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Slumping of a granular mass on an unconfined slope
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Dense granular flows generated by slumping of granular mass are often encountered in industrial processes where the trar
port and deposition of granular material such as seeds, cereals, and tablets are involved. They are also observed in geophysi
systems, such as pyroclastic flows caused by collapse of a lava dome or volcanic explosions, snow avalanches, and landslides

Constructing a numerical model to capture the major characteristics of spreading granular materials in the above situations |
a significant challenge because the mechanics of the grains and their interactions are incompletely understood at a fundamen
level. This study investigated the dynamics of dense granular materials, released from rest and allowed to flow down an uncor
fined slope, driven by gravitational forces. First laboratory experiments were performed to study granular slumping, in which a
measured volume of materials were instantaneously released from a cylindrical tube and spread across an unconfined rigid pla
inclined at angles less than the repose angle. On release from the source the particles initially spread radially. However up-sloj
motion is rapidly arrested and motion down the incline is promoted, leading to an approximately ellipsoidally-shaped deposit
once the flow has been fully arrested. Secondly, the flows were modeled under the shallow layer approximation and integrate
numerically to capture the motion from initiation to final arrest. In modelling, two types of Coulomb-type friction models were
introduced. One has a constant friction coefficient, and another has a friction coefficient that depends upon the dimensionless i
ertial number of the motion. When the initial aspect ratio of a granular mass and the slope anglei$lded), the model with
a constant friction coefficient can capture the deposit shape; but when the slope angle is increased, the inertial-number depend
friction model becomes more important. For high aspect ratio granular columns, the shallow water model fails to reproduce som
aspects of the experimental observations. Finally an example of model application to geophysical systems is introduced.
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X-ray Microtomographic Images
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Ref. 1: Nakashima et al. (2011) http://dx.doi.org/10.1007/s11270-010-0473-2
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A variety of characteristic landforms on Mars have been discovered since Mariner 9 spacecraft returned images of Martiar
surface in 1972 for the first time. Recently, in particular, spiral troughs on Martian north polar ice cap have been focused due
to a possibility that characteristic landforms such as spiral troughs can reveal historical variation of climate on Mars. Though
they are suspected to have some relation with katabatic wind blowing on the ice cap, it has been unclear how they are forme
in detail. It has been observed that spiral troughs are formed perpendicularly to the direction of katabatic wind, so that the)
should be boundary waves formed between Mars atmosphere and ice rather than troughs excavated by flow. In addition, becat
internal structures of boundary waves clarified by radar show traces of upstream migration, these steps may possibly be cycl
steps formed by density airflow.

In this study, we have performed a series of analogue model experiments of the formation of cyclic steps on Martian polat
ice cap. Experiments were conducted with the use of a low temperature chamber in the Institute of Low Temperature Scienc
(ILTS), Hokkaido University. In order to simulate density airflow including water vapor blowing on Martian polar ice cap, we
have used a hydrophobic fluid with water dispersed. We did not include temperature difference among ice, flowing fluid and
ambient air, which is important for the formation of cyclic steps on Mars. It is found that cyclic steps were formed on ice even
without the influence of temperature. It is suspected that the concentration of water in the hydrophobic fluid changes in space, ar
non-uniform freezing and melting take place on ice. This causes instability of a flat ice bed. By formulating freezing and melting
rates of ice as functions of flow velocity and water concentration respectively, we found that the formation of cyclic steps on ice
can be described by the equations similar to that for transportational cyclic steps formed on river beds composed of suspendat
fine sand.
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An experimental study on cyclic steps formed in bedrock rivers
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!Osaka Institute of Technolog3fFaculty of Engineering, Hokkaido University

A train of steps are often observed to be formed in bedrock rivers. They are thought to be cyclic steps formed due to erosiol
of bedrock. The erosion of bedrock is assumed to be dominantly driven by abrasion due to bedload sediment transport.

Here we demonstrated a series of flume experiments as an analogue of the formation of cyclic steps on bedrock. The expe
iments were conducted using the facility of Osaka Institute of Technology. We used a 1.5 m long, 2 cm wide, and 25 cm deey
flume made by glass. The flume has 10 cm high weirs at the downstream end and 1.2 m upstream from the downstream end,
that there is an 10 cm deep reservoir. We put sand (0.2 mm in diameter) with cement (150:2) in the reservoir and hardened it s
that the flume has an 10 cm 'model bedrock’ on its bottom. The flume is tilted by 20 degrees. The water and sand (1.0 mm ir
diameter) is supplied from a head tank to the upstream end of the flume, flows on ’'model bedrock’ in the flume, and was droppe
from the downstream end into a downstream reservoir, then pumped up to the head tank.

As a result, cyclic steps were formed on the 'model bedrock.” The shapes of the steps were resembled with the shape thi
predicted by theoretical analysis (Izumi and Yokokawa, 2011).
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