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Crustal displacements of East Asia caused by the Tohoku earthquake of March
11, 2011, Mw =9.0
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The Great Tohoku earthquake Mw = 9.0 occurred at 5:46 UTC on March 11, 2011 near the
northeastern coast of Honshu Island, Japan. It was one of the largest seismic events occurred during
the last 100 years. The destructive tsunami generated by the earthquake was observed along the
Pacific coast of Japan and detected in a broad area around Japan.

The epicenter of the 2011 Tohoku earthquake was located on the subducting active plate
boundary between the Pacific and North American or Eurasian plates depending on the assumed
plate boundary configuration. A series of large fore- and aftershocks preceded and have still been
succeeding the mainshock. More than 60 these events had magnitudes greater or equal to 6.0.

Long-period stress accumulation in this region is caused by the Pacific plate subduction
beneath the Japan Island Arc with relative velocity 91-92 mm/yr with respect to Eurasia or 83
mm/yr with respect to North American plate.

According to the numerous seismic and geodetic observations the 2011 Great Tohoku
earthquake displays the thrust faulting mechanism with the maximum slip value varying from 10 to
more than 50 m. The estimated rupture length is ranging from 300 to 500 km according to the
different fault models.

In contrast to the Sumatra-Andaman region, this seismic event occurred near the highly
populated region almost uniformly covered by dense geodetic, seismic and other type geophysical

networks. That is why a lot of invaluable measurement information becomes available from the
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nearest to the earthquake epicenter zone. This information is intensively analyzing now.

The 2011 Tohoku earthquake caused large co- and postseismic crustal displacements and
deformations over the Japanese Islands. The eastward horizontal coseismic displacements and
subsidence greater than 4.0 m and -0.6 m were observed, respectively, in the area closest to the
epicenter by the GPS Earth Observation Network (GEONET) operated by the Geospatial
Information Authority of Japan (GSI). Almost all the other areas of Japan exhibit significant crustal
deformations ranging from one centimeter to a few decimeters (see figure). The intense eastward
postseismic horizontal displacements have still been continuing in Northern Honshu. Their
maximum value had reached 50 cm by May 1, 2011.

The most intense coseismic deformations outside of the Japanese Islands (up to 4-5 cm) had
occurred in the area striking westward from the epicenter and covering the southern of continental
part of the Russian Far East, territories of South and North Korea and North East China. Notable
coseismic deformations ranging from several millimeters to 1.5 cm approximately were also
observed in the adjacent continental regions (see figure).

Almost all detected offset vectors are oriented approximately toward the epicenter. This result
speaks either in favor of a single-segment rupture of a relatively short length striking approximately
along the Japan Trench and located eastward from Northern Honshu or the existence of a compact
area near the epicenter characterized by a very intense slip with respect to other rupture segments.
Therefore, the 2011 Tohoku earthquake should be characterized by far large maximum slip value as
compared to the Great Sumatra-Andaman multi-segment event.

A size of the region displaying measurable coseismic deformations coused by the 2011 Tohoku
earthquake is smaller with respect to the area affected by the Great Sumatra-Andaman quake for
which 5-10 mm coseismic jumps were detected at stations located more than 3,000 km away from
the earthquake epicenter

It is interesting that among three processed continuous GPS stations distributed over Sakhalin
Island not a single observation site detected notable coseismic offset. However in contrast to
Sakhalin, Kunashir Island exhibits almost northward coseismic offset with a magnitude of about 10
mm. This point to the proximity of the area to the nodal plane of the rupture and imposes constrains
on its northern extension.

A simple preliminary rectangular fault model with a uniform slip was developed based on
GPS-detected far-field coseismic displacements under the homogenous elastic half-space
assumption. A single-segment rupture of 200x96 km’ with oblique slip of about 22.9 m,
characterized by the seismic moment of 1.32-10* Nm (Mw=8.7) was obtained from GPS data
inversion. Our model in general describes well both far- and near-field coseismic deformations and
approximately constrains the major slip area. However, the Kanto region and the area located near

the southern edge of the fault plane surface projection show significant disagreement with our
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coseismic displacement estimates. This fact can be explained by a relatively low slip resolution of

our model and rupture length underestimation. The far-field data are sensitive to the most intense
slip only. Therefore, we cannot resolve for the southern part of the rupture characterized by far less
slip values. Nevertheless, our simple model demonstrates a possibility of fast preliminary source
parameter determination of a large earthquake using a sparse regional GPS network. This result is
very important for the tsunami early warning system development.

GPS stations in the south of the Russian Far East, North East China and the Korean
Peninsula exhibit the postseismic displacements along with coseismic deformations. The maximum
magnitudes of postseismic offset detected at some of the network stations already exceeded 25% of
appropriate coseismic offset value and have still been continuing. The character of postseismic
deformations tell in favor of afterslip nature of the observed postseismic signals.

The significant part of our observation GPS network is performing the high-sampling rate
(1-Hz) data recording. A number of good waveforms of the long-period surface waves were
obtained from these systems. These data provide us a possibility to study various characteristics of
the low-frequency wave propagation, viscoelastic and rheological properties of the earth’s crust

between the Japanese Islands and the continent, etc.
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JIBuKeHus1 3eMHOM KOPbI BocTOYHOI A3MH, BHI3BAHHBbIE 3eMJICTPSICEHUEM
Toxoky 11 mapra 2011r., Mw =9.0
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11 mapra 2011r. B 05:46UTC y THXOOKEAaHCKOTO MOOEpek bst 0. XOHCIO NMPOM30ILIO OJHO M3 CHJIBHEHIINX 3a
nocnennue 100 et semnerpscenuii ¢ MarHutynoil Mw = 9.0 (3emnerpsicenne ToXoKy), MOpoauBILIEe
KaracTpoduyeckoe IyHaMH, BBI3BaBIIEE OOJIBIIME pa3pyIlICHUS Ha BOCTOYHOM TOOEPEKbE
SAnoHckux ocTpoBoB. OUar ceHCMUYECKOTO COOBITHS HAXOMUJICS BONIM3H KOHBEPTEHTHOUW TPAHUIIBI,
BIOJIb KOTOpOil TuxXookeaHCKas muMTa mnorpyxaercs (cyomyuupyer) noa CeBepo-AMEPHUKAHCKYIO
unu  EBpasmiickylo IUIMTY, B 3aBUCUMOCTH OT TMPUHATONM KOH(MUTYpallMKM WX TPaHMII.
3emieTpsiceHnio TOXOKY MpeaniecTBOBala CEPHs CHIBHBIX (DOPIIOKOBBIX CEHCMUYECKUX TOTYKOB, a
MOCJIE OCHOBHOTO COOBITHS TMOCIIENOBANIa CepUsi MHOTOYMCIICHHBIX a()TEpIIOKOB, 62 M3 KOTOPBIX
UMeNU MarHuTyny Mw > 6.0 1 KoTopbie MPOAOIKAIOTCS A0 CUX TOP.

Haxkoruienuto HampspkeHUE B JaHHOM paifoHe CIocoOCTBYeT OBICTPOE OTHOCHUTENIBHOE
IBUKCHHE THWXOOKEAHCKOH IUIMTHI, MPOUCXOAIICe CO CKOPOCThIO okoo 80mm/rom. CornacHo
MHOTOYHCIIEHHBIM ~CEHCMOJIOTMYECKMM M TE0IE3UYECKHM OINpPENEJCHUsIM MEXaHU3M odara
3eMJICTPSICCHUS — MOJIOTHM B30pOC-MeraHaJBUT €O CTOPOHBI TOXOKy. AMIUIMTY/a CMEUICHUH B
04yaroBoi o0nacTu Mo paszHbIM ouieHkaM gocturaet 30-50 M, a anmuHa ceiicmopaszpbsia okoso 400 km.

B ommuune or Cymarpa-Angamanckoro 3emuetpsicenust 2004 r., gaHHOE CEHCMHYECKOE
COOBITHE TPOM3OILIO BOJIM3U T'yCTOHACEIIEHHOW TEPPUTOPHH, TMOTHOCTHIO MOKPHITON IUIOTHBIMHU
CETSIMH CEHCMOJIOTHYECKUX, TCOAC3UICCKUX M HMHBIX THIIOB TeO(DH3MYECKUX HAOIOACHUMA, YTO

MO3BOJIWJIO TONYYUTh 3HAYUTEIbHBIH 00bEeM pPa3HOOOpa3HON  M3MEpUTENbHOW HHPOpMAMHU B
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OMIDKHEH K SIUICHTPY 30HE, MHTCHCUBHBINM aHAJIN3 KOTOPOH ceilyac MpoaoKaeTcs.
3emnerpsicenre TOXOKy BBI3BAJIO 3HAYMTEIbHBIE CMEIICHHUS M Je(opManuy 3eMHON KOPBHI.
[To manapIM simoHckoW HammoHanbHOM GPS-cetm GEONET Omwkaiimme K STUIEHTPY paiOHBI
SnoHuN UCHBITAIM KOCEHCMHYECKHE CMEUIEHUS] K BOCTOKY M FOIO-BOCTOKY, a TAaK)KE€ OITyCKaHHE.
MaxkcumanbHas BEIMYMHA TOPU30HTAIBHOW U BEPTUKAJIbHOW MOABMKKM cocTtaBuia 4,4 m u -0,75
METPOB, COOTBETCTBEHHO. B mocnexyromue mocie 3eMIeTpsICeHHs JHU  HaOII0AaluCh
3HAYUTEIbHBIE MOCTCEHCMUYECKUE CMEIIECHUS, MAaKCUMallbHasl BEJIMYMHA KOTOPBIX, MO JaHHBIM
SnoHckoro areHTcTBa reonpocTpaHcTBeHHbIX JaHHbIX (GSI), k 12 Mag goctura 53 cm.

I'opu3oHTanbHBIE KOCEHCMUYECKUE CMEIIEHHS 36MHOW KOPBI, BAPbUPYIOLINE OT HECKOIBKUX
MIJIJTUMETPOB /10 HECKOJBKHX CAaHTUMETPOB, TAKXKE OBLIM 3apETUCTPUPOBAHBI U B YNAJCHHOH OT
SMULEHTpa 30He — Ha rore [lanpHero Boctoka P®, Ha Teppuropun Bocrounoro Kuras u Bcem
Kopeiickom momyoctpoBe. Hanbonee WHTEHCHMBHBIC TOABIKKH 10 4-5 CM MPOW3ONUIM Ha IOTE
IIpumopckoro kpast 1 KopeilckoM MOJIyOoCTpOBE, a TaKXKe PACIIOJIIOKEHHBIX K BOCTOKY OT HEro
OCTpOBax. Bce BEKTOPBI CMENIEHUN OPUEHTUPOBAHBI B HAIPABICHUH DIULEHTPA 3E€MIIETPICEHUS,
YTO yKa3blBa€T Ha OTHOCUTEIBHO HEOONbIINE pa3Mephl ceiicMopa3pbiBa, KOTOPBIH, OIHAKO,
XapaKTepU3yeTCsl 3HAYUTENbHO OOJNblIe MaKCHUMaldbHOM BEIMYMHOM CMEIICHHS B oyare Ii0
cpaBHeHHIO ¢ Cymarpo-AHAaMaHCKUM 3emiieTpsiceHueM. Ha 3To yka3pIBaloT Takke M MEHbLINE
pasmepsbl obacTu u3MepuMbix GPS-mMeromamu koceiicMuyecknx cMmeriennit (oonee 1Mm), pasmMepsl
KOTOpPOW He MpeBocXoadT 1no HamuM omeHkaM 2500-2900km k 3amany ot snuueHtpa. MutepecHo
OTMETHUTh, 4YTO HU oaHa u3 Tpex GPS cranuuii, pacnonoxennpix Ha 0. Caxamua (. HOxHo-
CaxanmuHck, VYmeropck, Oxa) He 3aperuCTpUpOBaia  CKOJIBKO-HHUOYIb  3HAUYMUTEIHHBIX
KocelicMuueckux-cmeniennii, B omuune ot cranuuu KUNA (o. Kynammp), nemoHcTpupyroeit
MOJBIKKY K CEBEpY C aMIUIUTYIOW okoso 10 MM, 4To OOBSICHAETCS €€ PacIoiOKEHHUEM BOIW3U
HOAAQJIBHOM MJIOCKOCTH CEMCMOpa3phiBa.

[Tytem mHBEpCcUU OLICHOK Kocelicmudeckux cMemieHnit GPS myHKTOB nanbHEl 30HBI ObLia
IIOCTPOECHA MpEIBapUTEIbHA MOJEIb Odara 3eMJIeTpsiceHHs TOXOKy B BHJE OIHOM IUIOCKOCTH
paspbiBa pazmepamu  200%96 KM | PaBHOMEPHBIM CMEIIIEHUEM IO HEH, paBHbIM 22.9 M.
[Tony4deHHslil cericMuyeckuii MOMEHT My = 1.3-10* Hm COOTBETCTBYET MOMEHTHON MarHuryae Mw
= 8.7, 4TO HECKOJBKO MEHbILIE COOTBETCTBYIOILEIO €€ 3HAYEHUS MO CEHCMOJOTHYECKUM JTaHHBIM.
[locTpoennass mpocras MoOIeib BIOJHE YIOBIETBOPUTENIHHO OOBICHSIET KOCEHCMUYECKHe
TOPU30OHTANIbHBIE CMEIICHUS B JajbHEH W ONMMKHEH 30HE, 3a UCKIoYeHueM paiiona Kanto u
HeOobII0i o0nacTu 1oxkHee T. CeHaai, AEMOHCTPUPYIONICH 3HAYUTEIIBHO OOJIBIIINE CMEIIEHUS YeM
Mpe/ICKa3bIBaeT Hamia Mojelb. OTOT 3(pQeKT, a TakkKe 3aHWKEHHE MAarHUTYIbl, MO-BUAMUMOMY,
CBSI3aHBI C JOCTAaTOYHO HH3KOW pa3pemaronieil CrocoOHOCThIO HAIMIEH MOJAENH, KOTOpas He
IIO3BOJISIET Y4Y€CTh BIIMSAHME KOKHOW 4YacTH CEHCMUYECKOIO pas3pblBa, CMEUICHUS B KOTOPOU

SHAQYUTCJIPHO MCHBIIC YEM II0 CCBCPHOMY YYACTKy, Ha KOTOpPOM pE€alnu30BaJIMCb OCHOBHBIC
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MOJIBMKKHU B ouare. IMEHHO 3TOT y4acTOK HanboJiee MHTCHCUBHBIX CMEIIEHUH, Hanbosee BEpOsITHO,
(bukcupyeTcs Hamiei mMozienblo. TeM He MeHee, MOMYyUYeHHBIA pe3yibTaT MOKa3hIBaeT, 4TO Ha 0a3e
penkoit pernoHanbHOM GPS ceTm MOXHO ONEpaTMBHO M C JOCTATOYHO BBICOKOM TOYHOCTHIO
OLICHUTh TMapaMeTpbl Odara YAAJEHHOIO 3EMJIETPSICEHHUs, B TOM UHUCIE XapakTep U BEIUUYUHY
CMEIIEHHUsI TI0 Pa3pbIBY, CEHCMUYECKHUII MOMEHT M MOMEHTHYIO MAarHUTYIY, YTO HMEET BaKHOE
3HAYEeHHE I OpraHU3aluu padoThl CIYKObI paHHEro MPEeAyNPEKICHHUS O IyHAMHU.

HMannble GPS crannuii, pacnonoxxeHHsle Ha tore lIpumopss, ceBepo-BocTtoke Kutas u B
IOxnoit Kopee, Takke 3aperucTpupoBaii U MPOJOJDKAIOT PETUCTPUPOBATH  3aMETHBIC
MOCTCEMCMUYECKUE CMEIICHHWs] BEJIWYMHA, KOTOPHIX Il OTHe’abHbIX myHKTOB (VLAD,
BnanuBoctok) pocturina 25% OT KOCEHCMHUYECKOM MOABMXKKH. XapakKTep HTUX CMEILECHUN
YKa3bIBa€T Ha MPOJOIKAIOIIUNCA aTepCIuI B IIIOCKOCTH CeMicMOpa3phiBa.

[TockonbKy, B HacTosImee BpeMs, 3HauWTeIbHAs dYacTh NyHKTOB GPS-nabmoneHuit
OCYULIECTBIIIET PETUCTPALMI0 CIYTHUKOBBIX CHUTHaJIOB C HHTepBasoM 1 cek (1I'm), ymamocs
MOJYYUTh OONBIIOE KOJMYECTBO 3aMUCEH IMOBEPXHOCTHBIX KOJEOAaHWH, IAaromuX OOIIMPHBIN
MaTepuai A U3y4eHUsl XapaKTePUCTUK U OCOOCHHOCTEH paclpoCTpaHEeHUs] HU3KOUACTOTHBIX BOJIH,
a TaK K€ peaIM3alu KOCEUCMUYECKUX CMEILICHUM, TOPOXKACHHBIX 3€MIIETPACEHNEM TOXOKY.

OTH U IpyTrHe MOJIy4eHHbIE pe3yIbTaThl OyyT MPEICTABICHbI B TOKIA/IE.



