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The M9.0 Great Tohoku Earthquake (northeast Honshu, Japan) of March 11, 2011
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M9.0 GREAT TOHOKU TECTONIC SUMMARY

The magnitude 9.0 Tohoku earthquake on March 11, 2011, which
occurred near the northeast coast of Houshu, Japan, resulted from
t flting on o near the subduction zone plate
between the Pacific and North America plates. At the atitude of this
earthquake, the Pacific plate moves approximately westwards with
respect to the North America plate at a rate of 83 mm/yr, and begins
its westward descent beneath Japan at the Japan Trench Note that
some authors drvde this region mto several microplates that together
define the relative motions between the larger Pacific, North America
and Eurasia plates; these include the Okhotsk and Amur microplates
that are respectrvely part of North America and Eurasia.

The March 11 earthquake was preceded by a series of large
foreshocks over the previous two days, begizning on March 9th with
3472 event sppeoimsely 40 o epicenter of e March
1le ke, and contimuing with another three earthquakes greater
than M 6 on the same day. e

‘The Japan Trench subduction zove has hosted nine events of
‘magnitude 7 or greater since 1973, The largest of these. a M 7.8
earthquake approximately 260 kam to the north of the March 11
epicenter, caused 3 fatalities and almost 700 injuries in December
1994 Tn June of 1978, a M 7.7 earthquake 35 km to the southwest of
the March 11 epicenter caused 22 fatalities and over 400 injuries.
offshore e s b occred s he e st
zone in 1611, 1896 and 1933 that each produced devastating tsunami
‘waves on the Sanniku coast of Pacific NE Japan. Thn coastime is
particularly vulnerable to tsunami waves beczuse it has many deep
coastal embayments that amplify tsunami waves and cause great
wave inundations. The M 7.6 subduction earthquake of 1896 created
s wves s hih 38 m nd  eprteddath ol of 22000, The
M 8.6 earthquake of March 2, 1933 pr vaves as high
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The Chenggong coast is fringed by a series of Holocene marine terraces.
Excavation sites are located on the terrace at ca. 15-20 m asl.



Continuous section using
Geoslicer in areas with limited
space or gravel rich sediments

R S &_“; e TR R S o
1 . Al
> ¢ 7Y O, it o R TSR
A TS v _\«1
- . v
.r,{:v e \ \
S Ve {
‘/
P



Core obtained by Geoslicer

Terrestrial deposits

Sand with brackish shell

Terrestrial marshy deposits

Land surface




0 1A (189 m) 1B (18.9 m) 1C (189 m) 6 (186m)

Event I
=~ 1—(770x50)

: Pottery fragment of Chilin culture
= |=—2340-2150 Cal yr BP (2250%40)

-~

~

£+ ~2305-2003 Cal yr 8P (214535) _
200 | —(2989:£:36)+ :
Event 1 _ ~—2435-2160 Cal yr BP (2315:35) l | e

... ¥1-2300-2080 Cal yr BP (2580:£40)

| —(706:34)
—3070-2860 Cal yr BP (2850+40) :

Two, probably three events during
the last 3000 years —

anormalage | 1€FFEStrial: peat, tree root, landsnail P o o B (S
) Conventional sge | M@rINe Or estuarine: marine or
estuary shell, marine diatom B 27104080 00 v 00 0240




Coral boulder on Holocene marine coral terrace

Coral boulder




Three coral boulders on Holocene coral terrace

(Matta et al., 2013)



Radiocarbon ages from the coral terrace
and boulders

Sample
occurrence

In situ coral
In situ coral

coral boulder (B1)
coral boulder (B2)
coral boulder (B2)

Sample no.

20051015-4

950702-08

5270 £50

5160 +49

4530 +50

5000+50

4570+50

5320-
5220
5220-
5120
4570
5250
4910-
4620




Pros:

The size of boulders are
likely only movable during
extreme events

All boulders are coral reef
blocks

Only few boulders along the
stretch of coast

Cons:

The age of boulders only
shows that they are blocks
of the Mid-Holocene coral
terrace

Very difficult to
confirmably exclude the e, S
possibility of storms |
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southeastern Talwan

on Lanyu Island

An even more noteworthy legend from the Tao
tribe ,
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Potential tsunami
boulders and profiles
normal to the coastline
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Site 14, northern Lanyu

0C. 14

West of Siao-ji Rock A very large (~7 m in diameter) coral block
Loc.14-1A
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Site 9, northern Lanyu

oc. 9-
Loc.9 Boulder
H=1.9
East of Tankoyen Loc. 9-2B s =m3.3 o
> N Boulder S-axis=3.0m Drift wood Road S
5= H=13m 5446 to 5409 yBP
o 7 L-axis=3.6m 5571 to 4953 Cal BP /
T 6 S-axis=2.6m
s 5 Loc.9-3 545 to 528 yBP sese
o Terrace 356 to 790 Cal BP /
B 47 3392103375 yBP
g2 34 3561 to 2944 Cal BP
Two coral blocks at this location
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Site 8, northwestern Lanyu

) Loc. 8-1-1
Between the Crocodile Rock and Tankoyen BZZIder
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Site 12, northern Lanyu

One large (~4 m In diameter)
and one smaller (~3 m in
diameter) coral blocks

Loc.12

| i = imarv sc Boulder
North of Lang-dao Primary school e 121 ol
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Site 7, northwestern Lanyu
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One Iarge (~5 m in dlameter) coral block but It Is quite
likely transported from a nearby source



Site 13, northern Lanyu

Two coral boulders; they are relatively smaller (~3 m) and may
have possible nearby sources



Criteria for identification of possible tsunami
boulders:

Primary criteria (for identifying target sites):
Size of boulders (comparing with recent storm events)
Rock type of boulders (not from local landslides)

Secondary criteria (for ranking of tsunami possibilities):

Shape of boulders (round or stick-shaped vs. disk-
shaped)

Possibility of nearby sources



Combined age results of coral boulders from Lanyu Island

Sample | Material Boulder size () Volume (m®) | Weight (kg) Radiocarbon Age (cal BP)*? Z0Th Age (yBP)® | Remark
L5 |H DeltaR =119x31 | DeltaR=73%17 | DeltaR = -218=118
7-1 Coral - - 5440 — 5650 5490 — 5700 5630 —6200 5950 - 5978 Terrace
7-2 Coral 53|35 30 55.65 145000 4400 — 4580 4440 — 4760 4640 — 5290 5111 — 5143
8-1-1 Coral Post 1950 0—230 150 — 620
8-1-2 Coral 0—-230 0—240 150 — 640
8-1-3 Shell 282215 924 24000 Post 1950 Post 1950 0—490
814 | Shell Post 1950 Post 1950 0—530
8-1-5 Coral Post 1950 Post 1950 0—3500 _
9-1 Coral 33| 30|19 18.81 49000 4720 —4970 4810 — 4990 4950 - 5570 .
9-2B Coral 36| 26|13 1217 32000 150 —420 270 —430 340 - 790 e
9-3 Coral R —— 2740 — 2950 2780 — 3000 2940 — 3560 3375 -3392 Terrace
o4 | comal | 2990 — 3290 3090 — 3330 3250 — 3860 Terrace
12-1 Coral 38|29 |13 14.33 37000 Post 1950 Post 1950 0—-530
12143 | Coal | 2850 — 3120 2920 - 3160 3080 — 3700 Terrace
1214 | Coral |  _———————" | 2670-2840 2710 - 2860 2820 — 3420 Terrace
12-2 Coral 31 )14 )13 5.64 15000 340 — 560 450 —a00 330-970
13-1 Coral 32| 20| 18 11.52 30000 700 —900 750 -920 900 — 1380
13-2 Coral 29124 ) 1.1 7.66 20000 1520 -1750 1580 — 1800 1750 - 2320
14-1 Coral 755024 90.00 234000 6550 — 6790 6640 — 6830 6780 — 7330

2 Calibrated with 2o. Marinel3 data set (Feimer et al., 2013) was used.
" Delta R values were averaged value of -218 = 118 for eastern Taiwan (Yamaguchi et al., 2004), 119 = 31 for Ishigald Island, and 73 = 17 for the Kuroshio Current area (Yoneda et al., 2007).

“The vBP is the age recaleulated to before 1950,
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Paleo tsunami in the South Ryukyu

0 5m [ o A
s [nundation height | S

» Inundated area

Area where boulders were
densely thrown up by tsunami

Percentage of the dead (black)
in each village

Estimated epicenter of the 1771
earthquake

— Contour, 100m

----= Contour, 50m

= Nt
o 3 g
Kobama-nma\“ﬁ:“':’ g

Taketomiing, 7 Tsunami boulder at Tarama Is. (Kawana)
ST

e Me e @e e [

— B0 (5)e (6) (7) e (8):«

&
@é 2 I _,/\"" /\;‘ O - -(i‘é

B S - Shimoji
: Tarama

Ishigaki
Others

©—
@

| ‘
6000 5000 4000 3000
124°15’E x yr B

Tsunami by the 1771 Eq. (Makino 1968) Radiocarbon ages of tsunami boulders
(Kawana & Nakata 2001 )




119°E 120°E i 122°E 123°E 124°E 125°E
26°

EE,

’ B #

BER,
e

Ny ¥

U SN OklnawaTrough

\° A‘Fﬁ

Taiwan Strait;
Asian contlnental
shelf

X B

-

\ﬁ; )
- Manjla
4_ South China Sea .,'

- tren

lazsrazes . . o , :
19°N : 19
1M7°E 118°E 119°E 120°E 121°E 122°E 123°E 124°E 125°E




40 |

Ll Summary

southem China

Honer$
Macau X

Elevation (m)

-
£
=
)
Z
@
L
D
@
©
S—
)
°
3
=
@
.|

“t,,,.,_*_,.?
= .
105 110 115 120 125 130 135 (Megawatl et

Longitude (degree East) al. , 2009)




0 1A (189 m) 1B (18.9 m) 1C (189 m) 6 (186m)

Event I
=~ 1—(770x50)

: Pottery fragment of Chilin culture
= |=—2340-2150 Cal yr BP (2250%40)

-~

~

£+ ~2305-2003 Cal yr 8P (214535) _
200 | —(2989:£:36)+ :
Event 1 _ ~—2435-2160 Cal yr BP (2315:35) l | e

... ¥1-2300-2080 Cal yr BP (2580:£40)

| —(706:34)
—3070-2860 Cal yr BP (2850+40) :

Two, probably three events during
the last 3000 years —

anormalage | 1€FFEStrial: peat, tree root, landsnail P o o B (S
) Conventional sge | M@rINe Or estuarine: marine or
estuary shell, marine diatom B 27104080 00 v 00 0240




Potential tsunami
boulders and profiles
normal to the coastline
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