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The Sequence and Style of the 1988-1995 Eruptions of
Nakadake Aso Volcano, Kyushu, Japan

Shin-ichiro IkeBe*, Kazunori WATANABE®** and Yasuo MivaBucHr***

The latest eruptive activity of Nakadake, Aso Volcano, occurred in the period 1988-1995. We observed the
surface activity and the ash-fall deposits to determine the sequence and style of eruption 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 of brown and clear scoria glasses in the deposits, together
with increased activity of isolated volcanic tremors. From the post-climactic stage (December 1989-February
1991) to the final stage (March 1991-October 1995), 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 explo-
sive 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. We 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.
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Table 1.

i fh—ER « D —{E < ERHER

Summary of activities from 1988 to 1995 at the Nakadake crater. C.L.: Crater Lake, M.

E.: Mud Eruption, Inc.: Incandescence, A.E.: Ash Eruption, Str.: Strombolian Eruption, Phr.:

Phreatic Explosion or Phreatomagmatic Explosion.
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Table 2. Strombolian and phreatomagmatic erup-
tions at Nakadake between October and No-
vember 1989. St.: Strombolian eruption, Ph.:
Phreatomagmatic eruption.
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Fig. 1. The bottom of the Nakadake first crater
during the climactic stage.
part near active vents (the photograph was
taken on 15 October 1989).

K 1. GBI T 2 RS L KORO T
RENGTEFh O KA £ TRPGEAH L TV
584y, (1989 4£ 10 A 15 HERR).

Arrow indicates wet

TO7z, 18 10 tEN S IEHEIE IR 3 LA S RB I,
KiliEs, AREZ 2 ) 7 O EE S 1 (Fig. 3). 18
30 43 E IS IIEEOEWIZ5sE D, TV LEI» S
BT HRIE AR S N, £ Dk bW I DED K
LK DB A - 7o (EA « fil, 1990).

EE S K OBEBRICEHEA TV, EARO FiD
D & 5 KRR OZAITHIR U 7 HER) £ il s %
EMTE T (BEAKRT: « fth, 1991).

45 [HREBGEFE] CHFI3REIHWEELEZNIC

S RMEHDOEL
1992 4 4 A & KRB £ 0 5 & H RO G
v iFEL D, 6 ] MUICIZHICHICZ ORERA

R L7, oSS, [HH 24 H5m, 29 H 30~
50m, 30 H 100~150m (A bHES) &L, 7TH1
FHC A A0S RS HE A C L TEk (KR
RFFPERILIEERR, 1992) L1z (2O & XDOKRRTICE
5 [k BoEklE, [HROPEELIC 3 2 5lEkEHED O
Eo DKONTERE L THEAD FR s & &, X3EAaH
KOBITELIEE ] 2l LIl EItibbDTH
3). TD% 9 A& CREOIEESFR .

Lz, 8 FA~9 HITHsA: Lo KI5 +Rbmg i o 2
Wi, A 1~2 B TWw - b &L 5h, 2Dk

W3 2 IR BIZE S 7z (Fig. 4).

F 72, 1992 4E 8 A~10 Az T, mEiaic g
HAEFT > TOBEFAL, 23 TIROUENELE D
duchbEH L ¢, MImcErAIIRETES A Lsss
5 S k- (Fig. 5) AR S N7z,



BTR K LLrPE 1988~1995 FE/EENINIC & 1 2 KB DAL 21

Fig. 2. TIllustrations and photographs showing the variation of the vent size and location within the Nakadake first
crater during the climactic stage. (1) Vents 891 and 892 were combined almost in the same location (photo-
graph no.l was taken a few days before the combination). (2) Vent 892 was enlarged after a phreatic ex-
plosion 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.

2. IEERBHICB Y 2RESE 1L KONTORKIAMEPRKE SOZL (1) 891 KFLE 892 KFL & W iEH
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i), (3) 11 H 17 H, 892 KFLOPUMANTH L WAkFLZBA. (4) 892 KfL1F, 11 H 26 HARMlicsAEL /2
KESUBRFEIC L - T S i (11 H 20 5 8:39#k¥).  (5) 11 H 26 HE#A 5, FUKESUBRIEDTE
L, 892 KFLEBBHIOIL 7 (11 H26 H 8:52%s). (6) 19904E2 H 17 H, JLPHHIKCIEERSHRIE L /2.
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Table 3. The sequence of the phreatomagmatic explosions on 20 April 1990,

recorded by the AVM camera.
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Fig. 3. Different types of eruptions during the eruption on 20 April 1990. (A) Black smoke with white steam
and a large amount of cinders in the phreatic explosion. (B) Dark brown and dry smoke in magmatic
eruption (the bright object in the left part of this picture is a heated scoria).

3. 199044 720 HO—EDMEKITH T 5 2 HEHOEKLE (A) KESBHROKD, KREIEAREDOEA
EEBICHBOKRERZELEY BOIEE (B) v 7/ <IEKDOBED, #Ek L cEFREOEE (BEEM D

ZOVEEBHRBAL 23 7).

Fig. 4. Sequential photos of a large-scale mud eruption from the crater lake on 15 November 1992.

4. 1992F 11 H15H B F0H o0 KBRS I H.



24 i fh—ER « D —{E < ERHER

al. (1995) 1S EIT & - TZ OIEEEL BRI K LIEE D2
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EATE, 72V N5y 7REGEHEL T, 2
HiZlEX s 2 HElic & -1z, £4, @Alc>0wTid, h
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Fig. 5. Floating materials, possibly scoria, on the Kot
crater lake on 12 October 1992. R, &2 375 o KK EIS RN, #h oo
5. 1992F10 12 H, BrrEbiicisns 55 100 FHEHZ D W TG L 7o, KWK IR E 2 R
AT DI AT, T B, BEGRHLES KO L, o HT

Fig. 6. 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
fall). (3) Water level fell down by about 10 m (3 seconds after the beginning of the water level fall). (4) A
mud eruption occurred (21 seconds after the beginning of the water level fall).

6. 199452 H, HIEE0 OWEARIRIL (1) 572 0 OMEZETR] (FEE). () #H»H 10m 7
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Fig. 7. Brown and clear scoria glass grains in the 2 November 1989 ash deposit (photos 1 and 2) and brown and

clear blocky glass grains in the 29 May 1990 ash deposits (photos 3 and 4).
Right photos: Scanning electron microscope (SEM) images.

taken under crossed polars.
photographs are not identical.
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Fig. 8.
clear blocky glass. C: opaque scoria grain.
altered materials.

X 8.

89.10.28

The variation of ratio of each grain type in the ash. A: brown
D: opaque blocky grain.
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Table 4.
* 4.

The component characteristics of ash-fall deposits during the 1988 to 1995 activity.
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Fig. 9.
caused by magma-water interaction.
scope (SEM) image.

(A) Photo taken under crossed polars.
The particles in the photographs are not identical.

Brown and clear blocky glass particles in the 20 April 1990 ash deposit with many rapid-cooling cracks

(B) Scanning electron micro-
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—
H =200 100 g m

Fig. 10. Photos of brown blocky glass grains in the 25 February 1993 ash with a dark brown “skin” caused by

hydration.
particles in the photographs are not identical.

10.

(A) Photo taken under crossed polars. (B) Scanning electron microscope (SEM) image.
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Fig. 11. Temporal change in size of the crater lake from 1977 until 2006 (observed by JMA).
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Fig. 12. Groundwater discharge from the crater wall.
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Fig. 13. (A) Temporal changes in the frequency of isolated volcanic tremors (observed by JMA) and (B)
Proportion of brown scoria glass and clear, brown blocky glass.
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