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The 1977 eruption of Mt.Usu generated four high-altitude eruption columns which
produce BIG I ,BIGII,BIGII and BIGIV tephra-fall deposits respectively. Expressing the
initial eruption velocity in terms of the solid mass eruption rate, the initial temperature, the
initial radius and the initial gas fraction from the conservation of solid particles, we apply a
steady plume model to the four eruption columns. The initial velocity increases with initial
gas mass fraction and initial temperature for the solid mass eruption rate estimated from the
volume of deposits, the apparent density of tephra and the eruption duration. For three
eruption columns depositing BIG I ,BIGII and BIGII, the initial temperature and initial gas
mass fraction are estimated at 600K and >0.11. The eruption column depositing BIGIV is
formed at 800K and >0.15. The estimated initial temperature are low and initial gas mass
fraction are high in comparison with general physical properties of dacitic magma. These
inadequate values suggest that the growth of eruption columns take the influence of
pyroclasts fallout from the column and thermal disequilibrium between pyroclasts and gases.
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v (Katsui et al.,1978), W ALOMEK & RN do72 o Tt &, WEJE O TEFS L& £ 10,000m i
BIZELT.

ZOX D R OERL, FERETE LR TOER ) a— A THEET 2 ENTE S,
EH 7V 2 — LOWEER~OE X Wilson(1976)12 & - Thhd B4, Wilson et al.(1978,1980),
Sparks(1986) 72 &2 & I Z2#% T, Woods(1988) N iiiA /1541y, BT MIHE—Shi-ET /v
THEAZ ERAL L7, 7203, T R T A =4 Th 2 AIHIEE-CHHNERE 72 E oSN L <,
WELR DFEAEBE B IR, ZOET /L TEBEOEEF: A M L72Bi3D 720, /hEF(1996)13,
1929 4B 7 Mk, 1962 F-HIEHEME AR 1977 A BRI A OREAIZE LT, REIN A
WD RMNTHEEL S &2, ZOETFLEAWVTEIT 21T 7.

ZDH L 1929 EEY - B K TA U7 EEERE OMRHTRE S & BT R EIEN(200)I1T k- THE
INTHD. ARETIE, 1977 FHEKRLUB A TER SN 4 EOREREOMITHEROE LD, &
Bx1T9.
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Fig. 1. Schematic representation of steady plume model and model parameters. The structure of the
plume is subdivided into gas thrust, convective and umbrella regions based on the dominant force
that control plume motion. The boundaries of each region are defined by height where column density

is equal to atmosphere density.
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BEL FREEZ L5 1O0OME LTI ZENTED. FHIERAYO ERET 1 REHWT, £
Rl bole o T, LA OET - BEDUII 2 WEEZ D &, MEROERIL, RBEY
O EFABEE, IRERS L CREAWICED HKRMOERE TR TE S (Woods,1988) .

COXIREFHT Y a—b & RSN DEERL, IRAWOEDZ XET 288 /1726 350
IR Bid (Fig.l). kKO E _E@ Gas thrust region (U AHEHENL) Tik, MHEFZRFOE
FhENHELE ) & 72> TIRAEMITEINCH 5 E5F7-9 5. Convective plume region (xfiiisk) TiZ,
BAEWD EFHIZE RV IAENTZ R, KL > TINBE IR L, IREWOEEIT
FFEOKR[ LV /hEL Y, BHTERTS. 21LC, WEEOEENSRKILYVFRRELARY
1BMEC BSR4 2% D Umbrella region (>&7) TH 5.

m & # #H R

M F ok edERE BIG 1, BIGH, BIGIIR L OBIGIVA & 725 LI-MEEIEICHOWT, Kk ElE
i HE OB R R IO R R UE )y (1982) IZEE LY. F7-, B FHEREWOBREIZSHA (1981) 12k -
TRES b, TORNTEEITSHAIZN (1982) ICL->THRALN TS, ZhbOfE &Mk
T H%BHEBIIS NI KRR R EFRE A Table 1ICE L 7.

Table 1. Some characteristics of BIG I ,BIGII,BIGII and BIGIV tephra-fall deposits and observational

data on eruption columns and meteorological conditions.

Tephra-fall deposit BIG I BIGI BIGII BIGIV References
Date 7 August | 8 August | 8 August | 9 August
Onset time of eruption (JST) 9:10 15:20 23:40 11:40| Niida et al. (1982)
Termination time of eruption (JST) 11:13] 18:00 1:55 14:20
Eruption duration (s) 7380 9600 8100, 9600
Eruption column height (m) 12000 10000 11000 9100| Niida et al. (1982)
Crater 1 2 3 4[Katsui et al. (1978)
Crater radius (m) 50 50 100 50
Volume of tephra 2.43E+07| 2.25E+07| 2.72E+07| 4.30E+06| Suzuki (1981)
Mean apparent density of tephra (kg/m?3) 750 1100 1250 800
Surface temperature (°K) 293.0 292.0 291.2 293.9| JMA (1980)
Sapporo Sapporo| Muroran
(18:00) (21:00)]  (12:00)
Surface Atmospheric pressure (hPa) 1005 1000 998 993| Suzuki (1985)
Tropopause height (m) 11000 9500 9500 9000| Niida et al. (1982)
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& A TR OEERAFAIN G, EH 7Y 2a— L Zilil ¥ 25 4 2D/ T A —Z OYIHIEI,
B SN D B T KEERLQ, KW O RANTEEE pds L OMEKMkfeRe 7 &, REUT &> THE
Ui bid (VhE, 1996).
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Fig. 2. Ambient atmospheric temperature profile.

FRETIC BT - UL, ABEORKUIFLIREAR EE L (Fig. 2). £/ EXEZRAWT, #I#
SHAE RISk 2 W1 A U & RS o 72, BIG 1IZ DWW TR B R LISk 2 41
RS Fig. 31RT. WHAMERLEA RS VIEE, EEWRESEVIZE, 1 ERE
FEIIRE V. PIISHEELOB R, PIIEEO EFIX, IREVMOEREEDK T 25 E 2
L, REMOEREHFIIWDTH. 610, PIHISHERLOERIL, REWHOEHER%
BKFSED. ZODEMELELZHERT 272010, PIEERKREL 2D,

MMSHEREL EEAWO ERFHEN 0 L7 bEE (BEERE L MES) OBfRE Figd 1R
T WA A K E RS Ko THRIBICZEE L, RREELZ b, RREEICET DL
ATOMEEAER LI, FIHISMHE RO E & HIhx 1 EHT 523, WERERELZ R+ 5 X
INIEEE CIREWIE ERAEEZ RS . —J7, BRKEEICE L% OIS A E S
FEeoihne & HITERLMNICET T 22, TOmETBRmEZE, BEEICET 28R TER
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Fig. 3. Initial velocity as function of initial gas

mass fraction for BIG I plume.Four curves

are shown for initial temperature

600K,800K,100K and 1200K with initial

column radius 50m and solid mass eruption

rate of 2.47 X 10¢kg/s.
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4. Height of column top as function of initial
gas mass fraction for BIG I
calculated height for
temperature 600K,800K,1000K and 1200K

with initial column radius of 50m.

plumn.Marks

indicate a initial

PR E N E < 7

(FEMEEAL S < AR DN, ORI L R DR E RTINS < .

FH S A 7o M A R R L B

LV REWFEIZHED —HRRE .

AT 5 L, WIHNRED 600K C, #IMIKHH R 0.11

ZoL X, Fig.3 N HLYHEE L 106m/s LLEERFES. )

RS 600K LV <7D &, R &4 2 WA O 5 B 1A SR B bR & D PR S A
2% L 5.
Table 2. Initial model parameters and calculated maximum plume height.
Radius Temperature| Gas mass Velocity Uy | Maximum Plume
Eruption
Lo (m) To (°K) fraction no (m/s) height (m)
BIG 1 50 600 0.11 106 12,795
BIGII 50 600 0.11 112 11,930
BIGII 100 600 0.17] 76| 13,270
BIGIV 50 800 0.15 26 9,425

BIG I & [F#iz, BIGII, BIGII, BIGIVIZOWTEE S

FE L BUE E o i SHEE LT,

WA E R, IR, P, BLORE ShkEmmER EL £ LT Table 2128

L.

BIGII, BIGII ® 1% BIG I [F4# 600K T, #IHIKMHERL (FIHHEE) 134 40.11

(112m/s) B X V0.17 (76m/s) LA L LR BTz, —J5F BIGIVOWEMAE I HIHIEE 600K Tl
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MR R X T, WIHNERE DY 800K, WIMiIKAHE A& (WIHIEE) X 0.15 (26m/s) LLE&
RS bh7-(Fig.5, Fig. 6).
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Fig. 5. Initial velocity as function of initial gas Fig. 6. Height of column top as function of initial
mass fraction for BIGIV plume.Four curves gas mass fraction for BIGIV plumn.Marks
are shown for initial temperature indicate a calculated height for initial
600K,800K,100K and 1200K with initial temperature 600K,800K,1000K and 1200K
column radius 50m and solid mass eruption with initial column radius of 50m.
rate of 3.568 X 105kg/s.
V. & =®

EATICE D RO NI 4 DDNRT A —=F & T 5 & FHPME L ZAREO LD, 2 2T,
WL OMOEBENC DN TREEITH .

9, PVIHIRMERL, MIEERT L OWIHNEE 2% L BIG 1 & BIG 0 O #IHIHE OEWT
H5. BIGI OO BEEEHEIL, BIGI L k&, ko dEEEHRE (DX TRED
HNDPMIEE DORRE R Lic Fig. 7T &2 fL5 &, FIHEE I3 A O BEN RIS HEIT5 2 &
Wond. o TEBEEHEDKE W BIGH OYIFHEEIIRE 25,

DXL, BIG I X BIG HIZ kil o W H =R 23K Z 0 BIGILOFIIER /NS WZ & T
b5, ZHUT A T 2 K& < 295 MEREL S BIGT, DIZHATBIGIIE KX L.
::T,Eg8K%Ltk@%ﬁﬁiﬁm¢kﬁa%ﬁ@@i%ﬁ%@%%%#ék,@%EE
DNENZHBb L, Ik 0ZERNKE WV BIGIIOES & R, BIGI BIGIHIZH~NKE
W2 b s, EEREENENKEWOIZ, EFEHELY KD ANZE )2 ES T, PIEE
DI THEERDER SN EBZZ6ND. ZOZ L, KEOEEEHENRKEIWVITLE,
WA DT RIC R & 7B B RN MLETH DL L 2R LTV D.
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Fig. 7. Initial velocity as function of solid mass Fig. 8. Initial momentum flow rate as function of

eruption rate. solid mass eruption rate.

A%\, kP O FEEME H = BIG I, BIGI, BIGIIZ T 1 4 —#—/h & BIGIVTIL,
WIHIEEE 600K THEFEFENTERR SN -722 & Th . Zhix, Ko i =R I
FERLFIT 5 Z &b, BEREEHEO/N S BIGIV TIEMEEEOF KA MBI B 125 L7
DoToZ EICEE LTS, ZOhiREEZE L, PIEEEZKELTHZLICL > T
JERENR I N LB BND.

LIAT, R~ ~OYIEE RS L, #EESNAHIKRERILIIRE <, WIHNRE
IRV, FIHRRENEG 2D &, WIHKHEEREI/ NS < THRERITEATE 223, B

FEEIIBREEIC NS L 72D (Fig.4, Fig. 6). MEMEAED 5 O AR O BERL-C B FE ORI 5y
TEOIE D PN K E 7B % 1T+ (Woods and Bursik,1991).
52 L CHEEHEEN L VK KREDIDE Ly .

filx, e
O XD TR B OB % 5 T

Table 3. Total mass flux, bulk density, plume radius at the neutral

height and thickness of umbrella region.

Total mass flux | Bulk density Radius Thickness
Eruption
m (kgls) £ (kg/m3) r(m) Ah(m)
BIGI 1.28E+08 0.47 1,355 3,080
BIGIV 6.92E+07 0.63 890, 3,090
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FTo, KEFO~ 7~ O ERIBRIE, BEEOBRICKE REEL 52 50T, IRLEMKDY
DRI b A% OBETH 5.

& ZATBIGH & BIGIIOEEHIIAROREH L —& —Cbffifish, =a—o@&Ens ki
735 20km A2 FEFEL 72 I O FEIGE LY, 4 4 Tm/s 36 X O6m/s & HEE S41TV 25 (KRERIT, 1980).
RO RSO T K7 L OB Z 45 &, Convective region 75 Umbrella region
AT HIREMOLEERARZ m & Lz L %X, Umbrella region ®ifElE, EHERFHIND

%(MA};ﬁ): I ®)

L F &5 (Sparks et al.1986). = Z T ri¥ Umbrella region @ 4%, AhlZ Umbrella region &
JEE, BI% Umbrella region NOIRGMIEWREE TH L. Z 2T HE AhBPRFRITHKAFE L 720 &)
ET 5 & (3)7)> 5 Umbrella region LA E X
__m @
2rfrAh
THx NS, r, mBELVB%, Convective region & Umbrella region DEEF T O LD}
EMAE, EWREELL, AMMEBERAPOEEERE COEmS LT 25 L (Table3), BIGI,

BIGIIZ &) % Umbrella region ML E 1T KT 9~14m/s BE L RfEL b, L—4F—=

T — TSRO PLR LI S - R TOPERFE T Im/s AP EHEE SN D (Fig. 9). 2O
TEITBLIIHIC e~ e D/ S, B S N7, B OFHREIST S, IO T
— G DREEZ T TND

10

BIGII

Radial velocity(nvs)

0 10000 20000 30000

Distance from plume axis(m)

Fig. 9. Radial velocity of umbrella region for BIGII plume and BIGIV plume.

I.Ez & &

1977 A ERIUME K T BIG I ~BIGIV % [ FHERE S B 72 M EAE 2 Woods(1988) @ 1 RILEH £
TN RCTHRNT LTz, BT H T2 - T, B PRI O IRFE & BT, 5 X OWE Ak
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fehRe 2 DB R Z AWT, PIHIEEL BB o7, FgPbik e L, gllls
AUTEMEIERE R A 729 K O ICHIINEEE, IS R R A HEE L7z

HEE S - 9IRS 1 600K, WIMISAHE BIKIX 0.11~0.17 THBH. LivL, —fEMR~r~
DYENBHIWT 2 &, FIMIKARE BEITR & <, FINEEIRV. SIS % 1200K &
%L, PIMSHAERIE 0.04~0.09 LR 2%, Kb D A7 AT & B (B0 EE 2 12 5 2T
WD, ZAux, FEE Cki) OBl EBT XL X —DRNE OHIREZBE L TWHRNWT L
NERED 1oE%E 2 5k, Woods and Bursik (1991) IC L 2HMEH L SLETH A D, £72, E
vz b—v 3 (Dobran et al.,1993) 1T & B R BHAA IR0 R K & 0 0B K S D T3l ) 4 B
ThAr5. —J, KETRUOBLEBIL, TR RTFIEICLDEED X A F I 7 ADfFREED
HEEBIC, BEVI 2= a5 TPHINKRELES ).
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