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Pe3srome. 25 mapta 2020 r. Ha ceBepe KypunbCckoil OCTpOBHOM OyTH K FOT0-BOCTOKY OT 0. [lapamymiup mpo-
M30LLIO CHIIBHOE 3€MJIETPACEHHE ¢ MarHUTY10id M, = 7.5. I UIIOIEHTD 3eMIICTPACEHUS HAXOAMIICS TIOJT OKe-
AHUYECKHUM CKJIOHOM IITyOOKOBOJHOTO JKeno0a B morpyskatomieiics TuxookeaHCKOH JIUTOC(HEpHOH TUHTE.
3emiieTpscenue SBWIOCH criibHeHMM ¢ 1900 T. ceficMuueckuM COOBITHEM JUIs BHEUTHEH OTHOCHUTEIHHO
xKenroba 00macTi mpoTsHKeHHOCTHE0 0Kosto 800 kM. OHO 0Ka3a10Ch CaMbIM CHIIBHBIM U IS TIPHJICTAFOIIETO
K SMUIICHTPY TPEXCOTKIIOMETpOoBOro yuacTka Kypuno-Kamuarckoii 30861 cyOoaykiun. B crarbe 00001IeHbI
JIAaHHBIC O 3EMJICTPSICCHUM: PACCMOTPEHBI €r0 TeKTOHUYECKAs MO3WIUs, MapaMeTphl oyara, 0COOCHHOCTH
pa3BUTHUs aPTEPIIOKOBOTO MPOLIECCa, a TAKKE KOCeHCMUUeckoe cMeleHne Ha Ommkaiiimeit GNSS-craniuu
HENPEPBIBHOM peructpaiuu. [IpoBeieHHbIN aHalW3 HE MO3BOJIWII OAHO3HAYHO BBIICIHTH Pa0OUyIO ILIO-
CKOCTb TIOJIBMDKKH B ouare. TeM He MeHee M3yueHHe OCOOCHHOCTEH BO3HUKHOBEHHMS BHEIIIHETO 3E€MIICTPSI-
CEHUS TPECTABIISICT HAYYHBI HHTEPEC, MMOCKOIBKY HAMPSKECHHOE COCTOSHUE 00JaCTH M3TrH0a MOTpyKaro-
mieiics TuxookeaHCKOW TUTOCHEPHON TUTHTHI OTPAKACT MEKITUTOBOS B3aMMOICHCTBUE B 30HE CYOTyKITHH.

KuioueBsle ciioBa: ceBepuble Kypuisckue octposa, [Tapamyimpcekoe 3emiieTpsicenue, ahTepioku, Mexa-
HH3M o4ara, KOCEMCMHUYECKHE CMCEUICHUA
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Abstract. The strong earthquake with moment magnitude M, = 7.5 occurred on March 25, 2020, in the
North Kurils to the southeast of the Paramushir Island. The hypocenter of the earthquake was located under
the oceanic rise of deep-sea trench in the subducting Pacific lithospheric plate. This earthquake has been the
strongest seismic event since 1900 for an area about 800 km long of the outer rise of the trench. It also was
the strongest earthquake for the 300-kilometer long area of the Kuril-Kamchatka subduction zone adjacent
to the epicenter. The article summarizes the data on the Paramushir earthquake. Tectonic position of the
earthquake, source parameters, features of the aftershock process development, as well as coseismic dis-
placement of the nearest continuous GNSS station are considered. The performed analysis did not allow us
to clearly determine the rupture plane in the source. Nevertheless, the study of the features of the outer-rise
earthquake is a matter of scientific interest, since the stress state of the bending area of the subducting Pacific
lithospheric plate reflects the interplate interaction in the subduction zone.
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Beenenne

25 mapra 2020 1. B 02:49 no I'purBHUCKOMY
BpeMmeHHU Ha ceBepe KypuiibCkoil OCTpOBHOM 1yru
B ~200 KM K 0T0-BOCTOKY OT 0. [Tapamymup npo-
M30ILI0 3eMJIETPSCEHHE C MOMEHTHOM MarHuTy-
non My = 7.5 (puc. 1). Ilo nanneiv Caxasnus-
ckoro u Kamuarckoro ¢unuanoB denepaibHOTo
uccienoBarenbckoro IeHrpa «Enunas reodu-
3uyeckas ciyx6a PAH» (CO OUL[ EI'C PAH
n K& ®OUIl EI'C PAH), ero makpoceilicmuye-
ckuii 3pdekt B I. CeBepo-Kypuibck gocturan
5—-6 6amnoB no mkaine MSK-64. B 6nmxaimmx
K SMUILIEHTPY HAaceJIeHHBIX MyHKTax m-oBa Kawm-
4yaTKa COTPSACEHMS OIYIIAJINCh C UHTEHCUBHO-
cThi0 4-5 OGammoB!. 3emiieTpsiceHHE BBI3BAIIO
LlyHaMH, BU3yaJIbHO OIPEIEJICHHAs BBICOTA BOJIH
KoTOporo Ha moOepexne o. [lapamymup cocra-
Bwia okoso 0.5 m [Kopones, Kopones, 2020].
B cooTrBeTcTBUU ¢ reorpaduuecKuM MOI0KEHU-
€M odara 3TO ceiicMuueckoe coObITHE B padboTe
Ha3BaHO [lapaMymMpCKUM 3€MIIETPSCEHHEM.
Hcnonb3yemslil ganee TEPMUH «BHEITHUI» 000-
3HayaeT OTHOIIEHHE K BHEIIHEMY CKJIOHY THXO-
OKEaHCKOT'0 NIyOOKOBOIHOTO Ke100a.

[Tapamymmpckoe 3emnerpscenne 25.03.2020 r.
MPOU30LLIO B MOrpyxarouieincs THuxookeaHCKOH
TUTOC(EpPHOI TUIUTE, OHO OTHOCUTCS K CHIIBHBIM
U pEeIKUM BHEIIHHM CEHCMHUYECKHM COOBITHIM
B Kypuno-Kamuarckoii 30He cyonykiuu. I1o nan-
HbIM USGS, 3emnerpsiceHue sBISETCS CUIbHEH-
M ¢ 1900 . Ha mpuIeraronieM BHEIIIHEM CKIIOHE
[TyOOKOBOJHOTO JKesno0a MpOTSKEHHOCThIO OKO-
70 800 KM, a TaKKe CaMbIM CHJIBHBIM ISl TPEXCO-
TKHJIOMETPOBOTO yuactka Kypunbckoit 1yru?.

AHanu3 BHEIIHEH CEMCMHUYHOCTH MPECTaAB-
JSieT HAyYHBI WHTEpecC, MOCKOIbKY HampsiKeH-
HOE COCTOsIHME 00JIaCTH U3rnda rnorpyxaromnieics
TuxookeaHCKOI TUTOCHEPHON TUIUTHI OTpaXkaeT
MEXIUIUTOBOE B3aUMOJICIICTBHE B 30HE CYOIyK-
uu [Christensen et al., 1988]. C atoii mensro
B paboTre 0000IICHBI U TPOAHAIIM3UPOBAHBI JaH-
Hble 0 BHemHeM [lapamymupckom 3emuerpsce-
o M, = 7.5.

TexkTOHMYeCKas] MO3UIIUS
U apaMeTpsbl o4ara 3emMJieTPsiCeHM st

Bzaumoneiictsue Tuxookeanckoit u Cese-
pOaMepUKaHCKON JUTOC(HEPHBIX TUTUT MPOSIBIIS-
€TCsI B 0COOCHHOCTSX MPOCTPAHCTBEHHOTO pac-

npeneNeHns o4yaroB 3emiieTpsicenuit (puc. 1).
ONUIEeHTPbl OONBIIMHCTBA CEHCMUYECKUX CO-
OBITHIA, BKIIFOYAsl camble CUiIbHBIE ¢ M > §, pac-
MOJIaraloTCsl MEXJYy OCTPOBHOM NYrod M OCHIO
ITyOOKOBOJTHOTO 5k€7100a U OTHOCSTCS K 00J1aCTH
MEXIUTUTOBOTO KOHTAKTa JUTOC(EpPHBIX TUIUT
(tun A). HanpspbkeHuss B o4arax TakuxX 3emiie-
TPSACEHUH OPUEHTUPOBAHBI IPEUMYIECTBEHHO
B FOPU30HTAJILHOM HAIMpaBICHUHM MEPIEHIUKY-
JIIPHO OCTPOBHOM Jyre U IO TUILy CEHCMOAUC-
JOKaMi KBaIU(UIUPYIOTCA Kak B30OpPOCOBBIC
Y HaJIBUTOBBIE.

BuyTpumnuToBas celCMUYHOCTb 30HBI CyO-
nykiu (tun B) oTueirBo mapkupyert ceiicmodo-
KaJIbHYIO 30HY MOIIIHOCTBIO OKouio 70 KM, najaro-
1Iyro moja octpona [ Tapakanos, AHmpeesa, 2012].
[Io Tumy celicMOAMCIIOKAMM CEHCMHUYECKUE
COOBITHS 311€Ch SABJISIOTCA cOpocaMu Uiu B30po-
caMHU B 3aBUCHUMOCTH OT TOTO, MPOHUCXOAST OHH
B HIKHEH, HCMBITHIBAIONICH PACTIKEHUE, WU
B BEpXHEH, HAaXOMAAIIEHCS B COCTOSHUU CXKATHS
yacTu cyomyrupyromeld THXOOKeaHCKOW TUIUTHI
[CadonoB u ap., 2015].

CeiicMuueckue  COOBITHS,  IPOUCXOAS-
M€ BO BHELIHEH OTHOCHUTENBHO jKeio0a 30He
(tum  C), TPOCTPAaHCTBEHHO PaCIHOJIAraroTCs
B TNPUOKEAHHMYECKOM CKJIOHE IITyOOKOBOIHOTO
xKeyoba 1 BOCTOYHEE OT HEro. 3/1eCh BO3MOXKHBI
CUJIbHBIE (B TOM YHUCJIE IlyHAMUT€HHbIE) BHYTPH-
IUTUTOBBIE 3EMJIETPSCEHUS CO COPOCOBBIM TUIIOM
ceiicmoauciokauuit [Tuxonos u ap., 2008]. Be-
POSITHOM TIPUYMHONW BO3HHUKHOBEHHUS IMOIOOHBIX
3eMIIETPSCEHUN SIBISIETCS M3rMO BEpxHEH 3Ja-
CTUYHOM yacTu norpy:xatouieiics miautel [Cado-
HOB | JIp., 2015]. OnHako B 1aHHOM palioHE He-
peaKu ciydau BO3HUKHOBEHUS 3€MIIETPSCEHUMN
C B30pOCOBBIM THUIIOM IOJBHXKEK B oyarax, yTo
OTPa)KaeT COCTOSIHME CXKaTHUs MPEeKeTI0OHOM
obnacTu.

C 1964 . B Kypmio-Kamuarckoii 30He CyoO-
OyKIUK 3a(UKCHPOBAHO JIMIIb JBa BHEIIHUX
3eMJIETPACEHHMs ¢ MaruuTynon My, > 7.0 (puc. 1).
CuIIbHEWIIIUM W3 HHUX SIBHJIOCH BTOPOE CelicMuye-
ckoe cobpitre 13.01.2007 . M, = 8.1 mymiera
Cumymmpckux 3emnerpsicennid 2006-2007 rr,
KOTOPOE€ BO3HHMKJIO Ha m1youne 10 kM B yciIoBH-
ax pactspkeHusa. [lo Tumy ceiicmMonuciokanui
OHO KBaTM(UIIUPYETCS KaK cCOpOC B pe3yibTare
mporecca pellakcallid HamnpshKeHUH B 30HE
cyOnykiuu mocie 3emuerpsicennst 15.11.2006 r.

! OUIT «Enunas reodusmdeckas cinyx6a PAH». URL: http://www.ceme.gsras.ru/new/struct (accessed 16.01.2021).
2 USGS — The United States Geological Survey. URL: https://earthquake.usgs.gov/ (accessed 15.01.2021).
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M,,=8.3[Steblovetal.,2008; Ammonetal.,2008].
B 2009 r. ceBepo-BocTouHEee CUMYIIUPCKUX 3€M-
JeTpsCeHUI Ha TITyOUHE 45 KM B YCIIOBUSIX COKATHS
NPOM30ILIO 3eMieTpsicenne ¢ My, = 7.4. Ananus,
npoBeneHHbI B padore [Ye et al., 2021], nmoka-
3aJ1, 9TO ATO COOBITHE HE CBSA3aHO C MPOIECCAMH
KOHTaKTa JIMTOC(EPHBIX TJIUT B 30HE CYOMYyKIIHH
u apnsercs agreprmiokoM CUMYIIUPCKOTO 3eMIie-
tpsicenus 13.01.2007 ©. M, = 8.1, xors mpouso-
[IJI0 B 00CTAaHOBKE CXKATHUS M KMEII0 B30POCOBYIO
MOJIBMKKY B OUare.

[Tapamymmpckoe 3eMIIETpsCEHHE  omepa-
THUBHO 00pabOTaHO pEeTHOHAIBHBIMHU IEHTPAMHU
¥ MUPOBBIMHU CEHCMOJIOTHYECKUMH areHTCTBaMHU
(Tabmuna; puc. 1). PacxoxaeHus B onpeaeneHu-
SIX KOOPJWHAT SIHULIEHTPA IO TaHHBIM CEHCMOIIO0-
TMYECKUX areHTCTB, pa0OTAIONINX C Pa3IHYHbI-

MU HHCTPYMEHTAJIbHBIMH CETSIMU HaOJIIOJeHUMN
1 METOJAUKaMHu 00paboTKu MH(pOpPMAIUH, He3HA-
quTeNbHBL. [l0 TMOJTOXKEHUIO TUIOLEHTpPA 3eM-
JETPSICEHUS. MOXXHO YBEPEHHO 3aKJIIOUUTh, YTO
COOBITHE TPOU3O0IIJIO BO BHEIIHEH 30HE HA TITy-
OWHE ~55 KM T10J] OKCaHUYECKUM CKIIOHOM B I10-
rpyxatomeics THXOOKeaHCKOH IIIUTE.

Pemenust mexaHu3ma odara 3eMJICTPSCEHHUS
JOCTAaTOYHO CXOXHu (Tabmuma). Tompko peru-
oHanpHele omnpenenenus K@ OUI[ EI'C PAH
[Karanor mexanusmos...|] u UMI'ul' /IBO PAH
HECKOJIBKO OTJIMYAIOTCS OT PE3yJIBTaTOB MEXIY-
HApOJTHBIX areHTCTB, YTO MOXKET SIBIATHCS CIIEI-
CTBHEM DPA3JIMYHOTO KOJMUYECTBA CEHCMHUUECKHUX
CTaHIIH, UCTIOIb3YEMBbIX JIJISl pACUETOB, U UX I'e0-
rpaduyeckoro monokeHus. s Bcex MoiydeH-
HBIX PEHICHWH OCh CKaThUs CyOrOpHU30HTalIbHA

Puc. 1. Kapra snunenTpos 3emnetpsacennii Kypuno-Kamuarckoro peruona ¢ M > 7.0 3a nepuon 1900-2020 rr.
mo ganaeIM USGS (https://earthquake.usgs.gov/). (a) — SUUIEHTPHI U MeXaHU3MBI odara [lapamymmpckoro
3eMJIETPSICEHHSI TTOKA3aHbI 10 JAHHBIM CEMCMOJIOTMUECKIX areHTCTB (Tabnmia); (0) — cxeMaTuiecKkast MOJIENb
30HbI cyOaykiuu. A, B, C — TUIIBI CEHICMUYECKUX COOBITHIA B 30HE CYOIYKIIUU.
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U OpueHTHUpoBaHa 1o Hanpasienuto C3-H0B, ock
pacTsbkeHus — cyOBepTUKaibHa. THUIl TOABMXKHU
10 00€UM TUIOCKOCTSIM CeCMOpa3phiBa — YUCTHIH
B30pocC (OO0 B30pOC C HE3HAYUTETHHOW CIBU-
roBoi kommnoHeHTou). IlpocTupanue HoOIATB-
HBIX TUIOCKOCTEH odara MpakTUYeCKH COBIAJIAET
C IPOCTHPAHUEM IITyOOKOBOTHOTO JKe00a.

A¢TepiokoBbIil Mponecc

AdTepIIOKOBBII TMPOIIECC B OYAaroBOW 30HE
[Tapamymmpckoro 3eMieTpsiCEHHsl NTPOaHaIU3uU-
poBan 1o ganueiM KO OUILL ET'C PAH [Karanor
3emsierpsiceHuii ...]. Ilocie ocHOBHOrO TOMY-
ka ¢ M, = 7.7 B TeueHHE MEPBBIX CYTOK PETHO-
HaJbHBIMU CTAHIMSIMH 3apErHCTPUPOBAHO OoJiee
120 ceficMuuecKuX COOBITHI; 3a MapT—aAeKaOpb
2020 r. — okoso 400 adrepuiokoB, 3 U3 KOTOPBIX
uMenu Mareutyay M, > 5.5 (puc. 2).

IIpocTpancTBeHHOE pactipenenenue  agrep-
LIOKOB MO3BOJIMJIO OKOHTYPHUTD SMHIIEHTPAIBHYIO
obmacte 3emuerpsicenus. Ilo mupune ona co-
cTaBisieT 0kojo 50 KM M BBITSHYTa B HalpasJe-
Hun CB-1O3 Bpmonmp mmyOoKOBOAHOTO 3Kenoda
Ha 95 kM (puc. 2). JIunelinple pa3mMepsl 04aroBoit
30HBl YJOBJIETBOPSIOT AMIMPUYECKUM OLIEHKAM
(85x41 kM) Ans BHYTPHUIUIUTOBBIX 3eMJIETpsice-

it M, = 7.5 (M, ~ 2 - 10°° Hwm) [Blaser et al.,
2010; Skarlatoudis et al., 2016]. Dnuuentp ras-
HOTO TOJTYKA MPUYPOUYEH K I0KHOMY Kparo obOiaka
a(TEepIIOKOB, KOTOPBIE JTIOKATM30BaHbI B UHTEPBA-
ne rryoun 15-53 xkm. [IpoctpancTBeHHOE pacmpe-
neneHue adTepIIoKoB Mo MTyOuHE (ITOnepeuHbIit
pa3pe3 BKpEeCT NPOCTUPAHUSA TIIyOOKOBOIHOTO
xenoba mo auHMM AA') He JaeT BU3YaJbHOIO
IPEJICTaBICHNUS O BO3MOXKHON pabodeil Miocko-
CTHU MAJICHUS CericMOopa3phIBa.

IlepBolii cuibHbIN adTepiok M, = 5.7 3aperu-
CTpupoBaH 25 mapra Ha nryoune ~50 kM. 7 arpe-
7 HA TakoH jke IIyOMHE MpOM30IIeN agTepIIoK
M, = 5.5 (M,, = 5.1), 14 mons Ha rryoune ~30 km
— cericmuyeckoe codeitne M, = 5.9 (M, = 5.1).
PazHocTh MEXIy MarHUTy1aMH TJIABHOTO COOBITHS
¥ CuIbHEHIero adrepimoka mais M, cocraiser
1.8, misa M, — 2.4. ComiacHO 3MIMPHYECKOMY 32-
KoHY bota 3Ta pazHOCTb 10/KHA HAXOUTHCS B ITpe-
nemax 0.6—1.7 [Bath, 1965; Shcherbakov, Turcotte,
2004]. CnenoBarenbHO, OXHIaeMas MarHuTyaa
M, cunbHeiniero adprepuioka M0DKHA COCTABHTH
6.0-7.1, a M, — 5.8-6.9. Takasg 0COOEHHOCTb CBH-
JIETEIBCTBYET O HAIMYMU Ne(UITUTA CHIIBHBIX CO-
ObITHIA B adTEepIIOKOBOM Iporiecce. BpemeHHoi
XOJI ¥ TpapyK KyMyJISITUBHOM SHEPTHHU a(hTEPIIIOKOB

Ta6ﬂuua. OcHoBHBIE mapamMeTpbl l'[apaMyumpucoro 3EMJICTPSACCHHUS MO JAHHBIM PErHOHAJIBHBIX HEHTPOB

U MEKITYHAPOIHBIX CcelCMOJIOrHYeCKHUX areHTCTB

Koopumatsi Tnvo HopanbHble minockocTH
W cTOYHUK SIULEHTPA HyKI:Ha’ Marunutyna
¢°N A E Strike (°) Dip (°) Rake (°)
UMI'ul” IBO PAH 48.99 157.69 (32) M, =7 1
223/69 37/56 69/105
CO UL EI'C PAH 48.88 157.80 72 M =75
M =77
K® ®UII EI'C PAH 49.11 158.08 48 ML= 75 240/39 72/19 97/70
=7
USGS 48.964 157.696 5738 MWi 73 201/23 47/43 88/92
(61) mb=7.1
M.=7.5
GCMT 49.11 157.87 (52.6) S 194/32 48/43 78/103
M, =7.5
51 _
GFZ 48.89 157.74 (43) M, =74 199/28 46/43 84/96
GEOSCOPE Observatory 48.986 157.693 (45) M,,=7.5 203/30 51/39 86/95

Ilpumeuanus. B ckoOkax naHa DIyOMHA MOJEJBHOTO HEHTpouaa. M, — MOMEHTHas MarHMTyaa, M, — JOKajbHas MarHMTyAa Mo Io-
BEPXHOCTHBIM BOJIHAaM, M, — NlOKallbHas MAarHMTYy/a, MOJNy4eHHas MyTeM IepecueTa M3 JHEPreTHYeCKoro Kiacca 10 HOMOrpamme
C.A. ®enoroBa, M, — crieKTpasibHas Kojla-MarHuTyaa, My — MarHuTyaa 1o MoBEPXHOCTHBIM BOJIHAM, Mb — MarHUTYyAa 1o 0ObeMHbIM
BosiHaM. UMTI'ul" [IBO PAH — MHcTuTyT MOpCKOit reosoruu u reopusuku J{aapHEeBOCTOUHOTO OT/eeHns1 Poccuiickoil akageMun Hayk;
C® ®UIL ET'C PAH — http://www.ceme.gsras.ru/new/struct; Kb ®UL[ EI'C PAH — http://sdis.emsd.ru/info/earthquakes/catalogue.php;
USGS - https://earthquake.usgs.gov/; GCMT — Global Centroid Moment Tensor, https://www.globalecmt.org; GFZ — Global Centroid Mo-
ment Tensor, https://www.globalcmt.org; Geoscope Observatory — French Global Network of broad band seismic, http://geoscope.ipgp.fr.
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ocJIe IIaBHOro Toimyka mo koHua 2020 r. nokasad
Ha puc. 3. Huzkuil ypoBeHb KyMyJISITUBHOM SHEPTUU
2E adrepmiokos (3.0 - 10" JIx), 3HaUeHHE KOTOPOI
B 2.1 - 10° paza MeHbIIIe SHEPIHH TIIABHOTO COOBITHS
(6.3 - 10'¢ JTxx), TakyKe CBUACTEIBCTBYET O AHIIU-
T€ CEHCMUYHOCTH.

I'padux moBTOpsiemoctn adrepuiokoB [la-
pPaMyIIMPCKOTO 3E€MIIETPSACEHHUS TpPHUBEACH Ha
puc. 4. YpoBeHb NPEICTABUTEIBHOCTH KaTallo-
ra mo maruutyae M, co-
craBnser ~3.6. JIuHeHbIN
xapakTep rpaguka  co-
XpaHsieTcs UIsi MHTepBaia
Marautyn 3.6—4.4. Ero Ha-
kioH b = 1.08 = 0.10 (ko-
3¢GUIUEHT  KOppensuuu
R = 0.97 £ 0.09) coorBert-
cTByeT cpenHemy s Ky-
puno-OXOTCKOTO  perHoHa
MOKa3aTeso, JeCATUIeTHEE
3HaYeHue koroporo b = 1.0
[CadonoB u gp., 2020],
a TaKoke OJIM30K K CPEeIHEMY
MHOTOJIETHEMY  3HAUEHUIO
JUIL  30HBI CEHCMHUYHOCTH
«Tuxnit okean» Kamyarcko-
r0 peruoHa U MPUIIETAIONINX
K Hemy oOmacteii [JleBuHa
u ap., 2013]. KomuuectBo
adTepIIOKOB B JUAra3oHe
4.5-4.7 ropa3no HUXKE, 4YeM
clIenoBaio OBl OKMOATh HC-
X0 M3 pactupeneneHus 60-
nee c1albIX 3eMIIETPSICEHUH.

VYObiBaHNE 4YHCTIa 3EM-
JETPSICEHUH CO BPEMEHEM
[OCJIE  IVIaBHOTO  TOJYKa
JTaeT TpEACTaBIEHUE O Xa-
paKTepe pa3BUTUA CEHCMH-
yeckoro nporecca. Corac-
HO AMIHUPUYECKOMY 3aKOHY

Omopu [Omori, 1894] B Te-
YeHUE TEpBbIX 2 HENEb
aTEepIIOKOBBI  TpoLEecC

(puc. 5) pasBuBajucs B co-
OTBETCTBUU C IOKa3aTesieM
p = —1.28 = 0.18, 4t0 co-
OTBETCTBYET CpPEAHEMHPO-
BOMY 3HAYEHMIO 3aTyXaHUs
BO BPEMEHU CEHCMUYECKON
aKTUBHOCTH B Odarax 3€M-
netpsicenuii.  HeOGompimas
akTHBU3anuga B 4-5-¢ CcyT-
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KM CMEHWIACh CHW)XCHHEM CEHCMHUYECKOM aK-
TUBHOCTH Ha 7-i1 geHb. Cnaa CceHCMHUYHOCTHU
oTOOpakeH Ha KyMYJISITUBHOM TpadHKe 4ucia
3emsieTpsiceHuil (puc. 6), rme yObIBaromias BO
BPEMEHHU I10 THNEPOOINYECKOMY 3aKOoHY adrep-
IIOKOBAas MOCJIEOBATENBHOCTh MEPEXOJUT B HO-
BbIil pexxuM. Ha 20-e cytku (15.04.2020 r.) mo-
CJie OCHOBHOT'O TOJTYKA ATOT PEKUM MPHUOIU3UICS
K JINHEHHOMY, YTO MOXXET CBUJETEIILCTBOBATH

Puc. 2. Kapra adrepmroxos [Tapamymipckoro 3eMaeTpsceHus 10 JaHHBIM KaTajiora
K® ®UILL ET'C PAH [Karazor 3emneTpsiceHui. . . |. [opusoHTanbsHOE KOCceicMuueckoe
cmemenre GNSS-cranmu PARM noka3zaHo 4epHO# CTpeskol, BepTUKAIbHOE — CH-
Heil. Ha Bpe3ke moka3aH momnepeyHblid pa3pe3 oonacti adTepIioKkoB 1Mo JIMHUU AA’.
I'maBHBIN TOMTYOK 0003HAYECH 3BE30YKOM.

Puc. 3. BpemeHHoli X011 1 rpadUK KyMyJISITUBHON 3HEpruu adTepiokoBoro mpoiecca
3a nepuox 25.03.2020 — 31.12.2020.
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Puc. 4. I'paduk moBTopsiemoctu adreprokos [Tapamymmpceko-
O 3eMJIETpACeHHs. 3a Ha4alo OTCYeTa B35ATO BPEMs OCHOBHOIO
cOOBITHS. ANNpoKCHMauusl JIMHEHHON wacTu rpaduka mnpen-

CTaBJICHA CIUIOUTHOW MPSIMOH.

Puc. 5. I'paduk 3aryxaHus apTepIIoKOBOTrO Mpolecca B Teye-

HHE 2 HCICIIb ITIOCIIC HapaMyIm/Ipcxoro 3EMJICTPACCHUS.

Puc. 6. KymynsruBHbiii rpaduk yncna adrepiioko [lapamy-
LIMPCKOTO 3eMIICTpsICeHUs. BepTukanbHas MyHKTHpHAs JIMHHS

TOKAa3bIBACT BPEMS U3MCHCHU S a(l)TepIHOKOBOFO peKUMa.
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0 TIepexojie CEMCMUYECKOro Tpolecca B CTa-
nuto Gona. [IpumeuarenbHo, 4T0 adTEPIIOKH
7.04.2020 . M, = 5.5 1 14.06.2020. M, = 5.9
HE BBI3BAIM JIONIOJHUTEILHOW aKTHBH3AIHH
3aTyXarIlero BO BpEMEHH IpoIiecca.

KocelicMuueckoe cMeleHue
GNSS-crannuu PARM

KoceiicmMmueckne cMmelmeHyuss 3eMHOH I10-
BEPXHOCTU CIY>KaT OCHOBOM ISl MOCTPOEHUS
JMCTIOKAIIMOHHBIX MOJIENIE, KOTOpbIE II03BO-
JSIFOT OJJHO3HAYHO ONpENENuTh pabodyro IUIo-
CKOCTb CceiicMopa3phiBa B Pe3y/bTare CUIbHOTO
3emiieTpsiceHus. bmkaimas  permoHajbHas
GNSS (Global Navigation Satellite System)
CTaHIMsA HenpepbBHOM peructpaunn PARM
pacrnionoxeHa B I. CeBepo-Kypuibck Ha paccTost-
Hur 220 KM K CEBEPO-BOCTOKY OT anuieHTpa [1a-
pamyIiupckoro 3emierpsicenusi. Perucrpanus
JTAHHBIX HAa CTAHIIMM OCYILECTBIsIETCS 24-9aco-
BBIMM CYTOYHBIMHM cecCHsIMH C 30-CeKyHIHON
JTUCKPETHOCTHI0. OOpaboTKa TAaHHBIX BBITIOIHS-
€TCs C UCIIOJIb30BaHUEM MPOrPAMMHOT0 o0ecre-
yenus Bernese 5.2 [Dach et al., 2015]. Ilpu sTom
WCHOJIB3YIOTCS (PUHAIBbHBIE OPOUTHI CITyTHUKOB,
npeacrasneHHbie  [GS  (International GNSS
Service), mapamMeTpsl OpPUEHTALMK BPALICHHS
3emimu IERS (International Earth Rotation and
Reference Systems Service), TaGmuirs! ha30BBIX
LEHTPOB aHTEeHH, napameTrpoB ConHua u JIyHsl
U IpyTve MaTepHuaibl, peKOMEH/10BaHHbIe Mex-
nyHaporHoit GNSS-ciy:x60i1.

JInst BBISIBIEHUSA KOCEMCMHYECKUX CMENIe-
HUH MOCTPOEH rpaduK CyTOYHON MTOBTOPSEMO-
cTu n3MepeHui Ha craniuu PARM, oxBaTeiBa-
ot 10 cyTok 10 u nocne [lapamymmpckoro
3emuieTpsicenust (puc. 7). B kauectBe omop-
HbIX ((UKCUPOBAaHHBIX) B 00pabOTKY BKIIIO-
yeHbl ynaneHHble ctaHuuu 1GS-cetu MAGO
(r. Maragan), PETS (r. IlerponaBnoBck-Kam-
yarckuif) U YSSK (r. FOxHo-CaxanuHck).
AnpropHasi TO4HOCTh CYTOYHBIX PEIIEHUM, OC-
HOBaHHasi Ha TOYHOCTHU opOUTOrpaduu CIyT-
HUKOB, BO3MO)KHBIX OIIMOKax HOHOC(hEpHOU 1
TporiochepHON 3aAepiKEK MPOXOKIACHUSI CHT-
HaJla, cocTaBisieT 4—6 MM i1 TOPU30HTAIb-
HBIX KOMIOHEHT U 12—13 1151 BEpTUKAIBHOM.

JlesATensHOCTh aKTUBHOTO ByJKaHa DOEKO
(axcruio3uBHOE U3Bepkenue ¢ 2016 r. [[lerte-
peB, Uubucona, 2020]), Haxoxsimerocs B 7 kKM
ot cranimmu PARM, oka3pIBaeT BIHMSHUE Ha
pesyabratel  GNSS-uszmepenuit.  [loatomy
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Puc. 7. Bpemennsie cepum xoopauHar GNSS-cTaHImm
PARM (r. Cesepo-Kypuneck) ¢ 14 mapra mo 4 ampens
2020 . mo 'puHBHYCKOMY BpeMeHH. ATIpHOpHAs OIIEHKa
TOYHOCTH CYTOYHBIX DPEIICHHWH ITOKa3aHa BEPTHKAIbHBIMHU
JUHHUAMU BBEPX—BHU3 OT Kaxknod Touku. Cepoll BepTH-
KaJbHOH JMHHUEH 0003HaveHa J1aTa TaBHoro Tomuka [lapa-
MYIIHPCKOTO 3eMJICTPSICEHUSI.

KOCEMCMHUYECKOE CMEIIEHHE Ha CTaHIUHA ObLIO
ONpeIETICHO KaK pa3HOCTh cpemaHux 3a 10 cyTok
KOOpAMHAT /10 U TTocie 3emiieTpsicenus. [1o kommo-
HEHTaM OHO cocTaBujo: 6.4 MM Ha 1oL, 5.6 MM Ha
BOCTOK U 4.8 MM OIyCKaHuUe.

OLleHKH KOCEMMHYECKHX CMEIIEHUI Ha OcC-
HOBE JHCIIOKAIMOHHBIX Mozeneh [Okama, 1985]
C TMapaMeTpaMHd MEXaHHW3MOB ouara IO JaH-
HBIM Pa3JIMYHBIX CEHCMOJOTHYECKUX IIEHTPOB
(Tabnuia), TMOKa3bIBAIOT, YTO OJHO3HAYHO BHI-
JIENUTh pabo4yyl0 IUIOCKOCTh CelcMOpa3phiBa
[TapaMymIMpCKOTroO 3eMIIETPSICEHUSI HE MPEACTaB-
JIIETCS BO3MOXKHBIM. MoIenn 11l 00enX HOOAlIb-
HBIX IJIOCKOCTEH CEeBEpO-3aMaJHOro M FOro-BOC-
TOYHOTO IAJICHHS odyara JaroT CXO0)KHUE BEIWUYMHBI
KOCEMCMUYECKNX CMeIeHNH Ha cTaHnu PARM.
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3aKkJoueHmne

[Tapamymmpckoe 3emnerpsicenne 25.03.2020 .
MW= 7.5, npousouieiiee B nmorpysxaroueiics Tu-
XOOKEaHCKOH JUTOC(HEepHO IMTe Ha IIIyOuHe
OKOJIO 55 KM, SBJIIETCS BECbMa PEIKUM BHELIHUM
ceiicMuueckuM coobiTeM. HecMoTps Ha 10BOJIBHO
BBICOKHUH ypOBEHb CEUCMUYECKOW AaKTUBHOCTH
ceBepHoro (anra Kypunbckoii 30HbI cyOayKIuu,
3eMJIeTpsICEHHE ABIsieTcs cubHemuM ¢ 1900 .
CEHCMUYECKUM COOBITHEM /ISl BHEITHEH OTHOCH-
TEJIBHO 5ke7100a 00JaCTH MPOTSKEHHOCTHIO OKOJIO
800 xM. OHO OKa3aI0Ch CaMbIM CUJIBHEIM U 1A
IIPWJIETAIOILIETO K SMULEHTPY TPEXCOTKUIOMETPO-
BOIO y4YacTKa 30HbI CyOnykuuu. EnmHCTBEHHOE
COIIOCTaBUMOE IO CHJIE CEHCMUYECKOe COOBITHE
M = 7.3 npousouuio B 3ToM paiione B 1916 1. ce-
BEpHEE SIULEHTPAIBHOM 00NacTH HACTOSILErO
3eMJIETPSICEHHUS.

OuaroBast 30Ha 3emieTpsiceHus 95 x 50 kM BbI-
TAHYTa BJI0JIb BHELIHETO CKJIOHA INTyOOKOBOJHOIO
&Keso0a. DIUIEHTP IIaBHOIO TOJIYKAa MPUYpPOUYEH
K IOKHOMY Kpaw oOnaka adTepliokoB, KOTOpPbIE
JIOKAJIM30BaHbl B HMHTepBasie IIyOMH 15-53 kM.
AHanu3 pa3BUTUS CEHCMHUYECKOTO NPOLIECCA BbIA-
BWJI Ie(UIUAT CHITBHBIX COOBITHI B a) TEPILIOKOBOMA
MIOCJIEIOBATENIbHOCTHY (KyMYJISITUBHAS SHEPTUs ad-
TEpIIOKOB B ~2 - 10° pa3a MeHbIIIE SHEPIUU IIaB-
HOTO COOBITHSI) U OBICTPOE €ro CrajaHue ¢ nepe-
X070M B (pOHOBBIN pexxuM Ha 20-e CyTKH Mmocie
IJIaBHOTO TOJTYKA.

Pemiennss MexaHusma odara 3eMIICTPACEHUS
10 JIaHHBIM Pa3JINYHbIX CEHCMOJIOIMYECKUX LICH-
TPOB CXOKH. B odare peann3oBaaych HapsHKEHUS
CyOrOpH30HTAILHOTO C)KaTWsl, OPUCHTUPOBAHHbIC
o HartpasieHuto C3—HOB. Tun nonBrxKu —B30poc
0 00eUM BO3MOXHBIM IIJIOCKOCTSIM celcMopas-
pBIBA C UX NPOCTUPAHUEM BKPECT TEKTOHUYECKHUX
crpyktyp Kypuno-Kamuarckoit ceiicModoxkaib-
HOW 30HBI. AHaJIM3 NPOCTPAHCTBEHHOIO pacipe-
neneHust ahTepiokoB U KOCEHCMUYECKUX CMellle-
HU HE O3B0 OJHO3HAYHO BBLAEIUTH PA00UYIO
IUIOCKOCTBD MOJIBUXKKH B OUare.

BHemHsAs BHYTPUIUINTOBAs CEHCMHUYHOCTD,
uMesT  NPOCTPAHCTBEHHO-BPEMEHHYIO  CBS3b
C KPYIHBIMU MEXIUTUTOBBIMU 3€MJIETPSICEHUSIMH,
MOJKET SABJIATHCS TONOIHUTEIbHBIM HHAUKATOPOM
HaIpsKEHHOTO COCTOSIHUS 00JIaCTU KOHTAKTA JIU-
TOC(epHBIX IUIUT. AHAJIU3 COBPEMEHHON reonu-
HaMU4eCKON 00CTaHOBKHU ceBepHOro yuactka Ky-
PHIIbCKO 30HBI CyOAYKIIMU U OLIEHKA BIUSHUS Ha
Hee [lapamympekoro 3emnerpsicerust My, = 7.5
ABJIIETCS 3aJauell NaJbHENIINX UCCIEN0BaHUM.
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TRANSLATION

The March 25, 2020 M, 7.5 Paramushir earthquake

Alexander S. Prytkov*, Nikolay F. Vasilenko

Institute of Marine Geology and Geophysics, FEB RAS, Yuzhno-Sakhalinsk, Russia
*E-mail: a.prytkov@imgg.ru

Abstract. The strong earthquake with moment magnitude M, = 7.5 occurred on March 25, 2020, in the
North Kurils to the southeast of the Paramushir Island. The hypocenter of the earthquake was located under
the oceanic rise of deep-sea trench in the subducting Pacific lithospheric plate. This earthquake has been the
strongest seismic event since 1900 for an area about 800 km long of the outer rise of the trench. It also was
the strongest earthquake for the 300-kilometer long area of the Kuril-Kamchatka subduction zone adjacent
to the epicenter. The article summarizes the data on the Paramushir earthquake. Tectonic position of the
earthquake, source parameters, features of the aftershock process development, as well as coseismic dis-
placement of the nearest continuous GNSS station are considered. The performed analysis did not allow us
to clearly determine the rupture plane in the source. Nevertheless, the study of the features of the outer-rise
earthquake is a matter of scientific interest, since the stress state of the bending area of the subducting Pacific
lithospheric plate reflects the interplate interaction in the subduction zone.

Keywords: North Kurils, Paramushir earthquake, aftershocks, focal mechanism, coseismic displacements
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Introduction

On March 25, 2020, at 02:49 GMT in the
north of the Kuril island arc, about 200 km south-
east of the Paramushir Island an earthquake with
a moment magnitude M = 7.5 occurred (Fig. 1).
According to the data of the Sakhalin and Kam-
chatka branches of the Federal Research Center
“Geophysical Survey of the Russian Academy of
Sciences” (SB FRC GS RAS and KB FRC GS
RAS), its macroseismic effect in Severo-Kurilsk
reached 56 points on the MSK-64 scale. In the
settlements of the Kamchatka Peninsula closest to
the epicenter, tremors were felt with an intensity
of 4-5 points. The earthquake caused a tsunami,
the visually determined wave height of which on
the Paramushir Island coast was about 0.5 m [Ko-
rolev, Korolev, 2020]. In accordance with the geo-
graphic location of the source, this seismic event
is called the Paramushir earthquake in this work.
The used below term “outer” refers to the outer
rise of the Pacific Ocean Trench.

The March 25, 2020 Paramushir earthquake
occurred in the subducting Pacific lithospheric

Acknowledgements

The authors are grateful to Dmitry Safonov for the
provided materials of determining of the Paramushir
earthquake moment tensor.

plate. It refers to strong and rare outer seismic
events in the Kuril-Kamchatka subduction zone.
According to the USGS data, this earthquake is
the strongest since 1900 on the adjacent outer rise
of a deep-sea trench about 800 km long, and also
the strongest for the 300-kilometer area of the
Kuril arc.

The analysis of outer seismicity is of scientific
interest, since the stress state of the bending area
of the subducting Pacific lithospheric plate re-
flects interplate interaction in the subduction zone
[Christensen et al., 1988]. For this purpose, the
work generalizes and analyzes data on the M, 7.5
outer-rise Paramushir earthquake.

Tectonic position and source parameters
of the earthquake

The interaction of the Pacific and North Amer-
ican lithospheric plates is reflected in the features
of the spatial distribution of earthquake sources
(Fig. 1). The epicenters of most seismic events, in-
cluding the strongest ones with M > §, are located
between the island arc and the axis of the deep-sea

' FRC GS RAS — URL: http://www.ceme.gsras.ru/new/struct (accessed 16.01.2021).
2 USGS — The United States Geological Survey. URL: https://earthquake.usgs.gov/ (accessed 15.01.2021).
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trench and belong to the region of interplate contact
of lithospheric plates (type A). The stresses in the
sources of such earthquakes are principally orient-
ed in the horizontal direction perpendicular to the
island arc and are classified as overthrust and thrust
faults according to the type of seismic dislocations.

The intraplate seismicity of the subduction
zone (type B) clearly marks a seismic focal zone
about 70 km thick, which falls under the islands
[Tarakanov, Andreeva, 2012]. By the type of seis-
mic dislocations, seismic events are normal faults
or thrust faults depending on if they occur in the
lower part of the subducting Pacific plate under
tension, or in the upper, compressed part [Safonov
et al., 2015].

Seismic events occurring in the zone external
to the trench (type C) are spatially located in the

oceanic rise of the deep-sea trench and eastward
of it. Strong (including tsunamigenic) intraplate
earthquakes with the seismic dislocations of normal
fault type are possible here [Tikhonov et al., 2008].
The likely cause of such earthquakes is the bend-
ing of the upper elastic part of the subducting plate
[Safonov et al., 2015]. However, there are frequent
cases of occurrence in this area of earthquakes with
thrust faults in the sources, which reflects the state
of compression of the fore-trench area.

Since 1964, only two outer-rise earthquakes
with magnitudes M > 7.0 have been recorded in
the Kuril-Kamchatka subduction zone (Fig. 1).
The strongest of them was the second seismic event
on January 13, 2007, with M, = 8.1 of Simushir
earthquake doublet of 2006-2007, which occurred
at a depth of 10 km under extension settings.

Figure 1. Map of earthquake epicenters of the Kuril-Kamchatka region with M > 7.0 for the period
of 1900-2020 according to USGS (https://earthquake.usgs.gov/). (a) — the epicenters and focal mechanisms
of the Paramushir earthquake according to the seismological agencies (Table); (b) — schematic model of the
subduction zone. A, B, C — types of seismic events in the subduction zone.
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In terms of seismic dislocations, it qualifies as a
normal fault resulting from the stress relaxation
process in the subduction zone after the Novem-
ber 15, 2006 M, 8.3 earthquake [Steblov et al.,
2008; Ammon et al., 2008]. In 2009, an earthquake
with M, = 7.4 occurred northeast of the Simushir
earthquakes at a depth of 45 km under compres-
sional settings. The analysis carried out in [Ye et
al., 2021] showed this event not to be associated
with the processes of contact of lithospheric plates
in the subduction zone and be an aftershock of the
January 13, 2007 M, 8.1 Simushir earthquake, al-
though it occurred in a compressional settings and
had a thrust movement in the source.

The Paramushir earthquake was promptly pro-
cessed by the regional centers and world seismo-
logical agencies (Table; Fig. 1). Discrepancies in
the setting of epicenter coordinates using the data
of seismological agencies working with various
instrumental observation networks and informa-
tion processing techniques are insignificant. From
the position of the earthquake hypocenter, we can
confidently conclude that this event took place in
the outer zone at a depth of ~ 55 km under the
oceanic rise in the subducting Pacific plate.

Earthquake focal mechanism solutions are
quite similar (table). Only the regional determina-
tions by the KB FRC GS RAS [Catalogue of earth-
quake...] and the IMGG FEB RAS differ somewhat
from the results of international agencies, which

can arise from different number of seismic stations
used for calculations and their geographic location.
The compression axis is subhorizontal and oriented
in the NW-SE direction, and the extension one is
subvertical, for all the solutions obtained. The type
of displacement along the both planes of the seis-
mic rupture is a pure thrust fault (or a thrust fault
with an insignificant shift component). The strike
of the nodal planes of the source practically coin-
cides with the strike of the deep-sea trench.

Aftershock process

The aftershock process in the source zone of
the Paramushir earthquake is analyzed according
to the data of the KB FRC GS RAS [Earthquakes
catalogue...]. After the main shock with M, = 7.7
the regional stations recorded more than 120 seis-
mic events during the first day; for March — De-
cember 2020 about 400 aftershocks were record-
ed, 3 of which had a magnitude M, > 5.5 (Fig. 2).

The aftershocks spatial distribution made it
possible to delineate the epicentral area of the
earthquake. It is about 50 km wide and extends
in the NE-SW direction along the deep-sea
trench for 95 km (Fig. 2). The linear dimensions
of the source zone satisfy empirical estimators
(85x41 km) for intraplate M, = 7.5 earthquakes
(M, ~ 2 - 10* Nm) [Blaser et al., 2010; Skarla-
toudis et al., 2016]. The main shock epicenter is
confined to the southern edge of the aftershock

Table. The main parameters of the Paramushir earthquake according to the data of regional centers

and international seismological agencies

Coordinates of the
. . Nodal planes
Source epicenter Depth, km | Magnitude
°N °E Strike (°) Dip (°) Rake (°)
IMGG FEB RAS 48.99 157.69 (32) M, =71
223/69 37/56 69/105
SB FRC GS RAS 48.88 157.80 72 M, =75
KB FRC GS RAS 49.11 158.08 48 BI\ZIILZ ;Z 240/39 72/19 97/70
=7
57.8 M, =175
USGS 48.964 157.696 1) mb=71 201/23 47/43 88/92
M. =75
GCMT 49.11 157.87 (52.6) s_ 194/32 48/43 78/103
M, =7.5
GFzZ 48.89 157.74 o1 M, =74 199/28 46/43 84/96
(43) v
GEOSCOPE Observatory 48.986 157.693 (45) M, =75 203/30 51/39 86/95

Note. The depth of model centroid is given in parenthesis. M, — moment magnitude, M, ,, — local surface wave magnitude, M, — local
magnitude obtained through recalculating from the energy class using the nomogram by S.A. Fedotov, M. — spectral coda magnitude,
M — surface wave magnitude, mb — body wave magnitude. IMGG FEB RAS — The Institute of Marine Geology and Geophysics of the
Far Eastern Branch of the Russian Academy of Sciences; SB FRC UGS RAS — http://www.ceme.gsras.ru/new/struct; KB FRC GS RAS —
http://sdis.emsd.ru/info/earthquakes/catalogue.php; USGS — https://earthquake.usgs.gov/; GCMT — Global Centroid Moment Tensor,
https://www.globalecmt.org; GFZ — Global Centroid Moment Tensor, https://www.globalcmt.org; Geoscope Observatory — French Global

Network of broad band seismic, http://geoscope.ipgp.fr.
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cloud, which are localized in the depth interval
of 15-53 km. The aftershocks spatial distribu-
tion over the depth (cross section across the strike
of the deep-sea trench along the AA' line) does not
give a visual representation of the possible work-
ing plane of the seismic rupture dip.

The first strong aftershock with M, = 5.7
was recorded on March 25 at a depth of ~50 km.
An aftershock with M, = 5.5 (M, = 5.1) occurred
on April 7, at the same depth, and a seismic event
with M, = 5.9 (M,, = 5.1) occurred on June 14,
at a depth of ~30 km. The difference between the

Figure 2. Map of the Paramushir earthquake aftershocks by KB FRC GS RAS
[Earthquakes Catalogue...]. The horizontal coseismic displacement of the GNSS
station PARM is shown with a black arrow, the vertical displacement is shown
with a blue one. The inset shows a cross section of the aftershock area along the

line AA’. The main shock is marked with an asterisk.

Figure 3. Time dependence and the graph of the aftershock cumulative energy of
the Paramushir earthquake for the period of 25.03.2020 — 31.12.2020.

FEOCUCTEMBI MEPEXOAQHbIX 30H
2021, 5 (2)

magnitudes of the main event and the strongest
aftershock for M, is 1.8, and for M, — 2.4. Ac-
cording to Bath’s empirical law, this difference
should be within the range of 0.6—1.7 [Bath, 1965;
Shcherbakov, Turcotte, 2004]. Consequently, the
expected magnitude M, of'the strongest aftershock
should be 6.0-7.1, and M, — 5.8-6.9. This feature
indicates the presence of strong events deficiency
in the aftershock process. The time dependence
and graph of the aftershock cumulative energy af-
ter the main shock until the end of 2020 are shown
in Fig. 3. The low level of the aftershock cumu-
lative energy XE (3.0 - 101 J),
the value of which is 2.1 - 103
times less than the energy of the
main event (6.3 - 10'¢J), also in-
dicates a seismicity deficiency.

The  aftershocks  recur-
rence graph of the Paramushir
earthquake is shown in Fig. 4.
The representativeness degree
of the catalogue by magnitude
M, is ~ 3.6. The linear charac-
ter of the graph remains for the
range of magnitudes 3.6-4.4. Its
slope b = 1.08 + 0.10 (correla-
tion coefficient R = 0.97 & 0.09)
corresponds to the average for
the Kuril-Okhotsk region, the
ten-year value of which » = 1.0
[Safonov etal., 2020], and is also
close to the long-term average
for the “Pacific Ocean” seismici-
ty zone of the Kamchatka region
and adjacent regions [Levina et
al., 2013]. The aftershocks num-
ber within the range of 4.5-4.7
is much lower than one would
expect based on the distribution
of weaker earthquakes.

The decrease in the number
of earthquakes with time after
the main shock gives an idea of
the nature of the seismic process
development. According to the
Omori empirical law [Omori,
1894], the aftershock process
(Fig. 5) developed during the
first two weeks in accordance
with the index p =—-1.28 £ 0.18,
which corresponds to the world-
wide average value of seismic
activity decay with time in the
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earthquakes’ sources. A slight activation on
the 45" days brought to a decrease in seis-
mic activity on the 7" day. The seismicity
decay is displayed on the cumulative graph
of the earthquakes number (Fig. 6), where
the aftershock sequence decreasing in time
according to the hyperbolic law passes
into a new mode. On the 20" day (April
15, 2020) after the main shock, this mode
came close to linear one, which may indi-
cate the transition of the seismic process to
the background stage. It is noteworthy that
the aftershocks of April 7, 2020, M, = 5.5
and June 14, 2020, M, = 5.9 did not cause
any additional activation of the process de-
caying with time.

Coseismic displacement
of the PARM GNSS-station

Coseismic displacements of the earth’s
surface serve as a basis for constructing
dislocation models, which make it pos-
sible to uniquely determine the working
plane of a seismic rupture as a result of
a strong earthquake. The nearest regional
GNSS (Global Navigation Satellite Sys-
tem) station of continuous recording
PARM is located in the Severo-Kurilsk
city and is 220 km northeast of the Para-
mushir earthquake epicenter. Data record
at the station is made by 24-hour daily ses-
sions with 30-second discreteness. Data
processing is performed using the Bernese
5.2 software [Dach et al., 2015]. In this
case, the final satellite orbits provided by
the IGS (International GNSS Service),
the parameters of the orientation of the
Earth rotation IERS (International Earth
Rotation and Reference Systems Service),
tables of the antenna phase centers, the
parameters of the Sun and the Moon, and
other materials recommended by the Inter-
national GNSS Service are used.

To identify coseismic displacements, a
graph of daily repeatability of measurements
at the PARM station, covering 10 days be-
fore and after the Paramushir earthquake,
was built (Fig. 7). Remote stations of the
IGS network MAGO (Magadan), PETS
(Petropavlovsk-Kamchatsky) and YSSK
(Yuzhno-Sakhalinsk) were included in the
processing as reference (fixed) stations.
The a priori accuracy of daily solutions
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Figure 4. The aftershocks recurrence graph of the Paramushir earth-
quake. Origin time of the main shock is taken as the reference point.
The approximation of the linear part of the graph is represented with
a solid line.

Figure 5. Graph of the aftershock process decay within two weeks
after the Paramushir earthquake.

Figure 6. Cumulative graph of the aftershocks number of the Para-
mushir earthquake. The vertical dashed line shows the time of the
change in aftershock mode.
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based on the accuracy of satellite orbitography,
possible errors in ionospheric and tropospheric sig-
nal propagation delays is 4-6 mm for horizontal
components and 12—13 mm for vertical one.
Activity of the Ebeko active volcano (explo-
sive eruption since 2016 [Degterev, Chibisova,
2020]), located 7 km from the PARM station, af-
fects the results of GNSS measurements. There-
fore, the coseismic displacement at the station was
determined as the difference between the average
coordinates for 10 days before and after the earth-
quake. By the components it was: 6.4 mm to the
south, 5.6 mm to the east, and 4.8 mm descending.
Estimates of coseimic displacements based
on dislocation models [Okada, 1985] with the
parameters of the focal mechanisms according
to the data of various seismological centers (ta-

Figure 7. Coordinate time series of the PARM GNSS-sta-
tion (Severo-Kurilsk city) from March 14 to April 4, 2020,
GMT. A priori estimation of the daily solutions accuracy is
shown with vertical lines up and down from each point. The
gray vertical line indicates the date of the main shock of the
Paramushir earthquake.
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ble) show that it is not possible to uniquely iden-
tify the working plane of the seismic rupture of
the Paramushir earthquake. The models for both
nodal planes of the northwest and southeast dip
of the source provide similar values of coseismic
displacements at the PARM station.

Conclusion

The March 25, 2020 M, 7.5 Paramushir
earthquake, which occurred in the subducting Pa-
cific lithospheric plate at a depth of about 55 km,
is a very rare outer seismic event. Despite the
rather high level of seismic activity in the north-
ern flank of the Kuril subduction zone, this earth-
quake is the strongest seismic event since 1900 for
an area about 800 km long external to the trench.
It appeared to be the strongest for the 300-kilom-
eter section of the subduction zone adjacent to the
epicenter. The only seismic event of comparable
strength with M = 7.3 have occurred in this area
in 1916 to the north of the epicentral area of the
present earthquake.

The focal zone of the 95 x 50 km earthquake
is extended along the outer rise of the deep-sea
trench. The main shock epicenter is confined to the
southern edge of the aftershock cloud, which are
localized in the depth interval of 15-53 km. Analy-
sis of the seismic process development revealed a
deficit of strong events in the aftershock sequence
(the cumulative energy of aftershocks is ~ 2 - 10°
times less than the energy of the main event) and
its rapid decay with a transition to the background
mode on the 20™ day after the main shock.

Earthquake focal mechanism solutions ac-
cording to the data of various seismological cent-
ers are quite similar. Subhorizontal compression
stresses, oriented in the NW-SE direction, were
realized in the source. Displacement type is a
thrust fault along both possible planes of seismic
rupture with their strike across the tectonic struc-
tures of the Kuril-Kamchatka seismic focal zone.
Analysis of the spatial distribution of aftershocks
and coseismic displacements did not make it pos-
sible to uniquely identify the working plane of the
displacement in the source.

Outer intraplate seismicity, having a spati-
otemporal connection with large interplate earth-
quakes, can be an additional indicator of the stress
state of the contact area of lithospheric plates. The
task of further research is the analysis of the cur-
rent geodynamic setting of the northern part of the
Kuril subduction zone and impact assessment of

the M, 7.5 Paramushir earthquake on it.
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