kagoshima
Meteorological Observatory (Kagoshima pref., 1927). Based on the descriptions of the
journal (Kagoshima pref. 1927), types of ash-emitting eruption are defined as S for eruption
with shock and detonation, R for eruption with rumbling and A for eruption without shock
and rumbling. Number of days of individual type of eruptions were distinguished by, © for
more than five days, O for three to four days, and /\ for one to two days. Asterisks show
the period of tromometer observation at Furusato (Omori, 1920a). According to Omori
(1920a), tremor and air disturbances were observed throughout the period of the observation
and sometimes detonations were heard. + indicate witnessed incandescent lava.

Western flank Eastern flank
Year | Month Period Type of eruption | |ncand. * Type of eruption Incand.
s R A lava s R A lava
Jan middle © + O ©) ©) +
late (O3 I©NN O] + A © ©) +
early Al O | © * A © O +
Feb midde | O | © | A ¥ | O ©) @) +
late O| © ¥ | A © ©)
early O * © O +
Mar middle * A © © +
late * | O © © +
early * | A © © +
Apr middle * O A
late * A A +
1914
early * O A +
May middle * A
late * | A O O
early A O
Jun
middle O O A
Jul +
Aug
Sep late +
Oct *
Nov *
Dec * +
Jan *
Feb
Mar
1915 early +
Apr middle
late +
May ~
Sep
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FEEILEIC > W CHERRBOSHOKRE & « HE,
A LHPBLEDO A FOE (Fig. 2) IS 0wTa
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DIFRD L WIKHEOEAE bHEFN TV S, W23 Cl
KOO CHICAES 5 F— 2 ROMIEREE D (Gl
) 2EL BOHEREYI TH B8, EEBIRE L OZERE
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Fig. 2. Surface features of the 1914 eruptive products on the western flank of Sakurajima Volcano. G1, G2 and

G3 show the localities where samples for sieve analysis were taken.

HTRZMED W1 LEFENTH S, WIBXU W2 D5
i 5k C3 kAFIfF A& LcER Lkm 2B A
BARID KW BHEE S0 5 (Fig. 3a). $Bibd 205, C3
KB O JEPHO RN (F B FE UK Ic A 04
CTW3, REAFEEES W3 Ko R & % 2
SNBM, T O EMERD & K OFARIGRETH
PEIC R ik L 7 BRIIGHEEAE L o b, HKEZD
C1 KB D BB (S 75 g A A3 5 KFe o Wi
BROND (ZH: - b, 2006 DEE 1), KILITEEOHER
PIDIEX 13 50~100m TH 5 EHESNTWS (L -
fl, 1981). MEKBALE 1~1.5 KR O FEICE, AT 5
WD IRTTIT KE D KM TR LR SGDAVEEG | &
BRSO F ST SN 5. EKBIGIE %) 52
BOWRDEEF SRS, BuAILbokHickd
5 3.5km BN 7o E TRED AW (Koto, 1916; Omori,
1916b). MEKBIIAE %I IZEEPE 1.1km LI EIT b 7 2 Mg
FEA%5,000m Ll ¢ A L7 (Omori, 1916b). LI E &
DIRGIE D7) == XEATIE, ClH 5L~ Tkm
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KWETOHEE AN 54 5 &, KOTEE~E R LIk
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“B” shows the locality of photo b in Fig. 5.
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W3 FHIGICHE S MU S TH 5. Ca &
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WeEC DS HEE S 115 (Fig. 3a). (RICHEN2% W4 13 W3 & X
F 3L ICEILIC R L TV A T &S, W4 O R
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W4 13 W1 Ko #EEHIPH (Fig. 3a) & 0 PE{lIC
9 5. LTl 1km P EOIRZFES, TRT3 >0

I b, WA DREITIRKEIIN 51557
0y 7 HEL, BT oy 7 NTHINT X D iE-EED
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D7 oy 7 BRREHONGE. WAL W, W10, W1l IZED



R KRR K DMK R & = DIRFREIZAL 167
\
Akobaru Y
Koike
Bore hole site Hakamagoshl N | ‘ Cc2
\ X il e v‘u‘ I
IE Ililmm BRBBC luo ‘:"‘:‘;0"“ ”””"”“l"’
Yokoyamal ||||

Akamlzu ‘
‘1 1 w10
A 11| W4
I
} Vil
Atagoyama

Location of
buried
Karasujima

|Wmmm Wm
1M
"||||

'
il VA

YI

Hikinohira

\" I
1 km

] Yunohira

z

Hakamagoshi

Altitude (m)

.

Distance (km)

(b)

J/

Fig. 3.
1 and W3: the remnants of pyroclastic cones.

(a) Distribution of individual lava flow units, p

yroclastic cone and craters C1-C6 on the western flank. W

Broken thick curves show restored outlines of collapsed cones

W1 and W3, W2: pre-existing domal edifice “Hikinohira” which is thickly covered by the 1914 pyroclastic fall
deposits, W5 and W6: lavas on the pre-existing slope of Yunohira and Atagoyama, respectively, W4, W7 - W

14 and W16: lava flows, W15 and W17: pyroclastic cones around the explosion craters.

(b) Three sections

(X-X’, Y-Y’ and Z-Z') through the 1914 eruptive products on the western flank. Vertical exaggeration is two

times.

Numbers on the sections denote unit numbers in Fig. 3a.

Gray area shows the 1914 eruptive product.

S1: shoreline before the eruption, S2: present shoreline.
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B

505, W4 3 KBIEEZ D S FH Lo aJfelknd 5.
W5 & W6 L, ThENGoEEELosHE I
DT 5. 191443 HOBH (B SR IEYIEE 1988
DI 30) T3, BOFOFHAICTNE Y DWW I EE
PEEANCTEN NS> TW 3. WA ORBITHNT 5720, W5
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Fig. 4. Diagram showing stratigraphic relationships
between units of the 1914 eruptive products on
the western flank. Black tie lines between blocks
are stratigraphic relations based on the aerial
photos. Approximate date is shown on the right.
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Fig. 5. Photographs of the 1914 eruptive products on the western flank. (a) Pyroclastic cone seen from

Yunohira. Cl1: Cl crater, C3: C3 craters, C: flat-topped surface of the pyroclastic cone around the Cl1
crater, F: fractures develop on the cone, H: Hikinohira, M: Minamidake and K: Kitadake. (b) Coarse
pyroclast contained in the 1914 pumice fall deposit. It locates 1.9km NW from C1 crater. Locality B in
Fig. 2. Scale: 33cm. (c) Surface block of W10. The degree of welding changes from weak to dense
downward within the block. It locates 1.5km WSW from CI1 crater. Scale: 33cm. (d) Moderately
welded part of W10 near C3 craters. It locates 0.9km WNW from Cl1 crater. Note that many flattened
pyroclasts are contained. Scale: 33cm. (e) Densely welded part of W10 near C3 craters. It locates 0.9
km WNW from C1 crater.
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Fig. 6. Cumulative curves of the grain-size distri-
bution of three samples taken from non-welded
part of the units W4 and W10 on the western
flank. Localities of samples are shown in Fig.2.
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Fig. 7.

Downbhole variations of density (kg/m?®), phenocryst content (vol%), bulk SiO, content

(wt%), bulk CaO content (wt%), FeO*/MgO, and broken plagioclase (BPL) content (vol
%) for selected samples from W9 on the western flank. Bore hole site is shown in Fig. 3a.

Lithology is shown on the left column.

Sl: soil and sandy part, B: breccia, M: massive

lava, P: porous lava, A: alternation of massive and porous lavas, S: sandy part.
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Fig. 8. Surface features of the 1914-1915 eruptive products on the eastern flank of Sakurajima Volcano.
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Fig. 9. (a) Distribution of lava flow units, pyroclastic cone and craters C1-C8 on the eastern flank. Units with

simple numbers are T1 lavas, while those with white numbers on a black background belong to T2 and T2’
lavas. Areas S1, S2 and S3 are submarine lavas of which thickness estimated by Ishihara et al. (1981).
Broken thick curve shows an assumed area of pyroclastic cone E1. Arrows show assumed direction of lava
flows. a: Locality of “Akashi-gongen” at the time of the eruption, b: flat-topped depression which is
considered to be buried by post-eruptive reworked sediments. c, d and e: slope covered by the 1914
pyroclastic fall deposits, f: area covered by the 1946 lava. Seto, Waki and Arimura are villages buried by the
1914 lava. T: Tatsuzaki, S: Shiwofuki-zaki. (b) Three sections through the 1914-1915 eruptive products on
the eastern flank. Vertical exaggeration is two times. The 1914-1915 eruptive products are shown in gray,
which is limited to subaerial part for Z-Z’ section along a pre-eruption offshoreline. Broken lines in the
sections X-X" and Y-Y' are estimated sea floor based on the pre-eruption topographic map. S1: shoreline
before eruption, S2: present shoreline, N: Nabeyama, G: Gongenyama, M : Minamidake
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Fig.

10. Photographs of the 1914—-1915 eruptive products on the eastern flank. (a) Panoramic view of the eastern
flank from the top of Sakkabira on October 1916. N: Nabeyama, A: Akashi-gongen. (b) Photo of the area
shown by square in (a). It was taken on 22 April 1915. Black, blocky lava (L) can be seen in the
foreground and T1 lava and E1 pyroclastic cone in the background. Photos (a) and (b) were taken by the
Imperial earthquake investigation committee at that time. (c) Occurrence of the surface blocks of E§. A
field note in the center is 15cm long. (d) A block in E8 showing variable degrees of welding. Non-welded
part can be seen around the hammer with 44cm long. (e) Blocky surface of E20. A hammer in the upper
center is 44 cm long.
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between units of the 1914-1915 eruptive products
on the eastern flank. Black tie lines between

Diagram showing stratigraphic relationships

blocks are stratigraphic relations based on the
aerial photos. Approximate month is shown on
the right. See subsection 3-3 for the periods of
generation of individual lava.
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HICHROHIFEA A &1 % (Fig. 9a). A5 7 v 5 Ok IE:
Wiz> W TR 63 HiTkild 5.

Pl bckaat Uicii o nic kb, fljo&x
= MIEE2~E9 [ T1, EI0~E19 (3 T2, E20 5L U'E
21 3 T2’ & 5. LU0 (1975) ic ki, SHoE LI &
b 2 B LENCEEmREIMELL L icns, BElcidslok
Onr Lwias GE2iEs) 2H Lc. T o E5#t
T2 BRI T Lchs, SHElTlidZ oEKIC T2 O
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A
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il
=

M E s fc k5 TH 5.

4. KIEFEAXOELHOLE{LEHEK

KIEME K DE YO 2G5 b fakico v, (hd
(1927), F2iie « /MK (1986), fEE « &1 (2001) 75 & D
E3H B, T e /K (1986) DK 1012 L 5 &, SiO, &
Ae (EE%) BV NEAD 62% Rk TH 5 DI
$tL, IEDZNIE 58.7~61.8% TH 5. 1L (1975) I
SN, REBEOE 2 HEEmIEE L Eamic N
PRSI0 ITZ LW, ERE 2 EAEREILVERERET
B, BENCHEAIHRS. IO 1B X U5 2 11
BARO T1, T2 IcZhZFhtd 5. 2 TIEHEMEL
fE D RIEZ S DFME D S RALL 7o G5t 79 Mo ek -
WT, A EIT- 2. Sio, & &3 58.3~63%
DIENH VD 4.7% DOHKIE AR 9 (Fig. 12). fl& L T
Si0,-MgO [X|% Fig. 13 1Z/89%8, Si0, & St DZE(b
X ETlE, KREBSEZ—ARD LY FEERT 2. DT
THEBELIEOZESD T1, T2 B X0 T2 O 4 E b4
RIS W TR 5,

Tl & T2 Z iR d % LRIE O KEBS1E 61.5% LI &
SIO, ICELE A S 5. TLIZSWTIZ, PO EPH
13 61.9~63% ElEAPVDITKT L, BllDZhid 60.6~
62.7% & TIL (Fig. 12). % 72 PE{l O 75 O Si0, &
HROEIRIHOK POz & ZTEHTH 5.

B D T2 OFAREPH IF 59.4~62.4%, T2'DZ 1
58.3~60.8% TdH 5. T2 & T2 OAEPA X IZIEERET
BB, T2OHBEHLENICSIO,SHERICZ L., FH{
DTL &3 &, 60.6~62.5% DS THLRLEIPHAS S
4% (Fig. 12). SiO, &HEMEL T2 ORMAEIFH & EE
T2 Tl bbFPITIFET 5

PENLIE D7 (T1) @ SIo, GF &I =y Mok 3
EORAE LN, WIDFE—Y) vrarvaklicbnt
b, FEEICX BEIZETIS W (Figs. Te, 7). HRMANLE
DIFAETIZ B6, E7, Ell, E12, E15~17 /' 61.4% A
Td % (Fig. 14). E10 & E14 REFFREHED 5 A 5 & T2
ThbdEZEZONED, SHARERIL Tk iR
TEMEDD 5.

5. KRIEEXDOEHYOLHELFIFH WG
RE

KIEES ORe#E AP RFBIc > W Cid, (hE (1975),
&1l (1978), FEE « &0 (2001) 75 EOWERH 5. A
MR TRBEROEARZ 7 — VO AIRZE & 45197 Ko
OB LT - 1o, WE OGS AILEICNA, A0
PR SAHAR A IR O R oA & S RICEH LG
WAL IclN 5,

* IR « AIFEFI5A « TREAS

>
40
WWEST-T1
30 | | oEAsTM
MEAST-T2
20 | | mEAST-T2

10 |

Number of samples

59 60 61 62 63
Si0, wt%

Fig. 12. Frequency diagram showing distributions of
SiO; content of the 1914-1915 lava. For defini-
tions of T1, T2 and T2’, see text in Chapter 2.
An arrow shows the range of SiO, content of the
1914 pumice fall deposit.

4.0
° ]
30 | = %0
S STHJ
E e,
o 20 @ WEST-T
o} :
= OEAST-T1
10 I mEeAsT-T2
©EAST-T2'
0.0 .

58 59 60 61 62 63 64
Si0, wt%

Fig. 13. SiO, vs MgO diagram of the 1914-1915 lava.

KIEES R oft i 2 R Ic & O (Figs. 152, 15
b). T TRIEHOEEICEDL ST, DL T bW
B oNBGE, BAKERE T 5. RO S bk
LEAZVWEEMISVLT, BAROMEGHEOEE
& (BIF, BPL &S 2ROLETHRE L. 1) 458
oA o5 EME LEEAHET 5, 2) BMEE o
0.5mm DI Lo IRFHRE AR E L L, EEICH%
S5, 3) £4 v b Ay v METHREEG & BR
THOVRIEAZNEST 5, 4) kA THEREHEA RSO
SR ((KE%) 2R 5.

BPL =100 X (BPL* = (BPL*+NPL))

2 CC, BPL* BHFIRREE GO A w v 8, NPL X
Wk CEBVRIEAGDO A Y v M ITH 5.
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Sakkabira

@ Si0261.5 wt% >
O Si0261.5 wt% <

Tatsuzal

Fig. 14. Map showing spatial distribution of SiO,
content of the 1914-1915 lava on the eastern
flank. Units with simple numbers are T1 lavas,
while those with white numbers on a black
background belong to T2 and T2’ lavas.

13 5tz BPL [EDZE[i53 7 % Fig. 16 1<, HESH %
Fig. 17 IZ/R 9.

5-1 FEAILEOELY

Fall LiE o KIEES AR BN S ORteE~
JKEa) T, BROEANTEHEO R 5E9HAE—IC
DT AGGRS 5. HEAh 2aGd 25580200
bR DO—oTh 5. HUNEOKEFEICHA~REA
HEERS—RRICHIRI T, KFEDEARDFRIEAD A X3
E1.7mm, ;K 3mm TH 505, fHEALT A XONHEH)N
2mm Pl EOEARICIERA 6 mm OB OREALE
N3, AHREBZETH 20, HERESEAGER
Bante T, BEREERLL -V T 4 v 2 HlkE
/~Y (Fig. 15a). BERSLYN LS @A, RAEA, BEA
BLRORNBHILYITH 5. BIEEIT- o 20O
56, oA v v aEAELOEDLITL 1TH-
e, 2EoERICEAERon v S v RESURER &
HEA DLV DR St E ORI & kKR %=
A afEmMBEEN, WHROBEINZ Wil T
LRI BIER O AL WEE RS 5. WIDKR—Y v
7 arEkiE, KM OBEERCTEELS -y F v
T4 v 7 AEIRT. W10 @ G2 HifS (Fig. 2) ORIE Sy
PralEt O 1~2 mm Ok F DT, ZHRE TR
Ot~ tgtan 2 3 ) TR Ofie, MEERIcHEL
REBOH S 2 bA OGNS (Fig. 15¢). T— 9 F VT 1 v
7 fRR A 7R 9 AR - FORL o BT AR ES o —HB 4 Rk
T 5EEHER LD 5N b, —7, Fig. 2 ® CHisSTKIE
BOEEERE S BN KLIKE (64 Hicikid) i3, B

KsfERGE 2R TR TR EA LR SNV (Fig. 15d).

PEILIIE D KIE7A % @ BPL Dl 11~84% Tdh 5
(Fig. 17). 60% LI EDO&E BPLE A /R4 & DD K5
-y F VT4 oy 7HEERL, AR BERE RS
W, 40~60% TREPEEMN L — 5 F v 7 1 v 7 ffkER
¢ (Fig. 17). WIDF—1 v 7 a 7K TRE N 0%
TERVWT, 60% Rtk DO\ EE/RT (Fig. 7). [El—=
= PATH BPL OfHICT®RA b 2 [0 d 5 (Fig. 16
a). Ll W4, W9 & WI0 BEKITEY, WI2 34k
I D BPL %789, W16 75 & BPL OKWEAR I EHE
HDH A ZHREWEHAMDH 5. 755 Fig. 16a T Q" %
L7, mEOBEEH LEs s SR foaamtkl
THY, FEIE 61 HiTulN5.

52 EAILEOELY

BN O RIEE S SR B~ BT, DRI h S
H—, ¥ 2mm, &K 5.5mm O 4 X OEHE LB
ZHT 5. 8 FCIEAARREMBEET, M-+
T4y JHEEPA NG, BRI EE G, R
G, hvsvh, FEABLXUOREHEYI TS, H v
5 VADELFHA XM 02mm BiET, FEAETS T
WRIBGEZB T 2G6082 0. h v 5 v AORIE, 11K
OFRFMNICEBEIC O NEES (-2 D &, 1D
APICEMELIT LD S WES (5F—22) b
L., TI TR —R2052005 T2l —2 1 &2003
Tk, TZTR7 —Z1DATHA. T2 & T2 ICi3HE
Hohvs Aok AERE S LIFLIEED SN 5.
IR R ORI 2% WK T I AR bR %
W, o KIEAESDBPLDOIREIZ13~81% TH 5
(Fig. 17). 10~35% £ TR &£ <, DWVT 40~60%
20, 5%V Lo TR - F v 7 4 v 2 AR
THEDEB H 5. T1 O BPL ZZLIEHLL, 50% i
TPV, T2 & T2/13 7EHILL A 10~35% &KW
BPL Z/~9 (Fig.17).

6. KIEMEAXDMEAERN & Z DRHZEL

61 ERMERIHEAREREN O HTEAFRR

WA, BEORE, MEHZE, AL & oE KL
BTG OFBPHE SN, KOS T K
HETTaEAER I WTERZMLINL TV S
%13 Sumner, 1998 ; ME¥F « /NZE [0, 2001 ; Yasui and
Koyaguchi, 2004). = —% % v 5 ¢ » 7 flficflEsn
BIRFE DRI BEE S5 A 2R &, — BRI KIRIE S
ERO» S L fadifesilia T “@E s LI
$) OIBIIAEG TRV, BETIEAMERY)IIC AR
DEEEER N Z L GEn b, 7 =—AEKkD LD
KK TSR b2 K RES NS T ENES N
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Fig. 15.

surface lava block of W10. Lines denote broken surfaces of crystals.
(b) Broken plagioclase contained in the bore hole core sample of W9 (21

debris are observed. Open nicols.
meter in depth).

from non-welded part of W10. Sample was taken at G2 (Fig. 2).

diameter.

deposit which overlies the 1914 pumice fall deposit.
Sample was taken at the locality of C in Fig. 2. Grain-size of particles is 1-2mm in diameter.

TW3 (L« B, 2003). KWERKAS OIT & 15 5 1A
KR, BAVRIEO KB OEEEESZ 5N 5.
TBAE KE DRIV & O S 62 <, wE
DIFE IR REROBNSZ W ETHEN S, —
75, HO KN & O 85 OB RIS i (W DS
DENESFEEDTLLS LAKYL. T, H—D
KN DFEGR, ~ 7~ OIPLEE T O gL %G T
WBHEREMEDS B B 1o TH B, HAEA 2RO TER K
PEE O FHRES EEOHIEEIT OB, ERAE s
AU, KFRETAS (08 D5 1 AR I B IR A
EEAEWEEERT A S, FEEICHADE K LD
INEEAS OBEERTE, BAIRERCESs2 -+
VT gy MR TRTIREO DN S5 H B T EAURE

Photomicrographs of the 1914 eruptive products on the western flank.

Inner zonal structure is clearly cut off. Crossed nicols.

Note that some glass shards are remarkably elongated. Open nicols.

(a) Eutaxitic texture in the
Many broken phenocrysts and crystal

(c) Vesicular, pyroclastic grains
Grain-size of particles is 1 — 2mm in
(d) Grains from an ash fall
Subangular, massive, lava fragments are dominant.
Open nicols.

nTwz Gk, 2000). >0, BEHEPOWRR R
PAREDL - F T 4y JHBOFME, EEORS
&KW S DRENCERI TH 5. LIT TRERPL
RIS SO TREBREOS =y bEbIS L
KRR AEEZ 5.

HPE L OEHYIAEIROREICA SN E T8y 71
PEIRDEWHD S ol Rilan s, 4471 32FET
AL L Kk T2 &8 7oy 2 Thh, H—D7
oy 7 NTIEREIEOZLARTEENEZ V. 85 F TR
iRk EIcE A (BPL: 80% V) ), A2 —5+ v
T a4 VAR AEANE V. S T2 3HETE
MRRD 7 a v 7, WIRIE & O S ARSI
FEAEREDLNBO., BAIRFEEESEV o S
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\
74* Hikinohira
1 km
(@)

/

4 N

(b)

N J

Fig. 16. Broken plagioclase content of the 1914-1915 eruptive products of Sakurajima Volcano. (a) and (b)
Asterisks are samples

with well developed eutaxitic texture.
square in (a) shows the locality of bore hole.

show spatial distributions of BPL content of lavas on the western and eastern flanks.
Numbers with ‘Q’ are samples taken from squeezed out lava.

Open
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Fig. 17. Frequency of BPL contents in the lavas

from the western and eastern flanks. Open

circles: samples with a distinct eutaxitic texture,
T1: lava flows generated mostly in January 1914
on the western and eastern flanks, T2: lava
flows generated after February 1914 on the
eastern flank, T2': lava flows, which form lava
deltas near Arimura coast, probably generated
after the summer of 1914.

BlobsoEThy (BPL: 10~60%), LRIZIETH 5
maEmzo,

2=y bPICA B EWEEWIODRBD 70y 713
YA 71 THB. T WI0 Eo 7oy 2 FEERIE
TRk SIS TdH B (Figs. 5¢, 5d, 5e). W9 ° E7, E8 I
by 471 70y 2B8HID. —F, Wil, W12, W16,
E5, E6, E10, E13, E15, E19, E20, 3 X U E21 OF/E
DTy DELRIAT2THY, 47 11DKE
W, E19, E20, E21 Eicid s 1 7 1 3RS RV
FBIIAT1DOT oy R ONE 2= h DK
WRICE, 1) BB Kk R —HES T 5
7+ ELTER L, 2) B ETT RTKRK TS 2,
3) i NI&_ETHR D S FAE L 7o KR O HERY) & # & T
EE L 7o O, 1986), @ 3 DD n[EEMEA S 5.

£ 7 hOAJREIEIC O WTHEZ B, WE DES DR
ROEEE, MEOHEFNAS O X 5 ICEH T &
M TR ETROMED L, ERIOZIIT PRV R FRES TR

Ke 2 EFHEN B, 1914453 H 22 HITIZHA] C6 kK
LKA S B ESED IR L THB O, 188 10m OfiE
WiRNAEE TRENCHEDS - TV (LU, 1975). o
BlETAHAB L, W1, W12, W16, Ell, E16 3RsiHiAS
ONfEERT. WI2 Ficii LIELEEm D2 —vo
HEH LSS, FELRENRONE, HEOHK
T BB I A, A oAz I Bl
bOEEZOND. WI2DIEXH LEDEED BPL &
50% Hijt% Cd 5 (Fig. 16a). it> T WI2 LICHAET 5
BPLOEWSY A 71D 70y 27 3 KO TR IAZ
Ntcs 7 bThialgEMENH 5. THIF WI2 ORETED
C6 KOffiTic W3 KD FilEHIE 2 d 5 & & & i
M Th s, WR2PAD 2= MoV T b ARERED
B2 %4 5.

W9 DR — 1) v 7 a7 i dduli & TERS KRS OFEL
RO, WO RKIA G TH B EEZ NS, W9
PAD 2= b FESICET 2 RSB LNV, W
4EWIODERBTO v 7 3IAT1THBEIEND, F
WETITNTAkBLTH 2 A[FEES V. Chooa
= b OFHEHBIIC O W TIFIRATTRE L < 30T 5.

PE{H o KIEME K O thifi~ i (W10 @ _LiRic
YY) ORI RIAD, R MhoEai R L 7ok
Wi cd 5 &0 BifEhid 5 VN, 1986). Fhic B
DFEEL, FRICH»->T7 oy 7{Ld 3 W10 O
HIRFEUE, T84S U 7o KIBRHERE) O N L DI E TR R E)
i icewECLEVWSIEXATHHATE S, L
L, IREICE®RT 5 L 91T W10 O_EiRERH W1 KRk
E o KB AT I 89 5 & &1, W10 23K
WPECHIR D KA S TH 5 T &2 RIS 5. Kk
MICOWTIE, 1 H 15 BARICRES S LS, iR
Mz L7c & Vo BB H 5 (LI, 1967). Jaggar
(1914) 14, 2 Al b RIS ncGE2digE L, K
SEHRANBEHT A AICE D bDEEZ . IS DK
ROIEIZEIARD HED S C2 0 C4 KOOI TH B &
#Z 5N TW5 (Omori, 1916b). KR IZEREIFEAE L
fens, WEHAE U CHERY 2RI cld e - 7o s
EZOND. BAEHRO = MEPERICDEOHEREY)
P L KBERDS IS W EF WA WA, FERILED E~
TR A L < D B O KRR 3 FAE L s v &3
Zohb.

62 HEAEH L EIRD D B KRG E DR LBE

Head and Wilson (1989) %> Sumner (1998) (3iaSE IR
12 & B KA EHERY DEEIR D ZHRIE AR L, RO
BRI ICER LR ziT-7c. T2 TiEFIm
gD W4 & W10 OEER-LHIEZ R o & W ic i H
LU CARIE G DOTIHBEEEE R 5.
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3-1Hicb <t kS ICEANLIE D €3 KOF] & i
KEVD KB OEPADHEE S N 3 (Fig. 3a). ldklic &
13, TEKEARS 20 702 LEICHPE 1,150 m 124 7 2 HEHE 75 1E
SRS LR L, KEo KBRS KOBZICkED dwvwie
(Omori, 1916b). ‘KW:f:id, Cl1H» 5 C3 OUEFIHEE T
LU BENHKOORFICERSNcbDEEZ OGN
5. W43 W1 DK oHEERI O 3 < PEMlic s
52 &5, WIOKBEOFFHWICHRT 2 EEZ S
N5, BOVEFEFNOMTE W id 1km DI_LOBED
»% (Fig.3b O YWi). 5 v 7 KkL® Puu‘Oo
1983~86 AEM K DIEETFIR O K I DMIR I3, i %
DKIRL -2 KB T L C—EoiEa 7 — Ve
1% LIEIFIC, TEOLWIESTRE 2> T F 9 21D
A 5% (Heliker et al., 2003). T 13K O HERER A
REVEH T, K OEER ISR ORE G & iitE)
BEZXZ6DTHS. WalFKED KGN b - 1
MO 7 ) = —FAFTHRB LI EEZEZSNB 00,
i MIRILAS Puu ‘0’0 EHAMLL L T icrlEEED & 5.

—J7, Wolfe et al. (1988) I%, 1984 fFEDIFEH D Pu'u
‘Oo DRIE M S N3 km £ THES 2, ENELE
W ”spatter-fed flow” Z 308K L 7c. TAUEHR T AINCEAS
THMEVRIESHEL, K FT 51> TEIICHK
b3 2EERERT bOT, RELVEBEIRIIHIT N OZLF
HERS. Thizasim bicsbirgc g4 2 Kipmns
BN LT, WRAA TR P ERE DB WEARE S - b D
TH 5. WL kPEEOHREIC PRV 7 BB O #i
PHNIC DT ZES 5. T OESIZ W10 O _EiREic—
H L (Fig. 2), FAicm»->T7 oy 27{bd 3. ol
TR 13 _EaRD Puu ‘O’o @ spatter-fed flow ¥, 5
KI5 1986 4 BS K& (Sumner, 1998) 2 iia/ < i 5
KILDSALRE K D K JEA (BEF « /NEH, 2001) Dl
B & bHT 5.

KR S EPEMAI C1 KO EE TRA 70m & HEE
SNBOITHL, C3KOFIOhRE L D PES T 30m
PIFTH 3. HEOMERZ C1LKOMET 12 ELITTH
305, C3 KOFEBTIZH 15 TH 5 (Fig. 3b D X I
). Cl KD W1 KR KA g sFHE T b
5013, WEICE D KBELBS3NDE A5, C3 K
IO KITEEIC IZE & 10 2 m DI L OB 15 idiasis il i gs
a5, AfcsVBEREEZRL, I IRIRETE
DFET B, C3 KOG TRARHIENATSH - 77
WIT, BEIANLE CHRIBREEOZIE R IE s h, W1 ki
b FEiCBRNFZE LI EFE A 5N A, Sumner (1998)
&, PHEKE 1986 FEIE K B K5I D7ES OEER AR
L, && 1,600m I SIBEEROERRICHE N L
SREKD KIeEkiA% (Earlier aa-like lobe) 125 | X Hi\W\C,

SUTIER S Mo K- o i I X 2 20 & i disk
9 % KWERKAS (Later collapse generated lobe) 78 & 72 &
SNFcEFEZ . WI0 B WA DRISHEI LT &1, Bt
TREDEE EMIARIIE > 120h b LA, W10 D
FIMIT & C3 KOF|DPER & b Pah TRIEA RS
KR 72 v 282 L<, FRicmP» - THk{Ld 5 (Fig. 2).
C3 KIOFoPEZ DAY 3HINEH K OFI O Futain» -
rekoTHho, I bicKEO K BHERE Lo EE A
SNnb. PibkXy, ELKEROE EFEIZLD
W10 O KIERSGAES ISR F LIt EBEA B ENTE 5.

W10 I A OSSR A LIELIEEE N A0, C
5 d—E K LT I HERS L 7o Kii0sedh < iaks L, Mg
PERNCHEE S N A TEE IS EI L 2RI s hicb o &
FEZONB. WnkER R, 7 = - EKORREITK
LT 5 IS HERS U Ok e 0 NERE TR L o st Kis
B, BRIRAESN T—HOBE S & LT W10 Il
DIAFNIbDOLEESINS.

BRI 2 > W TSR D S WS, B2 OFATRAHE
WS RN BRAEE L, P - T
b9 2 IR #AI W10 SB35, RO 7Y
=—RMEK T, FATHHL VKIS - .
MK AR OHIEZ AL & Bl C1 KR iE 100 m
B OEWHEREYIN S 5 C EHAURS N B0, POl &[E
BRISKBED (BD) R S N7z &£ 2 5N 5. E2 3L
LB Lo 0B~k < i BT, E1KFERo—EH
BEIWIALEIC L0 ZRRE) L 7o/ 7S spatter-fed
flow D R[§EMD B 5. E1 KO FHIC & IEFIES ©
El6 ICE DN KA S DT 2 nffelEn b 5.

63 HEBRICBIFIZEETIVY KL ER

Jotx

ARHEICRES a7 vy (B20 & B21) OJERK
B SR 7 o 2 E L b -T2 TIEY
I D FL SRR TR D W T 7 v 7 JERK DFR 2%
Z5.

6-3-1 BETIE DML

11T (1968) 1F 1914 4E£ 7 A EANICER O T1 iAGHME
BUERED 2 TR DIEEDSHEENCHENTRA L, ShE
BATKIELGSE S 100m I EF T EATI20E2HEL
7z, 1914 5£ 9 A NRJD & O oK i3 50~60C, A
D 400 m T 35~41°C#: - 7278, B4 HPATH
40°C (Omori, 1916b) &, EHDHE~DTADELIC KA
T EMREN S, JIEZST - 72 Omori (1916b) 12 k11
&, 191544 H 23 B> 5 9 H 22 H ORISR D 5eit
A5 14m g L7z, 1915 4E 9 H LB OFLEkIF I\ 7o,
L &S 1915 DR E TITIZIAG ORI Lz &%
Zo6N5. FIyORE ST 1914 4F 8 HITHAKN 7S H
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ORI -1 (LM, 1927) 25, E4E 4 ArhajoE
# (Omori, 1916b ® Fig. 126) TEHAL ZIFFEETSH
5. EREZLITEETRIE, REHRER S T 1914 4
12 HICi3RUEZ A ALCHOH L (LLH, 1968). A5 7
W EIEBOEROE G0 — 7 okis GRE - i
2003 @ Fig. D. PIEX D, BEEOHE~DIRAL 1914 4
7THETCIEEL, 1915 G » 2zl E THEEOGES
0 — 7 ORHENFEV TR E LTES T IV DEE L1
EEZAOLNS.

TS TV 5 DA OIC R HEER 2 0 7 i8S DL L
% (Fig. 9a ® S1~83). fJi « il (1981) O FEEHERE
Rickniz, BEROBEOESIIRK150m Th s, B
T 100~150 m DS G TEBMICE S ZE L, 50m
LIToEOERMcHL Y BHE 5 (Fig. 9a). Omori (1916
b) ©AJE « fth (1981) DIz & B &, HEZAS O,
K HEAPEE S EHRTH 5. MBIEAE 3 1914 4E 3
H 4 HITIEEKATO#gERR» 5 3km OFEEE THIE L
T/ (Omori, 1916b). HIZFEFEE (Omori, 1916b O Fig.
67) 7> 513, MHERSE 1914 4F 6 I 3R NHm &
[EX i ->c 2 ENERS NS, ELAGORT =y
N ORI (3-3 H) 7 5 E18 & E19 (T2) Otk
VRS HUBEEZ OND. BNOBEERANHES
N1 HE TR, M2E»ENhoBhERNS &
BEh -6 L0, L Lo BIGR, S, BEOS
R 7 D RERSY 1 B5 (T1) DA OEETH 5 L%
Zbh3.

GLERARA 5 B5 DA S O i B20 & E21  (T2')
DFNVIPEELILbDEZEZ SN A, E20 & E21 OHj
HEEE BN -7 2 &5, BRICHA LK T2 ORE
DOEEFEEOHERR IV VWEEZ SN B,

632 BEFNIDERToER

T TV 7 ORRIKGRIT I IRIE S & A b v R Vi
D_oONH 5. BiEld, 1914 ERITEE LIBEE» 68
r A OEFRIREIBR % 35 W ¢ RIS DT H L Ok S
17z (Omori, 1916b) &5 & DT, HRITICER L 72
BV ESENEROREEH A 21 > TR L& w5
EZTHB. —J5, 10 (1968) 1213 [AETRIZERICH
T ULictdd, KEFEHE L CTRGRZIED, AR
RopaALHES N TEH L. (KL 8- THERDNS
{185 EEIRDOFENBIRE IS L, FOEAEKELT
minrcseons| Ebs. BRGSO SE RN
WH DD, [ ETORARD LRI RIEMS D T, W
DIED & 5 2IEEI LT, BiEFclihiciAL Tw5 ]
EVvHEl (L, 1968) 5, C4 kKIpSBIEDHR
BYUABMIIIHhITHRE N vaVEEZEBbN S,

TR CESET A& LT, ES, E10, EI2, El6 D

B SRR 100 m IO 2/ NRBERIASRE T O D
(Fig. 9a). El4 309 HBAKRZ VA, E13 OBOFHH
RO SFH Lic & 5 A ERT. ThoHiEL
TNE T — WIROEEDILITHTT B T &5 IRivE
ThbEEZOLNS. THITH L E21(T2) oL (Fig.
92 ®U) OF < LFETE, Ve — 7Koo E19 (T2)
DHPHIT E5 (T1) 9044 5. WEKATOER O R fT
DRI AR « M1 (1981) @ Fig. 3 7 59 8 B & HEE
SN, £ =y b D45 (Fig. 9a) & KRR OHIE
(R BT EFEHIA S, 1909 & 1920) ITHoS W7y
X (Fig. 9b) #BA&T 2 &, GHMEFEIO E5 OE&
12100 m FEE EHEE SN B DTt L, E19 135 10m LU
W&, E21 OJE S FFE B2 0T 30m FifE T, 1K
T35 0.015km® E RFE S 51 5. E19 (Z E21 X0 /NR
Rits 729, B19 05 IRINC B21 28R Lo & 3B AT
<. E5(T1) BIEWOTKIES B L S 5705, E21
13 SiO, B HEMEL (Fig. 14), Si0, DE W E5 72 5 Ofit
BTRMIATER OV, B20 &£ 2D EHED E18 125 W T h
Bt a AP BIEE s E21 & E19 OBfRE[FRETH 5.
1914 529 A M ALK, ¥rPEER THZ NI KR
FHix, 191544 A 18 HIZEOED £ 5 g4 L fciids
FNyEBEL, 3HAKRDPS 4 A LANCIEE - inETR
Ik OIS hIc & EZ 7205, D bo#mL v 280
FREE CHBBIEO R WIS 7 v s ek s hvic &1t
EZITL W,

Omori (1916b) 13 1915 4 4 Aic C4 KOE T OiEED
mHi O, BEoEaRICERT 5 UFMO "flat
lava cone” Zi#iL7z. S & 20m, IE 50m, £ & 150m
OffiEVw= Y v MROHE (Omori, 1916b ® Fig. 28 &
100) T, K#FE 7 — FIROIES b v 2 VO RHDMaE L
TTERAEDBROMTH 5 EEZ 1. 1> THRIET
37 — FIRITHEEE L 7 b v 2 V& U Cia s ibis
SN LV, iEAHMES LS BON b 20,
IR E MR E OBRIEAIHTH 5. L L E18 & E19
D% LRICED & C4KMNElET 2k HIcAHZ B
(Fig. 9a). 2%V E18 & E19 OWNHRICIAS b~ 2 vsfE
ST E20 & E21 245 L 72 AIREMEASE A 51 5.
KON SiiFEE TRES 2km VL RIT RS b v xouh
JERR & Ao B SAF LR S TOis v, EI8 & E
19 ORIFOFHIO (Fig. 9a @ T & U) DIFLEIE ST
Keate s, RHOE LOGRNEEAEO E19 121d
RS SmEIROES CbnFET 5 (Fig. 8). E19 O
TEOMAENBES Cbord LN ng, Rgiio b v
FOVIBESTZER O 7212, SEE L I ias P o A B
BT 2 0% > TR U 72BRIc A U cids Ch o afREE b &
5., COBETREIHEKESE VWSO ZEBTES
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B, EBEEFLVIOEKT o2 21E vk b DA
EHHAEE WA LS. E20 & E21 (T2) DS bk
A OIS E18 & E19 (T2) & TH B T &
MO EAFHNT b FFENIT .

F 59 x 7 kLT 20 FRETHOIEE)TIE, LKA
REEICTRS N VRV YR T ADFGEL, Py RADD
b b SNICES DRI A, w&é%@tfbé
(Kauahikaua et al.,, 2003). & 5(CF 5 7 = 7 KILUTIEE
BTN FITB VT S/ NRBEIESF 2 — 7 EHHTERR
Sh, BT SIEENIICES ODBHENICA SN
b5 (A=—vyvzv ) =) [HOBRBHEL oD
BaiiA®, E18 & E19 IO d 5 2 &1, KIEME
KicBWTbF vz 7 KNEHLDOT 0 & 20dH - 72
CEAERET B, HIFRICHA~NES b v 2 VN TRIESD
HHIBIHIS N B 72, TES OERESRI @V, I5E b
y?wﬂé%%%*W%ﬁﬁ%éﬂhiﬁﬁ@k%wﬁ

FI Y EERL S 5. T2 OIS Bk L
DIFEIEVWLE VDT, BE N VYRV AT LABTFIVY
&%&Lt&%zz@%%&mnﬁéi
6-4 KIEMEXDOHEAXHRDOEME(L L hoEKER
P40 43

C T TIIRERIRSE IO 5 AR o 2 L R I
L, [hoBkHEpEolikziT>. WHYoREy,
A4 & O KRR I I RE D E VA S, KIEIEK
DHEFEIIREL 35D 2 F —VIT4H i 5 5 (Fig. 18).
25— V113191441 A 12 HAERI 10 HtE 2 5 13 H
23 kE, 27— Y23 14 H~1 HKE, 25—-Y3132
H»oB1915FE9 AHTH 5. {27 — Y OMICEAE
IETEB OKIEIG 75 <, EIcHERE L

27—V 1 FiEEEo 7 ) = -k, wEilc
(& 30 Bk L 73, BEICRPEM L 0 BT L
ek 5 TH B, RHOK 20 BT, RS 15km L
ECHEEESIE R, BINEAE 26 L (UFL
1999). [mlREIC IELERE D RIT T RE D KNI T 236
D, KOOREFITKEDSTEER S NS & & & ITKIEIE
BT L7 GEIZ 62 HiZI). 27—V 1 RFoOIE
JEEEE 34 %L 1,000m 72 - 7273, Hi48,000m Z#87 5
WIS B A0, KPR SRR~ L, 5% Tk
OB N LcEVwIitiRbd 5. 13 0 20 Frd Xic i
%ﬁﬁ®ﬁ%“%ﬂﬁﬂ%$tt%i@%ifﬁﬁﬁ%
O HEEGLER A I WV, K BHIE LIRS 1213 e i Bl s
TWOICZERDS, 23 BFEE X 0 Wiihic 78 - 72 2 & (Omori,
1916a @ Fig. 24) 7» 5, C OHABICHKERMAZE(LL
rEEZoNSE. 27—V 1 OEHYITRKIEEKDORE T
BOHRY oM, 3 EmoBEHERI D WELEO 2= v
F W1~W3 & E1 Ok, W4~W7, W9, W10, B X

~ - R
Stage 12 3

1
.

T1

"
Efalsat:krn ’{“ouuo e o o o o

12 T2’
Month 1 3 5 7 9 11 1 3 5 7 9 M

Year 1914 1915

* Plinian eruption with lava fountain,
cone-building and associated clastogenic lava flows
m witnessed lava extrusion
possible period of lava extrusion @ ash-emitting eruptions

Fig. 18.
style of the 1914-1915 eruption of Sakurajima
Volcano.

Summary of temporal variation in eruptive

' E2~E4 (T1) OIEENETF 5N 5.

27—V 2 TIREELEE &5 2 BRICbh 72 > THEEL
DK THIFEINT KUK EEH 3 2 KSR, EE
DS Lt R o MEHE S & o vElLIED W1,
W12 BL U W16 (T1) EHMANLIED ES~E9 (T1) A%
F—V2DEEDL =y MIHIET 5. HEOKZVIE
KTRERDBEAEZHEY, BT m < EALCHEE
O IEFFIC BRI & - 1o, & (1914) 12 kg, FER
BT CIREPIKEGE - fo K KA BRI B 2 b L 7o &
b, AT—V 105 2 ~OBTITHIET 5 nJREHEA B
5. FEBE, PEAILIE D5 DA (Fig. 2 © CHlIR) Tl
IKEEOKIEE K O N OB _FIcBIKEo K LIKE
HEA y MR EREE 15em) I3 50 5. KILIKIE
s pea 23 E L (Fig. 15d), 1955 AELIEOLHE)IC
& B KILIKE &SRB 5. A7 -V 2 DT
KUK IE R 7 — ¥ VI HIE RGNS <, LE
PHIC HOE 2 TR S 2 BT I 78 0 5 728, KL IR
AT HER IS RF s hicEBEZA o 5.

27— 3O, HlLEToREMc b 250
DISTEERSIRE R E 45, KK ZE 4 2K 37
32 H B E Toih - 7208, RISy £ 0 3 H kA
TIZIFE L7 (Table 1). HElTIE3 HKRbD FTH
WIEKAE A B XIS 7208, FOREBIEALAENE
it ot 27—V 3 OMBEIHMIEAHTH 505, ik
Efwwiﬂifm#ﬂukubtof,ﬁ&@ﬁ%

BENTRE LU calgelkasd 2. HMAILIE T 1914 £ 2
HHMsm&thm~m9GD&EN,mlﬁﬂhf
xf—v3@W%’ﬁm¢5

s O IR ES & (BPL) (3, BEILEE b 25—
Y1DTLIT60%VEEEL, BibHfkE RS DI L

AT = V20Tl Tl 50% Rtk CRAFE 1S ARS AR (238
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DNV, AT — V3D T2 E T2 TRE10% Fijth &
BRI Z LS, IsEE by o, s
DOFERFRT — Y 1B T ) = K - 7cD
WX LR T — ¥ 3 FIRIERI IS EE TR & O D KRR
DFEVERKMLTWE, 27— Y2 TIRZHREPES A
DIFE U T, 2o+ MMl (2005) (3R KL o ko LisiH i B8
TIPS B 5N B T EN DS, B IR LB
ZBIGE, KENOEENES TN NS & & %26
U7z, 50% Rk OWHIREREST R T — V2 DG
13, Wit 72T I & 0 KER D < 7 < I L, &
DT D FERES Ui~ 7~ DS0sH L - alRErED & 5.
FallLIE DA S (T1) O L F I fE M AD 2 &
[E Bk DOFBRHEPH 2 > (Fig. 12). PHENILIED T1 0% <
EHAD 7 ) = —NME K & (BRI D S N L7k
Pepiciiskd 3 £ 2 5 B0, Lo LT biEn
HTh s, RULIEDOEE (T1) O SiO, ZHEEIENO
ZNE 0 BEFEN. D T2 & T2/ 13K IER K D H
Mo Tixd Sio, BFEMEV, TR 7 — ¥ 21
H L= 7 <E Sio SEHFENPRES, 27 —-V3 &
SICHHE &, W& & b= 7 <k L /.
KIEME K OME P O (AT (27525 1.34km® (PE{E] 0.25
km?®, Hl] 1.09km*) CAJH - fth, 1981), & NEGHERY)
73 0.6km® (Kobayashi ez al., 1988) L RfEd 51TV 5,
KIEE KD = 7~ OEHEZRD 51cid, 27—V 1
DR M & RIS K TR T L 7o K o (R FE
CRBER & KA E) BLUORTF—v2 &3 THEEL
Te KK OATED g BB TH 5. S HIcHmELIE
DE AT — VO EZ i b AU R D RFRZ L
BENHERmTE B, BlRETREZ ORERMNH L4
BoOMGI AT 5. EURESE, B NROHERY Ot
SKATPH LRI LI D AT b 5 4, BANILIED
27—V 1 BLORT— Y2 DKILEEOHEREY DD
B, RO R T — Y OMHYCIHEIES B TR
ThHoa, BNKIKEOTENZ LVWETH S,
CCTRBRSTRES O aREREA RO =y b D
AREICED VT, EHEORZ LD E MR Z R~
5. FERNLED 2 57— Y 2 D W11, W12 B X W16 1F
GE0.07km* EREL SN B 2 &S, TEAlOEED
0% Va2 7—v 1l LicEEA SN S, 6-3Hi
Difam ORGSR O WM DIEE O T2 DA I EHT S
HIEENSVET B E, T2 BLU T2 OFE FED O KT
3R 0.1km® & BRES S b, HAlo KIERS ORARERE
1L.09km* 22 5 0.1km* 275 L 5[< &, T1 OFRE I 1km?
L1 B. A7 — V2D Tl (BE5~E7) IO THIREMNIE <
JEX 4 100m EEW (Fig. 9). 27 =Y 10 T1 DO
DFAM LA, BEHEPHIE R 7 — Y2 D T1 &N

IS Tk, G- THRAITIE T OREDBR T — Y
2T L7z & FREEN B,

Ishihara et al. (1990) i, PHHAIOKIEFESEAKICOL
TR 2800 Licy I 2 L=y a YE2ITL,
459~2,380m*/s DOFEFHDMHH A5 7. PEHIcE T 5 2
F =V 107 ) = — KOS E SO 20
B E <, ZoRkiE Lo ERVEETER L Lkt
1999). EEERFMHHFICOETNH D, 27—V 1 DEIF
FEHEN L O & - fonlReldi s 5. Wil coz 7 —
U1 OIEEOFEREZ AR 720, [k B 3 308%
ZHELICD, BV OSHOFEMEZ RT3 2 L8P D
5. A7 =Y 2Bl T, HANCHEE L s ok
Aoz LD 1L ERESVWEFHEEN S, AL
JETOEEDHRHEIZ, RAT—Y1D0KbLYERTF—V2
DIEEDICE 72235 13 H20 58 14 H 07 ek T
RHEE 245m Tdh - 7275, 14 H 07 Hip 5 18 HIEAF £
TIRHEHE 11 m ICBUR L 72 (Omori, 1916b). A5 — 2
WHEENT I L 2oiss 3R, BEL bicxs—Y 1
VNS hotc WA b, 25— Y 3 IEHED A OGS
720, AT =V 2 I S ic e DI <, fkEE
KSRV DT, KIEBKOHF TR RV TR <
Teftidtl ol FEZOND. RIEBKEERTHD L,
27—V 2 ORHFICHAANEHR L= 7/~ OEP RS K
SVETHENED, SHROMELTRITEEST 5.

D 1z DG %2 A 5 &, 1946 K TIIFEH
LIS DS 750 m MR S REIR A TS SRS & K LRI HH
BTV S IS TA S ISRV I &V S GRIE -
ftl, 1946; FA, 1947). 3 H 10 H25d 2 4 H#12 0.18
km® CAJF - fth, 1981) ORISR Lo, RIRITS
KILPKIE %0 S A iSO R RIEE KD R 7 — ¥
2BLU3EPTVAS.

FEKILDRIE, %ok, XA K TlEWIh & LEE
FEALHEBNLIE cEN B KOFIDER L2z, Soiio
7)) = —REKO%, HERBICEEL 2 &0 L
FZRE KL CHABK A -k Th D (R
th, 1978). —75, FRCIEK &4T - FoiRE] K1 Lo REIE K
(1783 4F) <l3, #3 7 MBI E & 7o S 91K o3Wre
L7tk w&EHO7 ) = =G K34 U7z (Yasui and
Koyaguchi, 2004). 7'V =—XMEKIZHE S KFEEIEZR P
KRS S DT & W D BT, REABK D RS I3 KR
WAKDRTF—v 1 EHld 5. BKEEAEALL L 726
& U CbifsiEsy o o 1929 K TR, EHBRE %
KR 7 ) == gk E BT ATRELE: (B
He fth, 1975). Libo7) = —XEKoHEF|TIZ, VI
N ARG 1 10 B SE 10 R Th v, KELE
BT RKEDO KD N4 2 ShdEd 5. —F4, KIE
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KD R T — 2 PIHFIE K OFFIE, FRPEAEE %
PEOE B A S < LS B IEKPZEIRZ D 75 WK LLIK
M HH 2 e 1 F T\ 2208 S aBe I VA0S 2 s & | B 5%
RTho, #HEFHH S 108E»5 27 ALILEEEWV, U
Lo KFEFT Si0, 60% RikDOLIIEE~ 7 <% 0.1
km? DI EMEH U /o B 553, flih < &5 S KR
KK OHERE AT L 5. — (o] OWEKIEE) OHERS  fllH
W R 7 — VT L, KRR R O f6t 2 [H]
Ukl 573 2 KoK ER O cIiikd 5 &3,
SHOBEBRIFREO—DTH 5.

7. £ & ®

(1) REKILDKIEREK DS, BN KRHEREY)
KIS bIcZHD1 =y F O EEE, BLUH
NHAKOFOREFITIERR S L fc Kk 578 5.

(2) RIEBEK DB KFRFUZIRD 3 RS CRFR & & d 1T
Z{bLic, 25 =Y 1 CEEBIEE b7 ) = -
TS EH > TN O%2 b 59 & & big, M
DIRTETIIRED KPAIBE Fhid - 72 30 HsfE D 7 Y
== MWK & 0 KO KRR S 1, [FR
WIERERNE 26 L, BRI R E O K RIE S0 T
L7, BfhLE O RiEZES (T1) o2 =5 b OKES &
RMLEDO—f D2 = + (T1) MR T — ¥ 1 D KRR
BElcdhie b, 27—V 2 TIEREMELEE 189 2 80
1T 72 0 WHRANICEE D KO h & KK RS L, 7S
PGSR L7z, BMLE D T1 & PEALLED—EHBD 2~ =
NIRRT =V 2DIEEICHTD. RTF— V3 OIEHIEE
L ToREPhBEERRELEE L, KILIKEL O
MR &I EL I o e, R F — Y 3 TIRIRET 1915
FERKE TD 20 7 AP Lich 7 0 IR E S &
Nzs Lo, HAO T2 & T2 HRTF— Y 3DEEICH
tcB. WEEROESE TV, BE N Y RV Sk
IS (T2 DA S N TER S N A JREMED & 5

(3) RIEMK TIPS L 7o, < 7 <flik
b E & bick DB bONEEILL 7.

Eil 4

RV RSO/ MR R 3B T THOR -« JHEER
Wil E F L, BERERFEOHFEMEIT I RIERE
KOME R KRHERIIC S W T CHRW R xFE Lk,
SERFEEIAE O KA LS A1 3K Y 0 HE O#IE
WL THIMERIC D & Uiz, HARKRS SRR H)
WO AL+ & NPOEARE S = — V7 L D1E
BRI 3B O B DRIEFIC OV T THUR
(AVAVAE-3 AUV F a8 i CEV i mm M E S =Y | #= 22y @
BMERICE O F L7, BIHOMEIERL, 18T EAR

+, BLUOREHAOERARELICIEEL CERE
WicrZEE L, UbEDAicid EozLEd.
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