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Seismicity, focal mechanism and regional
tectonics in the regions along the eastern
margin of the Japan Sea

Takeshi MIKUMO *

Abstract

Extensive studies on seismic activity and focal mechanism of major to moderate-size
earthquakes that occurred along the eastern margin of the Japan Sea and the northern part
of the Fossa Magna regions are reviewed and discussed in relation to regional tectonics.
The validity of a prevailing hypothesis is also tested from various observations to see if
the Northeast Honshu arc is part of the North American plate.

Seismicity along the Japan Sea coastal regions extends southwestwards across the
Toyama trough in one way, and also in other way to the northern Fossa Magna through
a zone near the Shinano river. It has been noticed that the seismicity show§temporarily suc-
cessive properties similar to migration phenomena. Five major earthquakes along the Japan
Sea regions have been interpreted as having thrust-type mechanisms, and the depth distribu-
tion of aftershocks of two larger events and the dip of submarine active faults suggest
an eastward dipping fault plane.

The maximum compressive stress derived from the focal mechanisms of more moderate-
size earthquakes indicates E-W to ESE-WNW orientations, changing gradually from the
northern to southwestern part of the coastal regions. In inland regions west of the north-
ern Fossa Magna, the general trend appears oriented again in the ESE-WNW direction,
which is found to be well consistent with the direction of principal compressive strains
derived from geodetic triangulation surveys over the last 80 years.

All the above evidence suggests that the regions under consideration may be a tecton-
ically active, convergent zone, and might be regarded as a zone of a possible plate bound-
ary. There is no direct evidence, however, suggesting an eastward incipient subduction of
the Japan Sea lithospheric plate, from observations of submarine topography and upper
crustal structure beneath the regions.

Numerical calculations show that the suggested hypothesis could partly account for the

observed directions of compressive stress in Northeast Honshu but is apparently inconsistent
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with those in Southwest Honshu. The results suggest that the Northeast Honshu arc may
better be regarded as a ‘‘ micro-plate”” which receives strong compressive stress not only
from the westward movement of the Pacific plate but also from the west side. One of
possible sources of the driving stress from the west side might be an eastward movement
of the ““ Amurian plate” which is one of micro-plates detached from the Eurasian plate.
Another possible source could be bilateral extension of the central Japan Sea region or of

the regions covering Northeast China and the Korean peninsula.
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Fig. 1 Distribution of major earthquakes (M= 6)

that occurred along the Japan Sea coastal
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region during the period 1885-1983 (taken
from Utsu, 1982) and regional tectonics.
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Fig. 2 Distribution of historical earthquakes (M= 6) (Usami, 1975) and Quaternary
active faults (Research Group for Active Faults in Japan, 1980) in a part of the
Japan Sea coastal region and near the northern Fossa Magna.
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7+ % (TAMAKI and HONZA 1985)c Z D Z L IIFEHE 2 A S EMBEICO W T, AR
OBV H VBB LEERT S,

D EDOKRMBEDIEAIT, BARWEHREHIK CTRAE L PREED 2 1 = X2I2250TH WL D OE
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B LTS, TEHFAFILETIZE E-W FH, EEB~B3Ico0T ESEEWNW Hi~KkE
EELTWA X HICR S (WIRHZA 1985). FFEOEEERS X Y Bl + 7 7 —fex L EibE—i
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Fig. 3 (a) Directions of the maximum compressive stress (P-axis)
derived from focal mechanism solutions of moderate-size
(M=4.5) and major earthquakes along the eastern
margin of the Japan Sea coastal regions (after YAMA-
ZAKI et al. 1985).
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the northern Hida region located west of the

DERACRFDT 4 5~ 7 Fossa Magna (MIKUMO et al. 1988).
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Fig. 5 Strain field in the northern Hida and northern
Fossa Magna regions derived from triangulation
surveys over the past 80 years (after HASHIMOTO
and TADA 1986).
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“hBEPa2=F V7T Y ELESL— b0 HREBO BERL LT HBET 5 & L AH¥ks (SENO
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5. W63, FALR A & —rtdbk NORTH-EASTERN JAPAN PLATE TECTONIC MODEL (RELATIVE MOGTION ONLY
ZFU— b REL, ATE—LK,
2=y 74k, 749 L iE—
LK 71 — RO & S vt
HEEEREEL LTES L — M Y R -
Richx, 2RTHREREREIC A | A\

£ o TRHE L 2B A AIA 0k FE —/ SR
EWEE L HROH (SE I /. # VAR
1986) Ths. copmkEmc  FU | ~
THERBRE, 7+ v ¥~ +E D

HRERM G I OEEHF I & F "
MPTHZEIICR22. L LEA PR
BRRREE2—5v7 - FL—biC
B3 3WEmMARIMICH LTITFoifE
R (ZHIEH 1986) ¥, T+ v
© 7 FEHCTER HA D B AR
WK D EIE S F [E O 537 & Sk
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AR50 & PR B ARBA OIS /15 % 368 !
THIHITE, FILAFMEZ IR K6 2KREHEREFRECLI->THEL-HILEALAL D
V=t o—8E R+ X3, B KEEGEE L FROSM(LE - FH - 4 1986),
67/{7‘:701/_]‘&LTK—TF{$7° . %E”(i%fl/‘—]‘rﬁj@*gﬁﬁm@ﬁmﬁm—;—o )
B . Fig. 6 Horizontal velocities of tectonic movements in
V- rOBBNC L BIE N R EET S northeastern Japan calculated by a two-dimen-
ERE T3 bnLEZ, IromERAD sional boundary element method (TADA, NAKA-
2—5LT - FL—k lHE O %301'21 and HASHIMOTO, 198‘6). ) Thick arrows
.. - indicate the convergence direction of relative
He BEE T2 LB LEL Bbh motion between adjacent plates when the North
B American plate is fixed.

@) BABEFREH T + v+~ 7 FHIBICIGEEZ £ L STV BROSHDEREIZ W TIEN <
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H= AL OROICEENSE (PH#) OHF (ISHIKAWA 1987) ¥R LzbDOThs. chdbHL
BIRE ST, oY o—ABEE S — R A - AR BICE 5 AR ORAEIE, —BER
Hit3 % BT ESE-WNW 722U E-W SAOERIEHBELTH Y, 7o OFAN 0L TIIiEE
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%, FAL7 ¥ 7B OMBEST, R8ITREND X 5T, —ILHEBITE AL HAB—2 & 2 0 Wik
=Y CERTARERGHIS~ERL, B—EENTE €2 A EH—RERLILAR—4 4 K 26l
—#t - BRER—MBERTHEEAAD AREH~EHEL TS (SHIKAWA 1987), —hnb, =
hoOHBEBIZ L > THENS 1 SOREVIENT = ¥ 7 55 AFIEE EURILT ¥ 7RIS TEET 5
X DIZR X%, ZONENSHAIN and SAVOSTIN (1985) {XZ DHURIC “7TLh— - FL— " OFEELE
X, INEALVFE-2—FoTHEHIV— N OHBEL L > THEIVSMLCELZ (s FL— 0
12LEZ%X T3, TAMAKI and HONzA (1985), A#fiZA> (1986), ISHIKAWA (1987) BiX, Z D7
L= Fr— FOROERE Y~ Y v—BRERGHIR—R A - BRBERICREL, AREERH
BROWFESE, N4 Hhn - VT S ORRICEERT S 74— FL— O HEICL D L 0ELE
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1929 91,81 80:98 -- 1986 12,31 24:88 F

M B.B-2.€

B8km
68km

i1eee
N=343

K7 HIE7ST7THBRCRELLMBOA N = anbROILEENSA
D5y #i (ISHIKAWA  1987),

FI1G. 7 Directions of the maximum compressive stress derived from
the focal mechanisms of earthquakes in the northeastern Asia
regions (after ISHIKAWA 1987). Note that the stress direc-
tions along the eastern to southern margin of the Japan Sea
are all oriented in the E-W to ESE-WNW directions.

1964 81,61 ©8:080 —— 1983 12/31 24:98@
M 4.8-9.9

20 NI

ooOO

8km
o
28km
40k m
68km

M8 Hi7 y7HIMOFRKBIUC KMBOSH (1964-1983) (ISHI-
KAWA 1987),
Fig. 8 Seismicity of moderate-size and major earthquakes in the
northeastern Asia regions (after ISHIKAWA 1987).
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ERHLTHY, BHAKRER (B 1986) b2 0EZHIGEN. TA—L - FL— kO BHOER
KONWTH, PREGEHR CRFHZs 1986), Bl 77 (B 1986), HB\VMITEREA - AARMERRE—
PREER— v oo —HBH L SUIE L - 5% (ISHIKAWA 1987) %2 &, WS O»DEXHEFH
béoitzz-zm(wm)u—oo%kﬁabr,Eﬁﬁ*&ﬁﬂ7A—w-7v—b@ﬁén;o
T TORMER ThH 2 BABREH CTRBOERSAICL ) SR BAES €, BHRREOBSS
WOE%EKK@%?hME&%Eéﬁéﬂ%ﬁéﬁ&fwéoEM#%@EﬁDEEKOwTu,:n
stz q’@ﬁjt%ﬂ-@ﬁﬂs%‘lﬁﬁf%’) LEZ5R5B “hot region” (Hk 1986) = HAWERIED
BHTEIRONBOBIENC L2 L +5E2 B b b5,
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L 72RTREMED 5E v,
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TREMPLDPEHOLLFY Y2770 L SV RLOFEMENEZ HLD.

5 HIABAFMELXR 7L — b O—HEEXS L, AXRERFHIRILEC AESOENF R b5 EE
BAHEKZ 2, 74 v ¥~ S FEER BEHEAFAEBOEHI A2 RAMKR V. 2 0kdEILEALE
v 7 Fr—reEX, RUOKTEE, BRO 2—52 7@ 71— FOEBHICE BENE2EX 2 HBR
LThHH

6) BARlD2—Fo 7 - ZL— MUP LD EHEELERZFRICOVTIEELDEXFEHS. 15
DAREHLELT, 2=F37 - ZL— bRl Lic =4 /B 7L —F D 1D THBET L— + FL— h
DREVPEZL ONED, EHICRFEET 3.

X &

ABE, K. (1975) : Re-examination of the fault model for the Niigata earthquake of 1964. J.
Phys. Earth, 23, 349-366.

AKI, K. (1966) : Generation and propagation of G waves from the Niigata earthquake of June
16, 1964. Part 2. Bull. Earthq. Res. Inst., Tokyo. Univ, 44, 73-88.

AWATA, Y. and KAKIMI, T. (1985) : Quaternery tectonics and damaging earthquakes in
Northeast Honshu, Japan. Earthq. Predict. Res. 3, 231-251.

CHAPMAN, M. E. and SOLOMON, S. (1976) : North American—Eurasian plate boundary in
northeast Asia. J. Geophys. Res., 81, 921-930.

— 29 —



30 = E i3

Fukao, Y. and FURUMOTO, M. (1975) : Mechanism of large earthquakes along the eastern
margin of the Japan Sea. Tectonophysics, 25, 247-266.

—— and YAMAOKA, K. (1983) : Stress estimate for the highest mountain system in Japan.
Tectonics, 2, 453-371.

HEED - T F - MRIEF - RERIE - KFHEK (1986) : AAR)I—HFABEROENMWE (1)
—EBMPREO T — S — RE L RN —, HMEHERKR, 61, 537-550.

WA % .%H € (1986) : Fossa-Magna SO EA% &7 7 b =7 2(2)—1b#B Fossa-Magna 1
WoIENE, WEFSHEETHRE, 1986 No. 2, 28.

HIRAHARA, K., IKAMI, A., ISHIDA, M. and MikumoO, T. (1989) : Three-dimensional P-
wave velocity structure beneath central Japan: Low velocity bodies in the wedge portion
of the upper mantle above high velocity subducting plates. Tectonophysics, 163, 63-73.

HIRASAWA, T. (1965) : Source mechanism of the Niigata earthquake of June 16, 1964, as
derived from body waves. J. Phys. Earth, 13, 35-66.

Honza, E. (ed.) (1979) : Geological investigation of the Japan Sea in April-June 1978 (GH
78-2 Cruise). Cruise Rept. 13, Geol. Surv. Japan, 99p.

HuziTaA, K. (1980) : Role of the Median Tectonic Line in the Quaternary tectonics of the
Japanese Islands. Mem. Geol. Soc. Japan. 18, 129-153.

IkaMI, A., YosHIl, T., KUBOTA, S., SAsakKI, Y., HASEMI, A., MoORIYA, T., MIYAMACHI,
H., MATSUURA, R. S. and WADA, K. (1986) : A seismic refraction profile in and around
Nagano Prefecture, central Japan. J. Phys, Earth. 34, 457-474.

ABEE (1986) : ®WALAAGXR 7 v— R L BEHAATED. A FIHER, 8, 762-767.

ISHIKAWA, Y. (1987) : Tectonics of East Asia inferred from seismicity and focal mechanism
of earthquakes. (unpublished draft).

FNHEZ-RE £-KHAGE- -BX #-£rEk - FIHBE- HHEE - AFE F- SHHEL-
RS - = EES (1984) : 1983 HABHHMBOBFEE. A TR, 6, 11-17.

BFEEWHT (1988) - LS ADHEEO 7 v — PG R B, R¥FEFNRERAER =2 — x, No. 34.

EWEFIEES (1980) : BADEN B —HME L @R, BAHKRS, 363p.

KAYANO, I. (1968) : Determination of origin times, epicenters and focal depths of aftershocks
of the Niigata earthquake of June 16, 1964. -A preliminary report of the cooperative study
of aftershocks of the Niigata earthquake. Bull. Earthq. Res. Inst. 46, 223-269.

KA FEARNE— - ERAEEK (1986) : 7A—L 7 v — b L BAFE. BTIHIR, 8 716-724.

RRIT (1986) : 1985410 18AER Y- S o E. BT oaEKSS®M, 35 391-392.

——(1987) : 19874 3 A24 A FHIB R o HE. HE FamEKR S LK, 38, 78-80.

INHREZ (1983) 1 v — b “EHRAAR” 0¥ Y. A FIHE, 5, 510-518.

—(1984) : Fv - ERTRAET B AMBORESM. A TFIHEK, 6 8-10.

—(1986) : ER A ARBILEROEAY, EHARMBBNEHE T2 —MR. HWEFL2 BRTH
#£, 1986 No. 2, A33, 34.

ELHEp (1987) : A& —HFABERFRBOKEE. HBETFHERSLH, 38, 164-165.

REBRFLKFRER L ZEBHBRAT (1986) : P FILEEH GREM S, SWBROESYE
BRED) oFGEOMEES. BETMEKRESLE, 35 148-152.

ZFE #-ANEZ= (1987) : 1987, EAWREOHMBELIERT 7 b= 7 AR VEHHME T4, HE
TaBFEY VR v A, 259-269.

— UNR OB - FEMR (1985) @ REMFIBMOMBIES), MBEA V=X LREFI F=/ 2,
g 2, 38, 25-40.

MIKuMO, T., WADA, H. and KoizuMi, M. (1988) : Seismotectonics of the Hida region,
central Honshu, Japan. Tectonophysics 147, 95-119.

MINSTER, J. B. and JORDAN, T. H. (1978) : Present-day plate motions. J. Geophys, Res.
83, 5331-5354.

®E E-BE OB (1987): BABRRICSTIBROEBEER, HRELHBETHE, 1987, No.
2, 88.

— - WEF B B-PH T BEA E-KE & (1983): AXRETHBRBEOABROES
SAfi—iEHic iy 5 Pwp 0BRIC X 3HEE. MBELTHE, No. 2, 7.

’



BABREHMBEOMBIESH L 2 W =XLBLVF7 b= 2 31

EARREK - EEEIL (1975) : BARBDKEKINOBE 1, #1%, 45, 551-559.

FEARER (1981) : KA BEXABEEN—T+ v ¥ - =/ +—Rilf - FEOFEHH LAFOFTIRGICH
JOHIMERIC ST, HEBFEF KRR, 56, 691-711.

Mocl, K. (1985) : Precursors of the 1983 Japan Sea Earthquake. Earthq. Pred. Res., 3, 493
-517.

MORYI, J. and BoyD, T. (1985) : Seismological evidence indicating rupture along an eastward
dipping fault plane for the Niigata, Japan earthquake. J. Phys. Earth, 33, 227-240.

mR—B (1983) : BAEREZFAEREOTENE. HMEREFTER, 58, 711-722.

OIKE, K. and HuziTA, K. (1988) : Relation between characteristics of seismic activities and
neotectonics in Honshu of Japan. Tectonophysics. 148, 115-130.

SATAKE, K. and ABE, K. (1983) : A fault model for the Niigata Japan, earthquake of June
16, 1964, J. Phys. Earth, 31, 217-223.

SATO, T., KosuGa, M., TANAKA, K. and SATO, H. (1986) : Aftershock distribution of the
1983 Nihonkai-Chubu (Japan Sea) earthquake determined from relocated hypocenters, J. Phys.
Earth, 34, 230-223.

SENO, T. (1985) : Is northern Honshu a microplate?, Tectonophysics, 115, 177-196.

SHIMAZAKI, K. and MORI, J. (1983) : Focal mecanism of the May 26, 1983 Japan Sea earth-
quake. HIBESBETHE. 1983 No. 2, 15.

BATFHAES (1941) : KAFXMESE. HEH.

Supo, K. (1972) : Two distinct phases in the initial P wave group of the Niigata earthquake
of 1964 and of the Taiwan-Oki earthquake of 1966. J. Phys. Earth, 20, 111-125.

@ - PEEL - A % (1986) : Fossa Magna HIBOEAHH L7 7 b= 2. HEFXHEER
Ffatk, 1986, No. 1, Ab54.

CEA 2 (1988) : 19184 (KIE74H) HBEOKWET T LT M¥HER. HE, 2, 4],
259-262.

EARE (1984) : BABREMOEHEL 7 7 b=7 2. AT, 6, 38-48.

TaMAKI, K. and HoNza, E. (1985) : Incipient subduction and obduction along the eastern
margin of the Japan Sea. Tectonophysics, 119, 381-406.

—, Honza, E., Yuasa, M., NISHIMURA, K. and MURAKAMI, F. (1981) : Geological map
of the central Japan Sea. Mar. Geol. Map. Ser., 14, Geol. Surv., Japan.

HEM IR R EE S L — 7, 1985, RE - FE - ERMUAROHBEE, To2. MEFLTH
£, 2, 241.

HEKEMBERFET (1981-1985) : HIMBABBER, H1E-FSE

—(1987) : BAERERI S T BT 5 HBET (19864117 —1987F 4 A). Hh 7 T AE & &, 38,
146-163.

HEEC - BAN B NE—R - AR 8- WK B EmAEE - APk NEER (1985) ¢
1983 EABTHHBONE L ABEOBRA M, HE, 2, 38, 399-410.

FrEimk (1975) : BF BAEEHERK. HRAKFHKRS, 327p.

SRR (1982) 1 AARMEOM6.0M EOMES X U HEME 0K : 18854 ~ 19804 M REHF 77T 4
#, 57, 401-463.

Wi A - BAT NS - I —8 (1985) : RAMICRAET 5 RE MUBEOREHME. HRE, 2, 38, 541
-558.

ZONENSHAIN, L. P. and SAVOSTIN, L. A. (1985) : Geodynamics of the Baikal rift zone and
plate tectonics, Tectonophysics, 76, 1-45.

(19894 2 A27H % f+, 19894114 20R % H)



