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Earthquake/Tsunami and Sea Floor

* Strong ground motion by earthquake and large flow
speed and friction velocity by tsunami waves might
resuspend and further transport unconsolidated
marine surface sediments.

Response of surface sediments for earthquake
ground motion and tsunami waves differs place by
place, controlled by degree of ground motion, angle
of slope, grain size and composition of covered
sediments, sediment thickness, major and minor
bathymetric relieves, tsunami moving direction and
speed, and so on.

We have only little knowledge or real evidence
(ground truth data) on the influence of tsunami to
sea floor environments and marine sediments.




Evidences of Tsunami-related
Marine Sediment Movements

Sea bottom bathymetry changes (erosion
and redeposition) by tsunami in the shallow
bay (ex. Kesen-numa Bay)

‘“I'sunami boulders” (ex. Ishigaki Island)

Upper bathyal microfossils in on-shore
tsunami deposits (ex. 1993 Hokkaido-
nansei-oki EQ)

Deep/shallow-marine event deposits? Useful
for paleoseismology/paleotsunami history?




The 2011 Event Deposits
from Coast to Trench

We conducted several survey cruises to find
the 2011 event deposits from coastal
(shoreface) areas to the Japan Trench floor

The event deposits were widely recognized
from shallow- to deep-water

The observed event deposits are variable
reflecting the source materials and
transportation processes
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Homogeneous (structure less) mud at top
Sharp basal contact, but no turbidite sand

Shelf-slope Event Deposits:
Two Types of Event Deposits

Type A:
Upward fining graded structure,
Sharp basal contact with turbidite sand
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C/N ratio:10.5-10.8, 10.1-10.4

A typical Type A event deposit si3cor: 224, 220




Radiological Measurement Result

134Cs & 137 Cs (Bgkg) excess Z10PD (Bgkg)  Water Content (%)
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Occurrence of Earthquake

Pre-earthquake to during earthquake
SENDAI PLAIN

SENDAI BAY

Sediment deformation by
strong ground motion of
earthquake

* Surface sediment breakout/deformation (and
resuspension of surface loose mud) by
strong ground shaking by earthquake




Intrusion of Tsunami
to Shelf

Sugawara&Goto, 2012 " ¢ e

Formation of
suspended water mass

oute; shelf mud &
by tounami RUI I

* Large friction velocity of tsunami at shelf edge

* Sea bottom erosion, sediment resuspension,
and formation of turbid shelf water




Generation of Turbidity Current

Generation of turbidity currents
& turbidite sand deposition >

Deposition of

onland tsunami deposits Movement of suspended water mass
= generation of turbidity current

- Deposition of turbidite sand from
5288 TN the turbidity currents

Turbidite sand deposition
above deformed hemipelagite

* Sea bottom erosion by turbidity current,
and lower turbidite sand deposition




Mud Pond Formation &
Maintaining Turbid Shelf Water

Formation of mud pond (highly turbid bottom water)

Alr fal of 134&137 Cs after mud pond formation

Seltieing of 1348137 Cs absorpling particles
Turbid bottom waler
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Mud pond was formed

at small depressions

of the original sea floor
Small depressions of the original sea floor topography topography
i ¢ were occupled by highly turbid bottom water.
}') AR The highly turbid bottom water might be “fluid-mud" like condition
18

# Wer turbidite mud deposition from mud pond
* Release of 134- & 137-Cs from Fukushima No.1 NPP

* Absorption of 134- & 137-Cs to suspended particles




Regeneration of Turbidity Current

Formation of second turbidite sand & mud pond

Alr fal of 134&137 Cs

Seollieing of 1348137 Cs absorpling particles

Turbid bottom waler
B, “\ 1344137 Cs trap
-_— =

— at mud pond surface

Repeated generation of turbidity currents
(smaller in scale than the first one) & e
turbidite sand (thinner than the first one) depositions ))))) )

g Ireasing of bottom water density by settling of
suspended particles and/or sediment resuspension by ASs

* Deposition of upper turbidite containing 134& 137 Cs




Deposition of Upper Turbidite Mud

Deposition of second turbidite mud from mud pond

* Upper turbidite mud deposition from mud pond

Settling of 134&137-Cs containing particles to sea floor




Only on Sendai Shelf?
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Possible Turbidite at Surface

The other Type A event deposits at Sts. 5 and 6




Origin of St. 5 turbidite

- Continental shelf and upper slope (Gooday and Alve, 2001)
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The basal sand is transported from relatively close area.

On the other hand, partial origin of uppermost clay layer is resuspension in outer shelf

Multi-spatio-temporal generation of turbidity currents!




Origin of St. © turbidite
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Increase in species inhabiting relatively shallower water depth St. 6 (1446m)

O The sediment was transported from
several-hundred meters shallower water depth
(around 900-1000 m ?) than the site.




Did we find the tsunami influence on

the inner-mid Sendai shelf?
Comparison of 1985 and 201 emt hactristics

el _{zﬁ Sedlment

Sediment
_ samp ling ‘sAintes

Pre-earthquake/tsunami data Post-earthquake/tunami data
by Saito (1989) etc. * Selected sites (50 sites) from
1985 Survey Results Saito’s survey sites

* Surface sediment grain size * Survey at Aug-Sept., 2012
* Sedimentary structures * Analyses (grain size,

* Sediment geochemistry Sedimentary  compositions, geochemistry, Sedimentary
structure structures, etc.) on-going structure




Did we find the tsunami influence on
the inner-mid Sendai shelf?

A nuchurs Sloturbato
Clearly changed

", Probably changed

Sediment Grain Size Change Sedimentary Structures/Bioturbation Change

* Hatched areas show shelf mud distribution from the 1985 survey by Saito (1989)




Homogeneous/laminated Mud
— 3 | Deposition

B Comparison of lithology and sedimentary structures

* Surface mud has no or little bioturbation




Clean&Well-sorted Fine sand Deposition

M Comparison of lithology and sedimentary structures

* Clean & well-sorted fine-medium
sand covered poorly sorted gravelly
coarse sand




134-&137-Cs profile of
Sendai Shelf Event Deposits
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* Homogeneous/laminated mud contains 134- & 137-Cs

* Homogeneous/laminated mud deposited after FNPP No.1

* Highly suspended shelf water maintained at least a few days,
maybe a few weeks or a few tens days




_Tsunami vs (Post-tsunami) Storm?

y | * Clear sediment change, but really tsunami-related?
‘ * We should consider storm/flood events after the

2011 EQ/tsunami

2012

Up-ward coarsening,
Sharp top boundary,
Internal erosional surfaces
= Hyperpycnite?

2012




Depth (cm)

10

12

14

Sendai Inner Shelf
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Post-tsunami Flood
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Preliminary Summary

The 2011 earthquake/tsunami-related event deposits were
widely recognized from coast to trench, and had wide
variation in sedimentary structures, sediment composition
and thickness.

Multiple generation of turbidity currents was estimated.
Tsunami might be a triggering mechanism.

Surface sediments on inner-mid shelf of Sendai Bay might
be resuspended and/or transported by the 2011 tsunami.

Large speed and friction velocity of tsunami might
contribute shelf mud resuspension.

Resuspension of shelf mud might form the turbid shelf
water, and homogeneous/laminated mud on shelf.

Resuspension of shelf mud might generate turbidity
currents, and form turbidites further offshore.

Transportation of shelf sand might form massive clean
sand layer on mid shelf terrace.




