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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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BIEO—EHThH B, WREZTEOFETE S
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WHL, By 32— a >y 2EliT 508D
5
KIFFEDEETO HIIE, #EDOHNIE % Bl
FIZAEILT B 720 O—HEO T EIRET L2 L
F 7o, IR VUIESOME O EELE I & BB L
T, WRIROFFEO—#% 2 E TU LoKET
WET DI ETH D, FEEEOPALAIL Fig. 1
DY Thb, Iha HBERICHEHT 2 12H 72
D, EELCUTo (1) ~ (3) 2#FEiEL 7

(1) HNBIBE % T 2 2 BN OFFM - J R K
OB D4 & 20 %, THIES694E D B
MO IEEEHITY %0

(2) H-PRIFOFA HIC L 728K % 5l 2
B digett & LT, iRt o 56 & 4T
BL, Witz &0 72t oK % e
ERAH

(3) G OBETT IS & 2 A HEE S Z R L
TRERESEAT 2 AT\, Rl e PR & TR S T
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(3) Spatial and temporal informaiton on ancient tsunami

Wave source (fault model)
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Time series of tsunami height (run-up process)
Estimated damage
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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).

M (L) (2) 12D THRA - ME L 7ofs R
X, BHEIZA (2010) TREAR L TW5b. KETI,
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TOFEWEE A OTERPFE LN T WA, W
B85 A — & Z AL S THEBEOMERE - B Lo
FEFFAT AT\, B L 728k & IR, &
B\ d R b BN E O MR O A AE % BT
EDDEP T 2 ESHCONS . WikE/s
T A =& OEATHPE OINWETE & DB ORIk
TRk, ITEROENEESISHET 5, flE WhE
DOR/NIHERE T O & e L TORKIFIIRE
RS Do MR O TG 53 A0 & FERE ORI
DOFEHEHLK E W d, FUEAIZFEBL L 72Kk &
HWAEM AT D —30 S B & 9 20 0 R/ NEFAT &
% ho WS, HERW AT & IZASHOTREED/N S
Yty WBLL 22 KIShHERE Y 54 % K & Rl
5 &9 ) BILEKEHECTH 5. HREDLILO
JRBRSE SR L, ERR ORI & HERW 45
HOFEHDOKE SIIAHTH 20T, HEREW A
POWIE/NT A — & & EMEICHEE T 5 720121,
AR ZHETES B 7230 DB 2 [ HA W EE
Thbo

1.3 BEMRICL2EHEFROREMRAELE
T H

PEIES6OME O HEFIHE O S E L @ o R g, =
M X BHEORIE, HAR=AEGSORILE S S
HBZENTEDL (FMEFE, 1996 %%, 1998).
=SRGERCE, [P B BAIEE] OB S
D, BKTPEEFUED L 51275722 LB
NTWDEZEND, ZOHFIEHEICHT R
FEERICERSR L B A D T o 72 L H 2
bNbe Tz, ZOEWICEETLEEZLND
R30 - fRIE, BRI RAIE T 2 & KRR EEAS
WP CHEDB G T 52 ERME N TS
(Fig. 2 %, 2000 ; ¥, 2001). ##:% (2001)
IS O EREIIC, AEoEERE LT, H
PRI~ IR P 0 H AR O K £230km - 18
50km O Wil &, #EHEE LT M8 5% HEw L
TWwb, 8, ZRESRLZD - BEKOVTNIC
DWW, EEERERRAIEE BAAICEETE 5
FERIZI STV,

HeRE 2 & BB O - B R S 22T
LIFZEIE B L Z206ERT L D iThb T8y (MERIE

7*, 1990 : Minoura & Nakaya, 1991), Bl Tl
B PEAL T O h SR B IR AL £ <,
BRI O AR SN TS (Fig. 2 HE
1T 7%, 2001 : Minoura et al., 2001 ; & # (T 72,
2007, 2008 : S=AIAH, 2007 ; BEEIZA, 2010),
PBiZA> (1990) TI1&, MiETicBi 2 HElEk
OEPE L L C2.5~3.0m 2L, MRoHk
WmELTINEHm ERAHEAHEZ L TWb,
EIEA (2008), EEIZA (2010) Tl LG
B BRI E LT, BRI S 7% <

e — N L
® Legend of tsunami gé g §7 §
4 Tsunami deposit j B &
I
( Axis of j §
Japan.? &
Trench / d o
W] 392

Sugawara et al. (2001)
Minoura et al. (2001)

= N
Satake et al. (2008) @ 36
=
§ ©
? /Qm 100 km
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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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xS B WEET L E LT, MIBETOKE
3,000m L IC AL 5, 1H100km, #FY &7 ~
10m OWiE (Fig. 2 ® L-D OFEHIZHY) AW
ERERL TV,
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L7-RImHEE 2 RET o

WIS T A — 8 IR OIS & DR

Al %o

2. BEBEIIaL—2a3 DREHD
EE R

2.1 RBEETILORE

FRMEFEATClE, BEIRIS (BT O =i 7T o fr
&), Wi/ Ng A—% itk 2, Bl
WS DM E), HE DFEARB R, B
ZALZ AT 5 (Table 1)o MUFIC, BELZE
O AE R L T <,

T4, Fig. 212, BFITHRE S o dk s (b
JEETIV) ZRT, FITIE, BARBEOMNE,
YA ZXPFAREN TS, R TlE, KO
C ~F TR SN T 5 FFEHE BRI O 7 — 5 12
DVTIE, BHEL &0 THLZAMEADPLETDH
bLEz, WD (IETFE) TOMEENT—
7 EPH L wAiEE LT, g (L-S, L-D,
H-D) & X9 ZWiEdipiiciReEd 5,

BB DMK I, R D S F975km A8
F CUEKEE200m DGR o B, 24X 0 & Pl
FERNAIT & 72 o TV 5 2 L ASMRIT, /K17, 800m
O E T OHBEIZN260km TH B (Fig.2;
Fig. 5-A)o Miura et al. (2005) O AN THIFEFRARIC
FAUR, HHEEREEINC BT BHE T L — MikAaA
AL HEEE A 5150km TR E < B L, EE
A5 0 ~80km DHPAAT5 ~ 6 &, 80~115km
AT 8 ~10/, 115~150km A2/ Tdh 5 7%, ik
20 5150km O L& 2 6 W EH F TIE, 235 &
o TWh, 7z, WRIKFHBENEN (2005)
THIRIEECHERDPRENTBY, WEEE 5
140km F TUXibAAARMIORE, T L b EEM
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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 () NG 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
OWAC  Gipiom 200 85 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 M HEORFREI IS L TWb,
HEBHEZR L, ShETOL I AEAHEE -
R e &, REELES L 2mEFBI S
T, BEFERFZEIC X 2 UMt fdaT < ik, e
I (L-D B X O L-S) OiliiE 75 Sk o dk g
W LTHIITH D LORRPRSIN TS, K
WhigE T, &MWREE 7V (i ER), (K
flrE - LREEE TV (NEEORLH il
AR HCEER, AW T TV (WEiE
DR WD HEHER B OF N2 THAT
AT o Wik O, Wi 2> 5140km
I COMMABEILTIONE, ZhLD b EMOEHH
T LT 5,

WEDO~ 7 =F 22— FMIE, Minoura et al.
(2001), EHEIZA (2001) &Rk AUEFE CE

B E TOWEEr =8200km, BET =5 %IKE
FToHE, WK (1969) 12X BTE MoK (1)
P, M=83MHEEND,

log r =0.50M —1.85 I =5) (1)

WY R U, Sato (1979) 12 L2 UL MOELR
X (2) 25, U=S.mPHEESN D, F 72,
WigoRES L =200km #1RET 5 &, WiEH#ES
EM OB (3) 206, WikEE W =85km 25
EENS (Fig.2 : Table 1),

log U=0.50M-1.40 M=5) (2)
log S=M-4.07 (M>5) (3)
Ubog x—% %3812, w0 &L Wikt 21t

X ETNVICOWTIRNZ4T D o
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HiC, EEIZA (2010) CHGET L2 Fimiis s
SO IRAL - WAL — 212D\ T b T
AT, EEMISERF OB X BRSO Z L%
W 5o G TPEIZ BT 5 Bk ~ 523 0]
OERHEL B, 6, 0004EFT LARE, JRIE 1 m F2HEE
DWEER RSN E SO0, FIYRYIZIIBTE L [H
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FEAZ & IO ERIHE > T, SEFIYHIALL Om,
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RIFZEClX, WEomERIIET -5 L LT,
R REFORABA Yy Y aF—F 2@ L7
(Fig. ). ZeRIMsTHIFIE, Wiz &GHAR
4:f£C1,350m (1) 7 No.1350-01), AFUL &5
PRI D ARSI A T450 m (0450-04), = I IR
T150m (0150-09), A& T50m (050-21) & 7% >

**75 &8 O R OALE & B FiIE O
YR EBETRECERD, dLJﬁ«@
%#ﬁﬁféﬁwk%x%ﬂé il V-85 12
SERTIERAIT (K96, 0004 AT LARE) UK HEMZE EJJL:
LD WEDOUEFFRI > T S N7, TERAER
DOE ZWHEIROWIZ (JE32%1 5 beach ridge) 7%
3HIGAET B (MRS 1 ~11;Fig. 4) 212
NORERE, 8 T i34 555, 000~4, 500 yrs
BP, %5 I L35 552, 600~1, 700yrs BP, 2 I {4t
J25175800yrs BP LI L HEE ST w b (IvA
fRRE, 1998)c £5MESRHNETIZ 351 (NEEHIA &
Ma~Ic) 125 H AL, Z1s OIBEBIEFCIE
HEdEF Ma 251, 300 cal yrs BP, IMb#%1, 100cal yrs
BP, Ic#%350cal yrs BP & kDS TWw 5 (ff
B, 2006)c AWFZETIL, 8694 EUBIEL I 24 50D i
FERREEE Ma 3ty & 45 b i3E O M2 dH - 72
EME L, RIS Ma O fFAIBE SR % 2 g o g
e L7z (Fig. 4)o 72, RS % 3:MIcHH
Lz, L—F—707 745 Tl s EE
T =& w &I, AFMEFOHEMEE T L e
T =8 BER L7z JTEO50m A v ¥ afEm T — 4

TWho %, FHEOFBIRIRR TIE, Wik 6, AR & CHIE12,000m, FAk6, 000m
2 HAIETE £ T OWKHIZ A BB A & BiAE OFIFA Y ML THI7m 50+ 3 m) THHY~
TZEEL T ZRWnwEER %, TN L7tk EIRFIOEBEGAERIED Tl
o= tmom 40 s A [sx=as0m _ I 4
- R . | sokm > 20 km d
dx =450 m
dx=150mf|F - \\ f . i
[dx=17m (Fig. 4) | [dx =50 m |
n 200
A !
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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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® Excavation site (A~ F; Transect)
-8~ Tsunami deposit and limit line of distribution 0 -10 -20 -30 -40 -50

~O- Output point in Fig. 7, Fig. 8 and Table 3 Water depth (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, BRZ2 and BR3a
correspond to the beach ridges I, II and
Illa, respectively. Beach ridges IIIb and
Illc are estimated to have been formed
after the Jogan Period (Ito, 2006).

FERRON B A2 250 L, JECIEdR L 7 sl o
F&W) DGR A 2 O EH L IE O MK O M i = % 4
ELT, HHMIEEEIT L (Fig. 4). (EikalE%
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F7o, HCHIE (17m A v 2a) ISRLTIE, E
Y - SRR St (TH) 103
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] oM ON
e (4)
ot OJx Oy
oM 8<M2) 2] (MN) on
—t—|—|+—|—|+gD—+—=0
ot ox\D o D ox p
(5)
ON 0o (MN) o <N2 on y
—t—|— |+ —|—|+gD—+—=0
ot ox\ D oy \' D oy p
(6)

ST, IR, nlIKAL, M =hu, N=ho
ZEN TNy, y HFAOKTEE (u, v ZZEN
¥, y I OKEFIENFHE), D=y +hid&
KIETH Do 1, TIXFNFNx, y HHDUFEE
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- T M/MTN? (7)
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2
T n
—i:§EN¢MMN2 (8)
p

SIEIINEE, » X Manning DM ERETH
O, Ehow@h), HHEHFICE D n OEEZEREL
Twh,
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5 3EEMOF W ORI &M E2FI L 72 ihE
Wi LRI &GS 5 720, IEARAL - K
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&, RS S B EIZD T Tl A S T A
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Bx, 10BBORR[GE LT Lz, RIFZET
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PRI L C S NARTEIR R ICHY 5 5 &
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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 acco

unt

Number of tsunami run-up 1

Occurrence of the tsunami deposit
(massive structureless sand layer)

Shallower than foreshore

Affected water depth

(brackish waters)

Low value of mud content of the tsunami
deposit
Detection of brackish diatoms (Minoura et
al., 2001)

: . Unknown
Tsunami period

(stagnation of the seawater)

Normal grading of the tsunami deposit

Transition to muddy sediment at the top

Backwash none

Occurrence of the tsunami deposit
(massive structureless sand layer)

Minimum run-up distance

2,000 ~ 3,000m
(from the Jogan paleo-coastline)

Horizontal limit of the distribution

.. . 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)

WO e L7z (Table 2)o AR Tld, 24
% BB ORE R 2 S 5. B S R
WS ON DA (FEER) &, ShETI
IS 2 SN T B FEBIRE O34 (R30 - (5K
EFMNHEREY) ICEEO VTR 5. ORI
W & R ~ i T oM OBIIEIRI L, HERE
W7 S L 7o @k o (Table 2 o E 1%L
HW AW - D12 W oRE - BEUKE) 120w T
FHMS 5o FPRIC, BMRCHILLZZBEAKIEIE,
WHERE W AR AR (Fig. 4) TORAKI &, He
T A SHEsE L 72K B KRR /) Table 2) %
R LTI 2, %28, HBIEE T, HED
DEIAIH HIRAIEA S I SN TV 205, FFH
TELEWEEBEOEIHELN TN WVTZD,
Fig. 6 C/R L 2= COREFEIZONVTIE, ET W
B OFEEN 2 i 2179 o

3. BEYIaL—TaiER IFEVE
B ERF RSO

31 EEVERER (BRMETE) O

M S AT EICESL 54~ (Fig. 2) =
TOWBEEE % Fig. 5 1R T WTFNLOEFILT
b, BN LA TR, B L
b mflTEE TV (High-angle deep) Tlik
FMesgigske B (IIETFEF) ISR TS, D =BT

Water depth (km)

(m) (m) (m)

(m)

Cohesion of the subsurface sediment

Distance from the trench axis (km)
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Fig. 5 Bathymetric profile (A), subduction angle
of the Pacific Plate (B) and vertical
displacement of the sea-bottom (C~F).
Profile line is indicated in Fig. 2. ERL:
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Research Institute (2005).
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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.
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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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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.
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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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