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EARTHQUAKE INDUCED DEBRIS FLOW AND LANDSLIDE IN THE
IWATE-MIYAGI NAIRIKU EARTHQUAKE IN 2008, JAPAN
Motoki KAZAMA 1, Ryosuke UZUOKA2 and Tomohiro MORI3
ABSTRACT
We conducted a geotechnical site investigation for earthquake induced debris flow and large landslide
during the earthquake on June 14, 2008. An earthquake of magnitude 7.2 hit a volcanic mountain area of
northern inland Japan. As a result of the earthquake, a landslide of 1.5 million m3 generated near the top
of the mountain became a mud flow and descended 10km. The geomorphic characteristics of the mud
flow are reported. Another huge landslide was generated upstream near the Aratosawa dam. It was about
1 km in length, about 700 m in width, and a sliding mass of about 67 million m3 slipped about 320 m.
The geological features, the time series of the slide and the cause of the slide are also discussed.
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INTRODUCTION
An earthquake of magnitude 7.2 hit an inland volcanic mountain area in the north of Japan on June 14,
2008. A total of 23 people were dead or missing due to this earthquake, which also caused many
landslides, debris flows and created natural dams. In this paper, the features of the geotechnical disaster
caused by the earthquake are reported. Detailed data has been summarized in the form of an investigation
report (2009).
Geological Features of Damaged Area
Figure 1 shows the geological map of damaged area. The Kurikoma-mountain at the focal region of the
earthquake is an active quaternary volcano, and is part of the quaternary volcano front in north Japan. The
basement rock of this volcano consists of pyroclastic rocks, such as sedimentary rocks and tuffs and new
tertiary welded tuffs. The details of the stratigraphy of the volcanic material are shown in the literature
(Fujiwara et al., 2001). A massive lava distribution covers the base tuff directly in the source part of the
debris flow in such sites as the Dozou and Ubusume rivers near the top of Mt. Kurikoma. The thick break
line in Fig.1 shows the surface of the earthquake fault. It is a reverse fault with a compression axis that
slipped north westward from the southeast and the epicentre was 8 km below the surface. The slope
failures are shown in the figure as marked. The hatched region indicates where the slope failure was
concentrated. It can be understood that most of the slope failure was generated by the peripheral zone of
massive lava on the upper side on the fault. Moreover, numerous slope failures were generated along the
Hasama river in Miyagi Prefecture south of the earthquake fault, and it is likely that the rupture process of
the earthquake source fault is related. Nevertheless, the influence of weak geological features piled up in
the old caldera cliff cannot be overlooked
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Figure 1. Geological map, surface fault and slope failure points around damaged area.
Outline of Geotechnical Earthquake Disaster
Figure 2 shows the satellite image of the damaged area taken by JAXA (Japan Aerospace Exploration
Agency) on 2008/7/2, 18 days after the earthquake event. It was taken with the cooperation of emeritus
Prof. Yokoyama of Iwate University. The numerous brown regions are indications of the many slope
failures which occurred. In the central region of the figure, two stripe type failures can be identified. They
are the traces of debris flows. The largest one was called the Dozou-sawa debris flow. In the lower part of
the figure, an oval type failure can be identified. It was called Aratosawa large landslide, and it is located
upstream from the Aratosawa dam. In the upper right hand side of the figure, a natural dam caused by the
earthquake can be identified. It was called the Ichinonobara river channel closed point. There is a KiK-net
west-Ichinoseki station near the river closed point. The strong motions recorded at the observation site are
provided later. In addition to the failures mentioned here, the satellite image indicates that the slope
failures tended to be generated south of the fault rather than north of it. Some of the slope failures facing
the river closed the river channel and dammed it up.
Earthquake Motions Observed
Figure 3 shows the strong motion records observed at the KiK-net west-Ichinoseki station (IWTH25). The
station is located just at the source region. The PGA (peak ground acceleration) were 3866 cm/s2 in updown components and over 4G combined with a horizontal component, which was the strongest ever
observed in Japan, according to PGA records (Aoi, et al.,2008). However, the PGV (peak ground
velocity) was not so large; the dominant frequency component was relatively high compared to other
severe earthquakes. This explains why the damage to structures influenced by the vibrations was slight.
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Figure 2. Satellite image on 2008/7/02 (18 days after the earthquake), after Japan Aerospace
exploration agency (JAXA) and remote sensing technology development laboratory of Iwate
University.

Figure 4a) shows a pseudo velocity response spectrum of the records observed. It can be
understood that the seismic action to structures with a natural period from 0.5 s to 2 s of the
IWTH25 record was rather small compared to that observed during the Kobe earthquake. On the
other hand, the seismic action to structures with a shorter natural period than 0.5 s on the
IWTH25 record was larger than in the Kobe earthquake. This result indicates that short period
motion was more critical to the stability of natural slopes composed of rock and decomposed rock
mass, compared to artificial structures with relatively long natural periods. However, it is not
possible at this point to clarify the frequency at which slope failure occurs.
Figure 4b) shows the yield seismic coefficient spectrum of the strong motions observed. We can
perform a sliding block analysis to obtain the residual displacement as well as the maximum
velocity response using the strong motion records. In a sliding block analysis, the residual
displacement is influenced by the natural period of the sliding block mass and yields the seismic
coefficient against the amount of sliding as a spring-slider-mass system. The yield seismic
coefficient is the required resistant yield strength against sliding, which resulted in 10 cm of
residual displacement (Sawada et al., 1998). From the figure, it can be seen that the observed
motion is very severe considering the short period structures of less than 0.5 seconds of the
natural period.
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Figure 3. Ground surface strong motion records observed at the KiK-net west-Ichinoseki
station (IWTH25).

Figure 4. a) Comparison of pSv of the records at KiK-net IWTH25 with other strong motion
records. b) Comparison of the yield seismic coefficient spectrum, ditto, after Goto (2008).

The slope receives static gravitational force before the earthquake acts, and the soil and the rocks
resist it. That is, initial shear stress is already being applied. The rock endures the large initial
stress because it has larger shear strength than the soil and even in steep the slope of rock is
stable. However, large strength rocks and soils tend to be cause brittle destruction, and the issue is
whether the external force exceeds the threshold. In that sense, the most important concern with
regard to the rock and soils in steep slopes is the extent of the shearing strength.
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DOZOU-SAWA DEBRIS FLOW
A debris flow was generated by the collapse generated on the slope where it faced Dozou-sawa near the
top of east Mt. Kurikoma. The scale of the collapse of the source area is estimated to be about 30 m in
thickness and about 1.5 million m3 of debris was involved in the collapse, with a maximum width of about
300 m and a maximum length of about 200 m,, according to the Geospatial Information Authority of
Japan (GSA, 2008). This is the largest scale mud flow due to an earthquake in Japan since the Naganoken Seibu earthquake in 1984.

Figure 5. Route of debris flow and amount of pilled up soils estimated.
Figure 5 shows the route of the debris flow and estimated amount of piled up soils. The photograph on the
upper left side shows the source of the slope failure. It is particularly worth noting from the photo that the
collapsed soil went over the ridge on the opposite bank, and that the lower side of the snow gorge, the
lower left part is covered by mud splashes and is brown. The rock and the soil mass of the mud flow
appear to have contained a considerable amount of water at the time of the collapse, and behaved like a
liquid. Past experience of mud flows triggered by earthquakes have taught us that they become mud flows
regardless of whether there has been rainfall or not.
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Once it became a mud flow, it descended along the river channel to a hot spa hotel (Komanoyu) at an
elevation 800 m below the source of the failure. Seven lives, including two persons who were missing for
an entire year before being discovered, were lost in the hot spa hotel. Since the river, which should have
been the natural path of the mud flow, was buried by the collapse of the slope in the bank opposite the hot
spa, the mud flow changed course and proceeded in the direction of the hotel. The mud flow reached the
hot spa about ten minutes after the earthquake, according to the testimony of one survivor. Therefore, the
average velocity of debris flow can be estimated to have been about 30 km/h. The hot spa hotel before
and after the event are shown in Photos 1 and 2. The second floor of the two story house remained. The
house moved about 50m upstream and rotated. The mud deposit was so soft that it was impossible to
walk. Only two very tall trees which were in front of the house remained. A large amount of gigantic trees
and large rock masses, all covered with mud, were included in the deposits that piled up at the hot spa
hotel site. We investigation team could reach there until four days later with the support of the SelfDefense Force of the Japanese Government.

Photo 1. a) Komanoyu hot spa hotel before earthquake (2003, taken by Mr. T. Hayakawa )
b) just after the earthquake (2008/6/14 11:24, 2.5 hr later taken by Mr. Iizuka)

Figure 6. Elevation and distance along the route of debris flow. (after Fukken Gijutsu
Consultant Co. Ltd.)
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The mud flow exceeded the hot spa, and flowed to the Gyoja waterfall about 5km downstream. The
relation between the difference of elevation and distance is shown in Figure 6. The amount of soil piled
up at the hot spa was calculated to be about 650,000 m3 by comparing the geographical maps before and
after. Similarly, about 500,000 m3 was estimated to have piled up at the Gyoja waterfall. The extent of
piling at both points was very high because the river channel was buried due to a slope failure in the
vicinity. It is worth noting that the area at the source of the collapse and the bank which collapsed
opposite the hot spa have been identified to have original landslide topography.

EARTHQUAKE INDUCED HUGE LANDSLIDE
Overview of the Landslide
A huge landslide was generated in the Aratosawa dam at an upstream site during the earthquake. It was
about 1.3 km in total length, about 900m in maximum width, and the distance of the main slide was about
320m. The amount of movement mass totaled approximately 67 million m3, and the landslide scarp was
148 m in height. Figure 7 shows the outline of the landslide and the aero-photograph. It can be seen that
the block of the center slips as if it were a rigid body and stops once it hits the mountain on the southeast
side. The road has been left on the sliding mass as it was.

Figure 7. Outline of the Aratosawa landslide and aero-photograph 10)
Relation to the previous Landslide History
Figure 8 shows the Digital Elevation Models (DEM) before and after the earthquake. It is easy to identify
the landslide scarp topography. This landslide happened in a zone which had been identified as landslide
topography before the earthquake. However, the slipping portion is not entirely consistent with past
movements. According to the investigation by a geologist (Chiba et al., 2008), an old large scale landslide
is thought to have occurred about 40,000 years ago. In general, it is considered rare for an earthquake
induced landslide to be generated at a location with traces of an old landslide topography. The mechanism
of earthquake induced landslides is considerably different from that of landslides which occur during the
usual snow melting period.
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Landslide Induced Tsunami
Part of the 1.55 million m3 of the movable body of this landslide flowed into the dam lake, and the water
level of the dam lake rose by about 2.4 m, and a 2.5m tsunami wave was generated. According to
witnesses, part of the generated tsunami overflowed the spillway on the right bank of the dam. Moreover,
the tsunami continued up the small river flowing into the dam lake at the right bank side and moved an
upstream bridge girder by about 80 m. However, the damage to Aratosawa dam, which is a rock fill dam
of a central core type of high 74.4 m, due to the earthquake by the shaking was small: only about 20cm of
subsidence occurred in the rock-fill part.

Figure 8. Digital elevation model of Aratosawa landslide. (after Miyagi prefectural Gov.)
Formation of Landslide Zone and Surface of rupture
After the earthquake, details of the landslide’s geographical features were investigated by related
organizations. Figure 9 shows the layer composition that appeared in the landslide scarp, from the top,
the welded tuff, the pumice tuff and an alternation layer of siltstone and sandstone. It is inferred from the
soil profile investigation that the surface of rupture was located in the alternation layer of siltstone and
sandstone, and the angle was about 2.6 degrees, as is shown in Figures 10 and 11. The stratum thought to
be the surface of rupture was sampled, and a series of mechanical soil tests were executed.
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Figure 9. Layer composition appearing in the landslide scarp.
Treatment after Landslide
For the restoration work of the dam function, the movable bodies were monitored after the earthquake
with no additional large deformation observed, and the dam appeared to remain stable after the
earthquake. Even so, because a 5 m vertical gap was found at the backside of the scarp, some of the
backside soil was removed in order to reduce the possibility of further slippage. To prevent the earth
from flowing into the dam lake, slope stabilization work was done in the portion facing the lake.

Figure 10. Cross section of the landslide.

Figure 11. Presumption of the angle of slide surface (after soil investigation by government).
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Presumption of Time Series of Landslide
Even though the time series of the sliding mass movement was uncertain, the seismological data has
provided the clue to understanding the timing of the events. Figure 12 shows the strong motion records
observed at the KiK-net IWTH25 under ground, at the audit passage in Aratosawa dam and in Kurikoma
dam. The time axis is matched and displayed for comparison purposes. The scale has been changed from
40 to 160 seconds and also to units of up to 40 seconds so that the aftershocks following the mainshock
can be identified clearly. As the detailed locations of the observation points show in Figure 2, the
Aratosawa landslide was a distance of about 13km north of the KiK-net IWTH25, the Aratosawa dam
was about 1km south, and the Kurikoma dam was about 6km east. If the seismograph picked up the shock
waves caused by the sliding mass hitting opposite side bank, the amplitude surely would have become
larger and the waves would have appeared earlier in the short distance to the landslide site. If the
transmitting velocity of the shock wave is assumed to have been three km/s, the waves would appear first
in the Aratosawa dam region, and then at Kurikoma dam after two seconds, and appear in KiK-net
IWTH25 after four seconds. It is understood that the wave group of D, F, and K of the figure almost
satisfy such requirements when examined closely. According to these records, the block that started to
slip due to the main shock slipped for about one minute if the wave group of D is attributable to the
impact of the slide on the opposite bank. It moved by an average velocity of about 20km, considering that
it moved 320 m in 60 seconds. Further examination is necessary to ascertain the likelihood of this:
the frequency content of the wave group needs to be examined and the orbits of the particle motion of the
ground need to be taken into consideration.

Figure 12. Comparison of strong motion observed at the Aratosawa dam, Kurikoma dam and
KiK net IWTH25 station
Influence Factors to the Landslide at the Earthquake
To discuss the cause of long distance sliding, we have conducted a sliding block analysis using the strong
motion records observed at the audit passage in Aratosawa dam (Matsui, et al., 2010). In the analysis, the
landslide was idealized as a rigid body placed on a slope which was supported by a spring and a slider,
and the effective stress reduction of the sliding surface material due to cyclic loading was considered. The
influence of the up-down component of the earthquake motion to the sliding was also considered. As a
result, it has been understood that the predominant factor in sliding is the effective stress reduction in the
residual state, in other words during sliding. If the effective stress doesn't decrease to 6% or less of the
initial stress, it was found that sliding of 300 m or more on low angle slopes of about two degrees does
not occur. It has been found that the key issue affecting the slide is the extent of the drop in effective
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stress. On the other hand, from the shear test of soils as a sliding surface material, large effective stress
reductions could not be explained. The mechanisms of landslides triggered by earthquakes, and the causes
of such long distance slides require further investigation.

CONCLUSION AND REMARKS
In this paper, we have reported on the geotechnical disasters generated in the 2008 Iwate-Miyagi Inland
earthquake. The conclusions of this report can be summarized as follows:
(1) An earthquake of magnitude 7.2 hit a volcanic mountain area of northern inland Japan. The maximum
acceleration recorded at the observation site on the source region was over 4G as a combined value. It
is the highest PGA on record in Japan.
(2) A landslide of 1.5 million m3 generated near the top of the mountain became a debris flow and
descended 10km. The geomorphic characteristics of the mud flow are reported.
(3) A huge landslide was generated upstream at the Aratosawa dam. It was about 1 km in length, about
700 m in width, and a sliding mass of about 67 million m3 slipped by about 320 m. The angle of the
sliding surface was estimated to have been about 2.6 degrees. The possible causes of such a large,
long distance slide were discussed.
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