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FOCAL MECHANISMS IN THE NORTHWESTERN CHUBU DISTRICT,
CENTRAL HONSHU, JAPAN

By Makoto Kotzumi, Kiyoshi Ito and Hiroo Wapa

Synopsis

Focal mechanisms of 105 earthquakes were determined in the northwestern Chubu district, cen-
tral Honshu, Japan. Focal mechanisms of the district have been reported several times. The
mechanism solutions in this paper, however, were re-determined by modified Fourier method from
initial motions of P-waves for earthquakes with magnitude greater than 3 occurred during the
periods 1978-1991. As it has been reported, major type of focal mechanisms in the district is strike-
slip with N60-80°W azimuths of P-axes. However, reverse faults are found to be predominant in
the southern part of the Hida mountains and in the northern part of Miboro fault. Normal fault type
mechanisms are also found to occur in the Hida region and southern end of Toyama Plane. Thus,
the different types of mechanisms seem to be closely related to the tectonic movements of the region.
On the basis of the regional characteristics of mechanisms, temporal change in mechanisms of earth-
quakes can be deteced in the future for monitering the variation in stress fields.
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Fig. 1. Epicenter disribution determined by the Kamitakara Observatory during the period 1977--1992.
Thick lines indicate major active faults and triangles show stations.
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Fig. 2. Observation stations which are used for determination of focal mechanisms. Squares indicate sta-
tions of the Kamitakara and the Hokuriku Observatories, Kyoto University, which are mainly used
for this analyses. Triangles denote other stations used supplementarily to the analyses.
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Fig. 3. Locations of earthquakes (open circles) of which mechanisms are determined in this study.

Topography and main active faults are also indicated. Hatched regions denote high mountains
with more than 2000 m above sea level. Solid circles show volcanoes in the Quarternary.
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Table List of mechanism solutions. Az, D and Sl in the columns N1 and N2 denotes strike, dip and slip
vecter of nodal planes. N denotes total number of initial motions used for determination of
mechanism. Sc shows score of mechanism solution. Ns indicates number of solutions which gives
the same maximum score for the earthquake. Notations of solutions are after Aki and Richards".

No. Date Time Londitude Latitude H M NI N2 P T B N S Ns
(B) [4)] (km) Az D 81 Az D S1 Az D Az D Az D

1 780303 0133 5.33 137°39'19" 36°39'54" 6.9 4.2 174°22° -6° 269°88°-111°159°43° 18°39°270°21°18 94, 3
2 780512 1529 58.70 137 1922 351920 18.1 42 347 24 256 73 134 31516 209 44 59 4123 88 6
3 780528 2330 27.87 137 1706 35 1751 8.2 3.622261 162 32175 30 89 9 185 32 346 56 22 86. 38
4 780708 1310 41.59 1372325 3523 14 6.4 3.8 9925 167 20185 6531235 86452032522 86. S
5 780801 1015 13.81 137 08 27 35 08 22 16.8 4.2 253 58 -147 144 62 -37 107 45 199 3 292 45 23 98. 7
6 780811 1521 57.76 137 31 48 958145 3.3 3.9 76 41 147 19269 54 308 16 60 52 207 33 20 86. 11
7 780811 1546 5.29 137 81 08 353138 3.3 4.1 4533 126 18564 69290 16 58 65 194 1923 92. 1
8 780827 2030 10.85 1370715 36 0737 8.1 8129111 -19 40 87 -99 301 47 138 41 41 § 11 9L 1
9 781002 0454 6.51 13659 24 36 59 0T 4.0 4.0 4030 21 29279 118 359 29 232 48 106 28 22 91. 2
10 781108 1341 58.17 137 38 36 36 38 26 11.7 3.7 314 15 -125 169 77 -81 91 57 252 32 347 919 9. 1
11 781218 0620 7.12 13730 04 353048 3.1 3.9 6657 175 159 86 34 288 20 28 26 166 56 23 96. 14
12 790108 1847 57.86 137 31 48 353122 10.2 4.1 3922 146 161 77 71 267 30 48 54 186 19 27 85. 1
13 790114 2204 42.60 1373536 363503 3.6 3.819244 82 2446 98108 | 684198 623 96 4
14 790116 2104 55.02 137 18 06 35 18 33 10.8 4.4 32456 6 231 85 146 283 20 182 27 455527 93. 10
15 790211 2340 16.37 13730 48 3530 12 13.9 3.9 55 57 -153 309 68 -36 268 41 4 7 101 48 24 B85. 22
16 790309 1953 13.49 136 54 52 35 54 35 14.3 4.0 4750 -146 293 65 -45 253 49 853 9 90 40 19 97. 11
17 790317 1911 41.51 137 18 02 35 18 50 10.0 3.9323 27 -41 9173 -111 3335719725 972025 88. 6
18 790318 1506 27.93 136 45 13 36 45 36 13.8 3.923765 173 33084 25101 1319622342 6422 95 7
19 790324 1915 17.83 18718 06 35 18 50 9.9 4.0 328 57 19 228 74 146 281 11 18435 2753 23 9L 1l
20 790505 0602 28.32 136 40 45 364949 5.0 3.9 11446 40 354 62 129 57 93145515333 17 94. 1
21 790523 2030 9.40 1374203 36422 3.2 41 663 -14 102 78 -152 327 28 232 10 124 60 22 96. 12
22 790531 0011 29.57 1373024 353002 3.7 4.0 86 28 -148 326 76 -66 264 53 38 27 140 23 17 83. 1
23 790627 0737 49.57 1373104 353101 8.4 3.934433 70 18759 103 268 18 130 73 360 11 21 88. 1
24 790628 2129 7.96 1373136 353140 3.1 4818574 9 9281 164139 5 48182437231 94 5
25 790722 1733 20.35 137 3512 36 3537 3.8 3.9 31045 -103 148 47 -78 131 81 229 1319 928 81. 1
26 790722 1741 21.54 1373736 363705 4.1 4.427382-179 18283 -8 137 6228 53608228 94. 25
27 790917 0210 57.08 1373708 363700 2.1 3.6 758 19 266 74 147 320 10 222 35 63 53 31 B3. 1
28 791007 2087 3.33 1373744 363739 6.5 4.3 26050 166 359 79 41 123 1922836 11 4829 88 |
29 800107 2015 14.27 1373140 353119 4.0 4517472 15 8076 161 128 3 3623 225 6725 93. 1
30 800613 0039 17.41 13781 12 858120 2.3 4.0 246 79 -176 155 86 -11 110 10 201 5 815 79 27 97. 7
31 800715 1137 26.20 136 48 29 36 4850 2.8 4.0 7352 161 17575 40299 15 41381914825 78 2
32 800820 0832 46.82 137 15 34 351506 15.9 4.0 30258 -29 49 66 -144 269 42 174 5 79 48 29 87. 13
33 800916 0548 58.09 137 18 42 3518 53 11.8 5.1 266 74 179 355 89 16 129 10 221 12 360 74 54 75. 46
34 801216 0649 52.13 13720 33 352058 7.9 3.5232 61 -171 138 82 -29 91 26 188 14 304 60 256 90. 21
35 810305 0525 43.34 13716 26 36 16 21 6.8 3.4 299 44 -44 84 62 -125 284 58 178 10 82 30 24 92. 14
36 810407 1204 30.99 136 59 16 3659 08 4.8 3.1 13459 -29 239 66 -146 99 41 5 4270 4520 95. |
37 810511 1346 36.85 1378752 363737 1.8 3.3 7340 114 22364 71326 7 82732341518 86 5
38 810617 2347 1.73 13701 39 36 01 24 2.9 4.2 91 46 -157 345 73 -47 207 44 44 17149 4123 96. |
89 810701 0715 58.65 137 1922 85 1954 10.7 4.134548 -3 7788 -138 310 30 203 27 79 48 31 92. 3
40 810724 0143 18.74 18722 17 36 22 05 13.7 3.2 166 82 -2 256 88 -172 121 7 31 4 270 82 15 100. 7
41 810810 1228 13.24 137 0751 36 07 01 10.0 3.1 256 44 -73 53 48 -106 253 78 154 2 63 12 16 90. 4
42 810903 0628 40.90 136 54 08 3554 06 16.3 4.8 30523 -4 39 88 -113 287 42 150 39 40 23 29 83. 1
43 810903 0643 2.52 136 53 36 3553 12 16.6 4.1 32556 17 226 76 145 279 13 180 34 2753 26 92. 10
44 811230 2035 41.76 1373820 363853 10.8 3.3 16860 18 6974 149121 9 25332256525 93. 6
45 820203 0844 14.39 1373039 363925 3.3 3.426457 161 474 341311122935 275325 96. 29
46 820412 0406 18.74 137 18 46 35 18 01 11.2 3.9 343 50 ,-11 B0 82 -139 310 34 205 21 90 49 36 93. 2
47 820802 0956 40.26 137 21 41 362147 2.8 3.0273 82 -179 18289 -8 137 6 228 5 360 82 33 95. 16
48 820609 1052 7.73 1373120 353106 2.0 4.1 8682 179 17683 8 311 5 41 6 180 82 20 100. 10
49 820808 0115 18.06 1373016 353043 0.0 3.9 1045 46 24459 125310 8 20759 453021 96. 5
50 821228 0253 44.17 1374135 36 4119 3.9 3.2 163 77 -12 255 78 -166 119 18 29 1207 72 24 89. 23
51 830523 0204 16.05 187 1287 361215 1.3 3.5152 90 -44 242-90 -59 107 0 17 0 270 0 19 100. 35
52 831006 1420 35.50 137 1322 351327 3.0 5.0 542 42 24264 124 308 12 199 57 45 30 23 96. 4
53 840609 2208 38.59 1373915 3639 17 5.0 3.7 266 47 -116 122 49 -64 102 71 194 1284 1936 87. 5
54 840821 2350 44.81 1873200 36 8221 2.7 8.5 11641 -57 25556 -116 11467 3 8270 21 34 87. 1
55 850730 1118 44.80 136 46 37 3746 36 6.2 3.6 240 24 -48 15 73 -106 263 59 118 26 21 16 31 88. 4
56 851018 1222 20.50 13703 30 370355 21.4 5.9 157 § 26683 1473181721828 176 56 37 95. 2
57 860307 0325 33.70 13729 3¢ 36 29 84 4.0 5.2 3734 74 23558 1003181217575 48 950 82 3
58 860414 1039 39.65 136 50 33 36 50 30 18.5 4.0 250 69 -170 157 81 -21 112 21 205 8 315 6732 9. 9
59 860429 0009 13.99 1372952 362930 3.1 4327361 150 1964 33 145 223741 534928 96 1
60 860609 2041 30.04 136 44 56 36 4401 6.0 3.9 2945 120 170 52 64278 4 18 69 187 20 31 93. 2
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61 860609 2114 1.33 1364526 364503 6.0 4.0 3117 129 17177 7927031 67571741025 98 1
62 861225 0557 30.36 1371243 961248 6.0 4.3 16359 15 6477 148 11712 19 32 225 55 36 97. 1
63 870324 2140 46.73 137 56 08 3756 32 18.0 6.5 922 43 238 76 106 316 29 168 56 54 15 37 82 13
64 870324 2222 25.57 13756 09 3756 06 10.0 4.5242 13 140 1283 81 1090 3727251 13 924 64 1
65 870325 0930 47.06 138 07 41 370747 8.0 4.5257 48 -119 116 50 -62 93 69 187 1277 20 34 88 3
66 870330 0513 41.15 1370428 360402 1.5 3.8 17542 43 5063 123 11712 658 21429 26 93. 2l
67 870719 1248 15.91 13704 32 3704 41 17.7 3.7 1979 -5 110 85 -169 335 11 244 4 135 79 16 100. 11
68 870913 1402 34.79 137 30 57 96 30 15 10.0 4.4 44 32 154 15777 6126926 3550 164 28 22 T8 4
69 871218 1011 51.15 1371858 36 1811 3.0 4.5239 83 176 329 86 7104 2194 8 360 82 38 100. 4
70 880420 0850 36.42 136 45 49 3645 06 9.6 4.1 17531 41 49 70 115 120 21 353 58 220 23 36 84. 6
71 880511 0233 33.21 1370343 960324 7.0 3.6 324 20 -122 177 73 -79 103 61 258 27 354 10 13 89. I
72 880720 1312 54.22 1374158 364145 6.0 3.52768 173 883 9142 123211 457918 81 13
73 890103 2056 1.78 137 11 40 36 1155 3.0 3.1 30047 30 188 69 133 249 13 144 48 351 39 16 100. I
74 890109 0740 42.08 1371243 361233 6.5 3.217336 145 29371 60 45 20 165 54 304 29 15 100. I
75 890117 1533 18.85 1371647 3616 00 1.6 3.4 344 77 20048 102282 217881 13 932 78 4
76 890117 1539 84.58 137 16 47 36 16 00 1.6 3.4 32566 -7 53 83 -155 284 22 188 12 72 64 17 80. 22
T7 890530 1318 42.88 136 45 51 36 45 17 12.5 3.9 325 46 230 73 107 307 26 163 58 4516 28 94. 1
78 890625 0300 50.63 136 51 38 36 51 00 13.5 4.0 1228 54 232 68 107 300 21 170 63 45 16 30 8. 1
79 890721 0945 11.26 13734 47 353452 2.0 4.1328 65 -24 69 68 -153 289 34 198 2 104 56 23 92. 8
80 890731 0109 37.35 136 40 55 36 40 20 7.0 3.3 356 32 26 244 T7 119 311 26 186 50 56 29 23 96. 3
81 890731 2002 47.83 1373250 353255 3.0 3.7 9637 146 214 70 58 327 19 8553 225 30 27 90. 1
82 890917 0337 26.06 1372152 3521 16 150 4.0 153 85 -52 289 63 -113 160 64 36 15 300 20 32 87. |1
83 890930 0745 10.04 137 20 55 3520 43 13.0 3.5 162 60 -17 261 75 -148 1256 32 29 10 284 56 31 83. 9
B4 000124 0807 6.00 137 30 52 36 3022 4.0 4.5 180 90 -30 250-90 -45 115 0 25 0270 60 33 82. 9
85 900125 0214 22.23 1373048 363031 8.3 45 5341 113 20453 71307 6 5974216 1529 81 I
86 900125 0357 24.48 1373100 363116 3.6 3.6 138848 28 79 70 135 138 13 34 46 239 41 26 89. |
87 900218 0315 54.58 137 36 19 36 3643 4.0 4.8334 79 4 24386 169289 519810 4579 40 84. 1
88 900218 0417 46.71 13736 24 363638 4.5 3.6 249 B 26684 138321 23 21533 79 48 19 100. 8
89 900218 0435 50.05 137 36 26 36 36 20 4.0 4.333969 9 24582 158 204 9 20021 456730 8. 22
90 900218 0535 59.60 1373628 36 36 05 2.1 4.8 17590 -47 265-90 -62 130 0 40 0270 90 37 90. 1
91 900221 0052 25.98 137 34 41 36 3417 1.0 4.435482 -1 8589 -172310 6219 5 908229 34 |
92 900221 0115 41.80 1373456 363421 1.0 4333088 -3 7087-173295 7204 3 808237 88 3
93 900401 0238 42.83 1374001 3640 11 1.3 4120846 28 9770 132 158 15 51 47 261 39 28 9L 1
94 900401 0242 0.24 1374001 364011 1.3 45 38 1 27389 172318 §228 6 908231 8. 6
95 900423 0059 39.12 1373106 363101 3.0 48 7834 118 22561 72328 14 9969234 15387 80. |
96 900812 0710 36.97 137 04 45 36 04 17 17.6 3.8 309 44 -73 106 48 -106 306 78 207 2 117 12 20 83. 11
97 900813 0816 33.40 137 05 07 36 05 11 14.5 4.3 7161 162 16975 30298 9 33321945617 84 25
08 901116 0221 29.50 137 01 48 37 01 55 14.0 3.8 2732 107 18860 8028514 7273193 929 83. 2
99 910123 0331 27.01 1373211 363258 4.0 41101 43 165 202 80 48 323 23 73 40 211 41 26 89. 2
100 910318 1522 17.20 137 43 08 36 43 11 3.8 4.0 93 54 -147 341 64 -4130347 39 61354328 93. 3
101 910430 0101 28.17 1373739 363719 2.0 3.6 120 64 -157 20 69 -28 339 34 71 3 166 56 28 94. 2
102 910815 0258 37.22 1373628 363628 3.0 3.4 263 65 -175 171 85 -25 124 21 220 14 342 64 24 92. 2
103 911005 1756 5.03 1372925 352012 56 4.1 3312 26 278 85 101 358 39 199 49 96 10 41 86 I
104 911023 0211 11.49 136 41 27 36 41 58 10.0 3.9 22749 -173 13285 -42 81 32 18724 3074930 82 5
105 911221 2018 31.01 1373231 363237 2.0 3.6 7975 169 17280 15305 3 36182077222 96 9

ThhH, FLIZS, BIZBOTERL, HAMHYDOBEECK-T, AXIxB%, FLTERCHLEIET
INELLTH B,

Fig. 5 Rz hbHO|E T 7 b =7 A LBRST TR DRBERBCHT D THS, Zhit Fig. 1
DOHEZEHYEELC LTHE L1, Fig. 5§ © A~F i Figs. 6=1~6-6 XG5 R OMBYRT, LT
Z, 6 oDMREHbIT TREBEBEBYERT S,

4.1, A ot (BFE)IIMREATE)

A BRSNS, SEER, EIUTE, B TFREEaARAORBLUK, BGhHOEBKEB CHEE
hAHIRTH D, BRENEB Eic R4 T2 8 MBI 1858 O FREEM TR ¥ 712 bR (M=6.9) OREL
LR TWB3DTHEE, HIELE-LBELRBEENERTHH0T, FhhBEHLLIEL
Shn, WEFEANC A BB AR a R K IEB O HR S h 5 & 2k Uic/AO5RENE
DI TR OECEL LB L > THEH LTS3 D L ubh T 59, 7o o PR
CREE L OEBERESEEC S LABCEThEOR IR tE 2 bR 5,

COHIRT A = A AEHELRIHBRIVET, BB TED S L BEOFRMEXER &
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Fig. 4. Focal mechanism solutions projected on lower hemisphere of equal-area net. Open and solid
circles denote dilatational and compressional initial motions, respectively. Size of the circle
depends its accuracy and also on the emergent angle of the ray. Size of the circle is reduced for the
wave propageted in the lower focal sphere. Numbers reffer to Table.
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(fig.4 continued)
BALBEOUMBRY Y ST OOEREThALRS, BEOTHRX 4km BETHS, BOERD
S4FBITIEX 2.7km CTENBECEC-LDTHS, Z OB AR L A0OJLE 10km 1 h TRELALLOT,
Brg )| B A REELRB G 0 WTHICB T 5 R IEBH®ThH D, T3FIHRRNB L b4 Tkm &
OBTMRBEOHBTH S5, BEBOFEWIB OB strike-slip BTH 5, 41FBOZILIFHEERARMNA
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Fig. 5. Epicenters of earthquakes, whose mechanism solutions are obtaind, are divided into six regions for
discussion of tectonic stress. Active faults are also indicated by thick lines.
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Fig. 6-1. Epicenters and focal mechanisms in region-A in Fig. 5. Mechanism solutions are indicated by
equal area projection of lower hemisphere. Open and solid quadrants denote compression and
dilatation, respectively. Active faults are also indicated by thick lines.
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Fig. 6-2. Epicenters and focal mechanisms in region-B in Fig. 5. Notations are the same as in Fig. 6-1.
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Fig. 6-3. Epicenters and focal mechanisms in region-C in Fig. 5. Notations are the same as in Fig. 6-1.
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Fig. 6-4. Epicenters and focal mechanisms in region-D in Fig. 5. Notations are the same as in Fig. 6-1.

4.6. F bt (WMILE, gERYR)

F et s, B, f&)l, Latus BB S ARBIcRET > HBOBIRTH S, B
WERV A H = X ARORERE LMo NS L BN LR Than LB ks, SEXNRE
Licrhif A ohtit, M5 7 5 AOMBARENS S BETHHIRTL A5, BEFBLEILTE
BB oOBEIERENME- L VbR TV 529, 580 B ABKBERTA OLELLRS,

AARGIREOMBIL - ORI, Bk KICREIOMEE & JbkE, FEBS e CEERORTHh
HieBEbT2 L X3h T30, 260HATEZRTIVE, BEEIIEDIAIRL>TRELTVDLST
»5,

EBELEROSEDHBI=SE - fioRE CRYEIBI-> Tk Y, SAOKREFET S, =8 - 10
FHF — 2SO CEENELND D, ABREMERFDI9934E 2 A 6 BiiEBE & T M6.6 OMEI56%E D



AR - FEE - T ;AL 10 5 RO KRR 319

[ ]

I
Region—FE

37.5°N

37. 0°

36. 0"~

35. 5°

ll!lll 6543
50 km M O 0 o o

Fig. 6-5. Epicenters and focal mechanisms in region-E in Fig. 5. Notations are the same as in Fig. 6-1.
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Fig. 6-6. Epicenters and focal mechanisms in region-F in Fig. 5. Notations are the same as in Fig. 6-1.
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Fig. 7. Focal depths of events in the Hida Mountains (Region-B) projected onto a north-south depth sec-
tion. Open circles, solid circles and diamonds show strike-slip, normal and reverse faults, respec-
tively. Triangles denote major mountains. Projection of T-axes on the same plane are indicated
for events with reverse and strile-slip faults.
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