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PRELIMINARY REPORT ON COMPARATIVE STUDY OF ERUPTION
MECHANISM OF MERAPI VOLCANO IN INDONESIA
WITH JAPANESE VOLCANOES

By Kosuke KaMO, Kazuhiro ISHIHARA, Masato IGucHl, Wimpy S. TIETJEP,
SUBANDRIYO, SUHARNO, Antonius RATDOMOPURBO and Ony K. SUGANDA

Synopsis

The eruptive activity of Merapi, the precursory phenomena and its magma supply
system are summarized based on research made by the Volcanological Survey of In-
donesia and are discussed in comparison with those at Mt. Unzen and Sakurajima.
Although the output rate of lava and the type of magma at Merapi are much different
from those at Mt.Unzen in 1991-1992, the sequence of eruptive activity and precursory
phenomena are basically similar with each other: explosive eruptions at the intial stages
of activity, pyroclastic flows due to collapse of lava domes, growth of lava domes by re-
peated domings, precursory seismic activity and remarkable ground deformation of
summit area and so on. Magma supply system at Merapi inferred from the hypocentral
distribution of volcanic earthquakes are quite similar with that at Sakurajima: the verti-
cally elongated distribution from the summit to 5 km .in depth, a seismicity gap at 2-3
km deep and aseismic zone below 5 km. These suggest the vertical magma conduit of 5
km long from magma reservoirs to the summit and a magma pocket around 2-3 km deep
at the both volcanoes.
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Fig. 1 Locations of observation posts, seismic stations and EDM network at Merapi Volcano operated
by Volcanological Survey of Indonesia.
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Fig. 2 Merapi Volcano sketched from Babadan post (BAB), nothwest of the summit, on April 10, 1967
by Suryo.
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Fig. 3 A sketchmap of the summit of Merapi by Suryo on April 9, 1967. The areas of historic lava

flows and domes are illustrated with other information.
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Fig. 4 Chronology of eruptive activity at Merapi Volcano.
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MERAPI EARTHQUAKES 1983-1992
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Fig. 5 Monthly frequency of volcanic earthquakes, multiphase events and avalanches (rockfalls) at
Merapi (Subandriyo, 1992). Those of multiphase events and avalaches are indicated by a logar-
ithmic scale.
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FRLOLLEREHE LF) S KIUMHEIOREEEIHML, 12 A262 19924 1 A b4 <HE/
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Table 1. Alert level during Merapi 1992 Eruption issued by the Volcanological Survey of Indonesia

Alert Date of Criteria Interpretation
level announcement
Waspada Jan. 24, 1992  Glowing avalanche of 1992 lava Start of eruption cycle. Lava ava-
(1st level) domes. Seismic swarms in 1991, lanche would inerease.
Siaga Feb. 1,1992 First pyroclastic flow. Time inter- Pyroclastic flow would be fre-
(2nd level) val of lava decreased. SOs in- quently repeated. Activity in-
creased. creased.
Siap Feb. 2, 1992 Time interval of avalanche con- Eruption occur
(3rd level) tinuously decreased
Pyroclastic flow frequently occur- Flow distance increase
red
Siaga Feb. 12,1992 SO decreased. Doming earth- Low gas-pressure dome formation
(2nd level) quakes increased
Waspada Mar. 9, 1992  Seismic energy decreased. Avalan- Eruption is less posible. Gravita-
(1st level) che increased. tional factor.
Normal- Jul. 16,1993 Activity stabilize Start of calming period
Active

after Tjetjep et. al. (1993).

BEASO Skm tE L, 14 B5 20 5MC5 3 ERPBSOEE (Siap: Ready to evacuation) %554 L7z, BAIDBRIER
16 B5 05 530254 LC, FEAEASY 2.6km (GEL, ARIE4.5km T L7z 2Dk b 228 30 % T/
B b KPR DR AWHRANIEN 720 MP DFAEFEI ZOMADZRITHEMLT, 4 A £ TR
BHZREL 7,

DE? 3 oniESIHIC BT, HWEFES & MMEBIOBRICOWTORBRIIRD LI IZE LD OIS,

(1) FEBOEA~1 5 ARNCIE, B8 F—-20/87% 5% (Avalanche) DFEAEFEAHEML 720

(2) EEBOBIIEERAUMRE HFA RUTHFB) OSESEASENT 5, FEMMIE, #9186
~$3ELKRELMDH D, 72751, ZOHMOBEOREFENET VL, EHIZEKIZIIKET 292V,
avalanche $2VIHEEHRIE (LF) R KILBHEBIORE R 2 EPUBERED L) THL, 27K
WM L RIEE KUK E, EEIL, THBEOILTERZESOMICD, BEARHE ARSIV
HF) OREOH, EEREHE B Mb2VIILE) OREFEIMMLTWAY 1, SUERETH,
1991 465 B 20 HOBAOWEE F— AHBIETO 5 B 12 B2 5, KOBETOESTORNMESL & 12K
VMBS L7 2 LR S hTna Y,

(3) MP DFRA, BEWEADHVIISEE & KRFFAEC L ) E EROBE F— 20WIR S NI
REAMEINY 2B CAR T AEANH D, 72771, 196941 A 7HBL U8 BOBADIBEITIX, 20
HEi7 5 MP DSSAARREASENN (500 ~ 1,500 Fl/H) L7=& W #ED 2 5,

HEEED O A7z A T CKINOFHOR D EE 2RISR, B8 M- s0BRR L ABERBROM
avalanche DEEFE O TH 5, EEWME HFA B LUHFB) O%%, REKME LF), #Ed
HIERBIS Tl 275, FOREEECRENEIE, EREEHL L) ET5 v/ <O/M, JEDRER LI
L EBECELT A ERONAY,

1992 SEDIEBYTIE, BIERBIZ L LTo SO, DB E LTEFEOBBOME R SEHSh
A

199148 AN 5D S0, D1 B 7 HIHENZE{L%, Rockfall (avalanche) DFAERBNEAL L it
C, Fig. 6 VTR L7, AEEE LI, 27 EKIIOFIAET 5T+ I ABRUEIBNT,
COSPEC (2 & Al B Ef S LT 5, 1992 48 1 A K FCld 100ton/ B AR, BAAFEE L7 1992 F
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GRAPHS OF SO2 (COSPEC) AND ROCKFALLS
MERAPI VOLCANO; 1991-1993
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Fig. 6 Emission rate of SOz and daily frequency of rockfalls at Merapi during the period August, 1991
to Nobember, 1993 (Tjetjep et. al., 1993 and modified by Suharno, 1994).
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JREFBH SN -DiZ, Table 1 IIRL72LHIS, MADHHTHS, 1 AKEI T, w7/ ERKEOREED
K&, HaL wii‘%’ CTORMEDEWBEIZKUT ADRIEAE Z E S8, SO, DRHIE KD 5 72
EEZLNDY, BUEBHEOEIMISVTD, W% SO, DRUHAFHR SN0, 19146 A8HE
11 R E’Jﬂﬁ)\ﬁ“}éi L7 THB'Y, SO, DRUHEIEKIIDTEEIE D & 13 2 %0 %5, BAES)
DRENIZEHETH LIRSV I TH S,

A 7 ERIEHIET Subandriyo' 13, 1988 4E 2 & # [ Pennsylvania M 7 K% Barry Voight %5
EEFLTINTERICB W CEEMES ER LT/ (WEROBRE © Fig. 1), ILTAOBEH Skn i2H D75
7oA ABME (PLW) S OINTEICERE L KESEOBOLERNEIZ LY, IWEROEIHEL /-2 &
R B ROEHEAME S N (Fig. 7)o EBRIZ, KOEHERTT 5 E 249 350m ORI Tid 1991 4
FCTO IERIHK 1 m OMED, 1991 4 2 A2k T - 72 KL TP Radial Crack DIEQRIETH 5 em/4E
OB AAE SN, IWTEKO #dl & L BOBRI TR I N,

EMBBETDH, FESOXBEMRICL 5T, 199145 A 20 HOWBE F—AmBIZ%ETDL, 5A10A
G & ITEA AR A YRR L 72 2 & 2R BSRE IR bASE S h/?,

1991 EOEMBEEE & 1992 F£D 2 7 CKIIDES F— LEEEEORERHAS * £ L7 (Table 2),
BRI OREBHIMICIE, WI0BEEHIFEEWIKRELRESDHD, BULAHEIBN I LN
bbb,
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Time series plot of EDM data
The PLW-BUG line 1988-1991
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Fig. 7 Distance change between the south foot of Merapi (PLW) and the summit (BUG) after Sub-
andriyo (1992).

Table 2. Precursory phenomena of doming activity at Merapi Volcano in 1992 and Mt. Unzen in 1991

Items of Activity 1992 Merapi Activity 1991 Unzen Activity
Onset of HF seismic activity at summits 1989 May 12, 1991
(3 years before) (1 week before)
Start of LF events or volcanic tremors April, 1990 May 12, 1991
(2 years before) (1 week before)
Onset of ground deformation at summit area  around summer of 1988 around May 10, 1991
(3.5 years before) (10 day$ before)
Appearance of new lava or domes around Jan. 20, 1992 May 20, 1991
First pyroclastic flows Jan. 31, 1992 May 24, 1991
Increase in emission rate of SOz a few days before the after the explosive erup-
eruption on Feb. 2 tions on Jun. 11
Explosive eruptions Feb. 2, 1992 Jun. 8 and 11, 1991

after Tjetjep et. al. {1993), Subandriyo (1992), Matsuo et. al. (1993), Saito et. al. (1991) and Geochemic-
al Party, Joint University Research Group (1992).
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Fig. 8 Hypocentral distribution of volcanic earthquakes projected on a south to north cross-section
beneath Merapi (after Suharno, 1994). Note the vertically elongated seismic zone, a seismicity
gap 1 km above sea level and aseismic zone deeper portion than 2 km below sea level. Ratdomo-
purbo (1992) interpreted each correspond to the magma conduit, a magma pocket and the mag-

ma reservoir, respectively.
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2km GBS 1,000m 1$3iE) (ZHBDOREE LR WERST (seismicity gap) 2O OLNAHZ & &, Skm LR
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Ratdomopurubo'® i, 2 km f§35 D seismicity gap DSKILEDHEE % ML L 7B b Oh &) DHEDD
Bz, 1984 SEDOIEBIA & 1990 4E1254E L - HEICDOW T, ITHOBRIE PUS & BHEHE O DEL D)
OBERLHERRANY, FERIZEBORBORERE 2T/, TORE, BEOHESH 2km (THHY
TOHEMEDL Z AT, WONDFEEHIIIBWTH, BEFEEIB/NIZ - TWAHZ LI, ]I,
S5km MEIZZ 7BV 5B -C, ZITh5INTEHENETAMED, IO seismicity gap fTIL TEHFIIZ
FRLTHWTZ TR T v ML TBLERT,

EREDBIBSATDOEIL, HEBIIBW T EIN TS, ED A RIMEOEERES A % Fig. 9 1R L
720 A T EKILEFBRZIITAKRI D S HE T4 4 km ¥ CHREICEEIMHPELEI TS, A BIHEDERS
HIXSGEDFELE LR L T b, WREEIONFEONES L UHEREORE ORI 25, @BET 4km LA
BT S EOBEET HEELON TS P ) —ODEATNEZ &L, A BBBRORAERFEA
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Fig. 9 The hypocenters of A-type earthquakes during 1975-1986, and aseismic zone that infers magma
storage outlined by the dashed lines (Ishihara, 1990). Note a slight seismicity gap around 2 km
below sea level which may suggest a small magma pocket (Ishihara, 1988).
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