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Source models of the unusual tsunami in the 17th century in eastern Hokkaido
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Abstract: Tsunami numerical simulations were performed for various earthquake source models along the
Kuril trench and the results were compared with the distribution of tsunami deposits on the Pacific coast of
eastern Hokkaido. Geologic evidence has shown that unusual Holocene tsunami deposits can be traced 1-4
km from the coast, much further inland than the inundation limits of 19-20th century tsunamis, and that such
unusual tsunamis have recurred at about 500 year interval, with the most recent one in the 17th century.
We computed coastal tsunami heights along the Hokkaido and Sanriku coasts, by using finite-difference
computations of the non-linear long-wave equation with the finest grid interval of about 200 m. In addition,
at five coastal marshes (Nambu-numa in Nemuro, Kiritappu in Hamanaka, Tokotan-numa in Akkeshi,
Pashukuru-numa in Onbetsu and Oikamanai-numa in Taiki) where the detailed distribution of the 17th
century tsunami deposits were mapped, tsunami inundation on land was computed by using moving
boundary condition with the minimum grid interval of 25 m. We first computed tsunamis from eight fault
models of past earthquakes along the Kuril and Japan trenches, as well as Cascadia and Chilean earthquakes
that produced trans-Pacific tsunamis, and compared the results with documented tsunami heights and
inundation limits. For the 17th century tsunami, we computed tsunamis for 14 fault models with various
fault parameters. The fault widths are 50 km (tsunami earthquake), 100 and 150 km (typical interplate
events), 200 and 250 km (“Armageddon” faults that would uplift the coast). We also varied fault length
along the trench axis as 200 km (single segment) and 300 and 400 km (multi-segment). The largest tsunami
heights on the Hokkaido coasts are computed from multi-segment interplate or tsunami earthquake. The
wide Armageddon faults produce smaller tsunami heights, because of the coastal uplift. Computed heights
from tsunami earthquake locally vary because of the short wavelength and wave periods. The tsunami
heights on the Sanriku coast, on the other hand, are proportional to fault width and seismic moment. The
tsunami inundation is largest from the multi-segment interplate earthquake, reproducing the extent of
tsunami deposits. The wide faults produce less inundation, whereas the single-segment fault or tsunami
earthquake does very little inundation. The multi-segment interplate earthquake is the best source model for
the 17th century tsunami.
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Appendix: After submission of this report, the 2003
Tokachi-oki earthquake (M 8.0) occurred on September
26 (Japan Time) and generated tsunami with the
maximum height of about 4 m. The Headquarters of
Earthquake Research Promotion evaluated that this event
was an interplate earthquake along the Kuril trench. We
computed tsunamis from three fault models: the
southwestern 4 blocks of Hirata et al. (2003) model,
Yamanaka and Kikuchi (2003) model, and the
southwestern 100 km of our interplate earthquake (17-51
km depth) model with the slip of 3 m (Fig. Al). The
computed tsunami heights along the Hokkaido coast are
compared with the observed tsunami heights (Fig. A2),
compiled by Tanioka et al. (2003). The 100 km long
interplate model shows the best agreement among the
three models, although there are few outliers in tsunami
heights (about 4 m) near Akkeshi, that may be resulted
from local topographic effects. We also computed
tsunami inundation to Tokotan-numa, Pashukuru-numa
and Oikamanai-numa. The computed tsunamis did not
wash over the beach ridges but entered these lakes
through small channels. The computed tsunami heights
on the coasts (1.3 — 2.9 m) and the fact that the tsunami
did not wash over the beach ridges are consistent with the
field observations.

Tanioka Y. et al. (2003) Tsunami run-up heights and
near-field tsunami waveforms for the 2003
Tokachi-oki earthquake. AGU Fall meeting abstract.

Yamanaka, Y. and M. Kikuchi (2003) Source process of
the recurrent Tokachi-oki earthquake on September
26, 2003, inferred from teleseismic body waves.
Submitted to Earth, Planet and Space.
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1

Table 1. Model parameters of faults.

Model name Date Source Mw Reference
1 | 1973 Shimazaki | 1973.6.17 | Nemuro-okKi 7.8 | Shimazaki (1974)
2 | 1952 Kasahara | 1952. 3.4 | Tokachi-oKi 8.2 | Kasahara 1975
3 | 1952 Hirata 1952. 3.4 | Tokachi-oki 8.1 | Hirata et al. (2003)
4 | 1896 Tanioka 1896. 6. 15 | Sanriku-oki 8.2 | Tanioka and Satake (1996)
5 11611 Aida 1611. 7.2 | Sanriku-oki 8.5 | Aida (1977)
6 | 1700 Satake 17001 26 | Cascadia 9 Satake et al. (2003)
7 |1960 BW 1960522 | Chile 9.3 | Barrientos and Ward (1990)
8 | 1960 KC 1960522 | Chile 9.5 | Kanamori and Cipar (1974)
b) Hypothetical sources for the 17th century event
Model Name Type Mw Fault size Depth Comments
(km) (km)
110-85 Armageddon 8.7 | 300 >=<250 0-85
2|117-85 Armageddon 8.7 | 300 <200 | 17-85
3/0-51 Interplate 8.5 | 300 <150 0-51
410-34 Interplate 8.4 | 300 <100 0-34
5|/17-51 Interplate 8.4 | 300 ><100 | 17-51 | standard
6|/0-17 Tsunami Eq. 8.2 | 300 ><50 0-17
710-17 (D10) Tsunami Eq. 8.4 | 300 ><50 0-17 Slip10m
8 | 17 — 51 (L400) Interplate, Long 8.5 | 400 <100 | 17-51
9|17 -51(L200T) | Interplate, Tokachi 8.3 | 200 <100 | 17-51
10| 17 — 51 (L200N) | Interplate, Nemuro 8.3 | 200 <100 | 17-51
11| 17 - 51(S 233) Interplate, Strike+5 | 8.4 | 300 <100 | 17-51 | Strike 233°
12| 17 — 51(S 238) Interplate, Strike+10 | 8.4 | 300 ><100 17 -51 | Strike 238°
13/ 17 -51(D 3) Interplate, slip 3m 8.4 | 300 <100 | 17-51 | Slip3m
14/ 17-51(D 7) Interplate, slip 7m 8.4 | 300 <100 | 17-51 | Slip7m

Standard fault parameters: slip=5 m, strike=228°, dip=20°, rake (slip angle)=90° unless

specified above.
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17

Table 2. Inundation distance and water height for tsunami deposits and simulation results for 14 hypothetical models for the 17th century tsunami.

distance (km) Variation in width Variation in length Strike Slip
Ts2 Ts3 Ts4 0-85 | 17-85 | 0-51 | 0-34 | 17-51 | 0-17 |0-17D10| 17-51 (L127c-)5c>)%r) (I_lgéglN) (ﬂ'g’é) (1872:‘?;) (1872'281) 1(7D%1 1(7D§’)1
4.4 1.0 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 3.2 0.2
3.0 0.7 0.2 0.2 0.2 0.3 1.4 0.2 1.4 1.4 1.4 0.2 1.4 0.6 0.6 2.2 0.1
0.3 3.7 0.3 24 2.4 2.4 2.4 2.4 1.0 1.2 24 2.4 1.0 24 24 2.4 3.0 1.1
1.0 1.6 1.5 02 10 1.1 13 1.3 11 1.3 13 1.3 1.1  1.3] 13 1.3 14 1.0
(A) 0.2 2.6 3.2 15 2.2 2.8 2.6 2.8 0.3 1.7 2.8 2.8 2.7 2.8 2.8 2.8 2.8 2.2
(MG) 0.3 3.2 3.3 2.3 2.5 3.3 2.6 3.3 0.1 0.5 3.3 3.3 3.3 3.3 3.3 3.3 3.4 1.9
1.4 2.3 23 19 19 20 19 20 1.9 1.90 20 1.9 200 20 20 20 23 1.9
Ts3 distance ratiolAverage 0.50, 0.62] 0.70, 0.67/ 0.78] 0.36 0.55] 0.78 0.77 0.65| 0.78 0.73] 0.74f 090 0.47
Sim Deposits |std Dev | 0.30] 0.27] 0.34 030/ 0.23 0.32 0.26| 0.23) 023 0.38 0.23 0.31] 0.31 0.5 0.35
Ts4 distance ratiolAverage | 1.73] 1.86| 1.97| 1.92 2.24| 1.09 1.53| 224/ 224 134 224 206/ 2.06 282 0.93
Sim Deposits |std Dev | 2.57| 250 256/ 2.46| 244/ 1.24 1.29) 2.44] 244 1.05 244 250 250 3.06 1.11
altitude (m) Variation in width Variation in length Strike Slip
Ts2 Ts3 Ts4 | 0-85 |17-85| 0-51 | 0-34 |17-51| 0-17 [0-17D10| 17-51 (ng(')%lT) (I_127(-)31N) (ﬂ'gé) (13723531) (1372_355) 1(3%1 1(23)1
4.4 20, 04 04 01 05 07 0.2 09 07 0.7 00 07 05 04 18 0.1
5.5 34/ 04 11 10 20 08 1.2 1.00 0.8 0.8 00 08 1.8 170 17 11
0.3 2.1 30 17 14/ 20 1.6 20 08 1.4, 20 2.4 070 20 21 21 35 1.0
17.3 10.7 2.0 3.1 3.8 6.8 6.7 45 8.5 6.7 6.0 3.9 6.7 6.7 6.7, 10.9 2.7
(A) 2.4 2.8 2.0 2.0 1.8 1.9 1.8 2.0 1.6 1.8 1.2 1.6 1.7 1.8 1.8 2.1 1.6
(MG) 1.1 1.6/ 20 20 18 19 17 19 21 1.7 1.1 1.6 17| 18 1.8 21 16
3.4 7.1 71 17 22 49 34 52 20 33 5.2 2.2 51 54/ 55 57 88 1.1
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Fig. 1. Source regions of large interplate earthquakes occurred in 19th and 20th centuries along the Kuril trench. The 1968 and
1856 earthquakes occurred at the corner with Japan Trench are also shown. Magnitudes are from Utsu (1999). Red
arrows show displacement vectors (relative to Sapporo) for one year between March and 2000 and 2001, observed on
continuous GPS stations of Geographical Survey Institute.
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Fig. 3(a). Distribution of tsunami deposits (Ts3 and Ts4) and tsunami inundation areas from the 1952 Tokachi-oki
earthquake (Central Meteorological Observatory, 1953) and 1960 Chile earthquake (Japan Meteorological
Agency, 1961) in Kiritappu marsh.
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Fig. 3(b). Distribution of tsunami deposits (Ts3 and Ts4) around Nambu-numa (Nemuro City), Tokotan-numa (Akkeshi Town),

Pashukuru-numa (Onbetsu Town) and Oikamanai-numa (Taiki Town) (Nanayama et al., 2000; 2001; 2002).
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Fig. 5. Crustal deformation pattern of various fault models. (a) Map view of Armageddon (0-85) model, (b) Map view of
Interplate earthquake (17-51), (¢c) Map view of Tsunami earthquake (0-17). (d) Cross section along blue lines
shown in (a)-(c). Counter interval is 0.2 m, solid curves indicate uplift while dashed one subsidence.
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Fig. 6. Computational regions of tsunami numerical simulations. Grid sizes vary (A: 2025 m, B: 675 m, C: 225 m,
D: 75 m, E: 25m). The governing equations are linear long-waves for A, and non-linear long-waves for B-E.
Run-up on land is also taken account in E region.
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Fig. 15. Profiles along two lines (MG and A) in Kiritappu marsh. Tsunami deposits (Ts3 and Ts4) are
compared with water height profiles computed for Armageddon (0-85), interplate (17-51) and
tsunami earthquake (0-17) source models.
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Fig. 16(a). Maximum inundation distance from coast line of tsunami deposits (Ts3 and Ts4) and simulation. Top: Effect
of fault width (Armageddon, interplate and tsunami earthquakes). Bottom: Effects of fault length (300 km vs.
200 km on the Nemuro side) and slip amount (D 5Sm vs 7m).
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Fig. Al. Preliminary fault models of the 2003 Tokachi-oki earthquake. (a) Western four blocks of Hirata et al.(2003), (b)
Yamanaka and Kikuchi model, and (c) Interplate model modified from 17-51 (length: 100 km, slip 3m).
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Fig. A2. Measured tsunami heights along the Hokkaido coast from the 2003 Tokachi-oki earthquake (Tanioka et al.,
2003) and simulated heights from the three models. For the Yamanaka and Kikuchi model, the fault length is
assumed to be 110 km with the average slip of 2.6 m.
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_1 Fig. A3. Tsunami deposits and inundation areas in Tokotan-numa, Pashukuru-numa

{ and Oikamanai-numa, computed from an interplate (17-51) model with

L=100 km and D=3 m.
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