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“Monochromatic Earthquake” of
the Eastern Part of Hokkaido

By Takeshi MATSUSHIMA
Department of Geophysics, Faculty of Science, Hokkaido University
( Received November 17, 1986)

On July 23, 1985, an earthquake occurred at the eastern part of Hokkaido. Many seismic stations
in the eastern half of Hokkaido recorded monochromatic waves associated with this earthquake due
to which oscillations were continued at most stations for 1 to 3 minutes.

The monochromatic waves were also observed by chance with a temporary seismic array stations
which had been spread to observe microtremors at a site in Tokachi plain in the central Hokkaido.
The power spectrum of the waves calculated for a station in the seismic array provided a sharp peak
at a frequency of 0.5 Hz. From the frequency-wavenumber spectra calculated for the temporary
seismic array stations the phase velocity of the monochromatic waves for the predominant frequency
was determined to be 0.95 km/sec, which agree well with the phase velocity of the fundamental mode
of Rayleigh waves to be estimated for the underground structure beneath the seismic array stations.
The fact that the monochromatic waves were recorded at many stations means that the waves were
generated by neither the effect of the underground structure beneath the seismic stations nor that of
the propagation paths; the source of the earthquake itself could generate the monochromatic waves.

The epicenter of the earthquake determined using P-and S-wave arrival times was located near
the lake Kussharo around which there is active volcanism.

In two and half minutes after the first earthquake, the second earthquake occurred. For the
second one, no monochromatic waves were observed in the seismograms at those seismic stations,
while P-and S-wave portions of the earthquake have almost the same amplitude as those of the first
one.
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Fig. 1.
Shimootofuke, Otofuke-cho. Numbers
indicate the observation points. The location
of Shimootofuke is shown in Fig. 11.
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Fig.2. Seismograms observed with the seismic array. The trace numbers correspond to the station

numbers in Fig. 1.
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Fig. 3. Running power spectrum of the waves observed at station 2 of the seismic array. Contour intervals
are 5 dB. The spectrum is calculated every 10 second using the Maximum entropy method for each 256-
point record with sampling intervals of 0.1 sec. Note that a sharp peak at 0.5 Hz in the spectrum
continues for more than 4 minutes.
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Fig.4. F (frequency)-K(wavenumber) power spectra at a period of 1.97 sec for four consecutive time
windows. The spectra are calculated for 512-point records with sampling intervals of 0.1 sec. Contours
are— 1dB with respect to the maximum.
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Fig.5. F-K Power spectra at four different wave periods. The spectra are calculated for 2048-point
records with sampling intervals of 0.1 sec. The contours are drawn in the same way as in Fig. 4. The
most clear peak of high energy is due to the coherent wave with a period of 1.97 sec which propagates
through the array from a direction of N55° E with a velocity of 0.95 km/sec.
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Fig.7. Seismograms of the event recorded at stations of the Research Center for Earthquake Prediction
of Hokkaido University (RCEP)., Locations of the seismic stations are shown in Fig. 11.
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Fig.8. Seismograms of the event recorded at stations of Japan Meteorological Agency (JMA). Locations

of the seismic stations are shown in Fig. 11. The first breaks of the earthquake at each trace are
truncated.
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Fig.9. Three-component seismograms recorded at Meakandake (JMA). Traces of two earthquakes are

shifted to align the first arrivals.
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Fig.10. Wadachi diagram for the first earthquake (closed
circles), and the second earthquake (open circles). The slope
of a straight line to approximate these circles is 0.52.
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Fig.11.  Map showing the epicenter of the earthquake (circles), and locations of seismic stations. Open
triangles indicate JMA'’s stations, and solid triangles, those of RCEP and Faculty of Science, Hokkaido
University. A solid square is the location of the seismic array to which an arrow showing the direction
of the waves approaching is attached.
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