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Avalanche Tremors Detected by Seismometers
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Tremors due to avalanches were investigated for the purpose of discriminating them from natural
earthquakes and understanding the nature of avalanches. In January, 1986, we have obtained many
seismometric records of avalanches, small and large, which occurred near the seismic station NU]J,
Nou Town, Niigata Prefecture.

Among them, the powder-snow avalanche of January 26 at Shimamichi was the largest one that
provided us with the direct information about the ground motion caused by a great snow stream
nearby. Prominent phases on the avalanche seismogram are considered to be generated either by
great changes in gradient of the slope or by the topographic asperities on the way. Based upon this
interpretation, we have estimated the velocity of the snow stream and its impact on the ground
surface. The final velocity is 45 m/s, which is comparable with the fluid model of avalanche proposed
by VoeLLmy (1955). The force exerted on the ground is 1.2X10'® dyn with a duration time of 0.033
sec for the first prominent impulsive motion.

Besides the above event, we have identified 22 avalanche events which occurred from January 22
to January 26. Time series of these events showed forerunning activities of small avalanches before
a large one.

Another typical avalanche occurred on February 6, 1984, about 4 km away from the NU]J station.
The waveform of this event resembles that of a teleseismic event with an $-P time being about 30 sec.
However, we are able to discriminate the records of avalanches from those of earthquakes since the

former have the ambiguous first motion and the unusually short duration of coda waves.
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Fig. 1.

Topographic map of the region concerned. Triangle indicates the NUJ station. The places of

avalanches are indicated by X, which were confirmed by air photo obtained four days after the

Maseguchi avalanche of January 26, 1986 [after TakAHAMA el al.

(1986)]. Dotted areas show the

occupied regions of the Maseguchi and Shimamichi avalanches.
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Fig. 2. (Upper) Topographic map around the Shimamichi Mineral Spring together with the extent of the

trace of the avalanche of January 26, 1986.

Arrows show the direction of the flow. (Lower)

Topographic cross section along its travel route [reproduced from Izumi and Kosayaski (1986a)].
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Fig. 3. Vertical component seismogram of the avalanche that took place at 20 h 25 m Jan. 26, 1986, along
the valley in Shimamichi, Nou town, near the station NUJ. The phases X,, and X; are estimated to be
originated at the places P, and P; in Fig. 2, respectively.
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Fig. 4. Amplitude buildup of seismogram cal-
culated by the simple moving source of the
avalanche motion. The source approaches
downstream to the observation station (tri-
angle on the top figure). Source step func-
tions with the same height are assumed at
every points along the slope (See the top
illustration). 7o, v and ¢ denote the distance,
velocity of snow stream and lapse time, re-
spectively. Dotted curve indicates the nor-
malized time function /wvt/r,, which is the
result of simple summation of random
waves. Stepwise increase of the amplitudes
on avalanche seismograms cannot be ex-
pected from these monotonously increasing
resultant amplitude functions.
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Fig. 5. Theoretical ground velocity due to
upward vertical force exerted at the free
surface for the case of CsT/r=0.2; Cs: S wave
velocity, T: duration of the source time func-
tion, - hypocentral distance [after MooNEY
(1974)]. Vertical component Rayleigh wave
(solid line) and P wave(dotted line with the
amplitude multiplied by 10) are shown in an
arbitrary amplitude scale. The polarity of
the actual avalanche motion should be re-
versed, since the force is exerted downward.
The reversed waveform is comparable with
the X, phase in Fig. 3.
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Fig. 6. Tremors due to avalanches that took place before the large avalanche (No. 23) shown in Fig. 3.
The largest event (No. 12) in this figure has similar phases as the No. 23 event.
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Fig. 7. Avalanche motion which is similar to the No. 23 event.
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Fig. 8. High frequency tremors due to avalanche that took place in the vicinity of the NU]J station.
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Fig. 9. Avalanche tremors with low frequency components. These events are considered to be originated
at relatively long distances of about several kilometers from NU]J.
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The top figure shows the snowfall observed at a nearby
meteorological station [NiSHIMURA et al. (1986)).
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Record of earthquake-like tremor (top) caused by a large avalanche that originated at Otaira,

Itoigawa city, about 4 km southwest of the station MU]J (See Fig. 1). Two seismograms from a natural

earthquake are also shown (bottom).
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Fig. 12. Anexample of vertical and horizontal (NS) component records of tremors caused by small-scale
movements of snow. This event occurred in the vicinity of the HRG seismic station.
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