=
=

&

2004 4D FH] 1L K HT O Hi s

TG E) & B KT

KL & 51 % (2006)
$25 1257133 5

ICEI & N R

SECENCARIC] FONGEE 1§ - R
JEUE O OLVFRe | H 38 bRkl B B Hoekk

(2005 4 4 26 HZfF, 2006 4F 2 H 27 H52H)

Seismic Activity and Tilt Change Obsereved before
the Middle Scale Eruptions of Asama Volcano in 2004
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A medium-sized eruption occurred at Asama Volcano on September 1, 2004 after a 21-year dormancy
following the eruption in April 1983. Before the eruption, the number of volcanic earthquakes had increased
beginning late 2002. A prominent feature of this seismicity was the appearance of high-frequency BH-type
earthquakes beginning in mid-August, 2004, approximately a half-month before the first eruption. Eruptions of
similar size occurred on September 23, September 29 and November 14. Preceding these eruptions, changes in
ground tilt were recorded on the EW component of a tiltmeter installed 2.5 km NNE of the summit crater. This
was the first time that JMA (Japan Meteorological Agency) recorded tilt changes at Asama Volcano before
eruptions. Changes in ground tilt were almost simultaneously accompanied with increases in volcanic earthquake

The increase in volcanic earthquake occurrence and change in ground tilt preceding the eruptions
In spite of the
appearance of preceding phenomena, however, information was insufficient to predict the exact time and size of

occurrence.
contributed to the precautionary issuance of preparatory volcanic information to the public.

each eruption.
assessment of eruptions.

Additional observation and understanding of physical processes may be necessary for the exact

Key words: Asama Volcano, the eruption on September 1 of 2004, tilt change, BH-type earthquake
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Table 1. Major eruptions which occurred in 2004.
1 2004 O ELHK,
Date Scale of | Height of Plume Infrasonic | Cinder or Lapilli Ash Fall Area Phenomena  before Remarks
Time Eruption (measured over Waves (Pa) Eruption Wind at Karuizawa
the rim) A Oiwake Weather Station
1 Sep. Middle |Unclear because of | S.0. 205.0 | 3~4m cinders near | Volcanic ash fall in a part Tilt change of Volcanic thunder was
20:02 clouds but radar echo | (%) the crater of GUMMA Prefecture, Tumakoi | O0.10micro-radians | observed from the
caused by plume was Lapilli with dia Village, Numata City , FUKUSIMA | was observed 29 | foot of Mt.Asama
observed 3,500 to -meter 3cm at 6km NE | Prefecture, Kooriyama City, hours before the
5,500m height from the crater Soma City eruption, the Wind: NNE 0. 6m/s
number of earth
-quakes increased
23 Sep. Middle |Unclear because of| S.0. 72.3 |Lapilli with dia Volcanic ash fall in the north | Tilt change of 0.04 | Explosion earthquake
19:44 clouds -meter 3cm  at to northeast direction, GUMMA | micro-radians was | felt with intensity
4km NNW from the | Prefecture, Tumakoi Village, observed 4 hours | 1 at Karuizawa Town ,
crater Naganohara Town, NI1GATA | before the Miyota Town (8km
Prefcture, Yamato Town, | eruption, the from the summit)
YAMAGATA Prefecture, Yamagata | number of earth Wind: NNE 1.3m/s
City, Higasine City —-quakes increased
29 Sep. Middle |Unclear because of [ 52.5 29.6 |Lapilli with dia Volcanic ash fall in the north | Tilt change of 0.12 | Explosion earthquake
12:17 clouds -meter 4cm at 4km | to northeast direction, GUMMA | micro-radians was | felt with intensity 1
N from the crater Prefecture, Tumakoi Village, | observed 6 hours |at Miyota Town (8km
Naganohara Town, Kusatsu Town | before the eruption | from the summit)
Wind: NE 1.9m/s
10 Oct. Smal | Unclear because of | 33.1 19.0 |Lapilli of size 2cm | Volcanic ash fall in the North | Tilt change of 0.03
23:10 clouds at 4km NNE from the | by Northeast direction, GUMMA | micro-radians was | Wind: NE 1.5m/s
crater Prefecture, Tumakoi Village, | observed 4 hours
Naganohara Town before the eruption
14 Nov. Middle |Unclear because of | S.0. 73.4 | Heated volcanic Volcanic ash fall in a part of | Tilt change of 0.11 | Volcanic thunder was
20:59 clouds cinder scattered 2 GUMMA  Prefecture, NAGANO | micro-radians was | observed from the
to 2.5km from the Prefecture, TOCHIGI Prefecture | observed 26 hours | foot of Mt.Asama
crater before the
Lappili of size 4 to eruption, the
Scm  (max7.5cm) at number of earth Wind: NE 1.0m/s
4km E from the —-quakes increased
crater
*) S.O: denotes Scale Over

K210 H 10 H o/NEKRFEA AT, ERZE L8 B &
N, KPR OBl s hs T Edb -7, Th
S OEPIZLIT >V T BT 5.

2. 20045981 HOEAETOIKIR

21 KIUMEHE - MENDFERR

BT BE AR S HEGHT X 2B E S 1
TEED, BETON TS EEROME T & 28
F— & BRI N TV B DI, 1964 FLIETH 5.
BIAELIE 13— O HHED] o>k IS - @) (DR
ICHIER, WEE VD) DETEC BBk, HEE T -4
DIk L TIRES LTV B, 2004 4F 9 H DK Y
DHIEH S DO E IS % Fig. 1 1IRd.

1964 fEL B o A I, A RIMENEIEE Fig. 2 1<K
. TR (1973 4F, 1982~83 4F) (cHUEEEL
Z WA D B3, BEAKDFEE L TW0is < T H L
EoZWH b & 2. iy 10 FH O HER LRI %
AHBE, 1998 Hip 5 1999 FFiThiF Tk, HIEREUZ D
TEWVIREET - 7o, 2002 FF%ED & (F a0 B IE &
5 bDDRPRELVIREN TV,

EEIOHIE I > W TIEERD SHEOREIC LD
AR, BRVEEQENITRODR TV, SRTTHE,
2002 4 4 ALK, EELoHE FEREIc>vwT, &
BNCER » S8R B L DI - 7. BRI,
AR (PHH, SHNHBITE 3EENOHE), BR (%

¢ :Camera

A Tilt meter
©:Seismic intensity meter
@:Seismograph

Onioshidasi
* ‘Infrasound monitor

¢35 Karuizawa
Weather
Station

Fig. 1.

Location of the observation points.

1 B S EEX.

e cERN oS 2ndbo, BRIRE SIT,
BH ! (EEM2ABEL0R03WEDEV) & BLH
(FEEWABBCRBBIVEW) s hTu
%.

Zh o OHIERIBIOWIEH % Fig. 3 12/R9. BUB|OH



2004 4F-O F R LI K O HIEEEE) & KT B & o AL 127
o Earthquakes
§2500 L | " L : II
5 2000
= 1500 Jdo n | | M|
g 1000 | I | T
8_. 508 i
= 1964 1968 1972 1976 1980 1984 1988 1992 1996 2000 2004
OZ Tremors
2 100 [* 11} ) 3 |
< |
= 50 t
o
2 o e
® 1964 1968 1972 1976 1980 1984 1988 1992 1996 2000 2004

Fig. 2. Monthly numbers of earthquakes (upper) and tremors (bottom) from January 1964 to December 2004.

Long and short arrows indicate middle and small eruptions. Monthly numbers of earthquakes in February
1973, September 2004 and October 2004 are 5621, 3811 and 2785, respectively. Monthly numbers of tremors

in February 1973, October 2004 and November 2004 are 188, 167 and 188, respectively.
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Fig. 4. Daily numbers of earthquakes from June 2002 to January 2005.

From the top to the bottom, type

A-earthquakes, type BH-earthquakes, type BL-earthquakes and tremors.
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Fig. 5. Temporal change in dominant periods of

BH-type earthquakes observed on NS com-
ponent at station B in the period from June to
September, 2004. The dominant periods started
to decrease around August 2004, before the
eruption on September 1, 2004.
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Fig. 6. Running average of the dominant periods of
type BH-earthquakes for 20 consecutive events
from June 2002 to January 2005.
notes the eruption of September 1 2004. The
dominant periods decreased in August 2004,
before the eruption.
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Fig. 7. Temporal change in dominant periods of
seismic events observed at station A. (a) The
eruption of October 2, 1982. (b) The eruption
of April 8 1983. Running average of 10 con-

secutive earthquakes. Periods declined before

both the eruptions.
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Fig. 9. Changes in ground tilt before the eruptions
observed at station F. (a) September 1, 2004,
(b) September 23, 2004, (c) September 29, 2004,
(d) October 10, 2004, (e) November 14, 2004.
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graphs are hourly numbers of earthquakes (total
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Fig. 10. (a) Ground tilt records. Upper: from
August 30 to September 2, 2 days before the
eruption, tilt change includes the effect of at-
mospheric pressure caused by a typhoon.
Thick line indicates the ground tilt to be caused
by a typhoon. Lower: ground tilt records from

June 21 to June 23, no eruption occurred in this

period, but tilt change includes the effect of

atmospheric pressure caused by another typhoon
which had almost the same track as the

September typhoon. (b)Typhoon tracks of Jun.

21 2004 (left) and from Aug. 30 to Aug. 31

2004 (right).

almost the same effect on the ground tilt at Mt.

These typhoons may have had

Asama.
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Fig. 11. Tilt changes vs. amplitude of air shock-

waves. Upper: total amount of tilt change and

lower: duration time of tilt change vs. amplitude
of air-shocks.
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