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| am working diatoms in the world with two
suitcases; one is for the microscope and

Microscopic Camera, the second one is for the

other equipment to make diatom slides. Cleaning by a centrifugal machine, three times
Dry the samples on the heater (50-60°C)

It is impossible to export and to import Soil Sediments

without Special Permissions in Many Countries.
| usually finish my observations using the Microscope in

the evening after the field surveys at my hotels.

Heat the samples with Mounting Material
(100-120°C)
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The Mount Media (Wako)



Ancient Earthquakes and Tsunamis revealed in Coastal Sediments using
Diatoms Fossils as Hazard Environmental Indicators

e 2011 Tohoku Earthquake Tsunami and 869 Jogan Earthquake Tsunami
Geologic Supports for the Earthquake Modeling Dr. Yuki Sawai

Tsunami deposits under different sedimentary conditions
* Tsunami Sands over coastal plains  fE_E R E

Dr. Satoshi Ishikawa

1611 Keicho Hokkaido Tsunami Dr. Yoshiki Sato
2011 Tohoku Earthquake
« Submarine Tsunami Deposits at Kesennuma-Bay B/ EKIEEY) Dr. Yu Fukumoto

1960 Valdivia (Chilean) Earthquake Tsunami
2011 Tohoku Earthquake

* Tsunami Deposits in Coastal Fresh Lakes along the Nankai Trough
1707 Hoei Earthquake

 Tsunami Deposits at Shallow Lagoon along the Nankai Trough A& & A They were the PhD Students
1361 Shohei-Koan Earthquake. at Kashima Laboratory
1707 Hoei Earthquake,
1854 Ansei Earthquake.
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A Huge Earthquake at Tohoku District
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, : A Huge Tsunami attacked coastal areas
Thousands people were killed by the Tsunami ot hundrads kilo-rctars
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Numerical simulation of the AD 869 Jogan tsunami in Ishinomaki and
Sendai plains
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Abstract: The AD 869 Jogan earthquake, off Miyag: prefecturs ﬂong the }apm Trench, produced
1ly large ding to a historical document and D . Thed reports

Th ree yea rS before dutaboml,OOOpeopkwe_mdxmedvﬁomdxe:tsmm'Sendaxplam. dicating much larger

The 2011 Tohoku
Earthquake

than the 1896 or 1933 Sannku tsunamis. In Ishinomak: plain, the 869 tsunami deposits extend more than
3 km from the estimated coast line, which 1s about 1-1.5 km inland of the present coast. In Sencai plain,
the deposits extend zbont 1-3 km from the estimated coast, or about 1 km more from the present coast.

We dation in both plamns from several types of tsunaxm sann:e mod.els such as
outer-: nse normal fault (similar to the 1933 Sannku 1) earth (similar the 1896
Sannku 1). nterplate earthquakes with vanable fault depth. width, lenzth and ship amounts. and

an active fault in Sendai bay. Comparison of the computed inundation areas with the distribution of
tsunami deposits indicates that only an interplate earthquake source with 100 km width and more than
7 m slip (Mw=8.4) can reproduce the observed distribution of tsunami deposits in the two plams

*—7—F: ARE, A8V, WETE, REERY, BREVIaL—ay
Keywords: Jogan tsunami, Ishinomaki plain, Senda plam,
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Deposition by the 2011 Tohoku-oki tsunami on coastal lowland controlled by beach
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A study of the 2011 Tohoku-oki tsunami deposits on the coastal lowland of the Sendai Plain. Japan was
carried out along a shore-perpendicular survey line in the Arahama area. Field descriptions and tsunami
water depth were ¢ s v analyses, including grain size, grain fabric
and diatom analysis. The tsunami deposits show a generally fining-inland trend along the 3.4 km long
transect. The depositional facies, grain size analysis and grain fabric data suggest that most of the tsunami de-
posits were laid down during the tsunami inflow, except at one site. These tsunami deposits are characterized
by parallel-laminated or massive sand and silt with pieces of woods, fragments of glass, rip-up mud clasts and
an erosional base. Minor backwash deposits overlying the inflow sand laver were only observed on one beach
ridge and attributed to the topographic high. Marine diatom species comprised only approximately 2% of the
diatom assemblage in tsunami deposits and their content decreased landward. In this study, diatom
assemblages were similar in the rice field soil and tsunami layers, suggesting that the muddy fraction of
the deposits mainly consists of sediments derived from the tsunami-eroded rice field soil. As a result of soil
erosion, the tsunami had a high suspended sediment load. Furthermore, after the first tsunami inundation,
seawater left by the tsunami did not drain completely to the sea because of the high coastal beach ridge
and/or coastal subsidence due to the massive earthquake. Therefore, strong tsunami outflows to the sea
did not occur and these areas were covered by mud deposited from stagnant water.

© 2012 Elsevier B.V. All rights reserved.

Keywords:

2011 Tohoku-oki tsunami
Tsunami deposits
Sedimentary facies

Grain size

Grain fabric

Diatom analysis

1. Introduction 2010; Chagué-Goff et al.. 2011). There are also studies that report

The 2011 off the Pacific coast of Tohoku Earthquake (Mw 9.0) that
occurred on 11 March 2011 generated a large tsunami that inundated
several kilometers inland (Figs. 1 and 2). This tsunami hit broad
coastal areas of the eastern coast of Honshu island of Japan and nearly
19,000 people died or went missing as a result. Land subsidence of
several tens of centimeters observed in the coastal lowland of the
Tohoku area is attributed to tectonic movement related to the earth-
quake, with a maximum vertical displacement of 1.2 m recorded at
the GPS-based control station Oshika, Ishinomaki city, Miyagi prefec-
ture, eastern Japan (Geospatial Information Authority of Japan, 2011).

There are many sedimentological studies of recent, historic and
pre-historic tsunami deposits on coastal lowlands (e.g. Nanayama et
al., 2003, Moore et al,, 2006; Hawkes et al, 2007; Hori et al,, 2007;
Moore et al., 2007; Paris et al, 2007; Takashimizu et al, 2007;
Choowong et al., 2008; Fujino et al., 2008; Goto et al., 2008; Morton
et al,, 2008; Nanayama, 2008, Nishimura, 2008; Matsumoto et al.,

* Corresponding author, Fax: +81 25 262 7158.
E-mail address: takashimi@ed niigata-u.acjp (Y. Takashimizu).

0037-0738/$ - see fron: matter © 2012 Elsevier BV. All rights reserved.
doi:10.1016/).sedgen.2012.07.004

Please cite this article as: Takashimizu, Y., et al,, Deposition by the 2011 Tohok
near Sendai, Japan, Sediment. Geol. {(2012), doi:10.1016/j.sedge0.2012.07.004
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Fig. 2. (A) Orthographic drawing profile in a shore-normal direction along the survey line. (B) Areas inundated by the 2011 Tohoku-oki tsunami with the measured tsunami water
depth in this study. The fimit of tsunami inundation is taken from Tsunami Damage Mapping Team of Association of Japanese Geagraphers (2011), Solid circles indicate the locality
of survey sites and the numbers are the location names. Heavy dashed lines show the beach ridges resulting from the prograding coastline during the last 5000 years

Diatom analysis of sediments collected at sites 1-11, 13 and 14
was carried out at Kyushu University. Subsamples were taken in
0.5-3 cm intervals depending on the sedimentary facies and trans-
ferred into centrifuge tubes. Around 5% H,0, solution was added
and tubes were kept in a water bath at 40-50 °C for more than
three hours. After acid treatment, samples were diluted and a drop
placed on a glass slide. After drying, the suspension was mounted
using Mount media (Wako Chemical, Japan}. At least 300 individuals
or identifiable parts with more than half of a frustule were counted
under an optical microscope at 1000 x magnification. At site 1 however,
only 200 individuals or identifiable parts were counted due to the low
diatom content. Diatom identification and nomenclature were based
on Kobayashi (2006), Krammer and Lange-Bertalot (1986, 1988,
1991a,b) and Watanabe (2005).

To study the features and the behavior of the recent tsunami on
the coastal lowland, six correlation analyses were examined. The
attempted parameters were (1) distance inland versus grain size
(mean, median and sorting}, (2} distance inland vs. tsunami deposit
thickness, (3) tsunami water depth vs. tsunami deposit thickness,
(4} distance inland vs. frequency of marine diatoms in the sandy
fraction of the tsunami deposits, (5) tsunami water depth vs. frequen-
cy of marine diatoms in the sandy fraction of the tsunami deposits
and (6} distance inland vs. frequency of planktonic diatoms in the
muddy fraction of the tsunami deposits. All variables were tested
for distribution normality using the Chi square test for goodness of
fit. The data of distance inland, bed thickness, water depth and grain
size sorting were normally distributed, and the relation among
these variables was investigated using the Pearson coefficient test

Please cite this article as: Takashimizu, Y., et al., Deposition by the 2011 Tohoku-oki tsunami on coastal lowland controlled by beach ridges
near Sendai, Japan, Sediment. Geol. (2012}, doi:10.1016/}.sedge0.2012.07.004

Dr. Yoshiki Sato
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Currentripple)

Fig. 4. Photographs and sketches of the oriented undisturbed tsunami deposit at each survey site. The number on the upper left corner of each photograph indicates the site name
along the survey line in Fig. 2. White-colored circles with numbers indicate the sampling horizons for diatom analysis. The arrows show the seaward direction. (For interpretation of

Y. Takashimizu et al. / Sedimentary Geology xxx (2012) xxx-xxx

Fig. 5. the references to color in this figure legend, the reader is referred to the web version of this article.)
Please cite this article as: Takashi Y., et al., Deposition by the 2011 Tohoku-oki tsunami on coastal lowland controlled by be: Please cite this article as: Takashimizu, Y., et al., Dep by the 2011 Tohoku-oki tsunami on coastal lowland controlled by beach ridges
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1960 Valdivia (Chilean) Earthquake Tsunami on May 23-24, 1960
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Figure 2 The tsunami hazards by 1960 Valdivia (Chilean) Earthquake on May 23-24, 1960
(a) photos of the tsunami hazard in 1960 (Kesennuma Tsunami Field Museum)
(b) Submarine topographic change by the tsunami currents
after Takahashi et al. (1991) KSN1, KSN2, KSN3: Coring sites of submarine deposits in 2009



The tsunami of the 2011
earthquake off the Pacific coast of
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Figure 4 The tsunami of the 2011 earthquake off the
Pacific coast of Tohoku (March 11, 2011)

(a), (b) Fishery port and aquaculture industries along
| , the coast one month before the tsunami hazard, and
e ot 1o el —— our filed survey on the boat (by Mr. Shiomi, Feb.11,
The fires ellfter the tsunami (c) “=Next morning after the tsunami (d) 2011)

o5 ‘ 3 (c) The fire after the tsunami attacks (by Mr.Onodera,
March 11, 2011)

(d) The next morning of the bay. The fire had still
continued (by Mr. Onodera, March 12,2011)

(e)The fired cost along the bay (By Prof. Haraguchi,
- March 29, 2011)

. March.29, 2011 = (f) The ship was derived to the land (By Prof.

7. The ship was derived to the land (f) Haraguchi, March 29, 2011)




Supporting staffs on the boat
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Fig.5 Emergency Survey just after the 2011 Tsunami (by Prof. Haraguchi)
(a) Submarine topography measurement,
(b) Submarine coring of the sea bottom sediments by tsunami deposition
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Figure 10
(a) Tide level changes at the 2011 tsunami (by Sugahara and Haraguchi)
(b) Lamination pattern (Gray Scale) of the core.

It was similar to the tidal level changes
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1 | INTRODUCTION

Abstract

Tracking paleoenvironmental change and past event deposits is very important to
evaluate the natural hazard spatially. This paper presents how the environment
changes and implies the event deposit depending on the diatom assemblage change.
To investigate paleoenvironmental change and identify the difference between tsu-
nami and typhoon deposits, we analyze diatoms from the sediments in two coastal
lakes in southern Japan where flood deposits have been linked to historical typhoon
and tsunami events (Lakes Kawahara and Ryuo). The sediment cores extend from
B.C.E. 500 to approximately C.E. 1000 and the downcore variation in diatom assem-
blages indicates a series of transitions from saline to fresher conditions in both Lake
Kawahara and Lake Ryuo between approximately C.E. 500 and 1700. We observe an
obvious deviation in diatom assemblages in event deposits previously identified to be
either of tsunami or typhoon in origin. For the most prominent event deposit pre-
served in Lake Ryuo by the Hoei tsunami of C.E. 1707, the deposition of marine dia-
toms serves as evidence of marine flooding, while the subsequent deposition of soil
and freshwater diatoms indicates the mobilization of terrigenous sediment during
returning seaward flows. In contrast, the most prominent event deposit in Lake
Kawahara is associated with freshwater flooding by the Kamikaze typhoon of
C.E. 1281 and contains very low diatom abundances and a peak of freshwater taxa,
followed by a peak in diatom counts potentially due to greater biological activity
induced by a resultant influx of nutrients and re-oxygenation during the event.

KEYWORDS
diatom assemblage, Holocene, paleoenvironment, tsunami, typhoon

Japan. They identify distinct units within tsunami deposits from land-
ward transport by incoming flows and seaward transport by return

Reconstructing environmental histories along Japan's coastlines is
complex due to its location within the prolific northwest Pacific tropi-
cal cyclone basin and at the convergence of major tectonic plate
boundaries. Extreme flooding from both tsunamis and typhoons
impact Japan, with coastal sediments often containing depositional
evidence of both. For example, Nanayama et al. (2000) describe depo-
sition from both tsunamis and typhoons in southwestern Hokkaido,

flows. In contrast, only marine sediments were evident within a
typhoon deposit, and the bedding in this storm layer was consistent
with strictly sea-to-land transport. In contrast to the tsunami deposi-
tion observations by Nanayama et al. (2000), Komatsubara et al.
(2008) found little sedimentary evidence of return flows within tsu-
nami deposits preserved along the Pacific Coast of southeastern
Japan in the Tokai region. Instead, Tokai tsunami deposits were

Island Arc. 2023;32:e12476.
https://doi.org/10.1111/iar.12476
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FIGURE 1 Study locations, with monthly average precipitation and
Kawahara. (c). Core site (RYU) at Lake Ryuo

average high tide elevation of 137.3 cm and a low tide elevation of
—162.6 cm relative to mean sea level (MSL) (Japan Meteorological
Agency, 2020). A small tributary with a watershed area of
1.74 km? drains into the southwestern side of the lake (Hossain
et al., 2013). Bedrock within the watershed of Lake Kawahara is
mainly composed of Cretaceous metamorphic schist, bordered by
ultramafic rocks (Geological Survey of Japan, 2020). Compared
with other locations in Japan, the southwestern coastline of
Kyushu, where Lake Kawahara is located, is considered relatively
stable tectonically (Fukumoto, 2011; Nakada et al., 1994; Okuno
et al., 2014). However, the site is more vulnerable to typhoon
flooding because typhoons usually come from the southwest and
make their first landfall in western Japan by westerly winds
(e.g., Elsner & Liu, 2003). RSL was at a high stand 1 m above pre-
sent sea level at 5500 year. B.P. and has likely decreased until pre-
sent on the west coast of Kyushu based on the limited data
available over the past 2000 years (Yokoyama et al., 1996).

At present, the lake is freshwater with eutrophic conditions, with
a distinct thermocline between February and October each year
(Furumoto et al., 1999). Lake Kawahara was historically brackish until
1974, when saltwater was pumped from the hypolimnion, followed by
the construction of a sluice gate across the lagoon's ocean inlet com-
pleted in 1979 (Figure 1b) (Hossain et al., 2013).

2.2 | Lake Ryuo

Lake Ryuo lies on a small island at the northern end of the Bungo
Channel, which separates the mainland islands of Shikoku and Kyushu

12949

temperature: (a) map of study site location. (b). Core site (KAW2) at Lake

(Figure 1a). The lake is housed within a drowned river valley and is
separated from the sea by a cobble and sand barrier beach that is
200 m long, 40 m wide, and 3-4 m above MSL. Lake Ryuo is relatively
shallow, reaching a maximum of 2 m depth at its center (Figure 1c).
The regional tide range is ~230 cm, with an average high tide ele-
vation of 105 cm and a low tide elevation of - 126.4 cm relative to
MSL (Japan Meteorological Agency, 2020). The bedrock in the
Lake Ryuo watershed is primarily Cretaceous sandstone
(Geological Survey of Japan, 2020). Change in RSL is associated
with rapid uplift and subsidence linked with Nankai Trough sub-
duction zone earthquake occurrences offshore to the southeast
(Figure 1a) (e.g., Baranes et al., 2018; Furumura et al., 2011) and
local seismicity along the Japan Median Tectonic Line to the north-
west (Okada, 1973, 1980; Research Group for Active Faults of
Japan, 1991). Anthropogenic alterations to Lake Ryuo include a
2-m sea wall built along the barrier beach in 1964, a small jetty
built offshore in 1980, and a small underground pipe installed in
the mid-1900s primarily to allow drainage to the sea following high
freshwater run-off events (Baranes et al., 2016).

3 | MATERIAL AND METHODS

Diatom assemblages were analyzed at the primary core sites from
Lake Kawahara and Lake Ryuo. KAW2 (32.62334°N, 129.83264°E)
core was collected from Lake Kawahara in November 2010, and RYU
core (33.37238°N, 132.36°E) was collected from Lake Ryuo in May
2012. The depth-to-age models, lithological descriptions, elemental
abundance depth profiles from ITRAX X-ray fluorescence (XRF), and
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Yukashi-Gata Lagoon, a shallow lagoon, along
the Nankai Trough and Tsunami Deposits
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Yukashi-Gata Lagoon

Shallow Lagoon sediments = Diatom valves, Diatom Pellets are destroyed by high
magnitude tidal currents which cause huge physical and chemical stresses to diatom valves.
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(2)Yukashi-Gata Lagoon, a shallow lagoon, along
the Nankai Trough and Tsunami Deposits
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(2)Yukashi-Gata Lagoon, a shallow lagoon, along
the Nankai Trough and Tsunami Deposits

Diatom Fossils
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Oceanic Species

Not Shallow Lagoon Species
Plate 1

Shallow Lagoon Species

Plate2-1 blars 22

Yukashi-Gata Yukashi-Gata

10um



Diatom Catalog from the Shohei-Koan Tsunami (AD1361) Deposits
at Yukashi-Gata Lagoon

Plate 1 (Marine Plankton)

1-3: Thalassiosira sp.

Thalassiosira eccentrica (Ehrenberg) Cleve 1904
4: Paralia sulcata (Ehrenberg) Cleve 1873

Plate 2-1 (Marine Benthos)
1-4: Cocconeis scutellum Ehrenberg 1838
5-8: Diploneis pseudovalis Hustedt 1930

Plate 2-2 (Marine Benthos)

1-5: Amphora sp.

Amphora coffeaeformis (C.Agardh) Kiitzing, 1844

Amphora coffeiformis (C.Agardh) Kiitzing 1844

(Halamphora coffeiformis (C.Agardh) Levkov 2009)

5-7: Nitzschia punctata (W.Smith) Grunow 1878 (Tryblionella punctata W.Smith 1853)
8-10: Nitzschia panduriformis W.Gregory 1857

(Psammodictyon panduriforme (W.Gregory) D.G.Mann 1990)

11: Nitzschia lanceola Grunow 1880

Plate 3 (Freshwater —Brackish)

1-5: Aulacoseira ambigua (Grunow) Simonsen 1979

6: Thalassiosira bramaputrae (Ehrenberg) Hakansson & Locker 1981

7: Melosira varians C.Agardh 1827

8: Synedra ulna (Nitzsch) Ehrenberg 1832 (Ulnaria ulna (Nitzsch) Compére 2001)
9:Cymbella naviculiformis Auerswald ex Heiberg 1863

(Cymbopleura naviculiformis (Auerswald ex Heiberg) Krammer 2003)

10: Navicula mutica Kitzing 1844 (Luticola mutica (Kitzing) D.G.Mann 1990)
11:Nitzschia inconspicua Grunow 1862

12-13: Eunotia pectinalis (Kitzing) Rabenhorst 1864

12 -~

1
) -

o late 3Freshwater Bracklsh
ro st

10um Yukashi-Gat . . —
aImp055|ble to Live at Lagoons 8



Yukashi-Gata Lagoon, a shallow lagoon, along
the Nankai Trough and Tsunami Deposits

e Diatom Valves (Diatom Pellets) were easily broken by the strong tidal
currents, and were hardly preserved in the sediment at the gentle
sedimentation (the Inter-Earthquake stage).

* However an Anomalous (JEHFHY ) deposits were occurred by the
Tsunami Currents, and Diatom Valves with Freshwater species,
Marine benthic species, Marine Planktonic species, were deposited
together in the Lagoon floor.
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Legend of Heian Sand Layer ‘2 i) @
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Prof. Katsuhiko ISHIBASHI A& 38 = Huge Earthquake(Ninna Earthquake in 887)
made a temporal lake along the mountain
valley. The lake crushed next year (in 888),
and occurred a huge Flooding.
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Drilling surveys at the Ancient Lake area in
2025

* Four all core drillings at the ancient lake area were done in 2025.
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e 2 Drilling Surveys for the Ancient Lake Deposit in 887-888 AD
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Plankton Diatoms *=

- - ' (Lake Indicators)
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* The huge lake was formed by the huge landslides in 887 Ninna Earthquake,
and was crushed 308 days later by the historic documents.

* The areas of the ancient lake was presumed by the four all-core drillings.

* New age determination with the Tree ring dating using oxygen isotopes is
starting now.

* Questions:
* The Lake occurred only one time or several times?

* |t was caused by the 887 Ninna Earthquake?

* The lake was crushed on June 888? It is the heavy rain season ¥R~ in Japan.



