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Abstract : The 2000 eruption of Usu Volcano, Japan, started with a phreatomagmatic explosion at the north-
east foot of the volcano on March 31. This first explosion was the largest and the most important one. After a
course of petrographical and geochemical analyses, we identified essential materials in the eruptive products
that consist of various types (essential, accessory, accidental) of rock fragments. In the March 31st eruptive
products, there is a pumice fall (Us-2000pm) with maximum grain size of 2 cm. It is considerably fresh in
appearance and its magnetite composition is not similar to those of all pumices from Usu Volcano. Therefore,
we conclude that the pumice is not accidental (e.g., resedimented deposits of the 1977 product) but essential.
In the ash fall, we found fresh volcanic glass (Us-2000g) with many needle microlites and spherical
microbubbles. This type of glass composed of about a half of the March 31st ash. Because the Us-2000g glass
is similar to the Us-2000pm pumice in petrological characters, this glass is also essential material. The March
31st phreatomagmatic eruption is characterized by the following special features; (1) a large amount of essen-
tial material is in the products; (2) black (ash-rich) and high eruption cloud was maintained for hours; (3)
spontaneous fragmentation is inferred at deeper level than the aquifer. Thus, we propose that this eruption is
a kind of phreatoplinian eruption. We also discuss the relationship between the magma of the 2000 eruption
and those of the pre-2000 eruptions. Deduced from similarity of zoning profiles of plagioclase phenocrysts
and of oxygen isotopic compositions, we conclude that the Us-2000 magma is also a member of the series of
magmas since the 1663 eruption.
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Table 1 Historic eruptions of Usu Volcano (From Soya et al. (1981) and others).
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Table 2 Characterization of the 2000 eruptive products and comparison with the 1977 pumice.
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Fig. 1 Eruption cloud of the March 31, 2000 eruption at
the climactic stage with dark-grey color and large as-
cending rate. Taken by Kawanabe at 14h03m from the
Silo Viewpoint(about 8 kilometers north from the vent).
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Fig. 2 "Beach pumice", the March 31 pumice that
was fall onto the surface of Lake Toya and washed
ashore. The white belt at about 1 m apart from
the water's edge is the pumice. Taken by Tomiya
at 12h07m, April 3 on the east shore of Lake Toya
(Taki-no-ue). The person is Yamamoto who dis-
covered the pumice.

H3X 3HAIHEADESEALDIO—X
77 M LRIEUR M E R T,
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Fig.3 A close-up of the March 31 pumice
gathered from the shore of Lake Toya.
Vesiculated with fine bubbles and flat-

_ tened in shape. The numerals with "mm"

o are the proper scales for the picture.
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Fig.4 Thin section of the March 31 pumice (by polarization microscope). (a) Open Nicol. Spherical bubbles fill the ground-
mass. Width of the photo is 3 mm. (b) Same field with cross Nicols. Groundmass crystals are needle microlites. The
prominent crystal is a plagioclase phenocryst. Phenocryst content is very low.
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Fig.5 The ash of the March 31 eruption viewed by stereoscope and SEM. [G] finely vesiculated glass with microlites (Us-
2000g); [T] clear microlite-free glass (Us-2000t); [X] crystal fragment; [L] lithic fragment (see Table 2 for detail). (a) Photo
by stereoscope without transmission light. (b) Photo by stereoscope with transmission light. (c)-(f) SEM observation.
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Fig.6 Grain size distribution of the March 31st fall deposit.
Sample locality is the southern coast of Lake Toya 3 km
ENE of the vent.
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Fig.7 Schematic description of mixing of accessory and accidental fragments (from layer A, B and C) into the magma during
a phreatomagmatic eruption. In order to identify the essential material, detailed petrographical survey is necessary.
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Fig. 8 Chemical composition (Al,O; - Mg/Mn) of magne-
tite in Us-2000pm using electron microprobe. (a) Com-
parison with historical products. It is not identical to any
products from Usu volcano since 1663, so that Us-2000pm
is a new magma that erupted at the 2000 eruption. (b)
Zoning profiles of magnetite in Us-2000pm and Us-1977.
The Mg/Mn of magnetite in Us-2000pm (thick curve)
decreases at the rim.

BRKILDZNETHOETORE (1663, 1769, 1822,
1853, 19774F) DSk LM A # 72 2 5HI8IZ T a b h
3. 55T LD WBER FEHSIZLIZE ST, 2D
PiA BB AORFERTHILETES,. 22T,
Us-2000pm2B3FER KL DM EOEL O HEE) ThH ST
BEMEARRET§ 572010, KR EHWS,

&T,Us-2000pm D g ki B D &P I3, 1663, 1769,
1822, 18534 F-D W ¢ M DA th DG Sk SL DB & & F 2
520 (BE8X (a)) . ﬂ’i Us-1977 (Us-1977-11% & O'Us-
1977-111) O &PAIZ T WA, Us-197713 /54 E— & )L 7cfll
KA fE$TA5DI2xL ,Us-2000pmid L =FE -4 L Th
%, B2, Us-2000pm D i &k gL K D zoning profileid:
Us- 197708 DL —FHE 4,V A TMg/ Ml 3%
F A& > (588X (b); Tomiya et al., in prep). Bl k&
D, Us-2000pmiz GBI EEI00EBOE DT LHEE
T Sk AR 23 — B U 2oy @ Z S T FE ) Tl e < & [l
LML CE2Z3D , T bbb RNEWE ] ThsLhm
T&5%. £72,Us-2000pm D1 RFEA R 2 — r s £5
(==X THDH) I, ZOBLEL 6Lz
IHE—THo7ZER BT 5.

%, 197741213, Us-1977-11 - Us-1977-11Oflh
123 Us-1977-1 + Us-1977-IVEVNIRZL[E T 2 =9 A
Mo Tna. LAaL ,3/31 KO TIdUs-1977D
IBIEHIAFRHIEL LIVt D /MR 2B T 2 = o M
IFEAEHERBL Tuan (F=EIEH,1981) . 72, Us-
1977-1~IVOAL AR B (A5 B 13 5 DB THD,
a(H~Ik) RV EICEH DS Si0,/ICL T1%E
JEDOHPHN THS (Oba et al., 1983). W12, Us- 2000
pm23Us-1977 DB TdH 50> E 5 H DREFEIC
1977-11£1977- 11D A& FHARNE+ 5 TH 5.

4.2 RIUKOEBREZERDR

4.21 REEFH(BENICEZXUROBHTE~
BRHOHE

20004F-3 H 31 HIZ AR A 1Cfg P L7z Kilkic
WTEPMADBENZ K B84 174 - 7= (559IXD) . kil fk
ARHI R I DTy THIRI R 7 & R L 228 D % | fili oy
FEFICT RS UBIIBICORES T I AR Eicvo v
FUBFBEL [ EHERL 7=,

Z OFER BUERL 72K ORI OARISENL B THkS
SZE LI 72k # 5 2 (Us-2000g) THBZ &
FHL 72. Us-2000g!3: , SZIARBHMMEE BRI T B [GIITHEY
T 5 (52%) . Us-2000gi3 , BIGE I3 A THBM, 5
2 DR o i D mE RN R 2 DB TH S
728 e X TES, ZOMh, MESEIZEAE EEH N
# 7 ZF (Us-2000t; RICL[TNSAEY) gL bnh &
FOZEAR (ILISHY) o KOS A (XIS HRYS) A
B L CEEhS.
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AERAKIL20004-3 H31THE AL T OAREY (e 1E42)

aE,KILKHDUs-2000gD EH R TH5 “KI5H]”
13, RIS TRIZL 720K (KPEIZ XD $90.03mm
LITFOMRNIEbh TOB)IZE W TOAELWL, F
FRICIZZ D RSB $ L MR 7 K Ol oyl T
BT CcHREn2 M o BB Tk bl Enic
WO KL DTS LB ZDDONE YL THAS.

4.2.2 EPMAIZEBRIURDH T AP Hi~EH T ZADER

20004E-3 A31H KILKIZ & Eh 205D K114 T A,
TabBMAEMADH T 2 (Us-2000g) 6 X UFE I ZL
WIEIR A 5 2 (Us-2000t) DAL F % #5728  EPMA%
HWTZNEDH T A A S 72, D 729 | #
KT HER Y th OB (ca. 100ka) , Us-b#¥4a (16634
i) | Us-IlTa#% 45 (18534F) , Us-1977-13% & U'Us-
1977-1II#% A7 (19774F) , Us-2000pm (20004F-) D % #2435
DA T A B R L 7.

ZZ TSSO —filE L TSi0, - TiO,B %~ §
(F10IX1) . £$EW A 5 2 (Us-2000t) D J7 i, Tl &% A
MHER TP OB A DOE RS 5 ALK A —FKL 72 0 Z
12, Us-2000t 3 3l 57 A it HE Rt I o0 i v (B
Fr) Td 20 EeEA & SR A HE R A BRIl
TR RGN (Bt+m) K D12 %5 D T WK
ICHDIAENR TV THAI. — WS ADH T 2
(Us-2000g) 1%, & AW, Us-b , #6 L O Us-ITlad 15 3
H T ALTWIEIZIX B TE =28, Us-1977T8 A DI H 5
2L X PN TEL DI 572, ZHiT,Us-2000pm& Us-
1977D LR A IEF I T B e nd bk L —
T OHE (PNNEA, 2000; 7277 LIEW IS ERE THM
TR ENDHD) LA THS.

E3BL 72 £512Us-2000ti3 1 #7 A5t & LB 12— 3%
L2 LU, ZDZE DA TR, Us- 2000t K EWE TdH
BIEAEMBIZZIHETER, LA BB ALz W
T IRFR KR E R — /R O ~ 7~ A3 2 il ek
A ARINCIZE LB BEN M, B AL AR
DAL AR (Oba et al., 1983) Lil#R Ktk D 45

" 5 ¢ ‘- :’

oK 3HA31H KILKDRHE T4 (BED . M4 547D
RFREENDD, ZOH TR AD YA 7 2 (Us-
2000g; I Hg" &L 72) 2Rd 2 < IRIEF 5% LD B,
fizid B A 72D AR O EENEENS. BHEOM
g% 1mm.
Fig.9 Back-scattered electron image (BEI) of the March
31 ash. It consists of various types of particles, however,
finely vesiculated glass with microlites (Us-2000g; with
"g" in the picture) is dominant (about a half of the ash).
There are also clear glass (T), lithic fragment (L), and
so on. Width of the photo is 1 mm.

LA (Ikeda et al., 1990) L% i3 5L & 73 HH
EMCREZT ST RIITHENETHS. HHKILO
F2IEHAOKLOHP TEREK0IZZLWRIIZEL
T, [ SIOLH THBL 72 7R K ki 0 72
ELA2KONGENENDTHS.

TiO2
Wi
0.4
0.3
Us-2000pm  +
Us-llla L ‘
0.2+ Toya x k '*j
Us-1977 o I
Us-b o L
01 ys2000t o o
Us-2000g e @O °
o \ L L L L L @
50 55 60 65 70 75 80

HI0X KK D F T 2K (Si0, - TiO,) .
W77 7 2 (Us-2000t) DA RS R A
FHERh O (Toya) 123U 7=,

Fig. 10 Chemical compositions (SiO, -
TiO,) of the two types of glasses (Us-
2000g, Us-2000t) in the March 31 ash
with comparison to other glasses from

SiO2 wit%

Usu and Toya.
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WHEHMENRE 20014 528 F4/5%

4.2.3 EPMAIC & 2R 8% 859 17

4.1.3.% C# 45 (Us-2000pm) (2@ L 72D L [RIC T4
O R R KK ORGSR 2 |l E L, Us-
2000pm% & W § 5 2L #1775 - 72 KL GRORNI 8 &
W g THIDR R 23 2R L ,0.1 - 0.25mmdD & D % i
I ZOHRMPEG NI R ORI A RET 5720,
— W 25 T 2 T AMERICTE T2 20 L 7.
ZIThae T RFUVBIETH I AN Bz~ oL, Frimbl
g (A

2L THED RS SR 11203, bk & 2ok P (AR - JH
B-RBE)DEDORRE > TWDE, 22T, F T K
K2 DWW T REE RO ET RV ZhaeaH T
U8 O MR SR T A T o 72 B B A R
Ok IR R R E O IR E NS5 THS.
22T, ROAFEEIC  FHL 72

Us-2000g 23881 () L TW580

=Us-2000g Mt
i s R U AT 8 1 U T e R 8k 8

= Solo Mt
BEAMAA ()L TH5E0

= IPL Mt

BEITIV 7 AMDMWE T AAH ((F85) L TW 380

= IBW Mt

ZL T, Zh6I22W\WT EPMA% W72 R 8 S0 K oD
3B (R M 6305) 4775 - 72

D ZOMER T, Us-2000g MtOFLER A
BN 2L TR BOTEILL L% 5. D0 TSolo
MtA2#1% 58  FRDIZIPL MtEIBW Mt T ~7-. 22T
13, Us-2000g MtO 3 Hr i RISDONTO A 1IKITR
3. e - B O W TSI (a) £ A TH B, Us-
2000g MtORUKDIEE AL — T FricEh-§5ZL 2%
M5 SBOEMESLDONTWBEA 2T EORE
(HENET VIO R G -72720) »ELhk
vy,

Us-2000g Mt A —r FrictEh 4305 ER
13, Us-2000g Mt23h B H—D <7 <IZHRL TWBZE
ARRRIET 5. X512, Us-2000g MtO#LIK % 20004F-3 H
31H Iz & 2288 4 Us-2000pm H DTG LS D Z ho b
Wigd 2L MFHIEIS KL 2 (EFE1XK) . Lzh->T,
[Us-2000g& Us-2000pmid AL v 2"~ (Us-2000) % 2 5
ELADTHS M@ TES. Thbb, Us-2000gd %
=S OIEKDOREWE TH 5.

4.3 2000FMEHYDEFR LA

200041 K DOWE P 234 B KL D HT 7278~ & v HIR
DARBEWTh B0, £ LR LI O H RE kL
WA DS~V YDOHRTEDIIMEDITENS
D ERET B 72000 AR B O KRR M %
1175 > 7= ((EREE A, 2000) . AT L 723080, (1) 20004

5 " Us-2000pm

0 \ | — el =482 1
1.5 2.0 2.5 3.0 3.5
Al203 wt%

11X Us-2000g K IR 112 & F M B i #R AL Us-
2000g DIk HLE Us-2000pm DI #kHEI TR A —FK L
RIC~ 7w THAHZEHMNREN/z. Mg/MnlE ELTH
5.

Fig. 11 Chemical composition of magnetite in Us-2000g
glass. It is identical to that of magnetite in Us-2000pm.
Thus, Us-2000g and Us-2000pm are from the same
magma. The Mg/Mn is mole ratio.

SA3IHEA Qs FES , B K OHE B LBM T
BERIGEET) , (2) WFER AR, (3) Us-b#i AT, (4) Us-Illa
H, (5)Us-19778 5 CTH 5. ¢ TlZMatsuhisa (1979)
i%,0ba (1966) i kDt h 7z, HER AL SiIL %
AT AR — AT A AMH - "Ub" B P4 (L M Us-
b) DG RFENEKINEITE->T0S. Thickh
W, —EOB I~ o~ DR AUAEFIZ X5 TR
ENBH DI LI U F (Si0, vs. 6 80) EFMBTH
0, SMEILETERL 22 EN R R G~ 7~ 250501k
EREL CTHAMREE XN TS, 22T, Boh=4
i % Matsuhisa (1979) Dt R & i - Mgt L 7=,
< 7~ OBRFENL AL (180 /%0, LLF 6 20 = ((180/
160), / (180/%0) ysmow -1) * 1000% TZL) 1, (1) #E5&h
SLIER, (2) w7 ~iRE, (3) MR E O WS, (4) i
TAREDRIN R H L EICL > TENTE0,2095
(IZ k2R RGNS, FICEEOREEEE TS,
Ny T IRERH(0.3mg Pl L) #FHWACO,L—% =<
A a7 a—7 % (2 1ESharp, 1990) % Vit 7
kR RS &< (£0.1%, Satoh, 2000) , i ik 3
RIRLR S M C&EB728 , 5D 5 M Fike L TERHAL 7=,
BEWIEIH L BB E T IR 7V ARV FEHWT
WL R A2REFEE T THYFEy 2L THEERFE
AL 22 2hoaFEEL 2% B F T O
L—¥—v4r7ur7a—7 (£F)ILLMP-90, X AIE»,
1996) 12 TBrF;ZZH & T2 ZF a4 1058 e
L ,Finnigan MAT251E & gt THArL7=. ¢ BOHI
EfliZMatsuhisa (1979) L DEEAMEATHL | FHEE
&R BRICALBE L 7= NBS28 R #E G UR D 6 BOfE % 9.50%0 &
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AEKIL20004E3 A31HE A& ZDOAREY (H'E 1Z5)

83K 20004F-1E 1 M &5t 25 O VE T M O B SRR AR MU IIE I O iR (Gm A3 PLRHR AT, .
Table 3 Oxygen isotopic compositions of 2000 and pre-2000 Usu ejecta (Gm: groundmass, PI: plagioclase phenocryst).

Sample ID Eruption age Si0,Gm wt%) 6®0Gm (%) SD.(%) n 6%0Pl (%) SD.%) n
2000 ejecta

essential pumice 2000.3.31 75.0 6.73 0.05 6 6.22 1
pre-2000 ejecta

Toya pyroclastic flow  pre-historical 77.2 8.04 0.13 2 6.48 1

Us-b pumice 1663 76.6 6.74 0.02 4 6.36 0.09 4

Us-IIla pumice 1853 73.9 6.65 0.09 3 6.17 1

Us-1977-1 pumice 1977 73.1 6.28 0.04 2 6.23 1

Us-1977-11 pumice 1977 72.5 6.83 1 6.24 1

Us-1977-111 pumice 1977 73.0 6.58 0.06 2 6.21 1

U CATHISALL 7=, 72 RN RS A D5k D D F0RHI R
HIERA A —  INEUF I TR 7 2L EPMAIC &
AL S TS L 72,
Us-2000pm® A ML FHR ARG D 0 BOfEIZ 2 2
T, 6180 = 6.7310.05% (n=6; nidMHEE) ,6.22
%o (n = 1) DD THOMKFEPHZ R4 (3%) . kb
L7z HIEIZ &> TR 2RO IESi0, = 75wt.

E [ mGm (Us-2000pm)
[ | dGm (pre-2000 pumice) éooopﬁ)umlce
['| O Plagioclase m- D ]

[ | Obulk rock data by )
Matsuhisa (1979)

fractlonal crystallization
[ trend of island arc tholeiite

gl vt v v e L L Ly
40 45 50 55 60 65 70 75 80

Si0, (Wt.%)

12K HERKILOBEAO R LOHATF T 2REARE
D o POfEiE HIEDSIO EAH EOBIR. X, Gmid A,
Pl AR, B O KR iS5
LB KB R ER AL VR T, FAUE Us-b LART
OHBKILO L KA, F -7 A A D4s
S MG SR (L 412 Matsuhisa, 1979). 3H 31 H## £1%, 1977
A E R & T DAL ORE L EE R O P& [k
DORIMAHEEZRL , BORFTHEI LRI,

Fig. 12 Oxygen isotopic compositions of pumices (Gm:
groundmass, Pl: plagioclase) from Usu Volcano and Toya
pyroclastic flow deposit. The straight line is a typical frac-
tional crystallization trend of island-arc tholeiite (Hachijo-
jima volcanic rocks). The composition of March 31 erup-
tive product is similar to those of other historic Usu
dacites (Matsuhisa, 1979), indicating the same origin of
these magmas.

8"°0 (%)

% (n=2)Tdh5b.

InEBEORENLE ML L TAS. A
KILWE W C & B I FR KRR O F 563, S10, = T7wt.%,
6180 = 8.04£0.13% (n = 2) & V& X bk K FE A A
RAEBONENWIRFEBAEL > TS, Us-biRAD AT
Si0, = 77wt.%, 6 180 = 6.74£0.02% (n = 4) &, 6 #Ofil
(Z2000F- A IR A, SiO, B H EAR R E .
—75 , Us-ITaf% A ¥ X 3D D 19774885 D15 13 Si0,
132000412 ¥5< (73.9, 72 - 73wt.%) , ¢ BOfE G LA UE
BIL T3 (6.65%£0.09%, n=3% LU 6.28 - 6.58%,
n=5).

IS0 EOME A 620004 A E THED XS
T TR EN 2 & MET 572912 Matsuhisa
(1979) D F — 2 L 41ZSj0, vs. 6 BOXIZ T Ty bl 7= (55
12[K) AL BRI~ 2355 Y 2128 W THEBKILO
BAORSIT A FIIH L THFGAVNEW 20 A MK
DK A IZIERML T BEE 258 A%
ROz SIN R E v 7 v ORI L Y RIZiE
IEAT B WE A RL TWB, ZDZEN 5200044134
BRKILDiE3004F- BTG BIL 2R E v /' v LB B2
BIRL7-FEI CThBEEZONS. £7- , Us-bLEDOFIE
AL D 6 BOMEA36.2556.4% DR WEEPIZHE 5
ZEy HRMPEC =7 a v 2 (S L E R 5 5 Wik IR
H~r~Rto~vsr v(rm MV ETREL T2V T
LB EL GBI T FISFELFT TWaZE
EHERL TV,

5. & £

AR TIE 3HASIHBEHPNZB ¢ 30O DIy
IZOW e 5.

51 FXEYHEOREICHTHME
SH31H DML v &7 v KA S ] Td B LMK
BOFOBRE TRES N, 2 IS A RIT A D

—225—



WHEHMENRE 20014 528 F4/5%

NEKILEOE FEIZIZ W T kLA 5 27 »
REXIN-72HTHS. LIl B~~~k 512,3A31
Ho kil Hizig i 0 kil 7 5 2 (G, T) Ak < h
7228, 2035 —RHFHEZIZRABZEBRWSS 2 (T) D
HEKREWE TR -7-Tl 5L FELANRTASL
FIGIHMTIIMD 572, Z0Z8F, [ v 7 v KERG
1O % S HIENB ETIREEICEGINTHS. T
bbb KEWE (KEHFRA)THB,PES»DHEZ,
R R L A A B EE TR AR DS, LD
Z&ETHh5.

52 EHYMEISIBEINI2BREH

EHEBAAIZDOWTUZ G Y], 197 744 R T AT kg A3 X
IZEDIRETRIBZEN 28D THBEWNS A REN: (FRE)H)
PR EN 28255, LA L BRI B -l s n e
WAERADKIK[GIBRVETHEEELON, ZDOHE
KK [GIB 1977 A O k> TES h it h
a6k, 3758 MR T R (ER)HHIZEK-T
ZOEBHHIEGETHZENTES.3A31HD AN
(N1~N3:kI1; 57 22 H K 1L AP RE S 2 E0RH O
R, %95,300m2 TH 5. KEMHIEIZ 197745 TG 8
D30cmfEBIFHDOFIMANZH S (R IEAH,1981) DT,
B OEEE30cmE T 5E KB > TR ETRIZ
ENB1977THF A DOERRNIEFI1,600m? TH 5. BHOH
0.9 3 58, ZHUTHIL1,4000 > LB SR HIIZ1977
EROPHHEHEZD TENE IR D72 L THEID
A5 KIFICHAZ Lz, —J5 ,3A31H DREIK &
KIS TORERIA &G0 T2 Th 72 (F
FHIZ A, 2001). DL EOEHRRERIT, 3 A31HB I
1977 BLEPE KIZKDIRAL T3, 2O HEIA S
BEIOZIMU B NIWZEEBI®T 2. 202803 &
TPz Z B EER) OF 7 2 KIKIGI AT
WRRHELEFIET 5. 77 RN H - 72F% Nt e
PIRERITEINDZ DD > TE  E KO THIANIZ K
BICHBREER B EE 2120,

DL E o Beat i Rid BT KUK R O O I A
1977 B A OB B T3 AN L2 X 5.

5.3 “HEYU'~vI~

Us-1977& Us-2000pm D 1L 5 41 i & 1 32 [ 7 74 LAl
AL TN 225, Sl O H 73 e DNk D HY B
D~ 72k B REPE S BET X 2 (4 H 12 H AL
KPRHEAEZER) . 20% , Lk —T 12k 5H0 T
FAEE O 2B SR s &, Us-1977L Us-
2000pmE I L NOENBROENDZ N0 -7
(Si0,&IZL T0.2wt.%, TiO, &1L C0.03wt.%; HJI1IE A
,2000) . 5€ > T, Us-1977~ &' < O Bijfi e 5% (19774
WIS Z LA B S R FIC SR L 228
HETHZE) TIIBPTERNILICED. 588,28

ZE204E ML EMIREE B ELENE WHIREZDED
DHDRZINHRNZETHD, "WHRD" DERDOMEL Y
545,

—J7,4.1. 2. CTRZED type- ADRHRA 731663
ELIK2000F-ICRHFTETOELMIZEENTED,
1663—1769—1822... Mk BA RS A B > TR AZE
N T %5 (Tomiya, 1995a; Tomiya and Takahashi,
1995) 225 AWV EM TIZ 166341 A LISk Hy 3% - 7=
VIR ZDHROEHPIPIZE RN TNBZEITHE» T
555 HE-T, 20000~ 2" v “1663F- kD~ ~"D
—#EFIEMRNTVD, T AabB, 200041k 16634
Dk~ 7 v G REMHL T, LiEmTE5
ThAd.

5.4 BARERIOYIVES

K ELHT D~ 7"~ IRA OB B KD M) — R0
KFER (AW =X L) %E25 L TEETHS. HERAIL
DINETHOHRAADITL AL (1663, 1822, 1853,
1977) 2B\ C KB RN 2RO v 7 v iR A &R T
LTWBZEN R DS A =2 LS5 h >
T35 (Tomiya, 1995a) . —J5 , 20004F- T i3 figh % SLAHL B
NP —THAHZEn6  IHHEO~Y v U RITITH T
WaEWEALN, v VRADE TNDE WS MK &
LS D 2T, S RIOE NI E TR E 727
7 PRI THU IR B TEhEL NG,
LAl T T v IRARBEI 528D DRA DL
ERIE» 57 BRI O AN EIZEHL 2, 20
IAMETBETH BN, S5HEOEIEmMVUVETH
5.

5.5 2000FE3A31HEADAHA=ZX LA

SA3IH O~ 7 v KASEFRE A T KUK H DRy
PV KREDOREI A S 7, KEPNIT XL
VWAL= DA LN, X5, w7 2 IidH FAIZEE§ 5 LU
IZE S, (fragmentation) U CW 72 ATEEMEA R D &
IBRIENPEREIN TS HZIE, BIKkIZH (2000) %,
Kili# 5 Z (Us-2000g) DA 54 T 2545 O &K %
SIMSIZ &> THIEL , Z DEIMIE % KD 7. ZDIET]
L KINAT 7 2R AR WS S R ICE YL v s
VRPEEL 2RI KIR T AR BEEA B B AT DS R
&I LR 5 2D EKEIZ2.540.5 wteiZHE L,
BIRIESIIZL T300 - 700RETHBHI L H o7 2> 72 AR
IEADEL2g/cm3e LTI AR T 492 5 H/HES
EEZDHE WL THE F1.5~3.5kmici %S §5.2h
BHE XN T B KR KGO, Fl 2T, AL E 7 Hh B
WEZEAT (2000) Ze £ kAU AR AR HE TRE KR
D8 2o KR 3 2R T 950 - 80m (FE5%983m ~ i
F O WK 1 O FE S S NF IR C ;A Bk S i 1L A A g dE )
IAFET 5. £72  AERKILD20004-4 A s A O K iZ
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(a) phreatomagmatic eruption

(b) March 31 phreatomagmatic eruption
(phreatoplinian eruption?)

%)

(c) plinian eruption
at the 1977 eruption

Jcontinuously
growing plume

continuously
with major growing plume
magmatic

fragments

since April 1
with minor i, with
magmatic —_ o magmatic
fragments cock's tail jet or fragments
muddy water plume
\ [/ R>0.4

T
Pa TNV
R

. NN
aquifer »@!-N\a g e

A / A~0
. ] TN
aquifer oo SR P
NV =3 NN

unfragmented
magma rate

fragmentation? ——§»

low- ey
discharge *§" [

fragmented high- ‘4 fragmented
i magma & discharge 7] magma &
%] volcanic gas rate volcanic gas

fragmentation —%>

P v v AKFEKIER B LT = -RE KO, () 4H1H DO~ 27w KFERIRIE . BEREL T 7 <231 T
ARIZHAL | B5< TR R AT T, (b) SASIH DOV 7 v KSR OKAER T =—REK) . 7 7 i R K 3l
95 LA B (fragmentation) Z BHIAL T 7z, BERL 728513 v 2 v LI TR E DB Alm A TRIEEIIZ KR &L 5728 | %h
BIYPZBZZET b BT 2 DRI C 5 o 72 IRE R SRR L AER L it nsz, © 7V=—K
WEK (1 A BRKIL197TARIE K) . v 7' OIE BT KRENWEES K/~ DIRA IR AR NEH TEBIZE /N
WIGAIZIZ T = =Rk %, X P ROMEOH I ILTT (2001)125E5<.

Fig. 13 Schematic description of phreatomagmatic and plinian eruptions (not to scale). (a) Phreatomagmatic eruption since
April 1. Unfragmented magma contacts the aquifer, causing weak and pulsative explosions. (b) The March 31
phreatomagmatic (or phreatoplinian) eruption. Magma was fragmented before the contact with the aquifer. Because the
contact surface between fragmented magma and water was efficiently large, the explosion was rather strong and continu-
ous. The eruption plume was growing high, and a lot of magmatic fragments (essential materials) were ejected. (c) Plinian
eruption (e.g., the 1977 eruption of Usu volcano). The negligibly small ratio of water to magma (mass ratio R; Yamamoto,

2001) can cause plinian eruption.

WTAELIRREDREL TOBEEI WIMETE R L
OMPBIBIFR (R =) v 7 HI)) % O RSB miE & &
RN TS (BENEA, 2000). LR T, 85D

U AL F R oM e AH 2 g (ERAE B8 ) 238 K

JEIZ 5> TOBHBEME R H DM, ZOHXIIB A mET

& 5 (b & 7 1B A 22 P, 2000)

— 5 LIt (2001) 13, v 7 v KESBERIC BB~
T EKD T I F =AU O TEE AT E W, S ED
KO 25 E O A & R ORI A 2B 57291218
~ " A3 MK & O DURTS o B (kL) & h T
WAEBEARHBLEL T, ZHIEROBHIZLS:

O 2 72 KRZEKIRF THIFBIC KB O KBS EREX
NB7=2DIZIE~ 7 P ERNCBORICEL T § 52 &
NRET  ZD72DITIT BN T~ 7 < LK il
MRS ST 20 ENH 5,

O FHZABRKILD K5 KD EO T 4 9 A+~ Fils
B~ ORA T KRED BRI~ OB
WU KB R0 AL S HOAD e 2D 7280, <
< 23 R T E FE IS ok U R R O AR TR IR 1
MER-BTIEN, v /v KERIBROIN H —LL

THYE X 7atv 2 Th5.

Z0 LT, 3A31HDEREMHL 2RO~ 7~ K
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