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The Chubu and the Kinki regions in central Japan were widely and seriously damaged by the 1586
Tensho earthquake. The detail of this event is not well understood because reliable descriptions in historical
documents for Tensho era are few. Previous researches have provided wide variety of arguments about
location of source fault and magnitude of this event, which yield several differing interpretations. In this study,
we focus on ground liquefaction which has been not intensively investigated yet for this event. The four areas
under consideration involve liquefaction sites discovered in the ruins or inferred from the reliable de-
scriptions. These are the Tonami Plain, Toyama Plain, Nobi Plain and north-east coast of Lake Biwa. We
attempt to estimate source fault of this event by evaluating the possibility of liquefaction to seismic ground
motion assuming hypothetical source faults. Hypothetical source faults are along the Shokawa fault group,
southern part of the Atera fault group and the Yoro-Kuwana-Yokkaichi faults. The possibility of liquefaction
is evaluated by P; value which is calculated using predicted seismic intensity and borehole data (including N-
value and soil data). Predicted seismic intensity is calculated using Estimation Tools for Earthquake Ground
Motion by empirical attenuation relations of J-SHIS. Borehole data from 296 boring sites in public database is
used. As a result, P; value is large in all these areas in case of occurrence a single earthquake of M;7.9 on the
Shokawa fault group. It means that the event likely cause liquefaction and can explain liquefaction in all these
areas.
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Fig. 1. Distribution of liquefaction sites discovered
in the ruins or inferred from the reliable historical
descriptions. Triangles indicate liquefaction sites.
Numbers in the figures are correspond to those in
Table 1. Rectangles in the inset in Fig. 1 (a) denote
regions of Fig. 1 (a) and Fig. 1 (b). Hatched rec-
tangle shows (A) the Tonami Plain, (B) the Toyama
Plain, (C) the Nobi Plain and (D) north-east coast of
Lake Biwa.
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Table 1. Liquefaction sites discovered in the ruins or inferred from the reliable historical descriptions.
No. Ruin Phenomena References
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Fig. 2. Hypothetical fault models of the 1586 Tensho
earthquake assumed to calculate the possibility of
liquefaction along (1) the Shokawa fault group, (2)
southern part of the Atera fault group, and (3) the
Yoro-Kuwana-Yokkaichi faults. Thick lines indi-
cate upper edge of the hypothetical fault models.

Hatched rectangle is the same as in Fig. 1.
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Table 2. Magnitude and age of the last faulting of active faults (The Headquarters for

Earthquake Research Promotion, 2019).

Fault name

M, Age of the last faulting

(1) Shokawa fault group
(2) Southern part of Atera fault group
(3) Yoro-Kuwana-Yokkaichi faults

Around 7.9
Around 7.8
Around 80

11-16 centuries
the 1586 Tensho Earthquake
13-16 centuries

Table 3. Classification for P, value (Iwasaki et al., 1980). “K”, “Hi”, /" and “7% L " indicate classification
of possibility and correspond to surely, likely, unlikely and hardly, respectively.

Py value Possibility of liquefaction Risk of liquefaction
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Fig. 3. Sites of borehole using in this study. White circles are sites of borehole. Triangles indicate
sites of ruins. The background of the map is Site Amplification Factor (NIED, 2020a) and GSI Tiles

(GSI, 2020). Rectangle is the same as in Fig. 1.
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Fig. 4. Predicted seismic intensity maps for hypo- AN : . .
thetical source fault along (a) the Shokawa fault Tonami Toyama  Nobi Lake Biwa

group (M;7.9), (b) southern part of the Atera fault
group (M;7.8), and (c) the Yoro-Kuwana-Yokkaichi
faults (14 8.0).

Fig. 5. P values and the possibilities of liquefaction
in the boreholes for hypothetical source fault along
(a) the Shokawa fault group (#47.9), (b) southern
part of the Atera fault group (A47.8), and (c) the
Yoro-Kuwana-Yokkaichi faults (448.0). Each bar
graph corresponds to sites of borehole. Areas of
the Tonami, Toyama, Nobi and Lake Biwa are
shown in Fig. 1. “X”, “H”, “/\" and “72 L are the
same as in Table 3.
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(a) Shokawa fault group (b) Southern part of (c) Yoro-Kuwana-
(M;7.9) Atera fault group (M;7.8) | Yokkaichi faults (148.0)
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Fig. 6. Total number of borehole sites classified by possibility of liquefaction for hypothetical
source fault along (a) the Shokawa fault group (3;7.9), (b) southern part of the Atera fault group
(M;7.8), and (c) the Yoro-Kuwana-Yokkaichi faults (1£;8.0). The upper and lower parts of the
graph show the number of boreholes in north and south area, or Fig. 1 (a) and Fig. 1 (b),
respectively. “K”, “H”, “/N" and “7% L" are the same as in Table 3.
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Fig. 7. P values and the possibilities of liquefaction for hypothetical source fault along the
Shokawa fault group (M;7.9) with different groundwater level. Tonami, Toyama, Nobi and Lake
Biwa are shown in Fig. 1. “K”, “f”, “/N” and “7% L" are the same as in Table 3.
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Table 4. Total number of borehole sites classified by the possibility of
liquefaction for hypothetical source fault along the Shokawa fault
group (M;7.9) with different groundwater level. “K”, “H”, “/" and
“7x L7 are the same as in Table 3.

Groundwater level
1m 2m 3m 4m 5m
=7 K 65 47 36 31 30
5L | 99 105 104 101 97
SE | A 111 116 121 123 124
Bao | %L 21 28 35 41 45
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Fig. 8 P, values and the possibilities of liquefaction for hypothetical source fault along the
Shokawa fault group (14 7.9) with magnitude of the earthquake. Tonami, Toyama, Nobi and Lake
Biwa are shown in Fig. 1. “X”, “f”, /K" and “7 L" are the same as in Table 3.
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Table 5. Total number of borehole sites classified by the possibility of liquefaction
for hypothetical source fault along the Shokawa fault group (M£7.9) with
different magnitude of the earthquake. “X”, “H”, “/\" and “7z L” are the same

as in Table 3.

Magnitude of the earthquake
M79 | M7T | M75 | M70 | M67 | M64
=7 | K 65 64 31 19 2 0
52 | 99 91 66 26 22 1
SE | A 111 111 79 51 43 28
S | &L 21 30 120 200 229 267

Table 6. Damage Descriptions in historical documents for Tensho era and estimated seismic intensity.
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