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Magnitude of Intra-slab Historical Earthquakes in Subduction Zone along Nankai Trough, Southwest Japan,
Inferred from Seismic Intensity Data
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The intra-slab historical earthquakes (original M=6.5) since 1589 in the subduction zone along Nankai trough,
southeast Japan, were studied to reevaluate those magnitudes related to high frequency seismic waves. At first, we
evaluated an attenuation relationship and site correction factors of JMA seismic intensity based on recent
intra-slab earthquake data of Tokai, Tonankai, Nankai, Geiyo, Bungo-Channel and Hyuga-nada areas along
Nankai trough. A constant term of attenuation relationship of each earthquake is related to the strength of radiated
high frequency seismic energy. We found it was not dependent on source area but focal depth. The fault plane of
each historical earthquake was assumed to be a rectangular model near the upper surface of Philippine Sea plate
referred to the fault mechanism of a recent earthquake in the neighborhood. The equivalent hypocentral distance
to each seismic intensity observation site was calculated assuming that high-frequency energy radiates from a
rectangular fault plane homogeneously. The magnitude of intra-slab historical earthquakes tends to be
overestimated due to the difference of high frequency radiation characteristics compared to inland shallow and
plate boundary earthquakes. We estimated that magnitude of the 1855/11/7 event was the largest with M;=7.0
among intra-slab earthquakes in Tokai, Tonankai, and Nankai. Meanwhile, the magnitude of the 1769/8/29
earthquake was the largest with M=7.4 in Hyuga-nada area assuming an intra-slab event, though it held the
potential for a plate boundary earthquake considering recent seismicity.

Keywords: Seismic Intensity, Intra-slab Earthquake, Magnitude, Nankai Trough, High Frequency, Attenuation.
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Table 1 Hypocentral parameters of intra-slab earthquakes
considered in this study.

A £+ HE b | oM HE4 TR ik
1589/3/21 | 138.2 34.8 6.7 BRI« TEIT i
1686/10/3 137.6 34.7 | 7.020.25 | L - =] W

(D132.1 | 33.0 |7.75x0.25 L |B%KE
176908129 1= 1o 03 | 3225 | 72 R T
1802/11/18| 136.5 352 | 65~7.0 | HN-HHE W
1819/8/2 136.3 35.2 7.25 (FEN - B ST BE
1855/11/7 | 137.75 345 | 7.0~75 1 1 W
1899/3/7 136.1 34.1 7.0 =R e

*) MIERRE JCI X FHEFE(2003) 1285, 72720, 1899 4R MR (I HL(1979), 1769
FEOHIFRO@ITAA - #1(2003)128:5.
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Table 2 Hypocentral parameters of intra-slab earthquakes
analyzed previously.

BN | e || wom|  mk e |EL |22
1649/3/17 | 1325 | 337 | 70 | (FTlk =1 | 69 | (@
1686/1/4 | 132.6 | 34.0 |7.0~7.4 e =7 6.8~6.9| (a)
1749/5/25 | 132.6 | 33.2 68 | HTEME | W 6.6~6.7| (b)

1854/12/26| 132.0 |33.25| 7.4 B%AGE | BEAKE | 7.0 (b)

il

1857/10/12| 132.75 | 34.0 | 7.25 S ESd 68 | (a
1905/6/2 | 1325 | 341| 7.25 S S 67 | (a
1909/11/10| 131.1 | 323 | 7.6 | @B | Sum 73 | (©

1911/6/15 | 130.0 | 28.0 | 8.0 ERE | mEEER | 79 (c)

*) 2 E ICHRIL, (a)Fif - t1(2008), (b)# H - {t(2008), (c)# AT -1t (2009). JLHD
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Fig. 1 Epicenter distribution of historical earthquakes.
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Fig. 2 Seismic intensity distribution of the 1589 event
[Usami(2010)]. A cross shows the epicenter.
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Fig. 3 Seismic intensity distribution of the 1686 event

[Usami(2010)]. A cross shows the epicenter.
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Fig. 4 Seismic intensity distribution of the 1769 event. A cross

shows the epicenter. (a) Usami(2010), (b) Matsu’ura et al.
(2003).
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Fig. 5 Seismic intensity distribution of the 1802 event. A cross
shows the epicenter.
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Fig. 6 Seismic intensity distribution of the 1819 event. A cross

shows the epicenter. Lower figure shows a detail map with
names of major places near the epicenter.
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Fig. 7 Seismic intensity distribution of the 1855 event. A cross
shows the epicenter.
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Fig. 8 Seismic intensity distribution of the 1899 event. A cross
shows the epicenter.
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Fig. 9 Epicenter distribution of recent intra-slab earthquakes.
Broken lines show the depth of Philippine Sea plate [Hirose et
al. (2007)].
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Table 3 Hypocentral parameters of earthquakes (M3=6.5, Inax
=3) in Hyuga-nada [JIMA(2012)].

AR EEI I R NV oS I
@ 1929 | 522| 1:35 | 131.888 |31.748| 6.9 59 —
® 1931 1102| 19:02 | 132.002 |31.790| 7.1 28 —
® 1939 | 320|12:22| 131.747 |32.083| 6.5 57 LT A
@ 1941 1119| 1:46 | 132.133 |32.118| 7.2 33 LT A
® 1961 | 227| 3:10 | 131.887 |31.645| 7.0 37 LT A
® 1968 | 401| 9:42 | 132.533 |32.283| 7.5 30 LT A
@ 1969 | 421|16:19| 132.117 |32.150| 6.5 10 LT A
1970| 726| 7:41 | 132.033 |32.067| 6.7 10 LT A
[©) 1984 | 807| 4:06 | 132.153 |32.383| 7.1 33 LT A
1987 | 318|12:36| 132.062 |31.973| 6.6 48 AT TN
(@) 1996 | 1019| 23:44 | 132.008 | 31.798| 6.9 34 LT A
(@) 1996 | 1203| 7:17 | 131.680 |31.768| 6.7 38 LT A

*) Shiono(1977), Shiono et al. (1980), 4 [ - £ ##(2002)
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Fig. 10 Map showing source mechanism of earthquakes after
1997 from F-net by NEID in Hyuga-nada, Southwest Japan.
Captions of occurrence date and magnitude are attached for
intra-slab events. Numbers in circles with stars showing their
epicenters correspond to events listed in table 3.
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Table 4 Fault model parameters for historical intra-slab
earthquakes.
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Fig.18 Intensity attenuation relationship of the 1589 earthquake.

The solid line shows Eqg. (2) of M=6.7.
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Fig.19 Intensity attenuation relationship of the 1686 earthquake
for fault model No.1. The solid line shows Eq. (2) of M,=6.7.
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Fig.20 Intensity attenuation relationship of the 1686 earthquake
for fault model No.2. The solid line shows Eg. (2) of M,=6.6.
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Fig.21 Intensity attenuation relationship of the 1802 earthquake
for fault model No.1. The solid line shows Eqg. (2) of M=6.5.
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Fig.22 Intensity attenuation relationship of the 1802 earthquake
for fault model No.2. The solid line shows Eq. (2) of M,=6.5.
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Fig.23 Intensity attenuation relationship of the 1819 earthquake
for fault model No.1. The solid line shows Eq. (2) of M=6.9.
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for fault model No.1. The solid line shows Eq. (2) of M,=6.9.
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Fig.26 Intensity attenuation relationship of the 1855 earthquake
for fault model No.2. The solid line shows Eg. (2) of M,=7.0.
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Fig. 29 Epicenter of the 1769 event after Usami (2010) and its
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seismogenic zone in the Philippine Sea plate and its so-called
bending front [Matsuzaki et al. (2003)].
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