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Reconsideration of the 1900 Explosive Eruption at Adatara Volcano, Northeastern Japan

Akihiko Funinawa*, Takeshi KaMmosHIDA™*, Atsushi Tanase™, Kazuki TaniMoTo™,
bl

Youichi NAKAMURA™** and Kazuo KoNTANTFFF*

Of the historic eruptions at Adatara volcano in northeastern Japan, the 1900 eruption caused the worst
volcanic hazard taking a toll of over 80 human lives. Although the eruption was thought to be phreatic, details
of the volcanic events have had remained uncertain. In order to reveal the course of the 1900 eruption, historic
documents, particularly the reports of newspapers published by three local newspaper companies, were reexamined
and mutually crosschecked. By correlating the revealed eruption sequence to the facies of the 1900 eruption
deposits at outcrops, characteristics of the fatal blasts that accompanied the eruption were examined.

The sequence of the eruption is revealed as follows. (1) The first explosion occurred at 16: 00 of 17™ July.
Because the explosion was very small, all the workers stayed and kept working at the sulfuric mine located in the
very bottom of the Numanotaira crater. (2) Immediately after the second explosion occurred at about 18: 00,
one boy ran away and over 40 workers commenced evacuation toward west. (3) When the workers reached the
western rim of the crater, they witnessed the third explosion which violently damaged the sulfur refinery and
lodging houses in the crater. A small pyroclastic surge accompanied the third explosion which occurred near the
eastern rim of the crater, blowing away the pieces of pottery, wooden sandals and clothes, together with the
housing materials. (4) Around 18: 30, the largest explosion entirely destroyed the sulfur refinery and lodging
houses. The fourth explosion caused strong pyroclastic surge and broadcasted dense ash in the crater area, and
was also accompanied with the wet surge which ran down through the Iou river. The strong surge hit the
evacuating workers near the western rim of the crater. Among the workers, 22 people were killed and the others
were seriously scalded. Probably, most of the fallout ash erupted during the fourth eruption.

Characteristics of the surge are summarized as follows. (1) total volume of the surge was 2.9 X 10°m?,
including 6000 m°, 2.4 km long and 4-10 cm thick deposit along the Iou river. (2) The discharged energy to form
the new crater was 10" J, roughly 10 210 3 of the energy discharged at the Bandai 1888 or St. Helens 1980
eruptions. (3) The velocity of the surge near the old Numajiri spa (1.5 km west of the crater) is estimated to be
80-130m/s. (4) The temperature of the surge near the crater is estimated to be over 100°C but lower than 400°C.
(5) At its margin, the surge swept straight up the side slope of the valley at the corner of the Iou river, and
delivered thin surge deposits at the top flat area.
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1. FL®IC

11 HEES
LHERBKINEHILAAF kL7 a v b, EEE
TAMRTHOESF 15km ITHLET B T 7 BOiEKIL
Thb. [T (2005) 15 &, [EFERICI L, B
K& B & 1658 (TR FEolifih, BIREH %1
U 6 ARSI N TW S (Table 1). §1T & 1900
(BH7G 33) 4F 7 A3k L BBk Tz, 87 Sk
WIT & - 7o IR EEBEAT DBAGRE 80 2R HEIE & 75 2 18
KFEEEG|EHT L, L LARKIE, o 124/
e o FEERR K LI DRSS AHEE & SRR IS, KR OF
B, Fo#Hsgk OFE, 1900; 45, 1900a,b) & bz LK<,
IEEOREDS, LTSNS WEZ EH ST
WFz. #9100 AERIT %ibt@k@ﬁﬁ% SRR B
Ff e g 2k A3, BEASKE TN - FIRAER S
NBHE, i L, I‘)E“‘J:& b uﬁﬁ%&%z 55,
Z[al, 1900 FEME K DFf % Al RE/SBR O IEFEICIEIL L,
IRFENIE K O 2R 2 2 2 HE LT, DITo
PE2EATT - 72, 1) KERD S OFRTLE = Ry
HL, WAE MG L Tk @2 e, 5oL .
Diwéﬂuﬂﬁéntwmhﬁﬁb,Ekﬁﬁuﬁﬁ
AT S L, BHREHEE L. 3) BHEHA I &
D, HHYEHYIONEERE, SRRAERER L. &5
1, 4) TRELL 72 1900 SR K HEREY ORI o34, —H5 2
o R 7R OERAIEZTS CET, WleoErsh
fofil 2 DEKER E, EHY & OxbE S i L.
Fio, Rl 2) LHEZSEIRZ O, & O AIEE)CHER

MRS « WEAEEE « A1 « TP AE— - AN

Rk 2B L1

12 RAEOESH

KW+ — ¥ (pyroclastic surge) D5 (% 1940-60 LF1X
IATH NI EFRROBE, &l T S 417 I O R
H oM, K EERRICER TN B EVE=~<—2
# — ¥ (base surge) ICHIKT 5. N—2 44— Y LHPO
BI5 A3 KILME K (Capelinhos ‘K111 1957 4F, Taar ‘K111 1965
FEOIEK) T HFY 5 (Fisher and Waters, 1969, 1970;
Moore, 1967; Waters and Fisher, 1971), ‘Kl ~— 24—
¥ (volcanic base surge) EME(EN 7, T, <7 <K&
SUBFEIC & 0 Sl s e, BLR O sl 2 KR
Ligsntc, Hig, mEOKHY—YELT, KRR
P THAT S, 759 v K4 — Y (ground surge) (Sparks
and Walker, 1973) & X FJKEEH — ¥ (ash-cloud surge)
(Fisher, 1979) 23/l14> - 7= (|21 Cas and Wright, 1987)
K=Y D55, AL KD HD S D% dry surge,
FAERHIT 100°C KD, BHE L 7oKl 2 &8 b D% wet
surge &35 (Wohletz and Sheridan, 1983). Valentine
and Fisher (2000) 12 LU, BiHE I3EEIEN~< 7 <IE X,
F 72 13K DR A DK hydrovolcanic eruption (< 7
<K K B L OKESIERE AT S), REBKOER
& R D&\ hydrovoleanic eruption 12 & -» T, TN %
NFEEIINEELTOS, SO — VId dry surge,
KR =29 — V13 wet surge B EEEZ LT EEZL DS
N TV 5% (Cas and Wright, 1987).

KW — DHEREPNC, oilikas k<, fikincz L
\\ (fines depleted) F§A%, @ L CTH LN EHP S, K

SNIRRABHR OBE 75 0 LHERERECORE, EEE0 By — Y, KB E A2 & 0RMRE CKPMISER;
Table 1. List of historic eruptions at Adatara volcano.
1658 (75 1R 7T) £F IAAZL, RIRIBH
1813 (3¢{k9) & RS E
1899 (BA1532) £

1900 (BR7A33) &

7R 17
7 Em%%%Lum
LA e 2=

1950 (12Fn25) 4

2R 258 |PEJE : "EIE & FE50m
1996 (FF-p8)
1997 (FEpL9) 47

2000 (A% 12) &
2001 (CFRk13) &

8H 24 B MK FREO B HIREBRFLL, BRI, &
Pﬂﬁﬂ@k%ﬂ%kﬁé%&%uk*%ﬁw

8H 25 H | kFLimamEL, KoM iReEH
11A11H—128 |F—# S CRESCH S

%ﬂm@/@ﬂﬂ%%mmﬁ@ﬂwmmkm&§$,%F%E%%& =y
DK OOREERATRE. FET24, AEFE104.

HER, ERIEENE R (L. 98 LB FEALE TIRE

9H 15 B | kLT A (B AR Icky, B/ ETRILEILTET
SR EN S —BRAOITIERIZ/2D, 2 A 19 B 12300mD B S DR A
ERIEENER. 08 I/ ECES AR

X

(B&TT, 2005 BLUORE T BIGE Bl L5)



ZHEREKIL, 1900 FEAEFERIIE K O FERRET 313

pyroclastic density current) D95, KHHD LRI
<, WRraigiE L, SLREEDS T 2 b0 LS h
% (Valentine and Fisher, 2000, Wilson and Houghton,
2000) T EHBZV, L L, KFE— DHERBYIIC I3 2R
IR SN, HERER O EERHE S KR & S b
TLE > TV BEABKIES — YOS bFEET 5. ©
C T, Wohletz (2001) (&, Wohletz and Sheridan (1979)
WWHO &, KW — Y& TSI LANE & 5 A%
TE, ANEES, SOV ARDpo, AEICER T RV F - %
RO R LaEFR U HAGR, HEREY) O,
A O IR W IE K A R ET 9 5 A FE T 13, Wohletz
(2001) IT X BEFRARAH L, T/, MRNCZ LW
T B KB R &, KWy — DHEREY)
ERIST,

7, 75 Rk (blast) I, AT IEE&ELT, HR
MFHE D SR RIT K 0 FEAE L, BUERHRICHE 5 mnd

A\

RS

Tl &

SNAT

Fig. 1.

Map showing the topographic outline for the central part of Adatara volcano.

%\ (Valentine and Fisher, 2000). &> b « ~NL ¥
X 1980 MK RIS T A L 7o KR — V13 75 2 b sk
T, 75 R k% — (blast surge) & bIFEN 5.

—%, ERETHSNEHRE, 75 2 b ofth, K
Y — DICHEIT T B E K, K — VRIS 50 i L
IR 5N 2 W, HICEAES KRy - YES%2 b
BO, BRHIEKILE S SEORNOMIFE WA 5.

N

. b ii2
ZHEAEKILIE, dbo oL, ek, S, K
A ZHERBEILE X ORI E R E R 2 k]
MOIS D, REMRGMNC XA, KO (EEK 1S5 km,
REHI250m) b b, PEMENC IEHREE BT S B
[TEROEAES 5 (Fig. 1.

KROHW E, 187 S S5 O 5RO E T ORiH
BV ORHITZIC O WTFER T 5. 135 1,450m D/

Y Vn\ L
\uy%‘ -

500 1000 1500m
e ——— s

Arrows and solid squares

show the flow lines and the existing outcrops of the pyroclastic surge (deposit) which ran down along the Iou
river, respectively. Solid circles and oval-shaped curves show the localities of existing outcrops and the
roughly inferred isopach contours of the air-fall ash of the 1900 eruption, respectively. The area covered by

dot line indicates the inferred deposition area of the pyroclastic surge at the crater area.
oval-shaped area in the central part shows the newly formed crater of the 1900 eruption.

the area described in figure 2.

Solid, roughly
Dash-dot line covers
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SEROPERE GETFLD 515 1,370m (i Tl
E# 200m, BED HEHY 50m O VERTH S, TIhb
9 1km NREOEIUERR (A BACYE, B R 0v o
= 1,230m 12 - e giiakate L, BIEORIIER &
FHS 5. LT, AMCTRAEZIET) OPP P NRET
WHEE LI AR L, B8 700m OIEDS 0 %
o, CORO 3% EK 50m OWrEE A 15 L, rhii
S 150m @ U TR £ 759, i) 11E C o BIE
#Hx, GEANCOIAR W TE N 5. BREROT
WA 100m (P TR AR E 2D, RO 250 m 120K
L, AAHIcEd 2. kD FETid, 600m Fiiod
(B0 ] 2 THIZ 500m PLE, FEOARRTIEL L
LPEILPEICiR N 5. C Ol ClRAREED sk
200m 2> 5 50m FREANE T 5 & L big, K< o7
BED FHiIEEHE S > T3 (Fig. 1, Loc. 7, 8, 9f
D). C OHIEERAR S, BT ik 2EHY o5
HRAEFET 5.

3. KIUFERE

LERRK RO L, EHdLs L OEt < 2
VIR OME &, KIEOEEN S, LI O 3 X5y
T& % (M8, 1980; Fujinawa, 1988). JEEXHI/EEI TH %
B, avo s ) < s<oEIcky, JLE
G 55 JTHERTD 468 & OHER (F9 45 JTAERD O/NMIEATE
RS, B2l GR35 TERD i, v T A MER
7 Ic & BiREREIERE BRI, firEedulE L
BRSO LR LR O Th e, [T, #
W TN ) 2w OiEE bR ot 53 i,
25 AR Lich vy 7 v h ) = 7 = DiLH)
Wk, FimLA Sl e g T o kI EEER
s, AlifiE, 77 5ER» SHEES NS RIE O
FAEE, Bl L AR, WO~ 7 <Rk wi»
5, 2% 727 = VI EN D (FEE - fib, 200D, Fj
W GE3a ) 1, b7 7)) = — Rk & EEREE T K
E L, KPR A 5B AR L. 7272 L,
Febmil &l rp o &k, ERIC I U 2 BIE o AEE
AlcHZkRT 2 EEZ 5N (R - S, 2005). 2 O
W~ 7 <R, Xz 0.1km /ka ERELSNS
(ot « BRI, 20000, #8536 D) 13 12 J54ERT, A
K ARBED 77 ) = =Wk (ERE-E®A; B
[1, 1995) Ik bihE 5. okdic, E8k (Lls)
B~ <IcBL, HARMSEHRLAZEMHBIL TV
(HifH -« 8itHH, 2005). DIf&, 93 Ji4FRTE <, 12 J74ER
o 77) ==L 7 s, R RS
7o, TORHO < 7 <EHHEIE 107 7 km*/ka 1SE LS,
K2 HEEZRTK 1 HERIPSI1E, <7/ <kEL B0 L

IKELIREFD i 5 X 510y, SO~ 7 < EHE
Ehid 92,400 FRFTTH - 72 (LT« B, 2000). it
L JTERNIT B 2 4 ORI/ NS Wi, < s
<RI 12 FERTD S 7 HERTEO S R &
FIFEEL < LIt « BRI, 2000), 55 3b o< 7 < iGH)
DGR Td 5 T EARRET 5. 172, AR TOME
FElkk 5 ld, v 7 EHOIHLIEA Sz v, (Lo
(1998) iz L uid, fdochi 6 HHidaTfzic 1ml, #oc 5 thid
o R ETIcem, WENLB S EKONLS S
N=UsFE L, BB A - KA AR 10km D1l
METIRELTVS. BB, AfETilot (1998) IZHE
W, ERRZER D, kil B o h ik E 5N — v
SRS,

4. 1900 FEFEXEENDRZE

1900 7 H 17 HIcTES 2 A 12 —H OB KIEH) 13,
1899 £EWISH, 1/ KT o N e EBSUE R I &
5. VIN, £J5 (1899a, b, 1900a, b), F I (1900), =i
FRIFAA S (1901) OF0#k A IR BN A £ K d 3
(Table 2).

1899 4 8 HIZH UM 2, 3 OESALoSiEFILL, [[H 24
H 23 BRI 137 7 PP 0rEia & 0 2 5 KEE L
EHITER L., oL EELKD (FEXTIREL
BICRHESMNE L, S 2m B EDO/NT (B & —H4,
KRS &5, FEmESKIEE LTHE L.
S5 DIE D, BEIKIZHESR 8km (TH) % <@l
Shic (2F, 1899a). %25 Hiz, [RAkO» SHEHIESE
=S 20-55m (CFREJYE=AD REE T vk LI
L7cf%, tREME L 7o BRiCid, BEPE 35m @k 30m (BEPg
ZAEL BEEORED BoHIE KON S (&
J5, 1899a). [E4FE 11 A 11 HiTld, 8 A &5 ThE X
L, BUEEIH, SAEmEs e, 3TN - 7.
12 H 19 KRR, BiH & 0 BEO K S WIEFRTEA L
fz. B/ PRI, B T0-400kg 55 (CTEIVEE
D) OEWAITREL, EE660em (=~ &b ZRALD
OKIIK bHERE L7 (&), 1899b). T oy, kI (1
L) Bk, IERITLD, #10,000m> (ZTHELLE,
PIEZAGE U 7o RO ERI34Y 55 m) DB &
o, WS OEE R LTRPR R~ —REEEE L 72,
Z Dk, 190047 H 16 HE THIL - 7 iEB Oicik 375
<, 7 KON ORERSEIT BB L C\ichs, 15
3%, £ (1899b) 1T ki, FEKL KILBEOTRE
# N, D D/INEIIIERDIMRE L TS L,

1900 4E 7 A 16 B F a0 R, 17 Hiciddbi
HOBET, ThTNMENIREL e GFL, 1900).
17 HOKEIRIEER, FHOMETH - 7. i 11 K
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Table 2. Sequence of the eruptions on 17 July, 1900 (including precursory activities from early 1899).
FH B A £
18994
WIEH B/ TERIER
8 A B CTHUEKIERE
24H 23MEebE 1B 00w T CHR RS, HERME S
s/ (B EK92m) ek, FRIK 5 #98kmig
25H R, &0 (RPE35m, B54E30m) 2Rk
114 11H 8 H LREIM Tk, BUEH, AR R
~ 120 198kdaEE k. 1B RIS (T0-400ke(iz.0D) BB AR, FEJK6-60cm
1900
TH 168 ¥ VAR CHERLS
178 #° B CHERLS
11FEEE BRIBRORE LS, FFKED, BAEE
168FEE ﬁ/ﬁ%&@%ﬁ@%%ﬂjﬁukmmmm.%ﬁﬁm%%
BT, AR,
18RFLH |F2E E OEFE, KUK . FEET RS B O30 B EER
18IRF207 1 | B 3[E1 B Off 38, ALK . B 138k P ~Fli.
I8HE30YEE  |5F4[E B OB, MA ki, B, RERSE, M/ IpVEiR
T. E££300m, FE££155m, #EX30mo Kk AR,
L, TRPURR ORI LA L, HFKDEE D 1/3 127
b, ‘i%ﬂ(fﬁﬁﬂéﬁﬁélﬁﬁ%ﬁfﬁﬁaﬁé N7z, 16 BEICE
EOKIER, W LT hORET, SHo/IMER
GHE1RIEHOEA) »FAEL. kKEKRE LD
D, [FKONORERBFTCIEINE#HEIL i, 5l
SHe\ T 18 IRFLEA 514 30 /T 3 [BlDIEFEIIE K it
ot E2EEHOKIT LD, DE 1 A0EEE o
TEEB ORI bR A RIS L 7o, 58 3 [0lH DK
BEEEF B T O TEBE L, BARIASER L TV
to ESTPBEEES, 1901). & 2 [BIH DMK ThEHE 215
WOIEEBDZ DS, FEFD 55 300-400 m B 7ok
FOMETIOEKEHELL TV &5, F3EH
DIEKIZE 2 [BIH O KD 5 20 HREEFERICHA L
feEHETE S, Co%E bR GF4IED
DIFEFEHIEK DT Uz, T OWEKITHE L TREATKH,
FEIKICINA THRIEMSFEA L, PELICHEE L1 b O 3 b —
B WERE L. oYX, BEEhO/E fiRBAsLL (m)
RO, TR PO OB ORI, R 0 200 400 600

BT BRSO L7 (Fig. 2). = ofth, {FEE0ELE
Fi b ¢ NTHREEBIKE Tl L. 20k,
EENZEE AL, MABEROFEEICINZ, C
DO, EfE300m, F% 155m, ZESH30m O KODTEA
st (Fig. 2) GF L, 1900). O KADKIT I 18 DI
SHLMIERL & N, PO & 0 CTIERLEASER S N, h
RELDFLTIFHEIRDED 517z (Fig. 2) (25, 1900a).

5. EEBEZICOINT
B KE % OFERETIE, BWKD7 54 <y 7 RTH
72 255 4 Bl H OB K THAE L READ, LIFToXHicid

Fig. 2. Locality map of the crater formed at 1900 erup-
tion. (partly added to the figure of Inoue, 1900).

wEnTwd, TR IS TREORES DI LT
Al OBZNT bIRER O TERIE R 2 mE s LS 0,
HIBHEPRR I TR = o/NE A2 P I L XRE
OFEEPIRL FH X 0L ICHORES LarmnL, H
THFE L & FEROES ICERMETiE— R/ SR/~
AN X0 RE—ROZIIEEUTRIRE 58 5 /N b
D, PRIED £ —[olfE L CERE & O A IS PIR T O
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PRBE IR Sntcn, BIBERERIE K & 0 K
IOWTIEZEE LSk ) LEmBE L, X
BRZ B2 I K DT KRS A 2 Lk 2 b o
ZUnEGPERIHICRERRNTHREZL, I
ML, MUTKEHNS & REEAEFET 320 TE
THEHME 2 I OMKRE S 2RO H 5
bo s, HWEI S X0 FHICHOREEETE L
ZEEMBITEND, | GF L 1900). [HEZE D EE—f%
DOFREIE D L & & 3T~ LS I icm o Tk < B
JEEHEC 0720, KIEBICED 2 ERr S0 L, Ei
KR TREBOR LA R 212, KINCHSFHC DK
HfE 0, BNICANIHREREEFICREFS NS
5, BomilizRsichiEld FoskE < Ricigd

L, ZOIKD TESBICHDEERESTRE Lan< i
Hw, ZRBFLIKONHED BHIS 5] (&5, 1900b).
ZohT, FEEOLHE L TEETNEERU N ICEY
T3, (1) KDDL 1.6km OEFRERICH > 12K
EAEEES O LBHEL T, BNOZHRELS LA IR
flant. Q) BRIERMTICS - oG5 0 /INE O ER
PRI ETRIE S N, 1 [alEx L CHEI L 72, (3) BEEER
DO KINKEESE SREARI» S A THREOTEE TT
H -7z,

BT, [E4E7 HoBERH & EBRAICIEROEE
HEEICER BN 25 d 5. HEFEROBEDIE
SELT [ Aot LIiL, TicEko
L —Riiz b X 20 L, HEEORIKIZIBIK
1 LADLNCES Z2&E 4, MilEy LEESE B
JKiEATHHZ <5 Lk, BICHEOEWELI T
@ b0 UL, SRk S BKE b R
D. BIOMLEEL 80 THDG C LHER S 2 A0 FICHE
D HIEL A - TR RO LA, ACkED LinIKEA
KT 0260 L, BUKOADIC O KEFERZEE
DL, MEFETARD» DRSS ZHE LD &S
(B, 7H 24 BfiddD) LvwHbnThsb. F1o,
[@ U < VBRIBRICHAEL, BUKICX 0 KIEEE - HE
AT B OHES T3, 18I, [IKFEOM B kKich
------ /Mol EDOMy 2125 | (EBERK, 7H20H
HitH) &b 5.

6. #WKIKiR

YR TR T H - o, BEHH, EERER, B5
EROHSE 3 fRicigi s e, BKEED» S 17 AR
e pHEELERGT L, #EIRREZ LD LD
LTt s, TOBKITBVWT, B/ BKIITH - 1ok
BAREEE DS B, Jbichis L/ ME 12K, 824
(FEEH Db BE, 56 1 LIFBRERICTESS &,

P GREIRGE D) 1 & L, PRI, KIC X
LA 64 % (D BEEAH 42 2) BBE19% (55
17 AN 154) Th B, 12121, RitloihkE
DAy, HEVWHEESZOFKRLE, LiciiiEs
NIEVIHEEDB Y, HEICYH, BT 150 L2 8
ZBENED T, LoftEbH L. T [\ ek
Z L L LI AR e S 75 BB
G OMHHEER EKFTo Lt - TR &
X KEZSED 125 DB NE—BEIMICTRIET 573

SA L) DFE B BRITRNIEERT O TR ISHEHFT QLT
56012 H 579 L TARICEHA L L DL DB =K
TERZEIPBOELZNEAROE AT 2 2Bsh &
bARBSEH —HEL B 2 N UHMERE T REDOFETES
THRELTEZFos3xLEVS | EERKTAH
21 HEEE) &wHboTh b, nh, AEHEICE, K
FMFCEE N TV A REEIT R ITRE, KEEbAETN
T3, HIZEHE THEEARHO 42 %13, 55 2 [BlH OmKHE
RICEHEE A J, RSEZER TR LicbDEEA
SNB, BEMNNESN 22 % EAES 184 GARIE
RTOAEE 1 IR », KOmEGMNITics T 3,
54 HOEKTOERMIC XL AHEETHAS.

WS E OB « FREIRIICIE, WEHY O YR %
HETFDP0 E55500H 5. $hTHrSBRIERD
g W cHE SN, BIRS N7B RO SIS
0, BrHBIRETH - 72, I, FRFCRLSNE
L, KGEH-> Coic. TEEEOHE N bEEEZ 5D
J1F 72 2 D300 —RICERS —5r DIKF T L TRISHLS
ALTNREEE THEES & 50 5 S NUIEF ICREE
LiE2mHy | (BBEAKTH 21 HffFE) &5
bbb, £, ABELINTKEEZAY, BRERT
OEEE 1% (BE) %2kE, Mok > BEEOKE
Tdh -1, [FRBIEORHOML 50 T (&), 1900
b), [TEEZRAKD LS Tk Eo | (EEEK 7 A
22 YRR %, (25 IcBUkz2Ey, FRMESORK
BERarEnhcHEL, —RIBEbuvAZTSTFFL
mMEBIR] (2L ERL2HGoRERHEL TREESH
25050 | TWFEOTWES THAME SV FFICHED S
AL LD2H5&H0 ] (WEFNbEEHE 7 H 22 B
) BETHD. NSOy S, R, TFFR
HBHVFIKEHICBY X EES, KiEEADE ST
IR 2 R L e BUR A TR E L, s &bk rOfd
TE TRABEEBESE 3 I EOERERAESE TV
CENHETTE S, o, BRE/INCH N LRI,
kLl SHEE T RO, KBS — Y OO wet
surge T& - 72 AJREMEDNE O,

Wk E I > W T oI 3, NEIC—, 25
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(1900a, b), H I (1900) OitEk L EIE T 505, DIFD &
S bDNH L. [GAREROKOLDICH ) kL
BT g 20 HEHAROME RS SRR HE K+
Mo FHHkRmIE s, ] GEBESHIH 7 A 24 BHAECH),
[TAGLICIENF & 0. &P e 2 1k © HAE K DBJE
BIo— —o/NBEREILEIEREES 252
VOWESD 1255 (P8 FRLOWEOAKEIITEE S
L. ) (EBERK7H 28 B, ARERICKA T
FEOBIES NEVIOTEL SN 5 b D ARG AREIN
BEEE ) GRERM 7 A 24 HELH) 8ETH 5.

7. EEMAHICEET B0

W)L E R O, SEEEE b - Thikth s e
w2 E, 752 b L IIEERED L WIBIKERKD
KILK, 3 & CPEEEORTE/ % T - 72 5EE CKIE— v
9 ) HEREMIC KBS 3.

KD & OB ORISR O 135, B, B XU
WRIEYE EP SR INTVE, INSRIZEAET
NTH /KON R L, PR dtiiiiigcE L,
HEHORIE 15-18cm (56 1), KEH&DTH 1m 3
R2 ) Th-7 GFl, 1900).

KK DARELL RO ©db 5. KORTE (8
KON ?) TOREIEIZ 500-600cm (17-18 ), K[
B 800m (7-8 ) TIREX 30-60cm (1-2 ) 3ED
HERE DR S vtz BEICHTHY, 15-20km DR [0 AR
fhrcb/DRBOBKSERIE hTwd FE, 1900). —
7, PEERCE, KOV 1.6 km ORI R CREIKAE
Waxhicboo, Ky — UHEREYILISA O HER 3D 13
<, BoHERLLE, BIRIChI TERL TV cEADIE
R D B 0 IZHERE - T 2 bo Tk -2 OF
F, 1900).

BREE 70V O Ky — VHEREPNCBI L <3, [ GRIE
RAHETI) e 2IKETLI LGOS (g
A2 (FAROmAD) £ TSRS | (BE
Bk 7 H 20 A2, [VARERICKRA TE (B8 K
FR&OKAW O >>H 2 (B ERIRREO EXD
3Tl 2 THBIELL EOES I A0 1T OREE
(fRERFH 7 A 24 Aff5cE) L b, BELEREHER D
EHOLNHETE 5em D EOBEA L > TWE T &
Dind,. i, BLRRO FRE TSRO
CKODPESR 2.4km) & TIKFEY — IHEREWIS A ©
Ntz &icts s (Fig. 1).

8. BETALUKDHEERE
ARETIR, B EKOMMCHERE L2 kilfKE, o
BElICANTEHHTE T EET 5. 837 FEKOPNICHER L

1ok WTIR, 2l o, IBEFERIEKITEE - TH
HLEHEcE 2 b, BHOOEGIC T 7o RIicHE
B, g B, Kk — VHEREY E R L, RET
Al 5.

o RN KK, BRES 20HISH £ D TIKE®RD
KIKEE L Clfisdc& %5 (Fig. D 2, &AEEIE 10
em &, HEFREER & 0O, K@D 5 700m LI TOA
ORI Tem 2 A, < AW/NEMIIDZEERE
LR 500 m (I COREEIE Scm B CTH 5. ZHEK
ELLI O REH 750 m-1,000 m 5 35 & 08 S B <
DOBEE S5em 55, KIGHEL W LILES 1.5-2.5km O
BEEROMIELATIE 3eom K& 725, £JH (1900a),
| (1900) DEf#EIAE b I OMEAHEET 2 &, A
JEg i, /KO THRRNEEERL, B, bR
HNDHEHIEVINEOFEERMEZH<. 2L T3
cm ZEEELE T E N A A3, ERPE 4km, FEdL2
km FEE & 75 % (Fig. 1).

45 (1900b) (3, 1900 FFEHE-KIC & A IR, A4
U7z KIODOER» S, 3x10° + ~ (DRE #ETH 1.2X
10°m®, 40 5% & GE L 7 HEREYIrh O 72 A R O 7o 52
HETIF1.05X10°mY) ERMb-7c. Zo&Ficks
FREREGY 2WAT 5 &, KOMTHERE L 72 kK
(R B3, 2FEEED O/ FKONES X Ui
JUISITHERE U 7o ke — DHEREWI 2B\ 12, #97.6X
10°m® LHEES N 5.

9. KErY— CHEHOSHIRR

B PKOE CUFTRAORE) odbisw LEES
KO, K SRR £ ToREliny CUF
KRR o, EBIHICHB VT, MREEOPPKRE LT,
I EEEOE SO LERE KL EHEREY) & gD L
fo. BT, JARBRMIES O, BE)AR Lk s F
Hi CREgIED 1Icd W b REHIT, K — JHEREY)
LHPOEHEZR>, EIER 10-15 cm D HEREY) & T2
L. W oAEEE 50-70m CEY 60m) |, st E
%2,400m & L, XEkEddicHE-o %, HEREEZOIE
B2 7em &9 5 &, BiElllipw oY E I 1X10*
m*fEE (EEE TN 6,000m?) tEEENS

9-1. KAME

ORI 7 e RIS 2 K — HEREY)
(Fig. 1) 13, 1B/ FKOEILHZICALE 9 2 ([HRE ST
ARSI B L 72 (Figs. 2, 3a). ‘KICIPYETIE, 1900
A7 AEKERTOHIZET (Figs. 3b, ¢, d PO KR %,
SmAHA BEETWET 5. ZoIHMERIE, ZEL
ToKILK « KD O 15 2 %, R BRI D
5 15 L HIERHERYI B L TR S iz b D EEZ 5N
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Broken pieces of chinaware
and wooden sandals
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d

Ruins of roofs; %
pillars and beams
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Sulfuric sand bed OOQ aoq
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Fig. 3. Blast deposit at the crater area. a: map

showing the localities of the observed outcrops.
b, ¢, d: sketches of the localities 1, 2, and 3,

respectively. Thick broken lines indicate the

ground surface just before the 1900 eruption.

5. COmAELAIT, MR OE8ET & OFC 6 iR
FD) ORAEIEIAE > Wiz (Fig. 2).
KOPIICHERE L 72K — VIV S h S E %
- 7o klK B L OVKILRE, KIS 5150, AEY
BIHERTE 0 - o, MAEZOLRS L CHIE
S, KON D K#EY — CHEREYIRR & 1350 4.7 X 10° m?
(EERIIF28x10°mY) LR O5NE. OHEREY
Iid, 3EoIKEL W LEIKEE ST 2O KLIKE
o LAEASCIIRERE O KILIKE (FLkD A,
C,E® M on, ThokAERI, BESVFHI
b2 3em fRED, KOSV LIRIKERIKILIKE 2 g
(N5 B, D) HBefEd 2. BB 75 Bk ffE %2
W oMM 1 (Fig. 3b) TR, AEDOREED 10cm 55,
CETIZ10-15cm, EBTREE Sm 282 T3, &
gL b, MRIOEERIIES FEHD L HIT 1/64mm
UFolFREEAEGETNED), ABUA RS
O, CER, HoOMIcL v RSO LI E AR
AL ICAEAEIRA R C &0b 5 (Fig. 3d). —
4 B, DJgld, 4mm Ll ORI FAEEhIEWI LT,
STk E Risan .,

A OARKE « THF « 75 £13 D, BB ORI IC &
bEELTVE, WIS H RN, &L {1d—HBk

© AR - R - HERANE

Lo FmAmICH > CLHics 2 ffiEshick
BEREZEL, FEOLHIICAONS LS REMHOR
MRS NS - 7o, @M o iEE, TRYE
e KIROWH R, #ozxFsEssbic, BE
WL B, CEOBEAMITICHEM LN S, HIiZ, R
AR D@80 5N B S (B1Z1 Fig. 3d) T3,
BIEOER LT ICEM OB R Y 5 5. T OAERR
EPNCEEE I RAL DR A SIS,

9-2.  Aiwik

AT, WEINVo 3L (Fig. 1, Loc. 4, 5
6) TKWey — UHEREY) AR T 5 C B TE . EER
WEN b 4-10em FRETH O, KO0 5 Ol - EE &
12, FHESIZEEY SN -t EKERO kG EIC &
g, EEOFERETIIEAROM TH 555, BEIHTHE
AT E foE s, EPRROPES, K 68 1.8km
OHIETH 5. 15 1,300 m (HEOEFREH T, £
B NCEES em EEOWE KHYEE LTEL,
N— VHEREMI AN 5. O NHRK 250m A O
5 1,300m Mg T, FLdi, JEE 10cm EEOR
BKPEIEE L THfES NS, T DEAIF, 1900 FEMEK
DRI OIKZAESIEFE AR« & O N KE & wiE
5.

9-3. Rk

Ak, BRI 255 4 g 2 {i o e (O
EHicHy, AEEOoSSAARL, bbb PHE
155 TV B HIERES S % (Fig. 1, Loc. 7-9). %72,
COHBK I, BEEIIOREAZR L 72, £ o 3F IR
Mtc b, BAFRRYD SN FEHICE VT, FiIstis &KL
OE FICR oG, BE10-15ecm O W LKA R
K& UCrE L, E(LARE KLU LELGB XU
Z ORI CKILEY) »oRkis. HEREYICE, ZEOK
R E TN 2EEESED oG, ZOKILEEE, &
HEREIE L, W) ORI MmT 5, BEiklo X
DHEREICRS THELL TV A, A1, L&, 7ok
7B X UOKELIRFHEEY 2 FRk E 4 20 N KLIKEZ
WeHET B AEDOTFA1030ecmicoNn b7 oKy +
@ “CHEMIE, 150-500y.B.P. Td -7 (Table 3). D
Z &0 S AJEA 1900 K OHEFEY) & A2 THRIB L1
<, RAFELIANCE v EE e 5 =00 (e, 1998)
HRTERWEEZ OGNS,

10. KFEY — SHERRY ORIES M

B L 72 KBy — DHERIEEL D, 16 mm 5> 5 1/512
mm O FEHEFE (¢=—log, KifE mm) TOREESHHERE
R TR Y (Fig. 4). REHHB O ZEREH S,
3854 FITKBINTIRETH 5. i ol 24 < FRL
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Table 3. 'C ages for the “Kuroboku” soil samples.
MC age| d“C% §°C %o FU(y.B.P)|HiRE T (cm) SR 2R DB
Loc. 7|-67.5+4.0 28.4%0.2__508+35 15 K — DR RRE T
K —VHEREY T,
G- B ZhE
Loc. 8-45.7+3.9 -27.740.2 33233 20 @%SE”;@M"—’W”
%@%Fyi&%g;
KI25cm/E DL REFA
Loc. 9-24.843.9-28.1+0.2 15133 35 ST LATIROF
5cm

HIE : oA AR— R A 2R E

100
e C-TYPE
84 | : MI1-TYPE
80| A
JR—
& M2-TYPE
+
— F-TYPE
3 | | o
[ 60 0 DEPOSITS OF
>
:g [ MARGINAL AREA
>
£
S
O

4 6 ] 10 12

Grain size (Phi scale)

Fig. 4. Grain size cumulative curves for the blast deposit

54 7 (C-type), FICrHDFMKL Y A 7 (F-type) &% Dth
M4 14 7 (M-type) Th 5. HIZH[EH s 1 7 Tld, FIRL
X (Mdg) DREWIEIDHRL 7 4 7 ICHE L 2 F5EE R
L, SEEREo/NE WEE TR, REHEEA N ' -5
VR AR 4 T &M%\, £ T T, BiE % Ml-type, %
T % M2-type SIS L, 4 %L T

HERSIE O TEYE SRR E & ORI, BB 7S FHRADSGE
WoNb, KON A JEDS C-type 1<, R C,EE
23 Ml-type ICZ N NIET 2. KONOHIKIETH %
B, D J& 3 M2-type IZ/0 S 1 5. AjiiE 3 R O HERE
Mz b Ftype £ 0, fiilgk v fikicd 5. &
I, 3EREAE IR 5 &, [EREEIE(LLIEVwd DD, KO

25 OFFFEITEHIG LT, SR < ORI LER 358 %
5N % (Fig. 4, Loc. 4-6). 7z, Mdg-op BARX (Fig.
5) T, kS 1888 fEIE A, v bNL ¥ X 1980 fEIE KT
MRS N fo KWy — DHEREI R, B KW, KRR
R DR (Hoblitt ef al., 1981; #74 « A1, 2003;
Wholetz, 2001 ; Yamamoto et al., 1999) & [k U 7z. AHE
YL, o ke — DHEREY) L RIER, BBk M
Ry & K IWRHERY) & ORISR B, i
T HKONIKOHEREY &, KR — O HERE Y O BT
7 — 7 SO hE SO U ERRAT, AR 32 0
L0 oPEw o (OHD BERT. Fio, RinHOHERY
&, AREOFEHTIELN, 2¢ (4mm) & D HK QKA
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0d)

.
’

Deviation (Phi scale

Fig.

PRAEHIES « MOLHISL « MIEAEEE « A1 « TP — - f R ADAE

7 T T T T T T T T 1 ]
® C-TYPE
B MI-TYPE

Pyroclastic Flow A M2-TYPE

i O FTYPE
5 deposits [ DEPOSIT OF ]
- MARGINAL AREA
+ BANDAI 1888

BLAST DEPOSIT |3

-5 -4 3 -2 -1 o0 1 2 3 4
Median diameter (Phi scale; Md¢)

5. Sorting (0¢) vs. median diameter (Md¢) plots for the blast deposit. Small cross-marks represent the data
plots of the 1888 blast deposit of Bandai (Yamamoto et al,, 1999; Kontani and Taniguchi, 2003). The fields
of the pyroclastic flow and pyroclastic fall are taken from Walker (1971). The field of the pyroclasitic surge
is drawn on the bases of the data plots of the 1980 blast deposit of Mt. St. Helens and 1888 blast deposit of
Bandai volcano. Thick dot curves indicate the boundary of distinctive surge units recognized in the 1980 blast
deposit of Mt. St. Helens (Hoblitt et al., 1981).

ZOVHEAKML T, N E - S NVERIEREE SR wt%

(Fig. 6). * —e— LOC.1-A; C-1YPE
KR — /irﬁ%%@*ﬂ“fﬁrﬂz &, MEREHEE, KB — st N o wami
YOy A7 EDRMICE, BELSEEN RSN TVS —0=- LOC.6; FIYPE
20 | —{3~-LOC.8; DEPOSIT OF
(Hoblitt et al, 1981 ; Sheridan and Wholetz, 1983 ; Wholetz MARGINAL AREA
and Sheridan, 1979 75 &), ZHEREKILO Ky — JHE 15}
&Pz, Sandwave & %>, Planar fi5 ISEE T,
VWN HHEERE (Massive) Th 5. HiZ, ARiOHERE or
Y& koW oMb diE (B, DE (3, Wholetz sl
(2001) iT & % Hydrovolcanic Fine Ash Beds (ZKZ&XUMEFE y
o L]

IZ & BHIRLKILIKIE) T, KNI O HRHERE )
13, Massive Bedforms (BIRfE) DA IC TN TN ERE
hic (Fig. 7).

M KELRD & OHETE & FFNATIC, & 4 [ H OB KT
U7/ SR IN O EYIEEE (- 7o REEH SR, 3%
HORMOKESBEIIC L 2, K, SEEO K — Y
Th b ED, HRMOKERE» S bXRFans. 7
wbb, RiREHEFREYIH, Hydrovolcanic Fine Ash Beds
ThDIEFMER SREE, o, SRPELORE

Grain size (Phi scale)

Fig. 6. Grain size distribution of the representative

blast deposits.
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5 1 1 I 1 I I 1 !

I SMi-type Massive Bedforms_
=N T

3~ /.-\.'\_ =
L Ches- st.Hel
N K —-—- StHelens |
-*\ ~ Vulcano

\, i
1 - Rhyolites_|
IR e LU A Ui Basalts

! 1 1 1 1 1

I I I I 1 1 I
Hydrovolcanic Fine-ash Beds

Deviation (6 ¢)
[3,]

"~ ___ st.Helens M2-type F-type O -
(Ash Cloud) =< 0
3} St. Helens lAQX RaRtr el N
----- . . An ~ \
(Accretionary) X\ N, 9 : N )
. N .
Vulcano(Wet) *\ _A ! el
________ Oruanal 3
1k (Phreatoplinian) |
Askja
T ~ (Phreatoplinian).
L 1 1 1 1 1 1 1
-2 0 2 4 é
Median diameter (Md ¢)

Fig. 7. The o¢- Md¢ characteristics of the blast
deposits in comparison with those of the surge
bedform types of Sheridan and Wohletz (1983).

JUCk BBEOAREEE T N TR RET 5. KON
8 OHEFEY)IC & Hydrovolcanic Fine Ash Beds 2338
LNBHEFER, TR, HDHOIEEM KR
F—UNKE, SEETH-TEERT. Fh,
1, BRIRRE L, KW — VT HEES O HE ) i A R
(Waitt, 1981) & % W IR D wet surge 123\ T (Wohletz,
2001) 4 A A S 5. KONHOBRIRE IR, < D5
Hrovg e, Froldii 2R L T B afEEAE

1. & z

11-1. FEXHERS S HEREY DOXIt

R EKILE 1900 57 H 17 HD 16 BREE ISR D
kH3d D, 18 18 B i 3 [A DI A5 | X o
fz. BEBEDOEKBHEANBET, THICEOERDFA L
fig) 123 N L7z (Table 2).

KO C I HEREY O JEIE 1 Sm DL FIc#E L,
SRARBARR I OB P S R s .. T2
OHEREY) I, RIEERIRL D H75 % 5 g DRk gHE Mk ©
&, i ORI RAEEART (Fig. 4, b-d). C
DHERRIRDLIESCHRIT & 2 K AP IE B DO RO & &
CHFNg 5. WEAHERS DTSR & HERY O G, R
2WBET L&, LTOMIRVAEEE 55, bbb, 38
DOIRE (A, C,EJE, Fig. 4 13525V L 4[HOE

KATHIE U te, WG A A & & 3 & 5 72 iy s
DK — ¥, 2 8D Hydrovolcanic Fine Ash Beds
(B, DJ#, Fig. 4) 13, &43[0HB L UERE O KEHS
FeHE U7, BRIREHERICIT L, REBIEE -7, &
D75 A RIS KR — VHEREY T H 5.

551 el H ok, 3 O, BEAEERV S
NICBWTS, HEAHEL TV Ens, B
BIZEAEED -2, TLAOBREEESNS., H2
[BH DMk, DE 1L McBEE L, RAEEE D}
HOBHEABIA L ED S, BOGREKL 213E0H
R > 2 T EMHER SN B, AFIF C-type DAL
K 5150, % O FRLICHRII© G EY 3589 5
NI, P THES 75 2 S HERIKREY — 0 D%
PREOEBER B - EEFEZONS, BETOEER
13, #H3REOEKETOMITHERL TWT &
O, B/ PKOPGICES 2 K — D 5185 -
oL, L L, KOEBTE Clg Mciikio B g
PIFEL, B, CBEREHMITICERHSCRE O 2
FEENCEEH ONE T EN D, BT HBEKODOERKDS
L BIEARE EBIT, FBEIICT 5 2~ HRIY I KR
F—VBFEL, KEOEEAL &I LLEELLN
5. HEREYIOEE,» SIHAL L D1, 54 [nIH o
AT 3 [E & 0 b#EPITRIRIET, &0 KX SRR
SN EHMEETE 5, FENIBIFIREL 72, BN
KR L bDEEDNS. EER FICEEEMOR
R L T b 2 &, B NSO DIgaid b
CEDD, EEMEHEREYIC X ZEHTIREL, T2
b HERAAK P — VI K D R L 7. b D EBEZ 50
WEMTH D, —7, BT, KOG TE KL
LTORMEER B, WAISBIK A, JcbigL
to DL ANEBRC 2BE0E L. ThIE Y/ SFKEN
THAE®, )% R Lok — 2 (wet surge) @
HEIC kB,

HRIRIBIC A SN 2 HEREYIC I, TRl ORHE I
I B heEsn Lo X ) HEREYNICEE ORI L 722 ma kil
BinGEns, F7, WESHTE, REHEREDICS
SN 5, HRIEROREREC, R FE» 58557
EEalL—va vhilbo-o7to kDN = 5 vrsik
%9 (Fig. 6). Hiz, BHIES L CHEREYIO o
b3, IRIBERIC & > THE L 72, #hkE (EEH)
DREVKREY — U0, RIGERERICH 5, k)L
BEICHZE, —HIBEARTE D A /o nlRE b 5. LIk
CEDD, KIREHEREY R, SREHICREATHERL T
Wz R ) A, KBE — DI EWH I SN, MR KT
= VHRR T & & b ICEE Lo PR EHERE L 2]
REMEDTER T & 5.
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112, BREHNEAOEM

a) WHYIE (K — v, B0

REHEN 1X100m® (EER) & &5 1900 FFHEK
ITBWT, 1B/ EKIOAANDIEIRDH) 7.6 X10°m?, Kk
+ — VO KCIPHSHERS 53 2.8 X 10° m® (W b ES
B) EREbONL. oI, WEIICHEEI kR
o — UHEREYI O Sy AR 1L, RoEE TP 2.4km, [BIE
(4-10cm FEED), HEREYIE L 6,000m’ (EFR) 72- %
KIS, A% b b 7o Ky — VHERPIR 35
29X10°m* 150, TNE THERX N ki — VHER
v, BAE, v b e ALy XKL (DFRHR 600km?,
HEREIRR R 0.2 km®) LR KL (A U < 13 km? 0.01
km?) (Fhkf s 277w 4 v, 1988; Siebert et al., 1987) 12t
e 5 ERET 3RV L 2 hE W,

Z DK TR & N PRIKEHR I EFEE O < IEIED
HELRE VA, BRE/2BEIKIE, 55 4 [BIH QBRI
D HLNTWS, KONED &+ — SHEREYI A K LK F A4
T HM S, 4 [0H OB RN ER S .,
W — OHEREYI OSBRI kD b b sh
FRIREMDSE V. b LE DK ETNIE, BEERPEEIC
WHEINE I ETHBIEKE o L3 d
D1E%. —H, B FEKOOHEEEZ F W A - F ki
+— UDHRL AL D T ETIREAE L, HRHEICHEIK
bbb LkFEGEALONS, B 5L, WEPHES
NteoTHAH, L, KONEHEREY O 2 fEmok
BA RS KRR 2 SEKOA, &b I
5T &d, BIERHROBIKAERELTEEZEL LN,

b) BKTxLF— (KODKEE)

KD/ SEKONITIZE 300m X 155 m 5 575 %
Pk GESH30m) pERSh TV, BOEBRTE
REnd s Lv—49 —BHREIERD R VFE—EHHEE (R
=10y 7D Bdb, KILOEFETS IhEH TS
BT ENRENTVS (Gotoet al., 2001). ZEKRE KL
1900 FEEK D& CnhBBEATE 2 L9 5&, 1H/ P
KEAMITIEZRR S Mt KT DGR 250 m I £ - 7o dE
IR F—E, 104 EHEES NS, BEAIC, 18994F 8
HE 11 AOEATS, VHEERX 33mg, 55m¢ O KON
EkEhTwad, ZoXkORD» SEKT IV F —% Hfg
b5E, BAL1.5X10"],7.5X10"T &15 5,

hogRHE KO 2 VF—%, 27— v 7HI%EH
WhEETHREG AL, Y b« ~L v RKI1980 4F
KT IE 1 X107 T, Bk L) 1888 R K TF 2 X 10T
L85, —7, 90% BRI OmE L 90% FIRKICET 5
BEFICES BT 3 L -SRI, 2 b -
~ L v Rkl 1980 4F K T Ud 3.7 X 10 T, BBk (L
1888 FEME K TIF 1X105) &, 24— 1) v 7 HIZHS K

HES D XD b 1 H7N& W (Taniguchi, 1993). &> b »
ALy Rkl 1980 FEE KD = 2V E —FHETE, 75
2 OWEMR T # V¥ —FH (Decker and Decker, 1981)
PCHADOKHERICES HfEG D GEHIED, 1982) 28
1094 =5 —, 7352k EEEE T 2 VF -]
2 (Brantley and Myers, 2000) 7 * V) 71,
TOXTERKICHS < BfES D (Donn and Balachandran,
1981) T 10T 4 =4 —Tdh b, BENZATr—1) v/
HlicEo =23 vF—HiEib 0 &FET 5. Dbkol s
Mo, LHERKE 190047 Aok 2 V¥ -1, ®v
koo~ Ly kL1980 AFEREK DR 15 W L T4 o —,
LKL 1888 FEE K DEL T Ts W L H O— 2 EE A
5N%. O ANF-LRE, 3EAETOT— I
BV OMREHRICIZIZFET 5.

¢)  FE IR\ T O KR — Y & B
BIRRRICE S 2ROERAD lLdm BRI LIV
kS, BIROESE 12m EREL, ThERER
& Lok — Y oJRbREHEE L o, Sl A nic BRA
DEX, g E&%, £%0.73m,0.55m,0.14-0.3m &{X
B, £72, WHEOEEA 25g/cm® & L, EERBLL
200kg EHEE L7, HMIESRIFTIRET 2 &, B
BAEDVEHICFEE L 9E 1349 2.7m/s T, EEx x v
F-—MBLZ 750IBE L5, AMEIXP=C-q-4 (C:
WrHIAR IS iAo 2 WL, q: BT, 4: D
TRIND., SEIETRRE, EEEERRE R X
BEESEIC, ZAIESRORE 1.0 Z8A L. SR
&, B8 K Z 4,200N/m?, EuEHE T 80m/s & H
Bbonsg., i, BROVESHLCHE), FRFLcE
MIEST 2 &, Pv=YV-u (P,: KA 5 ORME, SV
: BIRAIKHICH 2 28REAE, o LR <
FzEhs, BEREE, SEEEavs ) — MEOMEO.7
ENGE L TR AT 5 &, BXZ 1X10°N/m?,
JEGEBEBE T 130 m/s &8 5. T OEE, ENEEE
1991 4F 6 H 8 HFEHFD, 75 A b X — 5 Ic Xk BHES
HIEME (2.8X10*N/m? HIF#HEEAY 75 m/s: Taniguchi
and Suzuki-Kamata, 1993) 121339, [EILU < BB E
1992 £ 2 H» & HITHE Lo KRR ICHE S &+ — YOk
KIEFT (1.4—4.9X10*N/m?: 11« fib, 1996) X1 &+
PN LT B,

d) KWy — Y ORE - B

Alal, KPR B W TR — SHERYHIc R R s
NI ARBGER, AERSIC 3RS SR E 0 o his
W, SROBTAFEERE» S, KEER bifETE s
Motz Ubho, Ky — YORERKOFNERT LR
MFEKEDOHI400C LIRE » 1 T EDEETH S, —F
TKOAPEZ TOWRE Z2HCBOMHE L, KEHH

E—D-y/\"



ZEREA L,
#*T HHEEDAGEAL, FEORY, ToHES RS
n3. BEOKEEADES LD, kTHMET
100°C % E[a] 2 iR A2 - T2 mlfEdE S V. HEAE
BT - TEREIKE, TTIEBICHEDS - 72/
6em[EDIBIKEFATHREPTZ D BASZEZL 2
(5. FEBERICS>VWTCESI), LanTwd, Kk —
RO VERTTII S 505, Bsiskiz BTz
rOWHERShTWS, ThUMR, EBRfshTo
el ERBEZDE, K — VR OREESRE R K
D 230°CITIEVWbDTH - e AJfEME D b 5.
F 1o, [EEH LIRS L, 089 &9 5 &K
JEWHIBND] EVHiEdR» S, AR F Lo
BEOSHWKEY — Y Th- kI EMHEETE2. 2D
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