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1993 OFF NOTO PENINSULA EARTHQUAKE

By Kiyoshi 110, Hiroo WADA, Kunihiko W AT ANABE,
Haruo HORIKAWA, Tameshige TSUKUDA and Kaname SAKAI

Synopsis

An earthquake of magnitude 6.6 (JMA) occurred about 10 km off the northeastern
tip of Noto peninsula on February 7, 1993. P and S wave arrival times of the main
shock and aftershocks recorded at the network stations of the Kamitakara Observatory,
Kyoto university and the Shin'etsu Earthquake Observatory, University of Tokyo
together with those at a temporary station set at the northeasern tip of Noto peninsula
were used for the precise determination of hypocenters and focal mechanisms. Epicen-
ters of aftershocks are distributed in a circular region with a radius of about 25 km,
but southeastern half of them are activated a few days after the main shock occurence
and they can be calld “induced aftershocks”. In the early stage of the earthquake sequ-
ence, epicenters of aftershoks are well concentrated on an area of about 15 km long and
8 km wide striking northeasterly. No large aftershocks occurred in the area, but fore-
shocks in December, 1993 were located very close to the main shock. Focal depths,
which are poorly constrained compared to epicenters, are 5-12 km, when they are deter-
mined adding the temporary station, of which data are very much effective on the
accuracy of focal depth. Focal mechanisim of the main shock determined from P-wave
first motions and that determind from body and surface wave centroid moment tensor
(CMT) inversion are of reverse fault type with P-axis in NW-SE direction. Most of
the focal mechanisms of major aftershocks heve reverse fault type Witl"l P-axes of
WNW-ESE to NW-SE direction, while those of the “induced aftershocks” have
strike-slip or normal fault type. Moreover, the trend of the aftershock distribution in
the early stage of the earthquake sequence is concordant with submarine active fault,
which defines the northwestern margin of a rise. On the contrary, “induced after-
shocks” were located on the northeast and southeastern margion of the rise, southeast
side of which is also delineated by another active fault.
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Fig. 2 Observation stations of microearthquakes operated by universities. Open circle shows the
main shock of the 1993 off Noto peninsula earthquake. Solid circles, solid squares and solid
diamonds indicate substations which belong to Kyoto University, University of Tokyo and
Nagoya University, respectively. Inverted triangle denotes a temporary station, Kinoura.
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Fig. 3 An example of local earthquake occurred very close to the temporary station, Kinoura.
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Fig. 5 Epicenter distributions of aftershocks. Left figure shows the epicenters determined from 7
stations of the Kamitakara and Shin'etsu Earthquake Observatories, and right figure shows
those determind from 8 stations including the temporary station, Kinoura,
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Fig. 6 Focal depths of aftershocks projected on SW-NE and NW-SE sections. Left figures show the
focal depths determined from 7 stations of the Kamitakara and Shin’etsu Earthquake Observa-
tories, and right figures show those determind from 8 stations including the temporary station ,
Kinoura.
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Fig. 7 Time-space diagrams of aftershocks of M = 3.0 determined by the Kamitakara Observatory.
Open circles show aftershocks in regions I and V, plus signs show those in regions Il and IV,
and squares show those in region III in Fig. 10, respectively.
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Fig. 8 Daily frequency of triggered events by the network of the Kamitakara Observatory and epicen-
ter distribution of aftershoccks with M=4.5. Solid squares correspond to the epicenter dis-
tribution. Periods, I - IV correspond to those in Fig. 9.
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Fig. 11 Epicenter distribution and magnitude-time diagram of earthquakes in and arround Noto penin-
sula for the data of the Kamitakara Observatory. No. 12 indicates foreshocks of the 1993 ear-
thquake of M=6.6.
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Fig. 12 Mechanism of the main shock determined from long-period body-wave inversion. Upper fi-
gure (a) shows the epicenter of the main shock (star) and used stations (inverted solid
triangles) with epicentral distance and azimuth; lower left figure (b) denotes the best fitted
source time function and lower right figure {(¢) denotes mechanism solution, in which stippled
area shows compressional quadrant.
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Fig. 14 Focal mechanisms of the main shock determined from P-wave first motions projected on lower

hemisphere by eqaul-area projection.

Reverse and strike-slip solutions are obtained for dif-

fernet focal depths of (a) 14 and (b) 16km, even if other conditions are remained the same.
Open and solid circles show dilatational and compressional first motions, respectively.
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Fig. 15 Focal mechanisms of major aftershocks. Open and solid circles show dilatational and com-
pressional first motions, respectively. Numbers reffer to Table 1.
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Table 1. List of mechanism solutions of the main and major aftershocks. Az, D and Sl denotes
N denotes total number of initial motions
Ns indicates number of

strike, dip and slip vector of nodal planes.
used for mechanism determination.
solutions that give the same score.

Sc shows score of solution.

Numbers reffer to Fig. 15

No. Date Time Londitude  Latitude H M N1 N2 P T B N S¢ Ns
(E) (N) (km) Az D SI Az D S Az D Az D Az D
1930207 2227 43.89 136°16°'21" 37°36'16" 13.9 6.6 4° 46° 68° 215° 48° 112° 200° 1" 195° 74° 21° 16" 55 93. - 2
2 930207 2307 7.92 1361613 373917 13.0 3.2 321 49 9 225 83 139 280 22 174 33 37 49 40 9. 8
3 930207 2346 55.74 1361902 373944 10,0 3.4 323 16 165 68 8 75 172 39 322 47 69 16 14 94 9
4 930211 2117 6.40 1361634 373730 13.9 4.2 152 38 29 39 73 125 103 20 348 50 207 3B 3’ 9% 2
5 9302130326 8.16 1362016 37380t 13.3 45 0 38 90 180 52 90 270 7 90 83 360 0 43 8. 1
6 930216 0151 17.43 1361701 373532 14.0 5.0 202 37 62 5 58 109 132 11 8 70 225 16 37 95 3
7 930218 1156 54.74 1363129 373816 17.6 4.7 266 35 147 23 72 60 136 21 257 53 34 29 30 78 5
8 930307 1509 23.94 1362800 374028 16.7 4.2 56 38 115 205 56 71 308 9 67 72 216 15 29 92 1
9 930311 1158 0.29 1362243 374106 139 3.9 128 72 4 37 87 162 8 10 351 15 207 72 38 8 1
10 930328 0524 1.88 1362106 37415 135 3.9 48 72 175 139 8 18 272 9 5 16 153 72 3% 92 1
11 930402 2149 52.84 136 2159 373452 17.2 4.7 317 43 -43 8 62-124 302 58 195 11 98 30 59 95 1
12 930405 0435 0.77 1362048 373259 14.4 4.3 338 69 9 245 82 158 293 9 200 21 45 67 42 93 2
13 930507 0457 59.21 136 2423 373415 13.2 5.3 351 58 -37 102 60 -142 318 47 226 1 135 43 50 92 2
14 930521 0357 53.93 1362023 3732090 12.1 4.0 59 26 110 217 66 8 314 20 108 68 221 9 37 9% 9
15 930523 2142 27.67 1362249 373944 11.7 49 8 55 44 248 55 136 308 0 218 54 39 ¥ 56 92 1
16 930525 2005 18.72 1362222 373615 10.9 4.4 353 56 -35 105 61 -141 321 47 228 3 135 43 44 9. 1
17 930609 2241 51.45 1362123 374145 12,3 5.1 55 33 106 215 59 80 313 13 98 74 221 9 61 92 3
18 930611 0000 32.46 1361920 374140 12,5 4.5 326 51 24 221 72 138 278 13 176 42 22 45 41 93 8
19 931127 0940 10.45 1362212 374642 9.5 4.5 130 30 50 354 68 110 69 20 296 62 166 19 57 79 3
20 931208 0416 17.58 1362248 374322 9.0 5.0 109 50-168 11 81 -41 322 35 66 20 180 49 3 74 1
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Fig. 16 Well constaraind epicenters are shown together with bathmetric contors and submarine faults
after Maritime Safty Agencyg) 4
shows an assumed fault of the mainshock. Solid circles denote foreshocks.

Ticks attached to faults show subsided side.
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Fig. 17 Focal mechanisms in and around Noto peninsula. Mechanism of the main shock is added to
Mikumo and Ishikawa''
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