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Reconstruction of the AD 869 Jogan earthquake
induced tsunami by using the geological data
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Abstract

A numerical study on the wave source (fault parameters) of the AD 869 Jogan
tsunami was performed after re-constructing the condition such as the topography, sea
level and land surface at that time. Three possible fault models (i.e. location of the
wave source) of the tsunami were considered. Effects of tide level at the time of
tsunami generation, and fault displacement and width on the inundation area were
examined in each model. Tsunami inundation was numerically reproduced on the Jogan
paleo-topography of the Sendai Plain, and simulated inundation area was compared with
the distribution of the sandy tsunami deposit. A most plausible model of the Jogan
tsunami (mean tide, fault displacement 5.6 m and width 85 km) was proposed on the
basis of the sedimentological estimate of the qualitative and quantitative character of
the Jogan tsunami.
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Fig. 1 Framework of the numerical reconstruc-
tion of an ancient tsunami (modified
after Sugawara et al.,, 2010). This paper
discusses on (3): numerical analysis of
the tsunami inundation. Results on (1):
the reconstruction of paleo-topography
and (2): estimation of the inundation
area are described previously (Sugawara
et al., 2010).
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TOFEWEE A OERIFE LN T WA, W
B85 A — % Z AL S THEBEOMEE - # Lo
FEFFAT AT\, BB L 728k & IR, &
B\ ER b AL E OB HER O & BT
EDDEP T 2B, WikE/ s
T A =¥ OEATHBE OINWETE & € DB ORI
TR, ITEROENEEISHET 5, flE WhE
DOR/NIHERE T OIS & e L TORKIFIIRE
S Do HERW O TINS5 & FEBE ORI
DOTEHEDTK & WA, BEAC I L 7287k &
HWAEM AT DS —30 S B & 9 729 0 R/ NEFAT &
% ho WS, HERW AT & IZASHOTREEDN S
Yty WBLL 2R KISAHERE Y A % K & Bl
589 ) BILEKEHECTH 5. HED LSO
JRBRSE SR L, ERR ORI & HERW 5
HOTHEDOKE SIIAMTH L DT, Hef&W 54
POWIEINT A — & & EAEICHEE T 2720121,
AR ZHETES B 7230 DB 22 AW EE
Thbo

1.3 BERRICL2EBERORBAELE
DA

TEIERGOLE O HEI I E D FE A & {0k, =
MW & 2 HEORIE, HARZAEGZEOTR S
MBI ENTES (FHE3E, 1996 1%, 1998),
—REFICE, [HE BN RARE] OB D
0, BKRTEFEIEED L) IZh o722 Ll E
NTWDZ b, ZOFWITHACH TR TR
PRI R L 7 IR IR AR OEE Th o 72 L E 2
bivd, 72, COHEFIIHFBTLEEZObND
R30 fRIE, BRI RANE T 2 & RIS
T CBBANRGHTEHIEPMENT NS
(Fig. 2 ¥, 2000 9%, 2001). ##i% (2001)
NSO EmRAEIIC, AEoRERE LT, ®
PRI~ IR P 0 H AR ME T O & £230km - 18
50km OWifE &, MEHBE L L TM8 5% HEE L
TWwb, 8, ZRESLZD - BEROVTNIC
DWT L, FEECEAKEE BANICHETE S
HRITH STV,

HEFE W) 7> & B O B8R IS A B & 12T
LIfFEIEB L 2206 L D iThbhiTsh (i

7, 1990 : Minoura & Nakaya, 1991), HHl: & Cld,
B PEAL T O h SR B IRIR AL £ <,
HPRE OGRS N T 5 (Fig. 2 HE
1T 7%, 2001 : Minoura et al., 2001 ; & # (T 72,
2007, 2008 : S=AIAH, 2007 ; BEEIZA, 2010),
FrEBIZ2 (1990) Tid, UARTHICBIT 2 HEIER
DOEPE &L L C2.5~3.0m 2L, MmoHk
melTINaeHm FMBHEEHEEL T2,
EIED (2008), HIEITZA (2010) TiE, i
2B BRI E LT, BRI, S 7% <

_ A Gaz

\
® Legend of tsunami &
# Teunami deposit @

Fig. 2 Distribution of the legends (Watanabe,
2001) and deposits (Abe et al., 1990;
Minoura & Nakaya, 1991; Sugawara et
al., 2001; Minoura et al., 2001; Sawai
et al., 2007; Shishikura et al., 2007;
Sawai et al., 2008; Sugawara et al.,
2010) of the AD 869 Jogan tsunami.
[B]~[G]: Place of the alongshore tsunami
height mentioned in Fig. 4. Rectangular
areas (H-D: High-angle deep, L-D: Low-
angle deeper, L-S: Low-angle shallower)
indicate the projected location of the
fault planes examined in this study.
Broken line indicates the profile line
of the bathymetry and the sea-bottom
displacement in Fig. 5.
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AT 8 ~10/, 115~150km A 12/ Tdh 5 7%, ik
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Table 1 Fault parameters and tide levels examined in this study.
Model Length  Width Slip Strike Dip Rake  Depth Magnitude Tide
L (km) W (km) U @m) 6 () 00 A () d (km) My (m)
Reference 200 85 5.6 203 30 90 31 8.32 1.00
Low tide 200 85 5.6 203 30 90 31 8.32 0.07
High-angle High tide 200 85 5.6 203 30 90 31 8.32 1.66
deep Slip+1m 200 85 6.6 203 30 90 31 8.37 1.00
Slip+2m 200 85 7.6 203 30 90 31 8.41 1.00
Slip+3m 200 85 8.6 203 30 90 31 8. 44 1.00
Reference 200 85 5.6 203 10 90 14 8.32 1.00
Low tide 200 85 5.6 203 10 90 14 8.32 0.07
Low-angle High tide 200 85 5.6 203 10 90 14 8.32 1.66
deeper Slip+1m 200 85 6.6 203 10 90 14 8.37 1.00
Slip+2m 200 85 7.6 203 10 90 14 8.41 1.00
Slip+3m 200 85 8.6 203 10 90 14 8.44 1.00
Reference 200 85 5.6 203 10 90 0 8.32 1.00
Low tide 200 85 5.6 203 10 90 0 8.32 0.07
High tide 200 85 5.6 203 10 90 0 8.32 1.66
Slip+1m 200 85 6.6 203 10 90 0 8.37 1.00
LOWAC  Gipiom 200 8 7.6 28 10 90 0 841 100
Slip+3m 200 85 8.6 203 10 90 0 8. 44 1.00
Width 122% 200 100 5.6 203 10 90 0 8.37 1.00
Width 144% 200 120 5.6 203 10 90 0 8.42 1.00
Width 166% 200 140 5.6 203 10 90 0 8. 46 1.00

FEAET A EWE I HEORREIAIE L TWb,
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WhgE T, &AWREE 7V (i ER), (K
flirE - LREEE TV (NEE O RLH i
A HA ISR, AW TSV (Wi
O R WD HEHEI B OF N2 THAT
AT 9o Wik O, Wi 2> 5140km
I COMRMBEILTIONE, ZhLY b EMOEHH
T LT 5,

WED~ 7 =F 22— FMIE, Minoura et al.
(2001), EHEIZA (2001) &Rk AUEFECE

I E TOWEEr =8200km, BET =5 %IE
ToHE, WK (1969 12X sTE Mo (1)
P, M=83MHEEND,

log r =0.50M —1.85 I =5) (1)

WY R U, Sato (1979) 12 L2 UL MOELR
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EM OB (3) 206, WikEE W =85km 75
EEND (Fig.2 : Table 1),

log U=0.50M—-1.40 M=5) (2)
log S=M-4.07 (M>5) (3)
ULog x—% %2312, w0 &L Wikt 21t

X7 ETNICOWTIRNZ4T D o
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fRRE, 1998)c £5MESRHINL T 351 (NEEHIA &
Ma ~ M) 250 S, 215 OBERHFAIL
#E3E Ma 251, 300cal yrs BP, Mb#%%1, 100cal yrs
BP, Ilc#%350cal yrs BP & k>S5 Tw5b (fft
B, 2006) AFFZETIL, 8694F FBTEIE HEF D i
FERR IS Ma JE3E51 & 45 Wb EIEH O I H - 72
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W L7 (Fig. 4)o $72, BAIRZ AN BT
Lz, L—F—7u7 745 Tl s EE
T8 &, HBAROEIE R T L 2
T =& 2B L7z JEDOS0m A v ¥ 2 iEm T — 4
25, FAHIE A S APE12,000m, #EAL6, 000m
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Fig. 3 Bathymetry data for the numerical analysis (provided by Central Disaster Prevention Council of
Japan). Generation and propagation of tsunami are calculated using a nesting gird system.
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&  Excavabion ste (A ~ F; Tansedl)
=@ Teunami deposit and kmil kne of disiritution @ 00 20 30 80 50

=L Qutput peint in Fig. 7. Fig. 8 and Tabée 3 Woler degiih {m])

Fig. 4 Reconstructed Jogan paleo-topography
of Sendai Plain (study area) for the
numerical analysis of tsunami inunda-
tion (dx=17m). Numbers indicate the
elevation (positive value) and water
depth (negative value). [A]~[F]: Tran-
sects of the field excavation. Dashed
line on the land indicates the landward
limit of the tsunami deposit (Sugawara
et al., 2010). Areas enclosed by dotted
lines indicate the estimated shape of
the beach ridges. BR1, BRZ and BR3a
correspond to the beach ridges I, II and
IIla, respectively. Beach ridges IIIb and
Illc are estimated to have been formed
after the Jogan Period (Ito, 2006).

FERRON B A0 L, JECIEdR L 7 slid e
F&W) DGR A 2 & HH L EO MK O M ik = %
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Table 2 Qualitative and semi-quantitative evaluation of the character of the Jogan tsunami
(after Sugawara et al., 2010).

Tsunami character Estimate Sedimentological account

Occurrence of the tsunami deposit

mber of tsunami run- 1 .
Number of tsuna un-up (massive structureless sand layer)

Low value of mud content of the tsunami

Affected water depth Shallower.than foreshore deposit_ .
(brackish waters) Detection of brackish diatoms (Minoura et
al.,, 2001)
Unknown Normal grading of the tsunami deposit

Ty i peri . o .
sunami period (stagnation of the seawater) Transition to muddy sediment at the top

Occurrence of the tsunami deposit

Backwash .
ackwas none (massive structureless sand layer)

2,000 ~ 3,000m

(from the Jogan paleo-coastline) Horizontal limit of the distribution

Minimum run-up distance

.. . 1.4 ~ 2.5m . . . .
Minimum run-up height (@bove TP) Maximum elevation of the tsunami deposit
Hydraulic value 0.99 ~ 1.77N/m’ Erosion of the pre-tsunami ground surface

(Maximum bottom shear stress) (Near the Beach Ridge I) Cohesion of the subsurface sediment

WOREZHEE L7 (Table 2)o ARfmTld, Th Distanca from tha tronch axis (kmj
B I BB OB % SPI S B o B S N7 T

I

WF O (GERERE) 15, ShETl %z ' =
B & 2212 ST 2 BRI O (57 - 27K i, o ———
L) CHSVCCRIIT B HEORE s =4

8: Subduction angle of B
W &R~ C O OBIEIRDUL, HERE b e
Y S¥EsE L 728k 0 1% (Table 2 O3 L[l -

3 = 0 (ERI), 107 {low-angla, his stuely)
§=27 (ERI), 30° {high-angle, this shudy)

T 4 |C: Vertical Displacamont by .-~ [T i
HOR - 5 X OA R - EAR) ISHDVT g el e s
BRI %o Wefhlc, FHECHELL B, EZ . A . = — Ifm
PR AHIRR (Fig. 4) ToOBARDLE, K =

Hy e 35 L 7oK B T2 )  Table 2) % & oo A —ae
WL CRHIES %0 %8, BB T, R §; Y i et Ll
D4 BB B 22 STV B 75, (R £ R
TELHEPEBFEOMBHELEN TV R WD, [ & Vortcal Disglacemant by Fout =

Low-anghe shallower model
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Fig. 6 North-south distribution of maximum
water level extracted along the coastline.
Values were averaged using adjacent 9
data points. Location of the places
(B~G) is indicated in Fig. 2.
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Fig. 7 Time history of the water level near
the coastline. Location of the point is
indicated in Fig. 4.
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Table 3 Near-shore amplification of tsunami.
Location of the point is indicated in
Fig. 4.
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Fig. 8 Time history of the inundation depth
in the back marsh behind the beach
ridge IIla. Location of the point is
indicated in Fig. 4.
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Fig. 9 Excess of the calculated run-up distance
over the distribution limit of the tsunami
deposit (measured perpendicular to the
paleo-coastline). Result of the high-angle
deep fault model. U: fault displacement
given to the model. A~F: Transects in
Fig. 4.
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Fig. 10 Excess of the calculated run-up distance
over the distribution limit of the tsunami
deposit (measured perpendicular to the
paleo-coastline). Result of the low-angle
deeper fault model. U: fault displace
ment given to the model. A~F: Transects
in Fig. 4.
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Fault model: Low-angle shallowar

"'\f

Excisas of lsuriaimi iusrp (m)

o

e .
[ ] e [+] E F
Trarssc
wubes Hightide U=588m  yfe- Low tide: U=58m
== Moantide: U=56m == Meantds: U=86m
=~ Meanbda: U= TEm —m— Meanlids: U=B6m

Fig. 11 Excess of the calculated run-up distance
over the distribution limit of the tsunami
deposit (measured perpendicular to the
paleo-coastline). Result of the low-
angle shallower fault model. U: fault
displacement given to the model. A~F:
Transects in Fig. 4.
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Fig. 12 Excess of the calculated run-up distance
over the distribution limit of the
tsunami deposit (measured perpendicu-
lar to the paleo-coastline). Result of
the low-angle shallower fault model.
U: fault displacement given to the
model. A~F: Transects in Fig. 4.

T E 01, SAMEET VLA - RPN
FEWEET VD) B, L - W) 5. 6m 72
TPIWIAL - ) 2 6.6m L EOBAETH S0 i
DH6.6m TIE, ZAiBRF & D713 500~1, 000m
Ebo Tz, PIWIL - WD E5. 6m DY,
BARIEDH D EOD, AT EDEI RGNS
<7 (500m BAW), HEREW A 2 13 IZFHIC &
%0

4.5 #/RAH

AL D &5 6m &, SEMEI - D&
6.6m ~7.6m D7 — ATIX, SAMEBET L&
A - RRESMIE T 7 VT, (RITIR Uik
Ehbe HBMEDREN#EBT AL, HWlHE
AR R L T 5 SR S I s AL AT V2 b o 72 W] RE
&V F72, AIGTPE T BRI M
LEED A U nil ik, B X O ER 2
FOKMHEER 2GR T2 L2 EETL L, 5
W ET N &0 DA - CRERBHEETVHE
MEEZONDL, 22T, K - LRI
FNTEIGEL OB A OWT, B A5
ZIIITHHTE D (HEREW A & BAKIBO DN
) YRS 6m O — Ak FEHEREY 5
BIZHPATED EFRKEV)IENE66m DT —



BRSEERIE J. JSNDS 294 (2011)

513

AT, BKBALZFFMT 2. B, RWFETIL,
AP R o BRI (IR D) KO %
AW OWE (FEHEFYERTHOFER) ToiZ
AMEOFLE BIXOWGFHEOMET -5 (£
JEHAE O IRFIFH ) e W THiE L, M
FROFM AL & L7 (Table 2), BARRYIZIE,
il & 8 o R O K25 ) o fE0.13~
0.24kg/m*=1.27~2. 35 N/m* ([ - Hh#E, 1984)
%312, Otsubo and Muraoka (1988) D AFRNIETI
LRI ORI EZ H T O & 9 1I2HEE
L7 (&FEIZ, 2010),

(1) BE R RAMEIEL 77Nm? L - (4
% < & H0.99N/m? L )

(2) FERA  EMFHIIRAMIZ0. 99 N/m2LL T
(K& EHL77TNmMLLT)

Fig. 1312, JETHEEIES OFHHAMEAS 1 ~ 2 N/m?,
BLUO~1NmPe 7% 5k s, WM S
5E L7 KRR OS5 A% R L7z # ) ®5.6m
Tld, BEEDEIRMESHERIC L 2 HEE Mm% R
BT & T SETOW EDFIEL, FHHEE 1~
2 N/m* QSIS EPSER A BT & 1) b il
TAET 5o F 72, PRHICHILRT O MFE IR £
RoNzeholzBiiod i, BEEIEHEME0 ~
1 Nm*OfEigicEE NS, —J, Y ®E6.6mT
V&, B EHREASHEEM A L0 B T84 <
FIHEEAE 1 ~ 2 N/m>OFEIg AT E R HERE W) 55 Ai BR A
EOWBEHFRET 5o F72, JEHICEME AT OHE
HZEDRR SN o 28054 L )8, BEET
A 1~ 2 N/m?PLE & 42 25 E b,
ETFNVERBT A&, 1B)ES 6m ORI HERY
AN L 2 (Table 2) (23 <, D #6.6m
DFREFNTHERETAT & 7 > T 2 T REEEATE o

Low-angle deeper fault model
Mean tide: U=58m

Overestimate x

Limit of
tsunami
deposit

Low-angle deeper fault model
Mean tide: U=86.6m

Border of Border of
inundation inundation
area area
——— » - .: -8
—i s
Calculation Field data
Computed maximum Pre-tsunami ground surface
bottom friction (z) ® Erosion (r > 1)
E o~1(nmy © No erosion (7, < %)
1~2 (Nim?) ® Not determined
(2= 0.99 ~ 1.77 N/m?)

Fig. 13 Calculated maximum bottom friction (7) and estimated value of bottom shear stress (Tesimae) acted
on the pre-tsunami ground surface. Results by Low-angle deeper fault model (mean tide, fault
displacement (U): 5.6 and 6.6 m, fault width (W): 85 km).
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