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Spatial Distribution and Mechanism Solutions for Foreshocks, Mainshock and
Aftershocks of the Urakawa-oki Earthquake of March 21, 1982.

By Takeo MoRiyA, Hiroki MIYAMACHI
and Susumu KATOH
Department of Geophysics, Faculty of Science
Hokkaido University
{ Received March 9, 1983)

Spatial distribution and mechanism solutions for the foreshocks, mainshock and
aftershocks of the Urakawa-oki earthquake of March 21, 1982 were investigated. For the
investigation, 13 temporary seismic stations were set up in and around the aftershock area.
Out of these stations 7 to 9 temporary stations along with 5 routine stations were effectively
used for hypocenter determination. Hypocenters of 5 foreshocks, the mainshock and 377
aftershocks were determined using first arrival times of P waves so as to fit travel time curve
of a layered structure with station corrections. The structure of P wave velocities and
station corrections were estimated from structure analyses using inversion of the P wave
arrival time data from the earthquakes and using refraction surveys based on quarry blasts.

The determined aftershock zone can be separated into two parts. one is located off
Urakawa to the coast of the Hidaka region in a depth range between 18 and 35km (A region)
and another is located in inland area of Mitsuishi in a depth range between 2 and 25km (B
region). The A region has a dip direction of N15° E and a dip angle of 20° to 40° with an area
of 510km?, and the B region, a dip direction of S10° E and a dip angle of 70° with an area of
250km?.

Data observed at temporary and routine stations give 102 mechanism solutions
containing those of the foreshock and mainshock. Mechanism solutions for the foreshock
and mainshock which occurred in the A region, provide maximum pressure axes trending
toward NE-SW direction. Sixty-seven percents of the aftershocks have the direction similar
to that of the mainshock for the maximum pressure axis. These aftershocks distribute in
both the A and B regions homogeneously. The largest aftershock (M5.9) which occurred in
the B region has normal fault type of mechanism solution. The greater part of aftershocks
having normal fault type concentrate in the B region.

In and around the Hidaka mountains situated near the junction between the
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Northeastern Japan arc and Kurile arc, maximum pressure axes of mechanism solutions for
the previous earthquakes trend toward a direction range between NE-SW and E-W. The
direction is almost perpendicular to that of slip vector of the Oceanic lithosphere. The
contortion of mechanism solutions is a general tendency at the arc junctions.

Characteristics of spatial distribution and mechanism solutions for the sequence of
Urakawa-oki earthquake explain that the present earthquake is one of the large shallow
earthquake which have occurred the western part of Hidaka mountains.

The folded structure of the intermediate depth seismic zone just beneath the Hidaka
mountain indicates folding or disruption of the slab of the lithosphere at the junction. The
deformation of the slab must cause the contortion of mechanism solutions. The seismo-
logical features in and around the Hidaka mountains shows that orogenic movement of
Hidaka mountains is developing under the special condition of the arc junction.
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1982 4 3 A 21 HRT 11 B 32 4, #dlibic = =F 4 — F 7.1 DMEHIREL 2. KRRFIC L
niE, ZoMEOEREIZ, 42°04'N, 142736, B2 40kmizsH ), FERFAITI3 H 31 H 118324
05.7MThHsbH. ZOHOMEICEL VEMTEEGS, IR, S/, Wik & TEE 4, Sk, m,
EW, FEAELEEMHIMTERE 3 2EE&L 2. BE6RILBETRINDSTORRTHY, H
B R ) DOAE, MBI EEL L2257,

M 775 2niEY, blBEREERG TR, 2B I0FE- D22 L TREL T 5 (FiE
1968, 1972, 1973, BMfth 1974). LA LA RO & 5 ICBEGE CIoREL 2z L v, SRn
DL ZDHENMBNARE, RECHT I bLVWERL, WEECB Y TRBETHL &
iz, 2EMCZATLIEL L ODEETH S,

A RNDFE—DHILI ZOMENFE - FEBS L URBOFM LB EMISHZ2H L2 ICT L E
WO BB LENEEZICHS DL, T M7 77 XOBBORERRNEZWMET L LICATRTH S
DiFLBAA, FEMD L BEILRKICHIT TOMBICRET 2HMENOMBBRRZH LTS
LETLERTH S, F0HMNZIEBEREMIMEBRIEOBRRAERENERICH 5. BIE
DEFBHBEIZILBEOEETDTELZIFECEBEZ A =T L) ICRESINTWELH
1, BRSOSHIZ BT, BREEERICHIENZRED 2 L Tk whiRsts i
Wi, B B BIRPCERER LIS RPE L WEBERO—D2Th 2 HREEOHEICH 5.
HE®RAL LMW ,»T CTEIEEFLENER (KB1972), ERRE (& E 1972
TAKANAMI 1982) 0 B8 748 (7K 1979, 1980) %4 & BB S 1, & & IS TR B Mki%E0 (R
2 10~20km % T) oEE» LN T3 (DEN and HOTTA 1973, ASANO et al.1979, HEH:
#51983). Z UL, LA EICBIT ZHBEHOERLHIRO—DOTH ), KMBENRET b8
ICXDEMLRBREIFEINTELY, BUKIZ B L 20MEk - b~ PUBEZEET 2R
I TGV, Z0&E8 6 R, ShlomEl FEOBWMICIE L 2EELERE L5, B
WOHKNS A 7 = X0 E Z<REL, BIE - KES L UREL OB, 2RS4 R X
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Fig. 1. Locations of routine (circles) and temporary
(triangles) stations. Solid symbols denote
stations used for hypocenter determination.
Aftershock area is indicated by hatching.



194 8 R B

AR LENERIZETHZ & L7, Tablelic
FEEREICHFER I BRSO E S & HIEE
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Tahle 1. Coordinates and station corre-
ctions for routine and temporary
stations.

Code. Lat. Long. Corr.(Sec.)
FYS 42,1143 142.9960 0.5
SPP 42.3842 142 .2891 1.2
HRT 42.5724 142.2199 1.2
IKD 42,1860 142.7540 0.4
HOU 42.2562 1425955 0.0
KWK 42.3167 142.7188 0.0
KWI 42,3214 142.5283 0.0
TNK 42.7072 142.4184 —0.25
KMU 42.2386 142.9672 0.0
MSN 42.4240 142.5400 0.0
MYR 42.2900 143.2833 0.0
IWN 42.6700 143.0460 0.7
ERM 42.0158 143.1614 0.3
ESH 41.8842 141.0112 —-0.3

Table 2. Structure parameters for hypo-

L7z, BEERECIT PRI REZRLNOA L center determination.
SR L7, - OHIRTIE Vp/Vs Offiid —E Tid 7 Laver mriec)
(A, 1983),  AMEOKRE VHIE TR S D 1 4.0 8.0
SRR TV 356 Th D, BEBICHIES L 2 5.6 4.0
P i sk 00 Husk s £ 7L % Table 2 10R¥. Zh 3 6.3 10.0
FEPI_ERIC B 5 —E DR BB o & R ; ;Z 1233

(BESHAD 1983) 35 & N EHARMBE BRI L 724 > 5— 6 8.4 110.0

AT L Bk B PV oiGEREN (SR,
1983) 2#5EIZ L THRELZDINOTH S, HEIUR E 20 BT 5P %L P EEESH D
e, sk EEBIC BT 4km/sec. DEEEDF P E bHTENI LICH B, DT L IFTEER
Iy THiN - ER (1971) DE#EN e HIEE EI< P URENERRIC L > TIREE N TV E
BAEICIIKRE L RRBENH D EEZ LMD, I 2ZIFARBICOWTADLE, RETORET
R 2L OLEN, H20kmiE~, B2 3 26km» 5 40km & 16 km EL - T b,
BEREIN-&ER, SA24 255031 HEFTCaoM>3, 27 L3A29H8»54H7H
FTIDWTUIM>2, BLIU3A21BDFIESH3H2BETEAES S M>4.5 DHIE
37T MBI ST, BFEVHEIN 2. —HBEASIC O W TR, @ D74 (, REEEN SV 14

HEEY (Fig. 108 LUARN) 2o 12 58U ET - H WSEBEFTEEZIT L 72, G BHIK
MERTLVA— BB L UERBIRC 0.2 BRETH ), MEENBOFAR ) KE

132003 IRE L HEEZRND, BERBENREIR, NWERTIIERB L BB EL L1k,
HENP I+ 2km PN E L »Twd, Fig 2icid, 2otk 5L THEI N ERTHERT.
REDEIILH T S PN T TR A S BERNCH 15 km #0124 20 km o I "7 F
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Fig. 3. Epicentral distribution of the largest
foreshock (large cross), small foreshocks
(crosses), mainshock (circle), the largest o 10 20km

aftershock (solid circle) and small
aftershocks (dots).
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FASRE (M5.9, @H) 2R 72, BIEBLURBEIREBOLY Y2 LR2 &, BMoIEE
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A-A’in Fig, 4A is is a boundary to separate the afters-
Do %S5E 2 TEEHD hock zone into A and B regions.
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Fig. 5. Epicentral distribution of the A region located on the left and bottom sides of A-
A’ in Fig. 4A (5A). and that in the B region located on the right and top sides of A-A’
in Fig. 4A (5B). The foreshocks and mainshock are included in the A region and the
largest aftershock is included in the B region.
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Fig. 6. Hypocentral distribution of the A region projected on to vertical planes striking W60°N-E60°S direction (6A), W15°N-E15°S
direction (6B), S60°W-N60°E direction (6C) and S15°W-N15°E direction (6D).
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Fig. 8. Schematic view of the after-
shock regions.

V. §I8 - FBB I URBO A H = X LBOFE

AHZRLREZZOBRICEDL ) BN HPERIL 2 2Mb Z L TE2EELEHRTH
5, MTRLIERELGH %2 L COBREDEINTNDNENE I U A =X Le b, F28
BRARBE DL ) LBRICH NS, REOABLBETIRENE S LHERYH 2H0BKH D
MIEETH 5.

SHEED A A = XLBEHRLLDICIIERICHL, WAWALLHMICEEI N % NEHLSE
WETH B A ROEEIEBERFEDT L XA —F Bl L U H &IUIRE D O B 2R S ofic,
LREX AR ERIToEEBE XD AR, EE KPR BERALBERT B L RSk
2 SR N B HOER My B R R D8 T 7 - TV BB R - B AL O EEREER RS C1E S 1 P imsho Bx 2 4
AL BEURELOERBENIBEE I N UBICHE L 2RBICOWTIM>4.5 %, 1L
BICDOWTIIM>3.3 2 RENKR & Lz, BRABEET LR REL#HEZ ROLMER, KEICOW
Ti3 100 8 Z rUc AT 1B & ARED # H = X 2@0E L7z, Table3 iz 2 7 = ZABNFR LN
Z12ENEE ) A b THDH, WE-FELSTUM>L.9 NOME SN A H = X2 (THR) %
Fig. 9icRd. 8NP THREL (RAKRE) CRE U 2HEAEL P ENER ¢, BBl
FROFEMIUIITEL T 2FEEN@ 2> T 200 TH L. E2ADREL & 14 1ZIENFE
THLEONL ) =00 TH S, Fig 10IcmTL ) MO RBED A D =X LR3I EFL
BrRoNns, 22 CFig 11 L Table4 2R § & 5 cEEN#BOTEE ZDl2a), &6
WIRRNL AT N EMT N E T THODORUCHEL Ta L. Bbi A h =X uBEohicid
ZNOSDBRDBEDL DS LS 0UT ENDPORICET LN E L. 2R 1 0&EHD
FENMAEEREOHRT N OF N HEEER (1 DR) P RL 456 EHN, N ERLERHDA
MO WG DSEET 2R (1 SH) F1IHETH-72. 2F VEIE-RB LU FADFEN
WEHOREIEKD 61%H 52 Lick b, 2 DEFRIC A 2 RAEMHMOFH AL, [k LB
KPFEIIEIMBICRED £2< Ron s (ICHIKAWA 1971, KANAMORI1971) #%, H$ 2 16
TH5., INFEMOEENWOHEOF ) IEMER (NE) BEAKEL2EHCITHETH S,



19824 3 A2 H TP ENTIE - 2B L URBN RN G L 2N LD A H = X L 201

Table 3. List of earthquakes of which mechanism solutions are determined.

Number Date * H. M. Sec. Lat. (N) +km Long. (E) km Depth, km +km Magnitude

H+

F 321 7 35 13.21 42.139 1 142.576 1 22.9 1 4.9
M 32 11 32 5.7 42.172 1 142.578 1 25.8 1 7.1
1 321 19 22 34.30 42.254 1 142.550 1 9.5 3 5.9
2 322 3 59 49.27 42.159 1 142.500 1 21.8 1 4.5
3 322 22 1 26.55 42.231 1 142.543 1 15.9 1 4.5
4 324 15 6 16.38 42.197 1 142.391 1 23.4 2 4.2
5 324 19 32 20.54 42.223 3 142.550 2 26.6 3 3.0
6 32 19 38 25.11 42.237 1 142.476 1 17.4 1 3.4
7 324 21 0 59.17 42.248 0 142.481 0 15.2 0 4.0
8 324 21 20 28.13 42.238 1 142.476 0 16.4 1 3.5
9 324 21 41 41.89 42.265 1 142.513 0 15.7 1 3.3
10 324 23 47 59.10 42.132 3 142.5563 2 18.3 2 3.5
11 325 0 53 35.06 42.297 2 142.691 1 9.3 2 3.1
12 325 2 13 46.07 42.287 1 142.658 0 12.7 1 3.3
13 325 3 5 33.45 42.303 0 142.569 0 19.1 0 3.7
14 325 3 55 30.43 42.251 1 142,588 0 18.6 0 5.2
15 325 4 54 33.10 42.256 0 142.579 0 19.4 0 3.8
16 325 7 35 18.38 42.258 1 142.466 1 34.1 1 4.5
17 325 10 28 13.11 42.298 1 142.686 1 9.3 2 3.8
18 325 11 11 38.68 42.234 0 142,501 0 16.1 0 3.8
19 325 21 26 32.81 42.049 4 142.680 2 17.7 3 3.9
20 326 23 34 15.47 42.206 2 142.677 1 22.6 1 3.3
21 325 23 37 22.49 42.188 2 142.429 1 21.9 1 3.3
22 326 0 30 20.18 42.062 4 142.694 2 17.9 3 3.4
23 326 4 6 15.41 42.257 0 142.489 0 24.3 0 3.3
24 326 5 7 22.83 42.156 1 142.625 1 23.1 1 3.3
25 326 10 55 2.01 42.045 4 142.653 2 18.1 2 5.2
26 326 11 29 4.46 42.036 4 142.666 2 18.1 3 4.8
27 326 15 48 2.47 42.047 2 142.630 1 18.7 1 3.7
28 327 3 43 10.25 42.063 4 142.651 2 18.8 3 5.0
29 327 9 41 23.89 42.253 2 142.514 2 15.5 2 4.1
30 328 4 20 44.88 42.233 1 142.522 1 31.3 1 3.7
31 328 8 33 52.83 42.172 3 142.472 2 22.0 1 3.3
32 328 10 14 7.32 42.243 2 142.478 1 16.2 2 3.2
33 328 11 15 22.52 42.173 1 142.451 0 21.0 1 4.7
34 328 11 28 46.47 42.244 2 142.525 2 13.1 3 4.8
35 328 11 48 47.46 42.260 3 142.544 2 12.0 2 3.3
36 328 20 59 17.03 42.244 1 142.534 1 32.2 1 3.4
37 329 20 19 34.43 42.306 2 142.639 1 6.6 1 3.1
38 329 23 49 32.82 42.295 2 142.731 1 8.3 2 2.9
39 330 12 36 27.64 42.236 2 142.466 2 16.8 1 -
40 330 13 34 33.44 42.212 2 142.460 1 18.3 1 -
41 330 16 15 32.71 42.215 2 142.440 2 22.0 1 5.0
42 330 16 27 39.00 42.239 1 142.446 1 23.4 1 -
43 330 17 17 17.10 42.052 4 142.656 2 20.6 2 3.1
44 330 17 43 14.83 42.304 1 142.596 1 7.0 0 -
45 330 22 20 20.19 42.277 2 142.529 1 16.7 1 3.5
46 330 23 53 48.11 42.255 1 142.550 0 29.8 1 3.0
47 33 4 58 39.24 42.150 3 142.581 2 21.9 1 4.3
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Table 3. (continued)

Number Date H M Sec.  Lat. (N) +km Long. (E) +km Depth, km +km Magnitude
48 331 6 17 11.94 42,346 1 142.700 1 10.8 1 3.2
49 33 9 43 59.50 42.355 2 142.707 1 10.6 2 3.7
50 331 11 39 2.69 42.355 2 142.710 1 10.0 2 3.0
51 331 14 29 6.56 42.355 2 142.694 1 10.3 2 3.9
52 4 1 5 38 59.65 42.414 1 142.455 0 15.8 1 3.0
53 4 2 6 36 56.74 42.219 1 142.621 0 26.8 1 3.6
54 4 2 17 28 39.54 42.340 1 142.699 1 11.8 1 2.9
55 4 4 7 59 58.70 42.286 1 142.609 1 7.9 0 3.2
56 4 4 20 5 4.37 42.279 2 142.617 1 7.6 1 3.2
57 4 5 7 20 -27.02 42,304 2 142.615 1 13.5 2 3.8
58 4 5 12 2 50.57 42.303 2 152.547 1 10.5 1 -
59 4 6 1 14 39.95 42,271 2 142.643 1 7.9 1 3.5
60 4 6 14 17 30.75 42.097 1 142.546 1 20.1 1 4.0
61 4 7 3 12 58.33 42.216 2 142.498 2 24.2 5 3.4
62 4 7 4 27 38,61 42.289 2 142.676 1 6.2 1 34
63 4 8 3 12 45.80 42.338 1 142.620 1 9.3 2 3.3
64 4 8 3 58 51.43 42.064 2 142.643 1 20.4 1 3.6
65 410 21 58 4.01 42.077 4 142.717 2 19.2 2 3.7
66 410 22 17 9.53 42.072 1 142.682 1 19.4 0 4.1
67 411 6 52 3.63 42.339 1 142 .592 1 6.9 1 3.5
68 411 18 46 47.50 42.317 1 142.662 1 10.2 1 3.6
69 411 19 59 38.19 42.236 1 142.548 0 28.2 1 3.2
70 412 5 4 19.26 42,238 1 142.535 0 30.6 1 3.3
71 412 6 0 14.45 42,113 2 142.549 1 21.1 0 3.6
72 413 6 49 52.06 42.132 1 142.661 1 21.0 1 4.5
73 4 13 6 55 17.98 42.131 2 142.675 1 21.3 1 4.2
74 413 9 25 34.46 42.139 2 142.673 1 20.2 1 3.3
75 414 0 44 32.34 42.268 2 142.535 1 16.1 2 3.3
76 415 18 37 25.13 42.196 2 142.454 1 20.9 2 3.4
77 416 3 36 44.99 42.262 2 142.524 1 16.3 2 4.0
78 421 14 29 43.43 42.281 2 142.674 1 10.1 2 3.5
79 4 23 13 26 10.79 42.305 1 142.617 1 7.5 1 3.8
80 424 0 57 57.01 42.329 1 142.585 1 6.4 1 3.7
81 425 4 13 40.74 42.113 2 142.590 1 21.5 0 3.3
82 4 25 7 22 55.93 42,178 3 142.622 2 28.8 3 3.7
83 4 25 13 26 1,09 42.326 1 142.583 1 6.3 1 4.0
84 4 25 13 38 3.20 42.356 1 142.657 1 10.6 2 2.9
85 429 17 25 34.28 42.269 2 142.625 1 18.0 2 3.3
86 430 2 21 21,58 42.239 1 142.629 1 10.5 1 3.7
87 5 2 16 30 4.46 42.242 1 142.568 0 29.2 1 3.6
88 5 7 14 6 47.76 42.160 4 142.647 2 28.1 3 3.5
89 5 9 14 49 23.00 42.313 1 142.652 1 10.1 2 34
90 5 9 19 53 46.21 42,283 2 142.576 1 11.5 1 3.8
91 510 2 7 19.75 42.223 1 142.476 0 23.4 1 3.3
92 511 23 24 50,51 42.366 1 142.600 1 9.4 1 4.0
93 515 10 2 9.29 42.313 0 142.545 0 23.0 0 3.2
94 520 3 16 1.28 42,324 0 142.490 0 29.1 0 3.2
95 522 10 35 35.74 42.179 1 142.660 1 21.8 0 5.2
96 522 15 0 11.91 42.187 1 142.663 4} 22.0 0 4.2
97 524 11 29 37.62 42.320 1 142 .491 1 30.7 1 3.3
98 524 22 10 33.40 42.356 2 142.615 1 15.6 2 4.5
99 5 28 16 25 17.17 42.304 1 142.542 1 22.4 1 3.1

100 5 30 14 0 45.81 42.272 2 152,513 1 15.3 3 3.8
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Mar.25 037557 M:5.2

Mar.26 10755™ M:5.2 Mar.27 0343 M:5.0 Mar.30 16"15™ M:5.0 May 22 10735™ m:5.2

Fig. 9. Mechanism solutions for the largest foreshock (F), mainshock (M), the largest
aftershock (1) and major aftershocks {14, 25, 28, 41 and 95). The shaded areas in each
mechanism solution indicate the quadrants of compression first motion of the lower
hemisphere (equal area projection).
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Fig. 10. Mechanism solutions for the largest foreshock (F), mainshock (M) and aftershock
(1—100).

\\




205

BN

19824F 3 A21 H it B ORIE - ARB L URBEOEMGMETNLD AL

58“ .
. é .

7

57
3

56

<IN

Wi

Z

/
@

A

53

>
_.

o
%

l."
g o)

6

Z

T
&
. .

Z

63
7

61

y )
(¥

.
¥z

=

3

2

:

2
g

..

10

| ?. ?. 9?

96

?

0 g
‘.,", ,/

4

(continued)

Fig. 10.



206 moe R B-g B £ B-Wm # i

1 N 2y
AN )
WF )\
Fig. 11. Classification of mechanism
solutions for the aftershocks by

the direction range of maximum
pressure axes.

Table 4. Classification of mechanism solutions for aftershocks by direction range of
maximum presswe axes and fanlt types

Direction range of maximum

pressure axes indicated in Fig.11 Fault type Number
1 dip-slip (1D) 56
1 strike-slip Q1S) 11
2 dip-slip D) 11
2 strike-slip 2S) 5
3 normal fault N) 17
o BI5W _ NISE
Lot .
-
a
e -
2ok
Lot
0 ' ‘ ‘ 20 I ‘ : 80

Distance (km)

Fig. 13. Hypocentral distribution of aftershocks
projected on to a vertical plane striking S15"W-
N15°E direction. Circled dots denote aftershocks
having 1D type of mechanism solutions.
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Fig. 12. Epicentral distribution of Fig. 14. Epicentral distribution of
aftershocks. Circled dots denote aftershocks. Circled dots denote
aftershocks having 1D type of aftershocks having N type of
mechanism solutions. mechanism solutions.
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Fig. 15. Hypocentral distribution of aftershocks
projected on to a vertical plane striking S15°W-
NI15°E direction. Circled dots denote aftershock
having N type mechanism solutions.
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Fig. 16. Seismicity and mechanism solutions of shallow earth-
quakes (H<25km) in the western part of Hidaka mountains
since 1976.
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Fig. 17. Distribution of direction of max-

imum pressure axes projected on the
surface in the southern part of Hidaka
mountains and off Urakawa since 1976.
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Fig. 18. Seismicity in the Hidaka mountains
and Urakawa regions since 1976. After-
shock of the Hidaka mountains earthquake

of Jan. 21, 1970, are added.
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Fig. 19. Hypocentral distribution of earthquakes located in 30km
widths both sides along B-B’ in Fig. 18 projected on to a vertical
plane along B-B’.
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Fig. 20. Aftershocks of the Urakawa-oki earthquake 1982, are

added to Fig. 19. .
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