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Specialty

Diatom analysis, a useful method for paleo-environment and histories

of natural hazards ;ancient earthquakes, tsunamis and huge 
typhoons,

during Pre-History and Boundary of Pre-History and History Periods

Diatom 硅藻

Boundary between Geology, Archaeology, History, Biology

Microfossil 微化石

自然災害、地震、津波、巨大台風

境界領域（地質学、考古学、歴史学、生態学）



Lake StudyAncient

10μm



A Very Simple Method for the Analysis



I 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. 

It is impossible to export and to import Soil Sediments 
without Special Permissions in Many Countries.
I usually finish my observations using the Microscope in 
the evening after the field surveys at  my hotels. 

國立中正大學



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

• 2011 Tohoku Earthquake Tsunami and 869 Jogan Earthquake Tsunami

Geologic Supports for the Earthquake Modeling

Tsunami deposits under different sedimentary conditions
• Tsunami Sands over coastal plains 陸上津波砂層

1611 Keicho Hokkaido Tsunami

2011 Tohoku Earthquake

• Submarine Tsunami Deposits at Kesennuma-Bay 海底津波堆積物

1960 Valdivia (Chilean) Earthquake Tsunami 

2011 Tohoku Earthquake

• Tsunami Deposits in Coastal Fresh Lakes along the Nankai Trough 沿岸淡水湖沼

1707 Hoei Earthquake

• Tsunami Deposits at Shallow Lagoon along the Nankai Trough 沿岸潟湖

1361 Shohei-Koan Earthquake. 

1707 Hoei Earthquake, 

1854 Ansei Earthquake.

Dr. Yuki Sawai

Dr. Satoshi Ishikawa

Dr. Yoshiki Sato

Dr. Yu Fukumoto

Dr. Ara Cho

They were the PhD Students 
at Kashima Laboratory



東日本大震災
2011年3月11日

East Japan (Tohoku)
Earthquake

M9.0





Rice Field

Geospatial Information 
Authority of Japan
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中央病院

Central Hospital



Jogan Earthquake Tsunami  貞観地震津波 AD869



Prof. Kenji Satake
東京大学地震研究所
Now 國立中央大学

Three years before
The 2011 Tohoku 
Earthquake



The Tsunami areas were very similar 
between Jogan貞観 Tsunami 869AD, and the East Japan Tsunami 2011AD 

Rice Field

Geospatial Information Authority of Japan



Diatomist
PhD at Kyushu Univ.

5 years before 
2011

2006



Published on June 2010, 9 month before the earthquake



Dr. Satoshi Ishikawa







The Tsunami Sand layer contained 
a lot of Diatoms. 
Marine species are very rare

Tsunami Sand
津波砂層



Dr.



Depositions 
of Tsunami 
Sands at
2011 Tohoku
Earthquake

Block Sampling 
of Tsunami Sands



Freshwater
Planktonic Marine

The Tsunami Sand layer contained a lot of Diatoms.
Marine species are very rare



Diatom Assemblages as the Indicators for Huge Tsunami 
Sedimentations and Recover Processes of Environment 

at Kesennuma Bay, Tohoku, Japan
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Submarine Tsunami Deposits 浅海津波堆積物



Kesennuma March11, 2011 Kesennuma March12, 2011



Kesennuma

Oct. 2017

West Bay
East Bay

Kesennuma

West Bay

East Bay

Kesennuma  

(a) (b)

(c)

(d)

Figure 1 Location of Kesennuma, Tohoku Area, Japan
(a) Location map,  (b) detail location map
(c) Satellite view by Google Earth
(d)  Submarine topographic map of the bay

Tidal 
current

Fig.2-b
Fig.5

Fig.2-b
Fig.5



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

Deposition Areas

Erosion Areas

(a)
(b)

KSN-2
4m

KSN-1
2m

KSN-3
4m

1960 Valdivia (Chilean) Earthquake Tsunami  on May 23-24, 1960 



Feb.11, 2011   
One month before the tsunami

March.11, 2011
The fires after the tsunami

March.12, 2011
Next morning after the tsunami

Feb.11, 2011
One month before the tsunami

March.29, 2011
The ship was derived to the land

March.29, 2011
After the fire

(a) (b)

(c) (d)

(e) (f)

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 
our filed survey on the boat (by Mr. Shiomi, Feb.11, 
2011)
(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)
(f) The ship was derived to the land (By Prof. 
Haraguchi, March 29, 2011)

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



March.29, 2011

March.29, 2011 March.29, 2011

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

(a) (b)



Fig.6 Submarine variations at Kesennuma bay after the 2011 Tsunami (by Prof. Haraguchi)
The coring of the submarine deposits at three sites on the submarine mounds which were 
caused by tsunami currents on March 11, 2011

KSN1301

KSN1302

KSN1303



KSN1301 CT 
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Fig.7 KSN 1301 core
The core was 3.5m long. Top 32cm was 
the tsunami deposit in 2011



Figure 8  Top 32 cm of KSN1301 core
CT photo, Density, Grainsize, CT value and Magnetic Susceptibility were shown.
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Figure 9  Diatom assemblages of 0- 50 cm layer of KSN1301 core

Tsunami

Oceanic species
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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

Gray Scale 



https://www.data.jma.go.jp/svd/eqev/data/nteq/nteq.html

日本書紀地震

A pair of the earthquakes segments of Philippine Sea 
Plate, occurred at 100-200 years interval at more than 
eight times.
The Next ones would be occurred soon.

Hoei Tsunami
1707

Tsunami Hazards along the Nankai Trough



2023

Dr. Ara Cho  KIGAM, Korea
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Surface sample locations

Baranes et al.,2016

These lakes are suitable to presume the 
environmental changes and hazard histories.



Pellets of a lot of diatoms

Staurosira spp.

Aulacoseira granulata

SEM photos at Surface deposit of 
Lake Ryuo龍王池

More than 10,000 diatoms were 
observed in 1mg deposits



Bromine 臭素

Lake Ryuo 龍王池

Nine times of Sand sedimentation
during 250-600 cm depth

Hoei Tsunami (1707) 宝永津波
270 cm depth

Baranes et al.,2016
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Yukashi-Gata Lagoon, a shallow lagoon, along 
the Nankai Trough and Tsunami Deposits 

WAKAYAMA

Osaka

Yukashi-Gata Lagoon

Nankai Trough Earthquakes

Drilling

Shallow Lagoon sediments  ⇒ Diatom valves, Diatom Pellets are destroyed by high 
magnitude tidal currents which cause huge physical and chemical stresses to diatom valves.



Yukashi-Gata Lagoon



The core was Massive. We 
could not observe Tsunami 
deposits such as the Sand 
Layers. 

Top Layer was taken again, by 
the different drilling method

3m core
AD500



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



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

安政地震津波

宝永地震津波

1944/1946 Tsunami ?



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

1944/1946 Tsunami ?

Diatom 
Plate 1-3

安政地震津波

宝永地震津波



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

Oceanic Species
Not Shallow Lagoon Species

Shallow Lagoon Species



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) Kützing, 1844
Amphora coffeiformis (C.Agardh) Kützing 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) Håkansson & Locker 1981
7: Melosira varians C.Agardh 1827
8: Synedra ulna (Nitzsch) Ehrenberg 1832 (Ulnaria ulna (Nitzsch) Compère 2001) 
9:Cymbella naviculiformis Auerswald ex Heiberg 1863
(Cymbopleura naviculiformis (Auerswald ex Heiberg) Krammer 2003)
10: Navicula mutica Kützing 1844 (Luticola mutica (Kützing) D.G.Mann 1990) 
11:Nitzschia inconspicua Grunow 1862
12-13: Eunotia pectinalis (Kützing) Rabenhorst 1864

Impossible to Live at Lagoons

Freshwater-Brackish



Yukashi-Gata Lagoon, a shallow lagoon, along 
the Nankai Trough and Tsunami Deposits 
• 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（非日常的） 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. 



Koan/Shohei 康安/正平地震津波

Yukashi-Gata Lagoon

Hoei Tsunami宝永津波
Ansei Tsunami 安政津波

Historic Earthquakes and  Tsunamis along the Nankai Trough 

1944/1946 Tsunami (?)

Ninna



Koan/Shohei 康安/正平地震津波

Yukashi-Gata Lagoon

Hoei Tsunami宝永津波
Ansei Tsunami 安政津波

We are now taking another project 
for the AD887 Ninna Earthquake 

Historic Earthquakes and  Tsunamis along the Nankai Trough 

1944/1946 Tsunami (?)

Ninna仁和地震津波



仁和Ninna地震（AD887年）日本三代実録
The Nankai Trough Earthquake

•卅日辛丑、申時、地大震動、経歴数剋震猶不止、天皇出仁寿殿、
御紫宸殿南庭、命大蔵省、立七丈幄二、為御在所、諸司倉屋及
東西京廬舎、往往顛覆、圧殺者衆、或有失神頓死者、亥時又震
三度、五畿内七道諸国、同日大震、官舎多損、海潮漲陸、溺死
者不可勝計、其中摂津国尤甚、夜中東西有声、如雷者二、
（AD887年8月22日）

•五畿内 大和、山城、和泉、河内、摂津五か国 近畿地方

•七道 東海道、東山道、北陸道、山陽道、山陰道、南海道、西
海道 （日本全域）

17 Years later from the Jogan Earthquake in 869 
2026 is 15 Years later from the Tohoku Earthquake in 2011 



Legend of Heian Sand Layer 平安砂層

•仁和三年七月三十日（AD887.08.22）の仁和地震によって、北
八ヶ岳の一角の天狗岳が大きく崩れて、流れ下った土砂が千曲
川をせき止めて湖をつくった。その湖は、翌年の梅雨時の五月
八日（AD888.06.20）に決壊して下流に洪水を引き起こした（石
橋、1999、2000）。

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. 

Prof. Katsuhiko ISHIBASHI 石橋克彦



Huge Earthquake(Ninna Earthquake in 887) 
The Mountain Collapse occurred a huge lake 

Huge Flooding in 888 at信濃国(Olde name of 
Nagano)

One year 303 days

仁和４年５月８日 ⇒ AD888，June 20

仁和3年7月30日 ⇒ AD887，August 22



Ancient Lake Site

Nankai Trough

887AD Ninna Earthquake

Ishibashi Model



AD887 Flooding Layer平安砂層

Ancient Lake

Flooding

80-100km



https://isabou.net/knowhow/colum-rekishi/colum73.asp

C14 dating from 平安砂層

Huge Earthquake

山田隆二Dr. Ryuji YAMADA（防災
科学技術研究所National Research 
Institute for Earth Science and 
Disaster Resilience, NIED ）
1 year or seasons determination of
the tree falling year.

酸素同位体比年輪年代法
Tree ring dating using oxygen isotopes

Yamada et al.(2019) presumed 
that it occurred at spring season in 
888 



https://isabou.net/knowhow/colum-rekishi/colum73.asp

C14 dating from 平安砂層

Huge Earthquake

山田隆二Dr. Ryuji YAMADA（防災
科学技術研究所National Research 
Institute for Earth Science and 
Disaster Resilience, NIED ）
1 year or seasons determination of
the tree falling year.

酸素同位体比年輪年代法
Tree ring dating using oxygen isotopes

Yamada et al.(2019) presumed 
that it occurred at spring season in 
888 

Yamada et al.2019



Drilling surveys at the Ancient Lake area in 
2025
• Four all core drillings at the ancient lake area were done in 2025.

Lake Layers
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Drilling Surveys for the Ancient Lake Deposit in 887-888 AD



Cyclotella

Aulacoseira

Cyclotella

Melosira

Plankton Diatoms
(Lake Indicators)

C.meneghiniana C.stelligera C.comta

4-12 C.sp. (species is unknown)

A. ambigua

M.varians



• 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?

• It was caused by the 887 Ninna Earthquake?

• The lake was crushed on June 888? It is the heavy rain season 梅雨 in Japan.


