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Simply Rush in
Towards the Earthquake Source

R #E/A
Yoshihisa 11O

Synopsis

On the occasion of my retirement, I summarized the main seismic observations I have
been involved in. I started with the observation of micro-fractures in mines and
progressed to the observation of very small earthquakes. Advances in electronic
technology, especially the practical use of GPS satellites, made it possible to carry out
long-term observations in mountainous areas without a power source, which had
previously been impossible. In the Western Nagano Prefecture region, high-frequency
seismic observations with 10 kHz sampling and trigger method were started in 1995 and
continued until my retirement. From around 2008, a device named the "Manten System"
was developed in collaboration with a group of small and medium-sized enterprises in
the Kansai region. The Manten system can continuously record 250 Hz sampling for
more than half a year using about 32 single dry cell batteries. They were deployed in
western Nagano Prefecture, the central and northern Kinki region, the San-in earthquake
zone and the northern part of the South Island of New Zealand, in collaboration with
related research institutions. Some unexpected and remarkable earthquakes, such as the
2017 Kaikoura, New Zealand earthquake (Mw?7.8), occurred in all of the above
observation networks, and these observations provided important data on the process by
which intraplate earthquakes are generated.
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Fig. 1 Seismic observation network and photos at the Nakatatsu Mine. The lower middle shows an overall view

of the mine and a sectional view of part of the mine enclosed by the line with an arrow. Seismometers were

installed at 13 locations, based on the belief that microfractures would occur at the top of the face of the

cuttings (advancing gallery) at the deepest part of the inclined shaft, where dump trucks would ride directly

into the mine. The map of the area framed in red is enlarged at bottom left. The solid line shows the area

already excavated by 29 July 1983 and the dotted line shows the area excavated between 2 and 5 August. Plus

marks and error bars indicate locations of microfractures just after blasting and the microfracture with

aftershocks. The Photo (top right) shows the data recorder and amplifiers installed at point A, and the photo
(bottom right) shows the seismometer (L-22D) installed in the horizontal tunnel (-360 mL) (see lio, 1984a).
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Fig. 2 Seismic observation of the Joint Seismological Research in Western Nagano Prefecture. The left panel

shows the locations of dense seismic observation points and hypocenters (Horiuchi et al., 1992), modified from

Yukutake et al.(2010). The location of the array seismic observation is also shown by the dashed line. The lower

middle panel shows a depth distribution of hypocenters estimated by a permanent seismic network (Ooida et al.,

1989). The right photos shows observation instruments installed at the Otaki village.
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Fig. 3 Small seismic array (Kyodai-godo) of the Joint Seismological Research in Western Nagano Prefecture.

The upper left panel shows the locations of 7 seismic stations and the recording site (lio, 1991). The

rectangle is the estimated fault plane of the 1984 Western Nagano Prefecture earthquake. The upper right

shows examples of observed waveforms with magnitudes from -1.4 to -1.0 at No.4 station. The lower photos

show the seismometer, cables, cable bobbins and the recording system.
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Fig. 4 Seismic observations with a hydrophone at a
borehole (OT-03) drilled by NEDO (Nedo, 1988). The

lower figure shows the Ilocation of 1000m-class
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boreholes; stress measurements using core samples by
Yamamoto et al. (1990) are also shown (directions of

principal stresses are assumed).
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Fig. 5 Locations of seismic observation stations and earthquake hypocenters in the Western Nagano Prefecture

region, Japan (modified from Nogi et al., 2021), and photographs showing observation scenes. 10 kHz: 10 kHz

sampling stations; Manten: Manten stations; Permanent: permanent stations (Nagoya University, National Research

Institute for Earth Science and Disaster Prevention). The source fault and hypocenter of the 2017 Southern Nagano

Prefecture earthquake (M5.6) is projected on each section. The point marked 1984 is the same location as the station

installed immediately after the 1984 Western Nagano Prefecture earthquake. Upper right: seismometers (L-22D);

middle right: situation near the observation point; lower right: data logger and batteries.
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Fig. 6 Photograph of a forest road leading to
observation stations near the immediate vicinity of
the low velocity anomaly area. Above: point where
bear grass covers the road but it is still passable by
car. Bottom: forest road impassable by car due to

overgrowth of bushes.
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Fig. 7 Installation view of Manten seismic stations and distribution of seismic observation stations. Top left:

installation of Manten seismic stations. Middle left: recording equipment being adjusted. Bottom left: installation

completed; The seismometer and recording equipment are covered. Top right: distribution of Manten stations installed
in the Kinki region, with the epicenter areas of the 1995 Hyogo-ken Nanbu (Kobe) earthquake and the 2018 Northern

Osaka Prefecture earthquake circled by blue lines. Bottom right: distribution of Manten stations in the Shimane and

Tottori regions, with the epicenter areas of the 2006 Central Tottori Prefecture earthquake and the 2018 Western

Shimane Prefecture earthquake surrounded by blue lines; stations are densely located near the aftershock zone of the

2000 Western Tottori Prefecture earthquake.
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Fig. 8 Distribution of aftershocks, observation stations and observation views of the 2018 Northern Osaka

Prefecture earthquake (lio, 2017). Observation points are indicated by different markings, depending on the

instrument used: 0.1 Manten instruments (until 2018), 0.1 Manten instruments (until 2021), online observation

points, 0.1 Manten systems replaced by Manten systems, and Manten stations in operation since 2009. The blue

rectangles are the mainshock fault planes estimated by Earthquake Research Committee (2018). ATL:

Arima-Takatsuki fault zone. Ikoma F.: Ikoma fault zone. Photographs show the installation of 0.1 Manten system

and after installation at the Sonjyu-ji temple (OT72) in Takatsuki.
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