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BepxHe-OpbeBckrie ICTOYHHUKY SIBJISIIOTCS OMHUMU M3 HanOoJIee MPOITYKTUBHBIX B MUPE IO BBIHOCY XJIO-
punoB. B pabote paccMaTpuBaeTcsl BIMSIHUE Pa3JIOMHBIX 30H Ha BHEIpEHUE MarMaTUUeCKOro Matepuala,
006eCIeUYnBaloIIero OTHOBPEMEHHO By TKaHMYECKYIO aKTUBHOCTD Y TUAPOTEPMATBHYIO ASSTETLHOCTD B MIC-
cienyeMoM paiioHe. Ha 0CHOBe KOMITJIEKCHOTO aHaJIM3a Fe0JIOTHYECKOTO CTPOSHUsI, U30TOMHO-TE€OXUMMU--
YeCKMX U Teo(U3NIeCKUX JTaHHBIX U BOKCeJbHOTO (3D) MomeampoBaHus MpeaioXKeHa MOIeb THAPOTEP-
MaJIbHO-MarmMaTtmieckoii cucrembl D6eko—lOpbeBa. B Henpax runporepmaibHO-MarMaTU4eCKOM CUCTe-
MBI, PaCIOJIOXXEHHO B pailioHe ByJKaHa DOEKO, CYIIECTBYIOT Da3JIMUYHbie IO BPEMEHU BHEAPECHMS
CyOByJIKaHMYECKUE UHTPY3UBHBIE Tela, CyKalllue UICTOYHUKAMU €€ TEILUIOBOTrO MUTaHMusl. MarmMa nomnHu-
MaeTcs K ITOBEPXHOCTH 10 0cIabjieHHO 30He pa3ziioMa C3 MpoCcTUpaHusI, BHIXOAUT Ha TIOBEPXHOCTD B paii-
OHe ero rnepeceueHus ¢ pazaomoM CCB HanpaBieHus1, moaaepXXuBasi aKTMUBHOCTb ByJiKaHa D6eKo. B yznax
nepecedeHus pasiaoma C3 mpocTupaHus ¢ 30HaMu cyonapasuienbHBIX pa3ditoMoB CCB npoctupanust mar-
MaTUYeCKUii MaTepuall, He JOCTUTIIMI MOBEPXHOCTH, 00pa3yeT CyOBYJIKAHMYECKME WHTPY3UBHBIE TeJa
(cunael, Maiiku), obecrieynBaoIme TeTUIOBOe MTUTaHWe TUAPOTEPMATIbHOM crucTeMe.

Karouesvie croea: TeKToHUYECKask pa3apoOJeHHOCTb, TUAPOTepMabHO-MarMaTuueckass CUCTeMa, 30HbI
cyGIapaJlIeJIbHBIX Pa3JIOMOB, CyOBYJIKAHWYECKHE MHTPY3MBHEIE Tejla, CUCTeMa MarMaTU4eCKOro IMMUTaHUsI
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BBEJEHUWE

IuoporepmanbHO-MarMaTudeckasi cucreMa Doe-
ko—lOpbeBa, pacmojioKeHHass B CEBEpPHOM 4YacTu
xpebrta BepHamckoro, yHuKaimbHA. EskemHeBHO B
Oxotckoe Mope BerHOCUTCT 82 =201 Clm 222+ 50T
S [Kalacheva et al., 2016]. ICTOUHMKY TOJMHBI PEKU
IOpeeBa, mmociie BynkanoB Memmoyctoyn B CIHA n
Jlomye B ApreHTHUHE, 3aHUMAIOT TPEThEe MECTO B MUPE
o BeiHOCY xyiopa [Taran, Kalacheva, 2019]. BepxHe-
IOpreBckue TepMalibHble MCTOYHUKM MMEIOT XJIO-
pUIHO-CYyJb(aTHbIE, KPEMHUCTbIE, OOPHbBIE BOIBI C
BBICOKHM coAepKaHUeM kejie3a U amtoMuHus [2Kap-
koB, 2020; @aznymwiuH, 1999]. Tem He MeHee, HElO-
CTaTOYHAsI U3y4eHHOCTb INTYOMHHOIO CTPOSCHUSI M OT-
CYTCTBYE OTHO3HAYHBIX JAHHBIX O B3AMMOOTHOIIICHNN
BYJIKAHUYECKOM Y TUAPOTEPMAIEHOM NesITeIbHOCTU Ha
octpoBe [lapamymup 1moka He MHO3BOJSIOT TOYHO
OYEPTUTh T'€OJOTNYECKUe T'PaHULILI TUAPOTEPMAaslb-
HOM CHCTEMBI B CEBEPHOI 4acTH OCTPOBA, a TaKKe
00JIaCTH MX TEIUIOBOI'O M BOOHOTO IMTaHus. Taxk, cy-
IIECTBYIOT ABE B3aMMOMCKIIOYAIOIINE TOUKY 3PEHUS
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o dopmupoBannu BepxHe-HOpbeBCKMX NICTOUYHUKOB:
1) uctouHMKM GOpPMUPYIOTCS B MMOA3EMHOM “03epe”,
pacIIoJIOXKEHHOM 101 KpaTepoM ByJiKaHa D6eko [Ka-
nmaueBa, 2011; KamaueBa, Korenko, 2013; Kalacheva
et al., 2016; Taran, Kalacheva, 2019]; 2) mony4aior
TEIUIOBOE MUTAaHNE OT OCTBIBAIOIINX CyOBYJIKAHUYE-
CKUX MHTPY3UBHBIX TEJ, PACIIOJOXEHHBIX B paiioHe
pa3pylIeHHO MOCTPONKU APEBHETO BYJIKAHUYECKO-
ro ueHTpa BiomaBua. [IpoHukalomme K IMOBEPXHO-
CTH ByJIKaHMYECKME IMaHAIIMM CMEIIMBAIOTCS C MOIII-
HBIM [TOTOKOM TPYHTOBBIX BOII, B pe3y/IbTaTe Yero mpo-
UCXOmUT  (OPMUPOBAHUE  BBICOKOTEMIIEPATYPHBIX
Bepxne-lOpreBckux nctounnkon [ Boponosa, Cuno-
poB, 1966; Mapxunun, Ctpatyina, 1977; PoguoHoBa
u ap., 1966; Bepniureitn u ap., 1966]. Takke BbIcKa-
3bIBAJIMCH IIPEAIIONIOXEHUS O TOM, YTO TUAPOTEP-
MaJibHasl cCUcTeMa, TIPUypoUYeHHast K ByJIKaHUYECKO-
My LeHTpY DOeKo, mojydaeT TEIUIOBOE IIMTaHUE 3a
CUET CUJUIO-TAaKOBOTO KOMILIEKCA, PACIOI0KEHHO-
ro Ha HeOoabMx rmyouHax (1.5—2.5 kM) B paiioHe
ByJIKaHOB D06eko u Biomasua [benoycos u mp., 2002;
Hoseitmmii ..., 2005; Xy6aeBa, 2020]. OgHako 3Ta
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Puc. 1. CeBepHas yacth 0. [Tapamyimp.

a — reorpaduyeckoe MojioXkeHne o0beKTa ucciefoBaHus1, 6 — ceBepHast yacTh 0. [Tapamyrup.
1 — BepxHe-lOpbeBckre TepMaibHble MICTOYHUKM; 2 — XepJioBasi yacThb ByliKaHa Bionasua; 3 — ckBaxuHa; 4 — pasjioM; 5 —
npe/rnoaraeMble 30HbI CyOnapaieIbHbIX pa3JIOMOB OCEBOI YacTH Xp. BepHaackoro.

npobiema TpedyeT 6oJee TeTaTbHOTIO N3YYSHUSI, T10-
CKOJIbKY BoIlpoc obecrnieueHus I. CeBepo-Kypuinbcka
TETJIOM M 3JICKTPOIHEPIUEH 32 CUET UCITOIb30BAHUS
reoTepMabHOI SHEPTeTUKU OCTASTCSl aKTyalbHBIM,
B CBSI3M C 3TUM BaXXHO 3HATh, [JI¢ HAXOISTCS pealbHbIC
WCTOYHUKU TETIOBOTO U BOTHOTO MUTAHUS TUIPOTEP-
MaJIBHBIX CUCTEM CceBepHOi1 yacTul 0. [Tapamyimp.

FEOJIOTO-TEOMOP®OJIOTUYECKAA
XAPAKTEPUCTHUKA PAMOHA
NCCIEOOBAHUA

OcTtpos [lapamyip pacnonoxeH Ha ceBepe Ky-
PUJIBCKOM OCTpOBHOI nyru (puc. 1), copmupoBaH
HEOT€HOBBIMM, IIPEUMYIIECTBEHHO, BYJIKAHOICHHO-
OCAOYHBIMU ITIOPOJAMH, CMSITBIMH B TOJOTHE
CKJIaJIK!, BBITSIHYTBIC 110 MPOCTUPAHUIO OCTPOBHOI
nyru [Ceprees, 1976]. B pensede o. [Tapamyiuup BeI-
JIelISI0TCS TPU BYJIKaHUUYEeCKUX Xpebra: BepHamcko-
ro, JleBuncon-Jleccunra u Kapnunckoro. CeBepHast
YacTbh OCTPOBA CJIOXKeHA BEpXHEMUOLIEH—TIJIMOLIEHO -
BBIMM, YETBEPTUYHBIMU M COBPEMEHHBIMHU ITOPOIA-
Mu. DyHZAMEHT COCTaBJISIOT BYJKaHOTEHHO-OCa-
JIoYHbIe Topoabl ITapaMyIlIMpcKOro KOMILIEKCA CBUT
(N,), a TaKKe TIJIOX0 COPTUPOBAHHBIC KOHIJIOMEPATHI,
OpeKunn, TpyOO3EepHUCTHIC TECUAaHWKHN OKEaHCKOM

cButhl (N,) [BacunsH, 1989; @enopuenko u ap., 1989;
Artnac ..., 2009].

Bepxne-HOpbeBckre MCTOYHUKM PaCITOJIOXKEHBI
Ha 3aIlafHOM CKJIOHE aKTMBHOIO ByJIKaHa DO0eKO U
IIPOCTPAHCTBEHHO MPUYPOYEHBI K IIPUKEPIOBOI Ya-
CTH IpeBHero ByJikaHa Brnonasiia. B pesynabrare nesi-
TEJILHOCTH JICOHUKOB ByJIKaH BiomaBiia ObLI CMJIBHO
paspylleH U CETOIHSI IPEICTABIIIET COO0I OTKPHBITYIO
Ha 3amnaj OOLIMPHYIO KOTJIOBUHY, IIe GepeT Havasio
p. OpbeBa (cM. puc. 1). B BepxHeM u cpenHeM Tede-
HUU peKU 0OHAPYKUBAIOTCS MIMOLEHOBbIE HEKKH U
naitku [DenopueHko u ap., 1989]. Camblit KpynHBIiA
HEKK ByJiKaHa BiiomaBiia (TOUHBI BO3pacT HE ycTa-
HOBJIEH) pacIiojiaraercs B gojauHe p. FOpbeBa, B paii-
OHE CJIMSAHUSA €€ BEPIIMHHBIX ITPUTOKOB, U TPAKTYCT-
csl UCcleaoBaTeIsIMU  KaK €ro KepJioBasl 4acTb
[bepHiuTeiin u ap., 1966] (cMm. puc. 1).

BreioensioTcss TakKe HECKOJBKO JOJIEAHUKOBBIX
MHOTOAaKTHBIX MOOOYHBIX KOHYCOB ByJKaHa Bnonas-
ua. INepBrlit n3 HUX — r. CMUPHOBA, BEPIIMHA KOTO-
poii TIpencTaBisieT coOOi 3KCTPY3UIO, CIOXEHHYIO
IBYITAPOKCEHOBBIMU  aHue3uTamMu [PemopyeHKo,
Iunos, 1966]. Bropoii koHyc, BeicoTa 1104 M, pac-
MOJIOKEH MeXIy ycThamu p. 3enenoit u p. IOpbesa.
Tpetuit mToboUHBIN KpaTep ByJIKaHa BiomaBiia Beine-
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JIsIeTcs B JIeBOM cKioHe p. FOpweBa, Mmexny 1. CMup-
HoBa u BeicoToit 807 M (cM. puc. 1).

BaxxHO oTMEeTHTB, UTO ByJIKaHbI Biogasua u D0e-
KO IIPOCTPAHCTBEHHO IIPUYPOUYECHBI K KPYITHOMY pa3-
peIBHOMY HapymieHuio C3 TpocTUpaHusi, KOTOpOe
cMelaeTcss pa3pbiBHBIM HapyireHueM CB mpocTu-
panudg [Xybaesa u ap., 2007].

OBbEMHOE MOJIEJIMPOBAHWE
TEKTOHUYECKOHW PA3APOBIIEHHOCTH
BJIOKA 3EMHOUN KOPbBI

O06BeMHOE MOAEIMPOBaHNE TEKTOHUYECKOM pa3-
JIpoOJIeHHOCTU (TPeIIMHOBATOCTU) OJlOKa 3eMHOI
KOpPBI C UCTIOJIb30BAaHHUEM PE3YJIbTAaTOB Ienppupo-
BaHUSl KOCMUYECKMX CHUMKOB Ja€T BO3MOXHOCTb
MpUOINXKEHHO OLEHUTDH CTEIIeHb €ro MPOHUIIaeMO-
CTH JIJISI TApO-TUJIPOTEPM.

OcoOeHHOCTH Toaxo1a IIpU IMIPUMEHEHUHN METOona
W TIPUHSTHIEC TOITYIIEHUS.

ITonoOHBIMU CUNTAIOTCSI OOBEKTHI, OOJTaTarOIINe
nogobreM pU3NYECKUX MEePEMEHHBIX 1 TEOMETPUU.
IMposienenue pedopMalvii MaKpOCKOMUYECKOTO
YPOBHSI JII000ro 00beMa 3eMHOIT KOpPBEI pacCMaTpHUBa-
eTCsI KaK CyMMa COCTaBJISIIOLIMX €ro aedopmMariuii
MHOTI'OYMCIEHHBIX 00beMOB [[30Bckuii, 1975].

Brinensgemble mpu pemmdpupoBaHUM a’po- U
KOCMMYECKMX CHUMKOB JIMHEAMEHTbI OTOXKIECTBIISI-
IOTCSI C pa3jioMaMM M ITOHUMAKOTCS KaK OTpaxKeHUe
TEKTOHUYECKOU CUTYyalIMM BCEW KPUCTAJUTMYECKOMN Ya-
ctu 3eMHOM Kopbl [Heuae, 2010]. PazaopobGieHHOCTD
reocpenbl GOPMUPYETCSI COBOKYITHOCTBIO TPEILH, 00-
pa3yoIIMXCs B 30HE TMHAMWYECKOTO BIUSIHUS pa3jio-
Ma. 3oHoM auHamMmdeckoro BnusgHu [Iepman n np.,
1983] sBisieTcsl 4acTb OKpPYXKAIOIIEro pas3jioM IMpo-
cTpaHcTBa. JImHeaMeHTHI, BbIIEIsIeMble Ha CHUMKaX,
OTpakaroT IIPOCTPAHCTBEHHOE MOJIOKEHUE OCEBBIX JIM -
HUI 3TUX 30H. OTAeabHBIE TPEIIMHbI, U3 KOTOPHIX
COCTOSIT 30HBI TMHAMUYECKOTO BJIMSHUS pa3jioMa U
IIMpPUHA CaMUX 30H, Ha a3P0- U KOCMUYECKUX CHUM-
Kax He oIlpeaesieTcsl Kak TUIl pa3jioMa UM IIyOuHa
€ro IIPOHUKHOBEHUSI.

He Boinensiionmecs Ha CHUMKax pa3jioMbl B MO-
JIeJI He TIPEACTaBIeHbl. DTO MOTYT OBITh, HAIIPUMED,
JIIpeBHUE Pa3ioMbl B (pyHAAMEHTE KapTUPYEeMbIX Ha
MOBEPXHOCTU TEOJIOTMUYECKUX CTPYKTYp WJIMU CyOro-
PU3OHTAIbHBIE PA3JIOMbI HA INIyOUHE. Takske He y4u-
TBIBAETCSI TPEIIMHOBATOCTh HETEKTOHNYECKOTO MTPO-
UCXOXIEHUS (KOHTpaKIIMOHHAsl, JMUTOTeHEeTUYe-
CcKasi, BBIBETPMBAHUS M T.I.), TaK KaK OHM, KakK
MpaBUJIo, HA CHUMKAaX MCITOJIb30BaHHBIX MAaCIlITA0OB
HE BUIHBI.

OMIUpUYEecKoe MNpaBUJIO, YCTAaHOBJIEHHOE
IO.B. HeuaeBbIM Ha oOpa3slax pa3IMIHBIX TOPHBIX
nopoj, — TPEIIMHOBATOCTb, BUAMMAs Ha OJHOM rpa-
HU KyOMKa MOPOJIbI, OTPAXKaeT CTEIIEHb TPEIIMHOBA-
TocTH Beero obpasna [Heuaes, 2010], a ocCHOBBIBAsICh
Ha MPUHIINTIAX ITOT00MSI, MOKHO C HEKOTOPOM ToJIeiH
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BEPOSITHOCTY IMMPUMEHUTH 3TO ITPABUJIO ITPU MOIETBHOM
paccMOTpPEeHUM KyONYeCKUX OJIOKOB 3¢eMHOIT KOPHI.

JaTh KOJUYECTBEHHYIO OLIEHKY MPOHUIIAeMOCTHU
HEKOTOPOTro 00beMa re0JIOTUHYECKOM Cpelibl MOXKHO C
MOMOIIIBI0O KO3(P(PUIINMEHTa TEKTOHUYSCKON pas3-
npooieHHocTu. KoadbdunmeHT pa3apoOieHHOCTHU
(K,)) OyzmeT paBeH OTHOLIEHUIO OOLIETO OOBEMA BCEX
TPEIIMH B paccMaTpuMBaeMoOil cpeme K ee o0beMy.
Tax, st 6;10Ka B BUAE Kyda ¢ TOpM30HTaIbHOMN BepX-
Hell TpaHbl0O U peOpOM paBHBIM a, 00BbEM TPEIIUH
(V,), comepxamuxcsi B OJloke, ompenesnsercss Kak
CyMMa MpPOU3BEAECHMI IJIUHBI, IIUPUHBI PACKPBITUS
¥ TIIyOMHEBI IIPOHUKHOBEHMS OTIEIbHBIX TPEIIH:

V, = Zibh, (1)

roe [, b1 h — nyyHa, IMpyHA U TITyOMHA IPOHUKHO-
BEHUsI, COOTBETCTBeHHO. Torma KoadduimeHT TeK-
TOHWYECKOU pa3apoOJIeHHOCTH OyleT paBeH OTHO-
menuio V,/a’ vu:

K, = Xlbh/a’. ()

Ecim coBMecTuTh BEpxHIOIO IpaHb Ky0a ¢ JTHEB-
HOIi TIOBEPXHOCTBIO U CIIPOELIMPOBATh HA Hee JIMHea-
MEHTHI, OTOXIECTBIIsSIEMbIE C Pa3IOMaMU, TeIIUdPU-
pPOBaHHBIE HAa a3p0- U KOCMUYECKMX CHUMKAX, TOTIa
5T JaHHBIE MOXHO HUCITOJIb30BaTh JJ1s1 OTNIPeIeICHUSI
Koo dUIMEeHTa TEKTOHUYECKOM pa3apoOIEeHHOCTH
KOHKPETHOI'O MCCIIEAyeMOTO yJacTKa Kopbl. OIHAKO
Ha (DOTOCHMMKAX MECTHOCTM MOXHO OINpeIeuTh
TOJIbKO mInHY pa3iaoma (/). Illupuna paznoma (b), 3a
KOTOPYIO NMPUHUMAETCSI IIMUPUHA 30HbI TUHAMUYC-
CKOTO BJIUSIHUSI, TIO CHUMKaM He ompenessieTcsi, HO
MOXET OBITh IIPUHSITA PABHOM HEKOTOPOM ITOCTOSTH-
HOW cpenHeil BeJIWYMHE 1JI1 KOHKPETHOM TEppUTO-
puU, HaIlpUMep, paBHOM 1 B eIMHUIIAX UCITOJIb3ye-
MOIT KapThl TIMHeaMeHTOB. Takxxe mosarasi, 4To JIM-
HEaMEHTHI, BBIICJICHHbIE Ha CHUMKAX, OTpaxKaloT
BEPTUKAIBHBIC PA3JIOMbl, M UX IJTyOMHA MPEeBbIIIACT
BEJIMYUHY a, Torna npu b = 1 u h = a popmyna (2)
MPUMET BUI;

>l/a?,

[Je B YUCIUTEIIe CyMMa IJIMH JIMHEaMEHTOB Ha BepX-
Heli TpaHu Kyb6a, B 3HaMeHaTesIe ee IUIOIIaab, a Bbl-
YUCIISIEMBbIA MO 3TO opMyjie HapaMeTp paBeH
yaenbHOM muHe muHeaMmeHToB (Y/1JI). To ects Y/JI
MMOKa3bIBaeT CTEIIeHb TEKTOHUYECKOI pa3apoOJieH-
HOCTH 0JI0Ka KOphI KyOm4eckoil (hopMbI, OgHA W3
rpaHeil KOTOPOro HAXOIMUTCS HA 3eMHOI ITOBEPXHO-
CTU. YUMTHIBasi OTMEYEHHOE BbIIIIE ITPABUJIO, U CUU-
Tasi PeOJIOTMYECKHEe CBOICTBA cpedbl B KyOMYECKOM
6J10Ke OTHOCUTEIIbHO OOTHOPOIHBIMU, BRIYMCIIEHHEIE
i BepxHeit rpann YIJI MOXXHO OTHECTH K LIEHTPY
Ky06a. DTo 1Mo3BoJIsIeT 3adaBaTh IITyOMHY MCCie0Ba-
HUS TIyTeM M3MEHEHUS IUIMHBI CTOPOH HMCIOJIb3ye-
MBIX Kyondeckux stueek [Heuaes, 2010].

Brruucnenuss YIJI mpoBOOMINCh B CJIeAyIOLIEM
nopsiake. CHavasa OblIa cocTaBIeHa UM poBast Kap-
Ta JIMHEAMEHTOB B NPSMOYTOJBHBIX KOOpAWHATAaX.
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Puc. 2. CxemMaTtnueckoe M300paxxeHre JIMHUI CETKU U KyOOB ¢ peopoM. LIeHTphl KyOOB — TOYKM MPOCTPAHCTBA, K KOTOPBHIM

otHocsTcs 3HaueHust YIIJ1, mo [Tackun, Cunopos, 2014].

1 — TUHWYU ceTKU; 2 — IMHEaMEeHTHI; 3 — LEHTPHI KyOoB; 4 — pebpo KyOa.

brina mcmonb3oBanHa cucrema kKoopamHat CK-42.
Hanee Ha KapTy HaKJIaIbIBaJICS IIPSIMOYTOJILHBIN
11abJIOH-CeTKa C y3JlaMM, PacIlOJIOXXEHHBIMU 4yepe3
1 xm. O6pa3oBaHHEIC KBapaTHHIC KJIETKU SIBJISTFOTCS
BEPXHUMHU IpaHsIMu KyooB. B aToM cirygae miromanb
3JIeMEHTAPHOM S4eiiky paBHa 1 KM2, a LIeHTPhI KyOOB
pacrojiaraloTcsl HIDKe BEpXHEil IpaHM Ha pacCTosI-
Hum 0.5 kM. 3aTteM, B Ipenesax Kaxkmou KJIETKH, IO~
CUMTBIBAJIaCh CyMMapHasl JJIMHA JIMHEaMEHTOB U Je-
Junach Ha ee ruromianb. Ilomyyenneie Y/1JI oTHece-
HBI K lLieHTpaM Ky0OoB (puc. 2). B pesynabrate Oblia
cocrasieHa Matpuia Y/JI mis royouns: 0.5 KM, KO-
TOopasi MpencTaBiIsIeT coO0O0M (paiin TOYEeK ¢ KOOpanHa-
tamu X, ¥, Z n 3Hayenus Y/1JI B Hux. CHavana mis
olnpeeeHUsI IYOUMHEI 3a HYJIEBYIO OTMETKY IIPUHST
ypoBeHb Mops. Tak Kak mcciaeayeMas IUIoIIaab pac-
MOJIOKEeHAa B TOPHOM MECTHOCTH, TO OYEBHUIHO, YTO
BEpPXHUE rPaHU CMEXHBIX 2JIEMEHTapHBIX KyOOB pac-
TOJIOXKEHBI Ha pa3Hoii BbicoTe. [ToaToMy ObliIa BBe-
JIeHa IMoIIpaBKa Ha pejbed, KoTopasi paBHa aDCOJIIOT-
HOI1 OTMETKe B LIEHTpE BepxHeil TpaHU KaXXIoro Ky-
0a, T.e. Z KOOpOMHATBHI LIEHTPOB KYyOOB ObLIA
“IIPUTIOMHSATHI” HA COOTBETCTBYIOIIYIO BETUYNHY.

IMocne cozmanusa matpulisl (daiina) YIJI mis Ky-
0oB 1 X 1 X 1 KM pa3Mmep peOpa dJIeMeHTapHOTO Ky0a
YBEJIMUMBAJICSI U pacyYeThl MOBTOPSIMCH. TaKUM CITO-
coboM Oblla MHOTOKpAaTHO 00paboTaHa KapTa JIMHEe-
ameHToB. Illar yBenmmueHuss pacCTOSHUS MEXIY y3-
JJaMU HakJIaablBa€MOM KBaJpPaTHOM CETKU COCTABWJI
0.2 KM, 4TO MO3BOJIMJIO YBEJIMUUBATD IITYOHHY C II1aroM
0.1 xM. YBenuueHHe pa3MepOB HaKJIaIbIBaeMOil KBal-
paTHOI CETKM IIPOBOAWIOCH OT IOro-3aIramHoro yria
KapThl JMHEeaMeHTOB. Bcero 6b110 NpoBeaeHO 26 LIMK-

sioB Beramciiennii YJ1J1. Best mmdpoBast o0padboTka naH-
HbIX nipoBeneHa B ArcGis 10 (ArcGis Desktop, ESRI.
URL: https;//www.esri.com/ (Accessed 25.04.2014)).

B utore 6b11M moTydeHbl MaTpUIIbI ((Paitibr), Xa-
pakTepu3sylole pa3npobJIeHHOCTh B UHTEpBaje OT
JHEBHOI MOBEPXHOCTU 0 NIyOUMHEI 3 KM. Jlanee Bce
¢daipl OBIIM CAUTHI B €MWHBINA (haiin 0a3bl JaHHBIX
(b)) YIAJI. DTa 6a3a maHHBIX ObLIa MCHOJb30BaHa
JUJIsl CO3MaHUsT 00beMHOI (BOKCETbHOM) MOIEIN pa3-
IPOOJIEHHOCTH KOpbI MCCIENOBAHHOM TILIOIIAIN.
OO0BbeMHast MoJie/ib MoJydyeHa UHTEPIOJISIIUei 3Ha-
yeHuii YIJI Bcex Touek, cogepxaiuuxcsa B BII. MH-
TepIIoJIsALMs poBeaeHa MeToaoMm 3D Kpurunr craH-
JapTHeIM MoxayJsieM Oasis Montaj (Geosoft Software:
Oasis montaj, GM-SYS, Euler 3D. URL: http://
www.geosoft.com/ru (Accessed 2008/01/28)). bouio
MMOCTPOEHO 00BbeMHOE N300pakeHUe pa3apoOJIeHHO-
CTH C pa3MepoM BOKceJisl (3JIeMeHTapHOTO U300pa-
KaeMoro Kyba oobema) 2 X 2 X 2 km. I3 aToii 3D mo-
eI ObLIU TIOJydeHbl BEepTUKAJIbHBIE U TOPU30H-
TaJbHBIE CEUEHUS B BUE KapT 1 pa3pe3oB (puc. 3, 4).

PE3VIIBTATHI 1 UX OBCYXIEHUWNE

st yTOYHEeHUs TIPOHUIIAEMbIX 30H BEpXHeil ya-
CTU 3eMHOI KOPHI CEBEPHOTro ceKTopa o. [Tapamyimp
Op1a TIpocTpoeHa 3D Mopenp TeKTOHMUYECKOM pas-
npobieHHocTu [Xybaesa u ap., 2020]. Ha BepTukaiib-
HBIX pa3pe3ax ¢ Moaeau (CM. puc. 3), Tof ByJIKaHYe-
CKMMU TIOCTpoMKamu xp. BepHaackoro, Ha TimyomHax
ot 1000 M rIposIBASIIOTCS C1ab0 pa3apoOaeHHbIE OJI0KU,
HaJl KOTOPbIMU PACHOJIOKEHBI 00JaCT aHOMAJIbHO
BBICOKOI TUIOTHOCTH TPEIIWH TOPHEIX IMopo. biioku
BYJIKAHOJIOTUS I CEMCMOJIOT U

Ne 3 2022



ITPOBJIEMA ®OPMHWPOBAHUA U ITUTAHWA BEPXHE-IOPBEBCKMX TEPMAJIbBHbBIX 47

A
M M
1000 1000
0 0
—1000 —1000
—2000 —2000
—3000 —3000
B B
C3 10):}
M *233’ = M
N =)
o5 -
. 1. Cesepo- 1000
- Kypuibsek
0
—1000
—2000
) ) ; —3000
2000 4000 6000 8000 10000 12000 14000
E C
c 3
° 2 -
= o = o
S < ® = e) =
5 : g £ 3 = 3 P
3 g 5 g 3 2 L B 5
3 g g X g g o g
M 1O S 2 M & = § S N CE ™
1"'). o = E = = ,;:, E
1000 = ® 11000
AT. . b
0 = 0 ,’ A — 0
I N\ 1 10000
—1000 ~ f -
—2000 I —2000
3000 “ __dff s ‘ 3 a : 3000
0 4000 8000 12000 16000 20000 24000 28000 32000
0.60.81.0151.7222325272.83.03.13.33.43.53.63.84.0 4.14.44.6 4.95.45.8 6.2 6.9 7.3 8.9
BT T T I T T I T I T T T e VUl
1 3 4 9

. 2 ?3

Puc. 3. BeptukanbHbie pa3pesnl 3D Momen TeKTOHUYECKOM pa3npobeHHOCTH ceBepHOiM YacTu o. [TapamMymmp 1mo JMHUSIM
A—A, B—B', C-C'.

1 — uzonuHuM yaenbHbIX IMH TuHeameHToB (YJ1); 2 — uzonmuuus YJI cpenneii (hoHOBOIT) pa3npoOIEeHHOCTUA B CEBEPHOIT
YaCTH OCTPOBA; 3 — TepMaJibHble UCTOYHUKU.
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Puc. 4. TopusoHTanbHbIi cpe3 ¢ 3D Moaenn TEeKTOHMYECKOM pa3apo0eHHOCTH 610Ka ITOpOo AJIsk CeBepHOii yacTu o. [Tapamy-

Ip Ha FJ'[yGI/IHe ncciaenoBaHus 1.5 KM HIXe YPOBHSA MOpsI.

1 — ycranoBneHHbII paznom CCB npoctupanmst; 2 — npeamnosiaraeMble 30HbI CyOITapauiebHbIX pa3iomoB CCB mpoctupa-
HUSL;, 3 — TepMallbHbIE UCTOYHUKU; 4 — XXepJioBasi 4acThb ByJlKaHa Biomasia. LIBeToM mokasano pacnpeneineaue YJI (km —1).

C HU3KOM CTEIeHBIO AECTPYKIIMU, MPOSIBIISIONIAECS
Ha ITyOWHe, MOTYT MHTEePIIPETUPOBATHCS KaK MHTPY-
suBHBIe Teaa [TackuH, 2016; CugopoB u ap., 2016].
Ha BepTuKanbHbIX pa3pe3ax MOIACIM OTYETIMBO BUI-
HO, YTO O0JIACTM C HU3KOMW CTEIEeHBIO NEeCTPYKIIUU
TOPHBIX TIOPOJ CIMBAIOTCS MEXIy co0oit, obpasys
HEKO€e Momo0ue BYyJIKAaHMYECKUX ITOOBOMSIINX KaHa-
JioB (cM. puc. 3). B 1980-x rr. CaxanuHckas reogu-

3U4ecKast apTHsl POBOANIIA pabOThI B paiioHe ByJKa-

Ha D6exo'. Ha oCHOBE TPaBUMETPUUYECKUX, MATHUTO-
METPUYECKNX ChEMOK, a TaKXKe DJIEKTPOPa3BEIOYHBIX
pa6ot Ha C3 ckiIoHe BylIKaHa D0eKO OBIJIO BBIICIICHO

! Boedanos A.H. Oruer o pesynbrarax reopusnyeckux padbor 1o
MOMCKaM TepMaJibHbIX Boa Ha D6ekckoii momanu (o. Ilapa-
mymup) B 1980 1. FOxHo-CaxanmnHck: CI'DD, 1981. C. 10—38.
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KpYIIHOE€ MarMaTU4ecKoe TeJI0 Ha ITTyOMHEe OKOJIO 2—
2.5 KM, uMelolee nuamMeTp 1.7 KM, KOTOpoe HaXOauT-
csl HeajieKo (10 HECKOJILKMX COTEH METPOB) OT Kep-
JIOBO# YacTH BynkaHa BiomaBua [bepHiureita u mop.,
1966] (cMm. puc. 1, 3, B—B'). I[loxoxast kapTuHa pac-
MpeaeicHUsI CyOBYJIKAHWYECKMX WHTPY3UBHBIX Tell
oTMedaeTcs Ha AJIeyTCKIX ocTpoBax. B padore [Kou-
lakov et al., 2020] mpuBeaeHa Moaeb 3eMHOI KOPHI
JIS1 ATKMHCKOTO BYJIKAHMYECKOTO KoMmIiekca (Aje-
yrckue o-Ba, CIIIA), koTopas Oblj1a ImoydeHa Ha oc-
HOBe celicMoToMorpadudeckux pe3yiabpTraTtoB. Ha
MIpeACTaBIICHHOI MOJIEI BUIHO, YTO IO ACICTBYIO-
mmMu BynkanamMu Koposwa n Kimroued, B BepxHeit
Kope 0OHapy>KMBarOTCs IBa N30JIMPOBaHHBIX MarMaTH-
YeCKMX OodJara, HaYMHaoIIUeCs ¢ IyOMHBI 1.5 1 2 KM
[Koulakov et al., 2020]. ITporsskeHHAasT 00J1acTh aHO-
MaJjlIbHO BBICOKOM TVIOTHOCTHM TPEIIWH MPOSBISIETCS
Ha 3arnaJTHOM CKJIOHEe Xp. BepHancKoro u BKJIIo4aer B
cebs BepxoBbs peK ['opmnikosa, JlosxkknHa 1 [TepeTyp-
nuTh (CM. puc. 4).

ITo nannbM [Penopuenko, nmros, 1966], B Bep-
XOBbSIX JIEBOTO TpuToKa p. ToplikoBa pacriosiaraercs
CWJIbHO  Pa3pylleHHbI JIEMTHUKOBO-3PO3UOHHBIMU
MpolieccaMu CJIOXKHBIN BYJIKaHUUECKUI KOHYC, Tpei-
CTABJSIIOIIMIA COOOIl TpM CIAMBIIMECS MEXKOY COOOi
MeJIK1E MOCTPOMKHU, O YEM CBUIETEILCTBYET PACIIONO0-
JKeHUE HEKKOB, KpaTepHO-O3€PHbIX OTJOXEHUN U
psia Mopdosornyeckux npusHakoB. CpaBHUTEIbHO
XOpOIIO COXPaHUBILIUECS IOT0-3araaHble CKJIOHbI
3TOTO COOPYXKEHUST 00pa3yroT MexXaypeube JIoKK1Ha
u lopikoBa. Ha ropuzoHTaIbHOM cpe3e ¢ Tpexmep-
Hoit monenu (cMm. puc. 4) [Xybaesa u ap., 2020] B uH-
TepBajie iyouH 1500 M BUOHA KpymHasi o0JiacTh ¢
OUYe€Hb HU3KOI TEKTOHUYECKOUN AecTpyKuueit. Takum
o0pa3oM, UMeLIMecs NaHHbIE YKa3blBalOT Ha TO,
YTO B ceBepHOM ceKTope 0. [lapaMyiinp Ha riyouHe
~2.5 KM pacrnojiaraloTcss Marmatuyeckue Teja, KOTo-
pble 00eCIeuuBalOT TEIJIOM TMAPOTEpMasibHbIE HC-
TOYHUKU U OCYIIECTBJSIIOT TMTUTaHUE COBPEMEHHBIX
BynkaHoB. Huskoremmieparypusie HCI, S (pH <1)
ra3oruapoTepMbl ByJlKaHa D0EKO JTOKAJIM30BaHbl Ha
CeBepo-BoctouHom u HOxxHOM (pymMapoabHbBIX MO-
Jisix (puc. 5), KpaTepHBIX 03epax, UCTOUYHUKAX B Bep-
XOBbsIX pyd. Jlarepusrit [BoprHukosa u ap., 2006].
HMx oTimuuTenbHON 4depToil sIBAsIETCS TepeMeHYM-
BOCTb COCTaBOB M JIOKaJIM3alluii BBIXOMOB [Mapxu-
HuH, Cugopos, 1966]. Tak, B mepuon HaOIIOAEHUIA ¢
1963 o 1985 IT. MI3MeHeHHE TeMIIepaTyp U Baprarii
conepxanusi H,0/CO,, CO,/H,, S/C, F/Cl, S/CI
MO3BOJIWJIN BBIICIUTD NEPUOABLI AKTUBU3ALIUU U MO -
TOTOBKM K (hppeaTo-MarMaTUUYeCKOMYy HU3BEPKEHUIO
1967 1. [Menyalov et al., 1985] 1 2010—2011 rr. [Ko-
TeHKO W ap., 2012]. TepmomuHepanbHBIe BepxHe-
IOpbeBcKUe UICTOUHMKU, B OTJIMYME OT ByJIKaHa D0e-
KO, XapaKTepU3YIOTCSI BbICOKOTEMIEPATYPHbIMU
(~87°C), ynbrpakuciaeiMu (pH 1-2) cynbparHo-
xnopuaHeiMu Bomamu [Kalacheva et al., 2016]. Ha-
OoeHUsT 3a TeOXMMUEN BOJI MCTOYHUKOB ToKa3a-
Jii, 4yTo B 2016—2017 IT. NpOMU3O0IILIO YTSKEIEHUE UX

BVJIKAHOJIOTUS 1 CEMUCMOJIOTUA
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usorornHoro cocrasa (80 u dD) ¢ oqHOBpeMEHHBIM
poctoM koHueHTpauuu Cl-, SO,, 4TO CBUIETENb-
CTBOBAJIO O IOCTYIUIECHUM MarMaTHM4eCcKOIo Bellle-
crBa [KamaueBa, 2020]. Bomsl, BCKpBIThIE CKBaXXM-
Hoii T1-2 (cm. puc. 1), mpoOGypeHHOIT Ha BOCTOYHOM
ckioHe Xp. BepHanckoro, nuMeroT 60J1ee JerKuii u30-
TOITHBIN cOCTaB, OJIM3KNI K MeTeOpHBIM BomaM [ Ka-
JnauyeBa, Tapan, 2019].

B onnoit 13 mocnemHux pabdot [XybaeBa u Ip.,
2020] MBI yKa3bIBaJM Ha CylLIIECTBOBAaHUE HA BOCTOU-
HOM CKJIOHE Xp. BepHaacKoro cKpbITOro pa3pbiBHOTO
HapyllleHUsl, TPOTSIHYBIIErocs BIOJb OCEBOM 4acTu
xpebTa B CCB HanpapieHuu. Takoe pa3pbiBHOE Ha-
pyllIeHre MOXEeT UHTEPITPETUPOBAThCS KaK 30Ha CyO0-
MapajuieIbHbIX Pa3JIOMOB OCEBOM YacTu xp. BepHaicko-
ro. [uroresy o COMyTCTBYIOIIMX aKTUBHOMY JIEMCTBUIO
pasiomMa cyOITapaJUIe/IbHBIX 001acTei Ipo0JieHMsI 000C-
HOBBIBAJIOCh B MHOTOUMCJIeHHBIX pabotax [ILlepman,
1977, 1983, 2009]. Bropasi 30Ha cyOrnapaie/IbHbIX pa3-
JIOMOB, CeBEpHasi YacTb KOTOPOIi UMTaeTcs B pelibede
[Xyb6aeBa u ap., 2007], a 10XkHasI, CKpbITas 101 MHO-
TOYUCICHHBIMU JJABOBBIMU IMOTOKAMU, PACIIOJIOKeHa
Ha 3arajJHOM CKJIoHe Xp. BepHanckoro. Y3ibl ¢ Bbl-
COKOI TEKTOHMYECKOI NECTPYKLHUEN SIpKO BbIpaxe-
HbI HAa TOPU3OHTAIBHBIX cpe3ax 3D Moneny TeKTOHYe-
cKoli pazmpo0bieHHOCTH (cM. puc. 4) [XybaeBa u ap.,
2020].

B nosnb3y cyiiectBoBaHUSI pa3pblBHOTO Hapyle-
HUSI Ha 3aIlaiIHOM CKJIOHe Xp. BepHaackoro cBuae-
TeJIbCTBYIOT PacIOJIOXEHHbIE 3[eCh IPEBHUE pa3py-
IIEHHbIE BYJIKAHWYECKUE TOCTPOMKU, MHOTOYMC-
JIeHHbIC CYOBYJIKAHWYECKHME WHTPY3UBHbIE Tella
(malikv, HEKKW) 1 TepMaJibHble UCTOYHUKU. Kepio-
Basl YacTb ByJKaHa BiomaBua HaxoguTcs Ha nepece-
yeHuu paznoma C3 nmpocTupaHusi, Ha KOTOPOM pac-
MOJIOXKEHbI TaKXe JeMCTBYIOIIME BYJIKaHbl AJiaun
(0. AtnacoBa) u D6eko [Baranov et al., 2002] (cm.
puc. 1, paznom 2) u pazpbiBHOro HapyureHuss CCB
npoctupanus (cMm. puc. 1, pazimom 1). Ha paznom C3
npocTtupanus (cM. puc. 1, pasiom 2) o6paIiaiT oco-
6oe BHuMmaHue IO.U. biox ¢ coaBropamu [biox u
Ip., 2006], KoTopble CUMTAIOT €r0 KpyMHEMIIe mo-
nepevyHoi (K IpOCTUPAHUIO OCTPOBHOM AYTH ) CKBO3-
HOI MAarMOKOHTPOJIUPYIOLLIEHA IIPOHULIAEMOI 30HOM.
Ha BceM npoTsizkeHUu 3TOi 30HbI TTPOSIBIISIIOTCS TO-
JIOLIEHOBBIE 11LJIAKOBbIE KOHYCHI, a TAKXE COBPEMEH-
Hble U HOBEHIIME MPOSIBICHUS TUAPOTEPMAaIbHOI
JIesITEIbHOCTY Ha ByJIKaHax D6eko, Bionasua u Ana-
WO ¥ DKCTPY3Wil Ha BynkaHe IpuropseBa. Ha o. I1a-
paMyliMp S3TOT pas3jioM IpopadaThiBaeTCs PEKOi
IOpbeBa, KoTopast 6epeT Havyalo Ha CKJIOHaX COBpe-
MEHHOTO BynkaHa Doeko. U3zmepennrle [Taran, Ka-
lacheva, 2019] 3HaYeHUsT BBIHOCA XJTOPUIOB B YCTHSIX
pek IOpeeBa (85 1/menn), Iopmikosa (4.8 T/meHb),
Kysemunakm (1.3 1/menn), Hacenkmna (6.9 T/meHb),
npopadaTeiBatolimx pasaoM C3 mpoctupaHus (CM.
puc. 1, paziom 2), UMEIOT OYeHb BbICOKME IMOKa3aTe-
JIU IO CPaBHEHUIO C APYrMMU pekamu Xp. BepHan-
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a — 1 — reomopdosornyeckuii mpoduib (cM. puc. 6), 2 — pasioM, 3 — mpeanonaraeMasi 30Ha cyOrnapasule/IbHBIX pa3IoOMOB
oceBoii yacTu xp. BepHazackoro; 6 — kpatepsl U hymMapoJibHbIE TTOJISI ByJIKaHa D0eKo.

CKOTO, YTO MOXET yKa3bIBaThb Ha TE€HEPUPYIOIIYIO
pousb paznoma C3 npoctupaHus (cM. puc. 1, paziaom
2) B GOpMHUPOBAHUM TUAPOTEPMATbLHO-MarMaTuue-
cKoii cucteMbl D0eko—lOpbeBa. BaxkHO OTMETHTH
BO3MOXKHYIO BPEMEHHYIO TTPUYPOUYEHHOCTh HEKOTO-
PBIX U3BEPXKEHUI BYJKAHOB, HAXOMSIIMXCS HA eau-
HOI pa3ioMHoOI1 30He [PemopueHKo u ap., 1989], Ha-
MpUMep, OTHOBPEMEHHBIE CWJIbHBIC W3BEpPKEHUS
ByJIKaHOB Ajiaun u D6eko B 1793, 1934 rr. [ bepranb-
Kysukac, 2012].

Taxum 06pa3oM, BHOBb ITOMHUMAETCSI CYIIECTBY-
1o1uii ¢ 1950-X IT. Bompoc o IMpoucxoxneHuu Bepx-
He-KOpbeBcKIX NcTOUYHNKOB. CYIIIeCTBYET ABE MOJIE-
JIN X TIPOMCXOKICHMSI.

INepBas Momenp onMpaeTcss HA JaHHbIE XUMUYC-
CKMX aHaJW30B BOAbLI U T€OJIOTMYECKUE JAaHHEBIE U
YKa3bIBaeT HAa TEHETUUECKYIO CBsI3b BepxHe-HOphes-
CKMX WUCTOYHHMKOB C IOCTPOMKOI IPEBHETO ByJKaHa
Bnomasua [MBanos, 1957; BoponoBa, Cumopos,
1966; MapxunuH, Ctpatyna, 1977; PonnoHoBa u np.,
1966 u ap.].

Btopast ocHoBaHa Ha JaHHBIX XUMWYECKUX aHa-
JIN30B BOABI U ra30B U CBUIETELCTBYET O TOM, UTO
Bepxue-HOpneBckue TepMaibHbIe UCTOYHUKHU (Pop-

MUPYIOTCSI B IIPUKPATEPHOil 30HE ByJIKaHa DOEKO U
BBIXOASIT HA MOBEPXHOCTh B BUJIE OE3HAMOPHBIX MC-
TOYHUKOB B BepXxoBbsxX p. lOpweBa [DasznyuiuH,
1999; Kanauesa, 2011; KamaueBa, Korenko, 2013;
Kalacheva et al., 2016; Kanauesa, Tapan, 2019 u ap.].

OCHOBOI1 MOZIeNIN, CBUIETEIbCTBYIONIEH B IIOJIb3Y
dopmupoBanusi BepxHe-lOpbeBcKUX UCTOYHUKOB B
MIPUKpaTepHOIi 30HE ByJKaHa HDOEKO, SIBJISIETCS pa-
oora [KamaueBa, 2011], rme BrICcKa3bpIBaeTCs MPEIITO-
JIOXXEHHE O TOM, YTO o3epa ByJKaHa DOeKo, CyIle-
CTBOBaBIIIME B KpaTepax ByJIKaHa B pa3HOE BpeMs, B
repuosn I/ISBep)KeHI/IH YXOHST MOJ 3eMJIIO, TAE CYIIe-
CTBYeT “TONBEIICHHBIN” BOJOHOCHBI TOPWU3OHT,
PpacIoJIOXKEHHBII B IIPUBEPIIMHHON YacTU ByJIKaHa, U
e IIPOUCXoaUT (POPMHUPOBAHME YILTPAKUCIIBIX PACCO-
JioB. B mosib3y aT0it Mo aBTOPHI IIPUBOIST Oy O~
KoBaHHBIe MaTepuaibl [HoBeitmii ..., 2005] o Tom, 9yTO
nocsie usBepxxeHust 1965 r. ucuesno 180000 M3 Boab! U3
03. Topsiuee (CpenHuii KpaTep ByJdkaHa D0eKo0), a
TaKK€ CCBUIAIOTCA Ha Treou3ndecKue HCCcaemoBa-
HUs, B pe3yibTaTe KoTophix Ha CeBepo-BocTouHoM
dbyMaposbHOM 1oJjie Ha nryouHe 10 40 M ObL1a moace-
yeHa 001aCTh BBICOKOMHHEPAIN30BaHHBIX BOI.
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Ccputasgich Ha cnenuduUIecKre KIMMaTHYeCKUe
YCJIOBUSI B IPUBEPIIMHHON YaCTU ByJIKaHa, Ie1aeTcs
npennoioxenue [Kamauesa, 2011], yTo Ha By/JIKaHe
D0eKO MPOUCXOOUT OTPAHNUCHHBIN CTOK 13 ITIOA3€M-
Horo “o3epa” B C3 HanpaBJIeHNUU, KOTOPBIIA pa3rpy-
JKaeTcst Ha MOBEepXHOCTH B Buae Bepxte-OpbeBckux
ncrogyHnkoB [Kamauesa, 2011]. Taxcke B 2011 1. TpyTI-
noit ucciaenonareieii [boptaukosa u ap., 2013] 6b11M
BBIIIOJTHEHBI MOpOoMWIM 3JIEKTpoTOMorpaum Ha
MionmsckoMm 1moie ByJiKaHa D0eko. JIMHa KaxkIoro
npodunsg cocrasisia 235 M. Ilo pesynsratam padoT
ObLIa BbIJIeJICHA aHOMAJIMSI HU3KOI'O COIPOTUBIICHUS
(0.1-1 OM M), KOTOpasi pacHojoxkKeHa Ha CTOPOHE
KpaTepa HallpOTUB AKTUBHOUI BOPOHKMU.

IMoarBepxxaeHNEM TaKOTO TIPEATIOIOXKEHUS SIBJISI-
eTca paborta [Ckpuriko u ap., 1968], B KoTopoii 1mo-
JIpoOHO oTUChIBaeTcsl KojiebaHue ypoBHs Boabl B [0-
psiueM o3epe B 1966 1. O3epo HAMOIHSUIOCH 3a CUEeT
TasiHUSI CHera U aTMoc(epHbIX ocaakoB. B aToT me-
pUOI TIPOUCXOJIUIIO TIOCTOSTHHOE KoJiebaHue (B TIpe-
nenax 1 M) ypoBHsI Boabl B o3epe. IlpumedaTeIbHbIM
okasajicsl mepuoni ¢ 29 ceHTsIops 1Mo 12 okTI6ps1, KO-
IJa B pe3yjbTare CUJbHBIX OCalIKOB BOAOCOOpHbBIE
Oacceiinbl CpenHero u CeBepHOTO KpaTepoB (CM.
puc. 56) monoHWIKUCH 6oyee yeM Ha 6000 T BOIHI,
YTO JOJXKHO ObLIO MOBBICUTH YPOBEHb BOIbI B 03€pe
Ha 0.9 1 0.25 M, HO YpOBEHb 03epa B 3TOT ITEPUOJ, ITO-
CTOSIHHO YyObIBaJl, a OCHOBHbIE ITYTU IOA3€MHOTO
CTOKa U3 03epa HaXOAMJIUCH B €T0 3araaHoi yactu. B
1966 r. mon3eMHbIit cToK 13 ['opsiyuero ozepa ObLT Ta-
KUM 3Ke, KaK 1 10 hpeaTHUueCcKoro u3BepkeHus1 8 aB-
rycra 1965 1., 0 YeM CBHUIIETEIbCTBYET YPOBEHb BOIBI
B 03. ['opsiuee, KOTOPHBIH OBLJI MOCTOSIHHBLIM ¢ 1959 110
1965 rr. [Ckpunko u ap., 1968].

Tem He MeHee, TOBOIbI B TOJIb3y Bepcuun o hop-
mupoBannn BepxHe-IOpbeBCKNX WMCTOYHUKOB B
MPUKpaTepHOil 30HE BYyJIKaHa HDOEKO He KaxKyTcs
yOenuTeIbHBIMU, TaK KaK aKTUBHOCTD ByJIKaHa D0e-
KO XapakTepu3yeTcsl 4acTbIMU (ppeaTuyecKumMu u3-
BEpPXKEHUSIMU, IIOCJe KOTOphix pacxon BepxHe-
IOpbeBCKHUX HMCTOYHUKOB HE YMEHbIIAeTCs, 4YTO
JIOJDKHO MPOUCXOAWUTh MpPU YCIOBUM, 4TO BepxHe-
IOpbeBcKkre MCTOUHUKM (DOPMUPYIOTCS B IIPUKpa-
TepHOI 30He ByJIKaHa D06eKo. I[logoOHBIl Ipolecc
OOBSICHSETCSI MEXaHU3MOM THUIpOTEepMalibHO-Mar-
MaTUYECKUX B3PBIBOB U JOCTATOYHO IMOJAPOOHO pac-
CMOTpeH B paboTax MHOIMX aBTOPOB [/pO3HUH,
1980; Lorenz, 2003; Buttinelli et al., 2011], a monenb
ruApOTepMaIbHO-MarMaTUUYECKUX B3PHIBOB Ha IpPU-
Mepe ByJkaHoB KamuaTku u KypuiabcKux ocTpoOBOB
noapoOHO omnmchiBaeTcsT B pabore [Belousov, Be-
lousova, 2016].

B 3TOM ci1yyae Bo3HUKAET BOMPOC 00 UASHTUUHO-
CTU XxuMmndeckoro cocraBa BepxHe-HOpbeBcKkux mc-
TOYHUKOB U PY4bsl, IpeHUpyollero Mioabckoe noe,
oOpa3oBaBlilieecsl Ha BHEIIHEM CEBEPO-BOCTOYHOM
CKJIOHE AKTUBHOM BOPOHKM B IEPUOI aKTUBU3ALUN
BynkaHa D06eko B 2005 1. [Kamauena, 2011]. CxoncTBO
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CpaBHUBAaEMbIX BOHAOIIPOSIBJICHUI MTPOCMATPUBAETCS
B IPUHAIJICKHOCTH OTHOMY T'MAPOXUMUYECKOMY TH-
Iy BOM, B ITOJIHOM MACHTUYHOCTU KOJMYECTBEHHBIX
XapaKTepPUCTUK MUKPOKOMITOHEHTHOTO COCTaBa, a
TaKXXe B COOTHOIIEHUUN PEAKUX IETOYHBIX JIeMEH-
TOB M TIpopmiie paclpenciacHUs PeaKo3eMeTIbHBIX
siieMeHTOB (puc. 6) [Kanauena, 2011].

IMonpoOHEBI aHAIU3 U pa3BepPHYThIC JaHHbBIE XU~
MUYECKHX COCTaBOB TepMaibHbIX Bom BepxHe-
IO pbeBCKHUX MCTOYHUKOB M KpaTEPHBIX BOI ByJTKaHa
D0eko nmpuBeAeHbl Takke B padbore [MIBaHoB, 1957].
OnHako 3/1ech aBTOp MPUXOIUT K BBIBOAY O TOM, UYTO
KaHbOH p. OpbeBa co3maeT 61aronpusiTHBIC YCIIOBUS
IJ1s1 00pa30BaHUsI KPYIMTHOTO o4ara pa3rpy3Ku BbICO-
KOTEMITepaTypHBbIX TEPM, LMPKYJIUPYIOIIUX HaA TIy-
OmHe o nepudepnn ByJIkaHa D0eKo.

OTa Touka 3peHus OblIa ornpoBepruyTa [Kamaue-
Ba, Korenko, 2013], mockoabKy BepxHe-OpbeBckue
WCTOYHUKHU SIBIITIOTCS O€3HAITOPHBIMU, XapaKTepH-
3yIOIIMECsS HU3KOM ra3oHaChIIIEHHOCTbIO U MOTYT
pasrpyXaThCst TOJIBKO TP HATMYMY TUIPABIMIeCKO-
ro KaHaJja, CBSI3bIBalollero 06actb (hopMUPOBAHUS
1 00JIaCTh pa3rpy3ku TepMaJIbHbIX BOI.

OpHako repenaj BhICOT MEXIY KpaTepoM ByjIKa-
Ha U 00JIACThIO pa3Trpy3KM MCTOYHUKOB COCTaBJISICT
ot 600 oo 800 M. I1pu TakoM Tepernanae BHICOT UCTOY-
HUKU JOJIKHBI ObITh HarmopHbeIMU. Kpome Toro, ce-
pUsl TepMaIbHBIX UCTOYHUKOB p. FOpbeBa pacmnoJio-
>KeHa B pydbe, OepyllieM Hayajlo Ha CKJIOHax I. 3eJie-
HOI1, Ha BepIInHe KOoTopoii B 1970-X IT. oTMedasiach
¢dyMmapoabpHasag OesTelbHOCTh [3eneHoB, 1972]. B
1960-x IT. ucciiemoBaTesIM OTMEYaIn caabyo dyma-
POJIBHYIO JeITEeIbHOCTh C HEOOIBIINM KOJIMYECTBOM
HCI B cocrase raza [BopoHoBa, Cumopos, 1966] B
TIPMKEPJIOBOM YacTu ByJKaHa BropaBua (moiuvHa
p. IOpbeBa), YTO CBUAETEIBCTBYET O BOCXOMSIIEM
TETJIOBOM ITOTOKE HA 3TUX y4aCTKaX.

B 2007 r. 6pU1a onyOMKoBaHa KapTa pa3pbIBHBIX
HapyIIEHWI, BBISIBIIEHHBIX HA OCHOBE TreoMOpdOoJIo-
rmdyeckmx MetonoB [XybaeBa m np., 2007]. Ha xapte
BUIHO, UTO pa3pblBHOE HapylieHue C3 mpocTupa-
HUSI, HA KOTOPOM PaCHOJOXKEHBI BYyJKaHBI DOEKO U
BronaBia, cmelaeTcss pa3pbIBHBIM HapylIeHUEM
CCB npoctupanus (cMm. puc. 1, 5a). IIpu Takoii cu-
cTeMe pa3pbIBHBIX HAPYIIEHUI TepMabHbIC BOIbI,
JIPEHUPYIOIIMECS CO CKJIIOHOB ByJIKaHa D0EKO0, JOIK-
HbI BBIXOJIUTh HA TOBEPXHOCTh B BEPXOBbSIX p. [opii-
KOBa B pailoHe CMEIIEeHUST pa3pbIBHOIO HAPYIICHUS
C3 npoctupanus (cM. puc. 1, 5a).

B 2013 r. [KanmaueBa, KoteHko, 2013] npoBoauics
CPaBHUTENILHLINA aHaIN3 XUMUUYECKOTO COCTaBa U
TeMIiepaTypHoro pexmma BepxHe-IOpbeBcknx mc-
TOYHMKOB 3a Tepuon 2005—2010 rr. ¢ pe3yiabTaTamu
paHee MPOBEACHHBIX MCCIEIOBAaHUIl, TLOe aBTOPLI
YKa3bIBalOT Ha TO, YTO (PU3UKO-XUMHUYECKHE ITOKA3a-
TEJIM BOI U UX XMMUYECKUI COCTaB MOCTOSIHHBI Ha
MPOTSKEHUU BCEro mepuoaa HabOmomeHui. 3Hauu-
TeJIbHbIC M3MEHEHUs ObLIA BBISIBJICHBI TOJBKO IS
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N-MORB

BepxHe-HOpbeBckMe MCTOYHUKU

JlaBhbI ByJiKaHa D0eKo

BOIIBI,

dyMapoabl ByJiKaHa D0eKo

TybI MO3HEMEJIOBbIE-KalHO30CK1Ee
(byHnameHra IO IHbIE TOJIIN
. [Tapamymmpa Kamuatkn
TMTOBEPXHOCTHBIC
CHer MOpcCKasi Boma
U TIOJI3€MHbIE BOJIbI
0.703 0.705 0.707 0.709

8791 /86y

Puc. 6. CpaBHeHUEe COOTHOILIEHMIT U30TONOB CTpoHLUS B BepxHe-OpbeBckux ncrouHukax, ¢ymaposax, Boaax v jlaBax ByJI-
KaHa D06eko, mopoaax dyHmameHTta o. [TapaMyimp, METEOPHBIX U MOPCKUX BOJAX.

I'pacduxk mocrpoeH Ha ocHOBe gaHHBIX paboThI [ Kalacheva et al., 2016]; mo cocraBam Bepxte-OpbeBCKMX MICTOYHUKOB, (hyma-
poJ1 1 J1aB ByJIKaHa D06eko [ MapTheIHOB U Ap., 2010]; TydoB hyHIaMeHTa, TOBEPXHOCTHBIX U METEOPHBIX BOM, CHera [dpwiib u 1p.,
2005]; Mmopckoii Boasl 110 naHHbIM [ Ky3He1oB u ap., 2012]; coctaBoB duminonaHbix Toain Kamyatku [KoBanenko u np., 2010].
N-MORB — HopmanmzoBaHHbI# cocTaB CpenuHHO-Okeannvyeckoro xpeora [Sun, McDonough, 1989]. 3naueHust BepTUKaIb-
HOI1 LLIKAaJIbI SIBJISIIOTCS] YCJIOBHBIMU, CMBICJIOBOM Harpy3ku He HeCyT.

“UcrouyHuka Ne 17, oripoOOBAaHHOTO PSIIOM MCClie-
noBartesieil B pasnmuuHblie roapl [ Kamauesa, Korenko,
2013]. Takke aBTOpaM He yIaJI0Ch BHISIBUTh 3aBUCH -
MOCTH B U3MEHEHMY KOHLICHTPAIIWI1 OTACIbHBIX KOM-
TIOHEHTOB OT aKTMBHOCTH ByJIKaHa D0eko [Kamauena,
Kotenko, 2013; ZKapxkos, 2020]. Bmecte ¢ TeM 1aHHbIE
o XuMU4Yeckomy coctaBy ¢ 1955 o 2014 rr. yka3biBa-
IOT Ha CHUXEHUE KOHIEHTPALMA XJIOPUIOB U CYJib-
¢dartoB B OpbeBCKUX UCTOUHUKAX C TCUECHHUEM BpeMe-
nu [Kalacheva et al., 2016], yero He oTMeuaeTcsl Ha
ByJIKaHe D0OeEKo.

B pa6orte [Kalacheva et al., 2016] Bepxae- O pbeB-
CKMe VICTOYHUKHU PacCMaTPUBAIOTCI KaK BTOPOE Tep-
MaJIbHOE MOoJie ByJIKaHa D0eKo, IIPUBOASITCS TaHHBIC
OCHOBHBIX Y TPEKOBBIX 3JIEMEHTOB BOABI, U30TOITHBIX
coctaBoB KOpheBCKUX MCTOUHMKOB U 03€p BYJIKaHAa
D0eKo, a TakxKe Habop JaHHBIX IO M30TOITHBIM CO-
CcTaBaM Cepbl U KMCJIOPOJa paCTBOPESHHOTIO CcyibdaTra
u otHo1eHUA 87St/%St OpheBCKMX UCTOYHMKOB, TII€
JIeJIaeTCsI BIBOM O TOM, YTO KUCJIBII BOMOHOCHBII Iro-
pu30HT, uTaoimuii OpbeBcKre UCTOUHUKNA U Py-
MapoJibHbIE 11011 D0EKO, MPENCTaBISIOT COOO0M eau-
HYIO BYJIKAaHO-TUAPOTEPMAabHYIO cucteMy. K Takom
BBIBOZIY aBTODPBI MPUXOIST, OCHOBBIBASICh HA TTOHU-

>KEHHBIX 3HaueHusx 0D, 880 meTeopHbIX Box, Bepx-
He-OpbpeBCKNX NCTOYHUKOB, CKB. [1-2 1 HEKOTOPBIX
MCTOYHUKOB ByJIKaHa D0EKO, a TakKXKe CCHhIIAsICh Ha
pa6othsl [Giggenbach, 1974], KkoTopblii cCUUTaET, YTO
yBennmdeHre Mg B “KucIioii” Bome IpeaiiecTBYeT U3~
BEP>KEHUIO BYJIKAHOB U SIBJISICTCS peaKlineil Ha BHE -
peHue HOBOII MarMbl B KHUCJIbIe BOJOHOCHBIE TOPH-
30HTBHL. Ha ocHoBe maHHBIX ¢ 1955 1o 2015 rr. 6pU1H
MOCTPOSHBl IUarpamMMbl sl xJiopa, cyibdaTta u
SO,/Cl B TepManbHbIX Bomax KOpbeBCKUX MCTOYHM-
KoB 1 D06eko [Kalacheva et al., 2016]. Pe3ynbTathl
MPOBeIeHHBIX PaboT ToKa3aiu, YTO €IMHCTBEHHOE
CTAaTUCTUYECKHU 3HAUYNMOE YBEJNYEHNE OTHOCUTEIb-
HOW KOHIIEHTpauuu Mg B TedeHUe IIUKIJIa U3BEPXKe-
Huii ¢ 2005 mo 2011 rr. npousonuio B 2010 r. Ilon-
TBEpKICHUEM TIPEINONI0XEHUS O INHOM BOJTOHOC-
HOM TOpU30HTE ByJIKaHa BD06eko u HOpbeBcKux
MCTOYHUKOB CJIyXaT Takxe yBenudeHus SO,, CO,,
H, B mepuon akTuBM3anuu ByJiKaHa D0eKo (OKTIO0pb
2015—cenTts10pb 2016 rr.) [Kanauesa, Tapan, 2019]. B
KadecTBe IOKAa3aTelIbCTBA TAKOTO HPEAITONOXKEHUS
MPUBOIUTCS TPOIHAS AUarpaMMa KATUOHOB BOJ, 03ep
206exko u FOpreBckux nctouHukoB [Kalacheva et al.,
2016], koTOopast IEMOHCTPUPYET 3aMETHBIE Pa3INYUSI
BYJIKAHOJIOTHS U CEMICMOJIOT U
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MEXIY STUMU IBYMSI TePMaJTbHBIMU ITPOSIBIICHUSIMU.
Boabr FOpbeBCKIX MICTOYHUKOB OTJIMYAIOTCS T10 KOH-
neHTpauuu Ca oT Bof, ByJIKaHa D0eKO0, YTO OOBSICHSI-
eTcs ocaxkIeHUeM M pacTBopeHneM anruaputa [Ka-
lacheva et al., 2016].

OnHaKo He MPUHUMAIOTCSI BO BHUMAaHUE JaHHBIE
OypoBbIix ckBaxuH (I1-1, I1-2), mpoOypeHHBIX Ha BO-
CTOYHOM CKJIOHE ByJIKaHa D0eKo, KOTOphIC YKa3bIBa-
IOT Ha MPUCYTCTBHE MOIIHOIO JIaTEPaAIbHOTO TOPU-

30HTa OuKapOoHaTHBIX TepM2. [1ocie OKOHYaHUS Oy-
peHus ckB. [II-2 Havan Bbeimagateh CaCO;, u
CKBaxkKMHa ObICTpO 3apociia. Bo3HuKaeT Bompoc: roue-
MY Ha BOCTOYHOM CKJIOHE ByJIKaHa D0eKo He Habmona-
€TCsl CTOJIb XK€ AKTUBHBIN MPOLIECC OCAXIECHUS U pac-
TBOPEHUS aHTUIPKUTA, KaK Ha 3aIllagHOM CKJIOHE?

B pa6ore [Kalacheva et al., 2016] 612 TpeacTaB-
JieHa Mojelib D0eko-HOpbeBcKoi BYJIKaHO-THUIPO-
TepMaJIbHOM CUCTEMBI, I1Ie BICOKHE KOHIEHTPALUU
HCI B HU3KOTEMITEpAaTYpHBIX (hyMapojIax U OTHOCH-
TeJIbHO HU3Kue KoHleHTpauuu H, u CO B ByjiKaHU-
YeCKHUX razax o0ycaoBJIeHbl HATUUUEeM BOJOHOCHOTO
TOPU30HTA KUIIEHUS 1101 BepIInMHOKM D0eko. Bomo-
HOCHBII TOPU3OHT HAXOMUTCSI B CTAllMOHAPHOM pe-
>KMMe€, YpaBHOBEIIMBAETCS TTOTOKOM MarMaTuyecko-
ro Jrronaa 1 METEOPHBIX BOI C IIOBEPXHOCTHU, BEIHO-
coM (PymMapoJIbHBIX ITapoB W ApeHaxkoM KO pbeBCcKUxX
UCTOUHUKOB. Kuciblie Boabl HaxXoAsTCsl Ha OOJIbIION
DIyOMHE, a TeMIleparypa (ymMapos ByJlIKaHa DOeKo
KOHTPOJIMpYeTCcs NByX(a3HOM MapOBOISTHON CMECHIO
BbIIIIE BOJOHOCHOTO TOPU30HTA.

TemriepaTypa B CUCTEME BEILIE, UeM TeMIepaTypa
KUTIEHUSI YMCTOI BOABI HA BBICOTE (PyMapOIbHBIX MO~
Jieii BClencTBUE BBICOKOI KOHIEHTpalUW PacTBO-
peHHbIx BemecTB [Kalacheva et al., 2016]. Mexa-
HU3M, BBI3BIBAIOIINI (hpeaTnuecKre N3BEepKeHUS Ha
D0eKo, 3aKI4YacTCsl B TOM, YTO TOpsiYMe ra3bl MO/ -
HUMAIOTCS BHE3AITHO IPU paspylIeHUU H30JSTOpAa.
Korma gaBneHue ropsiaux ra3oB IagaeT U TPELIMHBI
CHOBaA 3aIOJIHSIOTCS ABYX(Pa3HBIMU KUTISIIITUMU TH/I -
poTrepMaMu, TemIeparypa (yMapos IIOBTOPHO CTa-
HoBuTCH cTammoHapHoi [Kalacheva et al., 2016].

OIHako IpH YCJIOBUU pabOThHl MEXaHU3Ma CaMo-
30T MOIITHOCT (hyMapoJI JOKHA ITOHMKATHCS
rnepea TeM, Kak Mpou3ouaeT (ppeaTudeckKoe MU3Bep-
XEeHHe, B TO BpeMs Kak B pabdorax [KoreHnko u ap.,
2010; MewnsitnoB u np., 1988] mokasano, yro pyma-
poJibl, HA0O0OPOT, YBEJIMUYUBAIOT CBOIO PA3rpy3Ky U
TeMIleparypa Iiepea U3Bep>XXeHUEM IToBbIIIaeTcs. B
razax ByJIKaHa D0eKO HPHUCYTCTBYIOT IE€TOHAILIMOH-
Hble ra3bl, Takue kak H,, CH,, CO u np. ITockoiibKy
B MIEpUOM CTaIuU IBYX(Pa3HOro MOTOKA MPOUCXOIUT

2 Oruer o Hay4YHO-HCCIe0OBAaTEeNbCKOM paboTe 1o teme: “Mo-
HUTOPUHT CEMCMUYHOCTU BYJKAHOB, IIyHaMU, 3K30TCHHBIX
TPOIIeCCOB (OITOJI3HU, OOBAJIBI, CEJIN), TEOTEPMAJIBHBIX CUCTEM
U JeTajlbHOE CEeMCMUUYECKOE paOHUPOBAHUWE B 30HAX MpPO-
MBILIJIEHHOTO U CEIbCKOXO3SICTBEHHOro ocBoeHust Kypuib-
CKHX OCTPOBOB, OILIEHKa OITaCHBIX TocienctBuii”. Ilerpomnas-

noBck-Kamuarckuit, 2001. 140 c.

BYJIKAHOJIOTUA U CEMCMOJIOTUA  Ne 3 2022

IMOHIDKEHNE YPOBHS TePMaJIbHBIX BOI M OOpyIlIeHNE
CTEHOK KaHaJjia, TO Ha IITyOMHY 110 2 KM ITOJcachIBaeT-
csi Bo3ayx ¢ Kucioponom [Belousov, Belousova,
2016]. Eciu B cMecu ra30B IIPUCYTCTBYET XOTS ObI 5%
BOIOPO/Ia, TO BO3MOXKEH B3PbIB, B pe3yJbTaTe KOTO-
pOro TMpPOMCXOAUT CUJbHOE ApoOJieHWEe, Yyero Mnpu
pa3pylieHn: BO BpeMsI AByX(ha3HOTo II0TOKA He Ha-
omonaercs [Rychagov et al., 2009; Belousov, Be-
lousova, 2016].

BaxxHO OTMETUTH, YTO IMTOCTPOMKY BYJIKAHOB D0Oe-
Ko 1 BiiomaBiia pacnosoxkeHsl Ha omHOM pasjiiome C3
npoctupaHusl (cMm. puc. 1). Kak yxe oTmeyanoch,
reopusnueckue HabmoneHus' [BepHmTeitn, 1966]
YKa3bIBAIOT Ha CYILIECTBOBAHUE Ha IIyOUHE ~2.5 KM
101 ByJIKAHAMHY KPYITHBIX MarMaTUIeCKUX TeJl, KOTO-
pBIe HaxXodsIT oTpaxkeHre u Ha 3D Moaenn TeKTOHU-
YyecKoii pazapobieHHoCTH (cM. puc. 3). O6palaet Ha
ce0s1 BHUMaHUE U HaJIM4re TPeX NOOOUYHBIX KOHYCOB
ByJKaHa BiomaBua B seBom 6opty p. OpbeBa. Ha
BEPTUKAIBHBIX Cpe3ax C TPEXMEPHOI MO TEKTO-
HUYECKOIl pa3mpoOJIEHHOCTH BUOHO, YTO KaHAJIBI,
MUTaoIIMe TOO0YHbBIE KOHYCHI, TAKXKE CIIMBAIOTCS Ha
n1youne ot 1 go 1.5 kM (cm. puc. 3).

B 2007 1. 66111 IpOBEACHEI UCCICTOBAHMUS, KOTO-
phBIe ITOKAa3aju, YTO 3HAYCHUSIM OCeil HAIIpSDKeHU B
oyarax 3emJIeTpsiCeHuM 1y paioHa o. ITapamymup
HauJIydIlonuM OOpa3oM COOTBETCTBYET OOIlee IoJjie
HamnpsKeHWM C OChI0 pacTsKEHUS MOrpyKaloleiics
o azumyTty 205430 1 ochlo CXXaTHsI, OpUCHTUPOBAH -
HOI4 110 a3umyty 11620, yeMy He IPOTUBOPEUUT THA-
roHajJbHasl cucTeMa caBuroB [Xybaesa m ap., 2007].
Takum obpaszoM, 110 pasnoMy C3 mpocTUpaHUs MO-
XKET MOCTyIaTh MarMaTUYeCKM MaTepuall, obecrie-
YMBAIOIINI MATAHUE BYJIKaHy D0eKO 1 BMECTE C TEM
MOJIe PXKUBAIOIIMMI THIPOTEPMAIbHYIO aKTUBHOCTD B
paiioHe p. FOpbeBa, Ha YTO yKa3bIBAalOT TaKXe pac-
IpeaeieHre 30H BEICOKOM TEKTOHMYECKOM JeCTPYK-
oy Ha 3D Mopenn TeKTOHUYEeCKOI pa3apo0aeHHO-
cTu 6y10Ka 1opox (cM. puc. 3, 4).

J1st mpoBepKU TUIIOTE3bI O BIUSIHUM pa3iioma C3
HaTlpaBJIEHUsI Ha MPOSIBICHUSI TUAPOTEPMATIBHO-
MarmMaTU4eCcKOi aKTMBHOCTM ByJKaHa ODO0eKo U
BepxHe-HOpbeBCKMX UCTOYHUKOB OBUIA UCHOIL30-
BaHbI U30TOITHEIE OTHOIIIEHUSI CTPOHLIVSI B (pymMapo-
JIax, BoJax, JlJaBax ByJIKaHa D0eko, rmopoaax pyHaa-
MEHTa, METEOPHBIX BOJAaX, CHEre MU MOPCKOIT Bome
(cM. puc. 6). [TonyyeHHBIE TaHHBIE AEMOHCTPUPYIOT,
yTo Hamboyiee JIETKWE Pa3HOCTU XapaKTepHbI IS
BepxHe-HOpbeBCKMX UCTOYHUKOB M, HATIPOTUB, DYy-
MapoJbl U BOAbI DOEeKO MMEIOT Hauboee TsKeable
OTHOUIEHUSI U30TONOB CTPOHILMS. COOTBETCTBEHHO,
UJIesT CTOKA IMIPUMOBEPXHOCTHBIX BOI ByJIKaHa DGEKO
K BepxHe-OpbeBCKM UCTOYHUKAM MalOBEPOSITHA,
TaK KaK BEICOKOTeMIIepaTypHbI€, YIbTpa-KUCIIbIE BO-
bl BepxHe-HKOpbeBCKIX HCTOYHMKOB OJIU3KU K IOBE-
HUJIBHBIM MarMaTuuecKum GIJIIougaM, B OTINYKNE OT
HM3KOTEMIIEpaTypPHBIX Ta30TUAPOTEPM ByJIKaHa D0e-
ko. CootHoweHud 8D u 80 B Bomax u dpymaponax



54 XYBAEBA u ap.

ByJIKaHa DOEKO SIBHO AEMOHCTPUPYIOT CMEIICHUE
MarMaTU4ecKuX NapoB U MeTeopHbIX Box [ Kanauesa,
Tapan, 2019]. CpaBHeHue, IpOBEAEHHOE C TIPUBJIE-
YeHHeM COCTaBOB IIopon ¢yHmameHTa o. [lapamy-
mup, GIUITONIHBIX TOJI] KaMyaTky 1 MOpPCKOit BO-
IIbI, OOBSICHSIET CPABHUTEIBHO TSDKEJIbIC OTHOIIICHUS
M30TONOB CTPOHIMS B (pymMaposax M Bomax ByJIKaHA
Doeko (cM. puc. 6). [IppMech MOPCKOit BOIBI B THI-
pOTepMaJIbHO-MarMaTUYEeCKO CHUCTEME BYyJIKaHa
Doexo obcyxnamachk n paHee [dpwirs n op., 2005; Ka-
lacheva et al., 2016], paBHO Kak 1 pa30aBJIEHUE aTMO-
chepHbsiMu Bogamu [Shevko et al., 2018]. Ha ocHoBe
YaCTOTHOTO 30HAWPOBAHMS, IJIEKTPOTOMOrpadum u
TeMIiepaTypHoii cbeMku CeBepo-BocTtouHoro ¢pyma-
POJILHOTO II0JISI ByJIKaHa D0eKO ObLIO MOKa3aHOo, YTO
IIPOCTOE BHIIICIaYBaHUE SJIEMEHTOB 13 IIOPO, BYJI-
KaHMWYECKOM MOCTPONKU, KaK MPEAroJiaraaioch He-
KoTOpbIMU uccienoBarensiMu  [Kalacheva et al.,
2016], He MOXeET OOBIICHUTD BECH CIIEKTP FreOXUMUYE-
ckux Bapuanmii [[Tanun u op., 2015]. ABTopamu ObI-
JIO BBICKA3aHO IIPEAIIOJOXKEHNE, YTO IIPUITOBEPX-
HOCTHOE MPOCTPAHCTBO XapaKTepU3yeTCsI HaTUIeM
¢da30BBIX OapbepoB (ra3—pacTBOpP), KOTOPEIE OIpe-
JIeJISTIOT pas3aeiieHue (Ionaa He TOJILKO 1o pu3nde-
CKUM ITapaMeTpaM, HO 1 110 XUMHIECKOMY COCTAaBY.

MOJEJIb TMAPOTEPMAJIbBHO-
MAI'MATHUYECKOHN CUCTEMBI
OBEKO—-IOPLEBA

M3y4uB paGoTHI, MOCBAIIEHHBIE TEME HAIIIETO C-
CJeIOBaHU, MBI TIPUIIUIM K 3aKJIIOYEHUIO, YTO JIBE
CYILIECTBYIOIIME BEPCUU IIPOMCXOXIeHUS BepxHe-
IOpbeBCKNX MCTOYHUKOB HE SBIISIOTCS B3alMOMC-
KJTIOYAOIIMMU.

K coxaneHuio, KOMIUIEKCHbBIE pabOThI, B KOTOPBIX
B TOI WJIV UHOM CTEIIEHU MMOIHUMAJICS BOIIPOC MPO-
ncxoxaeHust Bepxae- O preBckux nctouHnKoB [Bo-
ponoBa, CugopoB, 1966; PomuonoBa u np., 1966;
BepHiureitn u ap., 1966; Hukutuna, 1978; MapxuHuH,
Crparyna, 1977] 3akoHuwiuch B Havdaje 1980-x 1r. B
oosice no3gHux padotax [Kamauesa, 2011; Kanauesa,
Korenko, 2013; Kalacheva et. al., 2016; Taran, Ka-
lacheva, 2019] mns1 oOBSICHEHUSI MHPOUCXOXIACHUS
Bepxne-OpbeBCKMX ICTOYHUKOB UCITOIL30BAIMCh B
OCHOBHOM JaHHbIE T€OXMMUYECKUX aHATU30B BOJIBI
1 PyMapoJIbHBIX ra3oB. OJHAKO TaKOM MOOXOI MO-
XKET TPUBECTU K HEIPaBWILHOMY NOHUMAHUIO KC-
TUHHON KapTUHBI ITpoucxoasinero. Ctapasch HAUTU
MaKCUMAaJIbHO OOBEKTUBHbLIN TTOAXON K ITOCTaBJIEH-
HOM 3amade, aBTOPHI MCITOJIb30BaJl MHOIME MCCIIe-
JOBAaHUSI MPEAIIECTBEHHUKOB U COBPEMEHHUKOB U3
pa3HBIX OOJIacTel 3HAHMWiI, padOTaBIIMX HA JaHHOM
oobekTe. Co3naHHast aBTopaMu 0a3a JaHHBIX HAa OC-
HoBe reonH@opMmaimornHoi cucreMsl (I'MC) TexHo-
JIOTUi, a TaKXXe MOCTPOCHHAS TpexXMEpHask MoJelb
TEKTOHUYECKON pa3apoOJeHHOCTH OJioKa MOpol,
MO3BOJINIIA MTOJIYYUTh HOBBII MaTepua o IyOMHHOMI
COCTaBJIIONIEH BCEero ceBepHOro cekropa o. Ilapa-

MYIIUP, OIIPEAEIUTH 30HBI BBICOKOM IIJIOTHOCTHU TPe-
IIMH 10 DIYOMHBI 3 KM, KOTOPBIE HEPEIKO CIyXKaT Ka-
HaJlJaMM MUTpPallMM MarmMaTU4YeCKMX pacIillaBOB B
BepxXHEl YacTu 3eMHOM KOpkhl. [1oaydeHHbIe TaHHBIE
MOTYT CIYXXUTh OCHOBOI1, IO3BOJISIOIIEH OOBEIM-
HSITh Y BU3yaJIM3UPOBATh MPAKTUYECKHU JIOObIC pado-
THI MICCIIENOBaTelIeld B 00JIaCTH HayK O 3emJe, BEeay-
LIMeCs B palloOHE CEBEPHOM YaCcTH OCTPOBA.

Takum oOpa3oM, IOIOJIHUB JaHHBIC TIpeale-
CTBEHHUKOB pe3ylbTaTaMU COOCTBEHHBIX HCCIIEI0-
BaHWIi1, MbI TIpejiaraeéM HOBYIO MOJIEIb 00pa3oBaHUs
Bepxue-HOpbeBckux MCTOYHUMKOB. [l mutiocTpa-
UM MOAEIH IJTyOMHHOTO CTPOSHUS TUAPOTEpPMallb-
HOI CUCTEMBI B paiioHe ByJKaHa Do6eko u p. FOpreBa
MPUBEICHO €¢ cXeMaThJecKoe n3o0pazkeHue (puc. 7).

ITo muuuu A—B—B—I'-JI—E (r. CmupHoBa —
HEKK B JieBOM 6opTy p. FOpbeBa — BbIcoTa 632 (110-
OOYHBII KOHYC ByJIKaHa BiogaBiia) — HEKK B BEpXO-
BbsIX p. FOpbeBa — ByJIKaH D0€KO) ITOCTPOEH reOMOp-
¢donornueckuii nmpodusib, Ha KOTOPBINA BbIHECEHBI
pasrpyxatoliuecsi TepMaJibHble UCTOUHUKU, (hyma-
pOJibl, pa3pbIBHbIE HAPYIIEHUS, 30HbI LUPKYISALIUA
METEOPHBIX U DIYOMHHBIX BOA, BOJOHOCHBI KOM-
IUIEKC, 30HA JaTepaJibHOTO CTOKAa, MarmMaTuyeckue
WCTOYHUKM TeIlia, OpeKUYnpoBaHHBIE 30HBI. OCHO-
BOIi JJIsS1 MOCTPOEHUSI 3TOM CXEMbl TTOCTYXKUIU TaH-
HBIE MO CTPOCHUIO ByIKaHOB BiomaBua u D0eko,
rpaBMMarHUTHBIN npoduik yepe3 o. Ilapamyiiup B
cyOImmMpoTHOM HarmpasieHnu [bepHinreitH, 1966],
rpaBUMarHUTHbIE UCCIENOBaHMS B palioHe ByJIKaHa
D6eko!, 3D MomeIb TEKTOHUYECKON Pa3apOOIEHHO-
CTH 6JI0Ka ITOP O, IJIST ceBEpHOTO cekTopa o. [Tapamy-
mup [XybaeBa u ap., 2020], kKapThl pa3pbIBHBIX HAPY-
IIeHuii ceBepHOro cekTopa o. [lapamymmup [XybaeBa
n np., 2007], a Takke DJaHHBIE MPEINIeCTBEHHUKOB
[BopoHosa, Cunopos, 1966; Poguonosa u ap., 1966;
MapxwunuH, Ctparyna, 1977; ®@aznymmH, 1999; Ry-
chagov et al., 2009; Kanauena, 2011; KamauyeBa, Ko-
teHko, 2013; Kalacheva et al., 2016 r.; Kanauesa, Ta-
paH, 2019 u ap.].

I'maporepMaabHO-MarMaTUdeckKasl cucremMa Doe-
ko—IlOppeBa pacrionokeHa Ha IIOTHSATOM OJIOKE,
OrpaHMYEHHOM C [ora pa3JIOMOM IIMPOTHOTIO IIPOCTH-

paHus®, U MPEeICTaBIseT cOOOM TUITUUHYIO OCTPOBO-
IY>KHYIO TUAPOTEPMAJIbHO-MarMaTUYECKYI0 CUCTEMY,
[J€ MIaBHBIMU JAaHA(MOPMHBIMU KOHCTPYKIIMSIMU $SIB-
JISTIOTCST aHAE3UTOBbBIE CTpaTOBY/IKaHbI [ Peruaros, 2002;
Henley, Ellis, 1983].

I'maporepMaabHO-MarMaTdeckKasl cucremMa Doe-
ko—IOpbeBa MMeeT HETTOCPENCTBEHHYIO CBSI3b C pa3-
JoMoM C3 nipoctupanus (cM. puc. 1, pasyiomsl 1, 2).
Ha mmoBepxHOCTH B 30HAaX MepecedeHus 3TOro pas3io-
Ma C pasjioMaMUd W Pa3pbIBHBIMM HapyLICHUSMU
CCB npoctupaHMsi pacIojioXeHa KepjoBasi 4acTh

3 Jleonos B.JI. Ouenka nepcriekTuBHOCTH T. CeBepo-Kypuibcka
Ha TepMajbHble Bonbl. IleTrpomaBioBck-Kamuarckuii: WB
JABO PAH, 1990. 33 c.
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Puc. 7. CxemaTtnueckoe M300paxkeHre MOIEIM TMAPOTepPMaIbHO-MarMaTUIeCcKoi cucreMbl D6eko—OpbeBa.

1 — 30HBI C aHOMAJIbHO BBICOKOI IeCTPYKIIME TOPHBIX MTOPOM (OT TEMHOI'O K CBETJIOMY CTeTIeHb TPEIIIMHOBATOCTH YMEHbIIIa-
ercst); 2 — 00JIaCTH MUTAHUSI TUAPOTEPMATBHBIX CHCTEM METEOPHBIMU BOAaMU; 3 — TepMalibHbIe ICTOYHUKU; 4 — BOCXOSIIIHE
MOTOKH MapO-TUAPOTEPM; 5 — pa3HOBPEMEHHbBIE BHEAPEHMSI MarMaTnIecKux Tet (1 — OCThIBIIIME MarMaTUYeCcKue Tena, 2 —
OCTBHIBAOIIME MarMaTU4YeCKue Tejla, 3 — MarMaTUIeCKnii 00beM 10l aKTUBHBIM BYJIKAHOM DGEKO0); 6 — ydacTKu reoMmopdoio-

TUYECKOTo Mpodus.
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npeBHero ByiKaHa BiomaBma, Bepxue-FOpneBckme
WCTOUYHUKU, a TaKXKe aKTUBHBII ByJKaH D0eKOo (CM.
puc. 1, paznomsl 2, 3). Ha rmyoune ot 1.5 10 2.5 KM B
3THUX XK€ 00JacTIX HAOIIOmaroTCI KPYITHBIE CyOBYII-
KaHW4YeCKHe NHTPY3UBHBIE Tea [ bepHiuTeiin, 1966].
MarmaTuyeckue paciijiaBbl IIOTHUMAIOTCS K TIOBEPX-
HOCTHU OT €IMHOI ITTyOMHHOI CHUCTEMBbI IUTAHUSI II0
ocnabneHHoit 30He paziaoma C3 mpoctupaHus (CM.
puc. 1, paziaom 2), IepUOAUIECKI BBIXOOSAT Ha II0-
BEPXHOCTh B paiioHe mepecedeHnsT 3TOro pas3jioMa C
pas3itoMoM oceBoif yactu Xp. Bepnaackoro CCB Ha-
npaByieHusl (ByJikaH D0eko). B 3o0Hax mepeceyeHust
pasiroMa C3 mpoCcTHUpaHUs C 30HaAMU CyOIapaieab-
HbIX pasyiomoB CCB mnpoctupaHus (cMm. puc. 1, pas-
JIOMBI 3, 4) Ha 3amaJJHOM X BOCTOYHOM CKJIOHaX Xp.
Bepnanckoro [Xyboaesa n op., 2020], Marma He Bcerma
JIOCTUTAET TIOBEPXHOCTH, 00Opa3ysd CyOByJKaHUYE-
CKue MHTPY3UBHbIE TeJia (CUJUTBI, faiikun). Takum 00-
pa3oM, B Heapax IMApOTepMajbHO-MarMaTU4eCKOM
cucteMbl D0eKo—HOpbeBa CyllIeCTBYIOT pa3jIMyHbIC
10 BpeMEHM BHEIPEHUS CYOBYJIKAHUYECKUE UHTPY-
3UBHBIE TeJIa, CIyXKalllre NCTOYHUKAMM €€ TEeIIJIOBO-
ro nutanus. Ilo aktmBHoMy pasnomy C3 mipocTupa-
Hug [Xy6aeBa u ap., 2007] mpoucxoauT nepuoaunye-
CKO€ IMOCTYIUIEHNE MarMaTUIeCKOTo MaTepuaja, 4eM
OOBSICHSIETCSI TUIpPOTEepMaJibHasl AeSITeIbHOCTh B
BEPIIMHHOI 4YacTu ByjJIKaHa DOEKO UM B BEPXOBBSIX
p. FOppeBa. Bepxne-lOpbeBckue MCTOUYHMKH (hOp-
MUPYIOTCS B IIPUKEPJIOBOI YacTH ByJiKaHa BiiomaBiia
101, BO3JIEMICTBMEM BBICOKOTEMIIEPATYPHBIX IT'a30BbIX
BBIACICHMI, MOCTYNAIOIINX OT IIEPUOANIECKI BHEI-
PSIOIIMXCS MO pa3jioMaM MHTPY3UMBHBIX Tel. DTUM
OOBSICHSIIOTCS TIOXOXKME XMMHYECKUE COCTaBBI TEp-
MaJIbHBIX BOJI B KpaTePHBIX 03epax U KOTJIaX ByJIKaHa
D06eko, a takke BepxHe-HOpbeBCKMX MCTOUHUKAX,
MOCTOSTHHBII AeouT BepxHe-KOpbeBCKMX MCTOYHM-
KOB, KOTOPBI OCTaeTCsI HEM3MEHHBIM B IEPUOIbI
dpeaTnyecKuxX N3BEPKEHUI ByJKaHa DOeKo, a TakK-
Ke CHIDKCHME KOHIICHTpalMU XJIOPUIOB U Cynbda-
TOoB B BepxHe-OpbheBCKMX MCTOUHMKAX C TEYCHUEM
BpemeHU. [Ipu 3TOM He UCKITIOUEHO, YTO CYILIECTBYET
TaK:Ke JIaTepaIbHBIN CTOK C BEPIIMHBI ByJKaHa D0e-
KO B cTopoHY BepxHe-OpbeBcKIX ICTOYHUKOB, KO-
TOPBIiA HE SBJISIETCS ONPENESIISIIOIIMM B UX (hopMUPO-
BaHWU.

3AKIIIOYEHHME

Ha ocHoBe KOMIUIEKCHOTO aHajiu3a reojioruye-
CKOTO CTPOEHUSI, M30TOITHO-TEOXUMUYECKUX U TeO-
$uU3HMUeCcKUX TaHHBIX, BOKceJbHOTO (3D) Monenupo-
BaHUS MpeioKeHa MOJeb MUTaHUSI TUAPOTEpMab-
HO-MarMaTu4eckoii cucteMnl D6exko—OpneBa.

Huskue oTHolIeHUs U30TOIOB CTpoHIUST Bepx-
He-lOpbeBCKUX MCTOYHMKOB OTHOCUTEIBLHO J1aB U
TUAPOTEPMAaTbHBIX BOJ, ByJIKaHa D0EKO, YIbTPaKuC-
JIBIA cocTaB Box, pyMapoJbHas eI TeJIbHOCTD B IIPU-
KepJIOBOM YacTH ByJKaHa BiomaBuaB v Ha I. 3ene-
Hoii B 1960—1970 rT., HaTMYMe KPYNHBIX UHTPY3UB-

HBIX TeJl Ha TmyomHax 1.5—2 KM B HCCIIeAyeMOM
paiioHe, yKa3blBalOT Ha JOMHUHMpYIOlIee ITMTaHue
BepxHe-HOpbeBCKMX MCTOYHUKOB BBICOKOTEMITEpA-
TYPHBIMHM Ta30BBIMU BBIICICHUSIMU, ITOCTYIAIOIIN-
MU OT MEPUOAUYECKU BHEAPSIONIMXCS CyOBYJIKaHU-
YeCKMX MHTPY3UBHBIX TEJI B 30HE IIepecedcHUsT pa3-
nomoB C3 u CCB nipoctupanus.

B Hempax rumporepMaibHO-MarMaTU4eCKOM CU-
creMbl D0eko—IOpbeBa pasziuyHbIE 0 BPEMEHU
BHEIPCHUSI CyOBYJIKAHUYECKME WHTPY3UBHBIC Tejla
CIy>KaT UCTOYHUKAMU €€ TeIJIOBOTO IMHUTAaHUS, THe
JOMUHUpYyoass pojb pasznomMa C3 mpocTupaHust
CBSI3BIBA€T aKTUBHOCTbL ByjJIKaHa D0eko u Bepxhe-
IOpbeBcKUe NCTOYHUKMA.

NCTOYHUK OPMHAHCUPOBAHUA

PaGota BBHITIOHEHA TIpU (UHAHCOBOM TOMIEPIKKE
rpanta PH® Ne 21-17-000490.
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The Problem of Formation and Feeding Yurieva Thermal Springs
(Paramushir Isl., Kurile Islands)

O. R. Khubaeva®- *, O. V. Bergal-Kuvikas!, and M. D. Sidorov?

!Institute of Volcanology and Seismology, Far East Branch, Russian Academy of Sciences,
bulvar Piipa, 9, Petropavlovsk-Kamchatsky, 683006 Russia
2Scientific Research Geotechnological Center, Far East Branch, Russian Academy of Sciences,
Northeast Highway, 30, post office box 56, Petropaviovsk-Kamchatsky, 653002 Russia

*e-mail: grifon03@yandex.ru

Unique Yurieva springs are one of the most productive hydrothermal systems of chlorine flux in the World.
Presented work has studied the influence of rupture zones and injections of magmatic materials. Results of
voxel modelling (3D) of tectonic destructions on the northern sector of Paramushirisl. on Kuriles are present-
ed. Based on the complex analysis of geological structure, isotopic, chemical and geophysical data created a
model of feeding hydrothermal magmatic system of volcano Ebeko and Yurieva springs. From a single deep
feeding system, the magmatic melts rise to the surface along the NW strike’s weakened zone, come to the sur-
face in the area of its intersection with the NNE fault, maintaining the activity of the Ebeko volcano. At the
intersections of the NW strike with the subparallel zones of the NN strike, the magmatic material does not reach
the surfaces and form subvolcanic intrusive bodies (sills, dikes) that provide heat supply to the hydrothermal sys-
tem of Yurieva springs.

Keywords: tectonic fragmentation, hydrothermal-magmatic system, zones of subparallel faults, magmatic
feeding system
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