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A number of linear depressions are widely distributed around Mt. Eboshi, Northern Japanese Alps. This study addresse
the reconstruction of formation processes of gravitational slope deformation using terrestrial cosmogenic nuclide. The rocl
samples for exposure dating were taken from three scarp faces, which are estimated as slip planes related to gravitational slo
deformation, corresponding to three linear depressions; two depressions are located at the upper part of the slope and the otl
is at the middle part of the slope. The concentration of cosmogenic nutfile)(at the two scarp faces at the upper slope was
higher than that at the middle slope. Assuming that initial nuclide concentration is zero and no shielding by seasonal snow cove
we estimated minimum exposure ages of these scarp faces. The minimum exposure ages of upper two scarps were estimatec
2.9 ka and 1.2 ka, while it was calculated to be 0.9 ka for the middle one. These data suggest that slope deformation had advanc
downward in Holocene.
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Fig. 1 Left: synthetic image of a sediment of completely parallel clay
platelets (porosity 47 vol%). Right: corresponding direction-dependent
normalized self-diffusivity of pore water as a wireframe shell having a
constriction (not convex ellipsoid).
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Assessing and managing the risks posed by deep-seated catastrophic landslides requires a quantitative understanding of
dynamics of sliding rock masses. Previously, landslide motion has been inferred qualitatively from topographic changes cause
by the event, and occasionally from eyewitness reports. However, these conventional approaches are unable to evaluate sou
processes and dynamic parameters.

In this study, we apply a different approach for reconstructing the dynamic landslide processes using ground shaking dat
recorded away from the landslide. The deep-seated catastrophic landslide sequence induced by heavy rainfall in 2011 in the k
Peninsula, Japan, was the first instance in which 1) seismic signals radiated by landslides were recorded by densely distribut
near-source seismometers, and 2) the precise volume of the landslide material was able to be measured by comparing pre- ¢
post-landslide topographic data obtained using airborne laser scanning. We performed a source inversion with the long-peric
seismic records of one of the largest events, and from this obtained a force history of the landslide.

Here we reveal the dynamic processes of the landslide: smooth initiation of sliding, acceleration accompanied by a substar
tial decrease in frictional force, and deceleration due to collision. Of particular importance is the determination of the dynamic
friction during the landslide. The coefficient of friction is estimated to be 0.56 at the beginning of the event and drops to 0.38
for most of the sliding. The change in the frictional level on the sliding surface may be due to liquefaction or breaking of rough
patches, and contributes to the extended propagation of the large landslide. The approach demonstrated here offers an innovat
method for understanding the sliding processes associated with catastrophic landslides, enabling us to simulate the motion
such events.

Figure caption: Dynamic process of the Akatani landslide. (a) Estimated single-force source time functions for the two hori-
zontal components (sliding direction and its perpendicular direction) and the vertical component. (b) Schematic diagram of the
mass sliding model. The numbers correspond to the three stages indicated in (a).
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