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The 2011 off the Pacific coast of Tohoku Earthquake was one of the largest events in the history of Japan. The huge tsunami (tt
2011 Tohoku-Oki tsunami) inundated a large coastal area of northeastern Japan, causing widespread devastation. Twenty dz
after the tsunami, we analyzed the impact of the tsunami on the sea bottom of the Kesennuma inner bay using side-scan sonar &
a depth sounder to explore the damage and bathymetric change in the harbor. Herein we present the first direct evidence that
sea bottom sediments of around 10?15 m were reworked by the tsunami to thickness of a few meters, and that large dunes we
formed by the tsunami. Considering that the sea wave influence is as weak as it is inside the inner bay, the potential exists th
even meter-thick sandy or silty paleo-tsunami deposits are preserved in shallow sea bottoms with large bedforms. This findin
will be a steppingstone to future geological studies of tsunami effects in shallow sea regions.
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Holocene alternated auto-allochthonous oyster beds in Pashukuru-numa Lake, Hokkaids
tsunami deposits during 8-6.6ka ?
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Researches of tsunami deposits from Holocene sediments in the southeast Shizuoka Pla

Shizuoka Prefecture
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Paleo-tsunami records at the Ryukyu Islands based on the distribution of boulders
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The Ryukyu Islands, Japan extend approximately 1000 km northeast to southwest along the Ryukyu Trench between Taiwa
and Kyushu, Japan. Most of the islands and islets of the Ryukyu Islands are rimmed by fringing reefs. It is well known that the
1771 Meiwa Tsunami devastated at the Sakishima Islands, southwestern end of the Ryukyu Islands. The tsunami run-up heig
is estimated up to 30 m and it caused approx. 12,000 deaths. On the other hand, there are no historical records of huge tsunat
in the Okinawa and Amami Islands, north from the Sakishima Islands. One of the issues to study the geological record of paleo
tsunamis at the Ryukyu Islands is the preservation of the sandy tsunami deposits since the islands are located in the subtropi
area. Moreover, terrestrial sedimentary layer is thin and not allow us to know the long record of the paleo-tsunamis. On the othe
hand, there are numerous boulders that are composed of corals and carbonate rocks at the coasts of the Ryukyu Islands. Ba
on the geological study and hydrodynamic analyses, boulders at the coastal zone of the Sakishima Islands are interpreted as
tsunami origin, while only boulders deposited by the storm waves are observed in the Okinawa and Amami Islands (Goto et al.
2010). According to the 14C dating, some of the tsunami boulders at the Sakishima Islands were deposited by the 1771 Meiw
Tsunami, while the others were deposited prior to this event (e.g. Araoka et al., 2010). This in turn suggests that such corallin
boulder deposits are useful to investigate the tsunami recurrence interval at the subtropical area instead of the sandy tsuna
deposits. Moreover, absence of the tsunami boulders at Okinawa and Amami Islands shows striking contrast to the Sakishirr
Islands. The results may imply that large tsunamigenic earthquakes were heterogeneously occurred among the Ryukyu Island
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Hydraulics of sediment erosion and reworking by surging currents
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MINOURA, Koji *
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Bottom irregularities and undulations affect the hydraulic behavior of currents, and a friction force working on bottom surface,
as well as physical properties such as depth and velocity, is a significant factor responsible for flow conditions. Fluid pressure
acting on the boundary between bottom currents and bed surface is a major cause of erosion and reworking of materials. Hydr
logical effects depending on ground-surface conditions were appreciated in the interpretation of sedimentary processes caus
by the 1923 Kamchatka earthquake tsunami (Minoura et al., 1996). The tsunami deposit was very thin ("2 cm), however it wa:
traceable for more than 6 km inland from the coast. Historical materials reveal that on 14 April rushing waves surged over the
frozen snowfields of the Kamchatka plain. Through smoothing the snow surface by freezing, the critical tractive force finally ex-
ceeded the tractive force of flowing water, and thus rushing currents penetrated a depth of the plain, forming a landward taperin
sand layer covering a wide range of the plain. In proportion to the increase in tractive force, the surface takes the force by shes
stress. With increase in current speed, cohesive soft-sediment surfaces undergo shearing deformation depending on the scals
tractive force, and finally stress intensity escalates to a critical point of detachment threshold.

From late autumn to early spring, the rice fields in Tohoku are uncultivated, and paddy soils are exposed without vegetationz
cover. The 2011 Tohoku-Oki earthquake tsunami took place in early spring (11 March 20111), and it was five months after the
final harvesting. The coastal zones of rice fields were subjected to torrential flooding. The sediment detachment threshold fror
the bed is defined as the force equilibrium between the tractive and resistant forces. The critical tractive force of cohesive sof
surface is expressed as a function of yield stress (Ty1). Otsubo and Muraoka (1988) presented a mathematical model explaini
the relation between tractive and resistant forces. When tractive shear stress reaches to yield stress, the threshold condition (T
in mud transport is expressed in the following.

Tcl=0.27T0.6y1l (1)

The tractive force at the threshold of bed destruction (Tc2) is given as follows.

Tc2=0.79T0.94y1 (2)

The yield stress of paddy surface in the Sendai plain ranges from 1.27 to 2.35 N/m2 (Geospatial Information Authority of
Japan, 1984). Thus, the tractive force of the threshold conditions of grain motion and initial surface erosion are calculated tc
be Tcl =0.3170.44 N/m2 and Tc2 = 0.9971.77 N/m2, respectively. The results indicate that the erosion of bed surface does nc
occur in case of the tractive force to be less than 0.31 N/m2. If the tractive force exceeds 1.77 N/m2, mass erosion of cohesiv
bed takes place. When the tractive force of currents exceeds the critical friction force of bottom surface, shearing stress starts
act on the surface. After passing the threshold of resistance, mud surface is deformed in response to increasing stress, and fine
mass erosion of mud surfaces occurs.

Supercritical flows were generated where surging currents by the Tohoku-Oki tsunami crossed levees and roads to paddy st
faces, causing mass erosion of surfaces. In the paddy fields of Sendai mud chips and blocks were formed. The concentrat
occurrence of cobble to pebble-sized balls of mud was frequently recognized on the downstream side of levees after the retre
of the 3.11 tsunami. Thin veneers of sand and mud covered the mud balls. Marks of migration on paddies indicated that rushin
water moved them by rolling or slipping. Rice straw is chaffed by machine after harvesting, and small pieces of straw are scatte
on rice fields. These pieces were included in mad balls, and it is interpreted that mud chips adhered paddy soils mixed with stra
fragments during rolling on bottom surface and finally attained to forming cohesive mud balls.
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Applicability of sediment transport model to paleotsunami deposit: preliminary examina-

tion for the 869 Jogan tsunami
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Possible onshore-dominated source of tsunami deposits of the 2011 Tohoku tsunami:
case study from northern Fukushima
Possible onshore-dominated source of tsunami deposits of the 2011 Tohoku tsunami:
case study from northern Fukushima

Purna Sulastya Putrg, Yuichi Nishimurd, Yugo Nakamurd, Eko Yuliant@
SULASTYA PUTRA, Purnd*, Yuichi Nishimurd, Yugo Nakamur, Eko Yuliantd

linstitute of Seismology and Volcanology, Hokkaido Universttigesearch Center for Geotechnology, Indonesian Institute of
Sciences
nstitute of Seismology and Volcanology, Hokkaido Universttigesearch Center for Geotechnology, Indonesian Institute of
Sciences

We surveyed the tsunami deposits of 2011 Tohoku tsunami at Matsukawaura and Yunuki, two lowlands in northern Fukushima
The presence of a lagoon at Matsukawaura and river at Yunuki makes these locations are the best location to study the sour
of tsunami deposits. Matsukawaura is a flat area, and it was a paddy field before inundated by tsunami. At Matsukawaura w
surveyed and sampled every 200 m along 2 km transect. Our first point is just behind the lagoon. The inundation distance wa
around 3.8 km, and our last point was about 300 m before inundation limit. The tsunami height was around 9 m. The tsunam
deposits here composed of sand and mud layers. The mud is black and along the transect the mud is distributed in the upper p
of the tsunami deposits; however it is sometimes intercalated between the sand. The thickness of the mud is from 1 to 10 cm, ar
the thickness of the sand is from 3 to 10 cm. Sometimes, within the sand, rip-up clasts are present.

Yunuki is a flat (1.5 x 5 km2) valley located around 7 km south of Matsukawaura. The inundation distance was about 4.5 km,
with tsunami height about 10 m. At Yunuki, we surveyed the tsunami deposits along 4.1 km transect (longitudinal transect). We
also surveyed the tsunami deposits crossing the river (transversal transect). Total 26 points for longitudinal transect and 11 poin
for transversal points were observed and sampled. In general the tsunami deposits are composed of sand layer covered by m
The sand sometimes laminated. This laminated sand deposited above the massive or graded bedding sand.

To understand the main source of these tsunami deposits, we perform foraminifera and mineral composition analysis of beac
dune, lagoon, and tsunami deposits. Examples of foraminifera found within the tsunami deposits are genus of Elphidium, Hay
nesina, Rotalia. Some species of Elphidium, Haynesina are typical of lagoon spesies.

Based on the percentages of foraminifera, shell fragments and mineral composition, the possible main source for tsunami d
posits at Matsukawaura were dune (30%) and lagoon (35%), meanwhile at Yunuki the possible main source was the dune (70%
This novelty result is very important because we always thinking that tsunami deposits mostly sourced from offshore area, an
now we understand that tsunami deposits can also mostly sourced from onshore area.

0O 0 00 0O : tsunami deposits, onshore source, Yunuki and Matsukawaura, foraminifera, tsunami Tohoku 2011
Keywords: tsunami deposits, onshore source, Yunuki and Matsukawaura, foraminifera, tsunami Tohoku 2011
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Relationship between tsunami inundation and sand distribution due to the 2011 Tohoki

Earthquake tsunami
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Geomorphic Changes due to 2004 tsunami-Kirinda Fishery Harbor, Sri Lanka
Geomorphic Changes due to 2004 tsunami-Kirinda Fishery Harbor, Sri Lanka

Prasanthi Ranasinghe Kazuhisa Goté, Tomoyuki Takahasfj Jun Takahashj Fumihiko Imamuré
RANASINGHE, Prasantht, GOTO, Kazuhisd TAKAHASHI, Tomoyuki®, Jun Takahashj Fumihiko Imamura

!Graduate School of Engineering, Tohoku Universfi@hiba Institute of Technology’Kansai University,*Tohoku Electric
Power Co.
!Graduate School of Engineering, Tohoku Universfi@hiba Institute of Technology’Kansai University,*Tohoku Electric
Power Co.

Tsunami can erode and bring in large volume of sand and other sea bed material into the land area behind the beach. Tl
seabed became shallower near the coast at most locations, suggesting deposition of inner shelf or deep-sea sediments in
shallow areas. A variable amount offshore material was incorporated into the deposit even though the amount and depth ¢
erosion offshore were not quantified. Relative to the onshore study of tsunami deposition, the impact of the tsunami on the
offshore bathymetry is poorly understood, due to the scarcity of pre- and post-tsunami bathymetric data, which are useful fo
analysing tsunami erosion and deposition offshore. Numerical sediment transport model is a better approach for understandir
the offshore process of the bathymetric change by the tsunami. Even though, various models have been proposed to underste
the sedimentary process of the onshore and offshore sediment transport, most of the model yet to be validated using bathymet
data immediately before and after the tsunami. The bathymetric data at nearshore zone measured by JICA on November 20|
and February 2005 at Kirinda harbor (81.3375E, 6.2181N), Sri Lanka, was recoded the bathymetric change by the 2004 India
Ocean Tsunami. This study is assessing the onshore and offshore geomorphic changes due to tsunami in Kirinda, while testi
the validity of the sediment transport model using recorded bathymetry data. Nested grid system which includes six domain:
with different resolution is used to simulate the tsunami propagation and inundation as well as the bed level change. First of all
bed level change in smallest domain is obtained and compare with the measured data in order to validate the sediment transp
model. The model calculated erosion and deposition ratio for the Kirinda harbor after the tsunami wave is 0.61, whereas the rati
was given as 0.52 for the measured data. Furthermore, high sedimentation occurred in the bay areas because of the diffract
tsunami inflow into the bays and erosion had been noted at the headlands, as well as at the artificial coastal structures such
breakwaters. The model predicted results overall are compatible with the measured data, although the model could not perfect
demonstrated the local effects. By applying the sediment transport model for the larger domains, it is found out that about 1 n
layer of sediment is eroded at 50-100 m depth by tsunami flow and deposited on the nearshore area.

O O 00 0O : sediment transport model, geomorphic changes, tsunami
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