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Abstract

Aso Volcano, which is located in central Kyushu, is one of the largest caldera volcanoes
in the world. Four major explosive eruptions occurred from 270,000 to 90,000 years ago,
producing voluminous pyroclastic flows that covered central Kyushu. Post-caldera cones

have arisen near the center of the caldera after the Aso-4 eruption at ca. 90 ka.

The activities of Aso volcano during historical time were mostly recorded at craterlets in
the summit area of Naka-dake. However, small phreatic explosive events were observed in
the area outside of Nakadake. These activities were not clarified enough in detail.

In the Middle Age, there were many small temples in the west area, 1-3 km, from the
active crater of Naka-dake, and hundreds of bonzes or their associates made a living in this
area. These temples were buried by thick ash layers from Naka-dake craters. Recently,
many tourists visit the surrounding area of the active crater for sight-seeing and several
facilities were built for the tourists.

In this paper, I described the process and variation of eruption style of Naka-dake
during the historical time by using many archives and field examinations, and I discussed the
mechanism of eruptions of Naka-dake by using many images recorded by TV cameras
installed on the wall of the active crater. Additionally, I have described the ‘Yunotani
Catastrophe’ which is a phreatic explosion at Yunotani spa on July 6, 1816. This fact is

important for the prevention of volcanic disaster in Aso volcano.

Nakadake is the only active central cone in Aso caldera, and is a composite volcano of
basaltic andesite to basalt. Nakadake became active from ca. 22-21 ka, and has formed the
Old edifice, the Young edifice and the Youngest pyroclastic cone. Recent
tephrochronological studies indicate that most of the edifice was constructed at ca. 22-21 ka.

The Young volcanic edifice is believed to have formed during Holocene time, and the

Youngest pyroclastic cone subsequently grew inside the young edifice.



Nakadake, the only active central cone, has the longest documented volcanic history.
Since 553 AD, more than 100 eruptions have been documented, making Nakadake one of the
most active volcanoes in Japan. The active crater of Nakadake, formed within the youngest
pyroclastic cone, is composed of seven craterlets aligned north to south. Only the
northernmost crater (1st crater) has been active in the past 70 years, although some others
were active before the 1933 eruption. A lake called “Yudamari’(hot water pool) exists at the
first crater during dormant periods. During active periods, volcanic activity of Nakadake
mostly characterized by a continuous fallout of black sandy ash from a dark eruption plume.

This type of eruption is called an ash eruption. In more active periods, strombolian
eruptions occurred, scattering red-hot scoria clasts around the vent.  Occasional
phreatomagmatic explosions eject coarse lithic blocks, which are likely to take human lives or

damage buildings near the crater and generate small low temperature pyroclastic flows.

The latest eruptive activity of Nakadake cone, occurred during 1988-1995. 1 observed
the surface activities and the ash-fall deposits to determine the mechanism of activities during
this period. = The 1988-1995 Nakadake activity is divided into four stages: the early stage,
the climactic stage, the post-climactic stage, and the final stage. The final stage means
afterheat activity. In the early stage (March 1988-October 1989), the crater bottom, which
had been occupied by water, gradually dried up. Thereafter, it emitted black ash from
dried-up vents. The glass included in the ash fall deposits was composed mainly of blocky
particles. In the climactic stage (October-November 1989), the activity alternated between
strombolian and phreatomagmatic eruptions. During this stage there was a rapid increase in
brown and clear scoria glasses in the deposits, together with increased isolated volcanic
tremors. From the post-climactic stage (December 1989-February 1991) to the final stage
(March 1991-October 1995), the surface unrest at the crater continued due to a remarkable
change in water level of the crater lake. Ash, strombolian and phreatomagmatic eruptions
were observed. In the post-climactic stage, opaque blocky grains were predominant in the
ash fall deposits. The largest explosive eruption of the 1988-1995 activity occurred at the
crater lake on 20 April 1990, generating scoria deposits. Distinct fractures were identified
on the surface of ash particles in the 20 April 1990 deposit, which strongly suggests that the
ash grains were chilled rapidly by magma-water interaction (phreatomagmatic eruption). In
the final stage, most of the blocky glass particles were surrounded by a brown skin, possibly
a hydration skin.  Thus, the surface activity and characteristics of the ash fall deposits
probably varied between stages during the activity of 1988-1995. I believe that the presence

of a large amount of water in and around the crater played an important role on the eruptive



activity at the Nakadake crater. For hazard mitigation purposes, it is important to remember
that phreatomagmatic eruptions can suddenly occur, not only in the climactic stage, but also
in the post-climactic and final stages of an eruption. SO: volcanic gas concentration
increased with the activity during this period.

The mechanism of the sequence of eruption style is estimated by a relationship between
magma with water. In the early stage, the ash is derived from the solid glassy uppermost
part of a magma column, and is transported by a gas stream from under the solid top. The
solid of uppermost part is made by cooling action of water.  In the climactic stage, there is
no water around the magma column, and gas stream increases, as a consequence the ratio of
fresh glass in ash fall deposit.  After the climactic stage, there are many chances of
magma-water interaction. When magma head drops down, groundwater can easily

approach the magma head. This can result in a phreatic explosion.

A few hot spring resorts exit in the western part of the post-caldera central cones. A
small phreatic eruption occurred at Yunotani spa in June 1816. At least two phreatic
eruptions producing ejecta at an order of 10° m’ occurred at Jigoku spa in the last 10,000
years. These phreatic eruptions provide important information of the volcanic activity and
hazards in these areas.

Yunotani spa is located to the west part of the Central cones of Aso Volcano. Since the
14th Century, many people have been visiting this hot spring. A few explosions were referred
in an old document ‘Nagano-ke-nikki; Diary of Nagano family'. However, the details of
these events are not yet clear. A set of historical records on the explosion called "Yunotani
Catastrophe” that took place at Yunotani spa in July 6, 1816 was found in the Choyo village
office. These records, consisting of two drawings and five reports on the explosion, describe
the events and damages in detail . A lot of "hot mud" with many blocks were ejected from
two vents, and destroyed 12 bathhouses and injured one person in the area about 100m from
the vents. Judging from the descriptions and occurrences of the hydrothermally altered ejecta
around the vents, it can be said that this event was caused by steam explosions. Through
these records, it became clear that an explosion occurred not only at Naka-dake but also in
the area outside of Naka-dake in the historical age. This fact is important in the prevention

of volcanic disaster in Aso volcano.
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Fig. 3-1 Succession of major unit of Aso Volcano (Watanabe and Miyabuchi, 2005 )
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Fig. 3-2 Stratigraphic column of the sampling site showing horizons of buried
Andisols and their radiocarbon ages. Marker tephras are Nakadake N2 scoria
(N2S), Ojodake scoria (OjS), kishimadake scoria (KsS), Aso central cone
pumice 1 (ACP-1), Kikai Akahoya ash (K-Ah) in descending order
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N 2 MO BN T KB 22~ 7~ KA ZIBR D EL TRV, Bt~ sr 2
THREAQV T2 ERET DT 7 7 REEICHBEIE WD (B - L,
1996) .

N 1 B3R EARBER OHEREY & %0 He b OO, B HIZBAORELK LK D 72
D, KEIIIRME K (NEF - fl, 1995; Ono et al., 1995)IC L A HEREM TdH 5. N3 HiLL
Bt Eh, HEFEM OARDLIL Fig. 322 D B0 TH DN, ZOWRWS AT, BLZ 6300
EFTLAED, FEOIFEIORE A E LTI XL ZE 500 FRE L AL LTS
(Erfxk - P50, 1997 ; ), 2001).

—J7, RRIT MW (2005) 72 LI THEE 553 4 (BRIAKE 14 ) WA ? | OREN
HY, ZTOZAITEKEREZ L TWZRREMHIZOWTORERS H 5 (JEi, 2001).
i, EROTI7IEFENLRT, ZOZADIEEE N2 HOEE & A5t S Eh
X, RERFFEITRVWENIZLTHD. Z0#%, LIELL ORIES (EFEhEEHO 72
WIREH]) AR C, 8 il b VEA LB ONEBICE T AR oD K HIcD.
IHENRLER D 72 WY, 2O F FIEBOIRIEWI TH D L Wr U 57210 O+43 72 3Rk T 70
WS, T TR EORIENET D E, T OMERICEKIFEINESCH E o TV
AR REVWEEZ NS,

Fo, YR EMEENRTOS 8 (FEOVEM 1 km ~ 2 km (FUTIZ A 5 F-HH )
TiX, SRAFRHMEH) D EITRHMRICO T TE L OHEBES DB LI, %< OERM
LREITROEELZ L CWe b ahd (ERRAEBEZES, 1980). 1300 L5 1500
FRIET, Z2OYEREDTZRTEOHELZZ T TOWEFETHE L ORI INTE
D,:@ﬁ%@$%@%%@ﬁ@ﬁ%<@kﬁ:%@%5ik:kﬁ5#ﬁzé

PACLABE DR NE N DX, B E Y OFESLLEL, KIUKOMH, kK
RIBER, AborRYREAREEZREZ LTI ERESHh, ZoRIT7Z
bR LE NI HIchzy, Ll b ZoRIcB W TIE, KEOFHEHOME K
EEERI UL D RIEBEEEZEVIRLCEZbnEE2bND (PEOEHIZET S
MU D EEAIC DWW TITRICHAT S).

3-3-2 FELSNDOGHETH & O KB H

GORIBRITIEREZRETDIRRME L THOENTWD. Z Ol Cidf LI,
Ak 13 (1816 F)DME K Z L U, BENKAZBEREZEZLTWDHHLL, 1
B OB 1@ b & XA B 15 (1965)72 8 TREFFEAGE) 26 O%faisk & L TREIZHR
HLTWD. —F, PIERERRIGA (BIRTERAREE FI&RAT) (IAT S OFREAEREICE b7 D
BRHNE ORI T, A OKERUER BT D87 7 dy SCGE Sk & AR X sk &
PR L7z, %ﬂiﬂk%%%iwiﬁ%LtA#%%%mM% R &N ER R



EXDFELEZEZLND. ZHNICE-T, BORIZEIT D URKEOEKDORIN LY B
RAZEA S 2272 0, A 5 LARE 0 ff faf K 1L OTE B 58 0D 72 2> THUE LIS D51 6 B /)N
HI e N OEKIFEIN S 72 2 ERfER SN, ZONFIZOWTIE, BliEiE L <k
~D.

T LTHHA 14 5 (1881) 4 AT THOBRRE] OREr 3825 TRE) L
ENTWIfHEND b, MR OKETER AR Lt W Fianks it g (/F
% 1939).

F7o, GOMRRMIBEOT SEENE, gk amEm s 2o Tk Y, TEHMRR)
EXIENDRHER E 7o 5TV D, ok 18 FE Z AN LEKIEEINOCIEREIL L, [
ERKCARE, EAK T m (RGBT, 2006) O/NKFLZBRO L, —ERRC KUK 2 H L
7o CRILR ARG IR STV 220 L Pk 19 45 5 BICIZIBR D kFLIZFAZE L,
ZOVWERNTH I KILEZB 0 LT, DR FERROIEE 2 T2 (Fig. 3-3). Z Ol
BB WTIE, RN B/ RN BEZIFEITA O TEY, BEICENTHIO
L O REE VIR L TEIZAREMNEN S 5.

Fig. 3-3 Fumarolic activity at Yoshioka on 29 July, 2007 (Vent became active
since October, 2006 )
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I, B - L (2000) 1E, BrgEH gk O R TEE O MO E AT TR A S
KRB KIBRHEREDICOVWTIHE L TWD. TSk DL, HRIBERZ SO EMN
VT TIREZE 10,000 4EIC 2 [EME RN 100 m* A — X — OB AkNRELTEBY, ©
DIEDNT b RTINS A0 2 KEKUBFE DHERE 3D 72 < &b 9 BIFEL TV D,
D EMD, IR AKIERILTI D @WEE THRAEL TWDAEERSH Y, 4
DKL S EZEZ D ETHYREERILETHL Z ERHEHINTND,
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4. HEHOEKIEE

4-1 HIEEDOMBHE

PR, oo e TEEILA, DEiR), TR ER) LIS 3
HOBMELFR > TV O LRE~LREELIADORBEKRKILTEHL (UNE - L,
1985). [EHILA] 2oL DHEREMIZT 7V F % — FRR ki — I L 5 kIR,
BREANZ AR ENLRY (JEL - /NEF, 1984), Z O IXILARED 5 i
BERICL S TRALTWD. ZOUHROTIRITHEME T, BIEIEEIFR O [Tk 1)
DFMNCKEREZFR L TWD. ZOMWEORM, TR O ~E NIz
(FH r i) EFEHENTWDELITRH Y, WEROFHEME 725> TWD. Z DR
DOEAITHFHEOFEAUTIRS I F LTI Y, FE TITK 25,000 FHi1D AT KILKEO k-
P T D (B, 1999).

CHrLR ) 138 RIZ B NETe Ay, TEENLER ) oWNENZH - T, [EcBT
)] OJEEMNC/E WA EEZTERR L TV D FER T oAl o /NERIZ D
BB oTWND. 2 LT TEFEAME) OFAO/NGWERICES . Z OF#EILEE
RROFREIZIE, KREBRESRHAH Y, PEOIMEFEAIZH FL T (N -
M3, 1985), ZDFARITA 4800 R L HEE SN TWD (B - i, 1997).

(T k) 1%, FALICRWEZ L TRY, ZORNMIRELSAD E 4 50K
O (1 ~F 4 DWTATHND., ZOKBEENRODDEERINTZO0EDM-> T
V. L, BT X0, WwERLICXDIERREE T Moo, Thou),
(FEDOUL] 72 & LI TV 2K O N BEKIEB 20K LTEBY, ZhHIEBED
(EBT R ) OB EREREBEWVTREZ) ThD. Fio, BUEORKELOM
FBrRoe, BELEHEZRIEL TCNDE2OTHLH L0, SERMICIRETAHKETH
n, T EEWIREHIICER SN O B2, Zo Loz e, THEH
k) 1AL, THEERIEICERINL DR, H2WITZD0D LETK bW bIE
ENTELLD LHEHITE 5.

HE O IS & 2 OBEEE % Fig. 4-1 ISR LTz,
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Fig. 4-1 Topographic map around Nakadake(A)and geomorphic structure of three-fold
crater in the vent area of Nakadake(B) (Watanabe and Ono, 1984)
N-1: lOld edifice] , N-2 : [Young edifice] , N-3 : ['Youngest cone|

4-2 HEOKIESICET 25EMOFA

FHEDOKIIEENCOW T L5 %6, NEEIOHAME], WEEH ), NEE)ES 2o
HEEZ MWD D, KmTIEINBITRD K5 2B ZIZESNTERT 5.

PR OTEEE, HENERIET D DIZEY, HBIEE 0 OIREN EF L, ZODIZHkIE
BN CHEEIRBYTS. T L TH IS0 KT A H BRI E-> T, TR
ROoNDE I, ZOHBKOEITZET S, KOEOIRE O WWES L TIERESS:
HABI, RN TAIL Uhkn) B0 L CTRILIRIEH (KMEK) 1ZBITL, Zhidb
WCKRBRPHOENDZE bdD. IEFPARITDE, XA e R Y ALY 7~k
RRIBFABEI L, ZOBBRAITKEBIZMNY . 2O X5 22 ME, PEOEDE LTX
SABNDENL (B2 1984 4505 1985 45 7 AEHE TOE{L) THHZ &nb, ik
IZBWTIE NEEHOBRAIME] D ESb TV AW, #his - fh, 1989 ; 72 L).
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B OSHEMIE, M FIEB SR TN RME O R A mBUT A 72 <, F 7 KL s
PREYOIRHE &/ Sy EIE KK RE, 2002 ; B, 2007). [RFRFICERAICIEE 1AD
WIZ 60 CRIZOFE~FEOGTE 0 BERIND RIEXK5H, 2002). (&> T,
T2 TIHERO LS REAKOBAMEIZI, TZENRGIEE VBRI — [HRE XL
KRBT A2 ) T E2EHT HIEEN) — £ L CTHY ZEMREEE 0K oF

?@%ﬁ%lﬁ%ﬁkb TEENHI DR OTEEN E CAIFENER L LTE XS,

ARG CHWD HEEICIE, FEEKILICHAEObLDO L H D7D, LUTFICEDHGEICD

WTHEZ Nz TEL<.

G2 E D HES LKOAR LR CHE S, ZORIESHOHFRYICHAZRENT-E-
THisk7ZkO#., #ITFNS0BIC L > T, @H 60 CRI%LDOBEDIREEL 72
STWD. KOHLTEHSINHERKE LTE, KAKSRIEAKDIEADF 1125 %
HALDHMN, KIIVEKRFEZ DR OGS EZHOTNDHENIBZZXEH D (KR
- fth, 2003). EIEHHIZBNTEH, KRR EIZK > TREO LA KHIZ
WAL, BBEIICGTIEEZVREREINDZEbHD.

DKAEICGTEE R H DR T, KIUTADEHIZ - THIEE Y 0BG L
EHITKOED LY 2k Ic g & BIF 58148, 72k, RoETIXZ ORIC
BEIZIRME KD E > TWVDH E WD ER S B DHE - fl, 2003 ; & - i,
2005 ﬁ:k).

ATk, B R EmEHch 03, EEMP KOOI ETET L LD
BRBEORE 2B DT, HAEINIRAET DB DITH LT TRBUR R LRI H
EIESRZ LT 5.

RARIT(2005) 138 LV Tk OFEERELYE ] (K DOBBLIZ DWW T, KRB
b ONGNHIET L O FE TR A TH L0, BERWPIEHSGTTN S AKEE L
X EEHRHEEL 100 ~ 300 m OFIFAZ BT HOEME AL LTiekT2) &5
L7z, ZRIZ & - T, FETPEICRT 2 L, TRHE 2 g )

Ak Mgk LTRSS LItk D,
KRBIG: J(?Lin%km KL BITENTHKIUTAN, R DL IR A D85 % 7.
ZFDAH =R LDOFEMT D> TWARWD, KBTI LT Tl Z ok
DB G E TARBIG ] LIFATWSTD, KRB TS ZOMEL AV,

HREEG:  ERALOSEHT 2 HIBEO KU AR, ZORAOEAERT L0, D

ERALEER R 228G 5205, KOERICEHTEE D BRI LTV IREE

, KOBEDHEGITRONDZ b dD.

JRME K :¢%@ﬁ@@ﬁ%ﬁﬁ%:,%%éiki%@@%@%%ﬁ%@éw@@w%

ATV LT 2. 20X 9 RO~ 7 < HEOTERIZEEER TH Y,
Z DE DOMEMERGEEIZ X o CTA UM (ZmEH ; %) e 8 &2 %<&t U
B - i, 1995).

-
g
&
T

=1
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4-3 HIXEFEFDOFLED D BRI EDOIES

4-3-1 JEBNOHER

JEE SRR D BTk K (L OVE BhER ek 1, KBJT fa (2005) 72 KICE L HHILTNS.
ZDH L, W 553 Foitgks LT, FgElmg stz (REAHIEDT, 1931) 12 &L
bk TXRIZET, FEEEBAEZLTZE2ES26 LT » « | EHDHD, bEblD
SIAEARIIAATH L. —J, FFITTIHER LTSO8 H & LT TERZ B =5
A B AR B TR H R G TG B A RE A e TR DU iR e i — -k
Bl +HLy s - ) B D EHLICHMEMAEITIED D TR 12X, TIHGLHE&E
I =fES7 = MR REER A BEkis 7 KM b=k T Heds=7 - - -1 v
RN END. TNHIXI OFEITHEICERPEZ o722 L2 RmTHOTIE W
N, D Ly YR ETEKEHNEZ > T2l 2R LELDTHS (L,
2001).

—J, VEIE 636 FFITHEOBE (EHxH) REICL-oTEM, 4285 BEbRd
FEOERESND FEE (EER) ) (R30E IEEX2 A Eix) & &h, 124 13,
MR T3] EWHIFTHDEN, —ITiE, E ORBRRLEARINTNDL I END,
MEER] EFEEILTWD) 12, RO KD REEEB RO D, T Pk LA ik
RLBE R LA BRI TR I B BR A RGN A e iRt o F 0,
Dip b THAL DRI DIZIIBTEF N AKIERZEZ L CWeZ &%, FEOAZLHR
ML W ki d., ZoZ L, BESS3FEOREE L FEIEX LN

D%, BHEXKEENI6HIZED L, 8§ HiLKkbVENLETEE D OHEIZ B
HLUZERENAOLND LI 5D, EEITIEEINERL LRI LT, HE
864 T [+ - MRMEFH = ARAFESD, MK, ZZHhRvmlEgE - - Lok
INTWD. LnLns, K0AREHRIEEIORSRE LT, WE 1239 F£0o [E
M5 Z & 30 B0 BYERICH Y KA AT (IB%EES, BERL EasmRL) ) &
WO HLDRHDTTHS.

ZDEHIT, 6 HAHEIZLCROBAD K E W &I S S IR ENC R S LA
bV, oKk MDD ND 9 KDV EE T, KODORF L LWEEFENIES
2%, O 13 il E ToOR 360 FEMITFEEA A O R . EFRo X 912, N2 ~ N1
HOIEEBOHEEFERD S RE, 208 360 M, EEEICIEENRESCHThH 7w
BEtELH 5.

DI R L OB SN TR Y, FESEEMICIEE &kt C& 22
ERDLND. BRI EORFMAMRED S B, EOKkONRED X S RIEEIZ1T
STWVWEDONZOWTITH LN E RS TWRND, D7 & HERRFRICITREL 3
ODDKANH-T=Z ERXAZ, TNENNKAMEIER L, B2 KL T
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72D L& 2 B 5 (Table 4-2).
HCEEICLADIEIEENOIX, UEO X7 b aHirht DN TES.
& [ 4 KA S B (1965) P RE A IMEE T (1931), & [ KA %R £ (1990)% & &2, R8T
Bk D 553 LI, MRS KRS E(1990) 12Uk ST 5 1978 4F £ TOME K itk
N5, IEEIOMEE % Table 4-1 I2F L D 7=,

Table 4-1 Documentary records of volcanic activities of Aso volcano in historical time
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(continued from Table 4-1 )
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(continued from Table 4-1)
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(continued from Table 4-1)
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ZOERNG, EARIITEFEOIGE) & Rk, KEKOIETZ H0IZ, ~ 7w KEK
B3 (BOWTAKRREIRET) PNHEBEICERAELTEREZ LM 5. £, METIELE
DR BNV R TERE L LT, 19 itk v i (BRI IADE) £ T,
KR EbEHIC L > TREDOK (BWidRd) BUYotwiako&kezBLz, A
WNCFAVH T BRSNHBEICRELZ LY ThD. EHAOBIETHRATY, £ 0
BT LEVIZBH LW 2R LNE. 22T, FENPLAINGET S E TORK
FHEREE (R 4800 £ERTOFHIA S OIEEK) 1%, K 9km THV, TN7ZTOHEEZE TN
THIEFEED TN ENCENRZDNEIDEEZD.

O WIEE 9 km OFEEEZ F¥EE 0.5 m, FHIE 10 m T/t 325 &

0.5% 10x9000 = 45,000 m’
@ OFI, BEOTEFE 1L KOEBZT5GE, BEEVOERBBIZE 150 m, B
GRoTWREO TWAIRIAZK 50 m &EXT, DROFEZWHHER & RE L A
T5HL,

75x75xnx50x1/3 = 294375 m° — £I30 5 m’

URTOKADRROKRE S8, REERERIIZ2HLHOD, ZOLHITHEA
Fix, WEROHEEA—F—ELTEE-TEBY, ANETETDI I 2w AT
BEMEE LTI +oicdbEs 2 tic/ed. 20 HidUIEE, Z0 X5 2BRITTEAL
Ao o, TNETIXAONEEE L oKk E —RQICEESRIZLTL
F O XD BN RIEEDEBEICRAEL Wb D EB I LND. £, KODBIR
ELTH, YRHTEFICHANTKOBGL B KOJEE TORSINELS, KO ETH
WEEZRIEILLT o752 0B 26N5.
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F 72 Fig. 4212, WXEZLEOLFENE D SIREHE O KN % Al L CRERSITE &
Db DERT. ZORMLIE, 6 HRHEICOSCHED K X 72 K IEE) 2 Z - T
TZRREER B D b DO D, T ORIEEIFRECNER Y, 9 HHidENLO0IERIEL, 13
AL IR B 2V KL TWAH L2 ICH 2D, b bAA, HEFICLDHIE
FELERD 5 2 TOHDOHW TH 5 DT, HIZFELDIE STV RN & ) ATREME
HEETE 2V, Bl R TG REOF Y, HEHHAKOEEEZRL TS HO
LEZTEL.

Activity History of Aso Volcano

500 ] 7
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Fig. 4-2 Frequency and magnitude of historical volcanic activities of Aso Volcano

(personal communication, Prof. Watanabe of Kumamoto University)
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F77, EROFEKODOERLICONWTE LD D% Table 4-2 1277, ZHUC
L5 L, BUEDE | KIOFHEA T gD b AR &2k T4 5 ay) &,
STAEBREE DA D 4 CIFIZITH D . KA DLFD B BT b S & EBI 00 L RN BLE

DOE1~FE2KABATHoT=Z ERN BB TX S,

Table 4-2 The names of each crater within the Nakadake crater

(Fukuoka District Meteorological Observatory, 1965)

1| 2 3 4 | s 6 7 8
=] PIBEABATE | HEnEsAie | EETeA
¥ ey |PUBRRIES | ElFe
g bt it | ol GErEE)
5 —Mith ZMith =Dk
7% BE [dboit dEoi| Hoit | o
G &
PR F | g—XO FookO |B=AO|1EmAO
NE =if | E— - o F= Fir Fh
HHEEES [0 HdeiO | $Ak8a [FEka A A O | kO (FkO
A B B D E £ A
REABIZFR | 58— = £= 3| FH E:Sray £t
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4-3-2 TEENFEGN SHER I ARSI AR

WRIZ, HXFEFZOEHLEONENOHR SN DIEFRE L, TFEOTEE) & OXft
BT IEHOFENBRIIIEIETH LN, TOHFHME LD & EKIEE O 1%
HORELLZDIENTED., ZHICLD L, BBLZHFEOIEFNIRIICK LT
HEIRLOBIFTEAETHD. LUTICEDOH ZRT.

SRR B 14 (553 ) [8W) (FERE L)
[ = T Rt ) (BeT R L mEs ok sl )

S 4 (785 A7) FpsE) (H A EL)

TR 7 4F(840 4F) e - fEAEFEA SR (bt H AR SLEGE)

FE 2 (1230 4F) MEEVERrI AR E L) (B EFE)

K 6 £E(1269 4E) [t L 0 NS (RN 4 IS RE, IR [ERE
SO 9 (1272 4E) TERSEIE oML (EMNA B, E%ERS

EARMIZIZZN ST TRT GEE0 ) 2R LTV (Fig 4-3). IHEIMRFEC 72 by
Mok sns Z Ry, Heou), o), Mo I 0nhndbolz
EWVH T ENE, D LD 3 ODOKOMMBTFEL TV EE2RLTEY, &
A DOENBIE L RES T EDLSsTWRWZ EREBRTES.

Fig. 4-3 A hot crater lake at Nakadake crater 1

-23 -



R RE 144553 4) [« « - BIERIZHY - - - | (BffgLmeE ks 5)
[e o - IRRBEMNFITES Lo+« « | (Frfk lng k sp o)
K 6 £E(1269 4F) BTk L O X 0 BT ) (AN ST, IERERE

L&D KUK EWE X FIF 550 DM sRMeso TR K] CTh 5 (Fig. 4-4). KO
+Hm~E+mo kL UkB) 2RO L, £ I HIREEGEICKILKZE T 5.

Fig. 4-4 Ash eruption from a vent in the crater 1
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BIE (1340 ) [RIWBEHBACERRDY - - | (B TFURERBRE, Gk
K4
BERE 3 4FE~ 4 4E(1598-99 4F) (R E T LBMAICH D KR (WIRRIL E 455D

v 7 LHF KBTS E D OB E L B3l UGl - RN Th D
LB Z DbV D (Fig 4-5). JKMEKITH AT, BREOT, BaLES.

Fig. 4-5 Phreatomagmatic eruption at Nakadake

-5 -



FRIAREL 14 (553 ) [ - - Bpxokis (FERE) BRRA B)IRARSFE T A 5RE KM
mZ ) (BsER LR

RIL2H(1533 4F) TPk Icise 3 ) (IR ERS, Blfsil EayEase)

BiL[E 4 45(1343 ) [TEM X VK B0 REMIET) (F&F L Ea7Ehiad)

GITIZE D ORBEND, tEEE BI85 THL LEX HbID(Fig. 4-6). HEEN
REWEAITAOBEBZ TCRKABLDICERAHEAETZ NS5, ZnidEm LY
PEVIIERENTNTH, H FEHRCCERDRETH Y, H#RMICTH 52
AN

Fig. 4-6 Large-scale explosive mud eruption from a crater lake
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RARE 14553 4) [+ - KAZWRE B - - ) (Bl Lmg ksl 2E)
B [E] TC4F (1340 4F) AT ERKIEEBRLEOMS KA EZBRIIKRE EiF - -

(B TURES®RE, FARKEHID)

KAENPDO~Y 7D LESEEZTEB~B+PHEBEIC, BREOICRIETA e R
KKk Toh 2 ( Fig. 4-7). FEDOEE, 22 5000 F1F C1EaE i LT, #t
STHEDOHFFIZENTIE, ZORR~ T~~~y R HMFBITIEDONTND AT —
TTHY, IEHOREHMIEEEZ NS,

Fig. 4-7 Strombolian eruption from Nakadake crater 1

PlbED E oz, 2l &b 8 URED, RMEITE SN TV LRHLE (N2 ~ NI
) OPEOEENT, EAMICIIBAEROND L) REB LT 52 LA TE, FH
CRORFHZLBOVIRLTELbDLEEZDOND.
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4-4 N1EIDT 7 5 ER
KO OVER 5 HR OBV T, N1 HLKILKZ i & LS O A %
?)ﬁﬁi&ﬁ?*%@%%%gg\;:% L/7LC

R ARy N
A ‘\(rl'*-__:"_‘., O s, .

1T - 7= (Fig. 4-8). Fig. 4-9 |13,

i |

topographic map of the Asosan district published by the Geographical

Survey Institute )
(D North-eastern side of Kusasenri-ga-hama @ Furubochu (south side of the road)
@ Furubochu (north side of the road) (@ Under Ryujin-bashi bridge (south)
(® Under Ryujin-bashi bridge (north)

Fig. 4-9 Photograph of Furubochu, and Nakadake and Takadake in background
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LI s ORI 2 B 95

O EFHALH B (Fig. 4-10)

FESE 1 KOO 3.0 km OEFTTHS.

NLICHY T OHBEOREIIT 48 cm THDH. ZOHFHOEEMNL X5 T 52 LIEA
HTholz., TOTFMIZIE, N1 HIEREORA 7 LEaEA T N2 HILEio 22U 7
JERH Y, HERNPD 3 mBEORSIIET DAY KILWKBIFET 5.

" "’—"'*‘. i TP
y o

Fig. 4-10  Outcrop at Point 1 in Fig. 4-8
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@ Wi G ER) (Fig. 4-11)

HFES 1 KO OPERVE 1.8 km OBFTTH 5.

HHH EMEEN AN O Y — 1A DS HE T, (RIFIREE D IR BIF TH 5.
Nl OREKERDBERIBENRRZTWRNWTYD, EMEEREREIZDNLZRWA, Z oM
NTONIBOESIZ4mEEHESND.

HEND 2 mBEOES ETKE LD EBbsd, BRE~EEOKLKOE? %
BIZHLERD. TORMIZ, KEKBRELII~ /v KELKBER LD EEZOND
WHEA~IKAGORE HMEEEL, ZOFI2iE, 1~2 mm O/NERR, RILELTEAR
AHIBAT S, #iF D 3 mED & Z AT 72 FEIR 2 7R3 A8 (0 O BR U VKL 8 A
FAEL, O FAAEM HENFELTWD. T OO “C4ERI1% 430460 y BP T,
R EAEIITE 1410~1530 A2 CTH 5. Z Ok EE g oRW» S, MO K&
72 RSN K o T L7 EROHEREM O ATREME 2N B 5 2%, B AL CREANE R CTH

Fig. 4-11 A: The upper part of Point 2 in Fig. 4-8
B: Brownish-yellow clay layer at the lower part of Point 2 in Fig. 4-8
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@ Wit (BlaEdb) (Fig. 4-12)

S 1 KO OPERVE 1.2 km OBFTTH 5.

OB TONIBOESIFHNIAmTHSD (NI BEEOERR LENMFET D).

HFENS2 mIEEDE Z AT, 25 cm DESORLRENTZEBRH Y, ZO FENL
FEEO—H (PEFTHELZAEESTE8 MAMKIZLED) EBXNEMDBHEY
H SN2 (Fig. 4-12B). ZDOZ 06, ZOENTHIE IS0 NANRERIZE D
LOLEZLN, HHYHROMER THHZAlREMENKE V. 2O B 40 cm O
LT ZEHTER R H 0, £ O BIKEKBREOHR AL L, T ORI O
HEHTHEETE 5. ZDED “C HERIE 210460 y BP, IR IEAEILTEE 1520~1575
ETHD.

Fig. 4-12 Outcrop at Point 3 in Fig. 4-8 showing thick tephra deposit.

Inset B shows relic of a part of Kamekan or coffin
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@ EEMRE T (FF) (Fig. 4-13)

FES 1 KOOWEREE 1.0 km OBFTCTHDL. ZOHFTTIEINI BREORR 7 +)E
FTCRZATVWRWEDEMRIEINDLNLRWN, N1 BOREIIL 4 mPETHD.
KRESIBEHR D DNV~ I~ KESBRIC LD B2 N5, IKAGOHE N %E )T

ZIZROLND.

Fig. 4-13  Outcrop at Point 4 in Fig. 4-8

® #EMIE T (k) (Fig. 4-14)

FROOHZHOT HThH Y 20 s, HEOXHIT e TERv. kKZiwve
WHZELHY, HIEN 2 RENTEINTW A AEEMERH Y, TDZLIZL->TNI F
HEORELHDHL I THD.

HFENS 2 mbEY OLFTICIE, HE EEREIIETT ERERRICE > THEA
ENt) OBEMNEE SN TEY (Fig. 4-14B), £7-FOHBETIZI13% < OEFHRAL
YHIEAN L TV 5 (Fig. 4-14D). FIRFIZ, RAERSUBFOEY OREDOH & Bbivs, H
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Bt%em O E BN S 7=(Fig. 4-14 C). 728, RAEARIIIARDRZTZIKD KL 9 72
LD LS T, RIEARD “C AEMRHEEIX 160260 y BP T, BAEEEFARILVEE
1645~1955 4F L 72 o 7.

B, BRINTLEEAWMETAELZESOR T MrxE (BE, &%) i
THHo72R, BEMM L LT btk & nen ooz B EREIC O n 51
I N TN CTE T P R —

g A

Fig. 4-14 Photos showing outcrop at Point 5 in Fig. 4-8.
A: Thick tephra sequence, B: Relic of old coin in a layer,
C: Column vestige of some structure in a layer and

D: Carbonized wood in a layer
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UL EOFRERE R %2, HIRKIZE & T Fig. 4-15 IZR LT,

HHE K O OVER] 1~3 km AT —H72 10, 59 1000 AEFTLARED N1 HI O KL HP 23 3~
5 mEOEITHFE L TV, TOHIZIE 11~15 EEICIIER#HOE & L TR AT
R, Aa@i%@%ﬂﬂméhfwé &ﬂk%t@f%;éht

ZLT, ZTORMOMEX, ERMITITIKEKIZ L 2 BE~KED KUK OHEE )
B0, ZORMIKAG, HIKA, %%éﬁk@,m%i%%_iék%bhéﬁ

BKILWKER&E O IET 5. &<, EMAUEERiEOKLIKIZIE, KEKUER
ié&EbMékMPEﬁ%w&woﬁmﬁﬁaﬂt

DX R END, KT m1m0$%®¢%®km%@i FATHCEFICLD
IEEREERONENDHEE SNz, TEF LR, IKEKkKEEE L, L XBKREXE
%%%ééﬁfnkj:&ﬁNl%@%%%ﬁﬂ%%%ﬁi%hk.

T, AEHEDI D, 3 SANCONT “C X DEMRBPEEIT 720, U TH
FESITCAEME L VT LWES 72, Zhud, BE Lo gdon iz mkiemhic, Kb
B LW O R 72 ENEAN L T Al EEMER, HUEIRGE B R OE 2 7 IZRIED &
HEREMEAR ENEBZBNDLN, ZOZEIZOVWTIIA B ELRIFAENLETH 5.
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Fig. 4-15

during N1 period from Nakadake
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4-5 TEOPEHIEE DR

I, &iT
AT (1934)
B4 kD bR

k5L,

80 AEMNE LITAbis O 1 k1 & Hl

KADIEFIRVUZOWTLUT O LB ICE LD,

TIEEN A IR LT\ D,

MEFD 7~8 DM KIEEINIIHRAEDE 1 kKO DIENE 2,
\ZIEEN LTz, Brlgk I ERT O FtEk % © &1,

Table 4-3 Volcanic activity of Nakadake craters 1, 2 and 4 during 1933 and 1947

£ N #1kn %2kn %akn
S.8(1933) |IE% IHENCRTSH 0 1 HENIZBEWERSH Y
9 HLARERR 6 HUREORm A A 2 AUMEZ A, At
®Zxb F97RMEE, 3 A LARRAKRTZE D
S.9(1934) |HA~JKfaMEM, 2 A|A~F AT A 11 HY 2 — &0 9 550 i)
DY IndEIEd=] CEnIEGEIA
11 Hlg#Eh®H v
S.10(1935) | A~ K [ g Ji I H B O 72 Ve fiE
KOWIEKEED
S.11(1936) |l L EPCIRET IBEIA [
S.12(1937) |lA E [ A F 9 A LAREAEAA]
11 A i R 11 HizHFAar A L ANUR - GOAN= 8
S.13(1938) | A~ K [ e ji IV, 10 Az FIVVEKE, 10 A BFEK D%
THEITH U — WV IHIERHE LETLERS
S.14(1939) |[A L
[ L, 8 AR EHY |11 AMEEGHS%
S.15 (1940) | -—-- KIOJEEBEX Y
Va—tWIHMER [ KOED 2~3 BIBNEGEEY, v
o — OERE EEGHRH Y
S.16(1941) E- K JEE O AR HA, B R AR 0 ne
LK BE K0 JEK
S.17(1942) — mo ok iR
S.18 (1943) | - G [
7 HMERROR0NE AL
S.22(1947) | ---- CEIAL} A 35V E A
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HEIX, Table 4-3 DX 51T, BM20FERZIAETEH?2, F4KAIZBNTHES
EE A STV, ZOBRENLOKOOIEFIREBICEZ, F 1 KODOHKDTE
BCBITL TN D.

B KD OIEENY, BHICXRAELEE (Si0x 52%) (NEF - i, 1985) O~
I ThHI LR, KOOHEREIZLD, 1ERNPHIRO K O 72 IEE ORI faHE S
T E T (Ml - fith, 1989 72 L&),

OFRD e FEHNZ TS 1 K NERICHAKZR ERARIAATETZE 0 (ki) 2-5< 5.
OIFEINIERIE L TV EZTIFHTF OO KILTAKRE L & HITHTEE D ORGSR

T A& RIRFICIE X BIF 2D SRS L 54, RIRFICE TS E D QKM SR, K&

Ik DR L, BT 5.

O LlzER 0)%’%?L75>5?< BT CHRRZDBREBRNITICE S.

OMRALAREFITIER L, EREBEm~E A+ m DKL & 72> TRILKOMEH TR K |
ﬁ%ié.ﬁﬁﬂkMﬁx#%zéio_&zék&ﬁﬁﬂﬁ%hé_k%%a
OXKWKDOHIZ~ 7~WE (KEW) 1%L 7RY, v~ 7~ LEE o +HF

MR CHRRICHRIZT A he o RY Rk BDIECED.

O TRk 2 TA hr AR Y Rk ORFINZ, HTORWE(LZR 12K > THUR

KDBBEET 5 L, eI [~ 7~ KEZBETR) < DUKEAKUER) 2T Zen
»H5.

OIF®EhNEZ D L, JFUNL EWCHRAKANTRILIAATHWNGTEE Y OREICH 5.

ZZBHEORBTIE, BBIEL LD X S IR A EEN S AR TR 0 K
LTWn5%.

Flo, PEOIFEEBORERFE L LT [JKEK] (NEF - fth, 1995) "D, &6
AIEPDKRINZEBNTH KUK AEZSEINT 2 2 L13H 50, WP HEOLE, X
RAEEZWEE VI~ ~DOWEICLY, v~ 7~k d: L UIBROIITRLT, &
B2 BEO KUK 2 BREICD > THET2 Z EBNREITH L. LR ->T, M
ﬁ*%®ﬁn,$%%&%%&wokFx%u/«)ﬁﬁkjﬂgaén%ﬁwﬂ,

k) 2P EOARMEIEE N R bHBICRON DM AKERETH D UM -
m,lwﬁ.

AR DIEENRFIZ 351 2 K LK DM H s b AT SR 72 L — R % Table 4-4
WRT. 2RI R THRONTEEDORFER L, B EE (OGS oM
OrF S IFEEA R 1000 m LLF) & oBfERTHICTry 95 & Fig. 16 DX 9
220, IMEWEBRICHHGET D, ZOZ L HHEDOKERDORELEHTHD.

2, AL, WAEOMmHITRE S LEARES bR STV,

-37 -



Table 4-4 Discharge rate of ash from Nakadake, Aso volcano(Ono et al., 1995)

Date Duration Weight of  Rate of Volumetric
ejecta discharge eruption
(m,d,h) (xX10*°t) (x10*t/d) rate (m’/s)

1979 June 18d 142* 7.9 12
1979 July 31d 162* 52 8
1979 Aug. 26d 159* 6.2 10
1979 Oct. 31d 97° 3.1 5
1979 Nov. 28d 327° 11.7 18
(1979 (134d) (8840) (6.6) (10)
total)

1989- 10 mP 1200¢ 4.0 8
1991

1989 Oct. 27d 5.44 8
9-Nov. 4

1989 Nov. 13h 5.0¢ 6
5-6

Duration : m = month; d = day; h = hour

"McCleland et al.(1989)

"Duration of smoking phases(Watanabe and Ikebe, unpubl. data)
‘Watanabe(1991)

‘Hayakawa and Imura(1991)

SO
® Agso Naka-dake

a0t o Other volcanoes /

30}

204

Plume height (km)

0 'Q L 1 ] 1 J
10 10° 10° 10* 10° 10°

Volumetric eruption rate (m¥s)

Fig. 4-16 Diagram showing the relationship between plume height and
volumetric eruption rate (Wilson et al., 1978).
Solid circles near the lower left corner of the diagram represent

gas emissions from Aso Volcano(Ono et al., 1995)
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4-6 kOH AT TOBBEHIOMSL L Z 2 bELNTRE

Bl gk L AE T, TREVP O EE 1 KDEED 2 »FNC TV A AT (BLFAD
AT EWND) AFE L(Fig. 4-17), KOG EAEERET 3.2 km B 72 8T8 i E
THT 7 A= =T (RERIZBXZ 4km) 2B L TKONORNEZ Y T LH
A 5 CHE L RIS T kIS & L TR LTV B

KkOH A FOEES AT LEEE

Fig. 4-17 The outline of the broadcast system from Nakadake
to Aso Volcano Museum(AVM)

Z OBRGIIRGR T OIS XA GE, BfE LT~ RS L, KIS OREHR
IR THN TS, 72 RKK ((BR) REAMGE) D& — b<— P(http://www.rkk.co.jp/)
BEBLTITNAEA LBGERL, A —BKDO AL ~DIFRZEMEEZIToTND. &
DIZHEARRAND T VESFLICRH L Th =2 — AHF M & LTORMEZHIT TN 5.
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4-7 RO EIEE DHER

KO AFIZ X DMG508k % LB LT, T4 2 RIIEEI O -3 boyo TE 7z,
BER 30 R OIEEBIOMEIIR DO LB TH D, 2B, LLTFTOFLENAFTKO D A
7 OMGEERE b LI, PR ILEEFTRE O KLUER B MR L TER L2 DO TH 5.

(B UT A9 30 A= D il ik o i O T BAAEE )

S.54 SHET
(1979) 6 H LI

7 HLLRE

9 H
S.55 1A
(1980) 2 ALK&
S59 10 A
(1984)
S.60 1A
(1985) 5 H
7 H
S.61~62
S.63 5 H
(1988) 10 A
H.oC 2 H
(1989) 6 H
10 H
11 A
H.2 1A
(1990) 3 H
4 A
7H
11 A
12 A
H.3 2 A
H.4 6 H
(1992)

L2 E 0, IRENI I 7E00 .

KWK, W&, A ha AR Y RE K.

6 0 KESURFE, SEE 34, AGE 11 4.
KR, A ha AR Y RMEk, KRR,

GIEEY, FNICEWEHT 2 OOIEENITBIZR00.
KHABED—HF S KK CKAEIITGTEEED).

LR M .

WA, AU 7.

TR E CICERGTEE Y 2K, EENIRESHE D,
B2 E 0L, ANER e ERE Y, SRRSO,
T R (10~15 m).

KO JED— I IRENEL A

Bl E 0 IR, REELS.

KELBA T, DARIRME KRB ~FAT (KR BIED).

JRVE KT, W KILIK OME & HE 2 KR OBNPERE 5.
zzJ?%kDﬁLif@ﬁ(%hmx%Jﬁﬂk)
KILOPERIEE), £ 100 mFEIC £ THLK.
XFD/TJﬁ”k&777m%ﬁ%ﬁ s A
TEENRZE, Wit K LR SoME £ AW .

KOBAZE, BEE0 00T AN (K& 72 LW H).
20 H ~ 7~ KAEKUER, DB, BONER1L.

KIIZ L - TAROAZE, GI2E 0 R4AE, (RENI/NFIREE
REEBG, B72F 0 IHk.

ERAE L b0 TR 7 &R H (100 mLL E).
KWK OWE T2 < 705, DB B, GI2FE DA,
R H2sESA(E (RIRT).

24 @ 5m, 29 H 30-50 m.

30 H 100-150m ("&a HFES ).
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7 H

8 H LA

12 A
H.5 1 H
(1993) 3 H
H6 9A
(1994) 12 A
H.7 1 H
(1995) 2 A

3 A

4 H

7H
H.8 LI
H.12
(2000) 11 A
H.15
(2003) 5 H

7 7410 H

H16 1 A 14 H
(2004)
H17 4 H 14 H
(2005)

9H
H.19 9 H
(2007)

WA tE O e (LR, BRI, WEIARLE, HBIZEY oK
RED ORI A 2 & b 7> TR W 2 E BIF D).

I L.

KK, k.

KIMKRL A =Y 7 A et

TEENTI 7200, KALPHZE.

RO, BORT 150 mPAE, WA B, i FEEIRLE.
HOTREIALE, LR 2GR0, R, A—mE).
ARE) (1 ~11) Z#ald, KPR LD .

FIREE), REHEBITHRBIE0, 10 mAik o b .
HIEMENMESE, 17 Bl A (ZS5LKR~AFEKR) 2L b7

STk ”, AZELEBLTI10~20 m®D LM H.

Bom O TR H Ao THEME), L&, HRB7E00.
A RAREN R, BB & RN OO R BIR 7 LD HY
IEENTR 7200 (REGIEEY).

KO ER G E 0 IREENS5<.

BRI K OB TR BV S
FAHIK OBE T OIREE K NG T2 F 0 OIRE IZ &V IRRE.
M EL A

R WM H CHEE 1 KO BIEHER 6 km (SHEDRBK.
GIEEV O/EIE, 6 ADBIRAICHEA L 11 ik 5 #.

MEEK,  RBUBL 7R T H CH RS — K 1 R UK 8 km THRE D
K .

gk, DETIKAGROXKLKSFIEE — KO HEH 700 m
FHEE OS2 MR, [FH 20 B 41 SR 72 TR0 A3 58
AL, KUK OJEFARK 2 km Ol E T L7z,
ZDOBEGTEE VY, REBG, IR D K.
UBHOEmEGTEED.

14 HEEH & FE ik 1 BE TAREAELS:.

=3
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Felzak~ 7o WEENH) X WEBEEH) OB FHIZH &5V T, ZoOHMOEEZ#E 2 5
&, AIEHIRAE KIKE LA 2 U 7 20 H L7201X 1979 42 6 A~ 1980 £ 1 H, 1985
F5~6 A, BLO 1989 - 10~11 ADKFHITH D, LI ->T, ZNENOIEEIICIS T
LEEINZ ORI E B2 5 &, TNENOIFEIHNE, 1979 £ 6 H~ 1980 /- 1 A, 1984
10 A~198546 H, T LT 198843 H~ 1995410 H L 72 5%.

—77, 2003~2005 FEDOIFENT DN TIE, WTHHARBE KK A 2 U 7 Zdtfe L T
THEIBWIRBITITE-TELT, TOBRHFHNLELLGIEE D ORENHNTND Z &
NHh, ZHOIEFE—KNRIEEITH Y, FHiRIEEHICA S TND LB X TR,
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5. 1988~1995 4E D HH{E DIEES
D X ) RIEFEOTEHHER O T, 1988~1995 HEDIFEI CIX & £ & AN
Rnwizaniz., LLFICRFFHOIEEIZ OV CRER T 5.

5-1 {HENOHER

HE D 1988~1995 AETHENHIE, 1988 4F 3 HEMN O DG E Y O TlhE -7-. &
1%W$waﬂZXFDVﬁUﬁ%Kﬁﬁ%?é%@%%@i,%@%@%ﬁ%ﬁ%
Wit el T, 1995 4F 10 BICIZIFKE Lz, Zo—#HOIFEIC K Z > 72/ EH 1
KEADEREMBGIZDOWT Table 5-1 IZF & D7,

[FIRFLS, UG TT Bl ek LLRIMGE T IS 2 2 ANE RSB O HERB 12 DT, Fig. 5-1 (R L7z. I
SERIBEENC DWW, RBITIFRO LI L TnD. TKOE TO Z<EWGEETT
AL, JFH 0.5 ~ 1.0 BDREE T, EHKEIOFIZINIICELI, 2 OB O K
LR Eh 2 59 DRI DO —2IZ 72 > TV 5. JIHERT Tlds KIENE 0.5 u m(5 p m/s) % #
ADbDDFEEB I R>TnD ) (ERERXSKSE, 2002). Z0OZ&nb, A
BN O AEFBHOWBRE R LT DTHD.

1988~1995 FF{EEN 1L, Table 5-1 1" T X D12, KARMIFBHOLE(ICESE, 400D
AT =, T&t&>Fﬁ@@%LFE@%W%LF%@ﬁ%%L:ﬁ;@F%ﬁ%J@%
F~ 7L DREIFEN]) ICRESRK DT HIENTED. UTNCENENDAT —Y
&:Ob\fﬁﬁﬁ%a L4 5.

MEE)H)H] )

ISEIORIHAIL, 1988 4 3 AE~ 1989 4 10 AIXUOEE TTHDH. ZORHNIL, &8
PRZTIEFIL LT DAT—UT, BEEVEMED L, KOENHE L. &
FALTIHRBBEN RSN D & & bi, 891 KL S B2 E L CRILIK 2 95 72
E, FIETESALND L5 RHAMEIZIZIZNE > THB L2 TH 5.

Y& B R

Z ORI, 1989 4F 10 AIX U HEND 1989 4 11 HREO LT 2 » AMTHDH. ~
T~y RRREBHFIST SV TWSEEH WA 5. ZOFEITR o oR Y Rk %
D LEEB Ch o723, KILOMBOBENIRCIEK, ~ 7~ KEKIER AT H L.
EHNHESD LA L., FEOIEEB ORI, BN HEICZ L LD
NETIZEAEH LTV,

MY & B

ZOREHIE, 1989 4F 12 A~ 1991 42 2 AEHE TTH 5. I b DO~ 7~ {ia @03
YF BT, REANIIANHANZIEERR DL & 7e o 7o LHERI S 41, KILDPAZE LGS 7208
KIGEE & MRV L7z, WEHEIEESV RS L, B AEoEE L Rohi. &
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<IZ, 1990 4 4 H 20 HIZIX, 1988~1995 HFIHFEM D 5 © T, HRKO~ 7~ KAKIEIH D
FELTND. TOREENIHOERIL, EaZ D KLKOEHRL AR b e R Y 2
KA IR LT

B GRfF~ 7~ 2 L D REIREN)

Z OREHIE, 1991 4F 3 A~ 1995 4F 10 HAEHTH® 5. RKEAVIZITKILIK e & TRKANIE

HEESN-RETHY, —BFIIKELENIRAE. 20%, KOEOEES Fio
Tl DIGTEE O RER ST, L LHFIZIE~Y 7~ AR IEH D5 WIXZEDENR K-> TEY,
FNRHT RIS ELE 52, v 7~ KEKIBROHBORE e TGN AR AE Lz, T
MEEH T 1995 4 10 H 2 AE THEE, TO®RIGENTIHRE LT,

B ZOAT =V, EROEBVKOEICETEEY BEALINTZZ LR, 1991 4 3
AT — BN RPRE) O R A RIS L, 1992 4F 4 HEN SO (R80T s,
2005) L7 Z &b, MNL LTH7c GBI TIER W E DR G HTEL. L LN G,

HOTEENHID 5 5 1990 4F 7 A £ TOXILK O HEITK 772 5~ o EHEEE (2
H - i, 1990) = TEY, u%wﬁmgi%ﬂifszfl%lﬁk&h%f%
% (PR ILEERT OBIKET — X ). 2O Lnh, —HEOEHO R/ TOWHY O
Ih, EDIEEAEDN 1989~1990 FITME H L7 KILIKRME A THDH Z ENbnbd. 2
DT EMDYH, 1991~1995 BV TTIE E A EFic i~ 7~ S Tnzn s
EZbND. S5, fBAQR001)1%, Tanaka(1993)0D 1 & T 0 Mk A E 5 B &
[1991~1994 4 & TOREHI ,wwqwoﬁﬁﬁﬁm%&%%%@ﬁﬁjkﬁsz
TOXRHRTEND, ZTOMEE TREN GRfE~ 7L A RBEEIY) & LTH)

>7z.
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Table 5-1

CL: Crater Lake

Inc: Incandescence

Summary of the activities from 1988 to 1995 at the Nakadake crater

ME: Mud Eruption
AE: Ash Eruption

Str: Strombolian Eruption Phr: Phreatic explosion or phreatomagmatic eruption

year

month| CL| ME

AE

ST

PH

Activity

TAKLYSEEEYIFEER.

[ me s

1989

T, TREHEHKIE (10~15m).

168 FABRALYEKREFULARCKILK?)EEH.

HEELISHED, 16H XAED—BICKFBRRERLND.

HEFYRIROED—ICEDIDH. FBBRRHL.

288 /MEKFLEYKILKES.

& Mt B o

1990

KOKITEZKE. FRBEROHEANCLEHLS.
Apr. 5HE27TRISIFMERALIYKILKREEH.
May TAICKFRBEZOGEBEIFSSITHRKOENS LF55).
Jun 4H, 6B/ ERFLEAD. 108, 891X FARO, LiE, IRIERICEITCRXLED).
Jul. [RIE JGEE.
Aug. LEWCKUKDOEHENEZ, BHA, KXOBLHEED.
Sep
Oct 98, 892k AL EMA. ROT7ZEAOBEFTEE (ROVRYRXER). T, KAOD
’ PRRES). 892K FLIF8I1TNFLZRIRL, F100mIRICETHLK.
Nov. AT OEE (ROVRYKE L) SIBERIBE R (ITIKERBER) ERYET.
Dec. EENSOOHENCELD, BITERERIET L34 E AL
FEARE. WGEMICKUROEREER.

4HEMSKOROREGEICLYXORBAERELLGS. TAICIBLEEYHRE.

WREEER, RALFBEFEYOKE. 228 HREHGREORSHLHEH).

208 YU TKBERER.

KILR, BRZ X IFEHFLTEH.

AMITE>TAKALFERELLD.

17H 901KFBRO. KUK, BER, K%,

138 FBBER. HLEFYIFIFIFHEM248 902:XFLEAO.

903N FLLVIFIZER, ZEZELLH>TRAYTEERMICEL. COEOXLKIZIE
FEOWVWWRIYTHORL—-DENEENT-.

1991

8~9RZRFICKINIKDEHFIHES. LR EIE.

PRURSEFEYRE.

HEEM.

LEGEFEY.

EEFE DN T AN R

KESDEEE, POEZD.

TA, LREHEFREI (10~15m).

MEIREE. B/MRRO T REHARLOND.

TALYBULHEHAERIE30B 100~150m BREHES).

THEREHSEK, SE8FHL. FHFRE. SEFYNBTBERNTLHES

BEFYDREND, FfEREH > TERAMICEIHEEH.

SATAMNLIA LA, KOAESRREMAEIHEHELDIZ, ROYTHLLVE#HEY.

P~ AEAICAFTTRIYTLLVEEYNZERSNT-.

TH THEHERE SEEYRD.

AH921: X FLEAO. IR, k2. (6EFAZE) 26 H922:X FLEHD. FREA. JLRIEH.
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Continued from Table 5-1
CL: Crater Lake ME: Mud Eruption

Inc: Incandescence AE: Ash Eruption

Str: Strombolian Eruption

Phr: Phreatic explosion or Phreatomagmatic eruption

year |month|

CL|ME|Inc| AE| ST |PH Activity

Jan. 922 K AL S BT K ILIRAS R DY FEE .
Feb. 208 EHEMICRIYTEBEHLT EA.
1993 Mar. FRNIBEZONELLDE LI, 922X FLIKEAE.
Apr.
May
Jun 2HESHEEY.
I
Jan.
Feb.
. Mar. TH EERZR.
I :
73 May 28 BEFVYOSEN—BHITET. tREHIAONS.
. Jun HTFEBARE.
7 1994 Jul.
= Aug.
- s thf] TRIEH. ZRKRTISomUL, BRLMES TEBARTE. MERLAIRRT CHEEME), =M
& ep- BERA
% Oct XOEFEESLEFEVICEANDHLT, BIAELRLRKREIEL
BN Nov EDILRRE.
s Dec 6ESUBUEMREE. THRHERYET.
gj Jan 28 O5EF~12BFLEICA T CHBMEN(I ~ I)##KYiRYT. KFE TLHEHEZFEOKROBONET
r KA TRENLT=. 4B E RINE.
’ Feb. ARMEANBRAISND, RERRIE/NRKE. 10mATEROTWELECESERIHES
M hf) FRMEAEFE. 17 BR(CALK~ABEX)EZLLL-TER. AZEBSLTIO~20mD
ar. o
TRYEH.
Apr. IRICHmMmD THEBHEF>THBEME. LKk, BB 0.
1995 |__May HENBEPH,. BEFYDOEFETAIZOPED.
Jun INEEIKEE. 248 HRMEIRE.
Jul 2~4H BREWEAE. BMEEEFI-PPRREL LWEE IR, 10malZ)LBEEZFRRA—E |
: YR
Aug.
Sep. AEELTOMBIR O T REBHEMGEMICRYIRT.
] Oct.
Bl Nov IREHIIROAEES. LEEEBEEYT, BONELS.
Dec
(E/8B)
1800
EBIN —koK— EREEN 14 BAE (RBEDH)
1600 SEEL
B
1400
1200
1000
800
o]
YR i TR YT j
200 [ (A i » i Tt
o hastr P WSS PRI 1 T PR 3L S
T Toes _ L L 17T T 99z T [ B 2 1995
R E R R R R R

Seismic signature and frequency of isolated tremors from 1988 to 1995

at Nakadake (Data are from the Asosan Weather Station, JMA)
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5-2 1988~1995 FE{FEMI DRFET NE B

5-2-1 [EEWEIHI (2B} 2 KUK DR R 72 H

INETOFRBTIE, NTEBOH) BV TEEMTTERBORRXN LT 5 2 Lixd ke
Mo To. EHE IR ZERRICE N T 570 &, IRNETE LIiEBi 2kt 28 ©h
Z. LavL, 1988~1995 “IEEBHIC I 1T 2 NEEIFIH) Tk, OORLERRYINIFEL
7o, FFIZ1989 47 H19 BB X9 H 6 H~7 BEIZIEX, ZOHED 6 AIZHEF 1 k0D
EIEHREBICEH O LZER 15 mIiEED 891 kfL (1989 D 1 FHIZA Ulz/Ivk i ; flfik
WM 4, Fig. 5-3 2R 2 DA KK A H LT\ T, BaB Eiak
PR DfE Ik & A 7emE & 240 I L 7= (Fig. 5-2). Wolm AMEHNEEY, To%AM
AR LD & XL, KUK EETREEICE> TKEROZ VA WEELZ U, [[
RS, KRZBNICHEEHT I b7, 2, TS0~ 7 ~0igRom
BREAICE ST, =7~~~y KRR ETTHZEICLY, HITTKBEATLILEAERNHLDT
HA59.

Fig. 5-2 Unsteady ash emission from the Vent 8§91

(A: No emission, B:Sudden emission)
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5-2-2 IGENRBHIIC BT 5 R EOmE K

1989 4 10~11 A NEEhEEW | (810 21EERKNO T OV TIZEL - #1i2(1990)
2, AharRYREKPGEESTZ10H 6 BD 12 AKbVIZHT T, AbhrrRUA

RO &, ~ 7~ KRB AR SN 4 B L2 AR L. £
7o, ZHRQ004) % 11 A 17 HLARE, JEEAIEEIE XA hr v AR Y REANLZAICAEL-Z &
Ik _TN D,

Z ORI OIGREIRER DO Z (L% Table 5-21Z/kL72. 10 H 6 H Bt A b AR Y gk
ZBAT L2, 0% 2 r AIZEDRM, A2 7R KUK % [FIRHIE H 3 5 <
IIRIEEY &~ T KEERIRRIC L o TRILEIER T HIEEN A (IR VIR L. Z D7k
T, FHEEBL A O O BRI RE KT, KEREE LA D HVEESE Y OBIEN D~
TeKRBELBEREEZONDN, ZOMELICELESTBERICLDKILOHENRH T

DI TIERWw. LrLeRnb A bR Y AKICBITLEEZO 10 A 15 BT, £
FETHEL TV KHOJEIZBWT, REWEAZ L T2 KD T < £ TR TV
7Z&bdY (Fig 5-3), KEDOEL ETH FAKBIESNTWEZ &2 fFbET.

Table 5-2 Strombolian and phreatomagmatic eruptions
at Nakadake from October 1989 to November 1989

St.: Strombolian eruption Ph.: Phreatomagmatic eruption

B St. [ Ph, 5 ES

W, 891 kAN S A FEEH
B, AkOBICAD ) TELE CRRRTHEERR)
891 )\Rmtifr']mmi IAFLBRO

Ei..,‘iilﬁgis‘ 892 KA LT%H
15:45 mix:ﬂ,aau;z:u? S50m DE = F THEWM
A a1 T OIEHF5EE

1989.10, &
1
9

© —e0@

15
20

2'1 KEEOZEOMLKZESY (LERISETES Jom

T * | BLOUR S KEROR L ARES,

| ATk ~F B A DIEE B E S WA 1B
28 +* (20 ATz AL 100m x 50m (ZHEX)
2 | o ALt P HESSKLFIRS

11.02 | @ A2 7 OEEER
I EREIIZ A RO Y Rk

& | 11:35 iBFH0E A
(T H 892 XALOTEREIZ 10 ~ 20m OFF XA EIEFRH TR

—ch =
@

1
1
21 | @
M| BELCFEERTEHEIA T TOMEE

26 01:07 1 AOREFIZFIZHEEDI LS
VR AR & TR E T
892 AFLIFHAIZKE (XK
09:10 01:07 ﬂl).f-.é:%@#i&'&kﬂl&”@#&?b‘ké(
i TOERBEPEERSE
EB®ICIE, FREET ERE {,i‘lﬁcfﬁl £%)
BEkE HHEREZFXLETLHEN

KILER & SRE SR 2 EH

N ¥ %
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T, BRIORERPEZ > TS EXITIE, BERDKILOIERSS, HAILOB DA
bNTWN5.

A ha AR Y REKBIEE -7 1989 4210 H 6 HEOREEIX, ~ 7~~~y RBKDOED
FT<CIES FEImTF?) ETERSTETCWDEEZLND. ZDZ &1, FREAEANK
S HBAHIRICE N SN 5 FESCBE B ENbH LN TH S.

10 A AL, Ay ARYAREAE LB KEXRBEROEET H LI
720, KILBIERT HDIEEBINEN > TW5DH. 10 A 21~28 HOERZ X~ 7 <28, HF
KEGDAOKES ~RBBMICEALLELOEHETE S, Lrd, ZOMMFICKILBHR
A THEMIZEENTTBE) - JERL, 1ZIEHE LKD) IXWICETIER -2 e n, £
DEfRLT= & ZAEN R D BT T, K OEEN RS TIERL, KEZIEA
EHEREY L OB Th ot EZHND.

11 H 17 B & 26 AOFHZ72KILOBA AR, IR ~72 85 2% 1 KANORBLOZE
bix, A he R YR AL~ 7 IKARKIEED, FHRICHEBICRY KIS Z &Ik
2HDTHD. ZORPOEBEBRNREKT, ~/~DdbHE, 2F0 EH L — MO
DL T, gk 10 A 21 HEO~ /~oEhE L xR0, v/~ LEF Lr—Fn
INEL 2o TV o T A~ TN TFRELTIZE ZAICH FARREZRICEAL TS D Z &I L-
THENEMT HEENBONTEEDLEEIBND.

892vent "= -
891vent  *

Fig. 5-3 The bottom of the first Nakadake crater during the climactic
stage. Arrow indicates the wet part near the active vents

(photograph was taken on 15 October 1989)
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1989 4 10 A#IH E T 891 KFLIZOTHARIERIT L= b DD, HARMIZIZFE Tk
I CMELKIEE) A foe T 72

L AN NEEREL ) 25725 10 AIZUO1 51, KILOMESLKE INRD X
% L < 21t L7-(Fig. 5-4).

10 H 9 HIZ 891 KALDOALHMK 10 mD & Z AIZH LW kFLZBIA L, FHM#EEL
BHEATIZ & > T 892 kL& i STz, 892 KALIZWREITHERT B & RIFFIZ, JREAL
oA ) T EEHTHA MR Y REAPIEE -7, Z D% 22 HITIE 892 kLD
KIZEE- T 891 KALITWUL S 4U7=(Fig. 5-4 DD). T ORI TR A 7208 Kk 2858 5E LT
WETDHEELEBIZ, KLUKFIZIEADEZHD TWzERIZEEN TV B I BN
HEAELH L IIFAANREL GER Tz (il - 2, 1990). AR L7- 892 kL
XS GITHERZHET, 10 A 25~29 HERIZITE 1 K O RIKRIC E THLA - 72 (Fig. 5-4 DQ).

F72, 11 A 17 HiZiE 892 kALOFEMIC 10~20 m D kLA, 26 H Bz, &K
BHOME KIZ K- T 892 kLA HFE XL CTH Y (Fig. 5-4 D@D), F DH%IBEFRIRMEKIZ X
S THU 892 kLB O L7=(Fig. 5-4 ©®). RADIFEITITE 2 kO & OBERAHITN
RELZLSOHNTWDORMER ST, F7IEEREEL O 1990 4 2 H 17 HEIZIT,
AETEAR D K FBEDI K & < AR (BT T#R LT,  1990) L 72 (Fig. 5-4 D ®).

_EEZVB

)

L
-

8 £
F
-4
»

® 1989.11.17

Camera B 5/ iy Gy
\/{;f?&:\:\\ N c"”f‘s {;//J—-\\::Q_Q\
(G4 T 892vent | ' A ¥ L T

Camera A ¢ ? Om\r\a\i 7
@) 1989.11.26(A) ®) 198911.26®)

D)
N
R e
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Fig. 5-4 Illustrations and photographs showing the variation of the vent size

and location of eruptions within the Nakadake crater 1 during the climactic stage
(1) Vents 891 and 892 occured almost the same location (photograph no.1 was
taken a few days before the combination)
(2) Vent 892 was enlarged after a phreatic explosion at the end of October 1989
(photograph no. 2 was taken on 30 October)
(3) A new vent opened at the west of 892 vent on 17 November
(4) Vent 892 was buried by the deposits of the phreatic explosion before dawn on 26
November (photograph no. 4 was taken in the morning on 26 November)
(5) Vent 892 opened again due to the phreatic explosion in the morning of 26
November (photograph no. 5 was taken on the same day)

(6) The north western part of the crater wall collapsed on 17 February 1990
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5-2-3 THENREMIC T D FEEIIE X

THEEE O 1990 4F 4 H 20 HIZ, 1988~1995 4EJREN TIx, KRB O~ 7 <K
RKUBRNFEE L. 4 H 20 HDIEFE DL Table 5-3I12F LD TRT. 722L,
Z @ Table 5-3 OWEEH OKKRKGEIZOWTIE, KA B AT OGS R AN FE A
STHERLEZLDOTHS.

Table 5-3 Sequence of the phreatomagmatic eruptions on 20

April 1990 recorded by a video camera

HIE D

N KO A Sh 5B F0E KR g oH |20
HESE
I —

13:25 BiE, 1400mDE&ETHE (R BA)

CRHERFIZE B)
1652 BREEYOREA, D ERAOHEE (15) 58
54 THBEHOKRELZLD (50~60m) L

] IFIEEER, WHERTE

11200 | b L, An4LBMEEAOOEL | AL

08 R (cock’ s tale jet) Z5
#30FE WY OWE (S—NAR) o XK

10 HIEOBNECRETEELC

Bk O IR BLBRD
15 BBy oEiE %3¢
17 FRUILEE (REWTIEEL?)
20 HIEQRMNT EOEY SED
30 EEQEMNT EDBYSDEL P
36 & 1E LT HUAREE, %58

1l f~ f‘- oy
Rk OEDKITH D -4

37 B, 08
39 WHhEES
| BB, BOBo L

. WHihEED,

FEIETRBHEH U, EV=EC PedE
58 WHARES 28
T TR, O o B
FO%, BB
18:00 25 ¢ Y ot
o WP L, HERARULEE BPLE
é T C R R D A il
10 FBRERVLRE DAL FREE

| HUERESE, A0 )T O
16 |WEHNHESH WECCR-RBLELD | LB
21 | EHHOOBED

95 WHABESH WEEAESE Ebics| AL
27 WA CERES, BEEE 2 EC H#ER LM

36 WHHEES, WEELE- B
44 LIS E S
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4 H 20 B, 13 I 23 37 B KPR EGHSE ORIES K& <720, 13 K 25 72121
FUEZ 5 & 1400 mE T X RiIF7e (KBITHIEKILZER, 1990). 0%, 16 K52
SIS T F 0 0 DIBEWNC B SR, 16 B 54 D SISO
BB ORKE 2 LW RRAE L, bt~ 7~ /KRKIBR ORI RS TH 5.

ZLTI17T W 08 CHBTEE D D, KEOWEREZMHE ) BB ANHGED, B2
(Z5E U7z ME i 3 R0 B8 A 2 AR VR ISR T2, 2 ORI S Ik — U b
FA LTz (REARSY: - fil, 1991). MEUKBRLATLAKY 50 4> (17:58 BH) (ZITMEE DB T
WHNZ A -T2, 2o, BALABROAVIET>T-HEENGIX, KEKOAWVWEE
G < BEDOMEA P ST (Fig.5-5A). 2O, KAH AT b OBIE T, WEMh
DKRFERESC KK A 2T 2 S 1T —ETld/e <, MmIgEMiR L T\, 18
10 Z0E DITEMIIEE A ERE LR, KIUE, REZX2) 7 OEHABIE SR
72(Fig. 5-5B). 18 F 30 4318 T OBNIIHE 0, Z DA LETH b 1T T
MR ATz, 2 L TEDOHR Wk D ED KLIKDOE R > 7.

04-20-50 18 (1125

42040 139,068

Fig. 5-5 Different types of eruptions during the 20 April 1990 event
A) Black column with white steam and a large amount of cinders in
the phreatic explosion
B) Dark brown and dry ash column in magmatic eruption

(the bright object in the left part of this picture is scoria)
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ME K DE LT - T BLHEAE T, MEkREO EFLo X5 e ko bizxtis L
THERE R D LN TE I (REARKRS: - L, 1991) (Fig. 5-6).

ash ©

scoriam

surge o

Fig. 5-6 Deposit of the eruption on 20 April 1990.
A: Location of study area (Base map is a 1:50,000-scale topographic
map of the Asosan district published by the Geographical Survey
Institute ), B: Photograph of deposits(taken a few days after the

eruption), C: Stratigraphic columns of deposits at Points 1 and 2

ZORER, & FEICIZA T — I L O HEREM N RS HERE L TR Y, 20 BfiicA =l
TR, f EEICIXKILREN R D, HEH ORI KOS XTI 5B LR TH
~7z. Point 1 & Point 2 DKWY —VHEFEM DR S OEFEWE, H— P BRI 2 0 FRm
EREoTRBY, TOWEMEBOHNHEEHLS & MICE SRR Lo Z &2 WEEo TV 5.

ZDA Ry N, 1988~1995 AEIGEN O Tl KB O AT, Loy, NEEEE
B CEZ b DO ThoTe. ZOBEHNEKITGLEEVOFNLIILEY, —BUOF
KT, ZROEAZ E U KILRZ W L, £ 0iGENE 50 oIiE
Wi, 2L TCEDORK, —HOEKOBY-TIIAa ) TEMHT o~/ ~EKICEST2. £
72, EWIDOMEFEERZ X7 cock’s tail jet XK A AT TELZHENTNAITHEDND S
T, BREFEIBNEINTELT, ot RENDLDEBER TH-7-Z LfilbEs (Zosix
1989 4 10~11 H O~ 7w /KAKIBRIEFLFRIKE TH-72). O LIS, @FEOFEIZHIT
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DEBTEE D DO OBEIIIE KX, BT, Wb KEKIBER THDLDITR LT, 1990
4 H 20 BOMEKIE, BT E D ORENGIRE - T, BRNRRENERM (5 50 4r/H)
e, ZTOBRAKH I~ T EKIZEDLLENIEKTHY, ZOEND, FLOFEDIE
e LTUIEDLOTEBELWIHRTH- T,

KRBT OWMEN T — X2 DA D5 L, 1990 44 A1 U OE AN REEI AL TE Y,
T2 AUBEKOEE FOIREN ER L CELIEMHEEINTND T RFEEEI A
IWAFZENERR, 1990). Z DI &b, 7 <P KkDEIT< £ THIL LT\ Z &3 H#EHT
X5, 1EoT, 4 A 20 HOBERMRMWE KL, ~Z~PHITK, HH5WVITETEED ke
DEEFIZ L > TRRAE LT~ I~ KRLZBRTHDIEEZLND.

Z DOWEKIT 17 FF 08 53 DAKSHINZ A E - 723, O H O 13 Bl X0 5 X A1BRAY 22 5L
LNKLZ 5Tz, 13 I 23 20O FAEIES 72 £ 0 AREEN S BURO K X 22 T B - 7=
ZliZkBEEZON, FRARBEN, 1TRANLEEIKAOTAT TELI LTINS,

17 B§ 08 737/ D~ 7~ KEZIER TRKONICH S TG E 0 2T 2 KK B
72 ERED BROVTERER, 18 BE 10 SEDDIIAREN E L L EATKILRSL A 2 Y T O
HVEENCRAT L7z, 18 I 30 SEEICIZ—HOIEENIKRE L2, £OZ A0 H KAETIE
INE 7R EEH S RO TR Y, IEEIOEEIC - T, AWM K D EE DI KA EA
LTCETNWDZEERLTVS.

¥ /]~ (3 8y

¥r t ili

T

Fig. 5-7 Distribution of the 20 April 1990 ash from Nakadake crater
(Kumamoto University et al., 1991)
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AlEl, AEKLKSLA 2 Y 7 OWEHEIZIEMICIZAE S > TR0, YHEOA 2 b

OB HETN 100 7 b ERBE SN TS (BEARKS: - fth, 1991 ; T4 - fl, 1990) (Fig.
5-7). LT, ZOSMIEHEOIM (&R LN D I T ZE) 208, Ko
BETETE TRATL.

Tz, A%, KREOEKOZD, FEEAO—ETEEBENBAE L. JUNEREARZE
DA K DIEERPE &, AR FPELD —EZdZ A ER L72/E S 1 mm LU ORI HEFA A
FEF—E L7 (Fig. 5-8). ZOZ L, BMKNGXHHEEZE 2D ECTIHEFICEE R L
WHTHD.

(4 &K (ImmLAE) o7
B mw@EzETyY
<« 45208 (TH~19H) OBE - BHDEY

Fig. 5-8 Distribution of ash more than 1 mm thickness (oblique line)
and blackout area by the ash(cross line) on 20 April 1990.
Arrow denotes the wind direction at 5:00 p.m. - 7:00 p.m. on that day
(Data come from Kyushu Electric Power Co., Inc. and

Prof. Watanabe of Kumamoto University)
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5-2-4 HEH (REVEEH) 2B 2 REMRTED)

1992 4= 4 AED O K OJEDOWTEE D b TWEHTEENCMEH & 720, 6 A TAIZIE

ZHIZZOHERIER L., B oE SiE, WA 24 B 5m, 29 H 30~50 m, 30 H
100~150 m (EAabeEd) &ML, 7A 1 BICIEMEAZ MY KR EEbZiE o L
TR (RGTR R (LRNERT, 1992) L7z (Zo & EDR[ETICL D k) fsiE, H
;%®Wﬁul Téﬁﬁ%ﬁm&M:oFkDWf‘ft'Uﬁﬁﬁhﬁé&%,)uwﬁﬁﬁ
KOFRITELTZ LX) Bl L2 LIt 200 THD). 0% 9 A E TREROIEEN
KENT-.

EIZ, 8 A~ 9 AITHA LT KEW e LW H O BRIZIE, WIS 1~2 B T o <
D &5 bR, FORIEET DR BIE S iz (Fig. 5-9).

Fig. 5-9 Sequential photos of a large-scale mud eruption from the crater lake

on 15 November 1992

F7z, 1992 4 8 H~10 HIZT T, kHNEOETE E DI\ Tk S
AT TCWAEING, ZAa U THROMENGEE D RIChbEH LT, MEIZEN»A
TERRE CH R & L7 2 B 9 Bk -(Fig. 5-10)8 A b7z,
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Fig. 5-10 Floating materials, possibly scoria, on the crater lake

on 12 October 1992

1994 4 5 A 2 BIZIE, BEEV oMimARE< EFE# L7z, FFE 4 AED O REH
IIERE BT HB L WD, ToH A2 H) bEILGEEE D ITFFERR
RETHh > 7=(Fig. 5-11 ©D). BEDSMEICKELZN BN HIZ TS, BEN N> TET
WD Z ENHERIE Tz, & LT 14 K 47 Sy B 23 23802 10 2im T 23 0 (Fig. 5-11 @
NH), BEZE 10 IOz THEARE BT 7. ERITESL-T, 10 BiZ
R BITAE 2 10 mIEERAICEF LTV ERAkN D A TEIRIZL > THERE S
(Fig.5-11 @), £ =W O FEENIEE - T 7% & 21 BHEICIE, T A% H 0o H(Fig.
5-11 ODQYREAL TWVDLORMHERTETCND., ZOX I, —RENRETEE OREE
WZBWTZDME N RE S LB T L2ODRMRINTZDIE, ZOLENRFPOTTHS.
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Fig. 5-11 The activity in the crater lake on 2 May 1994
(1) Before the rise of water in the crater lake (normal status)
(2) Water level rose slowly by approximately 10m (1 second before
the beginning of the water level fell)
(3) Water level fell by about 10 m (3 seconds after
the water level began to fall)

(4) Mud eruption occurred 21 seconds after the water level fell

Z ORHICITANEICEZEOM FAKRLRBARNTNIAL, BHIEE0AERSL TV,
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P> D ELGEEYOMmEN S BAT AT D 7 TEHORNSC, HI2E D O
i EAA Y T RFET LSRR ENR LT

F72, 1994 4 5 A O AENL, FEAMNICIE 1992 O b H OB B ” Wi
DS BH? IPEBHENEZ > TWNebDEEZX LD, BMBREENEES 10 i
EHIMBA LT OME R RS LRy, ZO%RBERBETICEKHLL., 2oL EITKAED—
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SRR kﬁ%>kmf%@$wa52297%kMFi+A’ilﬁbfwﬁw.
IO, HWENLOKREREZFEE LICKIUTAD EFIZE T, kDEZEELTWD
2 YT EOYWENENM SN THEZZRIELIZY, TABKTDHECD -0 &R
DEICKAERSS DL LI BRBRNBZ 272D THA .

5-3 MEHKILKRDOEHE L ZEDEL

HECIE, JKIERCA ha AR Y R & b7 5 KILKIZOWTIE, 2 - fit
(1991), /INEF « f1(1995), Ono et al.(1995) 72 L2 L » TEDESLE LN KITEE D2
fEERBEL TWD Z LR STV D, KTk, 1988~1995 41 Bl 1 o> 4> 1 fi
BB L 72 K ILRIZDWT, MR ERR DL b & e R D2k & OB % 7L 5 72
2, KKz BT EOREIc L > CTHEL, BloiFllziT-o7-.

5-3-1 kIR DOEE & B H 1k

KASASO KK DOHH T CE 72 1989 4 6 H 9 HLRE, wIEEZR[R Y KK 2 BREL
L7, £OHEE, KAEBETIE, 727 IA RO Ny 7RG Z2HRE LT, FRICEIRT
HFECE o1z Fl2, BEBHIZHOWTIE, FES 1 KOOR THIT, EEFKZHIT 5
FiEle itk o7z,

HEH, G5 375 OKILKEEAHRITE, Z1HD 95 100 FEHZ DWW TIRET L 72,
KILKITARI I E 2 BrET 57280, BEREE L% “ KO L, Eolhi e oW TE
IRBAPRES, (ROCBAMEE, EAAVE FEBMEEIC K-> TBIZE A T o 7.

5-3-2 KILJKD4>%R

AFHTIE, /NEF - 1(1995), Ono et al.(1995), EfE « fl1(2004)72 Ei2 X B8O %
H LT, RERRHE R OGN S SR KIWREU T O X 91 A ~ F @ 6 FEMEIZY
HLT.
A: 22 ) TRIBBEE T T AR

WEFERIR KT T 22X, D & BB T AMEOMAEROREIXR SN2 &
O, B~ 7 < ICEERRKL, 2SNt Thb B2 oD (BE - fll, 1991
mE). 0oL, T2Aa Y 7R (Fig. 5-12 0Q@)%, EENBELHfte~/~nL0 &
WHERERCTIE I L7 b O C, MEMEREEIC L 59, MO R L & BITRBIEDO M & 7o
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b OITITEVKIIK (B2 IX, ZORFOIEEILAFTOKILKD U A 7 L LIz b D7 E)
MEEND AL YR TE RN &, BOEEWRRT 7 AR ONTIMEIEIZE DO K%
%%E’Lkvﬁv@%%éht@ﬁkﬁﬁf%é’&WE B EXBILTHRY Ho
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STOREETHEM L2 DT, v 7 < EHZ OB A MEER R EIC K> TECTZ D
EEZBID UNEF - il 1995).

C: 2z ) 7RIAH R+

(Za ) 7R L, BA~REHZLDOIZHOWTE, EAWICHEBEINT-EENS
W2 D, ZORFIIC—EEEH LA ) TRIKINKDO U A 7 Vi ThHEEZD
na.

D: Z [ (M A 3% B k1
< T PRI SN, BT AMEBREAT LD LB DD, RABHEICIIEE A
éwﬂ%é_kﬂ%,@ﬂ@éhﬁﬂ%h%hﬁ%%f%ék@bﬂé._h%®ﬁ¥®
EAREYMTH DATREMENH D%, Z 2T, Hx Okl oWV Ty (BWITEE
Lt)km CEDFBBALT LB TIE W0 T, @b o & XA L TR #

27z

E: fi&di Jr

FEOKILIKIZIE, ZELEMEEZELTOEAKOLGEEZRNT, 12 A EDLE, i
BEER A DNEEND. ZNHDORBAIZOWTIE, AFESHOR 2 ) 7 OBEs, & @ LT
WD D, ZTOIFZEAERPAREMETHL EEZDNLS.

F: 5 R OVEE LTk Fr

FARBAMEE N CIES A AR T, BESCHAICR X DR Thd. BENRER D DN
%<, KAKEDHDLWIGIEE Y O CEENEA TR, £72I3KGERD OB 23H D B
bl-boEBEZHND.
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Fig. 5-12 Brown and clear scoria glass grains in the 2 November 1989

ash deposits (photos 1 and 2), and brown and clear, blocky glass grains
in the 29 May 1990 ash deposit (photos 3 and 4)

Left photos: Photomicrographs taken under crossed polars

Right photos: Scanning electron microscope (SEM) images

The particles in the photographs are not identical

5-3-3 —EOIEBNHICKT 2 KILKFOKLT T X DR L &AL

fWICHEMEE FC, RO 1 mm WHEKZZREL, BB LZOREN 0.1 mm 2L Lo
K FAZOWT 100 FEHE L ENETEIO A ~F Ok TFO& EN 5B EFHIL, &4
B L=, ZOfER% Fig. 5-13 IR LTz,
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Fig. 5-13 The variation of ratio of each grain type in the ash
A: brown and clear scoria glass B: brown and clear blocky glass
C: opaque scoria grain D: opaque blocky grain

E: crystals F: rock fragments and altered materials
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ZOREREELDDE, WOLEBY ThHS.

A (A2 U T RIABEHEN T 7 A7) OFIE D 1989 4 10~11 A OTEENREEHIC 28 L,
ZOBITIFEAEEHP LTI &, 2o T 1990 4= LA OIE BRI A
S THhHIE B, (ZEERBOENT T A ) OFGIENT 5. Wz, ¢ (Ra)7
@K@%ﬁ%)@ﬁ IXTREIEIIH D 1989 4F 9~10 HIZZ W2 &R THDH. —J7, D
(ZEEMAERRLT) < E (FEda) OBIEIIFEIICRHE Lz & 2 2B 7224k
ROV, F (EREOEE LR 7) 1, KK 236 F 2 R SoTEBh O #4&
EHlicZ<RbNn%.

B ROVEE LTk 1Y, KILIRME 36 & DRI B oK B2 < A
HT L, KOEEHEHRT D, HOLWVEFEET 2 E KUK EZEHR L TWASZ LIk
HDOTHAD.

B, KA OHEITITERBEMEE TOMAIZOWVWTORBEZMi-T-. 51T, VWD
MOREW LR IZHOW T EENE FIMEEIC L 288 L1To7-. ZTORE, kil
JK R~ DI REHI 0B b D8I 1T Table 5-4 O X 5 72y B 7.

Table 5-4 The component characteristics of ash-fall deposits during the
1988 to 1995 activity

Year Month Detail

June BB AR NSL IR ARG T ADENEI1T/INEL. SHEAEFRAR
BRI 0m A7 E N, 2RI BES LR 72300
KPR DR &3 AN, THEET i%ﬁﬁiﬁJT@EﬁNi@ﬁ7
Aug—S AR DEINEL, FIZBENIE 1320 8 H DB Hi 72
U8-~SeD. | g G ORI 175 20D BRI, O H Aol At TR B KL T
DS,
AbE ARV KNI ES. B2 10 H T 623 7RIS 4 %
B2 F 3B L, 10 H 28 A72511 A MIbIZisT T,
RIATAR PEEAE LD, 121021 H~10A28 £ TIE, %
AT AR T B A5 s F- A3 0.

Dec. R S AT AR B I~ RO T AR N

Jan. DV EIZ L AT (B AT AR A3 BN,

20 BT~ ~ /KGR A, ZobExo kILRIZIZAa) 7R
Apr. WEBFATTARILFEA LT, ZHEBELER T AR 3% 8
oz,

AaY T RERT T AT L, SRR T2 /7 OEIG )R
after May B
B .

1989

Oct.—Nov.

1990

HHE2 2 S ARG A AT Z A A3, A=) TROEA AT A <0
SPEEAN.

1991  |Jan.~Feb. |#BaiE 727207 A 3
1992 OB T A IHIEEAL BbAR0n

LRI CIEA T 27 D3N (R I 3R B a5 97
Bl 3 AbND)

Dec.

1993
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WZR D~ T~y ROMRNLRBHADRR BV, ~ 7~ Btz 5 & E 2 LTk
PR DS EPE S L5 ATREME A FRf L T\ 5. A EIBIEE S 47z, Wikey7e KL K HRE o
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LTWOHBEMEDR S D.
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WHIFEL L2y b < 7e o T, WAL DMEEBE L D725, £ LRIk~ 7~ 0

E#ETALEQITEH L, Aa U T7RGEHT T ARNEREINADOTHA .

KILEPERSH D L9 RN T 2 KIUIRIIE, AEH L0 o EE LoaE R 232 < (il
- P, 1990), KAJEH D WVITKEO—HEE LR LRIZ L KIUKRETH -2
TEERLTVS. 10 H 20~21 BITHNT T L7z B0 KUK IZZ O R 724 T &
% (s - ﬁ%ﬂz, 1990) .

ASSHIVN T2 Z ORI O K LIKBIZRTIX, BEBAT T A 302, g
K@%ﬂ%ﬂk%ﬁﬂA%mbfwé Fig. 5-13 ® 1989 £ 10 A 21 HOT— 4% TILF (&
RABIOEE LR TR) OFEIEFEe Lo TnDD, ZIUIREHEHBE N Icks VT
BELIR e D (ZHEERAEIRLT) & OB LT LRSS TRroTod,
FaHTRTD (ZHERAERR ) LLTHTVRLTWLHTHD.

ISERBEEN AL OHERE &, KILKFT OB EFEH T T 2 OEIG D2 L Dxftt
Z Fig. 5-14 1-%. ZHUC k5 &, INIREID 5 BIRIEORKZ 26D 2 pm Ll E)
MFEAE LT DI 1989 4= 10~11 HIZEF L TRV, A2l 7THRIBGER T 7 X )i O
BEOZ VLB —HLTWD. 202 &, MNZARIPREN A K & e kg & 7o > TH
ELTWLIRHIE, 7 ~oE L — FRELS R TV AR THL Z LR LT
5.
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Fig. 5-14  A) Temporal changes in the frequency of isolated volcanic tremors
(JMA data) and B) the proportion of brown scoria glass and clear,
brown blocky glass
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ZORNCIE, 2GR T A%<, & <IT1990 4 A 20 H DO~ 7 < IKZER
JEFATAE O KR ” OO BBEFIC A S TWDH 7 A BREINIC ATV 5
1990 42 4 H 20 HIZIE, L2 E 0 b DORBME R~ V'~ KAEKBR P BELL. 2oL

DR TIEELICBYETEAED THL RO 22 T (&t ecm 282 %) 2%
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22 Y THRGEFHERT 7 AT 10 %L EZEN TV RMhoTe. S b, ZmEiiEN
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DEEL OO D, Thbh, YV Ty JRICAZDLBONREENA TS, DL
I, BRREOBRICBEIN T LE 2722 &2 E%R L, KKK FF OO, ENDT)TIE
SHAFRIZHEL TWDH I EEZRLTND.

1990 4F 4 H 20 H DO~ 7 < I/KAKIERFFOZHATLER T T 2 DIE & A LDk
BRI TOV BRELTCWEZ &, KOEFLICKEOHM FARGFEL TS Z
LERT. — T, MO~ 7w KARIERFOKILKFOHT T ZZIXFEALEZE I o
7= TO IO LN, ZoZ &, 4 H 20 HOA X2 R, KKk ke
THRALLEZEZRLTND.

8 N

H %1900 2041 m

Fig. 5-15 Brown and clear blocky glass particles in the 20 April 1990 ash
deposit with many rapid-cooling cracks caused by magma-water interaction
A) Photo taken under crossed polars
B) Scanning electron microscope (SEM) image

The particles in the photographs are not identical
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i, IEEORBEMICENTIEENIC L, RO ~vOUBEN TR D EEREE W
IZBWTELRDZDOTHAS.

F 72 1990 F- 6 ZHERRHSEEI T T AT OEIG M 2 FEN DT, REH %
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(B (REVEEIH))

ORI, A2 ) TR EER T 7 A i3I0 e < 720, ITEENEES LA
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T TILZE DS Tﬁ@i?‘ﬁﬁl@%%@ O L ovem <, Ki@nmlksinTtinsd
LHBrE . £72 SEM | B 5 & — AFRER L AR O Z A IR 2 573,
%@W%%ﬁ71%ﬁ:m%®aé%@ﬁﬁﬁﬁ%méﬁk,ﬁﬁ@ﬁ7XH&@%%ﬂ
(ZHE D3 H 72 > TU /= (Fig. 5-16).

ZOZEIIKAOETT, KIWKOKMPERSOHDH L ETRTHEOT, HIEED
DHTOEEOHEITH D WVIE, ~7~aT7 L0 FKIZK > TEERHEAL TH
HHDEEZLND.

- 68 -



e
H x200 100 ¢ m

Fig. 5-16  Photos of brown blocky glass grains in the 25 February
1993 ash with a dark brown “skin” caused by hydration
A) Photo taken under crossed polars
B) Scanning electron microscope (SEM) image

The particles in the photographs are not identical
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Fig. 5-17 Temporal change in size of the crater lake from 1977 until 2006 (JMA data)
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Fig. 5-18 Groundwater discharge from the crater wall
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72, TOXIRBENAGND Z LEDREIIAHTH S, Bl TIE, RETEEE
I o T2 & ZTIFEH AR 72 5T, KO & OREREED /N S IR AR E LIS
KILH A BEBPENIZL < 2o TWDHAREME, & D WX R ITEENE R LI S T D REH
BT DKL (BT EVIER) Sk o T, —HA9IC SO. IEEEN & < 72 % TREME
REMEBEZLND.
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Fig. 5-19 Relationship between the SO. concentration at AVM in 1989~1992 and

the surface activity at Nakadake crater
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5-6 FHEKAT —JIZBITEHTRAEDET IV

ZHUE T 1988~1995 4EME Kk DHEBIZHWT, REFEEIOZEAL, KILKDOZE, kil
HTAFD SO, JREDEALI: EIZOWTHRAEE T T2, b &, FEICBT
DIEF DA ST D H T OWRBUT SN T, #i T AR~ 7~ DBR 2 b HEE L,
X (Fig. 520010 F & 7. il ~7= NEEwI ) 1%, O, @ oOkiE, HEeikE
130, @, ® ke, NEEEEH 130, @, @, ® OREOMVIKRL, [
EH CREUVSEN ) 1X, @, ©®, ® OMVIELThHDHLEEZLND.

O TEEEEEI(Fig. 5-20-1)

~ 7RSS (RSIEAH) ITHFEEL, E#EO~ 7 ~WEOEMITZR . kD
JEdH HWTKDBED — I CHEKN L ONLRE, KDEIZEW TE]E->TEY, £2
VR B OHUTF K72 EDRNAIVAAL TGS E 0 2T 5. L0 H L5 ORI £
TIFIAKRTEFML TWD.

1 Non-active period

Fumarole R

| | By
| b
S~ ;‘ e
e S | e
S~ [ e
~~ | e
e | e

Thrmwrlakei?ﬂ Local ground water level

,r"hlocks and ashes fill
[ the water

Aquifer

H Magma head

Fig 5-20-1 A model of the eruption mechanism of Nakadake crater during non-active period
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@ JK"E K (Fig. 5-20-2)
%%@o<@kbtﬁé?vﬁvﬁh%b,%ﬂ’iof%?%<@%?ﬁﬁkﬁ
R HES Y, ST RVIREE. Ly UKEEA DT FAROEEL H - TR
P S 777A/Fﬂ%ﬂén1wé FhB IO RE LTS T A @I T D B
(2, MatemigE Al S Z LT, KIRTIZZmAGEaEN T 7 AR 2 EET 5.
7 ~OLERFE (fHEE) PNHLBREEFH TONIE, Zo X5 KRR <
<FAIEEMEDN B 5.

2 Early stage of phreatomagmatic eruption
; ;"- Ash eruption
": ’ ‘,. \ .‘( 7_7_\’_"\\

lf =
— (-~ lLocal ground water level

/E1ocks and Ashes
(surface of the crater and
near the vent is almost dried up)

ﬁHMagma head
-~ = Aquifer

o

fragments of magma
(rich in blocky ash)

rise up slowly' Gas flux

Margin of magma column
(cooled zone)

Fig. 5-20-2 A model of the eruption mechanism of Nakadake crater during

early stage of phreatomagmatic eruption when magma head rises up slowly
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@ A b r AR Y AP K (Fig. 5-20-3)

<~ =IIKAEDON RV ELS ETERL, v~/ ~0EHL—FbEL RS, TDO
WIZ, v Z<EBEOBHE /NS 2o T, HARIZL BMMMREL DR s, ik
Y NEET AL EHIEE L, KLRPIZ A 2 Y TR EERKILT T A 1%
BICEEIND. v~ ERFIC, KOEZED WY FICE DK EOEMIC
LT, BRNLEKEREIELZELHDH. 1989 4 10 A 21~28 H OIEHMN 7Tk
L, COXIBRADI=ALTRAELEZLDEEZOND.

3 Climactic stage

-~ Local ground water level

-

//{'élocks and Ashes

~  (surface of the crater and

Magma headl near the vent is almost dried up)

Aquifer

-=-=-4

o ¥ (fragments of magma
¥ (rich in scoriaceous ash)

Gas flux increasing

Margin of magma column
(cooled zone)

Fig. 5-20-3 A model of the eruption mechanism of Nakadake crater during climactic

stage when magma head rises up to near the bottom of the crater
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@ —FFry72/NERRRE(Fig. 5-20-4)
EEORBEHAZBED &, ~ 7 ~vOMEENED L TR~ 7~ BT 5.
TNy RBRTERDE, JHENG O TFARKPBFBREALLT SR, 2O LITX
ST I ~DOnmAEEITIEDLZ L s. £z, HBENOOH FAKNEIRKIZITOWN
TLBHIEILEST, v/~ L OHEMBENE LN TURRNREANREET L L

»H5.

4 Climactic to post-climactic stages

mild eruption

.‘(_7_‘\%7 .
" .
M ; -
T _ | e
" .o |- Local ground water level
ﬂ\\gl"/jj
L
1'__ - Aquifer
Magma head

(dropped down temporarily)

Fig. 5-20-4 A model of the eruption mechanism of Nakadake crater during
climactic to post-climactic stages. Magma head drops down temporarily

and groundwater intrudes the vent
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® ~ 7~ KK IREFE (Fig. 5-20-5)

—HTFBELE 7 RHEOEAT LRI, @o< 0 & ERHFTIEO LR CRIIC
RHD, RRAWMIC ER LS AT K E OIS NAE L, < 7w KERIRR
NEAELRLTL D, 1989 4FE 11 A 17 B 11 H 26 HO~ 7~ /KERLZIERIL, Z0
LR TRELZL D EEZ OGNS, £T2, 1989 4F 12 A OIFERIIEE O K

L=, 1990 £ 4 H 20 HO~ 7~ /KAKERED, @ — OORMEIZE > THRAEL
-HbDTHAD.

5 Post-climactic stage

Phreatic to Magmatic explosion

. Aquifer
Magma-water interaction

Magma head
(rise up again rapidly)

Fig. 5-20-5 A model of the eruption mechanism of Nakadake crater during

post-climactic stage. Magma head rises up rapidly again and magma-water

interaction occurs
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© MEH (REVTEI]) OIfKRE(Fig. 5-20-6)

Hl-la~ 7~ L, ¥ T~ ~NTRLENTIC, HIHHESICH
FoTWNWD., ZOEDIIT T YDORMTH T KREZIRD D, bOWIIRTEGFE~Y I~ &
T AROBEMMAEZ D2 L2k - T, w7 ~vKEXER BGTEEVRNFETIHRAIC
1%, REANZITRBE e BT 2) 72 EORHAIZIEE MY KIS b.

70%, T Z TlL ”Local ground water” & “Aquifer” & Z [XBII L TR LTV 525, Z
DEHNIHAMIZ 2> TV D HDOTIERL, HEEICEFA—DbDOTHLAREELH 5.

6 Final stage
a0 S -
."‘H \‘R\\
Crﬂﬁrj@k?ﬁjiiiiifﬂ Local ground water level
//Blocks and ashes fill
i | the water
%if Aquifer

Magma head

Fig. 5-20-6 A model of the eruption mechanism of Nakadake crater during final stage
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6. BT DIEENIRIL

HEOTEENE, 1995 LI, HRIAIFEC A RIE CTHERS L T 5723, 2003~2005 4
Kﬂﬁf%%xﬁﬁ&%ﬁ&ﬁb ZERE A 72 ADWE (AR O KK DR, B2 F
DROIIZIRNT, R E L DICHMED KL AE T 2IREINA DLz, & ORH
@kMR@%ﬁﬁﬁ%@ﬁg&E%%mﬁékk%:,kmwzaihéﬁﬁ@km
H T AZONTHBRETE{To 7.

UTFIZENBIZONWTOMEL RS

6-1 20034E7 A 10 HEB L 1N20044 1 H 14 B DMk

2003 47 H 10 H & 2004 45 1 H 14 H, H72F 0 OWRENS, &R LAVETIC
F o TKRILKRIEH 354 U Te (RIS X RS B KIS Wt o 2 — - gk LMo,
2003; J£324 + fth, 2003a; BAE - fll, 2003). I ENF B ICHEK DT KON
BAZHEWTHMFAAEZ LML, KLUKOEIB LOBEEITo72. TO/RE, RBEIKIK
IR CH AR OB EALE T A~ 14 km 13T % CT(Fig. 6-1), #%3& CII R #H 7 1h~
8 km T ¥ T(Fig. 6-2)0Aid 5 2 LB Sz, MR EIZENZE 41 Rk

32 hUORELERE TS Z kmf%t
The July 10, zooa ash™ &7 :

EXPLANATION
= distinctly cbserved
« glightly observed
= not obseved

e, gl

Fig. 6-1  Distribution of the 10 July 2003 ash from the Nakadake crater
Base map is a 1:50,000-scale topographic map of the Asosan
district published by the Geographical Survey Institute
Broken lines indicate isopleths (g/m?)

Longitude and latitude are shown as Tokyo Datum
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The January 14, 2004 ash _ o N EXPLANATION
TR v s : e y A * observed
' 3 ) ; x not observed

J o

o

kY

Fig. 6-2 Distribution of the 14 January 2004 ash from the Nakadake crater
Base map is a 1:50,000-scale topographic map of the Asosan
district published by the Geographical Survey Institute
Broken lines indicate isopleths (g/m?)

Longitude and latitude are shown as Tokyo Datum

2003 47 A 11 HOMHMIE, KA 580.9km O A Him (B —7"7 = A KO HUR,
Fig. 6-1) f1iETlL, KA TR 72RO D, FREORELZH O (Fig. 6-3 A), X
RBAOWRDO LD LD 3 O KILIKDBFRD HALTz. WDKK S K IZ[H
WZHEIZIR VAW TER Y, ROHINZIIfM A XA 6o 72 (Fig. 6-3 B). Ziuld,
B IR B LS BRIELS RN TN 728070y, B D WIEHEIEZ DO b OB AKE S OB E 24 LT
Wieleh EEZ bD. ZOMEIZE T 5 KLKIZTETHE I mm L TFTOLEDOTHY,
B A OB TFIE RO SRR oT-. ZOZ 2L, S5 KA ERIZBWTH
a2 FEH L R RE KLY 2 — I k> ThME SN TS (KPR FRE
P TR B HER BV FE M 5 K (LF 78 & o 2 —, 2004) .

AR L7 L9212, kKO b 4 km 2z 212 I8 2 KILKIZEARF O A
FLELONHERTEHREDETH-T- (Fig. 6-3 C). L2 L, KILWKBfFFELE
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M OTEE-LCIRIL S L0 L2 ERRSBET 5 L, IKETRRO b O EEE mm
DPERARICHERE L TV D Z Lo T,

Fig. 6-3  Photographs of the 10 July 2003 ash fall deposit

(A) Muddy volcanic ash deposited on a paved road

at site A (about 1 km NE of the crater). Pen is 15 cm long
(B) A pole to which volcanic ash adhered at site A

(C) Plant leaves coated with volcanic ash at site C

(about 6 km ENE). Scale in centimeters
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2004 £ 1 H 14 BORIKITFEERN H DKM T THRAELZIED, KIUKAES M RIZ
HERE L TV DR8I ST, 2 OHERRIR DL &2 K R Bl & 5 72 4 1 Tk % .
PEHRIZ & 7= 5 KO 0.5 km Ok HOEZES (Fig. 6-2 O D) Tik, FFKIZ
KXo THESREMN R VIEN TV (Fig. 6-4 B). KILKIIWE YA XLLTF ORI
DTHT=N, K3 mmEEEICESE L THER L T\ 2. BHE L2 KILKITFESN A~
Boem DVAALTNDZ ERHoT-. L, ZOHSIZEWTIIEES A X0 T
(MEA) FRATE o7, £, BEmUSMCH, KREMCHEHR L 212 KUK
DMt LTz (Fig. 6-4 C). T Hix, KOAMOHEHIZEZELHEFELTWNDLZ Enb,
PRI L > TREIT B0y, BEZOLONKESHORSE > Tn=boL
Ezohb. TOREAENLKOGHZERSET S &, BIKICKDEEmOL AN K
XD EFRANMERTND Z LB EZRTE 7 (Fig. 6-4 A). Z OB, 40 gm’ O
LEER (Fig. 6-2) O#HICERRHE L T d.

A 7 B EARITHIR (M4 Gy k0 EFIHR 63 km) & Z0EECIE,
L FICHET 2MEOKIIIREMEBT 52N TE. i G 1TV TR 1
mm FREDORKE JITEE L7 KUK O bivle. ZORIRHIXOFERS 1 A 14 H
DEIRB I > TR T2 AETHEH o2 25, £ 1~2 mm BEDK A GO
NS HEERO b= (Fig. 6-4 D). F7=, BEEOMEIZITHRA 3 mm OJK [ GOHE S
NEZ &7 (Fig. 6-4 E).
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Fig. 6-4 Photographs of the 14 January 2004 ash fall deposit

(A) Nakadake crater as viewed from the west and the January 14, 2004
ash fall deposit on snowpack

(B) Aggregated volcanic ash deposited on snowpack at site D (about
0.5 km E of the crater). Scale segments are 10 cm

(C) A wooden fence to which volcanic ash adhered at site D

(D) Cap dusted by volcanic ash at site G (about 6 km ESE)

(E) The loading platform of a track to which volcanic ash adhered

at site G. Scale in centimeters
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I B OHERRIRULRGES 206, 2004 4 1 H 14 BIZHEH L7 KILKIE, &K 3 mm
FREICEELTCETLIEL D EHESIND.

BEL 7KK, Wi &b BT B e A 7 AN b EEENRD 2 LD
ol BHUZKLKRIZT T 1T mm L FOARIER S 05720, WA ZHE-> T
V. 2O EDND, ARIOKILIKERITKILIKIE T D OFANRRKE 218582 DT
GiIZEVERERITTEBHRTHD LMRT 52 LN TE 5. MRk LKiE, &
KaaGATELIS mmBEORESITEELT, LEEVrbEEL, BTHEREL
oo Flz, kBB 5 km BLEOEGIKE Y & 1.5 km LN O O HEFEY D 773,
HRiE (v b - ¥itsy) ICEATEY, WIKPENZ ERAEETHDL. S5,
SEOA N T, oK Lo/ K & [ U X 518, TfFE T oY &) E
FINOAMEL TROTZEHEME LD 00 RELIBRDE VI BHERRD LT,
ZHLEZEE, BZRICEW BN o T AIRICET MM LIANT, R ISk
JK%Z & 72 6T RIOEENTFET D200, & D WITEMEO 523 EH-3 2555 0 5 B
il U CGEFRICHR T 5720 B2 6.

BB L 72 KK DORERSE 2 5 202+ 5728, AR FERTEMSE R L OMRCEAMSEIC &
LR EToT. BEICHEH L0, #A A CKOde® 0.9 km) TEELL 72 2003 45 7
A 10 HOKLPK EHiA D CKAH 0.5 km) THOHALZ 200441 A 14 HOKILKTH 5.
T OB AR 10 B E BT L CONIRFEARBEMEE CRsid 5 & & bic, mmifE
R (BHIEEA) 2R U CROECEEMEE I\ T H @I LTz,

BARFERBAMSE T ClE, MKLIK & bR~ AEOE T RSN ER), fiam (F
EA - A - DABAA), BETEWHOT 7 ARRRO LN, ok, KILUKOY A X
IR 1 mm LA R Cho72d, ZOFRTHREDO G DIIEEET B E ol BT AR
FACOKEEH L LOVLORFETLILOL, IZFEAEMELLRVLDO N2, *
T O—ERIZIE, FDOVITERRT T AR BPMET D HONFEL TV,

WIS T COBEICB W T, MALK E b L% 0.5 mm UL Ok 1 ClddfE
AR A MNIEE IR, BELEERDNIEEAETH-T-. £, AT EEfEE 0

EW DT T AR b EZENTWE (Fig. 6-5). A7 A3 WL TWDH b (Fig. 6-5 A,
C) ERIEBLTVWARNHEDERHY, KEZXZEAEN 05 mm LFTHD. WLEHM
FETFIZBWTYH, SO Eb I ET 2EWNR T 7 ANBE Sz (Fig. 6-5B). 7=,
~ 7RI EMIT SN TELL EHEIND T T AR+ 6 EUTRD B 5 (Fig. 6-5D).
BFECRZ D H T AR ORE, BBEZ 0.1 ~0.5mm ORFOHFT103 %E AL 5h,
20 %l IXi 7= e WEISTH - 7.
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2003 £ 7 H 10 B O KILIRIZHOWTIE, KIIHT T A DJERERIFHE DR & EPMA (2 &
DALFRR DB 3T T\ D (B - fill, 2003). ZOHMETIE, KLUH 7 A 3B
BT 7 A KUK GI~G3 B8 L OERAT T A KUK G4 O 4 DIZX SN TW5D. Gl ixE
HICHR™ DY, BROKIEE LD, AT EHHC A2 2 2EARIO N T A KUK TH
D, G2 BEW G3 [TEKROKIEEZ AL, ARIEMARIEITE D D WIIXIEZH#D T
70T DZEAERONT T AKNKTHD., ZNHOHT, {LFHROT =205 Gl A
BEWETH DL AN STV D (B - fl, 2003). 4[], 2004 421 H 14 HOk
K &2 BT TRE LI L 25, GI~G3 ® 3 EOKILY T A LEE LI-FEEL o
7 ARDBRD BT, Bl EPMA IZ X DL FHBRO T 21T 2 e T&EZenol
2%, BE -l (2003) OFFFWAELWET D E, 200347 H 10 HE 200441 A 14 HIZ
U 72 KIIKIE, EBIEH LW I ICHRTHAREMEN G ENTWDL Z &Il D.
CORBEIZHOWTIE, A%FLIMETO246ERD L.

Fig. 6-5 Polarizing microscope photographs of glass shards included in the July
10, 2003 (A, B) and the January 14, 2004 (C, D) ash fall deposits

Width of each photo is about 1 mm
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6-2 2005 4F 4 A 14 H DMEKEB L OZENLED —HEDIGE)

2004 4F 10 HLAKE, 57220 ORI 8 BN TU 223, 2005 4 1 A LIRS0
fHr & 720 (Fig. 6-6), @ & 5 m AREO/NRM R T HABE I D K o127z,
B E 0 B 2 BN/ o L EH D 2005 4F 4 H 14 BIC 2 < ANRBEAE KA L, [F]
H 20 IFF 41 53 ICIEBUE O K & 7o HROIE AL 5 & HEE S 4L 5 KL E 2381 <
7.

BEEY BNED L CEHEENSE KL AOETE, 5 H 31 BRcdbmrEg L
T CTHREGFEE PR S, 6 HICA- T, TOFRMIIHR» IR 28 mIcH - 7.
GTEE0OEIT6 HA~8 HTFTRAIET1 ~4ETHR L= (Fig. 6-6). KOEDOIREIL
G0%, 7 A LAOBEMNIZE D2KETHKR LI E A LN, [FA FAICIEFE U
I, PRETIKBER S BRI, £2, 8 APAICIXANEOREI R L L ¢
12, PR OMERIL TR RGN 580 b,

D%, 9A EAICHEE 14 5I2fE9ZN (9 A 5~7 H; MlNE 496 mm) (2K > T
PEVORIT7TENCETRUISHEML (Fig. 6-6), KOEDRERIEAKE L THREGH
B LEHITRD bz oo le (EEHLSITMkRD) .
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April 14

June 24

Fig. 6-6 Changes in lake size of the Nakadake crater 1 in 2005. Photographs taken
from the southwestern crater rim. Arrow shows the northwestern edge

of the crater lake. The crater bottom is about 200 m across
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RS 1 KO T, 2005 4 4 Av6 8 HEII)H T THZIZGTEE 0 6 o kLK
N Z 72, ZOFERA X h%& Table 6-1 ITF & 07-.

Table 6-1 Major ash emission events at Nakadake crater 1, Aso Volcano in 2005

Event Duration Ash distnibution Maximum ash  Eruptive mass  Characteristics of deposit
weight (g/m”) (ton}
Apnl 14 davtime <Y hrs NE 3.5 km, SW 2 km 1.7 unknown Agaregated white silty ash
April 14 20041 ca. 20 sec. NE 2.3 km =103 unknown Aggregated white to gray ash hike
mud raindrops
June 10-12 < 2 days < | km? 6.2 unknown Aggregated white silty ash
June 21 <2 hrs NNW 2.5 km. SSE 49 42 Ash including abundant black glasss
1.5 km particles
July 25 =16 hrs SW46km NE2km 44 1.2 Aggregaled white silty ash

AN, BTIEE D O&EDR 2 ENIR o TCERZ D 2005 4 4 H 14 B HHIC </
KK SR A L=, £72, [FH 20 B 41 25103 AER 16.8 1 m/s (RPEE)
KOLPEEN B S AL, KILIRS Kk D4~ E i &t (RIS KRG A K LS
WX —, 2005).

Dk, 6 AEI D KEMEF L7272 E 0 W TS S m BE O B H TS
FITHAL, TORIK OKEKILK) BEKE & BITEW ER > TKRAKZD Y —F —
NRINVENIMET DL o72. 6 A 1 HUBROKLKO KE /ST kDK T gm’
DLFOHFEETH 7228, 6 HI12HE 6 A22H, 7H26HIZ3 gm’ iz 5 kLK
DOHEFENRRBO Bz, LavL, 9 ARBEITAILIKIZIZE A EHEFE L 72 < 72 o 7.

1 1AE 3 7 H 5D ITKASA~D KILIKIE 23RS Shu7z 2005 4F 4 H 14 B oKL
JRiZ, B (BZOLFEIF) B FLZLOE 20 FE 41 IEH L7- b OICK Sy &
iz, BB AL —rEVE Fc 2 S OFE PRI (B3 3.5 km, F7E 2km £T), #
FIIHE KON BALE A~ 2.3 km 3T F THAR L TV 7223 (Fig. 6-7), EHEITWTND
10 b AZIX 72720 b O EHEE Sz,
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13T E

EXPLANATION I
14 April daytime ash |
m distinctly observed
O traceable
® not observed

: 14 Apri! dayﬁrne ash

".“ e u-ulnq..
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@ distinctly observed | N A eD) s :
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Vi 14Apmdayameash R R

Fig. 6-7  Distribution of the 14 April 2005 ash fall deposits from the

Nakadake crater. Base map is 1:25,000 scale topographic map of the
Asosan district published by the Geographical Survey Institute.
The camera in the crater at the Aso Volcano Museum (AVM) was installed

at Site A. AWS: Asosan Weather Station (JMA). Longitude and latitude

are shown as Tokyo Datum

2005 4 4 H~ 8 HIZH T THRAE LI KILIRE ML, HIZE D &2 1~4 Fl & L
SRTHRAELZBOT, (1) BEEVNOMEKA HEE Lz Atk LK ZFEe)
WZHEHT 284, 2) KIWKIRET Y OF AN %ﬂﬂ%ﬁlﬁﬁ (20 FPRREE) G2 E 0 24
Xfili-> CTHEMT 285, Q)KDIEDEE LIZESICIEK SR b B kLK
EIRHT2HRD 3 21Kl &z,

2005 -4 H 14 B B O KILIKME T 6 R~ 9 IFFDH T

ZBHAE L, 1S RRLIRMICITR T L7z
LOLHBEND., TOLEEXOBKITEERHFNMETHY, MEa2HEd CHET 5 X 5 7%
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BTER o7, LaL, kOnd 0.8 km INOHETIX, A-CHEKRZ & DN T

WA ETDKILRE RS ICRBDH Z LR TE (Fig 6-8 A), kAzm<mIcE < HEfEL
TWARWBERD bz, KIWKIZAB~KET, 1 mm B FORE ZIZERRICESE L T

HFEL T, E£72, ZORME Lo KK 2 BIRBMEE CRIZET 5 &, O L0 iy
KiAFNEVRS T TRAAIM LIZREETH 72, &5, BEIGEWE T AHEICAE
LTWDHZ EREND, BEFYEE, KUKITE>TWebDEEZ LN, R HED KL
JRIZIEFR AR & 11 DI ORI AR - 7R EE (B3 mm ~ 10 mm) THEELTEY
(Fig. 6-8 C), WA IIESDICKBIAEETH 7. £7o, TORMNMMBEHSILN - BN KX
Wiz, NI TREAREDREINMNEL T THRBINES Tho7To. Z Dk
WK, BT 28072 ETIEAO 2R HEICEZMAE LTSI b H o720, B2 m
EHZDEMOT SERICHLHERB L TWBEOT, KILKBAHEF ENSRE e &
Db, IFITEE (B0° ) ITE TLEEEEZALND.
2005 4F 7 H 26 HOBIMIFHAE CIE, 1 KOMEEROANTHRZETRLNRN-T
EEALENR TS Z LR Sz (Fig 6-8B). ZOHGKILK L VL NETHY, |
mm LA FOKE ZTEHE L CHERE L TV 2D, Z&OKG &S ATEE KILKRL 203k T
RRCHE S IR o 7o K9 ek b Bl s vz,
BYDH A TS T HHEIE, 2005 21X 6 A 21 HOARICHED bz, FECHIT 5 i
TR 72mE KRR T H 25 KK (Ono et al., 1995; /NEF - i, 1995) & RIEEDIEENCTH B &
Exbid. 6 A 22 BICHEGE S AV A kLKL oM, X0 fRiT Gl
FHE) BAOKRN G HH T AE KKK T3 % < BDHID L 927257 (Fig. 6-8 D).

KEAAZOBRIZIE, 6 H 21 A 17 FpEIZ K B EAE~AETMOIE & A Eizli U725
TRORRERESTANH Y (Fig. 6-6), T b (LRl 7= Bam kLK) 23HX
5] WMéhéﬁﬁ(méu)muT)%%@®ﬂﬁ#%m;<ﬂm#%%%# LD 5
7. Befg LERTIC X D 23 HOBHEHITYH, Kk DEALOIFIE R CArE I KA (5
15 m) AHEREINTEY, MECEZbO LS TWD (BREEXR %Akmﬁ
BIEHE % —, 2005 d). HEA TR, TOEKILAMREICE > TELLEDOD, KO
DO—HRRERIZEINTTELZL DO LN TE TR,
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Fig. 6-8 Photographs of the 2005 ash-fall deposits from the Nakadake crater.

(A) White aggregated ash adhered to a wood fence at the SW crater rim
during daytime on 14 April 2005

(B) White ash deposited on 25 July 2005 on a solar panel at site A

(C) Muddy ash deposited on 14 April 8:41 pm near site MB

(D) Black ash adhered to a plastic pole at site D (NW crater rim) on 21

June 2005. Top cylinder is about 15 cm across
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Fig. 6-9 Polarizing microscope photographs of glass shards in the 2005
ash-fall deposit from Nakadake crater. Photographs A, D, G, J and M

are representative of the entire sample. Arrows in the middle and right
photos indicate clear glass shards. Broken circles denote black glassy
particles included in the 21 June 2005 ash-fall deposit. Bar of each photo

is 0.1 mm
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Fig. 7-1 A booklet containing historical documents and two sheets of drawing
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Fig. 7-2 Location of Yunotani spa.
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Fig. 7-4 Map of affected area during the Yunotani catastrophe
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Fig. 7-5 Reporting procedure used during the explosion at Yunotani
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Fig. 7-6 Portrait of Yunotani area before the eruption
A: Original painting of the size 535 mm(W) and 655 mm(L), and
B: Sketch of the old painting in which the descriptions are reprints of the

character in the painting
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Fig. 7-7 Illustration of Yunotani area shortly after the eruption
A: Original painting of the size 535 mm (W) and 655 mm (L),
and B: Sketch of the painting in which the descriptions are reprints

of the character in the painting
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Fig. 7-9 Deposits of the phreatic explosion. Location is shown in Fig.7-4
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Table 7-1 Accounts of the "Yunotani catastrophe" as described in the

historical documents
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6 H11H 23:00t8 (&, #EHETIoOKIESHINE—
K & OBk I ARBH—)

12H 02:00tH #HfEoRRMBEERICER
WE S E D, FOERKEE
7t
Fisy NB i KoM h, B,
Te, Teish% Mpen it
(BEHEATHE, WEoOdic
I« Whi20cm 12 &L %)
ARB—HEELHL - 72 & 5 54K
i, I8« tbhHi45~60cm 12 &)
UNBAEITHIEWEEA IR 12~
30 kg F2RE, MK 120 kg F2RE)
04:30tH #BOEMD 2 HkD K1 (Tm
PULFRRE) D> O FLE
B A, KREPES (KiaH
#ET72)
(400~500 m PU 5 DT kDS ks h
kS ictE-1:)
10:00tH KZEZHUO T oKD A
tuAd, HE%
(L hiiing s - 12 160 m
%X 360 m £ O HapH)
T D%k, B%EF T o
HCTEERHH S
(20 m PY5 D §ipH)
12:30tH k%8, BENLK5, RKdflo
il T A
® 2Ah o k0, +bcTH% H
®xdy

13 H rE R D
Y7 W, i

14 H EEE Skl
® i &

15 H Bl 2 BB h8, RIENLN
s
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WKL OIRDLIE, ROEIICELE DD LENTED. BE 12 8095 b 2 S,
fitd 10 B b RE W FE 2T, FB8EE (KON b 90 miZEORT) ORERICHR
INEARFED -T2, LT (D) RO OREGEDE TRENPEVES o 72, BlEiEi
< DDOARNKEE T, b, B E/NTEAOTDIAREREZ L, BN
DFEBITIRG D T2 DI RIS N TE T,

LEIZEY, TGORKE] ITBIT D 7R ORPUIIRO X O ITHETE 5.

F96 H 12 BT 2 BFEHICHOGANRER EX D) LTnbHIZeEnsb, 2o
AIBRKN 7D L > THEIBREE L 705> T, KEKBREZEZI L. Z0D%
TxIIFEOY =7 2%, THUIE-> CEW EZBEOWE R 2. KK 100 mfEE
THAIEIRB L2 b0 EHEIN D, BRFRE, PARALA-XZHKITDH LIk
THhHIIKRAERE E DIV EDO LW EEN L., ZOZAKRLPEET THDHO0NHE
ENTWVDEN, HARKFFZSAHZ IE, TORFOEAOIREIZ VR L 250
CREL RIZbo7cZ iz s, /NEF - fill (1979) (1FFT#EEH EOKAKUBFRFIC TR
HE2EEWo THEL TCEEEADTIIR NN TR > TV ¢S54
WLTEY, KAKBREFICBWTOAZESBEOREZFSOZENHLONE L
7w, FEKANLKRREH L TWEH LWEEENH 5 7)Y, Macdonald(1972) (2 &
e, Dl EbkORR AL T ETHE 500 CROBERH 7= 6 D LHEE
SND. BT, BANOFEPRGEATEAIIKSI B TEREDY, ZHEE
FEICLITRGITI S0 CULEDIBERH 72D EEZLND. ZNHDI Enb,
IHENO BRI EIBO T ASLEAEEH LIcb D EEZ NG, 0%, Kozt
WRFAIAA THZE. MO %Ko H AFXEORNNE R T o Lo F~BE L,
FIMBEREH T, KO OMEIC L > TBEIN 2 BRI EFEVER, Eihdzeo
FEKELE.

(v 7= Db - 7= ATEM)
::f,”k%”@4Ny%Kowf:hi?mﬁ#@%f%ékwi%%f%%
D TEIEN, TOBAJFIZ OV TEZ THAIW. /LD FEAR - h(1980)° =
ﬁa%&&Eﬁ,kMﬂ@K%w1Mﬁu%®%%:ﬁwf%mﬁ%@%W%éﬁé
TEEERLTVWS. FEKR1996)IC LA, KIRKIRIE LT~ U~ N EEEE O R
BICRES L @miREEOKERLOIERICE T ERZENDZHLDTH S, =F /)
P (1998) 1XHLL CERIE T2 H A Dy & H R IZ 31 2 M sk BT o Jsl =4k O 171E
cioTV7V®%&m%5%%ELTFmﬁﬁ@%J@ EXAVWTWD. EEL Z
DORFEEICITER TH Y, Lok 51 Wﬁ*%w11ﬁﬁ?%%@ﬁ%m®ﬁ
%ﬁ@&$%@kMﬁ@ki%m% PEDN B 5. f& i X R G5 (1965)1C EEE] S
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(1814~1816 1F) H{HEDOIEELN 2 VIEFHRKRETH T LA BN, TNIZE - TY
DEDBITEINTEFRAC LR ROKERIER TH L LEHITZ A TND. w7 ~n
EHEEE LG onTiE, R TR RN LIS IE TE RV RNHEREY )
SIXA LML RAREMIROONT,AEEE L TRV EEZ S, 70, A -h
(1980) (35% & KILBEHIEE O FEEIERICB W TEROZ OHIE 0 ITER LI KRKE
FEEMLTND., ” RE 7 IZBVWTHENDOEDOA X FTHY, TEOF L IFER
DIFRKRTHRAELTZAEELEZDOND N, A2 b7 &b 2 FrfLL BV =2
EDPDL—BEOLOTITRNnEB X bND. Es, FTA -l (1980) 1T FIEIRRICE
F B A X2 N OREGERERNZ DWW TR BRI TV 720 AS, STIRDY S Z s TERFH O
IBITHELTZZ ERIDDRD.

Ak 13 4 (1816 ) T Z o7 TG OBRKRZE | ITEET MO & s kRS
RWZSi, BERHEIC IS W TR RSO G T2 6 b LU kA EZ L2 &
MG E IR oo, FRIC, BTARHUIIC IV THUKIZBI 9 2 38 70 B RE0 2 ORI 2 7R
TGN R ON -0 MOTTH D, [HORKE] I~/ ~OHEENBES b
BEETEZ2NH 00, Bl TIXMENREGIC L2 KEREREEZ XN,

LiORITHEWRERA B2 DAL IR S, S 6Tt UIESeH b L2IRR T
HY RN D, FRIIEKILITIEWER & U OKARRUBREOIRE 2 5] X 2§ et %
MO TWBEFITH D ENFRMENT-Z L%, 5% OkUKEEZSH 2 THE
EHREWNTHD.
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8. FI&RK LTI D BIIR

8-1 ITHEDMEKIFENC L D KILKE

8-1-1 AHIKFLZDER

FEIZBWNT, ABREENEATLHERNE LTE, v 7 vKREKUER OKERXUE
) BEOMA L, NRABREIBEARRICE 2 bonE 6N (JEL, 2001). D
FAHR LD DIFRITVBOLEK T, £ 100 5 ABFND & S EEILTOR
HENT DB RITFFICEE TH S.

VT DR OWE 4 N L 7= %P 2 Fig. 8-1 12, WEFLIED Eemgk b Sk s
Table 8-1 |ZF & 7.

—r e (83 (S, BY 2eed ]
L) 6. U
— X = 1050 (5. 25) 4, 15

. M) &, B~2h
sissassssaaia 1085 (S, 300 7.5
_— K= X = 1957 (S, 31) 12, d~5
1958 (5. 33) 6. 2

e v w10 e v e [O63 (S, 38) 4, 20

— 00— 0= 0= 1885 (5, ) 10, W
—re———— 017 (S, 52) 7. 2
s s s e 1970 (S, B 9. 6

e p—

Fig. 8-1 Maximum distance reached by the ballistics (1933-1979)

(Fukuoka District Meteorological Observatory, 1990)
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Table 8-1 The major eruptions and damages by the activities of Nakadake,
after 1927(Showa period). Modified from the Asosan Weather Station,
the Japan Meteorological Agency

FEA A Wik & HEEOBRT

BARD 2 4F (1927) | MYk : 4~ 5 HIZHEINA, BRI, BIESIZHE
B 4 4 (1928) ik : 4 HIIHB4KOTHAG, 7TH26H®E 2 K
CHZHK, WUEE, 10HBRIKE Rk, MEY#E,
IS

BRI 7 4F (1932) | Wik 12H 1 KDRBT - FRIK. ZEiRTHie
FOEN 7 A, KOFLETRHEI1ZA

B3 f 8 4E (1933) MUK EEOKER, 2 - 3AB2 - 1 KOED
ZMONFIANE E PRI, BRI S L
BFI154E (1940) M5 AHAMET A, S HRIKZR. BIEWHIC

e

BREN224E (1947) | ®ik : 5 B 1 KOMTK, BIKTS 2R, MIED.
A= 15200 %€

BFN284F (1953) % AH2TAS 1 KIR%,. FEE6A. ANE
90k A

PRFN334E (1958) | 1B5E : 6 H2AH A 1 KBS, MIKZE. LE
[ A IR AR, FEEI1ZA. AMEBA,
W BB O I K #

BAFN404E (1965) Wik 10A31HEE 1 AR FEANTA, RIIZHE
FAFN494E (1974) Wik 4~8 HEE 1 ANk, BRIK, BEICH
5

FRFIS4EE (1979) | 1R5E : 6 ~11HM 1 AKOIMEK. BEIKISOH b > M
eIz HEE. 9 A6 HIRZE, LR ARITHA &K
AR, KO HBRMIETHEE 3 A. AMENA
ERETCHE (1989) | Wik : MIKZH. MEMEE. A)lofkKRE.
1 AT

ERE 2 4F (1990) | WK : 4 H20 HIRFEAIMUA L KILIRI2005 >0 K
Bt — . MIKER., MIEHEE, HKT—
OERBLLIZ37005 M, 3 AFET

ERE 6 (1994) 1 AT

Qe 0 b
R o

(FRTELBOECEXUAR CHIDOEILDEEXOND)

f1o07y a L ECr-
viaae) e AL

8-1-2 ZDfDKELER

EIEENC R, ZEOKILRB S S. ZOREE, KILKITE FIZms- T
MENTH EICETTS. 202 LIk TEBANREENEAT DL Z L1320,
BEENTODHEE~DEELZIILD, BIEYD~OWENEAETS.

—7, BEEMREKICED O TIE RV, I L - TRILRS K LK 5203 Hi
LT, FiICUEmkEL b TEMmELH 5. THFTIE, 1990 4£ 7 H 2 AIZ
—DE IR A T T N VR FEAE LT IRESCEE, SN O R E R SR
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Lo THIVE DN, O FCH-2s 0 THH 11 A, AEHE 12 At

dSBFERLRo. T, UREOHREOKINEENC K o> THERE L 72 KUK 2 L T
WHEWIEBZ L HDLD, TOREEMRIIIZ-ZV LTV, LarL, HIVERSH
Te RJEEITA) 2000 FRTLAFEO KUK HHETH -7 (i, 2001) Z L6358,
PERD O DOHFIEDOTEENZ Ko THERE L 72 KUK D, RESFEELTVWDL I LIFELR
AV AN

PR 12 A, REARRSUERRIC Lo THIRK D EEEEICALE S 5 [E FIEB D%
WABEATON, 7 ORFVER A 1L & T 25 B > SBAREN » 1 LT
HEEINATW ORI (L - i, 2001). Flaek izl WnWTizZo L)
BRHEREMIIERM O N TE LT, ARORRITBEDOKEFEEELHA LT H7ETT
<, BBOKILYKEEZ D ETHERERERERE - TCNWD. SEIOERBRIENHE
YOI RIL, 2o TEBRIENBRITH > THAL T Y, RERHRD N % D12 [H]
ZBS-Z LABERLTWS., b, ZOEBRIEFNITARKEBRES~ 7/ ~E kI
5 b DO TH L FREMEIFMK S, HUECHENIC X 2R - 70 R RAEER L E
ZHND.

B F B, Brfs i Je k0 RO PEARIR 2 5 2 W) 1 o /e e By feifl BISAZE L,

HIFRANZAFAE L T S faffig h ok A I BEOME ) O T, FEREY WS 3 049 5 i
WThDH., IHITE)IFRKOHE CRESTRE Z LI, GORRRMECH/HT HIE
REBHMEOFIETH L. €0 LEAEMEIIZITOKEZBEROM TR - fiIc L -
TSN EB AN DEHHE LD LS.
ZOXINT, EBRRENOBEERNITIEMETH > THR, ZEME TORBEORE A
KRALIERITAB R TN EFHRT HERMEIT 0B 2 65, Wk F &b 45 T ffF
Hrde k1 RS RIRHA CIE, KZRRURTE - RUEAEE - i~ 0 LEERTEhE Vo T
IEFICEER RIS EORENTHEIN, 29 LERRII LR EERT D ETHF
BT REEETHD.

8-1-3 HIGLISDGFET TOE KK EFE D FIRENE

INETHRARTEZLBY, PHERUSNDGFTIZE N THEGORLHAR & Vo 2RI
BOW TN K ARIBER L TR S D, £72, 2006 45 5 IR B) 2355
7o TV A HMERMIKICE N THREVEENRMLETHD.

8-2 kILUH ATk BKE

BIERIZIBWVTIE, HEE | KON EREKIIT A ZEH L TRBY, ZOHAFET
D> THEICHRNTWD . KA 21X S0 (“Egfbhis) > H.S (Fifb/ksE) R
HY NS - i, 1984), “ERLARET AN EBL TS,
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IEEIRECC, KDL A~DONEH A B ST nWigs, FlBXEZ 100
TNOBIEED KO AIZFEND . — T, 5 3 %D N &% B3R ZRIE B OEIR %
STWVDHEWNHIT—% (M) BRAREXEHRME, 1995) bHY, ZhnrbdT 5
L, FHEBLZE 3 TADOMNRGEELEZFF > AN KOELEZNATEY, ZOANTEDL
ITFICKILUTADERIZEHINTNDEF I Z LI 5D.

8-2-1 AHIKF L ZDIRM

1980 “ELIBE D, KIUA AN E B 2 b 5B EEH LW THEHE L FOR*
ICE &z, Zhick b L, 1988~1995 EDTFEHICIB T, WEHEHEA ML, F
T2 OWMPFIZ 7 NOFELEFELNEEL TWND.

Table 8-2 Annual number of person hospitalized and killed by the volcanic gas

of Nakadake crater 1(Data from Aso Fire department)

T |REmEEER (N [ETER
1980 2
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990 1
1991
1992
1993
1994 1
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006

OINININ|= == O00|01=CJO|W=—= W= NNOC—
[=l=l{=ll=l=l=l=l=l=llh ==l ===l ==l ===l ===l =]
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8-2-2 REEFERIPBNIBORRSEMH

Bk K LR T D SO JREEIT, ARV TH AR DD 72 W EFHIT A~ T
mEVMEM 238 5. Fig. 8-2 DD K 91T, GF KA & KILDFEED IR, 9 IKFED>
SHMLAY TN OEDTHENI AR BZER AN, 20X D 2B LIETFH
ExREMbTICRLND. 2D K 9 72 BIZIXFgR LR eERT o BUE T 10 m/s AT, R
B S VTFARE N 22y, B — 2 AT 10 ppb, EHAIZ 20-30 ppb FRETH L. Tk
H RO LER & S EERTEE RS O Bl (Ef 0% <137 4 — BV HEOBDOLANA T,
IV 2V UEORABESA— A E L5 5) ORI AR ER E B b.
—77, HEHOPK T AN EREND LD, HHROIMRGDOFHEIZLD, O EEIC
TEHC L 72 KRIU AT AN BTV 72720 VW EX L H Y, FEIARATH D.

" Tons A
13+ /“\ ,’\ .,"Jn y
T \w—«/ “MJ k\ N \ j \_ \,_

a4 | I % !
o1- 19 08 T2t 722 723 T4 755

Fig. 8-2 SO: concentration for a week, July 19-25, 1991 exhibiting diurnal variation

(95 I O K |11 7T AR
Bef gk LI T 0 JRGER 2% 0-2 m/s DAL I BT i A LR AE C LIE LIE SO: iR FE D3 f

S, 2OV VTR RRE A B2, R LIE%E O B E(bD/ 2 —
YTIERV. O XS ReERIE, SRR E D O KT ARk O EIS
THRDEEZLND.

1991~92 FEA\ZOWTRELS BD &, 914E3 HDOEGTEE VIC X 5% T 7 HIZ SO. i
FEidkEETRE LD ERAITHERL, 24 6 HicE—2IZELE. TOHBD L
7=l 8 HIDEBEERN/HE L, 10~11 Hicv—7 L2 o7, KB 92 4 6
HED G RHBE R T 70 ERLZEIIREED e 7o, IREE LU 2 OFRERZE#E)IC
KIEGWESTERY, 924 10~11 21T 1ppm Z 8% 5 FLHMu b 55JRAR: A Uz,

— I B RO XELF TIEFE(L L0 A3, Fig. 8-3 127 9243 HORID X H
ICKEA L BREFESONBLLE OMENRAOND. 2F D, JEOESH R —7
WZBWT SO IBEDHWE—7 BNE LN, 2k, Fhkd R EORESLHRERIC
BB KIUHTABEORKMTHSH. 728, Fig. 83 TILME M K& D& BRSNS
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TO 6 KO MELXIE P (hWPa)z A — LV EEZ TERRLT.

55 JERE D K (L T A WY ClE, 3km B2 IIE S (BTA&R K (LTEEAE) 12 bb A~ T R
OKAFFETIE—BERELEZOND. 20X REAICRT 22l EIZEET
HY, BATO~Y =27 VTRBIEEN LD TV,

500 1
PPb
5001 |
200 + PR PR E AR
ot | L/ | |
200 1 )
S IR | |
Q _,._,_,-J., | £ e rar ,_,Jln.J____, \_P.Ji% A ....J'.Ly'.i " |I
: [ I 1 I
ap-2- 2 3-8  3-13 218 303 323

Fig. 8-3 SO: concentration in ppb at Kusasenri, Aso(solid line), and the atmospheric
pressure P (hPa) at Ohori, Fukuoka, with the scale 10(P-980) (dotted line)
in March 1992

(GRIEUZ & 2 KL AT A DR EAHT)

KA AFEBTREFRIZ SN TLE D &) DL, TERZRKONDLOKREOHEE
BT AFEHNCR LTS T E S 2. 72, BEATIHELR CIEB SN TES ITHED
BNDENIDL, BEEHODRWRE L RERICK L TR ch s, HEmE
TUE, FIERSORE S DY W IEIE A3 RE 8 O 7 S+ km,  REIZIE 100 km L EfEAL TV 5
TF=ANLIZLIRR OGNS, #EAOE & T, KOOREETANZEDF EILHT 2
b2 FICKREMITONDEEZEXDRETHD.

Rk O D OFEUI RGNS 20— BN SRS ICHMETE 5.

KADDOIEFER T AR S 5 & X, MBS L 2 KILT A DR X AT OfEREIC
L, +HICERT LUNERDD.

8-3 FAIFR IR IZ 31T B Bh SRR D BLIR
8-3-1 MIERKILBFKSEHES

HH T O K LB AT DWW TR, Hoe o Fal gk i 2 HoO S JEREETRY, 22, Wb & T
<5 TBIERKILY S EHBAS (RE PR ) ARE SR, KR
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KT HRWBHE L SN TN D, Z L TRBHERICE > TER SN TRI&R K LB
SERFHT ) (PIaRAILBG K 2L, 200> TR REEmBL VWD EZ A
Thb.

(Mg KA SkF 5 2 HLD

FIFHENZ & o T, BRI L OMROBSEERED LN TS, TNITED &,
FEHHL, 551 o, 28 2 WO, BILERIE D 4 BRI TR Y, ERERLo
FEYE L HHIFEPH D BT D, Fig. 8-4 (ZIXE 1 WRBLHI & 55 2 HLHI O i & 7
L7z, 728, 2007E 12 HX Y, [ETICE - T MERER L~V BEESHh, [
KEH ) ZRSL TV ZERREENTZ. ZOZLIZE-oTAHE, MEICBWLTYH
ﬁﬁﬁ&@%ﬁbﬂﬁbhéTE@%%a

Fig. 8-4 Prohibited area around the crater when Nakadake becomes active

(Prevention of disasters meeting conference of Aso volcano, 2007)

CRILH A%t 2 B

KINH 2L LT, RBESESIC L THB SR TWDS TKILH R 2R
FER] X TKIUTAOFTN G 72 ERRFTI SN TE Y, TNEZIT TR 10 44
(1998 )UK, kDEN T T —r RKyEEEF NEASh TS (Fig. 8-5).
RIS E T, SO DIERFEN 5 ppm M A TR T B AV B ZITH> 2 &Il L T
L. F, KAEDNIZ 6 20 SO, B U —REREINTEY, TOHFI LI S0
N TNVEALTRRAIND., £ LT, BHREICELLEY — ORI L, T
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APEFEMENY =N BV TIEEREZH LR DB NEDONLH AN Z3RD TV 5.
ZOFRITE ST, FEk 10 F(1998 LA, KILUAT A K DT HFHITHA L
TR,

EE X O

Fig. 8-5 Prohibited area around the crater by the system of "Management of

zone division" when the volcanic gas flows down to the sightseeing area
from the Nakadake crater 1

(Modified from Prevention of disasters meeting conference of Aso volcano, 2007)

8-3-2 NYP—F=wv7

fIERiC I 1T D2 — R~ 7 (Frgg kLB K2 bage, 1995)1F, 1995 4FiCHiT
MTAHIC X » THERR &, B FREICEAT S 7= (Fig. 8-6). ZHF TOHEOIFENCZ L S
JERIF O AR — P O R SHHZ R L, HRIBIEEZ1TO & & big, Btk
BT D KK EOHE, KIUTEROFEE, KERFOBEER, BESTREE2 R
TWD. YO~y 7L LTOFRESLHEICONTTE IZRBEIT RV, BUE,
Oy TOFIEIZOWVTH S TODHERND ENZEND DM, RERMERTHD.
EHEDHTERICEWZ & ZATIE, <~ v Z7OIFEICOWTHI - T D ANDOEIE I3
%NLLFTHAH LBbns. HHREMGENICE L T3, ERICEZ TN
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TRV/NETHD.
72k, AR 19 (2007 H)HIE, REARIRAE LAY — R~ v T OIERIEE D
LILTED, EWI BICH T~y 7RTUTEN D EEZBND.

+ - - .‘.
SEFEEr

ARALRAAETRERFHE

Fig. 8-6 Volcanic hazard map of Aso volcano (Prevention of disasters meeting

conference of Aso volcano, 1995)
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8-4 S DRIERIZIIT B KILBEHK
Pl 3BT, T8 —ICBEIRE 2 60T 2 P HICRB W T, +aR2BiskstE 4% &

HVERDH D, BUE, L0 LB VEKSOIISERKIUT A~OR SR E, e X il

MIRKIRINE BNOOHDH. LLAanh, L0 +0kxtfeE Lt 57Dl TO L)

Wz +DIcBikL, SBORKICHIZINERDD.

O BRERHICBT D KIUTA~ORINE LTI, SRECEDLNTREOSEIC X5 T A
B, 2L C, MEARFOTARE ST, OMNGTERREL DL AEERH Y, KOJEIIZ
BT DRGRIMOFHEM RN L ETH S,

O IERZFHICB VT, BERIFOEA & kY — D ~OXIERNE L 725, IR
T EBY, FEREPICEBNTYH, v/ vOELEITL > THITF K E OBl Z % A]
REMEN 2 dH 0, EIEEIEEA~EEH CGREVEEH]) ([cBW\WTiX, &bicv s~k
RRBERORET 2T R < 22 5. REEHER X OB ILLIRE O 28R 2858 2+
T DD D

WIZ, HHRLSNOBETIZ 3T 2 /MR 720 K O AT R & eI HR i L7228, & <ITHsk
O ERMRICH D, HBOMIER, M- BEERR, &L CERIBROSERRICH VT
A% b/ NI KRR R 2R TR e d b, 2 b ok dek 0 mE
WZHHRRTHY, ERNPOPEOIFE) EBHEMENRHH EEZEZLNTEY, ZOZ &b
T, FEOEHIICBVCIEINODOERMIETLHIBREOEELZ L T LEN
5.

B, KIIBFSEOBREIFEB ORI G & LT, MuTEREBIEER EDTFEET S, ZTnEh
~OFERIBHLCRON FIETRBMETH D, FELTNLUSN DL T ORI IE D 5%
MHLTh, FIERICHT 2 KINEENCERERART 2B ERIR O RIT, 13 A EDRBULE
Thbd. —F, HuEFER~OXEE LTIE, WX D KUKORER & oft, iz~
2T =D LI, RCREMBREENDEX T RXRNLETHD.

ZOESIZ, MEME O RESZTFICHEE TS ZERHETH D.
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9. ¥&®

frfgg A LHilkix, AT ITRNETTHHR 5 TAD AL BNAEREL, £-4RH 2000 7
NEWBHENTFND L WO B THD., ZNHDAXE, ELOVERBCER, B2
AR EEZZ LN, —HTIEIMmIZBET 2 KITEEIC L HEREICL I 6 S
TW5%.

JES RIS DRERKILOIFEE E LTI, TEOFESBHNIZEALETHIN, B
HERICBTDIEBLHL N E > TS, KinTiE, &b Op#RD KILTE
FOWTHEIL, TORBECHEHOFEMIOVWTHELZIT-o7Z. 20k, AW
L DD ORWIERIZIWT, [FEBEA Y, S%OEEhE THIT 52 LI X
ST, HBEHOKIUBGRICORTE Z LITEETH 5.

HFEAZBWTIE, AR 553 4E0 D EOEAIEENCBE T2 L B 2#H A H Y,
ZD%E L OIEBREDTFET D, £ LT, ZTORRDOIEREZ AT D [F#RK )
2 & o TR&RIL B TRlgRfitl) BNETOHNTZE WO FidEkb H Y (FIERSE & Flgr
JRFEATEE S, 1990), ORI, THEOEE —HFICB W THEEROILE
RHENERL, ZLOERBELNMEITE LTV EBbNos D (BARHE
ZESMW, 1980). DF D FEIE, BEEIHRCIERBEM R EFORNRE LT, Fi2ikf
BV TEBAESCKILEBEOXNRE LT, Z<DODAVE EDOBEDLY ZFf > TE k(L
Thb.

HFHE O K ITEENZ DWW TIE, £ < OIFEIREEIC L - T, HHRLUUBEOH 5REOIRE)
RUUFTHRET D2 EMTE D, LoLenn, KOBEDOEEY & oxelix, T< &
DB DEFRNTHFICHRINTE LT, WMEOTHFEFEOITZOMEZMD Z
ELTE TR,

ZIT, KTl ORENEEZRIEL, FRFFICHEMFAEIC X > THRY & Oxtt
BITH &, SHICITEFEOIFBZFFMIC O T2 LI2X - T, MEOETHZ LV
HOMNCT 5 Z &l AT,

ZORER, L 6 HAEHIZRORHBEDO R E R KIEEINEZ o T eb oo, £
DHRIEENIFZ00 L7220, 9 HACERME AL L, 13 HACLAREA A IS TEB) 24 1 ik
LC&E2Z L, ZLCEOIREEREIE, EARMITITTFEOTRE) & AR, JKEAOTEE)
ZHLND, v T KER %%(iwim%ﬁ§%)ﬁﬁ ICRAELTCERZZENLD
AomnEizolz. £, ORMIREAIERELSL LT, 19 idi&b v (BIERL
WIE) £ T, EWEHICHES TR OBERB L, B TEHER
BBICRE LT ERBHLNE oz,

F7o, RO LD RiEEECE L B O A TIE, WEDOHEBEREL +omD 2 L
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