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The 2004 Chuetsu Earthquake in Niigata Prefecture and strain of the central Japan
detected with laser ranging of the Crustal Activity Observatory of Shizuoka University

Nobuaki NuuTsuMma', Shun ToMA',
Hirokazu ITon"' and Takuji YOSHIMOTO'

Abstract The boundaries of Pacific, Philippine Sea, North America, Amur, and South China plates
locate around Japanese Island arcs. Triple junction of plate boundaries off Boso acts as a controller
on the strain of the Japanese Island arcs. Chuetsu Earthquake of October 2004 in Niigata Prefecture
occurred under the extraordinary circumstance of the strain.

We examine relative plate convergence and earthquakes along the plate boundaries of Kuril North-
east Japan Arc along Kuril-Japan Trench, Ryukyu Arc along Ryukyu Trench and Taiwan, Izu Arc along
Izu-Ogasawara-Mariana-Yap-Palau Trench, Southwest Japan Arc along Sagami-Suruga-Nankai
Trough. The earthquakes from January 1997 to January 2005, reported on Monthly Report of Earthquakes
and Volcanoes in Japan as main earthquakes around Japan and world by Japan Meteorological Agen-
cy were used.

Convergent area in km? per year S,, Euler latitude of ends of interval on plate boundary ¢: and
¢2, and rate R of relative rotation along the plate boundary around Euler Pole in degree /million years
relate as follow;

Sy=0.7074 (sing1—sinez2) R
and area of dislocation Srin km? for earthquake with magnitude M is calculated as follow;
Sp=10 12M99

Cumulative convergent areas XS, for relative plate motions and cumulative areas for dislocations
XSf with earthquakes along plate boundaries correlate well.

The earthquakes did not uniformly occur along the plate boundaries, and divition into stages is
defined using the behavior of occurrence of earthquakes along the plate boundaries around Japanese
Island arcs.

Ryukyu Arc Advance Stage [1] is characterized by activity on Ryukyu Arc more than plate con-
vergence and low acitivities on Kuril Northeast Japan Arc,Izu Arc, and Southwest Japan Arcuntil March
2000.

Izu Arc Eastward Stage [2] is characterixed by activities on Izu Arc and Ryukyu Arc with com-
parable rate of plate convergence and low acitivities on Kuril Northeast Japan Arc and Southwest Ja-
pan Arc from March 2000 to June 2002. Izu Arc and Ryukyu Arc with earthquakes slipped as east and
west margins of Philippine Sea Plate. The Euler pole for relative motion of Philippine Sea and Pacif-
ic plates locates near the Plate boundary on Pacific Plate. The Euler pole is acting as “pivot” for the
rotaion of the Philippine Sea Plate on Pacific Plate. The Philippine Sea Plate could rotate around the
pivot, but Kuril Northeast Japan Arc without earthquake was sticked on Pacific Plate, then Izu Arc
moved eastward relative to Kuril Northeast Japan Arc.
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Kuril Northeast Japan Arc Start Stage [3] is characterized by activity on Kuril Northeast Japan
Arcwith similarrate of plate convergence and low activities on Izu Arc, Southwest Japan Arcand Ryukyu
Arc from June 2002 to September 2003. Kuril Northeast Japan Arc with earthquake activity started to
slip eastward on Pacific Plate.

Izu Arc Westward Stage [4] was initiated by 2003 off Tokachi Earthquake which consumed the
cumulative dislocation on Kuril Northeast Japan arc to the cumulative plate convergence from Jan-
uary 1997. Activity on Kuril Northeast Japan Arc was comparable with plate convergent rate and low
activities on Izu Arc and Ryukyu Arc. Izu Arc without earthquake activity was sticked on Pacific Plate
and moved westward, but Kuril Northeast Japan Arc with earthquake acitivity slipped on Pacific Plate.
Southwest Japan Arc comsumed more than half of Plate convergence by Off Kii Peninsule and Off
Tokaido September 2004 since 1997.

Strain condition of central Japan has been monitored with the changes in distance of the laser path
with 3708.568 m between Yatsuyama Block separated with Kusanagi Fault and Crustal Acitivity Ob-
servatory of Shizuoka University on Udo Hills since 1995. The laser path distance reacted well to the
stage divition for occurrence of earthquakes on plate boundaries around Japanese Island Arcs.

The distance correlated with the balance of the earthquakes on east and west margins of Philip-
pine Sea Plate in Stage [1].

Semi-annual cyclic changes of laser path, related with earthquakes on the margins of Philippine Sea
Plate and earthquakes on the backside breakage of outer swell along Zenishu Ridge and eruption of
Miyakejima of Izu Arc, appeared in Stage [2].

The distance of laser path was stable in Stage [3]. Extention of the laser path was observed in the
early part of Stage [4]. Significant shortening happened after earthquakes on Southwest Japan Arc,
Off Kii Peninsula and Off Tokaido September 2004, then Chuetsu Earthquake happened.

Key words: Chuetsu Earthquake, plate boundary, Euler latitude, plate convergent area, stick-slip pro-
cess, magnitude of earthquake, accumulated area of dislocation for earthquakes, behavior of occur-
rence of earthquakes, laser ranging, Udo Hills, Kusanagi Fault, breakage along back crest of outer swell,

Zenisu Ridge, eruption of Miyakejima
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Fig.2 Epicenter of Chuetsu Earthquake in Niigata Prefecture
and Crustal Activity Observatory of Shizuoka University.
SC: Crustal Activity Observatory of Shizuoka University.
MTL: Median Tectonic Line. ISTL: Itoigawa-Shizuoka Tec-
tonic Line. MSL: Morioka-Shirakawa Line. FF: Futaba Fault.
TTL: Tanakura Tectonic Line. Tr: trough. R: ridge.
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Table 1

Convergent area Sy along Plate boundaries per year around Japanese Island Arcs and accumulated area of dislocation

2Srfor earthquakes from January 1997 to January 2005. Kuril NEJ = Kuril Northeast Japan Arc, SW] Arc = Southwest Japan
Arc. ¢1 21+ ¢2 A2 are latitudes and longitudes of ends of Plate boundary. ¢ are Euler latitudes of ends of Plate boundary. ¢z e
are latitude and longitude of Euler Pole for relative plate motion. R is rate of relative plate motion per million years.

Plate Ends of boundary Euler latitudes Eule pole R Sy > Sr
boundary b1r1; P2l ¢ GEALE °/my km?/y km?
Kuril NEJ 55.0N164.0E; 34.0N142.0E 26.0; 0 .1 48.7N-78.2E 0.78 0.241 1.308
Izu Arc 34.0N142.0E; 6.5N134.2E 56.4; 84.7 1.2N134.2E 1.00 0.115 0514
SWJ Arc 34.0N142.0E; 31.0N132.7E 67.2; 60.1 51.4N162.4E 1.08 0.042 0.174
RyukyuArc 31.0N132.7E; 22.0N120.0E 64.5; 50.6 50.3N155.1E 1.28 0.117 0.651
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Fig. 3 Relation of convergent areas XS, for relative plate mo-
tions to cumulative areas for dislocations XS; with
earthquakes along plate boundaries from January 1997 to
January 2005, reported on Monthly Report of Earthquakes and
Volcanoes in Japan as main earthquakes around Japan and
world by Japan Meteorological Agency.
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Fig. 4 Cumulative curves of dislocated area ESsfor earthquakes along Plate boundaries around Japanese Island Arcs and stage
division. Straight lines represent cumulative convergent area by the relative Plate motion along the Plate boundaries, normal-
ized by the cumulative dislocated area for earthquakes along Kuril Northeast Japan Arc from January 1997 to January 2005.
Stage division is based on the behavior of occurrence of earthquakes along the plate boundaries around Japanese Island arcs.
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Fig. 5 Cross-section for tectonic setting of tilting Udo Block showing a collapse along Kusanagi and Asabata faults, and sub-
duction of the Philippine Sea Plate (Niitsuma, 2000). SC: Crustal Activity Observatory of Shizuoka University.
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Fig. 6 Monitoring on the distance of Yatsuyama laser path with 3,708.568m. Upper direction for extension, lower direction for
shortening, and the interval of divisions corresponds to 1 cm. The plotted distance is average of 10 measurements with less
than 0.6 mm of standard error from 0:00 to 4:00.am. Meteorologic correction has been made on the calculation for the laser path
distance, using interpolation of one hour data on air temperature, air pressure and vapor pressure at Shizuoka Station of Ja-
pan Meteoric Agency situated along the laser path. Divisions on the horizontal axis are bigining of year and month. Stage divi-
tion is based on the behavior of occurrence of earthquakes along the plate boundaries around Japanese Island arcs (Fig. 4).
Remarkable earthquakes are presented with manitude, place and month / day.
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Fig. 7 Cumulative curves of dislocated area XSsfor earthquakes in the Japanese Island Arcs. Division on the horizontal axis
is bigining of year. Stage division is based on the behavior of occurrence of earthquakes along the plate boundaries around
Japanese Island arcs (Fig. 4). Remarkable earthquakes are presented with manitude, place and month / day.
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Fig.8 Plate subduction along an intersecting boundary (Niitsuma et al., 1992). (a). Excess of the subducting slab along the bound-
ary with angle less than 180 ° folds. (b). Plate cannot subduct along the boundary with angle more than 180 ° without sepa-
rate slit toward cross point on the slub. (c). Plate subduction induces breakage along back crest of outer swell with incom-
plete separate slit of the slab. The breakage is corresponds to Zenisu Ridge along the crossing Plate margin of Suruga and

Nankai troughs.
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Fig.9 Japan Meteological Agency Epicenters of earthquakes
in Chuetsu district of Niigata Prefecture, observed at Crus-
tal Activitiy Observatory. A : epicenter of earthquake of 15
November 2004, presented in Fig. 11.
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Table 2 Earthquakes of Chuetsu district in Niigata Prefec-
ture observed at Crustal Activity Observatory of Shizuoka
University.

Date Time Magnitude Depth(km) Latitude, Longitude

2004.10.23 17:56:03 6.8 13 37°17.3’N  138°52.2'E
17:59:37 5.3 16 37°17.3'N  138°52.3'E

18:03:12 6.3 9 37°21.0’N 138°59.1'E

18:07:30 5.7 15 37°20.7"N 138°52.0'E

18:11:56 6.0 12 37°15.0'N  138°49.9'E

18:34:05 6.5 14 37°18.2’N 138°55.9’E

18:36:50 5.1 7 37°15.1’N  138°56.6'E

18:57:26 5.3 8 37°12.2’N  138°52.0'E

19:03:06 3.4 10 37°11.6’N  138°53.0'E

19:03:49 4.3 11 37°18.2’N 138°54.1'E

19:07:32 4.3 10 37°23.3’N  138°59.3'E

19:36:45 5.3 11 37°12.8'N 138°49.6'E

19:45:57 5.7 12 37°17.5’N 138°52.7'E

19:51:54 3.7 10 37°16.1’N  138°54.4'E

19:55:18 3.8 11 37°19.8'N  138°57.1'E

20:02:40 4.3 9 37°13.6'N 138°53.8'E

20:15:26 3.8 11 37°21.3’N 138°57.4'E

20:16:55 4.7 8 37°12.4'N 138°49.7'E

20:20:44 4.1 16 37°21.5’N  138°55.0’E

20:34:03 3.6 11 37°13.7N  138°50.2'E

20:55:15 4.5 10 37°12.5'N 138°48.0'E

21:44:27 5.0 15 37°16.1’N  138°56.7"E

22:26:48 4.3 17 37°18.2’N 138°49.5'E

22:34:56 4.4 17 37°16.2'N  138°56.2'E

22:57:58 4.2 13 37°25.1’N 139" 0.3’E

23:23:03 3.8 15 37°20.5'N  138°58.1’E

23:34:35 5.3 20 37°18.8'N 138°54.5'E

23:46:18 3.7 14 37°13.8’N 138°53.5'E

23:54:07 4.0 11 37°21.4'N 139" 0.1’E

2004.10.24 0:05:05 3.7 14 37°13.8’N  138°53.7'E
0:30:48 3.3 0 37° 9.5’N 138°57.5'E

0:44:57 3.4 10 37°10.0’N  138°56.2'E

0:53:21 4.3 16 37°24.8'N 138°55.3'E

1:36:33 3.3 10 37°11.7’N  138°55.2"E

3:59:29 4.7 5 37" 9.9’N 138°56.7'E

7:08:12 4.3 13 37°15.0'N  138°55.0'E

7:16:06 4.3 21 37°22.1’N 138°52.4'E

8:02:03 4.0 13 37°15.4'N  138°56.5'E

9:28:04 4.8 12 37°12.8'N  138°53.7'E

9:57:25 3.4 9 37°19.8’N 139" 0.8'E

10:06:00 4.5 10 37°18.2’N 138°55.8'E

10:29:18 4.1 15 37°26.0'N 138°55.8'E

11:49:03 3.6 6 37°21.9’N 139" 1.2’E

12:51:11 3.7 9 37°18.7"N 138°57.6'E

13:54:24 3.7 10 37°12.5’N 138°52.6'E

14:21:34 5.0 11 37°14.5'N 138°49.7E

16:04:38 4.2 12 37°17.5'N 138°53.6'E

16:06:31 4.6 12 37°17.5'N 138°53.7'E

17:21:40 3.9 11 37°17.0’N  138°54.9’E

23:00:30 5.1 2 37°10.4'N 138°57.0’E

2004.10.25 0:28:08 5.3 10 37°11.9’N  138°52.4'E
0:53:32 3.7 9 37°12.3'N  138°53.5'E

0:56:15 4.5 10 37°12.7"N 138°53.3'E

1:27:52 4.7 6 37" 9.7”N 138°45.8'E

2:01:05 3.7 7 37°10.0’N  138°46.0'E

6:04:57 5.8 15 37°19.6’N  138°57.0'E

6:07:23 4.8 14 37°18.9'N  138°57.5'E

6:32:39 4.3 15 37°23.2’N 138°57.2'E

18:50:02 4.0 14 37°15.4'N  138°55.6'E

2004.10.26 3:32:21 4.2 13 37°23.9’N 138°49.9'E
2004.10.27 0:56:42 4.3 13 37°16.1’N  138°52.2'E
4:15:23 3.6 6 37°10.1’N 138°45.6'E

10:40:50 6.1 12 37°17.5’N 139 2.0'E

12:05:54 4.4 4 37°23.6'N 138°52.6'E

12:40:53 4.0 11 37°15.1’N  138°59.3'E

17:15:18 4.0 11 37°17.0’N 138°58.6'E

21:09:08 4.3 11 37°18.2’N 138°59.1'E

2004.10.28 1:46:58 3.8 0 37°22.9’N 139° 1.2’E
2004.10.30 1:15:06 3.4 9 37°13.4'N  138°48.0'E
2004.11.01 4:35:49 5.0 8 37°12.7”N 138°54.0'E
2004.11.04 8:57:29 5.2 18 37°25.8’N 138°54.9'E
2004.11.06 2:53:21 5.1 0 37°21.7N 139" 0.1’E
15:16:50 4.5 1 37°22.2’N 139" 0.2'E

18:25:56 4.4 10 37° 9.3'N 138°44.4'E

2004.11.08 11:15:58 5.9 0 37°23.7N 139" 1.9E
11:27:10 5.0 0 37°23.6’N 139" 1.3'E

11:32:17 5.1 6 37°23.4'N 139" 2.8'E

11:43:05 4.7 2 37°22.9’N 139" 2.3'E

11:49:34 4.4 1 37°23.1’N 139" 2.9’E

12:05:07 4.3 3 37°22.9’N 139° 2.0'E

2004.11.09 4:15:59 5.0 0 37°21.2’N  138°59.9’E
2004.11.10 3:43:08 5.3 5 37°22.1’N 139" 0.0'E
2004.11.12 2:24:00 4.3 10 37°14.2’N 138°55.8'E
2004.11.15 9:39:33 4.7 0 37°23.0’N 138°59.9'E
2004.12.17 1:48:38 3.6 2 37°19.5'N  138°59.2'E
2004.12.28 18:30:36 5.0 8 37°19.3'N  138°58.9'E
2005.01.09  20:15:45 4.2 10 37°15.9’N  138°56.6'E
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Fig. 10 Relation of calculated magnitude of earthquakes,
based on vertical component of seismometer in Crustal
Acitivity Observatory of Shizuoka Unversity Msuv and
reported by Japan Meteological Agency Mjma .
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Fig. 11 Example of observation on the earthquake in Chuetsu district of Niigata Prefecture with seismometer and tilemeter in
Crustal Activity Observatory of Shizuoka University, 15 November 2004. NS=north-south component, £ W=east-west compo-
nent, UD=up-down component, XY=amplitude of horizontal component.
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Fig. 12 Monitoring on the distance of Yatsuyama laser path with 3,708.568m and earthquakes in the Chuetsu district of Niigata
Prefecture. Upper direction for extension, lower direction for shortening, and the interval of divisions corresponds to 1 cm. The
plotted distance is average of 10 measurements with less than 0.6 mm of standard error from 0:00 to 4:00 am when the me-
teorological condition is stable for ranging. Meteorologic correction has been made on the calculation of the laser path dis-
tance, using interpolation of one hour data of air temperature, air pressure and vapor pressure at Shizuoka Station of Japan
Meteoric Agency under the laser path. Divisions on the horizontal axis represent bigining of year and month. Earthquakes in
the Chuetsu district of Niigata Prefecture are presented as lines with the length correlated with the manitude.
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