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Pe3tome. B pabote nprBeneHb! pe3ynbTaThl MOHUTOPUHTA 00bEMHON aKTUBHOCTH MOAIIOYBEHHOTO Pao-
Ha B TEH30YyBCTBUTEIBHOMN Touke onopHoro nmyHkra «llaparynka» (PRTR) 3a 20002020 rr. Omanaru-
OHHBIE HAOIIOEHNS B JAHHOM TOYKE BEAYTCS C IIEIBI0 TIOMCKA MPEIBECTHUKOB CHIIBHBIX 3€MIIETPSICEHUN
B BapHalMsIX MOANOYBEHHOro pasoHa. IloaroToBka 3emierpsicennii ceBepo-3amnagHoro oopamienus Tu-
X0ro okeana ¢ nyouHoii ogara H <200 km u M > 7.5, a B HEKOTOPBIX CITydasX U MEHbIIEH MATHUTY/IBI,
npousomeAmux Ha paccrosausx a0 1000 kv ot PRTR, HaxomuT oTpakeHue B AMHAMHUKE OOBEMHOM
aktuBHOCTHU pasoHa (OA Rn) B Buie TPEHIOB UIMTEIHLHOCTRIO OT 8 Mec. 110 3 neT. [loBeneHne muHaMUKH
OA Rn B mocneinue 5 €T yKasbIBacT HA BOSMOXKHOE 3emneTpsicenue ¢ M| >7.5 B akBaropun Tuxoro
OKeaHa BOJM3M BOCTOYHOTO moOepesxns m-oBa Kamuarka, kotopoe Moxet npousoitu 1o 01.02.2021 .
OTOT BBIBOJI COMNIACYETCs C AOJTOCPOYHBIM ceficMuueckuM mporuo3oM s Kypuno-Kamuarckoii ceiic-
MOTCHHOH 30HBI, clieiaHHbid B paborax C.A. @enorora ¢ A.B. Comomaruasim [2017, 2019], cortacHo
KOTOPOMY HanboIiee BhICOKAsk BEPOSATHOCT 3emieTpsicenns ¢ M > 7.7 npuxonures Ha ABa4MHCKHH 3a-
JUB ¥ 10kHy10 Kamuarky.
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Abstract. The paper presents the results of the volume activity monitoring of subsoil radon at the strain-
sensitive point of the Paratunka control station (PRTR) for 2000-2020. Emanation observations are
carried out at this point in order to search for precursors of strong earthquakes in subsoil radon variations.
The preparation of earthquakes at the northwestern framing of the Pacific Ocean with a source depth
H<200kmand M _>7.5,and of alower magnitude in some cases, which have occurred at the distances up
to 1000 km from PRTR is reflected in the dynamics of radon volume activity (RVA) in the form of trends
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LonroBPEMEHHBIE TPEH[bI MO[MOYBEHHOIO PAJOHA HA KAMYATKE KAK MHAWKATOPbI IO4IrOTOBKN 3EMJIETPSICEHUN

earthquake

DuHAHCHPOBaHHE

lasting from 8 months to 3 years. The behavior of RVA dynamics in the last 5 years points to a possible
earthquake with M > 7.5 in the Pacific Ocean in the vicinity of the eastern coast of the Kamchatka
Peninsula, which may occur before February 1, 2021. This conclusion is consistent with a long-term
seismic forecast for the Kuril-Kamchatka seismogenic zone, made in the works of S.A. Fedotov and
A.V. Solomatin [2017, 2019], according to which the highest probability of an earthquake with
M_ >7.7 falls on the Avacha Bay and Southern Kamchatka.

Keywords: Kamchatka Peninsula, subsoil radon, moisture saturation zone, long-term trends, precursor,

Paboma evinonnena npu uacmuunot gpunancosoti noodepxcke Poccuiickoeo ¢ponoa ¢pynoamen-

manvhwix uccaiedosanuti (epanm Ne 20-05-00493).

BBenenue

Pamon (**Rn), 0Opa3yromiuiicss B pe3yabrare
pacmaja pajaus U JOCTYIHBIN sl HEPEepPhIBHON
pErUcTpalyy B BO3IyXe MOAMOYB, OUYEHb UYB-
CTBUTEJICH K W3MEHEHHUSM T€OINHAMUYECKOTO
COCTOSTHUSI Cpe/bl. DTO IMO3BOJISIET PacCMaTpH-
BaThb €0 B KaueCTBE WHIMKATOpa W3MEHEHUM
CTPYKTYpBl HCCIEIyeMOrO YydYacTKa 3EeMHOMI
KOpBI, TIOPUCTOCTH, MPOHHUIIAEMOCTH KAHAJIOB
MUTPAIIH Ta3a, a TaKkKe KaK OTKIIMK TeOCPEIbl
Ha BHEIIHUE Bo3aeicTBus [AnymikuH, CUBaK,
2014; Pynaxos, 2009].

AHOManmuMu B TOJE paJoHa, KaK BECTHUK
MPHOTIKAIONIETOCS  3€MJICTPSCCHUS, IIIHPO-
KO HCCJIEIOBAJIUCh B TOCIEAHHUE JECATUIICTHUS.
C 1uenpio MoucKa MpeaBEeCTHUKOB CUIIbHBIX 3EM-
JIETPACEHUN BO MHOTUX CEMICMOAKTUBHBIX PETH-
oHax mupa ¢ 1980-x rogoB Bemack perucrpanus
obveMHol aktuBHOCTH pagoHa (OA Rn), pac-
TBOPEHHOTO B BOJIE U B BO3Ayxe moAmous. CBe-
neHus 00 HH(HOPMATUBHOCTH PaJOHOBOTO METO-
Jla JUIS TIOUCKA MPEABSCTHUKOB 3eMJICTPSICCHUN
MOXXKHO HaWTH B 0030pHBIX pabortax [Cicerone
et al., 2009; Petraki et al., 2015; Giuseppina,
Morelli, 2012; ®upcros, Makapos, 2015].

KparkocpodHble TPEABECTHUKU 3eMIICTPS-
CeHu# ¢ mMarHutyaou M > 4.5 B mosie moamno-
YBEHHOTO paJloHa C BpPEMEHEM YIPEKICHUS
10 15 cyT ObUIH 3aperucTPUPOBAHBI BO MHOTHX
pailfonax mupa [Inan et al., 2008; Baykara et al.,
2009; ®upcroB, Maxkapos, 2018; buproaun
u ap., 2019]. B aunamuky nosst HoAm04YBEHHOTO
pajioHa CyIIECTBCHHBIN BKJIaJ BHOCAT METEOPO-
JIOTUYECKUE BEIMUUHBI (TEMIIEpaTypa BO3IAyXa,
arMocdepHoe naBieHue, ocanaku). OHH 00y-
CJIOBJIMBAIOT 3HAUUTENBbHYIO 3alIyMJICHHOCTh
(the noise component) UCXOQHBIX JAHHBIX, 3a-
TPYIHSIONIYIO BBIICICHUE IPEIBECTHUKOBBIX

aHOMaJIMA. DTO 3aCTaBIIACT MPUMEHSTH CIEIU-
aJbHbIE METO/IbI BBIJEIECHUS MPEIBECTHUKOBBIX
anoManwuii [Giuseppina, Morelli, 2012; Piersanti
et al., 2016; ®upctoB u np., 2018; Iwata et al.,
2018; ITaposuk, 2014].

B nuteparype cpaBHHUTENBHO PEIKO BCTpe-
YalOTCsS OINUCAaHUS CPEJHECPOUYHBIX U JOJITO-
CPOYHBIX MPEBECTHUKOB CUIILHBIX 3eMJIETpsiCe-
HUH B TI0JIE€ TOATIOYBEHHOTO pajioHa. AHOMAaJIUU
B BUJIE JUIUTEIbHBIX TPEHJIOB MEPE/ CHIbHBIMU
3eMIIETPSCEHUSIMA OTMEUEHBI JUIsl HEKOTOPBIX
CUJIbHBIX 3emieTrpsiceHud Anonuun. Ilepen pas-
pyHIUTENbHBIM 3emiieTpsiceaneM Mn3y-Ocuma
(Izu Oshima) 14.01.1978 r. ¢ M = 7.0 na pac-
ctosiHuM 30 KM OT SIIULEHTPA B TeueHue 2.5 mec.
HaO0JI01a1ach aHOMAJIHST KOHIIEHTPAIUU MO0~
YBEHHOTO Rn, CHHXpOHHAas C BEPTUKAIbHBIMU
nedopmarusasmMu 3eMHOM moBepxHOCcTH [ Wakita,
1981; Majumdar, 2004]. Ilepen wmeraszemie-
TpsicenueM Toxoky (SAmonms) 11.03.2011 r
¢ M = 9.0 B BOIE apTe3WaHCKOW CKBaKUHBI
3a 4.5 mec. 10 coOwiTst Havasiacs poct OA Rn,
KOTOPBIA MPOJOJIKAJICS W TOCJE 3eMIeTpsice-
Hus. OO11as AIUTENbHOCTh aHOMAJIMK COCTaBU-
na 8 mec. [Tsunomori et al., 2011].

Hao0mronenus 3a nosenenneM OA Rn B Teue-
HUE JUIUTEIBHOTrO nepuoja Ha IleTponaBnoBck-
KamuarckoM reoguHaMU4eCKOM MOJIMTOHE TIO-
3BOJISIIOT YTBEPKJATh O HAJTMYUU OTIPEIETICHHON
cBs3u Mexay OA Rn ¥ CHIIBHBIMM 3eMJIETpsICe-
HUSIMU € MarHuTynou M > 7.5 ceBepo-3amagHo-
ro oopamuienus Tuxoro okeana [Pupctos, 2014;
®upcroB, Makapos, 2018; PupcroB u ap.,
2018]. Ilom ceBepo-3anmagHBIM OOpaMIICHUEM
Tuxoro okeaHa moapasymeBaercs 00NacThb, TIe
IIPOUCXOUT B3aUMOJICHCTBUE TPEX KPYITHENIIINX
Ha 3eMHOM mape Iuit: EBpasuiickoii (EUR),
Tuxookeanckoit (PAC) u CeBepoamepHuKaHCKON
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(NAM) (puc. 1). BzaumonenicTBue 3THUX TIUT
CONPOBOXKIAETCS HMHTEHCUBHBIMU TOPU30H-
TaJbHBIMU JBMKEHUAMHU 0 9 MM/TOJ1, B pe3yIib-
TaTe KOTOPBIX BOZHUKAIOT CUJIBHBIE 3€MJIETPSCE-
Hus ¢ M = 7.5-9 Ha nryOMHax OT HECKOJIBKUX
JI0 COTE€H KWIoMeTpoB. PaccmarpuBaeMsiil paii-
oH BkIro4aeT Aueyrckyro m Kypumno-Kamuar-
CKYI0 CEHICMOTI€HHBIE 30HBI, a TAKKE CEBEPHYIO
yacTh SmoHcKoi 30HHI (puc. 1).

B nanHoit paboTte nosBeAeHBI UTOTHU J1Ba/ILIA-
TUWIETHUX HaOmoneHui 3a noseaenneM OA Rn
B MH(POPMATHUBHOM TOYKE B ONOPHOM ITyHKTE
«ITaparynka». [lo MHEHHIO aBTOpPOB, TUHAMU-
ka OA Rn B 3T0il TOUKE OTpakaeT HAIPSKEH-
HO-J1e()OPMHUPOBAHHOE COCTOSTHUE palioHa 30HbBI
CyOIQyKIIMHU, B KOTOPOM PACHOJIOKEH IMYHKT pe-
TUCTpaIUy.

Anmnaparypa u MeTOAUKa HAOII01eHNH

CeTb MOHUTOpPUHTA MOJIOYBEHHOTO pajlOHA
Ha [leTrponasnoBck-KamuarckoM reonnHammuye-
ckom nosurone (ITKI'TI) Bkirouaer B ceOst mATh
MyHKTOB, OCHAIIEHHBIX KOMIUIEKCAMHU pETH-
CTpalMy MOAMOYBEHHBIX ra30B [Makapos u 1p.,
2012]. B ycrnoBusx HeOOXOAUMOCTU 00eCTIeun-
Barb MOHUTOpUHT OA Rn gnurtenbHOE Bpems
HanOomee HAJECKHBIM U METPOJIOTHYECKHU MPO-
CTBIM OKa3ajiCsi METOJl €€ PEruCTpaluu B BO3-
IyXe TMOAMOYB MO [-U3ITYYEHUIO MPOAYKTOB
pacnaga RaC u RaB ¢ momomibto razopaspsia-
HBIX CYETYMKOB. MHOTOJETHSS PErHCTparus
Rn B moamouyBeHHOM BO3yXe Ha CETU IMMyHKTOB
[TKTTI noka3ana BbICOKYIO SKCILTyaTallMOHHYIO
HaJIe)KHOCTh MPUMEHSAEMOT0 000PYIOBAHHUS.

B onopnom nyskre «Ilaparynka» (PRTR)
(puc. 1) oguH U3 JATYMKOB OBUT yIayHO yCTa-
HOBJICH B 30HE BJIArOHACHILIEHUS C TIOBBI-
LIIEHHOM TEH304yBCTBUTEIBHOCTHIO K H3Me-
HEHUSIM HAPSHKEHHO-1e(hOPMUPOBAHHOTO
COCTOSIHUS Teocpelapl. MexaHu3Mm peakuui
pPa3IUYHBIX TeO(U3UIECKHUX TOJEH, MPOSBIIS-
IOIUKCS TPU Pa3HOOOpa3HBIX BO3MYIIEHUAX
HaMpsKEeHHO-1e(POPMUPOBAHHOTO  COCTOSTHUS
Cpenbl, OMpenensieT TEeH304YBCTBUTEIbLHOCTh
TOM MM MHOM TOuku peructpanuu. Kak mpa-
BHJIO, CTPYKTYpPHOE IMOJIO)KEHHE TEeH304yBCTBHU-
TEIBHBIX 30H CBUACTEIBCTBYET 00 MX MPUHA-
JEKHOCTH K TMOJBM)KHBIM KOHTAKTaM KpPYITHBIX
omoxoB [Kuccun, 2011].

ITyakr PRTR pacnonoxen Ha pedyHOU Tep-
pace pyubs KopkuHa, Tpaccupyrolero cyo6-
LIMPOTHBIA pasnoMm B npenenax [laparyHckoro
rpabeHa ¢ MPUypOUYEHHONH K HEMY OJHOHMMEH-
HOW IeOTepMAIIBHOM CHCTEMOW, M HAXOIUTCS
B 30HE JIMHAMHYECKOIO BIUSHHUS 3TOTO Pas3io-
Ma. Ha paccrosuun ~700 m ot mynkra PRTR
HIDKE 110 TEUYEHUIO Py4bsl HAOIIOMAIOTCA €CTe-
CTBEHHBIE BBIXOJbl TEPMAJIBHBIX BOJ C COJEp-
KaHWeM pacTtBopeHHoro Rn go 1.5 kbx/m’.
[To maHHBIM reopagapHOro MPOPUIMPOBAHUS,
HEIOCPEICTBEHHO M0/ JaTYMKOM HaXOAUTCS
y4yacTok pasymioTHeHusi [®upcroB, Maka-
pos, 2018]. Ha B3misig aBTOpOB, HAJIUUKUE 30HBI
JUHAMUYECKOTO BIIMSHMS pas3ioMa, a TakkKe
ydacTKa pa3ymIoTHEHUs] 00ecrneunBaeT TeH30-
YyBCTBUTEIBHOCTD IAHHOW TOUYKH.

B pab6ore ucnonw3oBansl manasie OA Rn,
MoJIy4eHHble ¢ auckperuszanuedt 30 MuH ¢ aar-
YHMKa Ha IyOuHe ~3.5 M B 30HE BIIarOHACHIIIE-
Hus myHkta PRTR. [{ng MuaMMu3anuu BIusHus
BapHanuii aTMOCc(epHOTo JaBICHUS MCXOAHBIN
BpemeHHOH pan OA Rn nmoaseprasicst 6apokoM-
MEHCAlMK. 3aTeM BBINOJIHAIACH AeIUMalus B
noJycyTodHoMm uHTepBaie. C nensio Guibrpa-
IIAH BEICOKOYACTOTHOM COCTAaBIISIIONIEH ITOCIE-
HUM 3TanoM 00paOOTKH JaHHBIX OBLIO CITIaXKHU-
BaHUE CKOJIB3SIIIMM CPEIHUM B ISATHUCYTOYHOM
okHe [@upctoB, 2014; dupcroB, Makapos,
2018]. 13 nomyuennoro BpeMeHHoro psima OA
Rn ¢ momompio aggutuBHOM Momenu [bokc,
Jlxenkunc, 1974 BpiunTanach ce30HHasi rofo-
Bas COCTaBJIAOIIAsl, OOyCJIOBJICHHAsI CE30HHOMN
Bapualueld Temneparypbl BO3AyXa. XOia MOdy-
YEHHOM KPUBOW COIIOCTABIIUICA C IOCIEN0BA-
TEJLHOCTBIO 3eMIleTpsiceHunii ¢ M > 7.5 ceBepo-
3ara HoM OKpauHbl TUXOT0 OKeaHa.

CuibHbIE 3eMJIEeTPSACEHHS
CEBEPO0-3aMaAHOT0 00paMJIEHHUSI
Tuxoro oxkeana B 2000-2020 rr.

B BBIOOpKY Hambonee CHIIBHBIX 3eMile-
TPSICEHUH  CeBepo-3amajiHoro  oOpamMJyIeHus
Tuxoro okeana 3a mnepuoxg c¢ 01.11.2000 no
01.04.2020 r. O6bu BKIIOYEHBI 13 3emieTps-
cenui ¢ M > 7.5 u na ¢ M < 7.5. Tlapame-
Tphl BBIOPAHHBIX 3E€MJIETPACEHUN Opayuch
u3 karamora NEIC (National Earthquake
Information Center, CIIA, https://www.usgs.
gov/natural-hazards/earthquake-hazards/
national-earthquake-information-center-neic).
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Puc. 1. Kapra smumenTpoB Hambosee CHIBHBIX

3emyIeTpsicenmid ¢ M > 7.5 ceBepo-3amaaHoro 06-

pamnenus Tuxoro okeana 3a 2000-2020 rt. ¢ go-
Oasnenuem JKynanosckoro (M = 7.2) u 3emnerpscenus Yriosoro noauatus (M = 7.3). Crpasa cxemMa pacHoyoxeHus
IIYHKTOB PErvCTpalyy MOANOYBEHHOIO pajioHa Ha n-oBe Kamuarka: 1 — myHkTsI perucrpammu OA Rn (myskr INSR pac-
TMIOJIOKEH B JIPYTOM CTPYKTYPHOM 3JIEMEHTE IT00EpeXbsi ABAaUMHCKOTO 3aJIMBA U B JAHHOM CTaThbe HE PAacCMaTpPHBAETCS);
2 — HanboIee KPyITHBIE pa3ioMbl; 3 — pa3noMsl Broporo nopsaka [[lonpyxenko, 3youn, 1997]. Homepa 3emmerpsicennit
COOTBETCTBYIOT TaOJIHIIE.

Tabruya. Hangoliee cMIIbHbBIE 3eMJIETPSICEHHS CeBEPO-3anaiHOro odpamiieHust Tuxoro okeana
3a nepuoa 01.11.2000-01.04.2020 rr.

Koopaunatst

Ne Jlata Bpewms,

e Hxm | M R, xm | O06acTh SIHUIEHTPA 3€MIICTPSICCHHSI
q4y:MM.CC

w

o°car | A°B.I

25.09.2003 | 19:50:27 41.81 143.91 27 8.3 1640 | SAnonus, o. Xokaiino
2 | 17.11.2003 | 06:43:06 51.15 178.65 33 7.8 1420 | Aneytsl, Kpbicbu ocTpoBa

3 120.04.2006 | 23:52:02 | 6094 | 167.14 | 22 7.6 1035 | Omoropckoe,
ceBep m-oBa Kamuarka

4 15112006 | 11:14:13 | 46.58 | 15327 | 10 | 83 | 800 |Cpemsme Kypum,
5 [13.01.2007 | 04:23:21 | 4623 | 15455 | 10 | 81 | 800 |BOmasm 0. Cumymmp
6 |05.07.2008 | 02:12:04 | 53.88 | 152.89 | 632 | 7.7 | 370 |Oxorckoe mope
7
8
9

11.03.2011 | 05:46:24 38.10 142.85 24 9.0 2050 | Toxoky MerazemiieTpsCeHHE
14.08.2012 | 02:59:38 49.80 145.06 | 583 7.7 980 Oxotckoe Mope

24.05.2013 | 05:44:48 54.89 153.22 | 609 8.3 390 OX0TOMOpPCKOE 3eMIIETpsCEHHE

10| 23.06.2014 | 20:53:09 51.85 178.74 | 109 7.9 1400 | Aneytsl, Kpbicbu ocTpoBa
11]30.01.2016 | 03:25:12 54.01 158.01 177 7.2 110 KymaHoBckoe 3eMIIeTpsiceHHe

121 17.07.2017 | 23:34:13 54.17 168.82 82 7.7 710 bnnxne-AneyTckoe 3emiieTpsiceHre
13123.01.2018 | 9:31:40 56.01 149.17 14 7.9 3350 | Paiion Amsicku

14 | 20.12.2018 | 17:01:55 55.10 164.70 17 7.3 490 3emieTpsiceHrne YTIIOBOTO TOTHITHS

ey Cesepable Kypuisl,
15|25.03.2020 | 2:49:21 48.99 157.69 57 7.5 440 HApOTHE 0-Ba TapamMymIHp

Ilpumeuanue. H — TiyOuna oara, M| — marmutyna, R — paccrosaue ot srunentpa 1o PRTR. Beienensr semnerpscernus Kypuio-
Kamuatckoit ceficMOTeHHOH 30HBI.
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JloronHuTENbHO B BBIOOPKY H3-3a OJINM30CTH
ouara k myHkty PRTR (110 kM) Op110 BKITFOUE-
Ho JKymanoBckoe 3emiierpsicenue 30.01.2016 1.
cM =72wnH=177 xm [Yebpos u ap., 2016],
a TaKKe 3€MJICTPSICEHHE YIIOBOTO NOIHATHS
20.12.2018 . ¢ M, = 7.3 u H = 17 xm B 30H€
cowileHeHus: Kamuarckoro u AneyTckoro okea-
HHUYeCKuX xeno6oB [YeOpor u ap., 2020]. Ila-
paMeTpbl BHIOPAHHBIX 3€MIIETPSICEHUI MTPUBE/IE-
HBl B Tabnuie, a Ha puc. 1 moka3aHa kKapra ux
snuueHTpoB. Kapra moxaroroeineHa Ha OCHOBE
nanHbIXx GoogleMaps, TOIy4eHHBIX U3 OTKpbI-
THIX UCTOYHUKOB, C UCIOJIb30BAHUEM IIPOrpaM-
MbI MapInfo u nudpoBoii TOoocHOBbI MacIITa-
6a 1 :1 000 000.

B nameii Beibopke 9 3emnerpsicennii Kypu-
no0-KaMyarckoil ceicCMOreHHON 30HBL: 6 C IIy-
ounamu H < 180 kM u 3 4ncTO CYOIYKIMOH-
HBIX 3emuieTpsceHus: ¢ H > 500 kM (BbIACIICHBI
KpacHBIM LIBETOM Ha Kapte puc. 1), 4 coObiTus
B AJICyTCKOM CEMICMOTE€HHOM 30HE U 2 B palloHE
SINOHCKHX OCTPOBOB, B TOM YHCJIE Mera3zemiie-
tpsicenre Toxoky ¢ M = 9.0.

JAuHaMMKa MOANMOYBEHHOI0 PaJI0HA
B 30He BJaroHacoiieHus nyHkra PRTR

PaccmorpuM 0coOEHHOCTH AMHAMUKH TIOJI-
MOYBEHHOTO paJioHa OTHOCHTEIIBHO 3eMJIe-
TpsiceHu# Hamiel BbIOOpKH (puc. 2). [lnsa Bce-
ro mnepuoaa HaOMIONEHWH CpeaHee 3HaueHUE
OA Rn cocrasuno 8.21 + 1.07 kbx/M>. Ha stom
¢one B moenennn OA Rn MOXXHO BBIIECTUTH
HECKOJIBKO TpeHA0B, Korga 3HaueHue OA Rn
IJIABHO BO3pacTayio Ha ~33 % c mocienyomum
pe3kuM magenueMm Ha 30 % u Gomee (puc. 2).
JIMUTEeNbHOCTh TakUX MEPUOJOB COCTaBMIIA
oT 8 Mec. 10 3 JeT.

C utona 2003 no nexkadbpp 2005 r. Ha Kpu-
BOil HaOmonancs Tpena I yBennuenus 3Ha4eHUN
OA Rn 10 20 % c nocrnenyrommumM pe3kum Oyx-
TOOOpa3HbIM NajicHueM 3HaueHui Ha 30 % Hibke
HAualbHBIX BeNUYUH. J[TUTENBbHOCTH OYyXTHI
coctaBuia noutu 1.5 rona. Cpasy nocine naje-
Hus 3HadeHuit OA Rn B paitone Kypuno-Kam-
YaTCKOM CEWCMOTE€HHOW 30HBI HAYajCs MEPUO.
CECMHUYECKOM aKTHUBH3AIMH, BKJIFOYAIOIIHI
LIETIOYKY M3 3 3eMJICTPSICEHUN C MAarHUTydaMHu
M =7.6-8.3. Ha ceBepe Kamuarku B Kopsikckom
Haropse 20.04.2006 1. mpouzonuio OI0TopCcKoe
semierpsacenne (Ne 3, cm. tabnuny) ¢ M = 7.6,
a 3arem 15.11.2006 . u 13.01.2007 1. Ha cpen-
Hux Kypunax Bo3nuk aymier CHMYIIHPCKHX

semnietpsicennii ¢ M, =83 mc M = 8.1 (Ne 4,
5, cM. Tabnuily) cooTBeTCTBEeHHO (puc. 1 u 2).

[TonroroBka 3emnerpsicenust 25.09.2003 r.
¢ M = 8.1 BOnm3u 0. XOKKai10 He HalLIa OTpa-
xeHune B OA Rn, onHako nepen merazemierpsice-
auem Toxoky M = 9.0, mpousotenimm B Sro-
Huu 11.03.2011 1. Ha paccrossauu 2100 kM ot
nyHKTa peructparuu (Ne 7 u3 tabnuisl), HabIrO-
nancsi cnabo BeipaxkeHHsId Tpena Il pocra 3Ha-
yeHuit OA Rn, kotopslit Havasncs B mapte 2010 &
u nipopoinkaics 8 mec. 10 Hosiopst 2010 . (puc. 2).

[Toutn Tpu roxa ¢ susaps 2012 r. o ¢es-
pans 2015 r. mabmomancs tpenn III, xorma
OA Rn Bo3pocna Ha 33 % ¢ 7.5 no 10 xbk/m?
(puc. 2). B Teuenue 3Toro neproaa mpou30ILIn
Tpu 3emietpscenus (Ne 8, 9, 10, cm. Tabnuiy),
OTKJIMKA Ha KoTopble B TuHaMmuke OA Rn He oT-
Medasochk. Ha B3 aBTOpOB, 3TO OOBSCHSET-
cst TeM, uto 3emieTpsiceHust Ne 8, 9 — rirybokue
3emsieTpsicenus ¢ H > 500 kM, a 3emierpsiceHue
Ne 10 mpousouuio B AneyTckoi celicMOreHHOM
30HE HA 3HAYUTEIILHOM PACCTOSHUM OT IyHKTa
Haomonenuni (1400 km).

Ucxonst u3 nmoseaenus: tperaa III OA Rn,
aHanornyHoro Tpenay I, Obul chmeman cpen-
HECPOUYHBI TPOTHO3 BO3HUKHOBEHHS B OJH-
JKalllline rofbl OJHOTO WM CEPUM CHIIBHBIX
3eMIIeTpsICCHUI Ha rryomHax 70 70 KM B ceBe-
po-3anagHoi okpanHe Tuxoro okeaHa, BKIJIIO-
Yasi €ro akBaTOPHUIO, NMPUMBIKAIOIIYIO K I-OBY
Kamuarka. JlaHHbIN nporHo3 ObLT OMyOIHMKOBAH
B paborax [@upcros, 2014; dupcros, Makapos,
2015], a Taxke nepenan B Kamuarckuit dum-
an Poccuiickoro sKCmepTHOro coBeTa MO MpPo-
THO3Y 3E€MJICTPACEHUN U OLICHKE CEHCMUYECKON
onmacHocTH U pucka. [Ipomsomenmee 30 sH-
Baps 2016 r. JKymaHoBckoe 3emierpsiceHue
¢ M =7.2 nrnybunoi ouara H =177 xm (Ne 11
u3 TaOIUIBI) paccCMaTpUBAETCs aBTOPAMM Kak
YacTUYHAs pealin3alus 3Toro nporuosa [Dup-
CTOB U J11p., 2017].

C oxTsi6pst 2016 1. Havancs tpeun IV, npe-
PBIBUCTBIN U OCJIOKHEHHBIN KPaTKOBPEMEHHBIM
nageareM OA Rn (puc. 2). [Tocne nqByxierHero
Bo3pactanust OA Rn ¢ 7 no 10 xbx/m* B Teue-
Hue 2 mec. (ceHTaopr—Hosa0ps 2017 1.) HAbOMIO-
nanock peskoe naaeHne OA Rn 10 HayaabHBIX
3HaYEHUN. B OKpECTHOCTH 3TOr0 MajaeHus Ipo-
m3onuio bimkHe-AneyTckoe 3eMIeTpsACceHue
17.07.2017 . ¢ M = 7.7 (Ne 12), xoTopoe OT-
HOCHUTCSl K CUJIBHEUIIMM 3aJyTOBBIM MEIKO(O-
KyCHBIM 3€MJIETPACEHUAM I0J bepuHroBbIM
MopeM. Ero snuinenTpanbHas 30Ha apTepIIOKOB
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onenuBaerca B ~500 kM, uro B 3—5 pa3 mpe-
BBHIIIACT JIMHEMHBIC pa3Mepbl oyara i 3eM-
aeTpsceHuid ¢ Marautygoud 7.7—7.8 [Uebpon
u 1p., 2017]. 3emnerpsicerne Ne 13 ¢ M =1.9,
npowusomuenuee Ha paccrossHuu 3350 kM, He Ha-
[UIO OTKJIMKA B JIMHAMHKE TOJANOYBEHHOTO pa-
nona. [locne storo poct 3nauenuit OA Rn mipo-
nomxuics. K nexadpro 2018 1. 3nauenne OA Rn
IOCTHII0 MAaKCHMalbHBIX 3HAYEHHH 3a BeECh
nepuon HaOmonenuit — 12 kbx/m*, mocne yvero
Hayajcs pe3kuil craia. B okpecTHOCTH 3TOro
BPEMEHU MPOU30IILIO 3EMJICTPACEHHE YITIOBOTO
nonusatus ¢ M = 7.3 [Uebpos u ap., 2020]. ITo-
cie natumecsyHoro nepepsiBa OA Rn Hauvana
BHOBb Ma/1aTh, U B HACTOAILIEEC BpeMs 3HAUCHUE
OA Rn MuHHMaIbHOE 3a BECh TIEPHOJ] HAOFOIe-
HUl — 5 kBK/M.

Mertonom HanmeHbnX kBagparos s I, 11T
u IV TpeHaoB BbIYMCIATACH JTUHEWHAS 3aBUCH-
mocth OA Rn (Bx/M*) = f(t) (cyT). Bee Tpu 3aBu-
cumocti (1)—(3), annpokcuMupyomue TpeHabl,
OYCHB OJIM3KU MEX]Ty COOOM:

I OA Rn (Bk/M?®) = 0.0026-¢ (cyt) — 100.11, (1)
I OA Rn (Bx/v®) = 0.0027-¢ (cyT) — 100.64, (2)
IV OA Rn (B/v®) = 0.0022-¢ (cyt) — 86.79. (3)

CxoxecTb muHEHHBIX 3aBucuMocTel (1)—(3)
CBUJIETENILCTBYET O €AMHOM IpOIlecce, MPOUc-
xomsmeM B 30He [laparyHckoro rpabeHa mepen
CUJIBHBIMM 3€MJIETPSICEHUSMH CEBEpO-3amaHo-
ro oopamiienust Tuxoro okeaHa ¢ SMUIEHTPAMU
Ha pacctosiuu 10 1000 KM OT MyHKTa perucTpa-
muu PRTR.

PaccmorpuM  3aBUCHMOCTBD  MPOSIBICHUS
MPEIBECTHUKOB B TOJI€ MOJMOYBEHHOTO pajioHa
OT SIUILIEHTPAIILHOTO PACCTOSHUSA JIJIS 3eMJIETPSI-
cenuit ¢ M > 7.5 coracHo Tabmuie. Ha puc. 3
BBIJICJICHO M0JI€, OTPAaHUYEHHOE 3€MJIETPSICEHU-
amu Ne 11, 4, 3, 14, B koTOpo€ MmomaaaroT BcCe
3eMJICTPSCEHUS], MPOU3OMICAIINE TOCIIEe BbIJIE-
JEHHbIX TpeHI0B (cM. puc. 2). Ha ocHoBaHuun
pHUC. 3 MOXKHO C/IeJIaTh CJEIYIOLUE BHIBOJIBI.

1. TloaroroBka 3emiierpsicenuid ¢ M, > 7.5,
a B HEKOTOPBIX CIIy4asiX U MCHBIIICH MarHUTY/IbI,
npowusoleamux Ha pacctoaausx 10 1000 km ot
nyHkra peructpauuu PRTR, ¢ rmy6uHo# ouara
H <200 km (Ne 3,4, 5,11, 12, 14, 15), Haxoaut
OTpa)XK€HUE B TUHAMUKE TOJIMTOYBEHHOTO paloHa
B 30HE MMOJIHOTO BJIArOHACKIIICHHUS.

2. IToaroToBKa CUIBHBIX TITYOOKHX (MW >7.7,
H > 500 kM) CyOIyKIIMOHHBIX 3€MJICTPSCCHHI
(Ne 6, 8, 9) B tuHaMMKe MO/INIOYBEHHOTO PajioHa
SIBHOTO MPOSIBJICHUS] HE UMEET.

Puc. 3. CooTHOmIeHNE MEXTy MarHUTYJOH M PacCTOSHU-
€M OT ITyHKTa HaOJIIONIeHHI 0 SMHUIEHTPa PACCMOTPEHHON
BBIOOpKH 3eMieTpscenuii ¢ M > 7.5 ¢ nobasnennamu XKy-
MAHOBCKOTO 3€MIIETPSICEHHS M 3E€MIIETPSICEHHs YITIOBOIO
nonHATHA. KpacHBIMM Kpy)KKaMH OTMEYCHBI 3eMIICTPSI-
CCHUsI, MOATOTOBKA KOTOPBIX HAlllla OTPAXXEHHE B IIONIE
MTOATIOYBEHHOTO PaJIOHA, JKEJITHIM LBETOM BBIICICHO I10JIC
(B koopmuHarax M u R) NCHCTBUS OTKIIMKA TIOATNOYBEHHO-
rO paJioHa Ha CUJIbHBIE 3eMieTpsaceHus peruoHa. Homepa
COOTBETCTBYIOT HOMEpaM 3eMIICTPSICCHUH B TaOMHIIE.

3. JInst CUITBbHBIX COOBITHI, TTPOU3OIIEAIINX
Ha paccrosHusXx Oomee 1000 kM OT myHKTa
peructparmu PRTR, takxe He HaOmomaeTcs
MPEBECTHUKOBBIX TPEHJIOB. J[ake mMOroToBKa
meraszemsierpsicenus Toxoky ¢ M| = 9.0 (Ne 7)
O4YeHb cJ1a00 OTpa3uiIach B MOJIE IOJIOYBEHHO-
ro pajoHa.

3akJIroueHue

Pesynprarel Monutopunra OA Rn B TeueHue
2000-2020 rr. Ha n-oBe Kamuarka B omopHom
nyHkre «llaparynka» (PRTR), nonydennbie Me-
TOJOM IIaCCUBHOW PETUCTPALMU B HAKOIIUTENb-
HOM KaMmepe, lokasaiu cienyrouiee. Ilonroroska
3eMJICTPSICCHUI CeBEepO-3aIaJIHOT0 00paMIIeHHUs
Tuxoro okeana ¢ riryouHoi ouyara H < 200 km u
M_>77.5, a B HEKOTOPBIX CIy4Yasx U MCHBILICH
Mar"uTyzpbl, IPOU3O0LIEIINX HA PACCTOSHUAX J10
1000 kM ot PRTR, HaxonuT oTpakeHue B JuHA-
Muke OA Rn. Beineneno 4 nepuona JyMTEIbHO-
CTBIO OT 8 Mec. 10 3 1eT, korma 3HaueHre OA Rn
IJIaBHO BO3pacTtalio Ha ~33 % c mocnenyomum
pe3kuM nagenueM Ha 30 % u 6onee. Tpenast I u
II1 neprnonoB mpeaecTBOBaIN 3€MIIETPSICEHU-
am ¢ M =7.2-8.1 na paccrosuuu 10 1000 km
or PRTR B paiioHe, NpUypOYEeHHOM K CEBE-
po-3anagHoMy oOpamieHuto Tuxoro okeaHa.
Tpenna IV nmurensHOCTBIO ~3 Tona (2016-2018)
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B MaKCUMyME UMEJI CaMble OOJbIITNE 3HAYCHUS
OA Rn, a B mociemaye aBa roga OTMEUYEHO Ia-
nenne 3”HaueHnii OA Rn 10 MUHHMAJBHBIX 3a
Bech nepuoa HabmoneHuid. Crnemyer 100aBUTS,
yT0 TmoaoOHoe moBeneHue auHamukd OA Rn
HaOmonanochk u B myHkre INSR (puc. 1), pac-
MOJIOKEHHOM B JIPYTOM CTPYKTYPHOM 3JIEMEHTE
no0epekbs ABaUMHCKOTO 3aJIMBA.

Ha ocHoBanumn HabmromaeMoil Koppensinuu
TpenaoB AuHaMuku OA Rn u CHIIBHBIX 3emiie-
TPSICEHUH MOXKHO ¢ OOJBIION [10JIei BEpOsTHO-
CTU TIPOTHO3UPOBATH BO3MOKHOE CHUIIBHOE 3EM-
neTpsiceHue B paiioHe n-oBa Kamuarka. Crnemqyer
OTMETHTD, UTO ocie nageHus snadennii OA Rn
1o okoH4yanuu Tpenaa IV yxe npousonuio asa
COOBITHSI: 3eMJIETPSACEHHE YIVIOBOTO MOTHATHS
¢ M =73 (Ne 14 B Tabnuue u Ha puc. 1 u 3)

Cnucok JiuTeparypsbl

doi:10.31431/1816-5524-2019-4-44-73-83

0 3emne, 2(1): 232-245.

51(4): 58-80.

doi:10.30730/2541-8912.2018.2.1.016-032

¥ BHYTPHUILUIMTOBOE 3emiieTpsicenne ¢ M = 7.5
(Ne 15). Opgnako 0OCOOEHHOCTH JTMHAMHKH
OA Rn yka3bIBaloT Ha OONBIIYI0 BEPOATHOCTH
semiieTpsicenus ¢ M > 7.5 B palione n-oBa Kam-
yarka. Mcxoast U3 mpeAnecTBYINUX Ha0IoIe-
HUH, TPOTHO3UPYEMOE 3eMJICTPSICEHUE CIIEAYET
oxugate 10 1 despans 2021 . Ot naHHBIS
COMIACYIOTCS C JIOJITOCPOYHBIM CEHCMHUYECKUM
nporHo3zom s Kypuiio-Kamuarckoil cericMo-
TeHHOH 30HBI, caenaHHbIM B pabotax C.A. de-
notoBa ¢ A.B. Comomaruneim [2017, 2019],
COMIACHO KOTOPOMY HanOoJiee BHICOKAsi BEPOST-
HOCTh 3eMIleTpsicenust ¢ M > 7.7 nmpuxoaurcs
Ha ABAUMHCKUN 3aJIMB W IKHYH0 Kamuarky.
HNHTeHcuBHOCTH Takoro 3emiuerpsiceHus B T. [le-
TpomnaBioBck-Kamuarckuii MoxkeT ObITH Oolee
7 6annos.
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Abstract. The paper presents the results of the volume activity monitoring of subsoil radon at the strain-
sensitive point of the Paratunka control station (PRTR) for 2000-2020. Emanation observations are
carried out at this point in order to search for precursors of strong earthquakes in subsoil radon variations.
The preparation of earthquakes at the northwestern framing of the Pacific Ocean with a source depth
H <200 km and MW >17.5, and of a lower magnitude in some cases, which have occurred at the distances up
to 1000 km from PRTR, is reflected in the dynamics of radon volume activity (RVA) in the form of trends
lasting from 8 months to 3 years. The behavior of RVA dynamics in the last 5 years points to a possible
earthquake with M > 7.5 in the Pacific Ocean in the vicinity of the eastern coast of the Kamchatka
Peninsula, which may occur before February 1, 2021. This conclusion is consistent with a long-term
seismic forecast for the Kuril-Kamchatka seismogenic zone, made in the works of S.A. Fedotov and
A.V. Solomatin [2017, 2019], according to which the highest probability of an earthquake with
M_ =7.7 falls on the Avacha Bay and Southern Kamchatka.
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Introduction

Radon (**Rn), which is formed as a result

logical medium response to external influence
[ Adushkin, Spivak, 2014; Rudakov, 2009].

of radium decay and available for continuous
registration in the air of subsoils, is very sensitive
to the changes in geodynamics state of the en-
vironment. This allows us to consider it as an
indicator of changes in the structure of the stud-
ied area of the earth crust, porosity, permeability
of gas migration channels, as well as the geo-

The radon field anomalies have been exten-
sively studied during the last decades. To search
for precursors of strong earthquakes in many
seismically active regions all over the world,
the radon volume activity (RVA) dissolved
in water and in the air of subsoils has been re-
corded since the 1980s. Data on informative

Translation of the article published in the present issue of the Journal: ®upcros ILII., Makapos E.O. JlonroBpemMeHHbIC
TPEH/IbI TIOIIIOYBEHHOTO pajioHa Ha KaMyarke Kak WHMKATOPHI MOATOTOBKU 3eMyIeTpsicenuit ¢ M > 7.5 B ceBepo-3amnaj-
HOM oOpamnienun Tuxoro okeana. Translation by G.S. Kachesova.
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value of the radon method for the earthquakes’
precursors searching can be found in the review
works [Cicerone et al., 2009; Petraki et al.,
2015; Giuseppina, Morelli, 2012; Firstov, Ma-
karov, 2015].

Short-term precursors of earthquakes with
a magnitude M > 4.5 in the field of subsoil radon
with the lead time up to 15 days have been re-
corded in many regions around the world [inan
et al., 2008; Baykara et al., 2009; Firstov, Ma-
karov, 2018; Biryulin et al., 2019]. The meteoro-
logical parameters (air temperature, atmospheric
pressure, precipitation) make a significant con-
tribution to the dynamics of the field of subsoil
radon. They condition the significant noise com-
ponent of the initial data, which makes it dif-
ficult to distinguish the precursor anomalies.
This forces to use special methods for precur-
sor anomalies identifying [Giuseppina, Morelli,
2012; Piersanti et al., 2016; Firstov et al., 2018;
Iwata et al., 2018; Parovik, 2014].

There are not many descriptions of mid- and
long-term precursors of strong earthquakes in the
field of subsoil radon in the literature. Anomalies
in the form of long-term trends prior to strong
earthquakes have been noted for some power-
ful events in Japan. The anomaly in the concen-
tration of subsoil Rn synchronous with vertical
deformations of the earth’s crust was being ob-
served for 2.5 months before the Izu Oshima de-
structive earthquake on January 1, 1978 with M
= 7.0 at a distance of 30 km from the epicenter
[Wakita, 1981; Majumdar, 2004]. The RVA be-
gan to increase in the water of the artesian well
for 4.5 months before the Tohoku (Japan) mega-
earthquake on March 11, 2011 with M = 9.0
and continued to grow after it. The total duration
of the anomaly amounted for eight months [Tsu-
nomori et al., 2011].

Observations of the RVA behavior during
a long period at the Petropavlovsk-Kamchatsky
geodynamic polygon allow to say about the pres-
ence of a defined relation between the RVA and
strong earthquakes with a magnitude M > 7.5
in the northwestern framing of the Pacific Ocean
[Firstov, 2014; Firstov, Makarov, 2018; Firstov et
al., 2018]. The northwestern framing of the Pa-
cific Ocean refers to the area where the interac-

tion of the Eurasian (EUR), Pacific (PAC), and
North American (NAM) three largest plates oc-
curs (Fig. 1). These plates interaction is accom-
panied with intensive horizontal movements up
to 9 mm/year, which result in strong earthquakes
with M = 7.5-9 at depths from several to hun-
dreds of kilometers. The studied area includes
the Aleutian and Kuril-Kamchatka seismogenic
zones, as well as the northern part of the Japan
zone (Fig. 1).

This work summarizes the results of twen-
ty years of observations of the RVA behavior
in the informative point at the “Paratunka” con-
trol station. The authors believe the dynamics
of the RVA in this point to reflect the stress-strain
state of the key-block of the subduction zone re-
gion where the registration point is located.

Equipment and observational methods

Subsoil radon monitoring network at the
Petropavlovsk-Kamchatsky geodynamic poly-
gon (PKGP) involves five stations equipped
with the subsoil gases registration complexes
[Makarov et al., 2012]. Under the conditions
of necessity to ensure continuous monitoring
for a long time, the method of its registration
in the subsoil air by the f-radiation of RaC and
RaB decay products using gas-discharge coun-
ter appeared to be the most metrologically sim-
ple and reliable. Long-term registration of Rn
in the subsoil air in the PKGP stations network
has shown high functional reliability of applied
equipment.

At the “Paratunka” control station (PRTR)
(Fig. 1 b), one of the sensors was successfully
installed in the moisture saturation zone with
a heightened strain sensitivity to changes in
the stress-strain state of the geological medi-
um. The mechanism of reactions of the various
geophysical fields, manifested under different
disturbances of the stress-strain state of the me-
dium, determines the strain sensitivity of a par-
ticular registration point. As usual, the structure
position of strain-sensitive zones indicates their
belonging to the mobile contacts of the large
blocks [Kissin, 2011].

The PRTR station is located on the river ter-
race of the Korkin stream, which traces the sub-
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latitudinal fault within the Paratunka graben with
the associated geothermal system of the same
name and situates in a zone of dynamic influ-
ence of this fault. Natural outcrops of geother-
mal waters with the dissolved Rn content up
to 1.5 kBg/m?® are observed down the stream at
a distance of ~ 700 m from the PRTR station.
According to the data of GPR profiling, there
is decompactification area immediately under the
sensor [Firstov, Makarov, 2018]. The authors sup-
pose, that the presence of a zone of dynamic influ-
ence of the fault as well as the decompactification
area provides strain sensitivity of this point.

In this work, we used the RVA data obtained
with the 30 min discretization from the sensor
at a depth of ~ 3.5 m in the moisture saturation
zone of the PRTR station. The RVA time series
was barometrically compensated in order to min-
imize the influence of atmospheric pressure vari-
ations. Then a decimation was performed within
a semidiurnal interval. In order to filter the high-
frequency component, the last step of the data
treatment was a moving average smoothing in
a five-day window [Firstov, 2014; Firstov, Ma-

karov, 2018]. The seasonal annual component
conditioned by the seasonal variation in air
temperature was being subtracted from the ob-
tained RVA time series using the additive model
[Box, Jenkins, 1974]. The course of the obtained
curve was compared with the sequence of earth-
quakes with M_> 7.5 in the northwestern mar-
gin of the Pacific Ocean.

Strong earthquakes
in the northwestern framing
of the Pacific Ocean in 2000-2020

The sampling of the most powerful earth-
quakes in the northwestern framing of the Pa-
cific Ocean in the period from 01.11.2000 to
01.04.2020 included 13 earthquakes with
M > 7.5 and two with M < 7.5. The param-
eters of the selected earthquakes were taken
from the NEIC (National Earthquake Infor-
mation Center, USA, https://www.usgs.gov/
natural-hazards/earthquake-hazards/national-
earthquake-information-center-neic) catalogue.
The Zhupanovo earthquake on January 30, 2016
with M = 7.2 and H = 177 km [Chebrov et

Table. The most powerful earthquakes in the northwestern framing of the Pacific Ocean

for the period of 1.11.2000 — 01.04.2020

Time Coordinates )
No Date hh-mmess N T H,km| M R, km |Area of the earthquake epicenter
¢
25.09.2003 19:50:27 41.81 | 143.91 27 8.3 1640 | Japan, Hokkaido Island
2 | 17.11.2003 | 06:43:06 51.15 | 178.65 | 33 7.8 1420 | Aleuts, Rat islands
3| 20.042006 | 23:52:02 | 60.94 | 167.14 | 22 | 7.6 | 1035 | Giutersk, north of the Kamchatka
4 15.11.2006 11:14:13 46.58 | 153.27 10 8.3 800 | Middle Kurils, in the vicinity of
5 | 13.01.2007 | 04:23:21 | 4623 | 15455 | 10 | 81 | 800 |SimushirIsland
6 | 05.07.2008 | 02:12:04 53.88 | 152.89 | 632 7.7 370 | The Sea of Okhotsk
7 | 11.03.2011 | 05:46:24 38.10 | 142.85 | 24 9.0 2050 | Tohoku mega-earthquake
8 | 14.08.2012 | 02:59:38 49.80 | 145.06 | 583 7.7 980 | The Sea of Okhotsk
9 | 24.05.2013 | 05:44:48 54.89 | 153.22 | 609 8.3 390 | Okhotomorsk earthquake
10 | 23.06.2014 | 20:53:09 51.85 | 178.74 | 109 7.9 1400 | Aleuts, Rat islands
11 | 30.01.2016 | 03:25:12 54.01 | 158.01 | 177 7.2 110 | Zhupanovo earthquake
12 | 17.07.2017 | 23:34:13 54.17 | 168.82 82 7.7 710 | Near Islands Aleutian earthquake
13 | 23.01.2018 9:31:40 56.01 | 149.17 14 7.9 3350 | Alaska area
14 | 20.12.2018 17:01:55 55.10 | 164.70 17 7.3 490 | Uglovoye Podnyatiye earthquake
15| 25.03.2020 | 2:4921 | 4899 | 157.69 | 57 | 7.5 | 4do | NorthKurils. opposite to Paramushir

Note. H — focal depth, M — magnitude, R — distance from epicenter to the PRTR. The earthquakes of the Kuril-Kamchatka seismo-

genic zone are highlighted in grey.
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Figure 1. Map of the epicenters of the most pow-
erful earthquakes with M > 7.5 in the northwest-
ern margin of the Pacific Ocean for 2000-2020
with the addition of the Zhupanovo earthquake
(M, = 7.2) and the Uglovoye Podnyatiye earth-

quake (M_ = 7.3). On the right is a location scheme of subsoil radon control stations on the Kamchatka Peninsula:
1 — RVA control stations (the INSR station is located in the other structure element of the coast of the Avacha Bay and not
considered in this work); 2 — the largest faults; 3 — faults of the second order [Popruzhenko, Zubin, 1997]. The numbers

of earthquakes correspond to the Table.

al., 2016], as well as the Uglovoye Podnyatiye
earthquake on December 20, 2018 with M =7.3
and A = 17 km in the junction zone of Kamchat-
ka and Aleutian oceanic trenches [Chebrov et al.,
2020] were added in the sampling due to the fo-
cus proximity to the PRTR station (110 km).
The parameters of the selected earthquakes are
given in the table, and their epicenters map is
shown in Figure 1. The map has been prepared
based on the GoogleMaps data from the open
sources using the MaplInfo software and the dig-
ital topographic base on a scale of 1 : 1 000 000.

Our sampling contains 9 earthquakes of the
Kuril-Kamchatka seismogenic zone: 6 with
H < 180 km and 3 purely subduction earth-
quakes with H > 500 km (highlighted in red on
the map in Figure 1), 4 events in the Aleutian
seismogenic zone, and 2 in the area of the Japa-
nese Archipelago including the Tohoku mega-
earthquake with M =9.0.

Subsoil radon dynamics in the moisture
saturation zone of the PRTR station

Let us consider the features of the sub-
soil radon dynamics with respect to the earth-
quakes from our sampling (Fig. 2). The average

value of the RVA was 8.21 = 1.07 kBg/m® for
the whole observation period. Against this back-
ground, some trends can be distinguished in the
RVA behavior, when the RVA value has smooth-
ly increased by ~ 33 % followed by a sharp
decrease by 30 % or more (Fig. 2). Such peri-
ods duration ranged from 8 months to 3 years.

From July 2003 to December 2005, the curve
showed the trend I of the RVA increase up to
20 %, followed by a sharp bay drop of the values
by 30 % lower than the initial values. The bay
duration amounted for almost 1.5 years. Just
after the drop of the RVA values, the seismic
activation period including the chain of 3 earth-
quakes with magnitudes M = 7.6-8.3 has be-
gun in the area of Kuril-Kamchatka seismogen-
ic zone. In the Koryak Highlands on the north
of Kamchatka, the Olutorsk earthquake
(no. 3, see the Table) with M = 7.6 occurred
on April 20, 2006, and then the duplet of Si-
mushir earthquakes with M = 8.3 and M = 8.1
(no. 4 and 5, see the Table) occurred in the Mid-
dle Kurils on November 15, 2006 and January
13, 2007, respectively (Fig. 1 and 2).

The preparation of the earthquake on Sep-
tember 25, 2003 with M = 8.1 in the vicinity
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of Hokkaido Island was not reflected in the RVA
data, however, prior to the Tohoku mega-earth-
quake with M = 9.0, which occurred in Japan
on March 11,2011 at a distance of 2100 km from
the registration point (no. 7 from the Table),
the weak trend II of the RVA values increase
was being observed, which had begun in March
2010 and lasted for 8 months until November
2010 (Fig. 2).

For almost three years, from January 2012
to February 2015, the trend III, when the RVA
increased by 33 % from 7.5 up to 10 kBg/m’,
was being observed (Fig. 2). During this period,
three earthquakes (no. 8, 9, 10, see the Table) oc-
curred, the response to which was not observed
in the RVA dynamics. The authors believe it to
be explained by the fact that no. 8, 9 earthquakes
are deep with /> 500 km, and no. 10 earthquake
has occurred in the Aleutian seismogenic zone
at a considerable distance from the observation
point (1400 km).

Based upon the behavior of the trend III
of the RVA, similar to the trend I, the mid-term
forecast was made for the occurrence in the com-
ing years of one or a series of strong earthquakes
at depths up to 70 km in the northwestern mar-
gin of the Pacific Ocean, including its water area
adjacent to the Kamchatka Peninsula. This fore-
cast was published in the works [Firstov, 2014;
Firstov, Makarov, 2015], and was also reported
to the Kamchatka Branch of Russian Expert
Council on earthquake prediction and assess-
ment of seismic hazard. The authors consider
the Zhupanovo earthquake (no. 11 from the Ta-
ble) with M = 7.2 and focal depth /= 177 km,
which occurred on January 30, 2016, as a partial
forecast realization [Firstov et al., 2017].

Since October 2016, the trend IV intermit-
tent and complicated with short duration de-
crease of the RVA (Fig. 2) has begun. After two-
year increasing of the RVA from 7 to 10 kBg/m®,
the sharp drop of the RVA down to the ini-
tial values was being observed for 2 months
(September—November 2017). In the vicin-
ity of this drop, the Near Aleutian earthquake
with M = 7.7 (no. 12) occurred on July 17,
2017, which was one of the most powerful back-
arc shallow-focus earthquakes under the Bering
Sea. Its epicentral aftershocks zone is estimated

of ~500 km, that 3—5 times greater than the lin-
ear dimensions of the source of the earthquakes
with a magnitude of 7.7-7.8 [Chebrov et al.,
2017]. The no. 13 earthquake with M = 7.9,
which had occurred at a distance of 3350 km,
did not elicit a response in the dynamics of sub-
soil radon. The RVA values continued to grow
after that. The RVA reached its maximum value
of 12 kBq/m’ for the entire observation period
to December 2018, after which the sharp de-
crease had begun. The Uglovoye Podnyatiye
earthquake with M= 7.3 occurred close to this
time [Chebrov et al 2020]. After a five-months
break, the RVA has begun to decrease again,
and at present time it has a minimum value of 5
kBg/m? for the entire observation period.

The linear dependence of RVA (Bg/m?) =
= f(t) (day), has been computed by the less
square method for the I, II, and III trends.
All three dependences (1)—(3) approximating
the trends are very similar to each other:

I RVA (Bg/m®) = 0.0026- (day) — 100.11, (1)
III RVA (Bg/m®) = 0.0027-¢ (day) — 100.64, (2)
IV RVA (Bg/m®) = 0.0022-¢ (day) — 86.79. (3)

Figure 3. The relationship between magnitude and dis-
tance from the observation point to the epicenter of the
considered sampling of earthquakes with M > 7.5 with
addition of the Zhupanovo and the Uglovoye Podnyatiye
earthquakes. The earthquakes, the preparation of which
was reflected in the field of subsoil radon, are marked
with red circles, the field (in M_-R coordinates) of the re-
sponse of subsoil radon to strong earthquakes in the region
is highlighted in yellow. The numbers correspond to the
earthquakes in the Table.
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Similarity of the linear dependences (1)—(3)
testifies to the unified process occurring in a zone
of the Paratunka graben prior to the strong earth-
quakes in the northwestern framing of the Pacif-
ic Ocean with the epicenters at a distance up to
1000 km from the PRTR control station.

Let us consider the dependence of precursors
manifestation in the field of subsoil radon on epi-
central distance for the earthquakes with M >7.5
according to the table. The Figure 3 shows
the field bounded with no. 11, 4, 3, 14 earth-
quakes. This field contains all the earthquakes oc-
curred after the marked trends (see Fig. 2).

Based upon Figure 3, the following conclu-
sions can be made.

1. Preparation of earthquakes with M > 7.5,
and, in some cases, of less magnitude, which
have occurred at a distance up to 1000 km from
the PRTR control station having focal depth
H <200 km (no. 3, 4, 5, 11, 12, 14, 15), re-
flects in the dynamics of subsoil radon in a zone
of complete moisture saturation.

2. Preparation of strong deep (M > 7.7,
H > 500 km) subduction earthquakes (no. 6,
8, 9) has not clear manifestation in the dynamics
of subsoil radon.

3. For strong events occurred at distances
of more than 1000 km from the PRTR control
station, no precursor trends are also observed.
Even the Tohoku mega-earthquake preparation
with M= 9.0 (no. 7) has very weakly reflected
in the field of subsoil radon.

Conclusion

The results of RVA monitoring during 2000—
2020 on the Kamchatka Peninsula at the “Para-
tunka” (PRTR) control station obtained using
the method of passive detection in accumula-
tive chamber have shown the following. The
preparation of earthquakes at the northwestern
framing of the Pacific Ocean with a source depth
H <200 km and M_> 7.5, and of a lower mag-
nitude in some cases, which have occurred at the
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