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YCJIOBUA TEHEPALIMU 1 NCTOYHUKN MATM BEPIHIMHHOTI'O
1 IIOBOYHOI'O U3BEPXEHUI BYJIKAHA KJIIOYEBCKOM B 2020—2021 rr.:
N30TOIMMHO-TEOXUMHNYECKHUE (Sr-Nd-Pb-O) JAHHBIE!
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B 2021 r. Ha BysikaHe KirtoueBckoii (KamuaTka) crrycrst 6os1ee 30 jieT TOMMHUPOBAHUSI BEPITMHHBIX U3BEpXKe-
HUI1 TIPOU30IIUIO YHUKAJIBHOE COOBITHE: 00pa30BajIcs ITOOOYHBIN ITPOPLIB, HA3BAHHLIN B 4eCTh Wi.-Kopp. AH
CCCP I.C. T'opuikoBa. M3Bep:keH1e Ha4aJI0Ch Cpa3y Mocie OKOHYAHMST aKTUBU3ALIMK BEPILIMHHOTO KpaTepa B
2020—2021 rr. Ha BeIcoTe 2850 M B ceBepo-3anagHoM YacTU ByJIKaHa, IIe paHHee He HaOII01aI0Ch IPOSIBICHUI
nobGoYHoro By/lkaHu3ma. [IpencraBieHbl reoxuMmuueckre M u3otorHbie Sr-Nd-Pb-O naHHbIe 115 JiaB Bep-
IIIMHHOTO 1 1To0ouHoro n3BepxeHuii KimoueBckoro ByakaHa B 2020—2021 rr., mpoBeieH CpaBHUTEIbHBIN
nerporpaduruecKkuii aHaJInM3 ¥ MpoaHaIM3UPOBAHbI COCTaBbl (DEHOKPUCTAIJIOB 3THX JiaB. JIaBbl 000UX U3-
BEPXKEHUI — NIMHO3EMUCThIC aHAe3M0a3IbThl HOpMaJIBHOM IIeJIOYHOCTH. Bapualimy cocTaBoB OCHOBHBIX
OKCHIIOB B JIaBaX BEpPIIMHHOTO U3Bep:KeHNsI U B JlaBax rpopbiBa uM. [.C. Topikosa (B mac. %): SiO, 53.1—53.2
u 51.6—53.2, MgO 5.6 u 5.5—6.0 coorBeTcTBeHHO. OLICHKU TeMIIepaTyp 1 JaBJICHUI KPUCTATA3ALIMU ILIaruo-
KJj1a3a MOKa3ajii, YTo IS JIAB BEPILIMHHOIO M3BepxXKeHus1 oHu cocTtapisuii 1210—1118°C u 12.3—3.6 x6ap, mis
J:aB mo6ouHoro npopsiBa — 1203—1119°C u 9.0—3.3 k6ap. ConepkaHue IMTaBHBIX 3JIeMEHTOB, OJIM30CTh
YCJIOBUi1 TeHepallMy IUIarnokjia3a 1 0COOEHHOCTU BapHuallMii XMUMHUYECKOTO cocTaBa (heHokpuctamuioB O,
Cpx n Pl B 1aBax 060MX U3BEPKEHUM CBUACTEIBCTBYIOT O T€HETUYECKOM B3aMMOCBSI3M MarM, MUTaBIIMX
BEPIIMHHOE U TOO0YHOE U3BepKeHMs. JIaBbl BepIIMHHBIX M3BepxkeHuit 2016 1., 2020—2021 IT., KaK 1 JIaBbl
MPEIIIECTBYIONIMX BEPITMHHBIX U3BepxKeHUi KirroueBckoro BganaHa, XapaKTepu3yIoTCs BECbMa BbIIEp-
)aHHbIME Sr-Nd-Pb n30TOMHBIME XapakTepucTukamu: ° Sr/%°Sr = 0.703625—0.703626, “*Nd/'*Nd =
0.513085—0.513102, 2°°Pb/?*Pb = 18.3148—18.3179. M3zortonHble otHomeHusi 22’Pb/?%Pb (15.5022—
15.5107) 1 2%8Pb/2°*Pb (37.9597—38.0143) U151 1aB MOC/IEIHUX BEPITMHHBIX ¥ TOGOYHOTO N3BEPKeHMIT 3HA-
YUTEJILHO BBIIIE, YeM ISl JIaB BCEX M3BEPXKEHUM MPOIIIOro, YTO TOBOPUT O GoJiee CIOXKHBIX MpoIeccax
SBOJIIOLIMM MarM Ha KOPOBBIX YPOBHsIX. 3HaueHUs 880 = 6.49—7.39 %o (SMOW) B 1aBax paccMaTpuBae-
MBIX U3BEPXKEHUI COTIaCylOTCs ¢ paHee OIyOJUMKOBaHHBIMU TaHHBIMU 1o KiTtoueBcKoMy ByJIKaHy. JIaBbl
npopsiBa uM. [.C. TopiikoBa o6oraiiieHbl, 10 CPaBHEHUIO C JJaBaMU MOCJISIHUX BEPITMHHBIX U3BEPKEHUIA,
Ba, Zr, Sr u npyruMu HECOBMECTUMBIMU 3JIEMEHTAMMU IIPU IIOCTOSIHHOM coaepkaHuu MgQO, 4To yKa3blBaeT
Ha pa3/Inyusi MyTeil SBOJIIOLMHI UX MarM. Pe3Ko MoBbILIeHHbIe 3HaueHus ® Sr/30Sr (0.703673—0.703743) B
JnaBax moboouyHoro npopsiBa uM. I.C. T'opiikoBa, He HabmMogaBIIMeCs paHee B 1aBax KiIloueBCcKoro ByjiKa-
Ha, CBUIETEIbCTBYIOT 00 MHTEHCUBHOU aCCUMWISIIIUM MCXOMHBIMU pacIljlaBaMy KOPOBOTO BEILIECTBA B CE-
Bepo-3aItaTHoi YacTH ByJKaHa.

Karoueswie cnosa: ByakaH KirouyeBckoii, Kamuarka, m3zBepxkeHusi 2020—2021 rr., moOOYHBIM IIPOPHIB,
Sr-Nd-Pb-0 u3otorHble JaHHbBIE, YCIIOBUS TeHepalui Marm

DOI: 10.31857/S0869590323030032, EDN: BZKRGC

BBEJIEHUE MpencTaBasieT OOJBIIOM WHTEepeC IJIS ITOHUMaHWS
IIPOLIECCOB MPOMCXOXACHUSI MarMbl U €€ 3BOJIIOLUA
Ha OyTU K 3eMHOI MOBepxHOCTH. Ha Takux Bynka-
Hax, KaKk OTHa, [TutoH-ge-na-PypHes, Texna, Ku-

1 HononHuTeNbHass WHMOPMALMS TSI 3TOW CTaTbU OOCTYITHA naysa, Cakypanszuma, Dymxu, Tak ke KaK 1 Ha ByJi-

doi: 10.31857/S0869590323030032 fi1st aBTopu3oBanHbix ionb- ~ KaHE KITFOUEBCKOM, HAOJIOMAIOTCA YepenyonInecs
30BaTeneit. LIMKJIbI BEPLIMHHBIX Y TIOOOYHBIX M3BEpXKeHM. B Ha-

I1pobinema dopMupoBaHUS CTPATOBYJIKAHOB C 00-
IIMPHBIMU TIPOSIBJICHUSIMU MOOOYHOTO BYJKaHU3Ma
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CTOSIIIMIT MOMEHT HE CYIIECTBYET OOIIEIIPUHSITOMI
MOJIEJIN TOTO, KaK paboTaloT TaK1e ByJIKaHbI. Y KaxK-
JIOT0 KOHKPETHOTO BYJIKAHA U €ro MUTAIOIIEH CUCTe-
MbI €CTh CBOM XapaKTepPHbIE YePThI, OOYCIOBIICHHEIE
F€OTEKTOHUYECKUMHM YCIOBUSIMU €ro (OpMHUPOBa-
HUS U UX 9BOJTIOLIMEN, a TAKKE T€0JIOTUYECKUM CTPO-
eHUEeM TEPPUTOPUM.

ITo nanabIM (Acocella et al., 2003), Ha ByJKaHe
DTHa OOKOBBIC M3BEPKEHUS IMUTAIOTCS MPEUMYIE-
CTBEHHO paJauajbHBIMU MarMaTuyeCKMMU KaHajlaMu,
M0 KOTOPHIM Marma IepeHOCUTCSI U3 BEPLIMHHOIO
KpaTepa B HUDKHUE YacTy ByJkaHa. OTMeueHbl 0oJiee
pelnKue ciaydyau, Korma moOoYHble M3BEPKEHUS BYJI-
KaHa MUTAI0TCI HE U3 LIEHTPAILHOTO MUTAIOIIETO Ka-
Haja, a U3 MajontyouHHoit (A ~ 10 kM) marmaTuye-
ckoii Kamepnl. CornacHo (Sharp et al., 1980), Hakomn-
JIEHME MarMbl MOXET MPOUCXOAUTh B JUH30BUIHOM
cepuM TpelIMH Ha miyouHe 16—24 kM, OTKyda OHa
MOJHMUMAETCS BBILIE MO MUTAIOIIUM KaHajlaM.

B MarmoronBozsieit cuctemMe ByiKaHa IIuToH me
711 @ypHe3 BBIACIISICTCS 10 TPEX MarMaTUYECKUX 0YaroB
Ha mmyouHax 0—15 kM. 3a 1okaar3airio U HEOTHOPOI-
HBII COCTaB BEPITMHHBIX U TOOOYHBIX U3TUSTHUMN OT-
BEYaIoT MPOIIECCHI B MAIOTTTYOMHHOM MarMaTmIecKOM
pesepnyape (Peltier et al., 2009). U3MeHeHMSs B pexXrMe
TTONITUTKA 3TOTO pe3epByapa BIMSIOT Ha IIMKIMYHOCTD
W3BepXKeHWi. Menkue BepIIMHHBIE W TTOOOYHBIE 13-
BCPXKECHUS TMHUTAIOTCA U3 BCpXHCﬁ 4yaCcTu MarmMatruydc-
CKOI KaMephl, a KpyITHbIe TOOOYHBIC IIPOPBIBBI — U3 €€
ocHoBaHus (Ludden, 1977).

IToGouHbBIe TTapa3uTUYECKNE U3BEPKESHUS Ha aH-
Je3UTOBOM ByJikaHe CaKypaa3ruma IIpOUCXOoIsT B pe-
3yJIbTaTe OTBETBJICHMS MarMbl Ha I'TyOMHE OT OCHOBHO-
ro nuraroiero KaHanaa (Yokoyama, 2013), u paccros-
HME OT LIEHTPaAJIbHOTO KpaTepa 10 OOKOBOTO IMPOphIBa
KOppeIrpyeT C NIyOMHOI TOYKM OTBEeTBIeHMSI. OTHAKO
MEXaHM3M OTBETBJICHUS U TTyOMHHASI CTPYKTypa -
TalOIIMX KaHAJIOB ellle He MposicHeHbl. MHTepeceH
TaKke TOT (pakT, yTo Ha BynkKaHe Cakypam3uMma (Slmo-
HUsT), a TaKKe Ha ByJKaHax ['ekira (Mcinanaus), @ory
(Kabo-Bepne) u Tars (Kypunbckue 0-Ba) ToOOYHBIE
MPOPBLIBBI MOTYT MPOUCXOOUTHh HA IIPOTUBOIIOIOX-
HBIX CKJIOHAX CTpaToByJKaHa omHoBpemMeHHO (Yo-
koyama, 2015).

BepiHHbIe M TTOOOUHBIE TPEIIMHHBIE U3BEpXKe-
HUA BylIKaHa [exima muTaroTcd U3 o6IIero MarMaTuJe-
CKOTO pe3epByapa, HaXOISIIerocs Ha IITyonHe 7—8 KM,
MMPUTOM MOOOYHBIE TTPOPHIBBI 6OJIee OCHOBHOTO CO-
cTaBa IUTAIOTCS OT KpaeBhIX YacTeil KaMephl, a Bep-
IIMHHBIE KUCJIbIe U aHAS3UTOBbIC U3BEPXKEHUS TIPU-
ypOYeHHI K LIEHTpaJIbHOM YacTu pe3epByapa (Gud-
mundsson et al., 1992).

HesaBrcumo ot CyIIecTBYIOIIMX TOYEK 3peHUsI Ha
MpoOJIeMy TTUTAHUS CTPATOBYJIKAHOB C SIPKO TPOSIBJICH-
HBIMU ITOOOYHBIMU U3BEPXKEHUSIMU, CIIEAYeT [IPU3HATD,
YTO MOOOYHEIE KOHYChI HE SIBJISTFOTCSI BCLIOMOTaTeTbHbI-
MM TI0 OTHOIIIEHUIO K OCHOBHBIM BYyJIKaHaM, a TECHO
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CBA3aHbI C MAarMaTU4CCKMMM NMUTAIOITMMU CUCTEMA-
MU BYJIKaHOB.

B 2021 r. Ha BynkaHne KimoueBckoii (KamuaTka)
criycts 6osiee 30 €T JOMUHUPOBAHUS BEPIIMHHBIX
M3BEPKCHUI ITPOMU3O0IILIO YHUKAJILHOE COOBITHE: Ha
ceBepo-3altaJHOM CKJIOHe Ha BwIcoTe 2850 M oOpaso-
BaJicsl 110004HBIM TTpopkiB M. I.C. TopiikoBa. M3Bep-
XKeHMe Hadajoch depe3 10 mHel Mmociie aKTUBU3aAN
BepmmHHOTO Kparepa B 2020—2021 rr. JlaHHBIE cO-
OBITUS JaloT YHUKaAJIbHYIO BO3MOXHOCTb HN3YUYUTH
MarmManoABOIAINYyI0 cucTeMy KiIloueBCKOTo ByJIKaHa
B 2021 1. Ha pa3HBIX €€ YPOBHSIX U BBISIBUTH CXOICTBO
N pasjimiyusd reOXMMHUYCCKUX N U30TOITHBIX XapaKTe-
PUCTUK NPOIYKTOB BEPIIMHHEIX Y ITOOOYHBIX U3BEP-
XXeHmi. Pe3ynbTaThl 3TUX MCCISIOBAaHUN MPEICTaB-
JISIIOT HECOMHEHHBIH HMHTEPEC, HE TOJIBKO AJIs1 BYJIKaHa
KiroueBckoii, HO W A1 APYruX BYJIKAHOB MHpa C
MPOSIBJICHUSIMY NOOOYHOIO ByJIKaHU3MA.

Llens HacToOsIIEl PabOThl — MPOCAESIUTD BOJIIO-
M0 MarMaTMIeCKOu MHUTAIomeil CMCTEMBI BYJIKaHa
KiroueBckoii co BpeMeHU TMocieIHel aKTUBU3alluU
MOOOYHBIX MPOPHIBOB B KOHIIE 1980-X IT., onpeaeauTb
ycIoBUsT (POPMHUPOBAHMS U ITyTH MUTPALIMH MarMm, -
TaBILIUX MOCASAHNE BEPIIMHHOE U TTOOOYHOE U3BEP-
KeHUsI, TefiCTBOBaBIINE MMPAaKTUIESCKN OMHOBPEMEH-
HO B 2021 1.

st 3T0ro Mbl pacCMOTPUM OOIIME TIETPOXUMUYE-
CKMe TaHHBIE, COCTABBI MUKPOJIEMEHTOB Y U30TOITHBIE
Sr-Nd-Pb cuctembl 1is CClieTyeMbIX JIaB, CPABHUM MX
C TaHHBIMU, UMEIOIIIMMMUCS /151 JIaB MPEAIIECTBYIOIINX
n3BepxkeHnit KimoyeBckoro ByJikaHa, pacCCMOTPUM CO-
cTaBbl (DEHOKPHUCTAJIIIOB B JIaBaX ABYX U3BEPKECHUIA, a
TaKKe olleHUM P- T yCIIOBUS TreHepallli MarM 1o co-
CcTaBaM pa3IMYHBIX TeHepallnii TIarnokiasa.

TEOJIOTO-CTPYKTYPHOE ITOJIOXKEHHUE
BYJIKAHA KITFOUEBCKOM 1 OCOBEHHOCTD
AKTUBU3ALUNUUN B 2020—2021 rr.

CrparoBysikaH KitoueBCcKoOi pacroioXeH B Hall-
CyOIYyKIIMOHHOM OOCTaHOBKE, HAIIPOTHUB 30HBI CO-
yneHeHust Kypumo-Kamuarckoil 1 AneyTckoit ocT-
pOBHBIX ayr, B npenenax LleHTpanbHo-KamuaTtckoii
nenpeccuu (LIK). DTo camblii BeIcOKMii B EBpaszuu
U caMblii TPOAYKTUBHBIA OCTPOBOIYKHbBIM BYJIKaH B
MUpe, OH U3BepraeTr B cpemHeM 60 MITH TOHH 6a3alib-
TOB B rof, (Pengoros u ap., 2008). BeicoTa ero Bepiiu-
HbI, MEHSIOIIAsICSI B XO/e U3BEPKEHUI, COCTaBJIsSIET
okoyio 4750 M, BO3pacT ByJIKAHA OKOJIO 7 THIC. JIET.
HesaTenbHOCTh MOOOYHBIX TIPOPHIBOB Ha BYJIKAHE Ha-
yajiach okoso 3.0—3.5 Teic. JeT Ha3an (bpaiileBa u
Ip., 1994). 3a 910 BpeMs Ha CKJIOHAxX ByJIKaHa U €ro
MMOTHOXKUU 00pa3zoBayioch 6ojiee 90 mocTpoeK MOHO-
T€HHBIX KOHYCOB M JIABOBBIX TTOTOKOB MOOOYHBIX U3-
BepxeHuit (O3epos, 2019).

B 1932—1990 rr. Ha KiitoueBckoM ByJKaHe ObLia
IIAPOKO TIPOSIBJIEHa aKTUBHOCTb IMOOOYHBIX M BEp-
IIMHHBIX U3BepkeHuii. [1pu aToM npumepHo 2/3 mar-
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MBI (~40 X 10° TOHH/TrOm) MOCTYNWJIO HA IOBEPX-
HOCTbD 10 TUTAIOIINM KaHajaM ITOOOYHBIX U3BEpXKe-
HMIi, ¥ ToabKo 1/3 6azanbToB (~20 X 10° ToHH/TON)
M3BEPrajocCh Yepe3 BEPILIMHHbBII KpaTep, a OCHOBHOM
00beM TMpokiIacTuku (~81%) mpulilencs Ha Bep-
muHHbIE u3BepxeHus (OGegortos, 1993).

IMocne 1987 r. AeATeNbHOCTh TOOOYHBIX MPOPHI-
BoB Ha KittoueBckoM BysikaHe mpekpartwiachk. B 1994 r.
MPOU3OIIIO0 MAPOKCU3MAITBLHOE BEPIIIMHHOE U3BEPKeE-
HUeE, TIOC/Ie YETO B 9PYNTUBHOI IeITeIbHOCTY ByJIKaHa
Hactynua nepepbiB. 3ateM, ¢ 2003 r. Ha Kimoues-
CKOM BYJIKaHE MPOU30LLIO0 14 BepIIMHHBIX U3BEpKe-
HUi ¢ nmepuoanyHocThio 1—3 ropa. JIBa mociaemHux
BEPIIMHHBIX U3BEpKeHUs npuiuchk Ha 01.11.2019—
03.07.2020 rr. 1 30.09.2020—08.02.2021 rr. U3Bepxe-
Hue 2019—2020 rT. 661710 OTMEUEHO CTPOMOOIMAHCKOM
aKTUBHOCTBIO B BEPIIMHHOM KpaTepe U JIaBOBbIMU
MOTOKAaMU Ha IOTO-BOCTOYHOM CKJIOHE BYJIKaHa, B
BEPLIMHHOM KpaTepe copMUpoBajicsi HeOObIIOMN
11akoBbIii KoHyc (YepkaruH u np., 2020). M3Bepxke-
Hue 30.09.2020—08.02.2021 rr. Tak:Ke COMPOBOXIaI0Ch
CTPOMOOJIMAaHCKOI aKTUBHOCTbIO 1 JITABOBBIMU ITOTOKA-
MM Ha I0TO-BOCTOYHOM U I0T0-3aIaIHOM CKJIOHAX BYJI-
kaHa (I'vipuHa u 1p., 2021). Takoke 3Tu U3BEPKEHUS Xa-
PaKTEpPU30BATIMCH TTApOTra30BOii IeSITEIbHOCTBIO C BbI-
HOCOM TI1€TIa, MOIIHBIMU (hpeaTUYECKMMU B3pblBAMU
Ha I0r0-BOCTOUHOM CKJIOHE BYJIKAHA W OOPYIIECHUSIMU
NUPOKIACTUKU C OOPTOB AMNAaXOHUYMYCKOIO Xejoba,
MEIUIOBBIE 00JIaKa IIOAHUMAJIKCH 10 9.6 KM HaJ ypOB-
HeM Mops (IvpuHa u ap., 2021).

Cnycts 10 gHeli mocie OKOHYaHUSI BEPIIMHHOTO
n3BepxkeHuss 2020—2021 rr., 18 ¢espansa 2021 r. Ha
BysiKaHe KITFoueBCKOI ITPON30IIIIO YHUKATEHOE COOBI-
THE: Iocie goJiroro nepuoda (dosee 30 jgeT) JOMUHU-
pOBaHUSI BEPUIMHHbBIX M3BEPXKEHUI Ha ceBepoO-3aria/l-
HOM CKJIOHE ByJIKaHa Ha BbeIcoTe 2850 M oOpa3oBajics
MOOOYHBIN MTPOPHIB, HA3BAHHBIN B YeCTh Wi.-Kopp. AH
CCCP I'.C. T'opmikosa (O3epoB u ap., 2021) (puc. 1).
M3nusgHue naBbl IPOUCXOIWIO U3 ABYX Mapasjesb-
HBIX TPELIMH CeBEePO-3aIaHOro MPOCTUPAHUS, 1T -
Ha JIaBOBBIX ITOTOKOB MpeBbicuia 1.2 KM, a B BepxHeit
YacTU BOCTOYHOM TpeluHbl chopMUpOBAICS IlilIa-
KOBBIIT KOHYC BbicoToi 60 M. K 20 mapra 2021 1. u3-
BepXKeHUE 3aKOHYMIIOCh. DopMUpOBaHKE TTOGO0THO-
ro rpopsiBa, HazBaHHoro UM. I.C. I'opmikoBa, Ha ce-
BepO-3allaJ[HOM CKJIOHE BYJIKaHa Ha OTHOCHUTEIBLHO
HU3KMX BbICOTaX JaJI0 OCHOBaHUE TojlaraTh O Hayase
HOBOTO 3pYyNTUBHOTO 11KJIa KiIloueBcKOro ByjIKaHa
(Bergal-Kuvikas et al., 2022).

CrenyeT OTMETUTb, UYTO B 1945 1. ObUI TTOCHETHMIIA
pa3, xorma Ha KiTloueBCKOM BYyJIKaHE TTOXOKUM 00pa-
30M TTOOOYHOE U3BEPXKEHME CIICTOBAIO 3a BEPIIMH-
HBIM C HEOOJBIIMM BPEMEHHBIM HHTEPBAJIOM, OTHAKO,
CITyCTSI HEOOJIBIIIOE BpeMsI MOCje MapOKCHU3MATBHOTO
BEPIITMHHOTO M3BEPKEHUST Ha IOr0O-BOCTOYHOM CKJIOHE
KiroueBckoro ByJikaHa mpowu3soles MpopbiB FOou-
sevnbiin (Iuiin, 1956). B HacTosIeit pabote mpoBe-
JIEHO CpaBHEHME T€OXMMMNYECKHUX U M30TOITHBIX OCO-

YEPKAIIIMH u np.

GEHHOCTEN STUX IBYX SIM30H0B 3PYNTUBHOI es-
TEJILHOCTU BYJIKaHa.

3a Bech mepuon, HaunHasA ¢ 3.5 ThIC. JIET Ha3an,
TOIABJISTIONIEE YKUCIIO TTIOOOYHBIX TPOPHIBOB IMTPOU30-
1IJIO Ha CEBEPO-BOCTOUYHOM U FOTO-BOCTOYHOM CKJIO-
Hax ByJIKaHa, a B CEBEpO-3anaaHol YacTy ByJIKaHa UX
He 3aukcupoBaHo. [1o 3Toil MpUYKMHE MPOPHIB UM.
I.C. TopumikoBa mpeacTaBisieT COOOIl YHUKaJbHOE
COOBITUE U SIBJISIETCS KJIIOUEBBIM OOBEKTOM JJIs1 TIO-
HUMaHUs BCEil MCTOPUU pa3BUTUS ByakaHa. OuyeHb
KOPOTKHWI BPEMEHHOI MPOMEXKYTOK MEXITY TTOCIETHU-
MM BEPIIMHHBIM U TTOOOYHBIM U3BepxKeHUsiMU Kitto-
YEBCKOTO BYJIKAHA TIO3BOJISIET Mpearnoyiaratb TECHYIO
reHeTUUYECKYI0 B3aUMOCBSI3b X MPOAYKTOB, UTO AAET
BO3MOXHOCTb OLIEHUTb COCTOSIHME TIMTaIolIeil cu-
cteMbl ByJiKaHa B 2020—2021 rr.

MATEPHAJIBI U METObI MCCIIEJJOBAHWA

B xauecTBe MaTepuana uccliienoBaHuii Oblia U3y-
yeHa IpeacTaBuTe/bHast Kosiekuus us 10 oopasiion
J1aB mobouHoro npopsiBa uM. I.C. TopuikoBa, a Tak-
2Ke ObLTM MPOaHAJIM3MPOBaHbI 00pa3lbl BEPIIMHHbBIX
usBepxxeHnit Kmoueckoro Bynkana 2016 r. u 2020—
2021 rr. Ha npopsie uM. I'.C. TopiiikoBa Bo BpeMsi 1
HE3aJ0JIT0 TI0C/ie U3BEpXKEeHUs ObLIM ONMpOoOOBaHbI
paHHME U MO3IHUE TTOPLMY JIaB, GOMOBI IIJTAKOBOTO
KOHYCa, a TaKKe pa3IMYHbIe y4aCTKU OCHOBHOTO Jia-
BOBOTO IOTOKa U KOPOTKU JITABOBbIH MOTOK, U3TUB-
IIMIcs U3 3armagHoN TPeIIMHBI TPpOpbIBa (MECTOIO-
JIOXXEHUSI ToUueK oTbopa Mpod OoTMeUeHbI Ha puc. 1).
O6pasen BepumHHOTO u3BepxkeHust 2020—2021 r.
ObLT OTOOpaH MpPU BOCXOXIEHUU Ha BYJIKAH T'PYIIMbI
aJILIIMHUCTOB B Mae 2021 I. Ha JIaBOBOM MOJI€ Y UCTO-
Ka JIJaBOBOTO MOTOKAa, M3JIMBLIErocsl Ha Oro-3araj-
HbIl ckioH KirrouyeBckoro ByikaHa. O0pa3sell JaBbl
BepIIMHHOTO M3BepxXeHust 2016 1. 6bUT 0TOGpPaH Ha
HeO00J1b111011 JaBOBO11 BLIXKMMKE BO3JI€ ceBepo-3ariaji-
HOIi KPOMKHU BEPILIMHHOTO Kparepa. [eoxumuyeckue
U U30TOMHO-TEOXHUMUYECKUE Pe3yJIbTaTbl U3YYEHUSI
00pa3lioB BepIIMHHBIX U3BepxKeHuit KimroueBckoro
ByJikaHa 2016 r. u 2020—2021 rr. IpUBOASTCS BIIEPBbIE
B HacTosleil padbote. JlaHHBIE 0 MecTax 0TOopa 00-

pasLoB npeacrasieHsl B Supplementary? 1, ESM_ 1.xls.

Bce ucciemoBaHus MO XUMUYECKOMY aHAJIM3Y Be-
IIECTBA MPOBOAMJINCH B AHAIMTUYECKOM LIEHTPE U
JlaGopaTtopuu wu3oromHoli Teoxumuu WMHcTUTYyTa
T€0JIOTUM PYIHBIX MECTOPOXIEHUil, nmeTporpaduu,
MUHepaJIornu v reoxumMun Poccuiickoit AkageMum Ha-
yk (MT'EM PAH, r. Mocksa). ConepxkaHus1 TJIaBHBIX
3JIEMEHTOB ONpPEAEISITINCh, Ha BAKYYMHOM PEHTICHOB-
CKOM CITEKTPOMETPE C BOJIHOBOM Aucrepcueit Axis Max
(xommanust PANalytical, Hunepmanasr). CocraB MUK-

2B JIOMOJHUTENBHBIX MaTepUaiaXx K PyCCKOM M aHIJIMIUCKOI OH-
JlaifH-BepcUsIM cTaTbM Ha caiftax https://elibrary.ru/ u
http://link.springer.com/ COOTBETCTBEHHO NPUBEICHDI:
Supplementary 1, ESM_ 1.xls — XumMu4yeckuii cocTaB IJIaBHBIX,
MUKPO3JIEMEHTOB 1 U30TOIHBINM cocTaB Sr, Nd, Pb, O nmpomyk-
TOB nU3BepxkeHuit Kimouesckoro BynkaHna 2020—2021 rr.

MNETPOJIOTHUA TomM 31 Ne3 2023



YCJIOBUA TEHEPALIMN 1 NCTOYHUKNU MAT'M BEPIIIMHHOI'O U [TOBOYHOTO...

npopsiB ['opiiikoBa

-
4 .‘:4.‘ ?f &K*"\'II

267

“qroc. Kimroun

| TTOTOKH 2w ‘g™

. M'

Puc. 1. (a) INonoxenue ByiakaHa KimoueBckoit Ha kapte KamuaTku, BBI1 — BocTounslii Byakanudeckwuii rmosic, LIK/ — LeH-
TpayibHasi Kamuarckas aenpeccusi, CX — CpenuHHbIi xpebeT. (0) CIyTHUKOBBIIA CHUMOK 00J1aCTH B KPACHOI paMKe U3 BPE3KU
(a) ¢ pacnonoxeHueM BysikaHa Kiiouesckoit n npopsiBa uM. I.C. Topuikosa. (B8) CHumMok npopsia um. [.C. Topiuikosa
5.04.2021 r. (Bua Ha 10T, Ha 3aIHEM IIaHe — ByJiKaH KaMeHb), KpaCHbIE TOYKM — MecTa 0Tbopa mpoo.

PO3JIEMEHTOB aHAJIM3UPOBaI METOIOM MacC-CIeK-
TPOMETPUU C UHIYKTUBHO CBsI3aHHOI muia3moii (ICP-
MS) ¢ ucnonwzoBanuem NEXION 2000C (CIIIA).
IIpaBUIBHOCTh U TOYHOCTh U3MEPEHUIA KOHTPOJIU-
pOBAJINCh MEXIYHAPOIHBIMU CTAHIAPTHBIMU 00pa3-
mamu ropHbeix mopon AGV-2 u BIR-1 (USGS,
CIIA). AHanuTH4YeCcKue ITOrpelIHOCTY ObLIN OLICHEHBI
Ha OCHOBE CHCTeMATUYECKOIO aHaIn3a MEXIyHApO[I-
HBIX CTAHIAPTOB U cocTaBmin MeHee 10%. BricokoTou-
HbIIA METON MHOTOKOJIJIETOPHOM MacC-CIIEKTPOMETPUN
C MOHM3alMell BellleCTBAa B UHAYKTUBHO CBSI3aHHOI
mnasme (MC-ICP-MS) (Rehkamper, Halliday, 1998)
HUCIOIL30BAJICS IS aHAJIM3a U30TOITHOTO cocTaBa Pb
B BynkaHnvyeckux noponaax (Chugaev et al., 2013). 13-
MEpeHMe pacIpoCTpaHEeHHOCTH M30TOoIoB Pb mposo-
nuioch Ha Macc-ciektpomerpe NEPTUNE (Thermo
Scientific, I'epmanus). ToUHOCTh U JOCTOBEPHOCTh
pe3yJIbTaTOB KOHTPOJIUPOBAINCH MTyTEM CHUCTEMAaTH-
geckoro aHainuza SRM 981 m 3TajioHHOTO 0Opasla
angesuta AGV-2. OO6mass morpemHocTs (+2SD)
aHaJii3a U30TOITHBIX OTHOLIEHWI Pb He TipeBbIlaia
+0.03%. UzotomHbie cocTaBbl St 1 Nd M3MepsUTiCh C

IMETPOJIOTUA Ne 3

ToM 31 2023

TMIOMOIIIBIO Macc-cIieKTpoMeTpa Sector 54 (Micromass,
BenukoGpuTaHUs) ¢ NCTIOJIB30BaHNEM MYJIbTUINHA -
MUYECKOTO pexkxnuMa. DPdeKT IprudopHOii Macc-auc-
KPUMHWHALUU OBIJI CKOPPEKTUPOBAH C MCITOJIb30Ba-
HUEM 3KCITOHEHIINAILHOTO 3aKOHA IMyTeM HOPMaJIr-
sauuu no ¥’Sr/%Sr = 0.1194 u no "$¥Nd/"“Nd =
0.7219. Cpennee 3Hayenue ¥’Sr/%°Sr misa crangapra
SRM-987 B cepun nmapajuieIbHBIX aHAJU30B COCTa-
Buito 0.710242 £ 11 (£2SD, N = 10).

WM3o0TOnHbBIN cocTaB KUCIOPOJIa U3ydaicsl B BaJlO-
BBIX MpPO0ax BYJKAHUTOB C MCIOJb30BaHUEM METO-
IUKW Jsa3epHoro ¢ropupoBaHusi B OperoHCKOM
Vuusepcurere (FOmxun, CIIIA). B kadyecTtBe peak-
TUBa 11 hTopupoBaHus ucrnojb3oBaiics BrFs. Ha-
Becka cocTrasisiia 1.5 mr. Macc-crekTpoMeTpude-
CKUe U3MepeHUs IMPOBeIeHbl HA MACC-CITIEKTPOMETpe
MAT 253 (ThermoScientific, I'epmanus). Bmecrte ¢
oOpa3uiaMy TapauieIbHO U3MEPSUIMCh CTaHIapThl
UWG-2. IMonydeHnnble 3HaueHus 8'%0 BoIpaxeHbl B
OTHOCUTENbHBIX enuHUuLIaX (SMOW). ITorpemHocTb
onpeneneHus He npesbiiana £0.15%o (SD).
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HccnenoBanne moponoo0pasyiommx MUHEPaIoB
MPOBOJAMIOCH C TPUMEHEHUEM CKaHUPYIOIIETO 3JIeK-
TpoHHOro Mmukpockona (COM) VEGA 3 TESCAN,
OCHAIIIEHHOTO JHEProAuCIIEPCUOHHBIM CIIEKTPO-
MmeTpoMm X-MAX 80 mm?2 c mporpaMMHBIM obOecrieue-
HueMm AZtec Oxford Instruments (MBuC IBO PAH,
I. IlerpommaBnoBck-Kamuarckuit, anaymTuk Inyraxi-
Ha E.IO.). ToyHOCTh M CTAaOMILHOCTh aHAJIM3a KOH-
TPOJIMPOBAJIUCH IIyTEM CUCTEMaTU4YeCKOro u3Mepe-
HUS cTaHmapTa 6a3ansToBoro ctekiaa USNM 111240-52
(VG-2). JlokanbHbI€ OIpeaeeHus] COCTaBOB IIPOBO-
IVJINCh TIpU ycKopsioieM HarpstkeHuun 20 kaB u
cmite Toka 1 HA. OOpasipl, 3TAJIOHHI cTekira 1 Ni Ha-
MMbUIEHBI YTJIEPOIOM.

CocraBbl ¢peHokpuctauioB O/, Cpx, OIl, npuse-
IeHHBbIE HIDKE, PACCUMTBHIBAINCH M3 COOTHOIICHUIA
MOJIEKYJISIPHBIX KOJIMIECTB COOTBETCTBYIOIINX OKCH-
noB. CoaepkaHWe aHOPTUTA B IJlaruokiase: An =
= Ca0O/(CaO + Na,O + K,0); coctaB onuBuHa: Fo =
= 100MgO/(MgO + FeO); marHe3naabHbIII HOMEP
KIMHonmupokceHa: Mg# = 100MgO/(MgO + FeO).

B cooTBeTcTBUY ¢ METOAMKOI MPUMEHEHUS MTPU-
POIHBIX TepMObapoMeTpoB, onucaHHoi B (Putirka,
2005, 2008), B paMkax HacTOsIIe padOTHl OBLIN
npou3BeaeHbl pacyeTsl P-T ycioBUid 0Opa3oBaHUS
pa3IMYHBIX TeHepalnii TIarnokKia3a B UCCIeayeMbIX
nopopgax. I[IprumeHsseMbIii TepMoOapoMeTp IByX(a3HOM
CUCTEeMbI TUIarMoKjIa3—paciljlaB OCHOBaH Ha 3aBUCU-
MOCTU TEMIIepaTyphbl 1 NaBJIeHUs OT KO3(h(UIIMEHTOB
pacnpeneyeHus: KOMITIOHEHTOB MEXIY XUIAKOU U MU-
HepaJibHOM (ha3zaMu, T.e. XUMUUECKUX KOHCTAHT pe-
akiuit ooOMeHa KOMIIOHEHTaMU MEXIy KPUCTALIOM
IUIarMOKJ1a3a U PaBHOBECHBIM C HUM pacCILUIaBOM
(xkuakast dasza). B kauecTBe MCXOMHBIX TAHHBIX JJIsI
pacuyeTa cocTaBa XXUAKOM (a3bl ObLIU UCITOJb30BaHbI
oOmmuii BajoBblit coctaB nopon (XRF), a Takxke co-
CTaBbl BYJIKAaHWYECKOIO CTEKJa B OCHOBHOM Macce
MOPOAbI, MOJTYYEHHbIE HA CKAHUPYIOIIEM DJIEKTPOH-
HOM MUKPOCKOIIE.

PE3VJIBTAThI
Ilempoepagpuueckue HabarodeHus

AHze31nba3aibThl ABYX paccMaTpUBaceMbIX U3BEP-
keHuii KiTioueBCcKoro ByJIKaHa, C TOYKU 3pEHUS ITETPO-
rpadum, UMEIOT OYEHBb CXOXKMIA OOJIMK: MeJIKOIopdu-
poBasi CTpyKTypa, TMaJloNUJIUTOBasi OCHOBHAsI mMacca,
BBICOKAsI CTEINEHb ITOPUCTOCTU. BKparutleHHUKY pe-
CTaBJICHBI IUIAarMOKJIa30M B HECKOJIbLKUX TeHepaLvsX,
a TakXe B TMOJYMHEHHOM KOJIWYECTBE OJUBUHOM U
KJIIMHOIIMPOKCEHOM. JI7151 J1aB BEpIIMHHOTO U3BepKe-
HMS CTEIIEHb NOPUCTOCTHU BhIllIe: 00beM nop 10 50%
B cpaBHeHNU ¢ ~20—30% 17151 1aB TOGOYHOTO IMTPOPHI-
Ba uM. [.C. TopmikoBa. B To e BpeMsI CTEKJIO B OC-
HOBHOI1 Macce B JlaBax BEpIIMHHOTO Kparepa pac-
KPUCTAJIJIM30BAHO UyTh Jiyuille. KoinyecTBo BKpar-
JIEHHUKOB, TNIaBHBIM 00pa30oM, IJIarioKjia3a B JaBax
npopsiBa uM. I.C. T'opumkoBa gocrturaer 40%, npo-

TUB 25% BKpAaINIECHHUKOB B JIaBaX BEPIIMHHOIO M3-
BepkeHUs. [1oBbIlIIEHHAsI TIOPUCTOCTD JIaB BEPILLIMH-
HOT'O M3BEPXKEHUsI YKa3bIBaeT Ha Oojiee MHTEHCUB-
HYIO Jera3alliio MarM B IIpollecce MX MombeMa K
MMOBEPXHOCTH, a CJIebl POCTa MUKPOJUTOB B OCHOB-
HOI Macce TOBOPSIT O OoJiee MIUTEIBHOM 3BOTIOLNN
pacIuiaBa o CpaBHEHHMIO C JIaBaMU ITOOOYHOTO MPO-
pBIBA.

C TOYKM 3peHUS TeHETUYECKOM B3aMMOCBSI3U JIaB
BEPIIMHHOIO 1 ITO00YHOIO M3BEPXKEHUSI HanmboJjee
MHTEePEeCHBI (DEHOKPUCTAJUIBI TUIarnoKJIa3a, KOTOphbie
B 00eux JlaBax IIPENCTaBIeHbI B HECKOJIBKIX OOIINX
rerHepanusax (puc. 2). Haubonee gyacras reHepamnus
MJIarMoKJiaza — 3TO KOPOTKOMNPU3MATUYECKUE KpHU-
CTaJUIbI C YePHBIMM KaliMaMy BHYTPY WJIU SIAPaMU, pas3-
mep kpuctawioB 0.3—0.8 mm. Takme TUIIBI TEKCTYp
TJIarMokJjas3a Ha3bIBaloTCs “cUTOBBIMM™ (sieved), miam
TEKCTYPBI C YaCTUYHO “pacTBOpeHHBIM” simpoM (Vic-
caro et al., 2010). DT TeKCTypHI YKa3bIBalOT Ha HETIO-
CTOSIHHBIE YCJIOBUSI pOCTa KPUCTAJUIOB TIJIaTMOKJa3a
M BO3MOXHOE HEOOHOKpaTHOE BHEAPECHMUE HOBBIX
NopUuii pacmjaBa B YK€ YaCTUYHO 3aKPUCTAILIN30-
BaHHYIO Marmy. ueiiku “CUTOBBIX” TEKCTYpP COCTOSIT
U3 HEeIOPACKPUCTAIJIM30BAaHHOIO pacruiaBa, pa3Ho-
BUITHOCTH TEKCTYP OOYCIIOBJICHBI CKOPOCTHIO JEKOM-
rnpeccuu, HacoeieHueM Marmol H,O u jieTyuyrnmu Be-
mectBamu (Viccaro et al., 2010).

Hpyras reHepanys rularmokiia3a — 3TO M30MeT-
PUYHbIE KOHLIEHTPUYECKU -30HAIbHBIE KPUCTAILJIBI, C
“OCUMJUIATOPHBIMU” 30HaILHOCTAMM (“oscillatory-
zoned”, Viccaro et al., 2010), pasmepoMm 1o 1.5 MM,
CJIOU 30HAJBHOCTE! TakXe WHOIJA MMEIT “CUTO-
Bble” TEKCTYphI. TpeThsl reHepalus — 3TO CpeaHe- U
JUTMTHHOITPU3MAaTHIeCKIe KPUCTAIDTHI P/ 1 X CPOCTKM
(pa3mep 10 1 MM) C MOIUCUHTETUYECKUM TBOMHUKO-
BaHueM. [locnenHsisi reHepauusi Pl — IIMHHONPU3-
MaTHU9IeCKHe ¥ UTOJTbYaThIe MUKPOJIMTHI pa3MePOM 0
0.3 mMm.

leoxumus enasnolx 3nemeHmo8

Ha nuarpammax Xapkepa (puc. 3) npeacraBiaeHbI
cocTaBbl JiaB popbiBa uM. I.C. Top1iikoBa, JaB Bep-
IIUHHOTO u3BepxkeHus KilouyeBckoro ByjidKaHa
2020—2021 rT., a TaK:KE COCTABHI JIaB BEPITMHHBIX N3-
BepxxeHU 1945 1. 1 2016 1. Ha hoHe JaHHBIX 00 UC-
TOPUYECKUX MOOOUHBIX Y BEPIIMHHBIX U3BEPKEHMUSIX.
JlaBbl paccMaTprBaeMbIX U3BEPXKEHUM — 3TO TUTIUY-
HbIC 1JIs1 KimroueBckoro ByJIKaHa INTMHO3€MMUCTBIC aH-
ne3n6a3abThl HOPMAJIbHOM IIEJIOYHOCTH (B Mac. %):
SiO, ot 51.6 mo 53.2, MgO ot 5.5 10 6.0, Al,O; ot 16.6
no 17.7, (Na,O + K,0) ot 3.9 no 4.1. Touku BeplInH-
HBIX u3BepxkeHuit 2016 r. m 2020—2021 r. Jexat Ha
00l1lleM TPeHJe BEPIIMHHBIX UCTOPUYECKUX U3BEP-
XeHuit KiroueBCcKOTo ByJIKaHa M OUeHb OJIU3KU APYT
K npyry. OHu otHocutenbHo 6oraye FeO u CaO u
6enHee K,0, Na,O u P,Os no cpaBHeHUIO C npeLe-
CTBYIOLIUMU UCTOPUYECKUMU U3BEPXKEHUSIMU.

MMETPOJIOTHS Ne 3
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¥ BepinHHOE U3BEPKEH

Puc. 2. Ilerporpaduueckue xapakTepUCTUKU JIaB Bep-
mmHHOTro n3BepxkeHust 2020—2021 rr. (cieBa) u moo6oY-
Horo npopsiBa uM. [.C. TopiikoBa (cipaBa) Ha ByJKaHe
KutroueBckoii. (a) — ob111ast CTpyKTypa Iopobl (OMHOPOI-
Hble 6echOpMEHHBIE CBETJIO-CEPhIC YYaCTKU MTOPOJIBI — MO~
pbl). PazHble reHepauuu rijarvokiasa: (6) — rjaruokias
C CUTOBOI1 TEKCTYpOit, ThTa “coarsely sieved” (Viccaro et al.,
2010); (B) — KOHLIEHTPUUYECKU-30HAIbHbBIE KPUCTAJLIBI;
(T) — KpUCTaJUTMIECKNE CPOCTKU; (1) — MUKPOJIUTHI.

JlaBb1 mpopeiBa M. I.C. TopiikoBa mmeroT 3a-
METHBIN pa3opoc B comepxkanum SiO, — ot 51.6 mo
53.2 mac. %. Iletporpacduuecku 6oiee MapudecKue
Pa3HOCTH JiaB MpPOpPbIBA OTJIMYAIOTCS OT 00JIee KHUC-

IMETPOJIOTUA Ne 3

ToM 31 2023

JIBIX MEHBIIIEI TOPUCTOCThIO U 6ojiee CBEXUM CTeK-
JIOM B OCHOBHOI1 Macce MOpOoJbl, a TAKXKe OOJIBLINM
pa3MepoM BKpaIUICHHUKOB ILIarMoKJia3a, OJIMBUHA U
KJIIMHOTIMpOKceHa. KpaiiHue 4ieHbl JIaB MPOpPHIBa C
HaubosbuM cogepxaHueM SiO, Mo cocTaBy coBMa-
JIalOT C JIJaBaMU ITOC/ICAHMX BEPIIMHHBIX U3BEPKECHU I
KiroueBckoro BynkaHa. OcTajbHBIE TOYKH COCTABOB
JIaB IPOPHIBA BHICTPANBAIOTCS B TPEHII, B KOTOPOM C
noHwxeHueMm SiO, noBbilIaeTca cogepxaHue FeO,
cierka nosbiaercst CaO u nagaet Al,Os;, cocTaBbl
OCTAJILHBIX OKCHUIOB IIPAKTUUYECKU HE MEHSIIOTCS.
Conepxanune MgQO B naBax BceX MOCJIETHUX U3BEP-
JKEHWI BechMa ITOCTOSTHHO (5.5—6.0 Mac. %).

Codepaucanue MUKPOINEMEHMOB

Ha cmmaitnep-nmarpamMmme, HOpMUPOBAHHOI Ha CO-
CTaB MPUMUTUBHON MaHTUU (pUC. 4), HAHECEHBI CO-
CTaBHI JIaB IOCJCOHUX ABYX BEPIIMHHBLIX M3BEpIKE-
a1 KirroueBckoro ByJIKaHa U jaB npopsiBa um. I.C.
TopiiikoBa Ha (hboHE TAaHHBIX OO0 MCTOPUYECKUX BEP-
IIMHHBIX ¥ TTOOOYHBIX (C 3.5 THIC. JIET Ha3a/) U3BepKe-
Husix. Touku cocraBoB J1aB rpopeiBa M. I.C. Topiko-
Ba TSITOTEIOT K BEpXHEil rpaHUlIe TT0JIsl COCTAaBOB JIaB
UCTOPUYECKUX ITOOOYHBIX U3BEPKCHUIA.

JlaBbl BepmmHHBIX U3BepxkeHM 2016 1. 1 2020—
2021 rT. HECKONBKO OTKJIIOHSIOTCS OT TPEeHIA Mpembl-
IYIIUX BEPIIMHHBIX M3nussHuii: jgaBel 2020—2021 r.
obegHeHBI Rb 11 Sr, HO B 1I€JTOM UX COCTaBHI JIEXKAT B
mnpenenax IMojae MCTOPUIECKUX U JOMCTOPUUECKUX
n3BepxkeHui KimoueBckoro ByJKaHa.

JvcKkpMMUHAIIMOHHBIE UAarpaMMbl HEKOT€PEHT -
HBIX JJIEMCHTOB B 3aBUCHUMOCTU OT COJEpKaHUS
MgO uzoOpaxeHbl Ha puc. 5. Bapuauum comepxka-
Huii (B ppm): Ba 317—333, Zr 80.5—83.5, Sr257-292,
Rb 9.6—13.7 u Hf 2.21—2.23 noxka3bIBalOT TEHIECH-
OUI0 K Pe3KOMY OOCIHEHUIO JaB IIOCIASHHUX Bep-
IIMHHBIX U3BEPXKEHUI B CPaBHEHWHU C BEPIIMHHBIMU
U3BEePXKEHUSIMU TIpoLILIoro, TipuyeM 1o Sr, Rb u Ba
oT 2016 1. x 2021 r. 3Ta TeHAEHLIMA ycriuBaercs. Jla-
BHI TIpophiBa nM. [.C. TopmkoBa mMeroT HeOOIBIIOE
oboraneHue 1o Ba (398 — 414 ppm), Zr (90 — 94 ppm)
n Hf (2.5 — 2.6 ppm) u o6emHenue 110 St (296 — 298 ppm)
n Rb (14.0 — 15.5 ppm) ot MgO = 5.5—6.0 mac. % 110
CpaBHEHUIO C JIJaBaMM MOOOYHBIX U3BEPXKEHUM MPO-
IIJIOTO.

HzBepxkenus 2016 1., 2020—2021 rT. 1 JaBHI NPO-
peiBa uM. I.C. TopiikoBa MMEIOT IOBBIIIEHHOE CO-
nepxanue TiO, Ha ¢hoHE COCTaBOB MPENIIECTBYIOIINUX
O6asaibToB KiltoueBckoro ByJiKaHa € aHAJIOTMYHBIM
conepxxanueM MgO 5.5—6.0 mac. %.

Hszomonnbie dannvie

Ha puc. 6 npencraBieHbl KOPPEIALMOHHBIE IUA-
rpaMMbl I M3OTOMHBIX OTHomeHuii 37Sr/3°Sr,
H3NA/M44Nd, 206Pb/204Pb, 27Pb/204Pb, §180. Jlasbi
BepLIMHHBIX n3BepkeHuii 2016 . 1 2020—2021 rr. 110



270 YEPKAIIMH u np.

20

Al203, mac. %

18 -

16 -

14}

12

1.0

09F

1} FeOo*,mac.% @ O 44+ OO
2 03 4 5 6 7

10|

gL SiO,, mac. %

51 52 53 54 55

11
CaO, mac. %
o 0 o © & &
o]
o]
J
f¢)
0.24 -
P205, Mac. %
g M%
0.20 290 W06
(o]
0.16
0.2 © Si0,, mac. %
51 52 53 54 55

Puc. 3. [luarpammbl XapKepa [J1s1 J1aB U3BepKeHUI ByJiKaHa KittoueBCKoii. 1 — ucTopuyeckuie BeplInHHbIC u3BepxkeHus (Ber-
gal-Kuvikas et al., 2017); 2 — mo6ouHbIe 3BepKeHUsI (McToprudeckue u noucropudyeckue) (Bergal-Kuvikas et al., 2017); oTnenb-
HbIC BepIIMHHBIC u3BepXeHus:: 3 — 2020—2021 rr.; 4 — 2016 1.; 5 — 1945 r. (ITwuitn, 1956); 6 — npopsiB KO6uneitHbrit (Bergal-

Kuvikas et al., 2017); 7 — ipopsiB um. I.C. IopiikoBa.

M30TOMHOMY cocTaBy Sr, Nd, a Taxxe no 2°°Pb/24Pb
COOTBETCTBYIOT BCeM 00jiee PAaHHMM BEPLIMHHBIM
usBepxkeHuaM KimoueBckoro BynkaHa. B To ke Bpems
Ha nuarpamme 2°°Pb/24Pb—207Pb/204Pb naBbl mocien-

HUX BEPIIMHHBIX Y MIOOGOYHOTO M3BEPKEHUIA ITOKA3bI-
BaloT 0oJiee BHICOKME 3HAYSHUSI, YTO HE HAOIIOIAIOCH
I 6oee paHHMX JaB KimoueBckoro ByikaHa. M30-
TonHble cooTHomeHus ’Sr/%Sr nng naB mpopeiBa

MNETPOJIOTHUA TomM 31 Ne3 2023
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_— l/lCTOpl/l‘ICCKI/IC BEPILIMHHBIC N3BEPKEHUS
l/lCTOle‘ICCKVlC MoOOYHbIE M3BEPKEHUSA

o—o nipopsbiB uM. [.C. Toprkosa (18.02—21.03.2021 r.)

+ + Bepmmnnoe ussepxkenue 2020—2021 rr.

+—+ BepumnHoe usBepxkenue 2016 1.

[Mopona/MpUMUTHBHAS MAHTUS

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
BaRbTh U NbTa LaCe Sr PrNdZrSmEuGdTbDyHoErTm Y Yb Lu

Puc. 4. Cnaiinep-nuarpamma jaB KiroueBcKoro ByJiKa-
Ha, HOPMHMPOBaHHasi K IMPUMUTUBHOM MaHTuUM (Sun,
McDonough, 1989).

umMm. I.C. T'opmnikoBa oKa3aanch CUCTEMaTUIECKH BhI-
1€, YeM JIJIsI JIaB UCTOPUIECKUX MOOOUHBIX U3BEpKEe-
HMii. M30TonHblil cocTaB Kuciaopoaa 880 mas nas
MOCHAeTHUX U3BepxXeHni KiroueBCKoro ByJaKaHa Ha-
XOIUTCS B Mpeaenax 3HaUeHUM, onpeaeaeHHbIX 1S
BCEX MPEALISCTBYIOIINX U3BEPXKEeHUI, Ha (HOHE MO-
BBILIEHHBIX 3HaYeHMit 7Sr/%Sr.

Cocmasbl nopo0oodpazyouux MUHepanoe
U 0cOOeHHOCMU 30HAAbHOCIU PA3HBIX
eeHepayuil NA1a2uoKAAa3a

Ha ckanupytoliemM a51eKTpOHHOM MUKPOCKOTTE ObI-
JI TIPOAHAIM3UPOBAHBI COCTaBbl (DEHOKPHCTAIUIOB U
MUKPOJIUTOB TUIarMoKia3a, KIMHOMUPOKCEHA U OJU-
BUHA, a TaKKe YJYACTKA HEPaCKPHCTAIUIM30BAHHOTO
BYJIKAHUYECKOTO CTeKJIa B OCHOBHOI Macce B ABYX IO-
JIMPOBaHHBIX 1UTH(ax U3 00pa3lioB BEPIIMHHOTO U3-
BepxkeHust KimoyeBckoro BynkaHa 2020—2021 r. u 1mo-
6ouHoro npopsiBa uM. I.C. Topiuikosa.

B maBax mpopwiBa mMm. I.C. TopmkoBa: cocTtas
onvuBuHa Fogg 4— Fog; 7, MarHe3UaJIbHbIA HOMEDP K-
HoNMpoKceHa Mg#; ,—Mg#,4 ;, COCTaB I1armokJiasa
Anss—Ang;. B maBe BepiinHHOTO M3BepxeHUs 2020—
2021 rr.: coctaB onuBuHa Fog; ;—Fog, 5, MarHe3uab-
HBIII HOMEp KIMHONMpOKceHa Mg#q, ,—Mg#gs o, CO-
CTaB IUIarMokiasza An,g—Ang.. Jyana3oHbl COCTaBOB
(beHOKPUCTAIOB OIMBUHA, KIIMHOMTMPOKCEeHA U TLIa-
TMOKJIa3a MTOKa3aHbl Ha puc. 7.

B KOHIIEeHTpUUECKU 30HAJIbHBIX KpUCTAJLIaX Iia-
TUOKJIa3a, BCTPEUYAOIINXCS B JJaBaX 000MX U3BepxKe-
HUIi, HaOJIIogaeTcss U3MEHEHHE COCTaBa OT OMTOBHU-
Ta (An;5_g3) K 1abpanopy (Ans,_gs) B HaIIpaBJIeHUU OT
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Puc. 5. ,H,I/ICKpI/IMI/IHaL[I/IOHHbIC JuarpaMMbl HEKOTE€PEHTHBIX 2JIEMEHTOB 110 OTHOILIEHUIO K COAEPKAHUIO MgO st taB Kotro-

YeBCKOTO ByJIKaHa. YCIIOBHBIE 0003HAYEeHMS CM. Ha puc. 3.
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uc. 6. KOpI}?;e)TﬂHI/IOHHBIe MarpaMMbl M30TOMHBIX OTHOLUEHUWIA 87Sr/86Sr K ]43Nd/]44Nd, 206Pb/204Pb K 207Pb/204Pb,

Pi
879r/30Sr k &

O s naB BynkaHa KiioueBckoii. YciaoBHbIe 0003HaUeHUsI cM. Ha puc. 3. Ha nuarpamme 7Sr/868r k 8!80 caer-

JIO-CEpbIMM KPYXKaMU TTOKa3aHbl JaHHBIE T10 JlaBaM MOOOYHBIX n3BepxkeHuii KiroueBckoro BynkaHa u3 (Dorendorf et al.,

2000).

saapa K rpaHuiiaM kpucraia. CocTaBbl “OCHMILIS-
TOPHBIX” 3O0HAIBHOCTEH KOJIEOJIOTCI B TIpeneiax
Anss—An,;. Snpa KOHIEHTPUYECKHU 30HAIBHBIX KPU-
CTaJLJIOB TIJIarMokJia3a MMeIT HEOTHOPOIHYIO IO CO-
craBy TeKcTypy (“patchy core”, Viccaro et al., 2010),
B KOTOPOI1 110 HEPOBHBIM I'PaHUIIAaM KOHTAKTUPYIOT
0oJiee aHOPTUTOBBIE (An7,_76) 1 MEHEE aHOPTUTOBBIE
(Ans;_gg) OONACTHU.

Haubonee mupoxue Bapualiy COCTaBOB Axys_ss—
Ang;_g Yy TEHEPALIMU TUIaTMOKJIa3a ¢ “CUTOBOM” TeK-
CTYypOil, B TaKuX KpHUCTaJIax TakKe BCTPEYaroTCs
“ocuuIUISITOpHBIE” 30HAIbHOCTU. KpucTaminueckue
CPOCTKM IJIarMoKJjia3a Mo COCTaBy TAKXE BapbUPYIOT
B IIUPOKUX Mpenenax Ang_ss—Ans,_ g, NpeuMylie-
CTBEHHBII COCTaB MUKPOJIUTA CMEILICH B CTOPOHY ajlb-
OUTOBOI1 KOMIOHEHTHI Anyg—Angs. HekoTopbie MUKpO-
JIMTHI B 1aBax 1modoouHoro npopeisa nM. I.C. T'opmkoBa
HUMEIOT PE3KYI0 30HAIbHOCTh C U3BMEHEHUEM COCTaBa
OT An;s_s5 B SIAPE 10 Anss Ha Kpalo 3epHa.

AUCKYCCHUA

0630p npedcmaeaenuii 0 opmuposarHuu
Mmaem eyakarna Knrouesckoii

OO01IMe NpeaCcTaBIeHUs O TEOJIOTMUYECKOM CTPOSHUN
3€MHOI KOpbl U BEPXHE MaHTUU, a TaKXKe 00 OOIIMX
CBOICTBax nuTatoleil cucteMbl KiltoueBcKoro ByjiKa-
Ha ¢ OITOpOii Ha MHOTOJIETHUE UCCIIEI0BAHMS Pa3HBIX
aBTOPOB M3JI0KeHBI B pabote (DPenotos u ap., 2010).

CornacHo ceMcMOJIOTMYECKUM JTaHHBIM, Ha TTyOu-
He okoo 160 kM nox, KitroueBCKoi rpyniioii By IKaHOB
(KI'B) HaxomuTcsi BepxHsISI 4acTb ITOTPYXKalOIIEKCs
TuxookeaHcKoil TNTBL. B pesynbrare meruaparaiuu
IJIUTHL IIPOMCXOAUT YaCTUYHOE IUIaBJIEHUE pa3orpe-
TBHIX TI€PUIOTUTOBBIX ITOPOA MAaHTUMHOIO KJIWHA, U
Marma MnyTeM T'paBUTAllMOHHON KOHBEKIIMM TTOAHU-
MaeTcs B Iuanmpax U acTeHOC(HEpHBIX KOJIOHAX IO
rmyouH ~40 kM.

JaHHBIe TIaBHBIX U MUKPOXJIEMEHTOB, a TaKXe
pe3ynbTaThl cucTeMHBIX Pb-Sr-Nd m3oTomHBIX mMc-
clieqoBaHUI pa3HOBO3paCTHRIX 0a3anbToB Kimouyes-
CKOro ByJKaHa IOApa3yMeBalOT, YTO 3apOoXIeHUE
Mmarmbl B Kypuito-KamMuaTckoil nyre B OCHOBHOM
KOHTPOJIVPYETCS TUIaBJIeHUEM (DITIONIOHACHIILIEHHO-
o MAaHTUIMHOTO KJIMHA, ONPEASISIIONINM TTOBBILICH-
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Puc. 7. JInanazoHbl XMMHUYECKOIO COCTaBa (PeHOKpU-
crayioB onuBuHa (O/), kinHonupokceHa (Cpx) U I1a-
ruokiasa (P/) B naBax BepimimHHOTO u3BepxkeHus 2020—
2021 rr. u ipopeiBa uM. I.C. T'opmikoBa. [eHepalinu 11a-
rMokJas3a: 1 — KpucTasibl ¢ “CUTOBOI” TEKCTYpOIi, TUIIA
“coarsely sieved”; 2 — KOHLEHTpUYECKU-30HAJIbHbBIE
KPUCTAJUTBI, 3 — KPUCTAIMYECKUE CPOCTKU (TIIOMEPO-
nopdupoBwie); 4 — MUKPOJIUTHL.
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Hble BeanuuHbl ¥Sr/%°Sr u mzoronHkIii coctas Pb,
O0m3Kkuil K ManTtuitHoMmy nctodHuky MORB (Kersting,
Arculus, 1995). M30TONHBIN COCTaB CBUHIIA B JaBax
KTI'B siBnsieTcst HauMeHee paaoreHHbIM B CpaBHEHUY C
npyrumu cermeHTamu Kypuio-Kamuarckoit nyru. Ilo
mHeHuto (Kayzar et al., 2014), 3T0 MOXeT OBITh ClIe/I-
CTBHEM TOTO, YTO BO BpeMsI MAarMooo0pasyolinx npo-
1IECCOB HAa MAHTUIHBIX YPOBHSIX HE TIPOUCXOIUIIO BO-
BJIEUEHUE CBMHIIA OKEAHWYECKUX OCAIKOB U, HAlpO-
THB, YyKa3blBaeT Ha YCUJEHHYIO aCCUMWISILIUIO
MarMaTuyeCcKMMHU pacIljlaBaMM BelllecTBa HUWXHeEM
Kopbel T1on KoroueBckoit rpymnmoit BynkaHoB. Ilpm
9TOM BBISIBJICHHbIE 3aKOHOMEPHOCTU B JECSATUIIET-
HUX BPEMEHHBIX BapUaliusix U30TOMHOro coctaBa Pb
B JlaBax Ha ByjkaHe KiioueBcKOi CBUIETENbCTBYIOT
O CYIIECTBEHHOM M3MEHEHUU B CTETNIEH! TaKOii acCcu-
vwsiunu (Kayzar et al., 2014). Panee ITokpoBckuii
b.T. u BoabiHen O.H. (1999) npennonaraiu 3Hauu-
TeabHYI0 accuMuisiuuvio kKopsl nmoa IIKJ Ha ocHoBe
M3y4YeHMsI M30TOMOB Kuciaopoaa B 3¢ dysuBax. Mc-
cinenoBadme 21°Pb—220Ra—230Th—28U cucreMbl JIaB
KitoueBckoro ByJiKaHa TOKa3bIBaeT, YTO MaHTUIi-
HBbIA UCTOYHUK HAXOMUTCS TIOA BIUSIHUEM KakK JO-
OapyieHus Giouaa U3 CyoayLupyolieii MinThl, Tak U
nexomIipeccruonHoro raBineHus non KI'B (Turner
et al., 2007).

ITo reopusnyecknM JaHHbIM, Ha TyonHax 40—25 kM
CBOICTBa MarMaTU4YeCKOM MUTAIOLIEN CUCTEMBI BYJIKA-
Ha MEHSIOTCS. 3AeCh Ha KOPOBO-MaHTUITHOM YPOBHE
MPOMCXOIUT HAKOTIJIEHNE MarM C BO3MOXXHBIM (hOpMU-
poBaHMEM IIYOMHHOIO MarMaTudeckKoro odara. Ha-
JINYKe 30HBI MOBBIIIEHHOM 3JIEKTPOIIPOBOTHOCTH Ha
nryorHax 40—20 KM UHTEpIIpeTUpyeTCs Kak 001acTh
HachIlleHUsT (QmongaMyu M MarMaTUYeCKUMM pac-
wraBamMu (Mopos 0., Mopos I'., 2006). Dta o61acThb
TaK>Ke€ OTMEYaeTCss MHOXECTBOM CJIa0bIX JJIWMHHOIIE-
PUOIHBIX 3eMJISTPSICEHUIT, HanOOJIbIIas KOHLIEHTpA-
o1 KOTOPBIX HaOJomaeTcsa Ha mryomHax 27—31 kv
(Topenbuuk u np., 2001). Bo3aMoXHbBIN TeHe3UC Ty~
OOKMX JIMHHOIIEPUOIHBIX 3eMJIETPSICEHUI CBSI3aH C
Jierazalyeil BOJOHACHIIIEHHBIX paciuiaBoB (Melnik
et al., 2020). 3geck mpoucxoguT 0Opa30BaHUE BHICO-
KOMarHe3najabHbIX 6a3ainbToB (PegoToB u ap., 2008),
KOTOpBIE, MO MHEHUIO (XpeHOoB u ap., 2002), MmapKu-
PYIOT pETMOHAJIBHYIO 30HY apeabHOrO BYJIKAHU3Ma B
KI'B. Ha mrybnHax 25—5 KM HaXOOUTCSI HEIIPEPhIB-
HbI BEpPTUKAJIbHBIM MarMaTU4eCKuii KaHaj, 1o KO-
TOPOMY MarmMa IOJHMMAETCsI U3 MPOMEXYTOYHOTO
oyara Ha NIyOMHBI 5 1 MeHee KM B BYJIKAHOT€HHO-0OCa-
JIOYHBIE CJIOM, MOICTWIAIOIIME BYJIKAH, 1 B €ro II0-
crpoiiky (DPenoroB u Ap., 2010). DTOT MarMaTUYeCKMA
KaHaJI MAapKUPYETCs Y3KIM, BEPTUKAJILHO OPUEHTUPO-
BaHHBIM KJtacTtepoM 3emirerpsicennii (Koulakov et al.,
2017). 3aech B 3HAUUTEJIBHON MEpe MOXET IPOUCXO-
INTh (OpMHUpPOBaHME 0a3aJbTOB IIOIABJISIIOIIETO
YKCJia BEPUIMHHBIX M MOOOYHBIX UCTOPUYECKUX M3-
BepxXeHUil. HanbonpImmii KOHTpAacT CeCMUYECKUX
CKOpPOCTeii B 3eMHOMI Kope Ha ryorHax oT 10 1o 5 kM
COBMANAET C IUJIOTHBIM CKOTUIEHUEM 3€MJIETPSICEHUIA,
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YTO MOXET 0003HaYaTh BLICBOOOXIECHHE Ta3a B LICH-
TpaJbHOM IIMTAIOIIEM KaHaJie, BbI3BAHHOE JIEKOM-
npeccueit getyunx BeuectB (Koulakov et al., 2017).
Brime mryOmHBI 5 KM HaxXOTUTCS BEpXHSIS, CIOXKHAST
U OYeHb aKTUBHAs YacTh NUTaOIIEH cuctembl Kiro-
YeBCKOI'O ByJIKaHa. B Heil mMeeTcsi BepTUKAJILHBIMN
MUTAIOIINI KaHaJl, IPOUCXOOUT BHEIPEHNE MHOTO-
YUCJIEHHBIX aeK, MUTAIOIIMX MOOOYHBIC H3BEpKe-
HUS, BO3MOXHO (DOPMUPOBAHUE MHepUDEPUIECKUX
MarMaTM4eCKrUX O4YaroB. 30Ha Ha mIyOMHax 4—2 KM
00J1ajaeT TOBBIIIEHHOM  3JIEKTPOIPOBOIHOCTHIO
(Mopos 0., Mopo3 I, 2006).

I'paBUMeTprUecKre HAOMIONECHMUS TOKa3bIBAIOT,
yTo KittoueBCcKoli ByJiIKaH HaXOAUTCS HaJ pa3jIOMHOM
30HOM, pas3acisiolleil MOOHSTHIN (ceBepo-3amaj-
HBIi1) 1 OIMYIIEHHBIN (F0Or0-BOCTOUYHBII) OJIOKM KpHU-
cTajuindeckoro pyHamamenTta (3youH u ap., 1990).

Marmononpopstias cuctema KirroueBckoro ByJi-
KaHa Ha KOPOBOM ypOBHE, COIIACHO OOHUM IIpeli-
CTaBJIEHUSIM, UMeEeT €AVWHBIN MUTAIOLIMI KaHal 6e3
KPYIHBIX TPOMEXYTOUYHBIX MAarMaTU4eCK1UX O4Yaros,
4TO 0OecrneunBaeT ObICTPHIN ITOIBEM MarM C TITyOMH-
HBIX (MAHTUIHBIX) YPOBHEI K IMTOBEpPXHOCTU (Apuc-
KUH 1 ap., 1995; Ozepos, 2019). ITonHbI cnekTp
MarmMaTudyeckux pacriaBoB KirloueBcKoro ByjiIKaHa
(MgO 12—4 mac. %), cornacHo 3Toit Moaenu, Gop-
MUpPYETCSI B pe3yJibTaTe JeKOMIIPECCUOHHOTO (DpaK-
moHupoBaHus (Ol, Cpx) u cMeIleHUs pOICTBEHHBIX
paciuiaBoB B IIEHTpaJbHOM TIMTAIOIIEM KaHaje.
INpucyrcTBUe TEMHOIBETHBIX BBLICOKOMATHE3UAIb-
HBIX MUHEPAJIOB B INIMHO3EMUCTHIX JIaBaX OOBSICHSI-
€TCSI MHOTOKPAaTHBLIM ITOBTOPEHUEM aKTOB CMeIlle-
HUS HVDKHUX Y BEpXHUX JOYEPHUX MMOPLIMIA pacrjiaBa
(Ozepos, 2019). CymiecTByeT nBa IMPUHIUITMATIEHO
pPa3JIMYHBIX cIToco0a BbIXO/Ia MarMbl Ha THEBHYIO T10-
BEPXHOCTh: MO TeHEPATLHOMY, TIOCTOSTHHO NEeMACTBY-
olIeMy KaHally, — 4epe3 BepIIMHHBIN Kpatep (4—5
Mac. % MgO) u o omHOPa30BBIM TPELIMHAM/KaHa-
JIaM — Jyepe3 60KOBBIe TPOopbIBHI (5—12 Mac. % MgO).

Hanpotus, apyrue uccieaoBaTeau Mpeariojara-
10T CyIlleCTBOBaHUE B MuTalolleil cucreme Kioues-
CKOTOo BYJKaHa OIHOTO0 WJIW ABYX OTHOCHUTEIbHO
KPYITHBIX MTPOMEXYTOUHBIX MarMaTu4eCKux O4aroB
(Xybynas u gp., 2018; ®emoros u ap., 2010). Brico-
KOMarHe3uajibHble Y BBICOKOTJIMHO3€MUCTbIE MarmMbl
CMEIIMBAIOTCS B MAJIONTYOMHHOM MeprudepuIecKoM
MarmMaTi4decKoM ouare (Ha mryonHax 0—4 km). 3a 1oka-
JIN3AIMI0O U COCTaB M3BEPXKEHUI OTBeYaeT, IIaBHBIM
o0pa3oM, MaJIOITyOMHHBIIA MarMaTUYeCKWii o4ar, ero
BepTUKaJIbHasl pacCIOEHHOCTb U IIyOMHA OTBETBJIe-
HUS OT HETo JaekK, MUTAIIINX M3BepxKeHus. B pen-
KUX cIy4asix 6oyiee ITyOMHHbIE OTBETBJICHUS OT LIEH-
TPAJILHOTO MUTAIOIIEro KaHajga U MPOMEKYTOUHOIO
MarMaTudeckoro odara (4 = 35—25 KM) IpUBOIAT K
MOOOYHBIM M3BEPKEHUSIM BbICOKOMAarHe3ualbHbIX
0a3aJIbTOB. ABTOPBI TaHHOM MOJEIUN BBIACISIIOT Aya-
Jiu3M B uaMeHeHuu coaepxanuii CaO u Al,O4 B onu-
BMHAaX M KJIMHOIIMPOKCEHAX YMEPEHHO-KaJIUEeBbIX
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BBICOKOIJIMHO3EMHUCTBIX M MarHe3najbHBIX 0a3ajib-
TOB U aH/Ie3M0a3aIbTOB BO BpeMsl KpUCTAJLIU3AlIUHU,
a TakKe IPUCYTCTBUE B BHICOKOTTIMHO3EMUCTHIX aH-
ne3nbazajbTax BCeX IMMOOOYHBIX ITPOPHIBOB BBHICOKO-
MarHe3uajbHbIX MUHEPAJIOB, KaK CBMAETEIBCTBO O
BHEApPEHUU IJTyOMHHOI MarHe3uajbHOiI Marmbel B
MaJIOTTyOMHHYIO BEICOKOTJIMHO3EMUCTYIO KaMepy BO
BpeMsl aKTUBU3allUK1 ByiakaHa (XyoyHas u ap., 2018).
CornacHo (Mironov et al., 2001), BbICOKOTJIMHO3e-
MucThIe 0a3anbThl KimoyeBcKoro BysrkaHa (opMupy-
IOTCSI TIPU OBICTPOM AEKOMIIPECCUOHHOM ITOIBEME
MarM K MOBEPXHOCTH, COIIPOBOXKIAIOIIEMCSI aKTUB-
HOM Aera3alyeii pacruiaBa.

Yenosus eenepayuu maem

Janubie P-T yciioBWii KpUCTAIUIM3ALM TUIaIruo-
KJIa3a B JIaBaX BEPIIMHHOIO U TTOOOYHOTO U3BEPXKEHUI
2020—2021 r. (puc. 8) ObUIM pacCUMTAHbI IJISI CyXUX
MarMm (H,O = 0 mac. % B ucxomHoii Marme). Temmepa-
TYPHBII OUana3oH KpUCTa/UIM3allUMy TJ1arhoKjIa30B
coctaBua 1210—1118°C nmist naBbl BEPLIMHHOTO W3-
BepxkeHUS 1 1203—1119°C mist 1aB TO6G0YHOTO TIPO-
peiBa uM. I.C. T'opmikosa. JIlnamma3on gaBJIeHU KpH-
CTaJUIM3allMU TIJIarMOKJIa30B B JlaBax BEPIIMHHOTO
n3BepxeHus 12.3—3.6 k6ap, B laBaxX ITOOOYHOTO MPO-
peiBa 9.0—3.3 kOap. DTu 3HAYCHUSI HAXOOSITCS B CO-
[JJACUM C CYLIECTBYIOIIMMU OLEHKAMU JaBJICHUS
19.0—1.5 k6ap kpuctasmzauu Marm KitoueBckoro
ByikaHa (Gavrilenko et al., 2016; XyoyHas, Co60:eB,
1998; Ozerov, 2000). ITnarnoxiassl ¢ “CUTOBOI” TEeK-
CTYpOIi B J1aBax 000MX U3BEPXKEHU I HaYaJIu KpUCTaJ -
JIM30BAThCSI TP MAaKCUMAIBHBIX HaBJIeHUSIX 12.3—
9.0 x6ap ¥ nponoKaIu najgee GopMUPOBATHCS BO
BCEM JIMamna3oHe NaBJIeHUI BIUIOTb 10 MUHUMATbHbIX
3HayeHuit 3.7—3.5 kbOap. KoHUeHTpHMYecK1-30HATb-
Hble KpUCTAJUTBI TUIArMoKia3a u ioMeponopdrupoBbIe
CpocTKU (hOpMHUPOBAIMCh TIpH 8.5—3.7 KOap B JlaBax
BEPIIMHHOTO U3BEPXKEeHUS 1 1ipu 7.2—3.3 KOap B na-
Bax mobouyHoro npopbiBa uM. I.C. I'opiikosa. ['eHe-
pauus MUKPOJIUTOB B JlaBax 000MX U3BEPXKEHUI TaK
Xe, Kak 1 2/3 mMacchl BCEro Ilaruokjiasa, KpucTai-
JIu3oBajgach MPEeUMYIIECTBEHHO B HUXKHEM IUaIias3o-
He maBieHuit 6.7—3.4 k6ap.

PasHu1ia B BepxHeil rpaHUIIe TaBICHUS KPUCTAI-
JIN3alIMU TIJIaTMoKJIa3a MEXIy JIaBaMU BEPITMHHOTO
U TTOOOYHOTO U3BEPKEHUI TOBOPUT O OoJiee ITyOrH-
HOM 3apOXICHUH MarM BEpITMHHOTO U3BepKeHMs. B
CBOIO ouepelb, ITUPOKUE Bapuallii NaBICHUS KPU-
CTJNIU3ALUU JJI1 HEKOTOPBIX MUKPOJMTOB B JiaBaxX
MOOOYHOTO MPOPHIBA CBUIETEILCTBYIOT O BBICOKOM
CKOPOCTH TTOIbeMa MarMbl B KaHaJIe Ha 3Tarie Moaro-
TOBKHU K U3BEPKECHUIO.

Bapuanuu xumudyeckoro cocraBa (peHOKpUCTa-
JIOB OJTUBWHA, KIIMHOITMPOKCEHA 1 TUIaTMOKJT1a3a B JIa-
BaX BEPIIMHHOIO M MOOOYHOro m3BepxkeHui 2020—
2021 rr. (puc. 7) BO MHOTOM MMEIOT CXOXMIA Xapak-
Tep, UYTO MOATBEPKIAET TEeHETUIECKYIO B3aNMOCBSI3b
MarM, MATABIINX BEPITMHHOE M TTOOOYHOE U3BEPKe-
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Puc. 8. P-T'yciioBus KpUCTAIN3allMK IUIATMOKJIa3a B Jla-
Bax BEPIIMHHOTO M ITOOOYHOTO M3BepxkeHUit Kimoues-
ckoro ByjikaHa 2020—2021 rr.

HUS. OTMETUM, YTO IIJIST JIAB TTOG0YHOTO ITPOPHIBA VM.
I.C. TopmkoBa macmTa®b Bapuanuii XMMHUUYECKOTO
cocTaBa 3TMX MUHEpPaJIOB HECKOJbKO HIKe. bonee
BBICOKOE€ MTaBJICHHE Hadalla KPUCTAJUTM3AIlMd Marm
BEPIITMHHOTO U3BEPXKEHUS U OoJiee IMMPOKME Bapra-
LIUM XMMUYECKOTO coCTaBa (PeHOKPUCTAIIIOB B HUX
YKa3bIBalOT Ha MX MEPBUYHBIN (00jee IIyOMHHBIN)
reHe3C 1Mo CpaBHEHHUIO C MarMaMM ITOOOYHOTO TIPO-
phIBA.

Hemounuxu maem

Hab6ntomaemblii TMHENHBIN TpeH Ha TuarpaMmax
Xapkepa (puc. 3), Ha KOTOPBIi1 JIOXATCSI TOUKM COCTa-
BOB JIaB MOCJIEHUX BEPIIMHHBIX U3BepxkeHuit Kio-
YeBCKOTO ByJIKaHa U JiaB npopbiBa uMm. I.C. TopiiikoBa,
OTpakaeT 3aKOHOMEPHYIO 3BOJIIOIMIO MarM B MarmMo-
MMOABOMASIICH cuUcTeMe ByJKaHa. BaxXHO 3aMETUTD,
YTO TIpaBasl 4yacTb TPEH/Ia C HAUOOIBIIUM COAepKa-
HueMm SiO, obpa3oBaHa TOYKaMU JIaB BEPLIMHHbBIX
n3BepkeHuit. 13 3Toro MoxXHo 3aKJII0UUTh, YTO Mar-
MaTUYecKHe pacriulaBbl BEPIIMHHBIX W3BEPXKEHU
nperepriesy 0osee IIUTEIbHYIO 3BOJIOLIMIO, KOTOpasi
COMPOBOXIAJIACh KpUCTAIIIU3ALIMOHHOM T depeH-
LIMalMen B IpoLecce X MOoabeMa K MOBEPXHOCTU. DTO
K€ TIOATBEPXKIAIOT U Pa3IuIMS B CTeTIEHU PACKPUCTAII-
JIN30BAaHHOCTU BYJIKAHUYECKOTO CTEKJIa B OCHOBHOM
Macce 1 00beMe TIOP B JIaBaX BEPIIMHHOTO U3BEPKEHUS
2020—2021 rr. 1 ipopeiBa uM. I.C. IopiikoBa. Cxoxue
reHepalyy rjiarokjiasa B jaBax BepIIMHHOIO 1 IT000Y-
HOTO U3BepxKeHMil, cchOpMUpPOBAHHbBIE Ha ITUPOKOM
IMana3oHe MyOWH, CBUAETEIbCTBYIOT O T€HeTh4e-
CKOM B3aMMOCBSI3M MarM BEpPIIMHHOTO U TOOOYHOTO
n3BepkeHmii 2020—2021 rr.

ITo XMMUYECKOMY COCTaBY JIaBbl BEPIIMHHBIX U3-
BepxkeHuit 2020—2021 r. u 1945 1. B 1leioM OIU3KU
apyr Kk apyry (puc. 3). OmHako JiaBbl MpOpbIBa

MNETPOJIOTHUA TomM 31 Ne3 2023
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nM. I.C. TopmkoBa mpencraBiaeHbl 0ojee Madude-
CKMMM Pa3HOCTSIMM II0 CPaBHEHMIO C JIaBaMU Bep-
IIWHHOTO M3BepKeHusl. Hampotus, naBbl NpOphIBa
FO6uneiinbIili MEIOT OOJIee KUCIBIN COCTaB B CpaB-
HEHUMU C JaBaMU IpEeABapsIBIIETO €ro BEepIIMHHOTO
U3BEPXKEHUSI. DTU Pa3INvUs MOTYT OBITh CJIEACTBU-
€M pa3HOM CTEIIeHW 3BOJIIOLMM MarM, MUTaBIINX
5TU NOOOYHBIE MPOPLIBLI.

leoxuMmyeckme xapakKTepUCTUKM JIaB MOCISTHNX
W3BEPXKEHUIM HA crlaiiiep-auarpaMmMax TUITMYHbI JUIS
HaICyOOyKUIMOHHBIX 0Oa3anbToB: Ta-Nb MHMHMMYM,
BBICOKME KOHIIEHTpALIMM KPYMHO-UOHHBIX BJIeMEH-
TOB M HUCXOISINWII TPEHH BBICOKO3aPSIIHBIX BJIE-
MeHTOB (puc. 4). ComepXaHusI HEKOTePEHTHBIX 3JIe-
MeHTOB B JiaBax npopbiBa uM. I.C. I'opikoBa 3Hauu -
TEJILHO BHIIIIE, Y€M B JIaBax MOCJIEAHETO BEPIIMHHOTO
U3BEepXKEHUsI, IPU TMOCTOSIHHOM conepxaHuu MgO
(5.5-6.0 mac. %, puc. 5). Takue TIIMHO3EMHCTHIE
MarMbl TIPOILJIM AOCTaTOYHO MOJITMIA 3BOJIOLIMOH-
HBII1 ITyTh, U CTOJIb SIBHBIE OTJIUYMS I10 PSITY HECOB-
MECTHUMBIX DJIEMEHTOB TOBOPSAT O BO3MOXKHBIX IPO-
Ieccax KOpoBOii KOHTAaMWHAIIMW B MarMOMOABOISI-
LIei cUCTeMe MOCIeIHEro IT000YHOTO IPOPhIBA.

PacmipeneneHrie HEKOTepeHTHBIX SJIEMEHTOB B JIa-
BaX BcCeX MOCJemHMX Wu3BepxKeHMil KiroueBckoro
BynkaHa (Bxkmioudas IpopelB mM. I.C. Topimkosa)
WMeEeT OTJUYMS OT TPEHIOB BCEX TPEIIIECTBYIONINX
U3BEPKEHUI U yKa3bIBaeT HA U3MEHEHUS YCIOBUI B
nuTaloleil cucreMe ByiakaHa rmocie 2013 1.

Ha nguarpaMmax OTHOIIEHMI HEKOTOPBIX HEKOTEe-
PEHTHBIX DJIEMEHTOB APYT K ApYry (puc. 9) npsiMoiu-
HelHbIe TpeH bl 1aB KirroueBcKoro ByIKaHa oTpaka-
I0T Mpouecchl (PpakLMOHHON KpUCTA/UIM3allMU B
MarMaTu4ecKoM MuTalolleii cucteMe. BelmageHue us
STUX TPEHIOB JIaB MOCAEAHUX BEPITMHHOIO 1 TT000Y-
HOT'O M3BEPKECHMI, TaK K€ KaK, HalIpuMep, 1 JIaB He-
KOTOPBIX ITOOOYHBIX M3BEPXKEHMI TMpouIoro (Ha
nuarpamme TiO,—Zr), roBOPUT O BO3MOXHOM accu-
MWISIIUUA KOPOBBIX IMTOPOI.

JlaBbl BepIIMHHBIX U3BepxxeHMt 2016 1. 1 2020—
2021 rr., TaK XKe KaK ¥ JaBhI IIPEIIIIeCTBYIONINX Bep-
IIMHHBIX U3BEPXKEHUI, OMHOPOAHBI MO CBOUM Sr-
Nd-Pb u30TONHO-TEOXMMUYECKUM XapaKTEPHUCTUKAM.
U3otomnHble otHOIeHU 8 Sr/%Sr (0.703625—0.703626),
43N d/"*Nd (0.513085—0.513102), 2°°Pb/24Pb (18.3148—
18.3179) mocnengHuUX BepIIMHHBIX M3BEPXKEHUII Ha-
CJIeyIOT U30TOMHbIE XapaKTePUCTUKU BEPIIMHHBIX
W3BEPXKEHUII MpouUIoro. W30TOIMHBIE OTHOIICHUS
27Pb/294Pb (15.5022—15.5107) u 28Pb/?%4Pb (37.9597—
38.0143) nns naB MoOCeIHUX BEPIIMHHBIX U TTOO0OY-
HOTO M3BEPKEHMUI 3HAYNTEIBHO BbIIIE, YeM JIJIS JIaB
BCEX U3BEPKEHUN MPOILIOro. DTO TaKKe TOBOPUT 00
M3MEHEHUSIX B IMTaroleii cucreme KirroueBcKoro
BYJIKAaHA B IIOCJIEIHME TOOBI €0 aKTMBHOCTH, BO3-
MOKHO, O TIpOlIeccax KOPOBOM aCCUMUJISILIMU.

M3oTomnHbIi1 cocTaB CBUHIIA U paclipeesicHue He-
KOT€PEHTHBIX DJIEMEHTOB B LIEJIOM CBUACTEILCTBYET
00 y4acTUHM KOPOBBIX IPOLIECCOB B (OPMUPOBAHUM
Marm, MUTaBIIUX BepIIWMHHBIE u3BepxeHus 2016 r.,
2020—2021 rr. 1 mpopeiB uM. I'.C. T'opmkoBa. Han-
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60J1ee OTYETIMBO 3TO JEMOHCTPUPYIOT JaHHBIE O Ba-
puanmax 8’Sr/%°Sr, KoTopble yKa3bIBalOT Ha OOJIBLIYIO
MHTEHCUBHOCTL 3TOTO TpOLIECca IS JIaB II0OOYHOTO
npopbisa. Ha koppesiumonHoii nuarpamme 37Sr/3Sr—
43Nd/“Nd (puc. 6) TOUKM COCTABOB JIaB NMPOPHIBA
uM. I.C. TopiKoBa BeiencTsue 60jee BBICOKUX 3Ha-
yeHuit ¥’Sr/%0Sr sexar Bblllle COCTABOB IPYTrUX W3-
BEPXKEHUIA, 4TO WMHTEPIPETUPYETCH KAaK BIUSHUE
MIPOLIECCOB KOPOBOI aCCUMUISILIMU TIEPBUYHBIX pac-
iaBos. Ha nuarpamme MgO—2°Pb/24Pb (puc. 10)
TOYKM COCTABOB JIaB BEPIIMHHbIX U3BEPKEHUIA IToMna-
JIAI0T B 06J1aCTh 3HAYEH WA ITPENBIAYIIMX BEPIIMHHBIX
MU3BEPKEHMII, a TOUKU COCTABOB JIaB IIPOPBLIBA WM.
I.C. TopmkoBa 06pa3yroT CyOBEepTUKAIBHBIN TPEH]T
BBILLIE TOJISI, OOBEIUHSIONIET0 NaHHBIE IS OoJee
PaHHUX JIaB [TOOOYHBIX IIPOPHIBOB.

Juarpamma ¥’Sr/#Sr—SiO, neMOHCTPUpYET pa3HO-
HarnpapJIeHHbIe TpeHIbI J1aB nipopbisa uM. I.C. Topui-
KOBa U BCEX MPEIBIIYIINX TOOOYHBIX U3BEPXKEHUI HA
KioueBckoM ByikaHe. IIpumeyaTenbHO, 4YTO Ha
3TOi auarpaMMe TOPU3OHTAIbHBINM TPEH BEPIINH-
HBIX M3BEPKEHUI YKa3bIBAeT Ha Ipolecc (Pppakiu-
OHHO# KPUCTA/UIM3ALINN, 4 BOCXOAALIMIA TPEH IS
JIaB TIPOLLILIX TMOOOYHBIX M3BEPXKEHMIA OTpakaeT
MIPOLIECC KOPOBOIM aCCUMMJISALMU, XapaKTEPHbIA pa-
Hee s naB KimoyeBckoro ByskaHa. CTojb OTIMYAao-
MiAcss TpeHa ajis JiaB rpopbiBa uM. I.C. Topikosa,
BO3MOXKHO, TOBOPUT O GOJIBIINMX IyOMHAX, HA KOTOPBIX
NPOMCXOIMIA ACCUMMIISILIUA, TIOCKOJIbKY Mahu4ecKue
Pa3HOCTU JIaB TIPOPBIBA YK€ OTINYAIUCH BHICOKUMU
BenmuuHamu 87Sr/%6Sr.

CornacHo mamuarpamme *’Sr/%Sr k 8'%0, uszororn-
HbIiA COCTaB KUCJI0PO/a B JIaBaX MOCIEIHUX U3BEPKE-
HMi1 KimroueBCcKOro ByJikaHa oTpaxaeT oO1iee odora-
nieHure uzorornom 80 naB u Tedpbl, U3BEPrarOLINXCs
B ipenenax IIK/I. Hambonee Mmadpmaeckne pa3HOCTH
naB ripopbiBa uM. I.C. Topmikoga (SiO, = 51.6 mac. %)
3aMETHO OTJIMYaIOTCs OT Haubosee Kuciwix (Si0, =

= 53.2 mac. %) no 3nayenuo 880 (7.39 1 6.49 %o co-
oTBeTcTBeHHO). CoIlacHO NPEeaIIeCTBYIOINIUM HC-
cJieqOBaHUSIM, CYIIECTBEHHBIM MaciuTab® BapuUaluit
880 u ¥7Sr/%Sr B naBax KitoueBcKoro ByjlkaHa 00b-
SICHSIETCSI IepeIUIaBIeHEM BellleCTBA HUKHE T 4acTu
3€MHOI KOPBI, IJIsI KOTOPOI XapaKTEPHbI BbLICOKUE
snauenusd 80 u ¥Sr/%Sr (Bindeman et al., 2004). ITo-
BbIlIEHHBIe 3HayeHusa 00 B yaBax KimouyeBckoro
BYJIKAHA OOBSICHSIIOTCSI B3aIMOJICIICTBUEM TIPUMUTHB-
HBIX pacIulaBOB C JIMTOCHEpHON MaHTHUEH, oOora-
nieHHoi uzotornoM 30 B mepuon, Korna oHa Obula
MpeIayroBoil yacTtbhlo 30HbBI cyonykuuu (Auer et al.,
2009).

Takum obOpa3oM, YyYuThIBasi Majloe PacCTOsIHUE
MEX]1y BEpLIMHHBIM KpaTtepoM KiloueBcKoro Byjaka-
Ha 1 MecToM TpopbiBa uM. I.C. TopiikoBa (~3.5 km),
TUMOTE3a O Pa3HbIX MYTIX BOJIOLMN MarM BepIuH-
HOTO 1 TTOOOYHOTO U3BEepXKEeHU I (HaurHasi OT YPOBHSI
HVDKHEUW 36MHOI KOpPbI) MPeACTaBIsSeTCsS MaJOBEPO-
arHoii. TToBeleHHble 3HaueHus ’Sr/*°Sr orHoCH-
TeJIbHO TUINMYHBIX 1151 KiloueBcKoro ByJikaHa 3Ha-
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Puc. 9. IlucKkpuMrHalMOHHbIE IMarpaMMbl OTHOLLIEHU T HEKOTOPBIX HEKOT€PEHTHBIX 3JIEMEHTOB. YCIIOBHbIE 0003HAYEHMUSI CM.

Ha puc. 3.

yeHuii 6'®0 (puc. 6) yKasbIBarOT Ha UWHOM UCTOUHUK
panuroreHHoro *’Sr B aBax rpopsisa um. I.C. Topui-
KOBa, oTJIMyaoIuiics rno sesuyuHe ¥Sr/%Sr ot nu-
TochepHoii MaHTUM. [lpuBeneHHBIE B HACTOSIICH
paboTe OCOOEHHOCTH JIaB U OlleHKU P-T mmapamMeTpoB
YKa3bIBaIOT CXOICTBO YCIO0BUI (POPMUPOBAHUS MarM
000MX UM3BEPXKEHUI, YTO TakKxXKe He MONAepKUBaeT
rUIoTe3y 00 UX Pa3HOM MPOUCXOXKICHUM.

Jpyroe BO3MOXHOE OOBSICHEHME OTJIMYMS JaB
npopbiBa UM. I'.C. T'opiiikoBa 1o M130TOMHOMY COCTa-
BY St 3aKi1i04aeTcs B 00J1ee MHTEHCUBHBIX IIpolieccax
KOPOBOW aCCUMMJISIIMU MarM B CE€BEpPO-3alagHOM

yacTu NocTpoilku KiitoueBcKoro ByJjikaHa. 3a BpeMsi
aKTUBM3allMU MOOOYHBIX M3BEPXKEHWIT (HauuHasl C
3.5 TeIC. JIeT Ha3al) MOXHO TMPENnoJoXUTh, 4YTO
c(hOpMUPOBATNCH XOPOIIO MNPOpabdOTaHHBIE IIYyTH
MOCTYIJIEHUSI MarMaTUYeCKUX PacIlJIaBOB K MOBEPX-
HOCTU Ha IOTO-BOCTOYHOM U CEBEPO-BOCTOYHOM
CKJIOHax ByJKaHa. B pesynbraTe “OpoHMpoBaHUS”
CTEHOK 3TMX KaHaJIOB TIPEAbIAYIIMMU paciylaBaMu
CTeNeHb aCCUMMJISILMU HOBBIX MOPLMI pacriaBa
JIOJKHA yMeHbIaTbesl co BpeMeHeM. Ha ceBepo-3a-
MaJHOM X€e CKJIOHE ByJIKaHa IMpopadoTKa TaKuxX Mar-
MOIIOABOASIIMX KaHajloB He mnpoucxoauwna. Kak
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TOM 31 2023



YCIIOBUS TEHEPALIMY Y UICTOYHWKU MATM BEPLLIMHHOTO M TTOBOYHOTO... 277
87Sr/86sr 206Pb/204Pb 6180
[ ]
0.7037 3 . g 8.0
i W 4* . 5,
L ]
R TR LR 5 en e B 4
o o
0.7036 - ¥ 3308 - 18.30 o So® S i, . °
® " 8°° ® o ‘ "2 #_ °
° 0° 050 1828F ° . 651 %o
070351 o of g8 . ® oo I
o & Sr,ppm %o MgO, mac. % @ Si0,, mac. %
250 300 350 400 4 6 8 10 12 51 52 53 54 55
0.7038 - 0.7038 -
87Sr/86sr 87SI'/86SI' $180
& 8.0} »
0.7037 b 0.7037 | o ° 5 o
? £ =
& < o, 75F0 e 5
o o 0° Gihest s = J
o
0.7036 |- o6 EO o 0.7036 WP o 700 .
o o - o . o] & Qoo &
& Y ¥
o . o T oo@ 2 6.5F o ° ‘e .
070351 08°% 0.7035F o @pmy, 3°° . <
o ‘%@ oK,0, mac. % %% % SiO,, mac. % @ " °ALO;, Mac. %
04 06 08 10 12 14 5l 52 53 54 55 14 16 18

Puc. 10. Iuarpammbl 87Sr/gGSr K Sr, K,0, SiOy; 206Pb/20413’b Kk MgO; SiQ,, Al,O3 k 5180.

YcnoBHble 0603HaueHMs cM. Ha puc. 3. Ha nnarpammax SiO,, Al,O3 K &

(0] CBE€TJIO-CEPBbIMU KPYKKaMM ITOKa3aHbl JaHHbIC 110

JaBaM MOOOYHBIX n3BepxkeHUit KimroueBckoro BysnkaHa u3 (Dorendorf et al., 2000), 3a1uThie KPY>KKU — JaHHBIE aHAIN30B BYJI-
KaHWYECKMX CTEKOJI JiaB ByJkaHa KimtoueBckoit uz (Aurer, 2009).

CJIEMCTBUE, OTIMYME W3OTOITHBIX U TE€OXUMUIECKUX
XapakTepHucTUK JaB npopbeiBa uM. I.C. T'opikoBa ot
BCEX APYIMX MOOOYHBIX U3BEPXKEHUI (B TOM 4UuClie
npopbiBa KO6uneiinblit) (puc. 5, 6, 8, 9) orpaxaer
0OJIbIIYIO CTEeTNeHb B3aMMOACHCTBUSI paciliaBoOB C
(byHIaMEeHTOM ceBepO-3aIlaTHOTO CEKTOPa IMOCTPOIA-
KU ByJIKaHA. APTYMEHTOM B MOJIb3y aCCUMWISILIMU St
¢ 6oJiee pagMOTEHHBIM COCTaBOM W3 Mopon (yHma-
MEHTa B CEBEpO-3aragHOM CEKTOpe BYyJIKaHAa MOXET
CIIYXXUTBb TOT (akT, 4To KiIroueBCcKoil ByJIKaH pacIio-
JIOXKeH Ha BOCTOYHOM TpaHuIIe XaBBIBEHCKOTO MOTpe-
OEHHOTro MOMHSITUSI, KOTOPOE BKIIIOYAET MeTaMop-
(r3oBaHHBIE OCATOYHBIE OTIIOXECHUS XaBBIBEHCKOI
cepun (Anpenkon, OnblnaHckasi, 1989). CrpoHuumii
TMOPOI 3TOM CEPUM OTIIMIACTCS TTOBBIIMIEHHBIM CO-
nepxanueM ¥’Sr, a enmunHa 7Sr/%°Sr Bapsupyer ot
0.70421 mo 0.70862 (Tapapwu u ap., 2007, 2010).

B pa6ore (Koulakov et al., 2017) uHTeprpeTUpY-
I0TCS aHOMAJIMM ceficMuyueckux ckopocreii V,/V, no
m1youH 2—4 kM noj ByJKaHoM KittoueBcKoii Kak He-
nTyOOKMe pe3epByapbl MarMbl JIM 00JIaCTH HACBHIIIIE-
Hus dongaMu 1 pacriaBaMu. K aToMmy MOMEHTY B
CeBEepO-3alaTHOM CEKTOpEe ITOCTPOMKU YK€ MOTJIO
CYIIIECTBOBATh TAKOE HEKPYITHOE MarMaTuyecKoe TeJIO
(ymH3a). Ecimm 0HO TIpOIOIDKUTETEHOE BpeMsT B3aMO-
NEHCTBOBAJIO C OCAIOYHBIMU TTopogamMu (pyHIaMeHTa,
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TO MarMaTnu4yCcCKUE pacruiaBbl MOINIM aCCUMMWJIMPOBATb
U3 HUX Y4acTh St U HEKOTOPBIX HEKOTCPEHTHDLIX 2JIC-
MCHTOB.

Hwuxe mpenyioxkeH BO3MOXKHBIN ClieHapuii, OIu-
CBHIBAIOILIMI 3BOIIOLIMIO pacilaBa B MAarMOIOABOISI-
et cucreme KimtoueBCcKoro ByJiKaHa Ha BpeMsl Bep-
IIIMHHOTO U TOOOYHOTO0 n3BepxKeHuii B 2020—2021 rr.
OH yYMTBHIBAET CXOXKECTh NMETporpamueckKoro ooamKa
JIaB ¥ Bapyallii XUMHUYECKOIo cocTaBa (heHOKPUCTAI-
JIOB B HUX, 1 BMECTE C TeM OOBSICHSIET HaOII0IaeMble
U30TOIHbIE W TEOXMMMWYECKHEe pasinudusl B JiaBax
JIBYX U3BEPXKEHUM.

Ha 3axkmiounTenbHON CTaaiuM BEPLIMHHOIO W3-
BEPXXEHHUSI MPOU3OLIIO PE3KOE CHUXEHUE YPOBHS
Marmbl B LIEHTPAJIbHOM MarMoIlOABOJsIIEM KaHalle.
Bo3moxxHble MEXaHM3MbI MTUTAHUS BEPIIMHHbBIX U3BEP-
KeHUI, U3BMEHEHUSI IIMKJIOB aKTUBHOCTH, BBI3BAaHHBIE
JTMHAMMKOM TTOCTYILJIEHUST pacIljlaBOB U Ia30B, CMOJIe-
JupoBaHbl B pabote (O3epos, 2010). Hayanocs BHen-
peHUue MarMbl U3 LIEHTPaTbHOTO MarMOIOABOASIIETO
KaHaJia B TOJIILY TTOPOJ B CEBEPO-3aMaHOM CEKTOpe
ByJIKaHa. Murpaliiysi MarMbl B ceBepo-3arnajgiHoOM Ha-
MPaBJI€HUU B KOHIIE BEPIIMHHOTO U3BEPXKEHUS U B
Havayie u3BepxkeHus: mpopsiBa uM. I.C. T'opiikoBa
MOATBEPKIAAETCS OTUETIMBBIM CMEILIEHUEM B TIJIaHe
HMCTOYHUKA BYJIKAHUYECKOTO APOXKaHUS OT BEPIIMHBI
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KiTtoueBCKOro ByJIKaHa B CTOPOHY MOOOYHOTO TIPO-
poiBa (CeHrokoB u ap., 2021). 3atem marma, mocry-
MUBILIAY U3 LEHTPAJIHLHOTO IMUTAOLLIETO KAHAJIA, CME-
IAJach € CYLIECTBYIOIIMMHU TTOPLUAMU pacIjiaBa B
ceBepo-3alalHoOM ceKTope. B pesyibrare cMeleHus
006pa3zoBaICcd UCTOYHUK MAarMbl C BEICOKMM 3HAYEHVEM
87St/%°Sr 1 MOBBIIIEHHBIMU COAEPKAHUAMU HEKOTO-
pBIX peIKUX 3jeMeHTOB. Ha 3aBepluarolieM 3Tare
IIPOM3OLLEN IIPOPLIB MarMbl Ha ITOBEPXHOCTh HA Ce-
BEpO-3aMaJHOM CKJIIOHE C 00pa30BaHUEM LIJIAKOBOTO
KOHYCA U JIABOBBIX IIOTOKOB.

SAKIIIOYEHHME

BepimHHoe 1 mobouyHoe n3BepxkeHus1 Ha KimouyeB-
ckoM Bynkade B 2020—2021 rT. mpeacTaBiasioT coOoit
YHUKaJIbHbBII OOBEKT IS U3yYEeHMsI CBOMCTB MarMaTH-
YeCcKOM NUTaloNleli cucTeMbl ByKaHa. Ha ocHoBaHuu
JIaHHBIX TIeTporpaduu, reOXMMUM IIaBHBIX 1 MUKPO-
3JIeMEHTOB, a TakKke M30TOITHBIX Sr-Nd-Pb-O nan-
HBIX MBI IOKAa3aJI1 B3aMMOCBSI3b UICTOYHUKOB Marm
STUX ABYX M3BEPXEHUUN M OLIEHUJIN YCJIOBUS UX I'e-
Hepaluu.

JlaBbl BepIIMHHOIO U3BEpKEHUsI 00J1agaloT O0Jb-
1Ie¥ MOPUCTOCTBIO U JIy4llleid CTENEeHbI0 pacKpuCTal-
JIN30BAaHHOCTU CTEKJIa B OCHOBHOM Macce I0 CpaBHe-
HUIO ¢ JIaBaMU TTOOOYHOTO MpopbiBa. Bapuaium xumu-
yeckoro cocraBa (peHokpuctamioB OI, Cpx, Pl Takxe
IIUpe B JJaBaX BEPUIMHHOTO U3BepKeHUs. JlaBieHue
Hayaja KpucCTaJUIM3alliu Iiaruoksjiasa OlleHEeHO 10
reo-tepmodapomerpaM B ~12 kOap misl JlaBbl Bep-
mumHHOro n3BepxeHus 2020—2021 r. u B ~9 kbap st
naB 1moo6ouHoro npopeiBa M. I.C. I'opmkoBa. Ot
HaOII0IeHUST al0T OCHOBaHUE TOBOPUTH O Oosee
[TyOMHHOM TIPOUCXOXIEHUU Marm, MUTaBIIUX Bep-
muHHOe u3BepxxeHue 2020—2021 rr.

BecbMa BbIIEpXKAHHBIE OTHOIIEHHMS W30TOIOB
87Sr/%¢Sr, 200Pb/204Pb 1 '“*Nd/'**Nd m1s1 1aB Beex Bep-
IIMHHBIX U3BepxkeHuit (Bkimoyas 2016 r. u 2020—
2021 rr.), TOBOPST O XOpPOILIC MHPOpadOTKe IIeH-
TPaJbHOrO MarMonoaBoAsaLIero Kanana KioyeBcko-
ro BylkaHa. IloBblieHHbIe 3HadeHus 2 Pb/2%Pb u
208pp /204Ph 1 J1aB MOCJAEOHUX BEPIUMHHBIX U I10-
GOYHOIO U3BEPXKEHUIA CBUIETEILCTBYIOT 00 U3MEHE-
HUSX B MUTAIOLIEN CUCTEME B TEYEHME IOCIENHUX
JIET aKTUBHOCTH BYJIKaHa. M30TOIMHBINA COCTaB KUC-
JI0poJa B JIaBax ABYX U3BEPXKEHMIA COIIacyeTcs ¢ pa-
Hee oIy OJIMKOBAaHHBIMU JaHHBIMU 110 KitroueBckomy
BYJIKAHY U OTpakaeT obliee oboraiieHue U30TONmoM
180 naB u Tedprl, n3Bepratomuxcs B npeneaax LK.

Bricokue n3otonHble oTHomeHus 37Sr/%°Sr B na-
Bax npopsiBa uM. [.C. TopiikoBa, paHee He HAOIIO-
naBiiuvecs B JiaBax KilloueBCKOIro ByJKaHa, a TakXKe
pazyinyyre B Coiep>KaHUU HEKOTePEHTHbBIX 3JIEMEHTOB
Ba, Zr, Sr, Hf, Rb (I1ipy mOCTOSTHHBIX 3HAYEHMUSIX
MgO) B 1aBax BEPIIMHHOTO U MOOOYHOIO U3BEPKE-
HUI MOXHO OOBSICHUTH BO3pOCIIE WHTEHCUBHO-
CTBIO IMPOIIECCOB KOPOBOI aCCUMMIISILIMU BCIIEACTBUE
B3aMMOJEUCTBUSI MarM ¢ Topojaamu ¢pyHIaMeHTa B
CEeBEpO-3alajJlJHOM CEKTOpe ByJKaHa. 3a BCE BpeMs

YEPKAIIIMH u np.

JIeSITeJIbHOCTU TTOOOYHOTO ByJIKaHM3Ma Ha Kimoues-
ckoM BynkaHe (~3.5 Teic. JieT Ha3an) no 2021 1. mo-
GOYHBIX IIPOPHIBOB B CEBEPO-3aITaTHOM CEKTOPE BYJI-
KaHa 3apuKcUpoBaHO He ObLTO0. B pesynbraTe 3TOrO
U30TOIMHBIE W TEOXMMUUYECKHE OCOOEHHOCTH JIaB
npopeiBa uM. I.C. [opmkoBa MOTyT OBITH CBSI3aHBI C
HaJIMYKEM B CeBEpO-3aIllafHOM CEKTOpe A0 IIIyOUH
2—4 KM HEOOJBIIMX MOPIIMIT MarMaTUJeCcKUX pac-
IJIAaBOB, JIOJITOE€ BPEMSI CYILIECTBOBABIIMX 1 B3aUMO-
JIefiICTBOBABIINX C OCATOYHLIMU OTIOXEHUSIMU (PYH-
JaMeHTa. DT MarMaTu4eCcKue pacIijlaBbl MOIJIM ac-
CUMWJIMPOBATh U3 0CAAOYHBIX OTI0KEHMI YaCTh St 1
HEKOTOPBIX HEKOTePEHTHBIX 3JIEMEHTOB. JIaBbl 1mo-
6ouHoro npopniBa uM. I.C. TopiikoBa MOTyT Tpen-
CTaBJIATh COOOI cMech TaKuUX OoJjiee 0OOTalleHHBIX
nsorornoM ¥’Sr mopuuii paciuiaBa ¢ MarMaMH, ITOCTY-
MUBIIMMMU U3 LEHTPAJIbHOTO MTUTAIOIIETo KaHala.

ITonyyeHHbIEe TaHHbBIE CBUIETEILCTBYIOT O HaIU-
Yl B MarMaTuyeckoi nuratoiieii cucreme Kioues-
CKOTO ByJIKaHa U €€ IMPOMEXYTOUHBbIX oyarax mpo-
1IECCOB KOPOBOIi KOHTAMMHALIUU U aCCUMWJISILIUU, B
OCOOEHHOCTH ATO KacaeTcsl MIOOOYHOTO MTPOPHIBA M.
I.C. I'opmikoBa 1 TOOOYHOTO BYJIKAHM3Ma B IIEJIOM.
dakTryecKuii MaTeprall HACTOSIIETo UCCACAOBaAHMSI
OCTaBJIsIeT OOJbIION MOTEeHLMAN ISl JajbHeiero
u3ydyeHus nuTaplleil cucrembl KiioueBckoro ByJi-
KaHa, 60Jiee TOYHOTO ycTaHOBIeHUsT P-T ycioBuii re-
Hepaluu MarMm 1 MoHUMaHUus MexaHu3Ma oopa3oBa-
HUSI BEPIIUHHBIX U TTOOOUYHBIX U3BEPKEHUI, KaK Ha
KiroueBckoM, Tak U Ha APYTUX MTOXOXUX CTPATOBYJI-
KaHax Mupa.

bnacodapnocmu. ABTOpPBHI BBIpaxaloT OJiaromap-
HOCTb yYaCTHUKaM TTOJIEBBbIX 3KcIeaulnii Ha Kiro-
yeBCKOI ByJKaH B MapTe u anpeine 2021 r. HyxxnaeBy
N.A., Mensauxkosy J1.B., Cokopenko A.B., OBcsaHHM-
KoBy A.A., lIBeTKoBY B.A., yyacTBOBaBIIMM B OTOOpE
KOJUTEKIIMM P06 modouHoro npopsiBa um. I.C. T'opi-
KoBa. BeIpaxkaeM oTaenbHylo 61aromapHocTb Mypa-
BbeBY f./1. 3a mpenocraBieHue oopasiia BepIIMHHO-
ro usBepxxeHus KioueBckoro ByiakaHa 2016 .

Hcemounuku unancuposanus. JlanHoe ucciemo-
BaHUEe OBbLIO (PUMHAHCOBO TIIONJEPKAHO ITPOEKTOM
Poccuiickoit Menepaunu B nuite MUHKCTEpCTBA Ha-
VKU 1 BbIclIero obpa3oBaHus Poccuiickoit @enepa-
uuu (rpant Ne 13.1902.21.008, cornmameHue 075-15-
2020-802).
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Conditions and Magmas Sources of Summit and Flank Eruptions of the Klyuchevskoy
Volcano in 2020—2021: Isotope (Sr-Nd-Pb-0O)-Geochemical Data

R. 1. Cherkashin', O. V. Bergal-Kuvikas® 2, A. V. Chugaev?, Yu. O. LarionovaZ,
I. N. Bindeman?, A. L. Khomchanovsky!, and E. Y. Plutakhina'

! Institute of Volcanology and Seismology, Far East Branch of the Russian Academy of Sciences,
Petropavlovsk- Kamchatsky, Russia

2 Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry,
Russian Academy of Sciences, Moscow, Russia

3University of Oregon, Eugene, USA

In 2021 a unique event occurred on Klyuchevskoy volcano (Kamchatka). After more than 30 years domi-
nance of terminal eruptions a flank vent was formed. It was named after corresponding member of the Acad-
emy of Sciences USSR G.S. Gorshkov. The eruption began immediately after the end of the summit crater
activation in 2020—2021 at an altitude of 2850 m in the northwestern part of the volcano, where no manifes-
tations of flank volcanism were observed earlier. This paper presents geochemical and isotopic Sr-Nd-Pb-O
data for lavas of the summit and flank eruptions of the Klyuchevskoy volcano in 2020—2021. A comparative
petrographic analysis was carried out and the chemical composition of the O/, Cpx, P/ phenocrysts of these
lavas was analyzed. The lavas of both eruptions are alumina andesitic basalts of normal alkalinity. Variations
of basic oxides in the lavas of the summit eruption and in the lavas of the G.S. Gorshkov vent are SiO, 53.1—
53.2 wt. % and 51.6—53.2 wt. %, MgO 5.6 wt. % and 5.5—6.0 wt. %; respectively. Estimates of temperatures
and pressures of plagioclase crystallization showed that for lavas of the summit eruption they were 1210—
1118°C and 12.3—3.6 kbar, for lavas of the flank vent 1203—1119°C and 9.0—3.3 kbar. The content of the main
elements, the proximity of the conditions of plagioclase generations, and the features of variations in the
chemical composition of O/, Cpx, and P/ phenocrysts in the lavas of both eruptions indicate the genetic rela-
tionship of the magmas that fed the summit and flank eruptions. The lavas of the summit eruptions of 2016,
2020—2021, as well as the lavas of the previous summit eruptions of the Klyuchevsky volcano, are character-
ized by highly sustained Sr-Nd-Pb isotopic characteristics: 8’Sr/30Sr = 0.703625—0.703626, 1*Nd/#4Nd =
0.513085—0.513102, 20°Pb/204pPh = 18.3148—18.3179). Isotopic ratios 2°’Pb/2%4Pb (15.5022—15.5107) and
208pp /204Pp (37.9597—38.0143) are significantly higher for the lavas of the last summit and flank eruptions
than for all Klyuchevskoy’s lavas of the past, which indicates more complex processes of magma evolution at
crustal levels. The values of 880 = 6.49—7.39 rel. units (SMOW) in the lavas of the considered eruptions are
consistent with previously published data on the Klyuchevsky volcano. The lavas of the Gorshkov vent are
enriched with Ba, Zr, Sr and other incompatible elements at constant values of MgO in comparison with the
lavas of the last summit eruptions, which indicates differences in the ways of evolution of their magmas.
Sharply increased values of the 87Sr/SGSr ratio (0.703673—0.703743) in the lavas of the G.S. Gorshkov vent,
not previously observed in the lavas of the Klyuchevsky volcano, testifies to intensive assimilation of crustal
matter by the initial melts in the northwestern part of the volcano.

Keywords: Klyuchevskoy volcano, Kamchatka, 2020—2021 eruptions, flank vent, Sr-Nd-Pb-O isotopic data,

conditions of magma genesis
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