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Part of the deep-seated gravitational slope deformation features (DGSD) was recently indicated to
be precursors of large-scale landslides, whereas part of them has been stable for more than 10,000
years. Discrimination between them is important to mitigate the landslide disasters, but impossible
today, because of scarcity in case studies of DGSD. Ridge-top depression and landslide dammed-lake
occur in the Tsuenomine area, Kumano City, Mie Prefecture. They are covered with sediments, and
their basement structures are unclear. In order to clarify the structures and development history
of DGSD and related landslide phenomena we conducted drilling, electrical and seismic surveys of
these topographic features. The two cores drilled at the ridge-top depression are 7.5 and 9 m in
depth, and are composed of ca. 1 m thick carbonaceous mud at the top, ca. 5 m thick gray to
yellowish brown mud in the middle, and mud with clasts probably deposited on the basement in the
lowermost part. Three horizons, 0.8, 4.3 and 7.7 m in depth, of tephra are identified as the
Aira-Tn (28-30 ka), Kujyu-Daiichi (50 ka), and Kikai-Tozurahara (95 ka) tephra, resptectively. The
sediments accumulated in the landslide-dammed lake are cored until ca. 7.5 m deep, but could not
reached to the basement. Together with the ca. 2.5 m thick surface exposure, the ca. 10 m thick
lake sediments consist of upper massive yellowish brown mud and lower similar mud with basement
rock clasts. They yield reworked volcanic glasses derived from Kikai-Akahoya tephra (7.3 ka) at all
horizons. The electric and seismic surveys are performed along the two lines perpendicular to the
ridge, and one line parallel to the ridge on the ridge-top depression. Same surveys are also
conducted along the two lines perpendicular to the river, and one line parallel to the river on the
landslide-dammed lake. The results of the both surveys are consistent and indicate that they are
effective to discriminate the basement rocks from the landslide deposits, and sediments accumulated
in the ridge-top depression and the dammed lake.
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Gravitationally deformed landforms in Tokugotoge Pass and Mt Otakiyama area, in the southeast of
Kamikochi, Northern Japan Alps are examined on the precise topographical maps by the airbone LIDAR
data.Continuous double ridges which are aligned 100-300 m in distance are the feature in the area.
Ridge top depressions-double ridges do not necessarily correspond with the ENE-SWS geologic trend
of the Mino Belt but accord with the existent topography, which shows that the gravitational
deformation started after the formation of main topographic framework in this area. The main ridge
is asymmetric, that is the southeast side is steep slope and northwest side is gentle. In the
middle of the slopes, micro landforms such as uphill-facing scarplets, middle-slope small breaks,
and vague downhill-facing scarplets are recognized, which suggest gravitational deformation. They
develop in the limits less than 150 m in southeast side and 300 m in northwest side relative height
from the main ridge, which is interpreted that deep-seated gravitational deformation proceeds
northwestwards i.e dip direction of strata. Though clear landslide landforms cannot be recognized,
arch-like drainage of the characteristic landslide landform and traces of rapid landslide are
developed. Landforms in this area indicate the geomorphic process of the beginning of areal
gravitational deformation, succeeding localization, and changing to landslides.
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A lot of huge granitic rock clasts are located on the bank of Dondokosawa River in the east of
Mount Ho-ou, the Akaishi Range, central Japan. Radiocarbon ages of tree trunk samples buried in the
sediment around the river imply that the giant clasts were originated from a gigantic rock
avalanche, and formed natural dams in the ninth century (Kariya, 2012, TJGU, 33: 297-313). In this
study, we performed oxygen isotopic dendrochronology analysis in order to reveal the inducement of
this ancient rock avalanche and the depositional process of the clasts. The sample for dating
(DDK03) was a disk-cut fossil wood log of Japanese cypress (Chamaecyparis obtusa; ca. 50 cm
diameter, and ca. 400 years old estimated by counting annual rings) that was found one meter below
the surface of the lacustrine sediment in the Dondokosawa natural dam. Cellulose was extracted
directly from a thin wood plate (1 mm thick and 1 cm wide) that was sliced parallel to the butt end
of the disk. 53 cellulose rings at the outer most part of the disk were dissected out and their
oxygen isotope ratios were measured with the combined instrument of a pyrolysis-type elemental
analyzer and an isotope ratio mass spectrometer, installed at the Research Institute for Humanity
and Nature, Kyoto, Japan. We compared the inter-annual variations in oxygen isotope ratios of
cellulose for DDK03 with those of predated master chronologies made for the Kiso-hinoki cypress,
and determined that DDK03 died at AD 883+x (1 < x < several years). 
On the basis of radiocarbon age of 809-987 CalAD (2-sigma) measured for another tree trunk sample
at the same outcrop (DDK-D: Kariya, 2012), four candidates of paleoseismic events can be listed in
existing documents (e.g., Usami, et al., 2013, Materials for Comprehensive List of Destructive
Earthquakes in Japan, 599-2012, Tokyo University Press), such as earthquakes at AD 841 in Shinano
area, AD 841 Izu, AD 878 Kanto resion, and AD 887 Goki-Shichido, if it is assumed that the rock
avalanche was induced by strong ground motion from a large earthquake. Oxygen isotopic
dendrochronology age of DDK03 (AD 883+x), however, narrows the four candidates down to a single one
of the AD 887 Goki-Shichido earthquake. This is consistent with Kariya et al. (2014; JPGU 2014,
HDS29-P01); they performed conventional dendrochronology of the same DDK03 sample with the use of
the fluctuation pattern of tree ring width and microscopic observation of cell structures of the
outer most tree ring, and concluded that DDK03 died in the late summer of AD887 and that slope
movement related to the rock avalanche might have been caused by the AD 887 Goki-Shichido
earthquake. 
This study was partly supported by the 2015 open grant of Japan Society of Erosion Control
Engineering.
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Numerous numbers of slope movements were induced by the great Kanto Earthquake in the west of
Kanagawa prefecture. One of them made a landslide dam and a lake, Shinseiko, which means a lake
made by an earthquake. That lake still remains as a part of a park. That landslide was surveyed by
Terada and Miyabe (1932) but its internal structure has never been known. We confirmed that the
shape of head and frank scarps keeps their original shape and made two ca 30-m long drill holes
aligned on a slope line 20 m away from the right frank scarp. The drilling results and the field
survey around the landslide strongly suggest that the sliding surface of this landslide is in the
Tokyo Pumice (Hk-TP, hereafter TP) about 17 m below the ground surface. 
The top of the two drill holes had an 8 m of difference in elevation. The higher one penetrated 17
m of brown volcanic soil from the ground, TP with 1.3 m thickness, then Miura Pumice (Hk-MP,
hereafter MP) 1.4 m below it. The lower drill hole penetrated 10 m of black and brown volcanic
soil, 7 m of pumice flow (Hk-T(pfl), hereafter TPfl), 1.9 m of TP, then MP. These occurrences draw
a geologic profile, in which TP is subparallel to the slope surface and approaches the foot of the
head scarp. TP was observed to be involved in the landslide mass in the base of the mass at the
downstream face of the deposits on the Ichiki River. Pumice grains of TP and TPfl in the drill
cores and in the landslide mass were weathered and weak, while those on the river bed of the Ichiki
River were fresh and hard. 
High-resolution DEMs obtained by the airborne LiDAR suggest that there are many other remnants of
landslide with a planar base, where the materials are all went out. Their sliding surfaces could be
along TP, which could have been undercut, judging from the distribution of the TP outcrops. 
TP erupted from the Hakone volcano 60 to 65 ka (Machida and Arai, 2003; Kasama and Yamashita, 2008;
Machida and Moriyama, 1968) and widely covers Kanagawa and the west of Tokyo areas, forming
slope-parallel bedding and being covered by thick Younger loam. When those beds are undercut, they
could slide catastrophically during a future big earthquake. 
Kasama, T., Yamashita, H., 2008. Tokyo Pumice from Hakone volcano, central Japan. Res. Rep.
Kanagawa prefect. Mus. Nat. Hist. 13, 91-110. 
Machida, H., Arai, F., 2003. Atlas of tephra in and around Japan. Tokyo University Press, Tokyo. 
Machida, H., Moriyama, A., 1968. The development of Mt. Fuji and Mt. Hakone volcanoes analysed from
the tephrochronological study in the Ooiso Hills. Geographical Review of Japan 41, 241-257. 
Terada, T., Miyabe, N., 1932. Landslide in Hatano. Bull. Earthq. Res. Inst. Univ. Tokyo 10,
192-199.
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Heavy rainfall associated with the seasonal rain front on July 2012 triggered huge number of
shallow landslides on steep, tephra-mantled slopes, resulting severe sediment disasters in northern
part of Aso Volcano. Rainfall-triggered landslides repeatedly occurred almost every decade (1990,
2001, and 2012 in the last 30 years) in this region. To avoid and mitigate such disasters in steep
regions close to active volcano(s), it is important to know thickness distributions of accumulated
tephra layers as potential source of landslide materials. 
By using a spline interpolation method, we estimated thickness distribution of accumulated tephra
layers, which include ash, scoria, and loam/kuroboku soil layers overlying Ojodake scoria (OjS; 3.6
ka) layer, from an isopach map of Aso Volcano developed by Miyabuchi et al. (2004). We compared the
estimated thickness with actual thickness measured in following two sites: Takadake area, which is
located on the northeastern side of central cones, and Saishigahana area, which is located on
eastern part of the caldera rim. We also analyzed relationships between tephra thickness and slope
topography (i.e., slope angle and curvature), then discussed characteristics of present tephra
thickness distribution in steep regions of Aso Volcano and their origin. 
By assuming tephra thickness estimated from the isopach map is equal to total amount of tephra
fallout after the eruption producing OjS, ratio of measured and estimated thickness means residual
ratio for total amount of tephra fallout during the last 3,600 years. Residual ratios ranged from
0.25 to 0.31 (25-31%) in Takadake area, and from 0.12 to 0.22 (12-22%) in Saishigahana area,
respectively (Fig. 1). As shown in Fig. 2, the residual ratios had significant negative correlation
with curvature (correlation coefficient r: -0.60, p-value: 0.05), while no significant correlation
was found with slope angle (correlation coefficient r: -0.35, p-value: 0.29). 
Averaged residual ratio (±S.D.) was estimated to 0.22±0.06 (22±6%), thus, about 70 to 90 % of
tephra fallout had already eroded in steep regions of Aso Volcano. In addition, the residual ratios
had declined as slope curvature increase, suggesting tephra layers at convex slopes more prone to
erode. From our outcrop observations, following features of tephra stratigraphy were observed: (i)
OjS layers were most found as disturbed block deposits, (ii) Nakadake N2 scoria (N2S; 1.5 ka) was
found as well-preserved layers, (iii) loam/kuroboku soil layers above and below N2S layers were
found as thin and discontinuous layers. Therefore, the present thickness distribution of
accumulated tephra layers can be attributed to the shallow landslide occurrences just after the
eruption producing OjS, in the middle to latter term between 3,600 and 1,500 years ago, and from
after the eruption producing N2S until the present time.
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Nepal-Gurkha earthquake 2015 induced innumerable landslides in mountfooe area of the Great
Himalayas. Most of them are shallow slope failures. They are mainly distributed just below breaks
of slopes along troughs of major rivers incising the Great Himalayas. This study reports the detail
distribution of landslides and discusses geomorphological and geological characteristics of the
landslides’ sites.
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The types of landslide are various, and it is important to monitor the spatio-temporal landslide
movement for understanding the landslide mechanism. GNSS survey and ground-based observations are
generally used for landslide monitoring, but it is impossible to monitor the spatial distribution
of landslide. InSAR (SAR Interferometry) is developed originally for a technique to detect the
ground surface displacement spatially. Now InSAR becomes a monitoring tool for the deformation with
glacier, landslide and subsidence. 
In this study, we estimated landslide displacement from InSAR analysis and studied the
characteristic of landslide movement with ground-based observation in the Noto Peninsula, central
Japan. We analyzed SAR (synthetic aperture radar) images acquired by ALOS-2/PALSAR-2, and used GNSS
and borehole extensometers as the groud-based observation. 
InSAR analysis reveals landslide displacement in the area of 300 m ×500 m. The magnitude and
direction of landslide displacement is coincident with the ground-based monitoring results. In this
study, we present a relationship between the landslide displacement detected by InSAR, the ground
monitoring and cumulative rainfall, and discuss the spatio-temporal landslide movement. 
Acknowledgement: PALSAR-2 data are shared among PIXEL (PALSAR Interferometry Consortium to Study
our Evolving Land surface), and provided from JAXA (Japan Aerospace Exploration Agency) under a
cooperative research contract with ERI (Earthquake Research Institute, University of Tokyo). The
ownership of PALSAR data belongs to METI (Ministry of Economy, Trade and Industry) and JAXA. We
used RINC (coded by Dr. Taku Ozawa), DEM (GSI of Japan), GMT [Wessel,P. and W.H.F.Smith, 1998], and
QGIS.
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In Interferometric SAR (InSAR), two observations are performed for the same site, using a SAR
sensor onboard a satellite. The data obtained from both observations is transformed into an image
through an interferometric processing to obtain phase differences. InSAR is Effective method for
Monitoring of the landslide, because the SAR can observe the place where there is no ground
observation equipment, and there are some reports about detection the landslide by InSAR. 
The Geospatial Information Authority of Japan (GSI) has approached to monitor ground surface
deformation of earthquake, volcanic activity, subsidence and landslide all over Japan by InSAR
analysis using ALOS-2 (Daichi-2) /PALSAR-2 data, and succeeded in detecting many phase variation of
landslide. 
In this presentation, we report the result of comparing between InSAR analysis and field survey.
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Landslide is one of the most severe natural hazards in the world and there are two types;
rainfall-induced landslides and landslides triggered by an earthquake. To understand rainfall-
induced landslide process by the self-potential approach, we struggle with the integrated research
to clarify the coupling among hydrological, geotechnical, and electromagnetic changes. Our final
goal is to develop a simple technology for landslide monitoring/forecasting using self-potential
method. The previous laboratory experiments show that the self-potential variation has a
relationship with the ground water condition and soil displacements. So, in this paper, we first
demonstrate the numerical computations on the self-potential variation by the simulated groundwater
flow, and compare the result with those observed by laboratory experiments. In the result, the
simulated self-potential variation is consistent with observed one. 
Then, we developed self-potential tomography to estimate the ground water condition. And we also
characterize the pressure from the self-potential data, and compare the result with observed
pressure head that is measured by pore-pressure gauge and found that the inverted pressure head is
consistent with observed one. In addition, we apply the self-potential data observed by the flume
test. The estimated pressure head from observed self-potential data shows the consistency with
observed pressure head. And estimated pressure head also show the characteristic distribution
before the landslide occurred. These facts are highly suggestive in effectiveness of the
self-potential tomography to monitor groundwater changes associated with landslide. The details
will be given in our presentation.
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This study reveals soil layer structure and characteristics of pore-water pressure fluctuation at
hillslopes underlain by granite and metamorphic rock in Hiroshima City, southwest Japan, where
heavy rainfall triggered numerous shallow landslides on 20 August 2014. We reconstructed processes
of shallow landslides using hydro-slope stability analysis and verify the model by inputting the
rainfall recorded on the date of the disaster, referring to the timing of landsliding and the depth
and slope angle of landslides. Change in mechanical strength of soil seems to control the position
of sliding surface in granite hillslopes, whereas hydraulic discontinuity in soil profile affects
the formation of slip plane in hillslopes underlain by metamorphic rock. Depth and slope angle of
landslides were obtained by airborne laser scanning of land surface before and after the disaster.
Shear strength of soil around the sliding surface was measured by direct shear testing using
undisturbed specimens. Pore water pressure at potential sliding surface in granite hillslope
increased rapidly in cases of a wet condition by preceding precipitation. In hillslopes underlain
by metamorphic rock, pore water pressure at a shallow part increased rapidly and a parched
groundwater table formed occasionally; pore water pressure at a deeper area increased gently within
few hours later from rainfall peaks. Based on these results, we modeled response of pore water
pressure to rainfall infiltration and hillslope destabilization to reconstruct processes of
landslide initiation.
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