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Abstract

Fireballs, which are caused by high-velocity passages of meteorites through the atmosphere,
generate shock waves. It has been known that such shock waves are often recorded on seismo-
grams. [t is possible to determine the trajectories and the sizes of a fireball using seismological
records.

We have searched shock wave signals from many bright fireballs observed in the period from
September 1996 to November 1998, and the 1999 Kobe meteorite. The shock waves from one large
fireball, which is called the Miyako fireball, and the Kobe meteorite are clearly recorded on many
seismograms. In particular, the shock waves from the former fireball are widely recorded by the
dense seismic array of 1997-98 joint seismic observations in the Tohoku Backbone Range. We
determine their trajectories. Amplitudes of the shock waves are found to be possibly correlated
with the masses of the meteorites. It is also indicated that the shock waves from fireballs, which are
darker than brightness magnitude —10, are too weak to be recognized on the seismograms of
ordinary seismic stations in Japan.
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Table 1. List of fireballs and magnitude of bright-
ness. +:shock waves were detected. —:shock
waves were not detected. ?:shock waves were

uncertain.
(yy.mﬁfl)l]:.i:; IST) Magnitude of brightness | Shock wave
96.01.07.16.20 Tsukuba Meteorite -15> +
96.09.12.21.56 -6
96.10.20.04.42 -6
96.10.24.21.50 -10 ?
96.11.04.00.20 -8
96.11.14,22.01 6
96.11.17.01.36 -6
96.11.17.04.07 7
96.11.17.05.10 5
96.11.30.16.57 -10
96.12.03.20.20 7
97.01.29.21.52 6
97.03.19.00.36 -5
97.03.24.18.58 7
97.03.28.19.00 5
97.08.29.23.55 6
98.03.30.03.20 Miyako Fireball -10 +
98.10.28.17.30 -14>
99.09.26.20.20 Kobe Meteorite -14> +
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Fig. 1. Characteristic waveform of_ the shock wave.
It was recorded at SAW (Sawauchi, 39.40300°N,
140.77200°E, 280m) seismic station for the Miyako
fireball. Origin time of this graph is
1998.03.30.03.20.00.JST.
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Fig. 2. Expression of a fireball path with respect to a
Cartesian coordinates system.
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Fig. 3. Isochronal lines of the shock wave front
arrival and the distribution of seismic stations for
the Miyako fireball.
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Table 2. Trajectory parameters

of the

Al

Miyako

fireball Path. The origins are (39°N, 141°E, 0) and
1998.03.30.03.23.00.JST.

Parameter Value 68.3% confidence interval
v 20 km/sec 14~29 km/sec
Xq -85 km -87~-82 km
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Table 3. Trajectory parameters of the Kobe meteo-
The origins are
1999.09.26.20.21.00.JST.
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Fig. 4. Comparison of calculated arrival time with
observed arrival time of the Miyako fireball’s shock
wave. Origin of this graph is 1998.03.30.03.23.00.JST.

URRIER R AT, &85 2 — s 0oy —FEEIIZ, db
3R 141I°EHE O m, 19984E3 H 30 H 385234
00 Fp2RIEEL LT, vicoWTIE 10~60km/sec, x0 I
SWTIE—120~—70km, yolcDWV T 180~280 km,
7ITDWTIE 95~120°, B ITDW\WTIE 10~20°, tolzDW
Ti3—300~—50sec TH 3. ZDFEHE, Table2 DLk D
IRREER /N5 A — S BRU  HEEHIC K 5 683 /v —& v
r OEFXENKD St £z, Kvohio s 2 —
i & R BB R & SRS R O%
3, FFREIAVTORVEREED TR —BLTL
% (Fig. 4).

5. #FBEA

1999 £ 9 A 26 H 20 15 20 43 (JST) @ =, EHEEME
TR OFEDEREE XKL, BEAET L. BHAR
TROKFEBALROEATHY, EINShZEAROE
EIIAFH136 'S5 4 TH B, HATRYID TE T
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Fig. 6. Comparison of calculated arrival time with
observed arrival time of the Kobe meteorite’s shock
wave. Origin of this graph is 1999.09.26.20.21.00.JST.
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Fig. 7. Observed amplitudes of the shock waves for
three fireballs. The abscissa is the time in seconds
from to.
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