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Feature and geologic origin of the main shock and aftershocks of the Niigataken
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Chuetsu-oki Earthquake in 2007
KAWABE Takayuki *

Abstract This paper presents the results of detailed study of the relationship between the
distribution of the hypocenters of the Niigataken Chuetsu-oki Earthquake in 2007 and geology
there based on three dimensional distribution of hypocenters and their focal mechanisms by JMA.

Aera of hypocenters of the Niigataken Chuetsu-oki Earthquake in 2007 is divided into four focal
distribution segments according to their tree dimensional distribution: i.e.. the Focal Distribution
Segment I. the Focal Distribution Segment II, the Focal Distribution Segment III and the Focal
Distribution Segment IV.

While most of estimated fault type of 30 focal mechanisms are reverse fault type. normal fault
type focal mechanisms are recognized in the Focal Distribution Segment II and the Focal
Distribution Segment III within 24 hours after the main shock. This means that the maximum
stress in the Focal Distribution Segment II and the Focal Distribution Segment III just after the
main shock was relatively vertical.

Zone where the hypocenters are infrequent exists between the Focal Distribution Segment I to
the Focal Distribution Segment III and the Focal Distribution Segment IV. The zone is
approximately 1.5km wide. and trends NNE and dips NW. This zone is consistent with the
location of asperity of source process analyses of the Niigataken Chuetsu-oki Earthquake in 2007.
Thus the zone seems to consist of a hard and brittle rock.

Since the hypocenters distribute accordantly with the geologic and geotectonic elements,
geologic and geotectonic elements seem to control the occurrence of earthquakes in the area of
the main shock and aftershocks.

According to above mentioned results and the perturbation of the seismic tomography of the
area, the earthquakes of the Niigataken Chuetsu-oki Earthquake in 2007 seem to be occurred
under the stress in the lower part of the Upper Crust caused by uplifting melts from the Upper
Mantle to the Lower Crust.
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Fig. 1 Eplcenters of ealhquakes less than 50km deep in Central Kmk] to Oﬂr Southern Tohoku Area (N34 5 \140 5, Ei34 EI4.‘;) during the
period of 1997 October 1 to 2009 Febuary 28. Magnitude of plotted earthquakes is more than M0.1. Boxes A-B and C-D show the areas of
the projected vertical cross sections in Fig. 2.
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during the period of 1997 October 1 to 2009 Febuary 28.
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Fig. 5 Narrow cross sections of NW-SE direction in the area of the focuses of the main shock and aftershocks of the Niigataken
Chuetsu-oki Earthquake in 2007 within one day from the time of the main shock.
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Flg 6 Focus mechamsms of the earlhquakes of the main shock and after shocks of the Niigataken Chuetsu okl Eanhquake in 2007
by IMA. Specification of each focus mechanism is shown in Table 1.

Latitude Longitude Depth Type Slip Plane A Plane B P Axis T Axis N Axis Seg—

o Dms e (N) (E) (km) Meg w1 2 Stnk nig snE Stnke Dip_ Slp  Azimuth Dip Azimuth_Dip_ Azimuth Dip ment
1 2007/07/16 10:13:23.23 3755683 13B.60950 1675 68 R DS 53 93 310 8 148 82 40 2 1
2 2007/07/16 1057:30.30 3747467 138.56600 19.68 34 N DS 233 21 -93 45 69 -93 310 66 137 24 45 3 M
3 2007/07/16 11005555 3745783 13856600 2237 37 N DS 216 14 -81 32 76 -91 301 59 123 31 32 1 M
4 2007/07/16 11:5357.57 37.49533 13859200 1608 35 N DS 20 53 -133 151 55 -133 1 56 270/ 1 179 34 1
5 2007/07/16 12:2037.37 3751300 13854517 2003 34 N DS 235 22 -91 52 68 -91 320 67 143 23 53 1 I
6 2007/07/16 15374040 37.50400 13864450 2253 58 R DS 40 33 79 189 59 78 297 13 79 74 205 10 1
7 2007/07/16 16:00:28.28 3752150 13865800 2192 38 R DS 347 23 104 205 71104 284 25 136 61 20 13 1
8 2007/07/16 16:32:19.19 3752067 13865717 2148 35 R DS ] 17 93 189 73 93 277 28 103 62 8 2. .1
9 2007/07/16 16:54:4545 3750467 138.62917 2132 37 R DS 23 30 79 181 62 79 279 186 66 | 186 10 1
10 2007/07/16 17:13:11.11 3746483 13862983 2176 36 R DS 228 30 88 44 60 88 135 15 308 75 45 2 v
11 2007/07/16 17:42:2626 37.41467 13855683 1885 42 N AM 225 39 -51 126 82 -51 71 40 188 27 800 38 W
12 2007/07/16 18:19:4646 3737317 13853850 2154 44 N DS 0 42 -101 163 50 -101 17 8 261 4 170 8 m
13 2007/07/16 21:08:0202 3750883 13862967 2042 44 R DS 26 30 77 181 62 17 280 16 64 70 187 11 1
14 2007/07/16 21:15:44.44 3752000 138.68850 2737 34 R Ds 351 26 85 159 64 85 253 19 59 70 161 4 1
15 2007/07/17 00:39:5252 3749300 13857733 1906 33 N SS 258 78 -12 167 81 -12 122 15 2§35 200 810 75 T
16 2007/07/17 08394343 3752200 13855033 1932 35 R Ds 25 36 112 243 61 112 318 13 195 67 52 19 1
17 2007/07/18 11:47:.55.55 3747683 138.56933 18.01 3.7 R Ds 227 44 114 83 52 114 156 4 55 71 247 19 M
18 2007/07/18 16:53:05.05 37.44183 138.61533 2297 43 R DS 218 38 89 34 52 89 125 7 297 83 35 1
19 2007/07/18 20:02:56.56 3747200 13848350 2067 3.7 R sS 2 58 146 259 T 146 313 8 217 37 53 52 M
20 2007/07/20 01:52:0505 3745267 13855783 1938 42 N SS 233 62 -28 136 77 -28 92 29 187 10 294 59
21 2007/07/20 21:54:4444 3744800 13856933 1950 36 R 5SS 348 54 137 230 59 137 289 3 195 51 21 3% m
22 2007/07/24 1551:5353 37.39817 13853700 1870 35 R DS 13 32 98 209 58 98 293 13 142 15 25 7 m
23 2007/07/25 06:52:04.04 3753283 138.72117 2421 48 R Ds 26 44 86 200 46 86 293 1 41 87 203 3 v
24 2007/07/25 07270404 3752867 13871683 2360 35 R DS 17 42 101 214 50 1 296 4 180 81 27 8 Iv
25 2007/08/03 11:01:16.16 3738167 13851833 2021 41 R DS 243 44 87 59 46 87 151 1 267 88 61 2 m
26 2007/08/04 00:16:22.22 3742017 13853733 1788 32 R DS 40 36 96 230 54 96 316 9 165 80 47 5 m
27 2007/08/06 14:53:2121 3750883 13857733 1362 35 N AM 161 13 -78 48 85 -78 330 49 127 39 226 11 1
28 2007/08/08 23:02:29.28 3737683 13845450 1833 34 R S8 37 74 163 304 77163 351 2 260 21 86 69 I
29 2007/09/18 01:35:4545 3744533 13857150 1926 34 R DS 18 3B 110 234 60 110 310 13 185 68 44 17 1M
30 2008/03/12 17:59:59.59 3744750 138.56950 1993 41 R DS 239 33 73 25 62 13 128 15 261 68 34 15 1

*1 R: reverse type, N: normal type. *2 DS: dip slip, SS: strike slip, AM: ambiguous

Table 1 Specifications of focus mechanisms of the main shock and aftershocks of the Niigataken Chuetsu-oki Earthquake in 2007 by
IMA.
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Fig. 7 Bird’s eye views and projected cross sections of the focuses of the Focal Distribution Segment I and the Focal Distribution Segment
IV of the main shock and aftershocks of the Niigataken Chuetsu-oki Earthquake in 2007. Specification of the focus mechanisms are shown

in Table 1.
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Fig. 8 Projected cross sections of the focuses of the Focal Distribution Segment II of the main shock and aftershocks of the Niigataken
Chuetsu-oki Earthquake in 2007, Specification of the focus mechanisms are shown in Table 1.
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Fig. 9 Projected cross sections of the focuses of the Focal Distribution Segment III of the main shock and aftershocks of the Niigataken
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Plate 1-2

Plate 1-1 Bird’s eye view of focuses of the main shock and aftershocks of the Niigataken Chuetsu-oki Earthquake in 2007. Gap between
the northeastern and the eastern areas is remarkably shown.

Plate 1-2 Four focal distribution segments of the area of focuses of the main shock and aftershocks of the Niigataken Chuetsu-oki
Earthquake in 2007. I: Focal Distribution Segment I, II: Focal Distribution Segment II, III: Focal Distribution Segment III, IV: Focal
Distribution Segment ['V.

Plate 1-3 Vertical cross sections of (a) P-wave and (b) S-wave velocity perturbations along the profile shown in (c). Crosses denote
earthquakes relocated with the 3-D velocity model within a 2-km-wide zone along the profile. Note that earthquakes plotted in figures
include smaller earthquakes that are not used in the inversion. Black curve denotes the Moho discontinuity adopted in the inversion. (c)
Comparison of hypocenters relocated with the 3-D velocity structures (red crosses) with those in the JMA catalogue (black crosses). All
figures are after Nakajima and Hasegawa, 2008.

Plate 1-4 Models of deformational patterns of the lower part of the upper crust by uplifting melt into the Lower Crust from the Mantle,
estimated from the focuses of the main shock and aftershocks of the Niigataken Chuetsu-oki Earthquake in 2007.
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