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Earthquakes in Shizuoka in 1993 and
tectonics of central Japan

Nobuaki NIITSUMA

Abstract: The Crustal Activity Observatory of Shizuoka University has been carrying
out seismological observations since 1979. This report describes the results of the
seismological observations since 1990, especially on the earthquakes in Shizuoka on
7-11 August 1993, which had a maximum magnitude of 4.2, and their relation to the
tectonics of central Japan.

The differences in magnitude (AM) between Shizuoka University and the Japan
Meteorological Agency for 858 earthquakes with an epicenter less than 200 km from
the observatory and with a focal depth shallower than 200 km have been examined,
and the systematic differences with the focal azimuths are found. The relation between
the magnitude and duration of the earthquakes is determined, based on seismological
observations from June to August 1993.

The foci of the earthquakes in Shizuoka in August 1993 were located on the
Kusanagi Fault, and the changes in the ratios of the maximum amplitudes of P and
S waves were observed during the earthquakes.

The dislocation along the Kusanagi Fault is tilting the Udo Hills about 10°
northwestward, and the rate of uplift of the Udo Hills is 4 mm/yr. The Kusanagi
Fault is characterized by the landward boundary of a fore-arc basin along the
subductive boundary of the Philippine Sea Plate and gravitational collapse.

The seismic activities in central Japan are related to the bending of the zonal
stucture and collision of the Izu Arc, caused by the motion of the Philippine Sea Plate.
Historically, large earthquakes in Shizuoka, Southwest Japan, the northern Fossa
Magna, Niigata, Misaka, the Matsuzaki Uplift Zones, and the Zenisu Ridge have
happened closely in a time series.

Key words: earthquake, Kusanagi Fault, Udo Hills, tectonics, central Japan.
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Fig. 1 Distribution of foci of earthquakes relating to the earthquakes in Shizuoka in August 1993.
Black stars and numbers: foci and magnitudes of earthquakes. Broken line: Kusanagi
Fault. x: Crustal Activity Observatory of Shizuoka University.
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Fig. 2 Difference in magnitude AM between Shizuoka University and Japan Meteorological
Agency, and focal azimuth of 858 earthquakes with an epicenter less than 200 km from
observatory and focus depth shallower than 200 km.
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Fig. 3 Mean and 1o confidence interval of difference in
magnitude AM and focal azimuth of 858 earth quakes
with an epicenter less than 200 km from observatory
and focus depth shallower than 200 km.



14 ANHELD 7 7 b =7 2 L 1993F D 5] O 15

0% /A XDOKE BRI TIIRIE AN S WitE
IZOWTIIWEETH B, 727°L, &5/ 4 ZDKRTL
PRIE & MRS 2 512 2 L I3WRETH B DT,
HEAHRICEEHI N TV B19934E 6 HA 5 8 HIZHES -
7o BN SR O ME SRR (F-PRERD) 2 00E
L, QBT 7=F2— gL 223, w7=
F 2 — FOSERERERT O M Bz B L, i Z To g
ICFIUIERKGEL WS DL -7 (K4),
ZOBBRERGEE, w2 F - FEIRE,OE
B A HEET D LAt alEEE 40 B, LIAT, HEHR
IZER SN T WHED RGOS X KT 5
ZELTFHIENSY, COBBREHWAILIZLEST
FDIEEDEMUAL S 72 HETH 5 LA L7,

4, 19935 8 BHEOHE

19934FE 8 H 7 H15HF 1 232 [ THUEASE 2 D, 7
M7 & CLEER NG B I N2DY, T¢I
BHHEANLITEIN, T, o0 =F 2 —FlIM4.5L
HREIN T2y, MEARTIIMI. O INTW 3,
COMBEIZHCWTMILUTASM34ANHE, 2L T8
H 8 H 0HFI8Z M. 20 AkDtiEL# 2 ), 8 A11
H23BEDRETHRE L7, EAHRIC L 3EE 20
34JE585 0 5355 6 47, HUAR138/E 26497 7 552847, FRE
I-11km THHERBRE FI2H 5. EHKFDOHERH 5
BIRE TOMEEE1-5km & 7 B,

BHISN7-PIkE SIEDFERMZEIITNLL.7-
1.8 THY, M1LITORELIEZ 5NTW5E (X5),
EEFEBELTHL20ICM3 L EoEIZIRY YN
TKEDLEFHKERD LD TE L 72, ETFRDD
KIREZ RO Sz~ =F 2 — F3#(3, 1.1
25 +0. 11D T, 40,38, FEHE(RE130.30TH -
2. Zowr=F 2 — FEI, BEKFICBITLIERG
PRBTICEBER S =F 22— 6 THIENS
g & D L&, PETERLUTT, LM EnY
DTRIFD I THEIER2RLTE, L)%
FLOEEL, BUSY»EENBOLZENL W3
HERBEIMIBELTWIEBLEEZ LN D,

B2 2L, L Pl E ERET AP EK
B E R ET LS LERINTEY, SN
IRER I PIRDBAE IR 524, 8 H8 H 8HF
2 5 100D B D RE D 7K 5313 P ik D IENg & [6FRE
ENEL B »TwE, ZOH%RI -REIZBWTIE
KBEICE-TW3 (1), Zo@EHERI, WBICE
WTEIT L T B BEIREEN AL 2 R L T & T
HISND,

5. 1993 FEFHMMEIOMEFE

19934 8 A DM (T HHEWB DI LS Lo TH
5%, ZOWE EoEIRENI19904 3 A 19 B 18031
GOM2.1L%, BRI TE ST 8 H 7 HISEOMS.9
DWEHRIFLEZ > THY, BIREFEL T,

sec
1000 T T T T T T

=
P=3
T

F-P time

1 2 3 4 5 § 7 u

4 HUEEEREIER (F-P time) k= =F2—F &N
BEfR. 19934E 6 H» 5 8 A ToMELSRICHY . K
FULE SR,

Fig. 4 Relationship of the duration and magnitude of
earthquakes, based on the seismographic records
from June to August 1993. Numbers show focal
distance from observatory.
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Fig. 6 Cumulative energy released by earthquakes along the Kusanagi Fault, west of Shizuoka,
north of Shizuoka, subductive slab, Izu, and Zenisu Ridge. Black dots: earthquake events. The
foci of earthquakes with the magnitude are shown in Figs. 1 and 7.
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Table 1 List of the earthquakes in Shizuoka in August 1993. M: magnitude according to Japan
Meteorological Agency; AM: magnitude difference between Shizuoka University and Japan
Meteorological Agency; Px, Py, Pz: maximum amplitudes of the three components of P wave;
Sx, Sy, Sz: maximum amplitudes of the three components of S wave; P/Sx, P/Sy, P/Sz: ratios
of maximum amplitudes of the three components of P and S waves.

m d h m M AWM Px Py Pz
g 7 15:01 3.9
16:58 2.0 - 6.7 9.8
17:00 2.3 - 7.6 7.0
17:09 1.0 -0.10 1.7 1.9 5
17:10 1.5 - 4.2 5.2
20:02 1.7 0.11 5.6 6.2 23.
20:05 3.5
20:19 2.5 -0.63 16.6 25.4 27.
20:24 1.4 -0.38 2.8 4.4 10.
20:28 1.3 -0.15 2.1 4.0 6
20:29 1.3 -0.07 2.7 3.7 7
20:35 1.5 0.02 2.8 5.7 1I.
20:37 1.1 -0.26 1.5 1.3 2
20:67 1.4 -0.38 2.2 4.6 7
21:13 2.0 -0.36 10.6 21.7 28.
21:14 1.4 -0.07 4.3 7.4 12.
21:22 3.2
21:24 1.6 -0.36
21:26 1.8 -0.18
21:26 1.5 -0.23
21:40 1.5 -0.29 1.7 3.8 §
21:43 1.2 -0.24 1.4 1.8 3
22:28 2.0 -0.36 11.3 22.0 25.
22:35 2.0 -0.54 6.3 13.4 17.
8 8 0:18 4.2
0:21 2.5 -0.51
3:32 2.4 -0.73 9.2 13.1 28.
3:37 1.5 -1.09 1.4 3.6 4
8:22 1.6 -0.26 6.0 7.4 20.
8:49 1.4 -1.00 2.3 2.6 8
9:14 2.0 -1.01,6.5 8.4 17.
8 9 20:07 2.0 -0.39 4.2 6.3 15.
8 10 16:35 2.0 -0.54 4.5 6.6 15.
21:43 3.2
8 11 2:18 2.6 -0.02 2.3 2.0 3
23:45 2.6 - 10.8 17.6 26.

BN 3NN NN

NN~ O OO

Sx Sy Sz P/Sx P/Sy P/Sz

31.034.8 - 0.22 0.28 -
> > - <0.23 <0.23 -

2 6.9 7.3 1.9 0.29 0.26 2.74
12.817.3 - 0.33 0.30 -

2 15.8 23.8 9.8 0.35 0.26 2.37

>33.4 > >33.4 0.50 - <0.83

4.1 .8 4.1 0.68 0.56 2.49

6.2 11.4 7.8 0.34 0.35 0.87

3.5 .3 3.4 0.77 0.51 2.32

18.8 18.3 8.2 0.15 0.31 1.37

8.8 10.3 3.7 0.17 0.13 0.68

4.4 6.3 3.7 0.50 0.73 2.08

26.6 27.2 19.7 0.40 0.80 1.43

8.411.9 6.2 0.51 0.62 2.00

.8 13.7 6.2 5.4 0.12 0.61 1.07

.3 4.3 3.5 2.3 0.33 0.51 1.44

7 26.8 33.4 22.4 0.42 0.66 1.14

1 20.231.016.6 0.31 0.43 1.03

>35.8 33.8 28.5 <0.26 0.39 0.98

6.3 6.0 4.6 0.22 0.60 1.28

4.8 6.8 3.0 1.25 1.09 6.67

2.5 2.6 3.6 0.92 1.00 2.25

7.0 7.5 4.6 0.93 1.12 3.83

2.4 24.0 10.6 0.17 0.26 1.43

11.7 9.3 5.7 0.39 0.70 2.75

.4 21.4 25.1 11.6 0.11 0.08 0.29

6 >34.4>33.4>33.5 <0.31 <0.53 <0.79
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Table 2 Big earthquakes in central Japan with close
relationship in the time series to the large earth-
quakes in Shizuoka.

date Lat. Long. region
1836 3 31: 34.4, 139.2 (M5-6) &
1841 4 22: 35.0, 138.5 (M6'/.) BH
1843 3 9: 35.35,139.1 (¥6.5) R

1855 11 7: 34.5, 137.75(M7-7.5) X H R
1857 7 14: 34.8, 138.2 (M6'/.) K
1858 4 9: 36.4, 137.2 (M7.0-7.1)7RB@
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1916 11 26: 34.6, 135.0 (M6.1) wmE
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1936 12 27: 34.4, 139.0 (M6.3) =

1964 6 16: 38.4, 139.2 (M7.5) FRmE
1965 4 20: 34.9, 138.3 (M6.1) . ]

1965 8 3-19693k : (L W6.4) RRFRGE
1967 4 6: 34.2, 139.2 (M5.3) HEE
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Fig. 7 Focal distributions of big earthquakes in central Japan since 1800. The distributions of
volcanoes, bending of zonal structure, collisional blocks of the Izu Arc, and uplift zone, related
to the collision, are also shown. Black stars and numbers: foci of big earthquakes and years.
White stars and numbers: foci of earthquakes along the Zenisu Ridge, related to the
earthquakes in Shizuoka in August 1993, and years with months.
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Fig. 8 Cumulative energy released by earthquakes in central Japan since 1800. Arrows: earthquakes in Shizuoka.
The region names are shown for earthquakes larger than M 7.0. Black dots: earthquake events. Scale on right
side presents the relation between the magnitude of earthquake and energy release.
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