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Using Aggregated Particles to Estimate a Cloud Height
—Sedimentation Process of the September 23, 2004,
Pyroclastic Fall at the Asama Volcano Eruption——

Marekazu OHNO*, Shuji YaMAKAWA™, Masayuki O'1sHI**, Kou TAKAHASHI™**,

%% and Takafumi Ipa*®

Tatsuyuki UENO

A cloud height generated by a volcanic eruption reflects the immensity and/or magnitude of the eruption;
thus a measuring of the height’s temporal variation during the event is very significant in judging whether the
activity will become violent or decline.
take information about the cloud’s height by means of the pyroclastic deposits.

However, when a volcanic eruption occurs during bad weather, we must
In general, the total time taken
for pyroclastic materials to be ejected and deposited at a given distance from the source vent can be divided into
three parts as follows: the time for the eruption cloud to ascend and reach its neutral buoyancy level (7)) ; the time
for the pyroclastic materials to be transported laterally by the eruption cloud (7); and the time for pyroclastic
materials to fall and be deposited on the ground (75). Since T5 can be calculated from the settling velocity of
pyroclastic materials, if the time that the pyroclastic materials fell at a given locality was observed and a given
value for T is assumed, the most suitable wind velocity to explain T, can be determined. Thus the height at which
pyroclastic materials separate from the eruption cloud can be determined by using the vertical profile of wind
velocity around the volcano. These ideas were applied to the eruption occurred at 19: 44 (JST) on September 23,
2004, at the Asama volcano, which produced a pyroclastic fall deposit with a minimum weight of 7.2 X 10°kg.
Because this eruption occurred in bad weather, the pyroclastic materials fell as mud raindrops that were aggregate
particles saturated by the rainwater. Based on the depositional mass, the number of impact marks of the mud
raindrops in the unit area, and the apparent density and the equivalent diameter of these drops during their fall was
estimated to be 2.2-3.1 mm, which is consistent with the grain-size distribution of pyroclastic materials. ~Accord-
ing to some experienced accounts, mud raindrops several millimeters in diameter fell at 20: 03
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in the Kitakaruizawa area (about 9km north-northeast from the source).

Assuming 2-5 minutes for 7y and

11.5-12.0m/s of average lateral wind velocity, the height at which the mud raindrops separated from the

eruption cloud can be estimated at 3,430-3,860m (3,610m on average).

From this conclusion, the

transportation and depositional process of the pyroclastic materials generated on September 23, 2004, at the
Asama volcano can summarized as follows: the explosion occurred at 19: 44 and the eruption cloud rose to

3,610m while blowing 2.49km downwind from the source.
At 19: 54, mud raindrops separated from the cloud 7.0km north-northeast from the

generating raindrops.

The cloud moved laterally for 4.51km with

source, then fell to the ground at 20: 03 after being blown 2.0 km downwind by a lateral wind.
Key words: cloud height, pyroclastic fall deposit, mud raindrops, sedimentation process, the Asama volcano
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to be transported laterally

LI LS, FEEo7AF 4 7OHICZ2 >ORE
a thermal : To— :
cloud Time for the pyroclastic materials

'_M

Vv

—IN
Vv

T4

Time for the eruption cloud
to ascend and reach its
neutral buoyancy level.

T3

Time for the pyroclastic
materials to fall and
reach on the ground

D2

Distance that pyroclastic materials
are transported laterally.

Distance that a eruption
cloud is moved by lateral
wind during its ascent.

Fig. 1.
short-lived eruption (i.e., vulcanian explosion).

Distance that pyroclasts
are transported by lateral
wind during their fall.

Schematic illustration showing the transportation process of the eruption cloud resulting from the
The total time for the pyroclastic materials to deposit from
the start of the eruption is the summation of T;, T,, and T;.
assumed, we can obtain information about the eruption cloud’s height.

When the adequate range of T; has been
For detailed explanations, see the text.
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Fig. 2. Schematic illustration showing how to estimate the time for the pyroclastic material to fall from a given

height.
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Fig. 3.
Asama volcano.
fine ash particles (a).

a light brown color (b, c¢).
the source increased.

These lapilli contained a few amounts of pumice grains.

Occurrence of the pyroclastic fall deposits derived from the eruptions at 19: 44, September 23, 2004, at the
The distance of each locality from the source is shown as follows: a, 6.2km; b, 11.0km
(locality of “III” in Fig. 4 and Table 1); c, 8.6km (locality of “I” in Fig. 4 and Table 1); and d, 10.3km. By
7km from the source, the pyroclastic fall deposit included lapilli, some several cm in diameter, which overlay
Beyond 7km< from the
source, the deposit showed black angular conglomerates (<2mm) surrounded by finer grains (<100xm) with

The grain size of these conglomerates systematically decreased as the distance from
In some localities, raindrop marks were observed on the surface of the deposit (d).
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AL TVS ), MERENSKE VY, KPER-EY O
RN, RBINICIE 0~2¢ (1~0.25mm) FHIT D
Rl &, 3~5¢ (128~32um) FHEOFIRIANIC 2 DD E —
FEFFONA £ = VIS %ERT. Fig. SITR LIk
EAHD DB TROBIFAKDITIEY 6.0km THRILS 11
foiRHE, MERDRL O HICERE 1 om FEEED L F AR
T B UK (Fig. 3a) TSN /b D TH D, £-T, T
OREIOARDORIENZ, & ScHblic K& s e —
FEbOETFHasNnD. L LOFWREEEA T Fig. 5%
HDHE, 0~2¢ b L BESITHRAICIES 2T — K
13, K o OEEEEDSEEN B 10> M TREINTHRRNC
Y7 L, POZDE— FOLMKITHED 2EEGHELDT
505, 3~5¢ [FTIChiE 3 2 MR o € — §IZEEEEAZ
fELTHZ2DMEIRIFEAEZ(L LISV, KR OHERS
R &, RO € — FIHREKILIKD FicgE->To
5L s L BEEEOJuiNT b B kR D~ L+
1T, FHRIHO € — K3 OBk~ L+ 2 E D
&L K0T akeE~HAMEEE 2T Ak KL
RiczhZhsdind 2 s n .
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Fig. 4. An isopleth map of the pyroclastic fall deposit that accompanied with the eruption which occurred in
September 23, 2004 at the Asama volcano. This map also shows localities where the diameters of mud
raindrops were estimated (I, II, and III on this map). The pyroclastic fall deposit distributes in a north to
northeast direction and has a secondary thickening at about 9km away from the source. The amount of the
deposit within the isopleth contour of 8g/m? is estimated to about 7.2X10°kg. The meanings of the
abbreviations in this map are as follows, Hg: Higashine city (Yamagata Prefecture), Yg: Yamagata city
(Yamagata Pref.), Ym: Yamato town (Niigata Pref.), Sm: Shima Hot Spring (Gunma Pref.), Wj: Wajima
weather station (Ishikawa Pref.), Tt: Tateno, Kk: Kitakaruizawa, Sz: Suzuranzaka crossroad, Fj: Fujiwara,
On: Onioshidashien park.
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Fig. 5.
derived from the eruptions that occurred on
September 23, 2004 at the Asama volcano. The
distribution is bimodal, showing one grain size
that is of a coarse mode, 0—2phi (1-0.25mm in

Grain-size distribution of pyroclastic deposits

diameter), and another of a finer mode, 3—5 phi
(128-32um in With
distance from the source, the coarser mode
migrates toward finer fractions, whereas the
finer one is fixed.

diameter). increasing

35 MEASEOKREN

351 HERSR

Fig. 6 132004 £ 9 H 23 H21 Kol FRGXTH %
GIAIC W TIEERESIR). 9 A 23 H 21 DR
Tld, HAOMERICIIKNATRSEAEL, w-< b &
@A B 5 e F A, dLiERE QR EANC SIS

FEhdb, oOEKTEOTLD SEESRICO U KT
DORIEMPEAE L. TORREIFTVENSS SFEH IO

H ERGR T SN &, ERTKLEESTE
B OMIZE T, COERUEE Z T SEY S RUE
DR S FKRETRR IS ) > TR 2 AL 55O ALHE A 5L
ML TOREHESN S, BALICR bV H 23
H 20 B5iC 81 2 BFFIRANGERT o Jalm « JabE i Jbbs -
1.3m/s, $-HXT 2 ¥ 2D ZNIEEEL - 0m/s TH D,
i ERZXD SFed EN B REE O EFF LSV, L
LSS, CoASs LI G AN E A o kK
P05 F5 (Fig. 4) EXFIR LW T &M, TOEKIC
S KPS, FE L CEBORICK - TEfishic s
Wz B,

352 BESZR
KmTHV2EBRRT -4 GIHFLIC> LTI
2ZI8) 1, ARSI S 2 [T (Fig.
4 IccBflshic T — 5 20, ShidEBXEREH
T > TV AR E L CldimEilll ik & ERE LI

Fig. 6. A surface synoptic chart at 21: 00 (JST) on
September 23, 2004. A stationary front was
stagnating south of Japan, and an atmospheric
ridge expanded to the Kanto area from a high

atmospheric southeast of
Hokkaido.
that, in the Kanto area, the surface wind

direction was north-northeast and its velocity

pressure
This atmospheric pattern indicated

existing

was weak.

W EiTimA, S A 9 A 23 HIE K ORI D 7R
THACHE L TEY, EEOBHEEAET 5 LT
RHTHZEEZ LN THS.

Fig. 7 (32004 4F 9 A 23 H 21 B 3 2 5T < 81
ShIicEESRT— s oL, KR, BEHSE,
JEm, & L CEOENTH S, JERdIb i
0°H SIFEHEID I A cE%E, SECEIRTTRL
TH 5. pENER E22 T3, 850 hPa i3 & T 1,545
m, 700 hPa [fil3 /5 3,160m, 500 hPa [ 1357 5,840 m,
Z LT 300hPa 3= 9,610m I 4 2. Thbiz
[RIRFZ D = R UK S e L 7o R kil 22 oo s &
FIE—T B Ep S, EREIAKLEEOKREN R,
SBHEFRcEoNBlEE REC Bz Lidnmnd
#Z%. Fig. 75 5&, Sl &BERKURDEELIC D0
HOFTREAEZE LWL, DT EMD, BAYHEORS
IR S EEE 10km (T E TIEE A E7KITEIFIL TO
e EDGD S, IR TR, SiEE
gl I A HEAART. — AR, HED» S S 167
m F TRIGVILTE~ILEE T, HERKIX (Fig. 6) 5
FAENDZHEREFELBOV, SERTmOHISET
3, BRI EE SR O &R A SR 758 S TR O
WKHEPEARICY 7 4, SEE1L,545m D5 7,540 m &
<3, A 5 R T 190~225° DATE, % 0 EERE
P SEEEOEMIcH v, 1FIF—ETH B, EilkLo
LT (B 2,560 m) 1% bAT WifEk 3,160 m DS D JE
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Fig. 7. A vertical profile of wind velocity, tempera-
ture, and dew-point temperature obtained at the
Wajima weather station at 21:00 (JST) on
September 23, 2004. The additional number
beside the wind velocity is the wind direction.
The temperature and dew-point temperature
show no significant difference regardless of
changing height, indicating that the air was
saturated with water at the time of the eruption.

[f] « JEGE (ZFEPE « #4913 m/s Th 3. C OJRED FHIE
& Fig. 7 OREDSRE o 5, RO (LTER T O &
] « EUEIE, FEPE « 59 10m/s FEE EHEES LS. 7,540m
&0 SRR DRI L - THL © DR ST B
red, KPEI DA O EDGRII T E 5 10 b 2 L &%
B 5E, 9H 23 HOMAIC K AL, D &bl
152,560 m 7> 5 7,540 m D HiPHZ A 2 FE R PH ~ FE P
k- TR EETEs N 5.

36 EROIRERZEDOHTE

32 THANTBE N K OHERDR DA &, KIPRP3IK
WCEIRIL 72 e & L TR FHERE L 7o LHfEES . £ C
T2 LR LATFEEZRVT, HEEEOmAMDEHN
THNOHELZ I TV SR a N3 3 HiIf (Fig.
4D T A, TAH, WA 2EEL, BROM Fhofkd
R 2R 72,

KFEMIIE, Fig. 3b, 3c ISR Lic & 51, HRkRIRD~HH
L F o [ & SR fe e~ BEASE B AR KL LUK ASER 0 T
EWVIHEERERT. —, KD 5 8.8km DHIL TEEL
Skl L 0 SR LIcE S RIA VR OR T
&1 (Fig. 5). D0, TOREN, M2 s}
B SRIRENERMT 2 52 5N5. 0K 5k
BRI HIR I NHERE L 72358, flkokr 1
EHERERF O TR I X - TR oK & HITIL < 8 5
B3, KRR P i L s & FRE N B,
SF D, W ~HH v+ o BB & fh K LK ASHL D B

Table 1.
mud raindrops estimated by equation (3). On
the assumption of 20-25wt.% of water content
and 2,200-2,280kg/m® of apparent density, the
mud raindrops ranged from 2.2 to 3.1mm in

The results of the equivalent diameter of

diameter.
Deposition "
. P Number of "Maximum  *"Minimum
.. Distance mass of d raindr . .
Locality . Mudraindrops  diameter of  diameter of
in fomthe  pyroclastic deposited in a
namelin - irce materials in . 2 -mud .rnud
Fig. 4 (km) aunitarea Mt area4(/m ) raindrops raindrops
(ke/m?) (x10% (mm) (mm)
1 8.6 0.255 2.66 22 22
11 8.8 0.293 1.13 3.1 3.1
11T 11.0 0.260 2.02 25 2.4

1*: assumes 25 wt.% of water content (22001<,tg/m3 of apparent density).
2*: assumes 20 wt.% of water content (2280kg/rn3 of apparent density).

L EVIERE, H—DJRRAHIZ I HERT L 2Bk
SNcbOTH LRI E V. K-oTT T, M
RIb~HH L+ & 2 e B0 & < Rk IR D £ & - 28
IRDIRAIEE L 72 BZ2E & s L, 10cm? OFFHNIC
B FHERE L oz o825l L7c. 2 LT, T Ol
¥oe BATIAITE & 72 © OJER O R FESIT R L 2.

P FEROENOERESEKELFM L FHITE, R
M3 20~25 wt.% D EREEKFELFED CKEF - fth, 1995).
C DIEFFENE L 7o KRk &2asm L, AR kLS
GRTERZIED L EBRFIH» SErn o (22~25
wt.% ; Schumacher and Schmincke, 1995, X O 31wt.%;
Fil e fth, 1993) ITFIEFXIET 5. £ TARBTE, K
IR L 2 B OEEE KR 0 % 20~25wt. %, KDE
FE4 1,000 kg/m®, L CIRMN ALY 2 Ko BE
FE % 2,600 kg/m* EGE LT, TR RT3 o %L
ToXEHWTEHEAE L

0=w 0wt W, 0, ®

2 2T, BKDEE, W, ZENPICE TN B KO
HENE, TLTo, 3KMMOBEEETH 5. (9) X

5, TERO RN FHEER 2,200~2,280kg/m* & Higd 5
N3, TOEKRERNO AL FEEE (3) RTCA
L, RO MRFOBEZOHFHZ KD 7,

Table 1 (3 Fig. 4 H1cR L 72 3 S TS ik
WL, @) ZHV RS CRROREBERETH 2
-1 OFHEAEHO TR 2RO REBERIE 2.2~3.1
mm O EBEET I NS, TN KM ORESH
(Fig. 5) Ofx bk shiR 757 v a v ERBEFELUMZ
NEOREVT LN, KEYIORRI G ORI HER
RO EFIE L1,

37 EEBRET—IDRE

352 CmlickHic, EmEHIBEATcEll X 117 2004
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F£9H 23 H21 O EEKRT — 2 SE»h 55 HED
SRIELM 1, [RIRFZI D R UK SHEE S h 5 EfEk
I EZEOSIE & SEORMGRE BIF—8d 5. £2TCC
TIE, W4T EB T 2EMKL EZEOSESR T -5
RS AERTIc B 0 2B TR ESE S, KL, K
P spE T U 72 LR HIR O 5 1340 1,100 m Tdh % 72
%, JLEIFROELEL L, WERGET TS hx
850 hPa [l ((BFE 1,545m) & 905hPa (i (B 1,013m)
DF =% (@) RITRAT BT LIk > THEE L 72.
Table 2 (34 TH W 72K Y 0 F KL EZE o
[BERTF—sE2EDEEDIbDTH S, HKIT %
TGET % &, (4) b S LIRS L D 22K EE 13 1.054
kg/m*E 750, E5ICCOESEED OFRES NI
HIRDRIEST 12 896hPa & 75 5. T DO IFILIERHHR &
0 S 3 BRI JRGBMBEFT o [A] B 21 R o B A SR
(908.3hPa) &EFIE LI\ 12, SEIERS - 72tk
DEZEE OHEEM I, EBROMERERTIHEE
BWeEEZ 3, —7F, HERMoEEIC>W T, HE
M Y72 5 85 1,100 m O JRUE 2B RS FIC L > T om/s
E L, 850hPaifiic £ 2 s O BMIEEH & 0PI E A

SBIERED O, i EA S 850hPa ik TOMAIE, L
J& & 3B = oJtdbE & L.

3-8 EMDMRNDETER (T:) OEE

36 12BWVT, Kk 59 9km OHSICHER L 72BN
O FROER% 22~3.1mm EHEE L, T ORI
IZBH BRI ELIRIREE (b A 2 v XE R, > 500;
Bonadonna et al., 1998) ZJEZEK L7505 5 2B AR N9
5728, RIFOREEEKIHEE & ORISR X 5 2ER
MEKOILD (f2 & 213 Sparks et al., 1997);

n:{ﬁﬁlﬂiﬂkﬂ}T

10
37 Coa (102)

I TaRZEROEE, g FEIIGEE, T LT Ch 3K
bitricd 5. ELRIREEZTERL L 7228 578 N9 2 BRI AL
F oA, Cp BHEPH T8 X UEROEE DT
b B BBLZ04TREOHEEE S (1223
K, 1988). K- CTEIMEE % 9.81m/s &I 1, (10
) RIFLUITOLIICF EDHEIENTED;

1

lczszs{ig:ggnd}z

" (10b)

Lot & oICH ERAX (Fig. 6) REHIGANEAT O X
Table 2. The upper meteorological air data around the Asama volcano and the settling
velocities of the mud raindrops calculated from these data.
"Range of Average Air Settling velocity  Settling velocity
atmospheric ~ Range of Average wind density of mud raindrops  of mud rainsrops
pressure height (m) height (m)  velocity 5. (m/s) (d=3.1 mm, (m/s) (d=2.2 mm,
(hPa) (m/s) (kg/m p=2280 kg/m3) p=2200 kg/ma)

280-300 10085-9610 9847.5 27.30 0.429 21.41 17.71
300-322 9610-9101 9355.5 26.52 0.441 21.13 17.48
322-400 9101-7540 8320.5 23.18 0.509 19.65 16.26
400-416 7540-7245 7392.5 20.09 0.553 18.86 15.61
416-436 7245-6892 7068.5 19.57 0.578 18.45 15.27
436-500 6892-5840 6366 18.03 0.620 17.81 14.74
500-599 5840-4418 5129 15.71 0.710 16.65 13.77
599-615 4418-4205 4311.5 14.16 0.766 16.02 13.26
615-696 4205-3206 3705.5 13.39 0.827 15.42 12.76
696-700 3206-3160 3183 12.88 0.886 14.89 12.32
700-842 3160-1624 2392 11.33 0.942 14.44 11.95
842-850 1624-1545 1584.5 9.27 1.032 13.80 11.42

850-896"  1545-1100”  1322.5 438  1.054" 13.66 11.30

*1: for upper 850 hPa region, observation data obtained at the Wajima weather starion used.

*2: It assumes that the height of Kitakaruizawa is 1100 m.

*3: It is an equivalent value estimated from above condition.

*4: estimated from pressures and temperatures at 850 hPa and 805 hPa planes obtained at the Wajima

weather station.
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Fig. 8.

The relationship between the height at which the mud raindrops separated from the eruption cloud and the
time at which they fell on to the ground (735; Fig. 1).

In consideration of the height of the Asama volcano

summit and some experienced accounts, the estimated range of heights at which the mud raindrops separated is

represented as the gray area in this diagram.

(10b) U< 3-6 THRIE L 72 e i @ R (5 & &Ry
DZELGEEEZRAL, ZEEMIcs T 2H%2.2~3.1
mm DJEHNOREFHE ARk 7z, 2 LTI o Ok
FEOFFHERED, S, (5) X2V T LioRZRDOBR A
HIZE IR T4 2 0 IcES 20 (Fig. 10 Ty) 2EEL
fo. BB, BERD 5 THHBISKOD» 58] 4km OHILTIC S
O ENKEEHITOWVWTIE, £ Ol K PEHEREY 4
KO/ DD OFTNTVBE I EDD, BNEIZEL S
)AL TV B AR E . k5T, ARloBENR
NEYE 4N

I 4 D B o A [A] 1 b © LT 190° ~225° o #ipH
TLELTWS (Fig. 7). - 7T, WNZERHEER
T HBRISER S 0 B EERE DS (3, HIERME AR S
TERIHSRE R REREPE G 205°) Jilalhs & ORISR & 1
FERELT, (6) RERWTEHEL 2. %1, AlEE
SN BN TR bIKIFEE S K E 5 & O IIHRE 2,280
kg/m’, EE3.1mm OJEN, T L THbKImEEAVNE
Wb DIFEE 2,200kg/m’,  EE2.2mm OENTH 5
Eip s, FEBRICHIZFITHE T L 72JE 3 C offAA e
BHDEA LT T DEPHAZIE L /2.

Fig. 8 [3[E % 2.2~3.1 mm D g ABEME A & Hi 1<%
5 TORF T (T5) &, BHAE FEBG LS
FEEDBGRAER LN TH 5. JersmEE SElid 5
EEREVEE, HIEKE TEES 2 OICERB e » S
¥, Fig. 8 Ol & Rl R 13 EDFHBADSER U 37D,
IE R AN B FE TN TS 2 DI B A2 0 S {RE L
T EBE D K D% NRsE (19 53) LERIK LD
IHTEDEES (2,560 m) DIEMAEMA 5 &, FEEOEHIEE
FAE T 5 EE L Fig. 8 1 7' L — THH & 117 il
THbHH 2,560~4,350m DFIFHE 15 5.

39 BETHHISBESKBNT—INDHEEIND

R DREEN D OB = E

38 ITBVT, BHIESNIEHOKIGHEE & B HHE
& F O T D & 0 KR oD Bl Bt 5 52 oD S ] 2 47 L
fo. TTTIRE OICHEIENS K A8 2 DIc L1
il (T,: Fig. 1) 2% @EHR T Lk, 2na&40
S THEES NI OHIER F TOME NS (T5: Fig.
D) EFRERETZ &Ik, BINOBEE, O OBt SR %
BICH L7, B, T2 ToBENEER SICET
% DITHES B (T): Fig. 1) 130 &{ET 5.
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Fig. 9. The relationship between the height at which the mud raindrops separated from the eruption cloud and the

time at which they hit the ground. Combining some experienced accounts and results obtained from Fig. 8,
we estimate the range of heights at which the mud raindrops separated to have been 3,550-3,850 m.

Fig. 9 (3HtENCIE DS O Bt d B S A, Kb
1T KRS RE AT i O WEHE & Tl s B/ L, B
W& - THER I THERE I 2 £ CTOIfE, $7bb5 T,
ET,0&H%2E->712bDTHB. Fig. 9 b Fig. 8 [AlkE,
TERIDSIEIE D O Bl 9 2 S0 < 78 5 (13 EJR s &
ICIET 5 DICET N EL 85700, SRS
ORNTIEOHEENSE D ST>. L Lish s, HIRf T
L& G E OJLIEREAE L Th b 70w, e
DS VAR (<2,400m) TREADHBIE 7 5. Fig. 8 &
[@5f, Fig. 9 OERROJEN O FRFEICBE 9 5 1
&, Fig. 8 2> SHIF S M7V rN DB s o P 1 B9
BIEHMANA B &, Fig. 8 & EBEDRMOME NI ZF
124 S BB EIEE A3 1,600 m & 49 3,550~3,850 m D
H &5, Lo LATE EEEXLOITESE X 0 Ko
TEND, EROSEEADIE V. X-T, KPDOHE
BEOMAMAIED H L2 IEN IS 3,550~3,850 m
OHEFAN» SFETF LI EE AN, £ O FIFZIPEAY
RrDSRREEDFIELCHATE 5.

4. & Eil
41 BEOLEFEBNEROEENS OBERSEIC
BZ 32Z0E

il ofE RIS B ARG U AR N I E T
BETICET AR (T) 20 ERELTWA. LaL
B, WEKBIED OB HIZR Ik FHER 4 2 D IcE:
T RERIREN 19 9 LB B WA, EREBD
MEEE T 2 CICELKENEZL 1 Th- 12
ELTH, TOMICHEEZ EF L ooRREIC K » TR
i, R %Eﬁé(mglwbo L7hi-C, WM
O_FAERI AN L 72858, 3-9 THEE L 72 RN o s
75 ORISR II R E K LT 2 AMREES H 5. k- T
ZITld, EFRAERIE L EENMEIET 2 ETICET S
i (T1) %@ U) s HifH e b & B /o, JEl o it
EENRED LSBT 200ERETL, X OBHIIE
WK O il S DO #EFR A HEE T 5.

411 LREROEENEILT 5 F TORERRH

& Z DREIZEENZ T B HEBE D RERDRE

JH - Ml (20053, 2005b) 13, K[ERTHB L OHFURFH
WA SRR KL LB IR E L T VW BB A £ S 1cEd
FRE N 72200342 A 6 H, 38X 0200449 H 15~18
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HOM KIS D FAREEBII L. =L Tlo
BAERIC Y — < VED ¥4 F 3 7 X € F )V (Scorer,
1957) A L, FEEKTH 70 SNABED [ AHE
7, ROBRHEO 1/2 Fc il L CHERED 4 5 < & AR
L7z, ¢ - fl1 (20053, 2005b) 1F, & 51T T OFHIKEE
Lo e FvaEilatbd, MRS > LA
LIS P& 1R 5 D IcEE T %, 200342 H 6
H DMK DA 1349 25 7, 2004 F£9 A 15~18 HITHEM
EN5HODEKDOEEIF S0 ~120 O HEHPHE 2N
TNEE L

LitoEpflo 5 5, 200342 A 6 HOEKIG KD
FREM 400 ~ Y PUN (GRH - fth, 2005a) EHEESNTH
v, ARIOHEM (7,200 b ) N TREZPIT/NS VT
L5, 2004 4FE9 [ 23 HOKIZLE S ) 2003 4F 2
H 6 HOMKITHARTE D G < B Lo 2 &g
Wi, 7, 2004459 A 14 H~18 HICHrfe L 721k
WS KPR o HETE B A3 59,000 b v (A - i,
2005) EHEESNTWASD, THEEMRICHRELLZ
KoMk (bl &b 2,010 [\l ST, 2004a) (k-
THF Lk E & LciiTd 5. 2004459 [ 14
H~18 HITIFZEH L CTHI DR S DI KD ER ST
WS R, 2004a) T &0 S¥Krd 2 &, 2004 4F 9
H 23 Hom ki, FFH - fih (2005b) 23D EiF7z5o
DOHFH 25T 20049 H 14 H~18 HIcAE U HA D
WK AT, WS & D ST CERE L R eSS
W, DlbEp o, REHTREES AL ThSEET 20
IEG B (T) @ FIR%, 2004 4E9 H 15~18 HOE
KOHPORETH 2 250E4 5. —F, BEAD»S 19 5tk
WK T LT WA T &, Bikd 3L, BN
DI SEERL L, HIFRICHE N9 5 DICEH T B IR (T5)
&, &) X&D 100REEHEESNS (Fig. 11a) T &h
5, MEKDBHME L THh S KW EED SEElid 2 % T
WS B (T +Th) RS TH100EEEEZ o0
5. T A Ti\OHPELBDIEREZITL VWY, T
CTCETIOLERES HERET 5. Db o, B
& o TR B s h, HECE NS 2ETo
B (T2 +T3) 13 14~17 0 & 75 5.

T % 2~5 7y OFFHCTHEIE L 7 5a, WL R
REIEIC & - TN NS 7275 O < BREE (Dy : Fig. 1) AR
DEEH>. T FoRIck > THESN S,

Di=Ti taev (11)

C T C taer (&, WIS KB B S8R SICEST 5
TRy AEROREE L iTch s LITF, <
D EH AT PR LS. Fig. 1A A5 &, &
RALLNLTEM IS 3 3 2 JB0E 35 10m/s, F 7o KD 5y

4400 T T
d=3.1 mm .
— 0=2280 kg/m? 4 5 min
- I Range which is consistent A e

4000 [ with an ambient wind oz Z»:-—"r:—r
velocity. o

0=2200 kg/m? ]

from the eruption cloud

PRI 1 1 1
10 12 14 16 18 20 22

Height that mud raindrops separated

Average lateral wind velocity (m/s)

Fig. 10. The relationship between an average lateral
wind velocity and the height at which the mud
raindrops separated from the eruption cloud.
Assuming 2—5 minutes of 77 and 10-20m/s of
average lateral wind velocity, we find that an
average lateral wind velocity of 13-14 m/s
corresponds to the real wind velocity described
in Fig. 7 (the gray area in this diagram).
sidering 10 m/s of wind velocity near the

Con-

Asama volcano summit, we find that the actual
lateral wind velocity should average a value
ranging from the average lateral wind velocity
(13-14m/s) to the wind velocity near the
summit (10m/s), or 11.5-12m/s. The height
at which the mud raindrops separated from the
eruption cloud is therefore estimated to range
from 3,430 to 3,800m. See the text for a
detailed discussion.

DR A RE7S FRROERE (7,540 m) OJEGHE 1359 20 m/s
BEELNA, £ TIITIE, AT AEENZT 5
JR DN EE D &P A 10m/s 2> 5 20m/s ERGEL, <
DI JEGE & KB O B SR OB A et L e,
412 HEEOLRBEEZERLUICEROEEMN O
B =

Fig. 10 (3 f#i 1 A B A7 g sz 2 R o 3 Ja
A, i C oEEEEAZ L E g RE S N
BB O DRHOBREEAE &, ZhoOBR%E T,
% 2~5%y, JRRORRE 22~3.1mm, T L TZDHM»
1B A& 2,200~2,280 kg/m® OEPFATEE L 7 fER AR
LThsb. TWwHELEHIEE, BNz ER - Hffs 25
DICES ZHERIRE L 785728, TRRAEED & B4
LEEIMEL A1k 9 TH B, Fig. 10 272 &, HEED
S EGE DS 13.5 m/s Al O RIS T T AE © o @6 %
A~ Lo L, HEEOFEEEA 13.5m/s Pl Eicis 5
E, Ty SRHOMEE D O ORETERE OBIR I3 iEd 5.
ZhiE, TNl TDWEL 8545, Dy & DD
BRtEENE < 125 72, @i S K2R NS 813
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FAUETEE) « B FICEE S B (14~17 43) Mg C &
BLIBBIHTH 5.

AEKEE L4 F T, Fig. 10 0 SHEES N B
DB O OEELEE 3 3,370~4,210m & 755, Lip
L, Fig. TITRLcEEOBGES, B FA Tz
L EEDS D F D RE BVE > TOTRHAENTE
W, Y=< IVEO FAGEE R, KRMICKOE B
bM<, FAZIRY 2SN I RET S
EVos e, BIOEE T 07 » 4 v ERD (FFH - fih
2005a; 2005b). CAUICK L, JE0EILEEIZ S0 (Fig. 7).
X -T, LRI ZEESREIC X > THG ISR 2R
B (Dy) (3, MO EE DN ST O EUEIC X 5 TR
RE D, TbL, BNSEED SEEDLL foEEE, 1
JEHS PR & A S T IS W 3T TH B.
CDXH ST 7& Fig. 10213 &, BEERS
DK EE O BN = R O FiPH T d B S 3,370~4,210 m
DHPH T =l o s &SRR I IE T A 0, |
HH 13~14m/s OFPAE 752, OIS FRH
TR A2 B RGO FIICHRY S 2 A8, Rk LTE
FHE D JEGE A 10m/s (Fig. 7) TH 5B En o, FEED
SRS C O JFEOFEFAD S5 K B L B ATREME K
W, ko TR, EEKLTEM T O JE#E (10 m/s)
& bZE o R &SR 31— B4 B R (13~ 14
m/s) & DWW % & o FJEGE 11.5~12m/s 7%, WEIEAS |
T2 T 7 R 1 R R O FEE 2 12 E M B & fE e
S5, O EGEDHIPH & Fig. 10 72 5, BED |5
Wil & 2~5 53 LGE L 72358, BN O EES & O fElk
S OEEFF (3 3,430~3,800m 755, LIEAS, BFA
I O BE U oS, o % 0I5 1C BB d 2 MR
DOIFOEEEE, CORMG SR SEMKILOLTE
DFEE (2,560 m) &7 L5V o @, 4 1b b 870~
1,240m EHEET 2T ENTE 5.

T, % 2~5 53 LOE L CRE S - 72N O S D
BEBL L, T % 0 &ROE L 72354 OHEEE (3,550~
3,850m) & FIFFEICMEE 78 - 7. g, bEAcEE
DR NSRS AR, KR OMEIE D © OB
AR AEBAHBK L EELOND, B LA
T2 2 REJE O P EGE A 11.5~12m/s & L7238
A X, 5B 5N 3 D, OHEFHIZ 1,380~3,600 m & 75
3. oL, EEO RO FREE I 870~1,240m
THHFEP O, WL 20° O METREE LT D ik
S5 b Licgcin s, ERICET 2REINIZA OEGT
H->Th, TOMITHEENEIC X - TR S N 2 EHEE R
LT/NE<RBY., KTl T o FRE 55 &&EL
7eis, CoMIFHEICES BATfEbH 5. bL T %S
SULEICEE L84, Fig. 10ICRLIcSA Y75 A

oIt SIcEZ RN T oy FahE T &I
fd, FERANT KE ORI O OB EEE I3 S 5 Ik
Tz ETMans.

Fig. 10 2% % &, JENORRPEEAL H 550 (12 &
ZIE, B 2.2mm, B2 EE 2,200kg/m®) TRE L7
56, Tz oficzy 2o PR+ Zbs g
b, AREb 5N BEHOEE. S OBEILEE O 2T R
ELTH20mEEE LD, L LEhs, BRORE
2R09mm ERE BT TH, T 5O S DRSS
EDER, KEWVETTIE500m ISET 5. > DM
WIS SHENL S 2 S, T PHEOBES O#E VX
D, LLARHEO AL FEEDZ OB FhoRioZ1t
WK EAEZ T L E VA D,

413 HEBEQLRER ) #EEBLIBAORAD

EWRESR (T,) EEENSET I 5 K DE
WREEEE (D3)

WIS A2 2 SR O S % 11.5~12m/s
ERET B &, Fig. 10 » OHEE S N 2 R OHELEE D
R, B 3.1 mm, B2 % 2,280kg/m’ O JERANR
H12m/s DR T2 TEERSTAE T RERL
PN A SRR LA, ¥ F0FRIRIE, BEHE2.2
mm, R 35 2,200kg/m® DIERAEGE 11.5m/s D5
TS CRERILEE T LA LCEE, ST
Liiasiis. &-T, BEENAGICEET2DIcHE
T B T, 13 B OSEOHFANICSH 5139 TH 5.

Fig. 1la 3 Fid OB cHEES NS T, & T DRfR%E
RL7cbDTHD. T 2~50E LG, T ET:0
FE 14~17 558105, £ - T, EBEOKTHRT (19 4))
AEE LGS, Too FRER, T2 250& LTEEL
TCERN Ty & T, ORI 17 53 18 5 E DRSS, £/
T, O NG, TiE 55 & LCTEE LY, T T
O 1453 LB BHEDRHICB BT THS, 0
SMEESE TG, T 259 1 5 O &9 10 5y D35
L1520, RNOKIEE2EET 5 &, AiEEEY
TIE\, X > TFig 1lai 5, Ty DEiPA 9.2~10.2
5, LT T, DEPHIZ 48~68 2 & 2 N ZNHEET S
CEMTE S,

T DFIFHNIRE 5 &, T OHIPHANTKIHFE Fric
CORERNICHS N2 O0BEETE %, Fig. 11b
12, FENOSHFTRESNS Ty & D OFfRERY
R OFGERTHVE L7 T; OFipH  (9.2~10.243) 2 Hiff
E SN D Ds, TbEKPHE el MMl s
NBHEEEZ, Fig. 11b 0D 7 L — TR LHPH, > %
D 1,920~2,100m EHEES N 3.

414 BEORSIESEOHETE

TERRASIEE D SEER S 2 S 1, Wb IS ORI
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Time for mud raindrops to fall and
reach on the ground (T3: min)

Fig. 11. The relationship among 7, Ds; and T3
under the conditions of average lateral wind
velocity estimated from Fig. 10. Considering
the range of cloud height estimated from Fig.
10, we estimated T, as the intersection of the
line showing a relation between 7, and the line
of the sum of T, and T;.
therefore be estimated at 4.8 to 6.8 minutes (a).
Furthermore, the range of Ds, which transported
the pyroclasts, can be determined as 1,900-2,000
m (b).

The range of T, can

M4 5700, CHICHEMOES Z ik UEmEo -
FAEEIcHY T 2ENEONEETTHSE. 7)) ==
WEL KT PR S R O feidy S H, & D RLERAR O 15
L H, Eoficid, IO X5 mBAfRAdH % (Sparks,
1986) ;

H,=1.32(H,+8bo) (12)

ZTThoZKODKETH B, 3-102 THAFEERZ
F A, EFEOREH O KO0 5 DHE% 870~1,240m,
EMKILOKOOFFEE 150m &4 5 &, KOh 5D
T D e bR OFEIPHIZ 2,730~3,220m (AN
FE (3485 5,290~5,780m) L HEL 2 EMTE D, o
2L (12) X7V =—KREKD 7 ) 2 — 2R OISR
L cEFIbENT WS, Tk s NEKD X
I H—< VBT DOETFINVEREE LIS, BEOK
KEFSEABRKITTHN LT L E 5 WREESE VA, =

mfE B LEPREZ - HFHES

DEEEE LTS, 9 723 HOBKIZ, K05 OUEIE
D _FAEEH3,500~5,500m EHEESNTVWB9 A1
HB LU 11 H 14 HOMK (KHT, 2004a, 2004b) 1<
WANTHBEDS NS o tcE VR B,

5. REIAIL2004E9 B 23 HFEKICE>THRH X
NI KB OET7oE R

KD S BN 7S R K3 2 < BN HERS

L 7256113, Hekla 1970 4EIE K O~ K#4 (Thorarinsson

and Sigvaldasson, 1972), Mount St. Helens 1980 F:IE K d

[& N KF) (Carey and Sigurdsson, 1982), ZEfIlIfE 1991

K DR K G, 19935 EIE - fth, 1992), T L

C Hudson 1991 fEMEK DR T K4 (Scasso et al., 1994)
BEBMINETICWES TV S, EHRIC B 2 i

B o FHr s IO FERIC S W T Carey and Sigurdsson
(1982) 13, Mount St. Helens 1980 MK DRI\ T
&, KD S B4 7o s CHTRDRL SR EE S 72 )1
Ko THEEL, KEMISHE AR Lo SR L
fo. Lin L s, RimcHlo hiF72 2004 429 A 23 H
@@A4«/hi*k@ﬁbtkw$f%¢tfbét
, KIS L BRTFORRIEZ ISV, 2, ZEl
%wmﬁ@k@%?kﬁ%u;mbnt%ﬁg@%w
BRI W T (1993) B L CEJE -l (1992)
13, HERSEDSEER L T AT K LT A KERICED
Shtc T En D, HEfEEORHI SO EK % K lE
GoEhHRE NI bDEEL. L, EilE
DHEPITIE, KDEBED Y 4 I v /P ZDA S =X
LITBEY B EWM SR RITbTwd G, 1993)
LOD, ZFOEM - HfE 7o 2B LTRIZEA S
WMENTOWRWEVWIELENS S, £ TARTR, &
J L RIS B0 T 2004 FF9 H 23 HOBEKTH 72
O ENI KW ER & LT, B NI N, 1
fEEE, 2 L, KIoEED 514 3 v 7 %2ERE LI,
KO ERIIS KON 7 0 2 &2 HKimT 5
SEEE L foh Tl b KIS WA RO o4kt
BT 5.4km OHILD) T, BMEBERICE L /oK)
PREPHETE LI Eh S, KEIOBE KOS
o rHETHEAELTWALZ ERBEEVZL, Ly
L, BRI OHEFRERABEA LT 2 Hits i KEOJE
ﬁﬁ%b%ﬂti&%%@?%t,FgS@F@4K%
U 7o KWHEREY) D EEIR 2 0 O R 2 3T 2 7o
&, EHGERE IS O TR EENE T — wk&%
L, OB —EIEEN ST o EFZR
X 5750,
ANTHCBHER T2 E0 L e ENFERIC L 5 &, itg
U 7o KPR Z R L CREMLE TR 2 &, PRI Ui
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BEER 2 MR TR 4 5 T & 23T % % (Schumacher
and Schmincke, 1995; ¥7J1| « fih, 1993). D &1, kK
PO BRI, KPP O RESER OMEBEE, BXU
ZNODY A X 2500 EAE, BECELSE
ZRMEd 4. 2004 £E 9 [ 23 H 20 BHic B 1 B IR
A OISR 13 95% T, TD LS BIREDEWELER
BEE CTRETH - 72 (Fig. 7). &~ T, 200449 H 23
H OIS R ILEZ R, KIS K i
S, AR TR T A L S A EREE P Icd -
to il X B,

KRB L, JKiciafn L B 2T 3 2 A
13, KRGHITHEAET 2R S L <SRRI KRk 103
METBEVI A =X LD EZRT O CKE -«
fili, 1995). L2 L7EAs s, MEMESHZE & EKCYER o EHE
- CTHEIT 2700, MFEOEDRITHEENA DAL
CEITk - TERITKEIINMNE T 2 L0 S T ok 213
FEZl V. S50, BICHRFOEBIKLEZ I, B
PR R R T A &R A &3 TR W EIFH ¢ B R o3 B
ENTVRTEND, BELD bERBICAET ZHEL
5 O Ry 75 B R 2SI 2 A 4 B BRI KPR 21435 &
H, BlZE RS20 72 6BV, T

19:48

19:48-54

kL, ERT2EEICRAENLETICEENS
KRGS, W & HTREE) L T v B TR ICERE L
1ok, = O ICHEEINE O KR fE 4 5 &, K
DOEEN S TR O BEDSE L . T DEEI
& o TRESHRIRE ZIEG T 5 T LT IR,
—SUCTHEIEN SED £ S EFEZ N, KON
OE#M S £ HHTE 3.

Pl E» 5, Fig. 12122004 459 H 23 HIE K O K Fed)
DO R7ov2E2RT. 12720 412&41-3TEGN
to T, TsHORHEENEIZ H 2HFHE T > TV B 720, T
CCRAMEEMOFHMOPIEITWES LT, K
DD & OEEBLE L % 3,610 m (LIRS O IO
RS 1050m), T\ % 44), Th% 64y, Ts% 94,
D, % 2,490m, = L CD;% 2,000m & L Citilhd 5.

19 [ 44 4%, BEKHBIE L, ¥ — < VEH 11.5~12m/s
DOEGETHE T X2 249 kmiK S Nsh o BRL
fz. WEKBEEAD S 4 %0 19 HF 48 HMIT 1, MEEED AL
MHOMEZF 3,610m 1T L7z, BEIXE 0%, HEBTK
HERESE>o, JEHE 13~14m/s DREEIC X - T
THITK 4.51km RS ufe, IEESFRS N 28R T,
IR TRk U 7 i I bl K P03 4 5 2 &1

19:54

Base of the eruption The eruption cloud moved

Mud raindrops with 2.2 -

cloud reached at the about 4.5 km laterally 3.1 mm in diameter were
height of 3610 m. while growing raindrops. generated and separated
o from the eruption cloud
2l - Z ? at 7.0 km NNE from
4000 the source.
— O
\
A\
E )
\
<= 3000 - 19:54-20:03
= . Mud raindrops fell to the
'g-, /1\9-44 losi ground moving about
0o n exp gsnon 2.00 km laterally by the
T oceurre ambient wind.
\
\
2000 20:03 \
Mud raindrops with 2.2- |
3.1 mm in diameter |
deposited at 9 km NNE 4
from the source. \
(0] 1
1000 — ' '
0 5 10
Distance from the summit of the Asama volcano (km)
Fig. 12. A schematic illustration showing the transportation and sedimentation process of the pyroclasts derived

from the eruption that occurred on September 23, 2004, at the Asama volcano.
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X o TRMMERS N, EEOKSE,» S Eonr:
B, KIOEEEE T ENEOBEN AT Wi, JEK
SNBEMORRII/NE L, WA ICHIE~NOHREEDS £
NIEELL O, BKBRED 55 10 550 19 I 54 43,
K & O FEEER 7km OHUS THA B R E SITKE L
TSR M E L, B 2.2~3.1mm OJERA
Bl E N, 205 3I2IFEIRCEED S L,
REEIC & - TR 2km il ISR S N5, 9 HNHKD
20 I 03 431355 1,100 m D JLEEH I B FHERS L 72
L L, BHEEZRN KPR O/NS W EER T
&, KD 5 DR & cHER &% U ook s h,
X0 EFITETHER L 72,
KEFTINTE, KV D50 DR HERE R 2 35
THIODOERE LT, K OERGEIRIC S 1 5 EE
NETOMMOREZEL TWAED, TOWHONE
HEICO VLT FLEENERSN TV S,
RHOEKERRE S &, (2) X S HEDIEREZE
e B et hBrkoBaKkE 5, kA, EES
IR 20 wt.% DB % 2.2 mm DN EES DICHEE 13
LIKOED HENN S WM OREER 2 mm & 75
3. ChRFEAShARBEOFENLTRES (UhA,
1984) IZHMd 5. L Lo, Wl ok sk
TSI E TR T 2 DICHE T ZH5IE, AUk ok
ExN=Rnt3NTVAKERLOMHEGEZELT
b, RUTHERTE ZWA W, SEHEEL2Z9 A 231
WK ISR S BEE O BB (3,430~3,800m) I O %R
FO0CLIETHh B EmD, KiEFELOKAZBRELT
ZOWNHOMEREEZMHT 5 &, EE2mm OFFH
k& 2 0icEEd 335300 &5 5 (518,
1987). Chid, Allo—#HoE kRS 45| 2 Ly
A4 LR = VT, BABRKEIOERDEZRI NI
CEABRL TV, L L, FEBICHEAD S 19 &I
TR FTHERE L TWA T LA EET B E, CDY A A
24 =V OEVEVOFRIZ, KEHIS KPR 23
BINTwa &5 BEGRD, BhvksgiEgE LR
TE S A7 E G (1987) O [T O R S E & A T B
1o BB Th B T SITRET 2 REEE E V. BB
12, REAITKPEmEE S hTw B & 5 il Tk
BT B, 13EAEETOMREPITHB Y A XD
RFhEEh v s, KR I3 R O Bl % 23
WIS Mo hOREE R LTWE D LT
W, LWFhIicE X, F—< LV EO FRERS, #5ck
B3 2 N T O N ORI & Ko B & R
RRAFE-OVT, S SIBETEMNA TV BED D 5.
6. FLHEGHODEE
KT, D1 &b 7.2X10kg DRI HEfS & &

mfE B LEpREZ - HFHES

7z K11 2004 45 9 F 23 H 19 B 44 45 O 1 K % FHf
17, JRRNORIR & FEBICEBIR S 7o K o T IR %
FWT, WD S KWIDEE T 2 @R EHEE L. &
7z, KK > Thie b SN kKO THER 7 o
2 AR L BEs KK B S 70 v oHE
T SR OERROMED &, ZEXhEE N 20EN
DOIFEERIZ 2.2~3.1mm EHEES NI, BEEREE D
VEETERT 2 DICHET B % 2~5 4 DEiFH & K
E LG, CORROIRNDR O HRIEE &, #EAG
55 5 19 52212 KT 5 9 km OHIAICE R 2~3 mm
DIHNDBFET LicE WO HEHELMALGDE S L, [H
WK DK, 19 HE 44 4310384 L 7208k %, REEUIC
Ko TR 249km RSN, BLZ 4000
THEE 3,430~3,800m  (HEFEDREEER O IERD FF SR
1359 870~1,240m) F T EF L7, Tk - TH 4.51
km 512 FE L. MG cBEd 3BENTIR, 20
WIECHENER S e, ARG, 55 10 531, KD
H 5 OFEBER 7km OIS IS L 2 EENTE TR, 9
W U 7o I S KRR T3 L, B 2.2~3.1
mm DR KEICAR L. Z OIRKIRARL & [FE
JE s SR L, BEEIC & - TR 2km RS o599 4
D TR 559 9 km JbALER T EfE A 2o LB I
FERHERG L, HEREROMBAMBEZIED L 72k, EHEER
NI KPR D /NS WEERRIF1E, KIOh 5 OB
CHICHERR AR U o> L v E I FHERE L2, Ly
L5, FELofEmdEEs ERcZ g 2 R0
BAFMCHEM LTV &, BLORROEE,
HZ I FHERE T 2 S CICE L AFEBDO Y 4 22—
L, EROBREHE & OIcAVEVSELTVWE T &
M5, WO FRBRES SR O BREE & KR O B
EOKRERR>VTIE, X SICHRITORMNS 5.

[& N Kot iR A € 7 ubd 5 LT, #
Ui cEfiRh O MO EE & D X S I L T <
DISREILF — 8 A v M B, KT B
BIENZRWT, ROREEED & N KO E)
Ao sriksic. COhER, BRTTRAELKE
KFEFNHOWTHHEATE 5720, WEEDSESD HE
B3 2 BIOEFNATEEBRE TN, = DF4n
FHiCE 5. L LD D, KATEOZMEERGLT 5
foiTid, BKOBIEELNCINA T, HAHAICBT 5
KB O FEZASEIE LT O U7 S 180, IEE
BEOERE V- AROHINTMA T, EORELEE
8L 7B K o HERGR U B 2 T E RIS € 7 v
BOWEGAESZ 2 onich, 5% b Eido k5 5
F= s EEBLTOLBEDND B,
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