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A Unique Earthquake Activity Preceding the Eruption at Asama Volcano in 2004

Maki Yamamoto®, Minoru Takeo*, Takao OaMIiNaTO®, Jun Orkawa™®, Yosuke Aokr*, Hiroko Uepa¥,

Sho Nakamura*, Hiroshi Tsuir*, Etsuro Koyama*, Noboru Osapa* and Taku UraBe*

On September 1, 2004, a middle-scale eruption occurred at Mt. Asama. Before the eruption, long-period
volcanic earthquakes were observed with the broadband seismographs located at the summit of Mt. Asama since
October 17, 2003. The signals are so feeble that we can hardly recognize them even at the second nearest station
from the summit crater. The long-period earthquakes had been occurring at least before September 5, 2002.
The earthquakes have very unique waveforms and can be categorized in 3 types (type 1, type 2, type 3). The
sources of these long-period events are located relatively shallow at a depth of a few hundreds meters, just beneath
the crater. The depth of the type 1 event is just beneath the vent, the types 2 and 3 being 100~200 meters deep.
The activity of these long-period events had been synchronized with the activity of volcanic earthquakes until the
last ten days of July 2004. However, the activity had dropped gradually, and no event has been observed since
August 24, 2004, just 8 days before the eruption. An earthquake swarm started on August 31, lasting just before
the eruption. The hypocenters of swarm, which are determined using the Double Difference method, lie just
beneath the vent ranging from 300 m to 800 m deep, suggesting that the shallowest part of the vent is broken during
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the swarm activity.

Key words: Asama volcano, long-period earthquake, broadband seismogram

1. FL®IC
EELbaEFE O KT, Bk, AbaKil,
A KL S 78 2 HERCKILTH v, BIFEEEh O RNk
W39 1 FERTICIERR S e (BIAIE, &8, 1997). 8
22100 FERIOIEENCEH T % &, 1900 £ELED & K TEE)
DIEFAL LHEE I 7 v 2 KIS T LTV,
1961 fEDME K % %1 11 FRIOERELNICA - 72 (B A
I, EIE, 2003). 7D, 1973 FF & 1982 FF~1983 4RI
PRI K hid 0, AT OIEHE) & L TUE, 2000 42K
IKDIREEZALIES 5N, T OBHIEIRS) bR~ ICihF
{LL>od - 72h%, 2004 4FE9 1 H# 8 Ml 21 4E3e
D O IR K A L 72,

* T113-0032 HUGTARSCORIXHRAE 1-1-1

HEURA T FE

Earthquake Research Institute, University of Tokyo,

Yayoi 1-1-1, Bunkyo Tokyo 113-0032, Japan.

Corresponding author: Minoru Takeo
e-mail : takeo@eri.u-tokyo.ac.jp

Z DIEK DR, 2003 FEFKA O LTHK L6 T O IR
HERHC & 2 EFBMEIE S, COHEGHcL->T
BRI A - ERAMHENSR SN, Choo
MM L, 8 O HIRE O B - SR I O BEfR & 1dk
SLRBAMMHERL, v7=Fa—FLICbikn
WNSBIRENTH 212 bbb 5, sEELIE 2~3
Bro 10 EERICESB-TEY, WEETHE 3R
15 AEFEEIRBENG, F/, ThoORREER
WHIE IR 9 A 1 DK X O RNCEFRICES L TH 0,
BKICESL 70w 2E2E8KT 2 L TEESHREEDLN
3. KWFETIE, T OR R ERIHIE ORI L
Z OIRHE EBFEOM AN, 51T, oKD
& & 29 BRdTRi 2 15 FAL U 2 BE R IR B) O Z R
AEHRICHREL, EREILICBIAEKICESE o2 %E
BE Y L7,

2. 2004 FEERREILEAEE
2004 4F 9 A 1 H @ HhlBang ki SeBX i <, EiE LA



394 A« R » K« B+ A « hiH » i« ot e/l e R - BEE

TS E - H PR S CHIEWFZEART I & 5 GPS il
fibn, 7HFERIMERET~NO < 7 <O EA%ZRET
HHEAENEl s e (BIZIE, FHA - M, 2005; K
e A, 2005). R LB AR o = oo 5 T A
(SAN) THIlls L 2 HIEOKIZ 8 A3 H 15K LA
B, 09 A 1 HIEKHE TIc 600 VL EFA L, WO
KICE 7o, BPIOWEKE, 97 14 Hh S 18 Hich
T 1000 [FILL iz A 72 O /NS IS IE K ASWse I AR L
KUK ILTED 5 130km B eGSR AR (KZRIT,
2004). ZDHOEF L, W< OO/ N KT,
9H 23 H, 29 H, 10 H 10 H i rlfsmg Kk 356 L 7
%, —ERELEIKEBbNhi, LhL, BT —A
Ao 11 A 14 B ERIIR = 7o B K 23564 L C
W3, 201% 200547 A 1 HEfEE T, IEKBE» LR
TV,

3. BAWRRUFT—%

BN o 2 EF BRI, ECEEEN 1P
OREFIHIER TR S TV A%, 2003410 17 H
WITED K76 (KAC2) 12, B4 7 A 22 Hic i EH
U (KAH2) ICJAm iRt B s h, T col
AR D AT X 2BITIRE S NS D - Fobk & IS EERDS
FlAB XDl - e, FHEINIHMET R 5 v 7L
HD CMG-3T 360 Wil Th 5. RYIDE KN H - 72
2004 49 A 1 HIFF S THRE 7S - 7o Bl 5% Fig. 11
AL IHTEAK O 2 BRSO 2 HTEIS O B
(MAE; ‘KI07» 5 1.3km FEER) 1 (356 R IHHIER T 233
SNTOVRD, 200445 H 26 H o I IEFEHIEH b
FWEISNTOVS, &5IT, AU TREFEAFHIENZ
PSR E 9 5 BMASICINA, [T OB A (ASMB,
ASMD, ASME, ASMG) DzC% & i fdif L 7-.

INTEK 5 1 B L eI B =g g, 2003 4F 10
RAoRELRE, BELERERS 2L TV Ch
S OYRE) 355 T K I FF OBl S (KAC2, KAH2) D)
ATHIFINBVLDONIEEAETH S, 8 A 26 HD
SINTEOPE TR O T IR 7 v 1 Z3%E L TR %
PG L7278, BEKICK - TEL O 7 v A Bl S HHE S
N, WEERENIC DI 4HDATH >, DI B,
BT LA D 25 (07, E09) %, WK R BT IS
TR DORRIFIGE IV 7.

4. BELSRERHME

Fig. 2 12 KAC2 ITF%E & N7z LT o 2004 4
6 H 11 HFAiD & =5 —idgka R d. KfickRHIT/RL
ek, HRETERAMOREZHEET 5 Lotk
3. O & REFE CEETICHRE s AR o

36°26
36724
36°22
138°28' 138°30' 138°32' 138°34' 138°36'
Fig. 1. A seismic network around Mt. Asama, Ja-

pan. Stations coded with 3 characters, KAC2,
and KAH2 are operated by ERI (Earthquake
Research Institute) and 4 characters (except
KAC2 and KAH2) by JMA (Japan Meteoro-
logical Agency). A seismic array shown in the
upper small panel was installed at the east of the
summit on August 25 and 26, 2004, just 5 days
before the eruption on September 1, 2004. Only
four of these stations survived the disaster. The
gray circle in the upper panel indicates the rim
of the summit crater of Mt. Asama.
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Fig. 2. The monitoring record at KAC2 over half a
day (11 June, 2004). We can recognize clearly
some unique long-period events pointed by ar-
rows.
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Fig. 3. Waveform examples of type 1 event occur-

red on June 11, 2004. The vertical ground ve-
locity recorded at KAC2 is shown in the top
panel. The second trace is a low-pass filtered
ground velocity with a cut-off frequency of 1.0
Hz. The third trace is a ground displacement.
In the lower panel, we compare the long-period
waveforms of type 1 event recorded at KAC2
and KAH2; a low-pass filter with a cut-off fre-
quency of 1.0 Hz is worked on these records.
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Fig. 4. Macrograph of seismograms of type 2
events. We can confirm long-period waveforms
in these seismograms clearly.
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Fig. 5.
red on June 23, 2004. A vertical ground ve-
locity recorded at KAC2 is shown in the top

Waveform examples of type 3 event occur-

panel. The second trace is a high-pass filtered
ground velocity with a cut-off frequency of 1
Hz. A low-pass filter with a cut-off frequency
of 1.0 Hz is worked on the third trace.
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Fig. 6. Particle motions of some unique events.
Horizontal particle motions are shown in the

upper panels. Vertical-EW plane projection of

the vertical-transverse particle motions are
shown in the lower panels. Solid and broken
lines indicate the particle motions inferred using
low-pass filtered ground velocities with the
cut-off frequencies of 0.3Hz and of 1.0Hz,
respectively. (a) type 1; June 27, 2004, 17 : 38.
(b) type 2; June 12, 2004, 17 : 41. (c) type 3;
June 23, 2004, 4 : 23.
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Fig. 7. Daily frequency of the unique events shown
with that of normal volcanic earthquakes ob-
served at SAN from October 17, 2003 to Sep-
tember 1, 2004 (From May 26 to June 13, no
data).
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Fig. 8.
just before the eruption on September 1, 2004.

Distribution of earthquake swarm occurred

Blue circles represent the hypocenters deter-
mined with DD algorithm. Green arrows re-
present the vertical single-force location of the
explosion earthquakes determined by Ohminato
et al. (2005). The red and blue ovals represent
the source region of type 1 and those of types 2
and 3 estimated with the particle motions, res-
pectively.
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