i ” B 2 B
55 38 #& (1985) 25-40 B

TBHH 5 LS O EFE), HEA /= X A
K727 b= 2R

FERE KPR = 2 e /N R

S AR S BRI
Tonasnmnn W H F %

(FAAN 59 4£ 10 A 29 H%H)

%l}

Seismicity, Focal Mechanism, and Tectonics in the
Northern Hida Region, Central Japan

Takeshi MIKUMO and Makoto KoizumI

Disaster Prevention Research Institute, Kyoto University

Hiroo WaDpa

Kamitakara Geophysical Observatory
Disaster Prevention Research Institute, Kyoto University

(Received October 29, 1984)

Seismicity and focal mechanism of earthquakes in the northern Hida region, central Japan,
are closely investigated, and seismo-tectonic features of this region are discussed, mainly on
the basis of five years’ data obtained at seismic network stations of the Kamitakara Geophysical
Observatory in cooperation with some other observatories.

More than 5,800 earthquakes with magnitudes greater than 0.5 have been located. It
was found that high seismicity is concentrated along the Atotsugawa fault and around the
Ushikubi and Mozumi faults, all of which are typical, Quaternary active faults in this region,
and just beneath the Hida mountain range, which is highest in the Japan Islands. Also
noticeable is relatively high seismicity around conjugate sets of minor faults northeast of
the Atera fault, and in the southwest part of the Toyama plain.

Most of larger earthquakes along and around the Atotsugawa fault indicate strike-slip type
mechanisms consistent with right-lateral slip motion that had been continued since Quaternary
ages. Earthquakes at shallow depths beneath the northern part of the Hida mountains also
show strike-slip mechanisms with a nodal plane nearly parallel to the axis of the mountain
range, and sometimes with a small component of normal faulting. In the southern part of the
mountains southeast of Mt. Ontake, however, two different types of earthquakes, one with
strike-slip, another with reverse faulting, are concentrated in a limited area, suggesting
complex structures there. All earthquakes northeast of the Atera fault indicate strike-slip
mechanisms.

The maximum pressure axes (P-axes) derived from these focal mechanism solutions are
found to be oriented nearly in the ESE-WNW direction (N60°-80°W) over the northern Hida
region, but with small, counter-clockwise local deviations in some areas. The direction is
parallel to those inferred from the conjugate sets of Quaternary faults in this region and
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derived from geodetic triangulation surveys, and is also consistent with the direction of relative
motion between the Pacific and Eurasian plates rather than between the Eurasian and North
American plates. This suggests that the northern Hida region including the Hida mountains
appears strongly subjected to the tectonic compressive stress due to the plate movements.
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Fig. 1. Seismicity in the northern Hida region during the five years’ period between
May, 1977 and July, 1982 (KAMITAKARA GEOPHYSICAL OBSERVATORY, 1983).
Epicenters are denoted by five different sizes according to their magnitudes;
M>4.0, 3.0<M<4.0, 2.0<M<3.0, 1.0<M<2.0, and M<1.0. Squares in-
dicate the location of seismograph stations. Thin lines indicate major active
faults in this region.
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Fig. 2. Distribution of epicenters of local earthquakes with magnitudes greater than
3.0. High seismicity regions are marked by Regions I~VI, where focal
mechanisms are discussed.
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Table 1. Locations and focal mechanism solutions of the earthquakes determined in
this study.
Origin time (JST) XHypoc;nter p lg?ineDA Plane B P-axis T-axis
a
Y M DHM S @ogmoam M OO0 60600 0N
(I) ATOTSUGAWA, USHIKUBI F.
1977 Oct. 8 20:20 07.66 43.3 57.6 12.8 3.2
Nov. 20 07:29 18.20 40.8 55.9 10.4 3.1 L0 70 242 90 285 14 20 14 19
1978 Mar. 18 00:36 43.44 —19.9 17.4 4.9 3.6 321 64 62 68 100 2 194 36 18
Aug. 27 20:30 10.85 10.9 36.3 8.1 3.1 182 50 74 68 301 46 43 10 11
Sep. 16 04:55 36.73 —5.0 33.9 6.8 3.8 324 86 144 4 324 40 144 49 20
1979 Apr. 19 05:25 58.39 47.8 59.1 8.6 3.8 156 76 249 80 291 4 22 18 17
1980 Jul. 15 11:37 26.20 —17.3 18.2 2.8 4.0 153 40 262 73 288 21 43 45 28
1981 Apr. 7 12:04 30.99 —1.1 28.0 4.8 3.1 63 82 329 60 104 15 202 27 21
Jun. 17 23:47 01.73 2.5 39.6 2.9 4.3 152 82 242 8 107 1 17 12 30
Jul. 24 01:43 18.74 33.5 50.1 13.7 3.2 170 81 261 79 126 0 36 13 17
1982 Jan. 16 09:12 24.78 42.3 55.5 2.5 3.1 151 80 247 60 114 13 14 29 12
Jan. 21 20:30 07.24 -—1.1 29.8 7.5 3.2 151 43 54 82 271 38 23 24 17
1983 May 23 02:04 16.05 19.0 39.3 3.0 3.5 333 8 241 8 108 11 18 1 19
1984 Aug. 21 23:50 44.81 48.1 58.0 2.7 3.5 158 82 253 60 119 14 21 27 38
(II) HIDA RANGE
1978 Mar. 3 01:33 05.33 59.1 40.5 6.9 4.2 348 82 256 70 125 20 31 8 18
Jul. 7 02:17 01.55 53.9 63.7 8.7 3.1 78 48 188 70 322 46 218 13 18
Nov. 8 13:41 58.17 58.0 63.7 11.7 3.7 355 50 243 64 113 50 213 8 19
1979 Jan. 14 22:04 42.60 53.5 0.1 3.6 3.8 153 80 246 78 296 O 19 16 23
May 23 20:30 09.40 63.2 48.9 3.2 4.1 168 46 261 83 296 28 49 29 21
Jul. 22 17:33 20.35 52.9 40.0 3.8 3.9 10 69 248 36 152 55 32 18 28
Jul. 22 17:41 21.54 56.5 39.0 4.1 4.4 7 76 100 78 144 2 235 19 29
Sep. 17 02:10 57.08 55.8 51.8 2.1 3.6 357 8 93 40 327 27 213 38 31
Oct. 7 20:37 03.33 56.7 38.2 6.5 4.3 167 76 260 78 304 2 34 19 29
Oct. 8 00:28 42.39 57.7 39.0 4.1 4.1 163 90 255 72 119 O 29 16 32
1981 May 11 13:46 36.85 56.9 28.9 1.8 3.3 317 58 175 36 332 11 93 69 18
Dec. 30 20:35 41.76 57.6 71.9 10.8 3.3 157 60 48 58 285 45 192 3 25
1982 Feb. 3 08:44 14.39 59.6 72.9 3.3 3.4 349 52 95 70 129 11 229 42 25
Dec. 18 02:53 44.17 62.5 30.2 3.9 3.2 165 48 257 88 292 26 40 30 26
1984 Jun. 9 22.08 38.59 59.0 52.3 5.0 3.7 346 30 216 70 67 59 199 21 40
(m) SOUTH OF Mt. ONTAKE
1978 Aug. 11 15:21 57.76 47.8 —20.8 3.3 3.9 122 62 279 30 114 16 327 71 20
Aug. 11 15:46 05.29 46.8 —21.0 3.3 4.1 112 34 270 58 278 12 58 73 23
Dec. 18 06:20 07.12 45.2 —20.7 3.1 3.9 148 52 255 68 289 10 29 44 23
1979 Jan. 8 18:47 57.86 47.8 —21.5 10.2 4.1 135 76 254 22 119 30 336 53 27
Feb. 11 23:40 16.37 46.3 —21.8 13.9 3.9 140 50 47 86 265 30 11 24 24
May 31 00:11 29.57 45.7 —22.1 3.7 4.0 99 21 232 76 243 27 32 56 18
Jun. 27 07:37 49.57 46.7 —24.0 8.4 3.9 106 54 238 46 84 4 346 64 20
Jun. 28 21:29 07.96 47.5 —22.8 3.1 4.8 177 86 269 60 138 16 40 22 31
1980 Jan. 7 20:15 14.27 47.6 —21.6 4.0 4.5 165 84 262 46 134 26 23 34 26
Jun. 13 00:39 17.41 46.9 —16.0 2.3 4.0 338 84 245 64 115 22 19 14 27
1982 Jun. 9 10:52 07.73 47.1 —18.3 2.0 4.1 353 73 261 84 126 16 219 7 32
Aug. 8 01:15 18.06 45.5 —15.3 0.0 3.9 74 78 305 17 8 32 238 55 21
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Table 1. Continued

Origin time (JST) XHypoc;nter Plane A Plane B P-axis T-axis

z Dd Da Dd Da S P S P

Y M D HM S A G- N S-S
Gm) km) km) M) @ @ @ @ @ ¢ ) NS

(Iv) TAKAYAMA—HIDA-OSAKA
1978 May 12 15:29 53.70 29.1 —12.3 18.1 4.2 337 70 89 44 309 14 201 49 23
May 28 23:30 27.87 25.7 —2.1 8.2 3.6 130 78 226 63 91 10 355 28 22

Jul. 3 13:10 41.59 35.2 —12.5 6.4 3.8 10 56 259 60 134 48 225 2 23
Aug. 1 10:15 13.81 12.7 —21.5 16.8 4.2 158 86 66 82 239 12 201 5 23
1979 Jan. 16 21:04 55.02 27.2 —11.9 10.8 4.4 319 65 58 71 98 4 191 31 27
Mar. 17 19:11 41:51 27.1 —11.4 10.0 3.9 158 75 61 66 292 30 198 7 25
Mar. 24 19:15 17:83 27.2 —11.4 9.9 4.0 149 87 58 74 286 13 193 9 23
Oct. 16 02:57 20.47 35.9 14.5 5.5 3.5 334 65 65 88 106 15 202 19 24
1980 Aug. 20 08:32 46.82 23.4 —22.0 15.9 4.0 137 90 47 38 285 32 167 34 29
Sep. 16 05:48 58.09 28.1 —11.3 11.8 5.1 340 87 70 70 298 11 203 16 30
Dec. 16 06:49 52.13 30.9 —13.0 7.9 3.5 327 84 62 40 297 28 182 37 26
1981 Mar. 5 05:25 43.34 24.7 9.9 6.8 3.4 134 8 33 29 287 44 157 33 22
Jul. 1 07:15 58.65 29.1 —9.4 10.7 4.1 337 8 69 63 295 13 198 23 31
1982 Apr. 12 04:06 18.74 28.2 —12.9 11.2 3.9 171 89 81 48 315 28 208 27 35
Jun. 2 09:56 40.26 32.6 14.4 2.8 3.0 346 48 96 70 127 14 232 45 21
Jul. 12 05:09 19.52 23.0 8.1 6.6 3.6 330 76 74 45 299 17 192 41 25
1983 Oct. 6 14:20 35.50 20.1 —4.7 3.0 5.0 332 58 83 54 302 2 210 52 24
(V) NW. REGION
1976 Feb. 22 11:44 53.80 —3.9 69.6 14.0 4.2 20 60 232 35 160 70 33 12 33
1978 Oct. 2 04:54 06.51 —0.9 44.6 4.0 4.0 8 80 158 11 4 35 196 54 22
1979 Mar. 18 15:06 27.93 —22.2 56.6 13.8 3.9 330 63 59 83 101 16 197 20 22
May 5 06:02 28.32 —15.4 53.3 5.0 3.9 90 49 231 45 71 3 332 70 17
1980 Sep. 27 21:30 37.07 —34.7 34.4 10.0 4.1 333 80 237 53 114 32 11 18 24
1981 Jun. 13 07:48 49.94 0.4 52.9 7.7 3.6 324 55 8 53 296 1 208 54 23
Aug. 10 12:28 13.24 11.8 66.6 10.0 3.1 299 53 170 50 58 61 325 2 16

(VI) SW. REGION
1979 Mar. 9 19:53 13.49 —7.7 —13.7 14.3 4.0 125 62 29 78 254 29 350 10 19
1981 Sep. 3 06:28 40.90 —8.8 —14.6 16.3 4.8 117 72 22 72 250 26 160 1 28
Sep. 3 06.43 02.52 —9.6 —14.4 16.6 4.1 314 59 215 73 81 35 177 8 25

(I)~(VI): Six regions mentioned in the text; Hypocenter locations are given by the Cartesian
coordinate with an origin point at ¢=36°.00N and 2=137°.00E; M indicates local magnitude
estimated from S-P time at the the Kamitakara Geophysical Observatory; Focal mechanism
solutions are given by Dd (dip direction) and Da (dip angle) for two nodal planes A and B, and
by S (strike) and P (plunge) for the P- and T-axes; NS is the number of observations used
for the focal mechanism solutions.
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H-ft 1979] A THs. o
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BB 66 ic k223, zhbos
5 A &% Table 1 xUL7%. NS i1
FHED A 5 = X L DRFEFI -8
7 — 2@ <Hs. Fig. 3 1o
5 bAMIBOMBOREMN LA H =X
Ao BAYITSAH (VAT ey b F
FERBE) ERT. ChboEeg,
7=z Fhd 30 SxiEz, 2
DOMEDOREREEIZIEH TR &
DL TH D, F e SHlEOHE
DAE & # 5 = R 413 Fig, 4~9 12557
Ihs.

(1) Bhggll, 45, REDLIEE
B> TRAE L 14 BHoMED S
b, 12 HoHEIL strike-slip Fl o »
A= AR, WBHREE T
iR SRk, ENE-WSW
FHEE T N—FOEEDRERIT\ T
by FDEFOWB O EMCIZIF—FHK L
T3 (Fig. 4). (%72 1978 £8 B
DB DT —HDOEATEL /Kt
WA, Z DREDKRSEIILSPRIEN
HB). COFRAOHEHEN S O H
EOMBEEZ 2 b, ZoOECH
52V » THRARAEETLERL, #
BRI HE Shp BB o E5

[tAH (1966)] &R TH 2 [ZZ - fn

IV SEP.16 1980 M:5.0

V  FEB.22 i976 M=42

Fig. 3. Examples of the focal mechanism solu-
tions for earthquakes that occurred in
Region I~V, which are projected onto the
lower hemisphere of the Wulff net.

B (1983)]. Zoz iz hboiiEs, RIUMOMBEH 24 LSO LALIEHDOTT,
EOWBEIR O TRESIIMEETH S Z L2 RB LT 5. BB HIERE Lo [luft
R OHEL RIFRCED 2 7 = RARRLT5. SFEEBEREDCE S 1 EOMED
IS E RIS E O mAMNBRETh 5. B bh3BEED 101, Z OKERER &
BisHRBREECELR, BEOCLETIES (Rt NNW HiH) @k 5 ERIogEY

LT B d bR,
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Fig. 4. Schematic representation for the focal mechanisms of earthquakes that occurred along
and around the Atotsugawa fault in Region I.
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MAOKA (1983) 23 s Licbh D ERAUHIETHS). 2D 5 198145 FOBEHRMED 12
DY BB R TCE, Koo strike-slip Fo 2 = XALFOD, H2EREDER
BRAYEH DL BB NS, strike-slip F D3iFE D —J5 0 Sl (X LR O 77 171 BRI
V. L L 2 ORISR B BRBED L C ARD bR TR, —J, kox
= R A DLEEIhLRKEREIOFmMIZE ESE-WNW oFRThs. Licai>TZ
R OTREELIRT OB\ BRI E—FINCIE, © OHECE < BRERC X2 TR TIR=>
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() FREBILIRESMOMEILEF O 12 EOMEED 2 7 = X 2% Fig. 6 1T, Ok
OHIED A H = A 23T TR« fll (1982) AFELFERL T 525, SEOFHETH €Ok
FOREILR T OHEOHE D X 5 AR bh ¥, strike-slip Z & M ER & 2HEEL
Tk, ZOEMTESOREELRGE—FTS (205 b 2EOMEDL L O Fig. 101
SEhs3D0LFATCHETHS). ChBHOME N TS BRREHIOFmE () OHEFD
ESE-WNW I v % E-W FHi i, BraliBiEccofmrZohs. 2o
SICHBFORD 2 5 = X ANRBET S L1, & OMIMOBERIC T OWRENHEMT, i
DF ] & ER A OB NGB 235 < IFFET B FTREME B 2 b h .

2) 1984 29 A 14 HiC Sk L M=6.8 DOHE DA H=Rs [KET (1984); ZHBARSE (1984)]
1 strike-slip B CHEIFE OJF AL 1980 451 A DLHITEL.
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Fig. 5. Schematic representation for the focal mechanisms of earthquakes that oc-
curred in the northern Hida mountain range in Region IL

V) Fig. 7 EIUEH2 RERKESEAZE i Eo7e 17 EOMED 2 7 = X 8%
FLELDThS. RInbBLMRL e, ShbOMERT T strike-slip Bo x5 =X
ARFELT WS, COHRCIIAZOERETH 5 MW@ [SuGIMURA and MATSUDA
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LEZLRBM, SOxH =X AIEEOSE [MIKUMO (1973)] LBEAERUTHS. &
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M=5.0) BITEHBRELHROSSHEMIE LSO THS. ChDOMBELRES ¥ &
J RGN 0K ESE-WNW FHich-oT, (), () oo th i RERLTS
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(V) 1969 4% 9.9 3R X v S HLICFEMOXEPRE BT T 3 0 BHIA & IR
R D B L 7 strike-slip # 2 » 2 XaxRLTCW5 (Fig. 8). BhEEHNOHEEE R
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Fig. 6. Schematic representation for the focal mechanisms of earthquakes that
occurred southeast of Mt. Ontake in the southern Hida mountain range in
- Region III.
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h=Ax%EY [KAwASAKI (1975)], PH#hixizigE E-W JHmEThoi.
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/ML TE Y [HEH - A (1979)], ZOMRDOHED 2 7 = X2k 2 h bOEBIBIRL
febonbahico. KOO 2 EEERE PEITEE—E L.
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Fig. 7. Schematic representation for the focal mechanisms of earthquakes that oc-
curred near Takayama and northeast of the Atera fault in Region IV.

§4. REEHFILEBOTYI =V R

LA B@ i N7 Z ko M=3 OHBD 2 7 = X2 bHEEI WD P BOKFRS O TR %
Fig. 10 12 ¥ L »TRL. ZhxbHbM X 51T, Zhbh s ORI B < HiRis o i
RT S DL ThIE, BRREMIGTOFRE KB R T ESE-WNW 7ov Lik E-W Fjic
HBECZBETHAH. IHLEBEEMELEL LTV SHIBORLCEHCBRECIREE L M=6~
7T BEOK XVCHE, Tihbb 1934 EREAEME 1=137°.0E, ¢=35°.7N, M=6.2,
[IcHIKAWA (1971)]), 1961 4FdrEiE#hE (1=136°.8E, ¢=36°.0N, M=7.0, [KAWASAKI
(1975)1), 1969 4Eif; BB hipiE (1=137°.1E, ¢=35°.8N, M=6.6, [ICHIKAWA (1971);
Mikumo (1973)1), 1972 4EsEdt - Ik 2 EEEME (1=136°.8E, ¢=35°.9N, M=6.0, [
B B (1973)]) 7 &3 kot 1984 4£9 A RBFFEFEMME 1=137°.56 E, ¢=35°.82N,
M=6.8)?D 2 =X 2 bitE Shs PEWBFALIERTARACHS. hboEER,
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Fig. 8. Schematic representation for the focal mechanisms of earthquakes that occurred
in a region southeast of the Toyama plain and around the northern part of the

Miboro fault in Region V.
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Fig. 10. Pattern of the maximum compressional stress (P-axis) derived from the focal
mechanism solutions.

EDbRV. I LT ORI 5 EIFEEREL L HEY - HRRHENECH: -
HWIROIE D30 Te b Bic s o L3, Bl ilh e Bbh, coBBPecoikoT 7 =2
ARDWTIEE LIRSEROBFPLETH S 5.

—75, FREEH G IR AR, e, RERELMNE, Zh bR
T od « NEWBADHTE. LR ZOFROKE L IZIFEARL, {EOREKRILH S
i E S HRBREE L T 5. ChookRaE4ROBEMBENSREET &I, &
DOHIE A 2IFE 2 Ma DSRIL@B e EfE OBV E T e h ol o L2 R%B3 5 [HuziTa (1980)].
CDRKIEMOFENTHED 2 = X A0 bR I N5 FR EIZIFEF—FKL, FHEROBERE
KILDBEFI TR HEEINZBEKREMIOHT M E RN TH 2 [LHE 1979)]. 2HicE
f2 2 DIBETID T, BEOZAEED HRD bl HERFIEDFEHKFRRKEOTHDS
R 1973)] kGt~ THLo5cR2%. DEOEADTF— 20 bHEIhDRAE
EHoFHEE, WIhd ESE-WNW FEch 5, —J5, MINSTER and JORDAN (1978) @
RM2EFAnbROONBZKEHEST V- rD2—F o7 « 7 U— KT 2HENEBHOHH
LB AEE E 35.°0N, 142.°0E o#i&A T N70.7°W ¢ HELH, EOFMIEE., oD &
2, COMENELRUEBRECED T TREES V- b OEENIC X 5 EREDRR S ZT T
BT EERRBETS.

B, FAEBAM ALk S v— rieffmlic~127r s Fv—1+ThHDH, ok v—1+
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HEhTws [tk (1983); k- ik (1983) ; wuft (1983)]. = ik BAMGHE L TD
WM ERIMERE O R4, 1EREH - BB OFEL X RBHLE T2 0TH Y, AREGH O = —
YT« T = b RRIEHRMDO TARSBRARIAED TS L2 FRETS. —F, Z0oE2H
T7 4 v ¥ =277 ChBII-EAEER) OmEANCH D REE « K - REWRSEDOH 4 42
DO ZE R ZHET 5 70Dy, HCHEASHEA~N~1 72« FL—FThLEILH
RINDTLARAT, BHDHCIIEE LTS Z EDNQBETH D, ThaiAR TGOS E)IMT
SEEFEE LT RE R b\, 2 0%4A, NS CONER F 73 HRER LD 7 4 » W
« 7R, BBESEAANER T 5 EN BRSNS RE LT RER bRV C

Cied. FE, ZORBEHRAME T 1918 FEXATE (M=6.5), 1941 FEREFRpET (M=
6.2), 1943 EREFEILE (M=6.1) 7L OUBHIKREVHEAFEAEL TWb. D5 HKHET
B, TOX5RUMENMES 10LE2 bhs EHETRES (1980)] », #HED2E
DOHEIETHEIEE CH 5 [IcHIKAWA (1971)]. 7o RERILIRF S5 5 & OREERRE ORI D
Mg e L/ MBIV ThBEThE 2 7 =X A% RLTw5% [Fukao and YAMAORA
(1983)]1. —75, REEILMRD 1m/1,000 Gz T 558 4 feh o [ OBA» D b
HBHR X 5. ZoHIBTIThhCEIREDORKERE [KoNo ef al. (1982); YAMAMOTO et al.
(1982) 1 X LI~ T O FRER LRSS © —80 mgal FE D & Bouguer 273
FETLHZEEZRLTWS. REIUROFHESZ 2,500m &F25L, $LIITTAM Y AZ
Y=MRILL T\ B biE, Z oHiko Bouguer E#ir —280mgal 1o bETHETH D,

AR X v 200mgal FRE/NZ ., Lz oT, MR LRSI Inz biIvis REE: BT,
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2 LEECILRITE LW EREECD b, a3 5 3@ T b boo b
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R LTS DMK X FARIC AR DB 2 X FHINDZ 0L THS. bLl=-7v7 -k
ki 7 L — b OFRHEE B ECH S &35 &, MINISTER and JORDAN (1978) ® RM 2 =
FANBHIEIND 7 4 » = 2 EAE (35.°5N, 138.°5E) T & o HIXHEE O HA L
N95.°4W & BfEHh, BEREECE K FEMAIDOTE S ZTEWC EATFHEIhD. L
LT TN L 51, REELROFE M, REILRS, X LIROFARBEIC A S
DHED £ 5 = X AhbRDICRKAKFERH DOFEE, BicilhrBRo CdiziE—ke
ESE-WNW FHmTh b, £OMICELWAEFIIRD b, Bl - Mg s
D TEBUT B R LD EMR IS 0 FECEL, NISW L LAKFEES v -+ D
2—F o7 e FU— b KT 5 EEFHANTOW IS E. S LDEXYEEEEZL &
X7 4 o= r Tk =2—F Y TH S V- FEIDERED D CIRES DO E LT
FOMEITLERNS S, REMFIIATES V- b OBEENIC LAFELY L VBRZT, =D
FEME NS DM OIEMT B IC B Y RE IR TV A ELIRENEEL L HNBRV I 5 Eb
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