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Hypocenters of the main shocks and aftershocks of the 1933 Mima 7.1, 1936 Mija 7.4, 1937 Mima 7.1,
1939 Mjm, 6.9, 1978 Mjma 7.4, and 1981 My, 7.0 Mivagi-oki, NE Japan, earthquakes are relocated by
using S-P times reported in the Seismological Bulletin of the Japan Meteorological Agency (J MA) and
those re-read from original smoked-paper seismograms observed at Mizusawa station of National
Astronomical Observatory of Japan (NAOJ) and at Mukaivama station of Tohoku University. In order
to avoid large errors caused by inaccuracies in the arrivai times of P- and S-waves and the limited
number of observation stations, we determined hypocenters by using a grid search method based on
the assumption that these events occurred at the boundary between the subducting Pacific plate and
the overriding plate. The main shock epicenters of the 1933, 1936, 1937, and 1978 earthquakes are
determined close to each other, and distributions of their aftershocks show that aftershock areas of
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1033, 1036, and 1937 events partly overlap with that of the 1978 event and occupy its easternmost,
central, and westernmost portions, respectively. It is likely that the 1933, 1936, and 1937 evenis
possibly ruptured a part of the source area of the 1978 event, that is the eastern, central, and western
portions, respectively. Locations of the main shock and aftershock area of the 1939 event are adjacent
1o the eastern edge of the source area of 1978 event. After the 1978 event, the 1981 earthquake had
occurred there following the slip on the asperities in the presumed Miyagi-oki earthqualke source area.
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Fig. 1. Map showing observation stations used
in the present study. Stations of Japan
Meteorological Agency (JMA) are shown
by open squares. Solid squares denote
Mukaiyama station (Tohoku University}
and Mizusawa station {National Astrono-
mical Observatory), whose original smoked-
paper seismograms are reread in this
study. Crosses show JMA stations, whose
data are not used in the present study.
Stars denote the epicenters of the 1930s,
1978, and 1981 Miyagi-oki earthquakes.
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Fig. 2. Examples of horizontal component smoked-paper seismograms. Aftershocks of the 1933, 1936,

and 1937 Miyagi-oki earthquakes are shown.

Open and solid triangles denote P- and S-wave

arrivals detected in this study. Note that S-P times of these aftershocks are consistent with

locations of relocated aftershocks shown in Fig. 7.

§2. F—4BIUBERE®

TETHIE A MOBRN 7 — 4 2BWVT, 1930 £/0
OOHEOARBBE L UREOBFNBEARETS 0 &
AT COMEOHEEN Y R F A CHEB LTV
ST OV I BITE & Ll g 2 L PARESE A B b, Bl
F— s OIFEOTNBENE B T WS LEZ
>N B 7%, RFFFETIHIEARICEKREh TS S-P
HAZRAVCWCEBRREETI L E L, AMETHER
SKETBRAEOAEE Fig. 1 ikHITRY. 450
VRO NTEBATE TORVEFOBAS ("ho
-HD) BABMRTHERLEb 7. ThALORERSF
*—#iZ, Umino et al. (2006) ic & 2 7K REEEERAIET
REVRGERIRE v 7 —) LEbAEmBERo
T E AR AV CHERRIL 72 S-P BRI TN A £
SRR TIRARERE LT, ¢4Esiiieg

N 2km grid on
N 4 plale bouridory

Fig. 3. Schematic map showing the location of
the assumed upper surface of the Pacific
plate off Miyagi Prefecture. Grids with 2
kkm intervals are set on the plate interface.
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Fig. 4. Distribution of RMS residuals of S-P times estimated by a 2-D grid search method. (a) 1933
Mima 7.1 earthquake, (b) 1936 Min, 7.4 earthquake, (c) 1937 Mima 7.1 earthquake, (d) 1939 M. 6.9
earthquake, (e) 1978 Mjn, 7.4 earthquake, (f) 1981 M, 7.0 earthquake. White crosses and numerals
denote locations of grids on the upper surface of the Pacific plate and depths of those grids,
respectively. Color scale shows RMS residuals of S-P times estimated by 2-D grid search method.
Red stars denote the epicenters determined by S-P data listed in Table 1. White star shows the
epicenter determined by Hamada et al. (2004).
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Table 1.

List of seismic stations used for relocations of Mivagi-oki earthquakes.

Mukaivama is a

seismic station of Tohoku University, and the other stations belong to Japan Meteorological

Agency (JMA).

?\?,Ieaagr Case Seismic station used in a grid search method
1933 1 Mivako, Moricka, Sendai, Yamagata, Onahama
M71 2 Miyako, Moricka, Yamagata, Onahama

1 Miyako, Moricka, Ishinomaki, Sendai, Yamagata, Fukushima, Onahama, Mukaiyama
1936 2 Miyako, Moricka, Ishinomaki, Sendai, Yamagata, Fukushima, Mukaiyama
M74 3 Miyako, Morioka, Sendai, Yamagata, Fukushima, Onahama, Mukaiyama

4 Miyako, Moricka, Sendai, Yamagata, Fukushima, Mukaiyama

1 Miyako, Moricka, Ishinomaki, Sendai, Yamagata, Fukushima, Onahama, Mukaiyama
1937 2 Miyako, Morioka, Ishinomaki, Sendai, Yamagata, Fukushima, Mukaiyama
M7.1 3 Miyako, Morioka, Sendai, Yamagata, Fukushima, Onahama, Mukaiyama

4 Miyako, Morioka, Sendai, Yamagata, Fukushima, Mukaiyama

1 Mivako, Morioka, Sendai, Yamagata, Fukushima, Onahama, Mukaiyama
1930 2 Mivako, Morioka, Sendai, Yamagata, Fukushima, Mukaiyama
M6.9 3 Miyako, Morioka, Yamagata, Fukushima, Onahama, Mukaivama

4 Mivako, Morioka, Yamagata, Fukushima, Mukatyama

1 Miyako, Moricka, Ishinomaki, Sendai, Yamagata, Fukushima, Onahama
1978 2 Mivako, Morioka, Ishinomaki, Sendai, Yamagata, Fukushima
M74 3 Miyako, Morioka, Sendai, Yamagata, Fukushima, Onahama

4 Miyako, Morioka, Sendai, Yamagata, Fukushima

1 Miyvako, Morioka, Ishinomaki, Sendai, Yamagata, Fukushima, Onahama
1981 2 Miyako, Moricka, Ishinomaki, Sendai, Yamagata, Fukushima
M7.0 3 Miyako, Morioka, Sendai, Yamagata, Fukushima, Onahama

4 Miyako, Moricka, Sendai, Yamagata, Fukushima
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Tabie 2. List of hypocenters of the main shocks of M~7 Miyagi-oki earthquakes.

%« WHER - &8

- |FAEA - TR T

Hypocenters

determined by Hamada ef al. {2004} is shown by LAT], LONj, and DEPj. Relocated hypocenters are

shown by LATr, LONr, and DEPr for each data set from case 1 to case 4 (see Table 1). RMS
denotes RMS residuals of 5-F times.
Date Origin time LAT] LLONj DEPj LATr LONr DEPr RMS  Case

1933/06/1906:37:34.1 3B8.108 142323 120 37.9504 1424914 249 2.130 1
37.9484 1425772 18.9 1.822 2

1936/11/03 05:45:57.1 38262 142.062 61.0 74 38.1906 142.2215 33.7 1.858 1
38.3085 142.2948 324 1.565 2

38.2356 1421620 35.6 1.269 3

38.3390 142.2087 35.0 0.513 4

1937/07/27 04:56:32.2 38.122 142.000 56.0 38.0382 142.0017 38.7 2,735 1
38.1207 142.0665 37.5 2.816 2

38.0350 142.0242 38.1 2922 3

38.1176 142.0890 36.8 3.055 4

1939/10/11 03:31:50.7 38.255 143.028 17.0 6.9 38.21756 1429251 14.8 0.952 I
38.2353 1429293 14.8 0.994 2

38.2175 1429251 14.8 1.020 3

38.2353 1429293 14.8 1.078 4

1978/06/12 17:14:254 38.150 142167 400 74 38.1270 142,0215 38.7 0.492 |
38.1270 142.0215 38.7 0.539 2

38.1270 142.0215 38.7 0.490 3

38.1448 142.0255 387 0.545 4

1981/01/1903:17:23.9 38,600 142967 00 70 38.3981 142.8933 9.1 2.320 1
38.5370 142.9481 88 2.117 2

38.3949 142.9159 8.8 2.500 3

38.5516 142.9748 84 2,221 4
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Fig. 5. Epicenter distribution of 1930s, 1978,
and 1981 Mivagi-oki earthquakes estimat-
ed from S-P times. Squares, circles, dia-
monds, hexagons and octagons show the
epicenters of the 1933, 1936, 1937, 1939,
and 1981 event, respectively. Gray circles
denoie the epicenters of the 1978 event
All locations of those events are listed in
Table 2.
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shocks estimated from S-P times. Triangles show locations of aftershocks estimated by Hamada et
(a) Distribution of aftershocks of the 1933 evenit within one month (squares).
aftershocks of the 1937 event within one month (diamonds). (d) Distribution of aftershocks of the
1939 event within one month (hexagons). (e) Distribution of aftershocks of the 1978 event within
three days (solid circles). (f) Distribution of foreshocks and aftershocks of the 1981 event within

Distribution of aftershocks of the 1936 event within one month (circles).
three days (octagons).

Fig. 6. Epicenter distribution of the main shocks and aftershocks. Stars denote locations of the main
al. (2004),
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Table 3. List of hypocenters of aftershocks of the M~7 Miyagi-oki earthquakes. LAT], LONj, and
DEP] show hypocenters of aftershocks determined by Hamada et al. (2004). Relocated hypocenters
are shown by LATr, LONr, and DEPr. Ns denotes the number of stations for relocation of
earthquakes.

Date Origin time LAT] LON;j DEP; M; Ns LATr LONr DEPr

1933/06/19 09:24:07.0 38377 141.8%2 0.0 3.5 38.1932 42.1461 34.2
1933/06/19 15:18:006  38.3556 142.220 45.0 4.5 38.3791 142.2579  32.0
1933/06/23 12:26:426 38172 142603 120 4.7 38.0759 142.5835 19.6
1933/07/07 12:47:484 38442 142415 2.0 3.6 38.40564 i42.6432 236
1933/07/07 13:16:17.0 38445 142.163 4.0 4.0 38.2570 1423993 293

1936/11/03 07:43:31.9  38.047 142.38 28.0 5.1 38.3539 1424914 274
1936/11/03 21:02:223 37980 142288 910 4.1 38,1925 1425937  23.6
1936/11/07 08:55:53.1  37.580 142492 140 4.6 37.0747 140.3060  79.7
1936/11/07 14:27:175 38480 142820 8.0 4.8 38.1457 1425364 249
1936/11/11  00:17:08.0 37855 141.897 35.0 5.1 37.9911 141.9449  40.0
1936/11/11  18:48:20.7 37.708 142575 1.0 4.6 37.4533 1426311 17.9
1936/11/14 09:57:488 37427 143.658 0.0 6.0 36.8831 142.8894 7.2
1936/11/16 12:22:354 38202 142342 48.0 4.7 38.1751 1419395 413
1936/11/17 00:50:442  37.895 141913 700 4.6 37.9942 141.9225  40.6
1936/11/18 04:53:50.9 38385 141.368 86.0 4.9 38.2586 141.8651  43.8
1936/11/22 06:48:00.2  37.878 141998 480 5.6 38.0276 141.8141 438
1936/11/27 00:18:36.7 38006 141452 44.0 4.6 38.0638 1418894 419
1936/11/28 02:04:04.9  38.757 141.855 0.0 3.5 38.6543 41.6497 52.0
1936/11/30 11:34:240  37.780 142383 0.0 4.8 37.2302 142.1443 299
1936/12/03 16:15:31.1 37717 141768 540 3.8 37.9356 1418170 432

1937/07/27 11:21:50.0 38392 141223 320 3.0 38,4079 141.5019 500
1937/07/27 11:53:02.7 38387 141.137 72.0 3.5 382128 1415926  58.0
1937/07/27 16:35:106  37.805 141.210 90.0 3.4 37.8403 142.0681 20.0
1937/07/28 11:15:32.0 38368 141843 28,0 4.2 38.3015 141.6832 14.0
1937/07/28 18:25:014 38202 141610 54.0 3.0 38.1241 1418418  32.0
1937/07/29  06:51:24.3 37682 143262 56.0 4.3 37.7150 143.20056 10.0
1937/07/30 02:29:027 37515 142.430 490 49 37.3602 1424776  58.0
1937/08/03 22:21:593 38353 141750 490 44 38.2495 141.7323  50.0
1937/08/09 06:39:415  37.263 141985 120 49 37.1084 142.0309 10.0
i937/08/11 09:40:08.3 38293 141.655 51.0 37 38.2672 141.4821 60.0
1937/08/11 23:37:33.8  38.603 141.890 64.0 4.0 38.5865 1415276  84.0
1937/08/16 04:41:32.8  37.930 142437 710 4.1 37.9279 1424550 108.0
1937/08/18 15:25:452  38.285 141803 30.0 4.0 38.3382 1419142 400
1937/08/21 17:07:199  37.002 141403 610 4.4 37.1084 1424104 10.0
1937/08/22 02:39:186 38138 141758 360 4.8 38.0899 1416414 840

G UT O O O 00 s O OB b ol i s =) =1 ~1 GG =1 RO R RO

1939/10/11  03:50:490 38527 143.073 300 6.3 6 38.4568 142.7952 19.8
1939/10/11  19:20:22.7  38.238 143.568 0.0 4.9 6 38.0786 143.5869 0.8
1978/06/12  17:46:51.3 38300 141883 50.0 3.9 4 38.3621 1419114  43.2
1978/06/12 17:49:40.1 38333 141783 50.0 3.8 4 38.3985 1417799 469
1978/06/12  18:07:524 38317 141750 50.0 3.9 ) 384008 141.8967 4338
1978/06/12 18:11:53.2 38367 141550 600 2.7 4 38.3514 1417229 482
1978/06/12 18:12:56.0 38462 142350 400 5.7 8 38.6555 142.3042 343
1978/06/12 18:19:226 38550 141.450 600 35 5 38.4820 141.7051 49,5
1978/06/12 18:40:30.2 38450 142.133 400 5.2 8 38.4709 1420522 400
1978/06/12 18:52:35.7 38400 141.700 60.0 32 5 38.3316 1414630 551
1978/06/12 18:56:36.1  38.267 142383 40.0 4.0 6 38.2407 1422561 33.1
1978/06/12  20:09:37.9 38417 142083 400 3.6 5 38.4386 142.0562  40.0
1978/06/12 20:14:19.2 38283 141867 600 4.7 7 38.2451 142.0945 375
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Table 3. Continued.

Date Origin time LAT;j LONj DEFj M; Ns LATr LONr DEPr

1978/06/12  20:45:39.7 38467 142.183 300 2.8 38.4677 142.0748 394
1978/06/12  22:04:525  38.150 142.250 40.0 4.1 38.2147 142.1805 350
1978/06/12  22:29:50.8 38483 142283 300 4.2 38,5376 142.23056 356
1978/06/12  23:43:187 38317 141917 50.0 3.2 38.3892 1418476  45.0
1978/06/13  00:51:20.7 38417 142250 30.0 3.2 38.2857 142.1966  35.0
1978/06/13 02:34:214  38.317 1420867 400 3.8 38.3726 142.0999 381
1978/06/13  03:43:095 38533 142033 500 2.8 38.4646 142.0974 387
1978/06/13  04:12:31.8 38283 142133 400 3.2 38.4215 1422740 337
1978/06/13 06:03:05.7 38200 142.183 400 3.7 38.3047 1420614 387
1978/06/13 06:14:47.9 38433 142300 30.0 3.6 38.4488 142.2103 356
1978/06/13 07:16:53.3 38567 142183 30.0 2.9 38.5889 1421266  38.7
1978/06/13  11:12:353 38300 141.833 50.0 3.6 38.3390 141.8132 457
1978/06/13  13:41:855.6  38.317 142150 30.0 3.0 38.2806 142.1024 375
1978/06/13  14:07:52.8 38483 142333 30.0 3.4 384132 142.2022 356
1978/06/18  16:15:27.7 38367 141517 600 3.2 38.3906 1415687 526
1978/06/14 00:00:138 38350 141.667 60.0 2.7 38.3876 1415913 520
1978/06/14 04:43:304 38350 141600 60.0 3.0 38.3753 141.6817 495
1978/06/14 05:45:186  38.067 142033 40.0 4.8 38.1342 141.8376  43.8
1978/06/14 06:23:07.5 38.383 141.533 60.0 3.2 38.4378 141.6266 514
1978/06/14  09:22:24.0  38.233 142933 30.0 4.3 38.0711 142.7976 17.3
1978/06/14 12:35:484  38.283 142200 400 4.2 38.2430 1419778 406
1978/06/14 13:39:29.8 38.383 142.283  30.0 3.8 38.3295 1422763  33.1
1978/06/14 14:33:564  37.950 142967 100 4.3 37.6148 1425300 217
1978/06/14 16:55:53.3 38583 142.217 30.0 2.8 38.7038 1422217 6.8
1978/06/14  20:34:189  38.350 142483 40.0 6.3 38.2861 142.4526  28.0
1978/06/14 21:03:46.1  38.367 142350 30.0 3.7 384183 1422966  33.1
1978/06/14  21:07:51.9 38433 142367 20.0 3.3 38.3568 142.2127  35.0
1978/06/14  22:44:03.9 38433 142517 300 3.6 38.3377 142.6041 242
1978/06/15  03:55:02.2 38417 142217 300 3.5 38.2001 142,15840 356
1978/06/15 05:46:40.5 38.383 142.333 40,0 4.1 38.5362 1423702 318
1978/06/15  08:57:581 38267 142517  30.0 3.7 38.1683 1423790 293
1978/06/15 09:45:32.1 38217 141967 50.0 3.8 38.3204 141.9486  41.9
1978/06/15 10:30:055 38383 142433 10.0 3.8 38.2190 142.018% 394
1978/06/15  13:01:444 38433 142067 500 3.3 38.4437 142,115  38.1
1978/06/15 14:09:53.6 38483 142.183  40.0 3.6 38.4563 142.0266  40.6
1978/06/15 14:58:458  38.333 142433 400 4.0 38.2388 142.1395  36.2

1981/01/18  18:43:34.0 38500 143.233 0.0 6.1 38.2033 143.1049 53
1981/01/19  20:46:51.3 38533 148.667 0.0 59 38.4647 143.3281 2.8
1981/01/19  02:10:29.1 38533 1438083 0.0 55 38.5611 142.9069 9.5
1981/01/19 03:11:27.0 38633 143.150 0.0 6.1 38.6759 143.0032 84
1981/01/19 05:35:51.4 38567 142717 0.0 52 38.5455 142.6234 13.7
1981/01/19  09:30:50.9 38367 143.583 0.0 5.0 38.6454 143.3469 31
1881/01/19  10:14:044 38600 143.083 0.0 6.0 ' 38.7095 1428939 10.2
1981/01/19  11:42:015 38617 143.117 0.0 5.1 38.5953 143.0548 7.4
1981/01/19  23:02:354 38433 142.883 0.0 52 38.4703 142.7698 11.3
1981/01/20 06:28:327 38617 141.650 10.0 31 38.6010 141.6564 285
1981/01/20 16:27:49.7 38550 143.117 0.0 4.5 38.5566 143.0693 7.0

»hcnmmc‘:,hm.b»hcnmoovza,hmmmmoom.h-cncncnm.hcncn.p»n.cnmm\a-qa
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DEBEERLTEY, WFNOMBIRB VTS SP EEERELE Case DEE4 Table 2 io7d,

Fod it LD BRELLERNB L OTRIZNENT & S OBAShE L L 3BRIEBOELET BT
Bhd, AWETE, EH - (2004) Ik AKEFE  Fig 5 ORd. 1930 EAOHIEOEROT 55 = ik
RERRE [REFRE] EMiClieds SFRTE 300, YMoHMEENY 2740514301



334 HEUPHE(T - EFESk - FEAIE - RBE— AR 15 - NEES - RSN B BHRRW - FAR T

IHfniawic, KEMHEZEO S-PEBMORAE
EHEMHIEBELC EBEREELLN S, 193350
WEOERASERHAMICTNTVWEOE, FHTELE
S D EAOHTEIT TP W d LA
\* (Table 1). Fig. 4(a) ic/Rg & Hic, 1933 FEOHED
SEFFEERALPEAECH 30 km $hTWA I & %2H
Rid B, 19334E, 1936 4F, 1937 &, 1978 Ol
OEHEORIE S REVICED, - 2 AEEENR W EEL S
na, %, 1939 FolEnERE, SETERELT
EREEREE &, 1978 FEREHHECRBRES 0B
IFNTWAE I &b s,

3.2 REOBEST

FRIRFEREERINRT & ML o 4 4 & % 50 S5l
L7z S-P M4 S&MEARo 7 -7 iinA 52 &
Tk, 1930 FERD4->OHIEE 1978 EEOHIEDO K
EOERAMEE S v K —FETRD.

1933 &, 1938 EH LU 1978 EDHIZOKEIZ DL
Tid, FEOBREEOHEREEERC, Fr— MR
WICEME Lo 2R ) w FEAVWBZ & E LK. RE
D M DN WRSIT I S-P RIAERN S 7o B S
DD AN, T Fig 1 wRLABR&EDS B
4 EL FOBRIETS-PIEF — 4 BELhREIR
SWTEREEIT- 1.

Kanamori et al. (2005) {3, 1933 4, 1936 4, 1937
£, 1978 4, 2006 HEOEIRE O HE O RE
b LT, 1937 FOME R FRIFRE MO MED
FhEbb/hsn ER2RnWE L £, HoiE,
1937 %0 Pasadena @ Benioff T4 B IHIZ ST O iz
5k pP MG I T WS, & @ Gutenberg O
WwAEBIH LT, 1937 £iiZiE, 1978F 2H20HD
EHRE O HIE (M 6.7) % 200345 A 26 0 DERKE
HMOME M 7.1) LEREC, Fr— AR THLEL
TWh, 2T, A3 1937 FOoRBOREICOWVWT
REBROESZ7 L — MERCEELEWT, 2kmf{
Mo 3Ies ) v FICEEARE L T, S-PRREOEE
MENELBES ) FAERDBBIEE Lz, TOHE,
EBECEISHEERBCRETELREITNTIL—F
ERBIUCZOEEBCREREL TV EPHEETEL
[Umino et al. (2006)], = 542, Umino et al. (2006) {3,
FEOBROEXEZL(LSE#TH, A =X RIEA
IR L LA EAERLTVWS, ChEDIEDD,
1937 FF0iE S 7L — MERMETH L EFA BN
3,

AEFMR 1 7 BRI RE LA RBOBRERBRO
ST5% Fig. 6 1md. 2L, 1978 FDiEic»>0T
EAER S HROABSHERT. BEOLDIKTET

BEROMNBAZANT, Fig 4 1IoRLUAHRE (Case 1)
FEAEBRAITREYT. ChonRBEOBRERBROUES
Table 3 Io/R9. 1978 SEEHIEHHIE ORHIRA B &
KEDRETRELERECR-TASL L, ThEOH
FEEE L GRARREOFNE, ThRERELEE
v, Las L, EE L hEEn iR T RA Lo RE O
i, REFESEALKELINTVELDLHS. C
NEORRC2VTE, BHECHEM L AHIZORE
[Fig. L BB} b F BV TERVAWHII, JOXIXQ
FEERIT I - o HBEED B B,

§4. B

1930 A HE & 1978 EEIHEAMEOREL &
USBOBESAE, SSPEMAERVWTY Y v F¥—F
HECHEE L. SEOEBESHEAZEOERNLE 385
7Bt A EREL T, BRELLREDRRSTH
LAE OB ANEE LT A S, Fig T(a) (4 1930 £
& 1978 FEOMIE O AR (Case 1) & L UREORERIT
THE FhFhONEBEORENTIEEE L ZIYHL
X uENERLTHS. HHOKESE, KREHOR
& & & M OBMES [BIAE, 5 - B (1955)] % 1130
BFEYA XTHA, Fig shslHEoniiLHic, 1930
FEAROBM T — & 2B OTHRE LABRAMECE 20
Em BEOTFLOEMHEEINTWEEZLLNEN, 7
L— FEERICSEE L7 1933 4, 1936 4E, 1937 D%
NEFNLORERE, 1978 EE IR ILEOREBEHDO R
@, choaip, FEMO—EREBH»THY, IhH3HD
HEOHEBRAE LabhEboH 1978 FOEOR
BIRE BIF—BLTVWALIRAZD,

B - BB (2006) 3, EREROA v¥—Ya ¥
kD 1936 FEOMEDE—A v TS =Fa—FE
My 72 ELTOAY, i M 74 &0 EFEIN
S M EN -TWA, 1, Kanamori et al. (2008) {2,
HEHIHERETEREGEO RS &h 5 1936 FOHEEZ 2005
EoEpBErhoE M 72) EERLMTHD, £0
EENEE 3 EALRUER bbb, 19784FEM
EriEoERRROREllo—MTH 5 LBEATV S,

T, 1978 EEWMEHETE, Bohid~bsy
17 [Seno et al. (1980), 1NEE « 2 (2003), Yamanaka
and Kikuchi (2004)] 225 3 2D 7 A~Y 7 1 BEFEH
g ~Nafcd bEL GNS. Fig. 7(b) K ZhEh o
EhLEEI LT A 7 OBEERYT. HESH
72830DTF AR T 4 DAEE, FRAFNDLTDE
Ho-TRWAY, B, T, dhREE (F G,
FEfll& 3 DI hn TS,

INHDTENS, BIED 1978 EEREMIETH
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Fig. 7. (a) Epicenter distribution of the main shocks and aftershocks of the previous M~7 Mivagi-oki
earthquakes. Green squares, red circles, blue diamonds, gray hexagons, pink circles, and orange
octagons denote epicenters of aftershocks of the 1933, 1936, 1937, 1939, 1978, and 1981
earthquakes, respectively. Estimated aftershock areas of these earthquakes are roughly encircled
by ellipses. The combined aftershock area of the 1933, 1936, and 1937 earthquakes is in close
agreement with that of the 1978 earthquake. Stars denote the epicenters of main shocks. (b)
Asperity distribution of Miyagi-oki earthquakes. Blue rectangles, green rectangles, and pink
contours denote the asperities of 1978 Miyagi-oki earthquake estimated by Seno et al. (1980), Kato
et al. (2003), and Yamanaka and Kikuchi (2004), respectively. Orange dotted line denotes the
asperity of 1981 Miyagi-oki earthquake estimated by Yamanaka and Kikuchi (2004). Black line
shows the asperity of 2005 Miyvagi-oki earthquake estimated by Yaginuma et al. (2007).

BELIZ32OTANY 7 ¢ HEMICHIEL 20Tt 7.4/My 7.2), 1937 4E (Mjna 7.1) @ 3 - DHUE ASIERN %
LT Hi2EIOBMEHRMETIE 1936 4 Mina 74 BOTENENDT AR 7 4 2L~ bDTH 3,
BROD L TR, 19834 (Mjma 7.1), 1936 4F (Mijma L HZ BT EMTE B,
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Okada et al. (2005) iZ, 1978 FEFHEMMIE L 2005
EDERBMOMBOEREB LI URERZ, F7 VT«
7 7 b v A EERSE B [Waldhauser and Ellsworth
(2000)] i & V BIEREL T, 2 > 0HIBEOKREZEDHR
OREEIISEFECEETTHS D, 2005 EORBE
1978 EDQREHORE (HAVIREHE) MHE—BLT
W3 Z EFIELMI L, &5, HIFE - {th (2007) &,
2005 FEOHIEEOEHE & EiERE AR W T~
DERATHEIEE L, o HHEE L 2005 H£OHIED
7ARARY F 4 OFEE Fig. 7(b) KBEa v ¥ —TRT.
M dhddLHIC, 2006 FOHBEDT AR T 413
1978 DB D 3 >0 7 22 Y 7 4 O HOFEN (&
BVERREE) OTFT AR F 4 R—EHLTWELILS
A 5. 20054EOMED M. 7.2 13 1936 FOHRED
M, 72 (B ES/)©Q005)] &ELALFEILREX
ThrEELON BEHBLELALRALTH S
[Kanamori et al (2005)] T &2 5, 2005 FEOHIERE
1936 FOHED T ALY T 4 DEHELIRDTHS
EHEEENS.

Uchida et al. (2006) i3, 7L — MERTRELTVE
/N IR UHIE GEEUHIE) ofgird 5, 2005 FEOHE
OFeE% b 1978 FEREMHMEOBRES L T2 O
DT L — M EROBERE RIS T A, R
DEMO BAEGE VIR TR T L — MEOT <D
DOIEHSNT, M6/ I3 ADOHE2MH (200648 A
24 H& 31 H) 2O MERHMERILLAI L 2L
el Ol

M IEBATERLL L 12 Z OFfEIR T3, 1978 EEFIRE
MHIEORLEDHIEFHFEOIBIFIHIOBIK
<Mm7ﬂ®%%ﬁﬁibfh6.%CT,&%@#&K
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9oDMGE6 7 5 ADOHELESLEREFIEREDNZ M -
TV, ABOFI% S BMOMBOBRE T
12, ERE LAAEOMNE A Fig 4(0) 12, HIEBIUR
EOME % Fig 6() icFhEFhmRd, T, BRELL
HZEOBRSTL GHEE L 1981 EoHiEoB3 L L
DEFER A Fig. T(a) @A TRLL. Fi, Yama-
naka and Kikuchi (2004) lc X biEES /AT A
5 1+ ORI % Fig 7(b) LB TRT. AHETH
RE S NICHIEERDVD VDS, 1939 FOHIE (Mima 6.9)
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5 a,
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