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B paboTe paccMOTpeHO pacnpocTpaHEHUE Meria B XOIEe MapOKCU3MAJIbHOTO U3BEPXKEHUS ByJIKaHa
MMusenyy, nponomxkasmerocs 10—13 anpens 2023 1., v ero BIMSHUE HAa BOIHbBIE PECYPChl TEPPUTOPUIA,
OXBAYEHHBIX TMerionaaoM. JlaHa xapakTepucTHKa MOIIHOCTA OTJIOXKEHUI Mersa B pPa3IMYHbIX
HaCeJIEHHbIX MYHKTAaX W WX TpaHyJOMeTpUyeckoro coctaBa. [lokazaHo, 4TO B pPacnpoOCTPAHEHUU
METUIOBbIX OOJIAKOB MJIABHYIO POJb UIPAET AWHAMUKA W3BEPXKEHUS BYJIKAaHA, ONHAKO LIUPKYJISLINS
atMocdepbl (hakTUUYeCKU OIpeiessieT MPOCTPAHCTBEHHOE pacIpele/ieHue MOIITHOCTH OTIOXKEHUIA.
OnpeneneHbl BONOPACTBOPUMBIE COJIM, CONEpXalllMecs B MeruiaXx, U OUHAMUKA WX BBIMBIBAHUS
B €CTECTBEHHBIX YCIOBUSIX. B cocTaBe BOIOpacTBOPUMOIA YACTH CBEXUX METUIOB TOMUHUPYIOT CYJIbhAThI
KaJIbLIUSI MU MATHUS, XJIOPU HATPUS, TPU NOAYMHEHHOM KOJMYECTBE XJIOPUIOB U (PTOPUIOB ATIOMUHUS,
Kajaus 1 aMMOHUS. B riepBy1o ouepeap U3 NEMIOB BBIMBIBAIOTCSI XOPOIIIO PACTBOPUMBIE XJIOPUIBI, 3aTEM
cynbdatel. C TeueHrEM BpeMeHU 00uIee CooepKaHue PACTBOPUMBIX COJIEM CHUXKAETCSI, MEHSIETCST UX
KaueCTBeHHBIIl COCTaB: HAYMHAIOT JOMUHUPOBATh TUAPOKAPOOHATHI KaJIbLIWSI, MArHWsI M HaTPUSI.
CrycTst HECKOJIBKO MECSIIEB MOCJIe U3BEPXKEHUS, BIUSHUE MEeTUIoNana Ha BOAHBIE PECYPChI TTOCETKOB,
BKJTIOYASI OTKPBITBIE UCTOYHUKY Ha JTHEBHOI MOBEPXHOCTHU, HUBEJIMPOBAIOCH.
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BBEAEHUNE KHUCJIBIX NPOAYKTOB U3BEPXKEHUIN U MOBBILICHUE
COJIep>XaHUs B BOoJax cyJib(aToB U XJOPUIOB
KaJblUs, HATPUS U MarHus, a Takxe GTopuaos.
HN3ydyeHue BIUSHUSA U3BEpXEHUS ByiakaHa Ko-
psakckuit B 2008—2009 rr. Ha BomoeMbl [Me-
nekecueB u Ap., 2011] Tak:ke mokas3ajo, YTO BOJO-
pacTBOPMMbIE KOMITOHEHTHI Te(pbl TPUBEJU K TO-
HuxeHuo pH 1o ~ 4—35, MOBBIIIIEHUIO COAEPKAHU S
cyibdaToB U XJIOPUJOB KalblUsl, MATHUS U HAT-
pusl, a TaKKe Coyieil aTIoOMUHUS.

Bynkanwudeckuii meren IBisieTCs HEITPEMEHHBIM
MPOIYKTOM U3BEPKEHUI, BMECTe C HUM Ha JHEB-
HYI0 MOBEPXHOCTh IMOCTYIAIOT pacTBOPUMBIE
COJIU U MUKPODJEMEHTHl B MOJABUXKHON BOJO-
pacTBOpUMOI ¢opme, B HajdbHeileM, Npu Npo-
MBIBAHUM OTJOXEHUII METCOPHBIMM BOJAMM,
pacTBOpUMBIE KOMIOHEHTHI Te(@PHI ITOCTYITAIOT
B atmMocdepy n Bomotoku [bamapmua, 1974].
BnusHue BylIKaHMUYECKOTO TIeIJia Ha KadyeCcTBO
MUTHEBBIX U XO3IMCTBEHHO-OBITOBBIX BOJ pac- OTMedeHo, UTO Ienes ByJKaHa DTHA IIPUBHOCUT
cMoTpeHo B pabotax [Wilson et al., 2010, 2012; B okpyXalolylo cpeay BOAOpacTBOpUMBbIE GHop-
u ap.]. B oCHOBHOM B MCClIeIOBaHMSIX YKa3bIBa€TCS Mbl HUKEIS, KaIMUS U MBIIIbSIKA, YTO B ITHUKO-
Ha yBeJIMYEeHNEe MYTHOCTH BOIOEMOB, OTMEYAeTCsd Bble MOMEHTHI M3BEPXKEHU S /TIEMJIOINasa MOXET
nmoHMXeHne pH BoOm BclienCTBUE pacTBOPEHMWSI TIPUBOIUTL K TNPEBBLIMIEHUIO HOMYCTUMBIX
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KOHIEHTPAIUA 3TUX 3JIEMEHTOB B ITUTHEBBIX
Bogax [Barone et al., 2021]. BogopacTBopuMbie
COCAMHEHUS alIOMUHUS, PTOpa U Cepbl, MOCTY-
MUBIIKE B Bono3adbopbl HoBoli 3eaHauu U3 mer-
na BynkaHa Tonrapupo B 2012 r., BeI3BaJIN HEIO-
MOTaHMS XXKUTEJNe 1 HAaHeCIH YIIepO CeIbCKOMY
xo03siicTBY [Cronin et al., 2014]. Ilemen BysikaHa
Hbsamyparupa, pacnoyoxkeHHoro B Konro, B 2010 1.
MOCHYXUJ MCTOYHUKOM BOJOPACTBOPUMBIX
cynb(haToB, XJOPUIOB U (PTOPUIOB HATPUS,
KaJIbIIMsI, aMMOHHUSI, a TaKKe COJICH aJllOMUHMUS,
MapraHma, KaIMHUS, CBMHIA, W BBI3BAJI
noaxkucjaeHue nutheBbix Boa [Cuoco et al., 2013].
ABTOpaMU OTMEUaeTCsl, YTO KaUYeCTBO ITUThEBBIX
BOJIl B pe3yjibTaTe BO3AeHCTBUS Melja CYIIeCTBEeH-
HO OTKJIOHMJIOCH OT IPUHSTHIX cTaHaapToB. [lenen
BynkaHa I'eksa B Ucnanouu B 1991 u 2000 rr.
IIPUBEJI K TOBBIIIICHNIO KOHLIEHTpauu (DTOPUIOB
U alIOMHHHUSI B KOHTAKTHUPOBABIIMX C HUM
METEOPHBIX BOJaX, OMHOBPEMEHHO B BOJOTOKM
MOCTYMNUJIU XJIOp, XeJIe30, MapraHell, MbIIIbSIK,
KaaMWIi, CBUHEL, IIMHK, 1 BOIBI BPEMEHHO CTaIu
HEMPUTOOHBI IJISI MOTPEOJEeHUSI YECIOBEKOM.
MHTepecHoOt 0COOEHHOCTHIO MUTPpALIMU TOKCUY
HBIX 3JIEMEHTOB, KOTOPYIO OTMEYaloT aBTOPHI
HUCCeI0BaHU S, SIBISIETCS COpOIIMS psida BPeaHbIX
mpuMeceil Ha OCaXIaIOIIMXCS THUIAPOOKMCIAX
axroMuHusg u xkeiesa (11I), To ects mpoucxomut
CBOe0oOpa3HOE CaMOOYHUIIEHE BO, 3ar PSI3HEHHBIX
pPacTBOPUMBIMU COJISIMU BYJKAHWYECKOTO TIETIa
[Flaathen, Gislason, 2007]. O0 yBeau4YeHUU
MYTHOCTHU, 3aKUCJICHUU TIPUPOTHBIX BOM IOCIE
BBINTAICHN S BYJIKAaHMYECKOTO IIeIljIa COO0IIaeTCs
B pabore [Stewart et al., 2006], B KoTopoii
MpeANpuHATAa MONBITKA MOASIUPOBAHUS OUHA-
MUKU 3arpsI3HEHU ST TUTHEBBIX BOJ PACTBOPUMBIMU
COJISIMM TIEIIJIOBBIX OTJIOKEHUIA.

KoMnaeKCcHBIN ITOAXOJ, CBSA3BIBAIOIIUI TUI
MOPOIBLI U aHMOHHBIN COCTAaB BOAOPACTBOPUMBIX
coieit Tedprl, mMokaszaH B pabore [Witham
et al., 2005]. OrMmeuaeTcsl, 4TO AJS TMOPOJI
aHIEe3UTOBOr0 cocTaBa HabOjgrwgaeTcss Ooliee
BBICOKOE OTHOCUTEJIbHOE CoAep:KaHUe CyJIb(haToB,
a IJas JAalMTOBBIX MPOAYKTOB M3BEpPXKEHUI
Bo3pacTaeT OTHOCHUTEJNbHOE coOIepXaHue
XJaopunoB u ¢GropumoB. Takke oTMedeHa
poJib TpaHYJOMETPUUYECKOTrO cocTaBa Tedphbl
B MNOCTYMNJEHUU BOLOPACTBOPUMBIX COJEH
B BOJOTOKHU. EcTecTBEeHHO, YTO 4eM MeHbIIe
pasMep YacTHI Meljia, TeM BBIIIE YyIeIb-
Hagd TJaollaab ITOBEPXHOCTH, Ha KOTOPOU

copbrpoBaHbl BOLOPACTBOPUMBIE COJIU. B aTOit
CBSI3U OCOOBII PUCK AJISI SKOCUCTEM TIPEACTABASIET
TOHKOJUCIIEPCHBIN Tenesl KaKk HOCUTEeNb 0oJiee
BBICOKMX KOHIIEHTPALMI COJICHA.

DKCIIJIO3UBHbIE U3BEPXKEHUS BYJIKAHOB SIBJISI-
IOTCSI €CTECTBEHHBIM IIPUPOAHBIM puckoM Kam-
yaTku. B pabote ucciegoBaHa Tedpa MOIIHOTO
n3BepKeHUsI ByiaKaHa llluBeryd, mponu3oIIeaero
B amnpeine 2023 r., u ee BogopacTBOpUMas 4acThb
751 oNpeaeaeHusl MOTeHIIMaIbHOTO BAMSHUS
Ha BOI03a00p U KAa4eCTBO BOABI AJISI IIUThS U XO-
39MCTBeHHBIX HYyX1. M3Bepxkenue llluBenyua
3aTPOHYJIO psiJ HACeJIEHHbBIX MYHKTOB, HauboJee
CUJIbHO TIocTpanaiu noc. Kiouu ¢ HaceleHueM
ooisee 4400 yei., moc. Malickoe ¢ HaceJaeHUEM 00-
nee 100 yen., moc. Ko3bipeBCK ¢ HacejleHueM doiee
1100 gyes. DTU MOCEAKMU OBLINA MOKPHITHI CIJIONI-
HBIM CJIOEM Meljia MOIIHOCThIO 10 8§ CM, BCEro
B 30HE MOIIHOTIO IeIIOoMNaaa oKaszajoch 6oiee 5600
YyeJloBeK. BrIMmameHue IerJja IIpuBesio K TUdenIu
HekoTopbix nTull [JIookos, 2023].

N3BEPXEHUE BYJIKAHA HIMBEJTYY
10—13 AITPEJIA 2023 T

IIuBenyuy — Hauboyiee aKTUBHBIN ByJKaH Kam-
YyaTKU, pacIiojoKeHHbIN B ceBepHOoit yactu LleHT-
panpHOli Kamuarckoii gerpeccuu, B 50 KM OT
n. Kiwouu u B 450 kM ot 1. IleTponaBioBck-Kam-
YyaTCKUii. DTO OAHO U3 KPYITHEHIIMX ByJIKaHUYE-
CKHX COOpyKeHuil KamMuyaTKu: monepeyHuK OCHO-
BaHMS ByJKaHa gocturaeT 45—50 kM, momanp —
He meHee 1300 xkm? [Melekestsev et al., 1991]. Co-
BpeMeHHas MOCTPOMKa BKJIKYAET TPU IJIaBHBIX
anemeHTa: Crapuiii HInsenyu (3283 M), IpeBHIOIO
kanpaepy u Momonoit Illusenya (2800 m). B xpa-
tepe Monogoro IIusenyua c¢ aBrycra 1980 r.
pacTeT JIaBOBBI KYII0J, aKTUBHOCTh KOTOPOTO
npeacTaBieHa dKCTPY3UBHBIMU, 3G (Py3UBHBIMU
M 3KCIIO3UBHBIMU (BYJIKAHCKOTO THIIa) U3BEp-
xeHussMU |[Melekestsev et al., 1991; Ozerov et al.,
2020]. Haubomnee MoOIlIHbIE SKCIJIO3MBHBIE U3BEP-
JKeHUs ByJKaHa, CBSI3aHHBIE C POCTOM JIaBOBOTO
Kymonaa, Habmoganucek B 2001, 2004, 2005 u 2010
rr. [Tupuna u gp., 2006, 2007; OBCIHHUKOB,
Mamnesuy, 2010; @emoros n np., 2004].

B nauvane 2022 r. ByakaH [IIuBenayd Obl1 OTHO-
CUTEJbHO CIOKOEeH, HO ¢ 10 MIOHSI MHTEHCHUB-
HOCTb pOCTa JIaBOBOTO KyIloja Hayalia ITOBBI-
LIaThCS: KOJIUYECTBO pacKaJIeHHBIX JaBUH, 00py-
LM BAIOIIMXCSI HA CKJIOHBI KYyI0Ja, YBEJIUYUJIOCH.

BYJIKAHOJIOTUS U CEMNCMOJIOTUS Ned 2024
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C 21 okTg0pg W BIJOTHL A0 Hayajla MapoK-
cu3MmanbHoro m3BepxeHmns 10 ampens 2023 r.
Hab6JI01aJloCh MOCTOSSHHOE IOCTYIIJIEHUE Ha
JHEBHYIO MOBEPXHOCTbH 3€MJU IOBEHUJBHOTO
BemectBa [['mpuHa n np., 2023].

I[Tapokcu3manbHOE 3KCIIJIO3MBHOE U3BEP-
>)keHue BynkaHa LlluBeiy4, HenmpepbIBHO ITPOIOJI-
»KaBlIeecs 0oJjiee Tpex CyTok, Hadyajioch B 13:10
UTC 10 anpeng 2023 r. [Tupuna u ap., 2023].
MOIIHBIN TMKJIOH, BO BJIACTH KOTOPOTO HAXOIMJI-
csl Bechb I-0B KamMyarka, BBEITSITMBAJI TIEIJI0BOE 00-
JIaKO Ha 3araj, MoBopayMBaj ero Ha Ior, pacTAru-
BaJl Ha CeBEP M HAMpaBJsij Ha BOCTOK OT ByJIKaHa.

B mae 2023 1. mociie OKOHYAHUS U3BEPKEHUS
B CEMM HAaCEJCHHBIX MYHKTaX CEBEPHOI 4acTH
nm-oBa Kamuarka Ha pacctosgHusax ot 50 mo
220 XM OT ByJdKaHa OBIJIM OMPOOOBAHBI CIION
IernJia, MOIMHOCTh KOTOPBIX BapbUpOBaaach OT
0.1 no 8 cm. KonmuecTBo merjia, coOpaHHOTO
¢ 1 M2, usmeHnsocs ot 8.92 1o 16.62 r B Hauboee
yaaJIeHHBIX OT ByJIKaHa Itocenkax (ATiacoBo,
Dcco, Anapraii u JlonnHoBka), 1o 48.4—58.4 xr
B nnocenkax Kitouu, Maiickoe u Ko3bipeBck.

B pab6ote [[upuna u ap., 2023] mokasaHa
IMHAMUKa pa3BUTHUS 3PYITHUBHOTO oOJlaKa
3TOr0 M3BEPKEHUS C MOMOIIbI0 aHUMAIlMOHHOMK
KapTUHBI, BBIIIOJHEHHON II0 CepUM CHUMKOB
cnyTHuka Himawari-9 B mHGopMalMOHHOKI
cucteMe “JIMCTaHUMOHHBIA MOHUTOPUHT aKTUB-
HocTu ByJKaHOB Kamuatku u Kypun” (VolSatView)
¢ 08:00 UTC 10 anpens no 07:00 UTC 14 anpens
[http://d33.infospace.ru/jr_d33/materials/2023v2
0n2/283-291/1683110898 . webm]. Ha anumauuu
XOPOIIIO BUIHO, YTO IMEPBUYHOE IPYIITUBHOE 00-
JIAKO COITPOBOXKIAJIOCH OOJIBIINM O00BEMOM a3po-
301¢ii, BBICBOOOOMBIIMNXCS IIPU pa3pylICHUH
SKCIIJIO3USIMU JJABOBOI'O KYIIOJIa, ITOABEPraBIIeTOCs
ImpolieccaM MeTacoMaTo3a B TEUCHME HECKOJIbKHUX
nIecsaTkoB jeT. Hamrpumep, mo coctostHmio Ha 01:42
UTC 11 ampens, obiiee comepkaHWe TUOKCHUIA
cepsl (SO,) B HeM cocTaBiisiio 214.46 ThIC. T, a €10
KOHIeHTpanug nocturaina 471.9 enuaun Jlobcona,
410 3KBUBaJeHTHO 210.6 MMonb/M? [TupuHa v ap.,
2023].

Huxe IIpUBCACHO ON€TAJIbHOC OIIMCAHME NJMHAa-
MUKHU NNEPEMCILICHM A a3P0O30JIbHbIX U 3PYIITUBHbBIX
00J1aKOB HaJl HaceJIeHHbIMU IIYHKTaMM.

— A3P030JTbHOE 00JIaKO C pe3ypPreHTHBIM TTETIJIOM
HaXOIMJIOCh HaJ moces koM AHasrait ¢ 19:50 UTC

BYJIKAHOJIOTUS U CEUCMOJIOTUSA N4 2024

10 amrpenrsg o 04:40 UTC 11 amrpeng (okojo 8 4);
3ateM ¢ 14:10 mo 16:10 UTC 11 anpens (oxojo 2 4)
TaM BbIITaaJl JOBEHUJIbHBIN TTeTIe].

— AdBP030JIbHOE 00JIaKO C Pe3yPreHTHHIM MEIjioM
HaxoIuJoCh Haja mocejkoMm Dcco ¢ 19:50 UTC
10 arrpenst mo 05:00 UTC 11 anpenst (okomno 9 4); 3a-
teM ¢ 14:50 mo 16:40 UTC 11 anpens (oxojo 1.5 9)
TaM BbIITaJall IOBEHUJIbHBIN TTeTIe].

— B mocenke Kiamoum ©OBEeHUJBHBINA IIEIe]
Haua Beinagath ¢ 18:20 UTC 10 anpens, nemno-
naj HempepblBHO npopoaxaincsa go 04:10 UTC
11 anpens; nociae nepepbiBa, B CBSI3U C pa3BOPO-
TOM 3PYITUBHOM TYy4H, IIETJIONA] BO30OHOBUIICS
U npoaoJikaics npumepHo ¢ 09:00 mo 19:30 UTC
11 anpensg, 3atem ¢ 23:00 UTC 11 anpens go 03:10
UTC 12 anpens, T.e. o0111asI TPOJOIKUTEITHLHOCTD
MEeTLIONAa 0B COCTaBJIsLIa OKOJIO 23 4.

— B mocenke Maiickoe BblafieHHe I0BEHUITLHOTO
nerJia npoaoyxanoch ¢ 19:10 mo 22:40 UTC
10 anpeng (okojo 3.5 4), 3aTeM MOCEJOK IToTaa
B 30HY a3p030JIbHOr0 0bJlaKa ¢ Pe3ypreHTHBIM
nerioM; ¢ 12:00 mo 16:00 UTC 11 anpenst (okoJo
4 4) B IIOCEJIKE CHOBa BHIIIaJaj IOBEHUJIbHBIN
TIeTIesT; T.e. 00IIast MPOAOIXKUTEILHOCTD TeTIONa-
JIOB COCTaBJIsljia 0KOJIO 7.5 4.

— B nocenke Ko3bipeBcK BbillageHUE IOBEHUJIb-
Horo trerta mpopokaiaochk ¢ 20:20 UTC 10 anpens
10 06:00 UTC 11 anpens (oxkono 20 u 20 MuH); 3a-
teM ¢ 10:20 UTC nmo 16:20 UTC 11 anpens (0KoJio
6 4); T.e. 00IIasT TPOMOIKMUTEIBHOCTD IEMJIONAaI0B
cocTaBJisiyia 0KoJo 26.3 4.

— Hap mocenkom ATIacoBO 3pYNITHBHOE 00J1aKO
C IOBEHUJILHBIM TIEIIJIOM, CMECTUBIIIEECSI OT ITOCEJI-
koB Kirouun, Maiickoe u Ko3bIpeBcK, HAaXOIUIOCh
¢ 21:20 UTC 10 anpens nmo 07:10 UTC 11 anpens
(oxouo 10 u), 3aTem ¢ 15:20 o 17:40 UTC 11 amnpe-
715 (oxoJio 2 9 20 MUH); T.e. 00IIas ITPOTOIKUTEI -
HOCTb HaXOXACHUS Hal IIOCEJIKOM IIeIIOBOro 00-
Jlaka cocTaBJisija okoJio 12.3 u.

— Han nmocenkom JlonmHOBKa a’3po30JibHOE
00J1aKO ¢ pe3ypreHTHBIM MEeMJIOM, IepeMECTUB-
1Ieecsl OT ITOCEJIKOB AHaBTaili 1 Dcco, HaXOAUIOCh
¢ 23:00 UTC 10 amrpensg o 07:10 UTC 11 ampend
(oxoso 8 u); 3aTem ¢ 16:50 mo 19:20 UTC 11 anpens
(oko0s10 2.5 4) TaM BblNaaaj IOBEHUJIbHBIN Tenent.

Takoe pacnipocTpaHeHHe a3pO30JbHbBIX U IPYTI-
TUBHBIX 00JaKOB B MEPBYIO o4yepedb CBSI3aHO
C MOIIHOCTBIO MAapOKCU3MAaJIbHOTO U3BEPXKEHUS
BynkaHa I[lluBeny4, BO BTOPYI0O — C BBICOKOI1
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LMKJOHNYECKON aKTUBHOCTHIO B 3TOM paloHe
Kamuatku 10—14 anpens 2023 r. Bo Bpemsa
U3BEpXKEeHMUs BYyJKaHa JKCIIJIO3UM He OBLIN
BEPTUKaAJIbHBIMU, YTOJ UX HAaKJOHA MTOCTOSIHHO
MmeHsacsa [Tupuna u ap., 2023], kak U3MeHs -
csI U 00bEeM HM3BEPraeMoro SKCIIJIO3USIMU Be-
mectBa. IlpyHUMass BO BHMMaHUE BhIIIEeCcKa-
3aHHOE, OOJIBIIYI0 MHTEHCHUBHOCTD IIEIJIOIAana
B 1. Kossipesck (58.4 Kr/mM?) 1o cpaBHEHMIO
¢ moc. Knroun (48.4 Kr/M?) MOXHO OOBACHUTH
MIPOIOJIKUTEIIbHOCTHIO IIETIONAaN0B B HUX: OKO-
0 26.3 1 23 4 coorBeTcTBeHHO. [Ipeobianaro-
1ee coaepKaHue TOHKUX pakuuii B UX Tedpe
corjlacyeTcsl ¢ AMHAMUKOMN pa3BUTUSI U3BEPKeE-
HUSI — B 3TUX ITOCEJIKaxX BbINagall IperuMyle-
CTBEHHO IOBEHUJILHBIN MEIIeJI, KOTOPBII IMMOCTYyIIall
Ha THEBHYIO MOBEPXHOCTD YK€ IMOCJe pa3pylLIeHUs
JIAaBOBOTO KYTIOJIa ByJIKaHa.

B nau6onee ynanennsix ot IlluBenyya nocenakax
TMeIjia BBIIaji0 HEMHOT'0, HO 110 TPaHyJIOMETpU-
YECKOMY COCTaBy OH OBLI Tpy0Oee, 4eM, HaIllpuMep,
B roc. Kutoun, 1 B coctaBe TakMX TEMNJIOB Habtona-
JIMCh YACTHIILI TTOPOIBI, IOABEPTIIIEICS IpolieccaM
MeTacoMaTo3a BO BpeMsI pocTa JJaBOBOrO KyIioJa.
BeposiTHO, 4TO B 3THX MOCENIKaX YaCTUYHO OTJIO-
JKUJICS TeTiesl, 00pa30BaBIIUIiCS IIPU MEPBLIX IKC-
IUIO3USIX BYJIKAHA, pa3pyLIMBIIMX JABOBBII KYIIOJI.

METOAbI UCCIIEJOBAHUA ITEIJIA
N BOAHbBIX OBPA3LIOB

O0pas1p nernJa ObLT OTOOPaHBI B XOE IMOJIEBBIX
pa6oT B moc. Kitoun B nepuon 10—20 anpens
u B aBrycte 2023 1. O6pa3iubl ObLJIM BBICYIICHBI
nipu Temneparype 105°C nng yganeHust cBOOOIHOM
BJIaTU. DJIEMEHTHBII COCTaB MeTJIa ObIT UCCIEAOBaH
Ha IOCJIeA0BaTeIbHOM PEHTI€HO(MIYOPECLIEHTHOM
criektpomeTpe S4-PIONEER (Bruker). Ouenka co-
IepXaHWsI MUKPO3JIEMEHTOB BHIIIOJTHEHA ITOJIYKO-
JIMYECTBEHHO C TTOMOIIbIO MporpaMMbl MultiRes,
uayleil B KOMIJeKTe ¢ TporpaMMHBIM obecTie-
YeHUEeM PEeHTIreHO(MIYOPECLEHTHOTO CIIeKTPOME-
Tpa S4-PIONEER. PentreHodayopecueHTHbIE
HUCCJIeIOBAaHUS BBINOJHEHBI B AHAJMTUYECKOM
LenTpe MHCTUTYTA BYJTKAHOIOTUM U CEHAICMONIOTUN
(MBuC) J1IBO PAH.

MuHepaabHBIM coCTaB MernJia OblJ oNnpenesieH
METOAOM PEHTTeHOBCKON AM(PpaKTOMETPUU Ha
npuoope XRD MAXima 7000 (Shimadzu), B nu-
amazoHe 6—70 °20, ¢ marom 0.1 °20, ckopocTh
CKaHUpOBaHUS 4 rpal/MHUH, YTO 3KBUBAJICHTHO

BbIIEPXKE B Touke 1.5 ¢c. YTouHeHue mapaMeTpoB
3JIEMEHTAPHBIX STYE€EK OBLJIO BBITOJTHEHO METOIOM
PutBenbna B nporpamme PowderCell 2.4. PeHT-
reHonrpakiIMOHHOE HUCCIeI0BaHUE BBIIIOJHEHO
B AHanutnyeckoMm Llentpe MBuC JIBO PAH.

BonHas BEITSIXKa Moy4YeHa IIPpY B3AMYyYHBaHUU
100.0 r menyia B 1.0 1 IUCTUIIMPOBAHHOKN BOABI,
MocJje OTCTauBaHUS B TeYeHUE AJIUTEIBLHOTO (10
HECKOJIBKMX CYTOK) BPEMEHU BBITSIKKY (PUIBTPO-
BaJIM ¥ MOJIyYaJId IIPO3PAYHbIA PaCTBOP, KOTOPBIA
aHaJM3UpOBaIM MEeTOdAaMM IIJIaMeHHOM ¢GOoTOo-
METPUH, CIIEKTPOGOTOMEPUN, TUTPUMETPUU, TIO-
TeHllMoMeTpuu. [1pu BeimapuBaHUU BOJHOU BbI-
TSXKKU nipu TeMmnepatype 105°C moryyeHbl cyxue
COJIEBBIE OCTAaTKM, KOTOpPBIC aHAJIM3UPOBAIU
METOIOM PEHTIeHOBCKON AM(PPaKTOMETPUU IJIsI
onpeneneHus ¢da3zoBoro cocraBa. Metoauka
MOJIYYEeHU ST BOAHBIX BBITSIXKEK M3 IEIJIOB Oblia
onpoboBaHa AJiss 00pa3LoB, NMOJYUYEHHBIX B XOJ€
HEKOTOPBIX U3BepKeHUI ByiaKaHa KirtoueBcKoii 3a
nepuon 1932—2017 rr. [KuproxuH u np., 2023].

ITpo6bl Bomkl 3 noc. Kiaouu Ob1IM 0OTOOpaHbI
B utoHe—aBrycTe 2023 I. U3 CeTU LEHTPaJIbHOTO
BOoAOCHaOXeHUsI, u3 Bogo3abopa moceynka, 13
pa3Tpy30K XOJIOAHBIX UICTOUHUKOB B pyciie p. Kam-
yaTKa, U3 UCTOYHUKOB B OKPECTHOCTU MOCEJ-
Ka, U IpoaHaJU3UPOBaHbI TaK e, KaK U BOIHBIE
BBITSIKKU.

MuxkpomMopdosorus 1 XuMUIeCKUiA COCTaB TIell-
JIa U3y4YeH METOIaMM CKaHUPYIOLIEH 3JIeKTPOHHOM
mukpockonuu (COM) Ha npubope VEGA3 LMH
(Tescan). YacTtuuml neria pa3MepHocTbio >0.5 MM
OBLIM BBLJIOXEHBI psITaMU Ha TBYCTOPOHHMI yTIJjie-
POIHBII CKOTY M HANIBIJICHBI YIJIeponoM. ToYeuHbIi
MMOJIYKOJNYECTBEHHBINI 3HEePTOAUCIEPCUOHHBIN
PEHTIE€HOBCKMI MMKpoOaHaJiM3 Ha CKoOJiax IIpo-
BOAMJICS TIpU ycKopswoineM Hanpsskenun 20 kV.
MuKkpoaHaIUTHYECKHE UCCIEIOBAHM S BBIITOJTHEHBI
B AHanuTtuueckoMm Lentpe MBuC JIBO PAH.

PE3VJIBTATbI XUMUWYECKOI'O AHAJIU3A
[TPOB BOAbI U TTETIJIA

B 1a6n. 1 moka3aHBbl comepXXaHUS MaKpoO-
1 MUKPOKOMITOHEHTOB B MEIJe JallMuTOBOTO COC-
TaBa, OTOOpaAaHHOM C HeOOJIbIIOK pa3HUIIEH BO
BpemeHM B ampene 2023 r. O6pamaetr Ha cebs
BHMMaHWE TMOBBIIIEHHOE coIepxkKaHue OGapus
U CTPOHILIMS B IeIIe, YTO SIBJSIeTCS KOCBEHHBIM
MOATBEPKACHUEM BBICOKOM CTENEHU TpaHCGhOp-
MallM¥ TOPOJ B XOIe ra3o-THUIPOTEpPMalIbHOMK

BYJIKAHOJIOTUS U CEMNCMOJIOTUS Ned 2024
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Taoauna 1. Makpo- 1 MUKPOKOMITOHEHTHBIN cOCTaB TerJia ByakaHa [lluBenyu, n3BepxkeHHoro B anpeie 2023 1.

CpenHee, MUHUMaJIBHOE Cpentee, MUHUMATbHOE [penen
MaKpOKOM— 1 MaKCHUMaJIbHOE€ COACPKaHUE MI/IKpO- 1 MaKCHUMaJIbHOE€ COACpKaHUE O6Hap}7)KCHI/IH
TOHEHT (10 o6pasrios) 3JIEMEHT (10 obpasios)
Maccosas gois, % ppm
Si0, 64.69 Sc 12 1.5
63.6865.85 7-17
TiO, 0.52 \Y g8 1.6
0.50-0.56 88-116
ALLO; 15.35 Cr 87 2.8
14.87-15.83 71-113
Fe,0, 24 Ni 30 1.6
2.18-2.76 25-36
FeO 150 Cu 37 2.1
1.20-1.64 22-49
MnO 0.09 Zn 113 1.6
0.09-0.10 97-145
CaO 5.04 Rb 19 0.8
468542 426
MgO 2.86 Sr 374 0.8
2.63-3.32 145-495
Na,O 422 Y 11 0.9
3.68-4.50 415
K,0 1.48 Zr /7 1.4
1.25-1.56 33-116
P,0, 0.16 Nb 5 0.9
0.13-0.18 2-7
Inn 0.95 Ba 426 4.9
0.52-2.13 370481
Cymma Q7 .62 La 12 4.5
92.95-99.98 916
S 0.13 Ce 41 4.6
0.02-0.47 36-45
Cl 0.09 Pb 16 1.4
0.02-0.24 7-29

IIpuMeuanue. AHAaIU3BI BRITIOJHEHBI HAa peHTreHodayopecueHTHOM crieKkTpomerpe “S4 PIONEER” B AHanuTtndeckom
Lentpe UBuC ABO PAH. Ananutuku: E.B. Kapramena, A.A. Kysbmuna, H.. Ye6poBa, B.M. Parynuna. I[1po0Gnl
neruia otoupanu: M.A. Hyxnaes, /1.B. Meabnukos, B.U. ®ponos, P.U. Yepkamunh, P.A. Ky3nenos, F0.B. [IlemssHuyk
B OKpecTHOCTsIX noceiakoB Kirtoun, Maiickoe, Dcco, Ko3bipeBck, AHaBraii, AtinacoBo, JlonuHoBka; [1nm — nmorepu npu
MMPOKaJIMBAHUU.
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aKTUBHOCTHU, KOTOpasi COPOBOXalia POCT JIaBO-
BOTO KyImoJia Iepel U3BepxKeHueM. Takke MOXHO
OTMETHUTH BBICOKOE COAepKaHNe PyOUasI, IIUPKO-
HHUSsI, XpoMa, LIepHsl, TO €CTh JOBOJILHO IIMPOKOTO
CIIEKTpa D3JEMEHTOB, KOTOPble MUTPUPYIOT
B pa3JIMUHbBIX YCIOBUSIX. MIX KOHLIECHTpUPOBaHUE
B IEIlJIe CBUIETEILCTBYET O JOBOJBLHO CIOXHOI
COBOKYITHOCTH XMMHMYECKUX IIPOLIECCOB, KOTOPHIE
MPOUCXOAUIUN TIPU POCTE JJABOBOrO KyMoJja Ha
aTare MoAroTOBKU K U3BEPKEHUIO.

Ha puc. 1 noka3aHbl cOCTaBhI MEMJIOB Ha KJjac-
cU(UKALIMOHHOM AUarpaMmMe M3BepXKeHHBIX MTOPO/I.
Hnsg nHDOpMaTUBHOCTH Ha TUAarpaMMy HaHECEHBI
TaKKe COCTaBBI TIETIJIOB 1 TIPOAYKTOB O0Jiee paHHUX

usBepxeHuii Illusenyua u3 pador [XKapuHoB,
HemsaHuyk, 2013; Cumakun u np., 2019; T'upu-
Ha u 1p., 2007; T'op6au, 2013]. 1o cocTaBy memnisl
anpesisg 2023 1. OTHOCSATCS MPEUMYILECTBEHHO
K JalluTaM, Ha TpaHUIIe C aHAe3UTaMU, YTO SIBJISI-
eTcsl TUIMMUYHBIM 175 Tedpbl ByJkaHa [luBenyd.
MOXHO OTMETUTh HEKOTOPOE CMEIlleHUE COCTaBa
CBEXero IlerJjia B CTOPOHY KMCJBIX MOPOJI I10
CPaBHEHUIO C MACCUBOM JAHHBIX MPEAbIAYIINX JIET
(cMm. puc. 1a), To ecth mocenku Kitoun, KossipeBck
u Maiickoe, rie ObIJT MOIITHBIH METJIONAI, TTOKPHITHI
Teppoil MTAallMTOBOTO COCTaBa IOBEHMJIBHOIO
npoucxoxaeHns. HacelleHHbIe TyHKTHI AHaBrai,
Dcco n JloTMHOBKA IOKPHITHI B OCHOBHOM

(2)

14 DOoHOMHUTEI <> 1964-2017 r.
@ 2003 r. anpes
enounsie
12 4 TPAaxXeUThbl
Ilenounbie
&Q PUOAALIUTBI
g 10 . \
= uz‘m’gﬂrﬂm Tpaxu-
N PUOINTBI
o p
MN 8 \ Ulenoutbie Pio- PHOMHTBL
+ GazanbThl g:él:iz;u JAUUTBI
@) 6 q Lllen —_—
$ Y Tpaxu-
< 1S, Huszkouien.
Z 0a3aIbT, PUOTALIHTEL
4 4 . H . Huskowen.
fﬁi’l“dplﬂ‘bl Jlaplﬁakrilium PHOMUTRI
R basanstt Gasasibrbl
[¢]
Sufoen: | ikpobasasre
0 4 Muknpur 6a3abrbl
35 40 45 50 55 60 65 70 75 80
SiO,, mac. %
(©)
HacesneHHBIiT MyHKT
64V’
[ AtnacoBo
o  JomHoska TpaxugamTsl
6.2 4 [ ) KosbipeBck JlauuTst
[ Kioun
[} Maiickoe (
® 601 (]
. ° Dcco
: O
= PaccrostHue oT BYJIK.
d 5.8 1 LIuBenyu
% 50
Q. 5.6 88
o~
< 111
~ 154
54 7 180
220 P
521 ®
Husko T 1aunThl
5.0 T T T .
60.0 62.5 65.0 67.5 70.0
Si0,, mac. %

Puc. 1. CocraBsl rrernjioB ByikaHa llIuBenyyd, usBepxkeHHbIX B arpene 2023 r. u B iepuon 1964—2017 IT. o TaHHBIM U3
paoot [XKapunos, emsaHuyk, 2013; CumakuH u ap., 2019; I'mpuna u np., 2007; T'op6au u ap., 2013] (a); coctaB Tedpbl

Ha pa3HbIX pacCTOSSHUAX OT ByJiKaHa LlluBenyu (0).

BYJIKAHOJIOTUS U CEMNCMOJIOTUS Ned 2024



IEIEJT BYJIKAHA IHIMBEJYY (KAMYATKA, POCCHA) 9

pPE3yPreHTHBIM IEeMJIOM, 00pa30BaBIINMMCSI B pe-
3yJbTaTe SKCIJIO3MBHOIO pa3pylleHUs JIaBOBOTO
KyIoJia, UX COCTaB HEMHOI'O CIBUHYT B CTOPOHY
HU3KOILEJIOUHBIX JALIUTOB (CM. puc. 10).

HudpaxkTomeTpus merja nokaszajia, YTo €ro
OCHOBHBIMUW MMHEpPaJbHBIMU (ha3aMU SIBIASIOTCS
aHOPTOKJIa3, IMJIAarnokKJja3 U poroBass oOMaHKa
(puc. 2). YTouHeHUe MapaMeTpOB BJIEMEHTapHOU
SIYeM KU TpeX OCHOBHBIX MOPOA00OPA3YIOIINX MU-
HepaJioB MO3BOJUJIO ONPEAeTUTh, YTO aHOPTO-
KJ1a3 OJIM30K K YUCTOMY aJIbOUTY U UMEET COCTaB
Na, ¢ K, (AlSi;Og, muuarnoknas 6JIM30K K COCTaBy
aHOPTUT—OUTOBHUT, a aMduUOOJ 1O TapaMeTpam

(a)

14000 Menen Musenyya

AHOpTOK/Ia3
12000
Mnarnoknas

10000 Porosas oGMmarka
8000

6000

HHTEeHCHBHOCTD

4000

2000

04

©)

PactBopuMBIe colu reria
20000
¢ Kapuammr
17500 Texcaruapur

15000 CaCl,(H,0),
Baccanut
12500 NaCl

10000

Tunc

MHTEHCHBHOCT

7500

5000

2500

04

2theta, grad

Puc. 2. MuHepansl (a) 1 paCTBOPUMBIE CONU B BUIE
CYXOT'0 COJIEBOTO ocTaTKa (0) Ha nudpaKTorpaMMax
neria.

2JIEeMEHTapHON stueifiku 01M30K K MarHe3uajabHOK
poroBoii ooOmMaHke. B mpuHIIMNIE, 3IEMEHTHBI
U MUHepaJIbHbI cocTaB nemJa [ueenyya cxoneH
C COCTaBOM MPOAYKTOB €ro APYIrux M3BEPXKECHUN
[?Kapunos, JemsaHuyk, 2013; CuMakuH u ap.,
2019; I'mpuna u ap., 2007; T'op6ay u ap., 2013].

PaccMoTpuM oTAe/IbHO YacTUIIbl TIerJja U3
noc. AHasraii. OHu nepepaboTaHHBIE, C KOPPO-
JIUPOBAHHBIMU MOBEPXHOCTSIMU, YACTO CUJIBHO

“3aIBIJIEHB” YacTUIIAMU BYJIKAaHMNYCCKOI'O CTCKJIa

(puc. 3a), BCcTpeyaloTcd 4acTUIBI “OKaTaHHOT0”
obnuka (cMm. puc. 36). CorracHo MUHEpaJIbHOMY
COCTaBy 4YaCTUIl Mellja, MCCICIOBAHHOMY Ha
COM, OHU COCTOSAT NMPEUMYILIECTBEHHO U3
KaJdblMeBbIX aM(PUO0J0B (AKTUHOJIUT U POroBas
oOMaHKa), B MEHbILIeM KOJIUYECTBE U3 KaJIbLIUEeBbIX
NUPOKCeHOB (aBTUT). M3 moJieBbIX IIMAaTOB Ipe-
00J1a1a10T MJaruoKjaa3oBbie TBEPAbIE PACTBOPHI,
OIM3KME M0 COCTaBY K aHOPTUTY, B MEHBIIIEH CTe-
IIEHU K aJbOUTYy, B eIMHUYHBIX aHaJIn3aX olpe-
mensieTcsl aHne3nH. Kpome 3Toro, B wactuiax
Meruia AMarHoCTUPOBAHO BYJIKAHUYECKOE CTEKJIO.
B momunMHEHHBIX KOJIMYECTBAaX BCTPEUCHBI MU-
KPOKpPHCTAJIJIBI FeMaTuTa, TUTAHOCOAEPKAIIEeTO
MarHeTUTa M, BeposiTHee Bcero, TutaHuta. K ca-
MBIM PEIKUM HAaXOIKaM OTHECEHBI XEJIe3UCThIC
rnooynu [Cangumuposa u ap., 2003] (cMm. puc. 3B)
U HMpKOH. Kpucraianbl He omyaBieHHBIE, HE
nedopMUpoBaHHBIC, HE CKPYYEHHBIC U, BEPOSITHEE
BCEro, OHY MpUHAJIeKaau pa3pylIeHHOMY JIaBO-
BOMY KYIIOJIY ByJKaHa U MOABEPrajuch BO3ACii-
CTBUIO BBICOKWX TEMIIEpaTyp U arpecCUuBHBIX
darongoB. O61IMI 0OJUK YaCTULL CBUAECTETBCTBYET
0 Npeobpa3oBaHUM MUHEPAJOB MTOPOJ pa3pyllIeH-
HOTO KYIIOJIa B X0I¢e (hyMapoJIbHOM AeSITEIbHOCTH
BO BpeMsI ITIOATOTOBKH K M3BEPKEHUIO.

©) (8)

Puc. 3. YacTuiibl nmenja u3 noc. AHaBraii: MopdoJorus yacTuil nemnJjia (a); “okaraHHas” yacTHlia TerJia, CloXeHHast
KaJIMEeBBIMU TTOJICBBIMM IIITIaTaM1, aM(PUO0IaMKi 1 aHOPTOKJIA30M C BKpAIJICHUSIMM TUTAHOCOIEPXKAaIllero MarHeTUTa,
¢doTo B 00paTHO paccessHHbBIX 2JeKTpoHax (0); mapuk remaruta Ha aMbuO0J0BOI yacTulle nernjia, Goro B oOpaTHO

paccestHHBIX 2J1eKTPOHaXx (B).

BYJIKAHOJIOTUS U CEUCMOJIOTUSA N4 2024
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Hns aHanmm3a pacTBOPMMBIX COJIeil Ierlia
ObIJI TIOJIy4eH CYXOM COJIEBOM OCTAaTOK BOJHOI
BBITSIKKHM M3 TIeIJa, KOTOPBI OKa3ajcs COCTO-
SIIVMM B OCHOBHOM U3 cyJab(daTa Kaabliusg — Oac-
canuta CaS0O,0.5H,0 u raauta NaCl (cm.
puc. 2). B kxayvecTtBe nmpumMecu GUTYpPUpPYET
TUIIC, KOTOPBIN SIBJASIETCS MPOAYKTOM THIpa-
Tauuu 6accaHuTa. B coseBoit cMecu mpucyt-
crBytor KapHannut KMgCl;(H,0),, rexcarun-
put Mg(SO,)(H,0),, runparsl Xjaopuia KajlbLus
tuna CacCl,(H,0),. BecrpeuaroTca HebGoablne
KOJMYecTBa XJopujaa MarHus, rijaydbepura,
BaHTrogdura. JoMuHUpoBaHUE cyabdara
KaJIbIMs W XJIOPUIa HATPUSI SIBJISICTCS CJISACTBUEM
B3aMMOAEMCTBUSI MOPOI pacTyllero KymoJja
U KUCJIBIX BYJIKAHUYECKUX (PJIIOUI0B. XJI0POBO-
IOpOI, SIBJSIONINIICS HEIPEeMEHHBIM KOMIIOHEH-
TOM COCTaBa BYyJIKAHMUYECKMX ra3oB [balunapuHa,
1953a, 19530], npu BO3IEHCTBUM Ha MUHEpPaJIbI
BMEIIAIONIMX MOPOJ MPUBOAUT K UX pa3pyIIeHUIO,
IpY 3TOM HaTpU i, KaJIbLWI, MAaTHUM, AaJITIOMUHUMA,
JKEJIe30 U IP. SJEMEHTHI NePEXOAST B MOABUKHbBIC
¢opmbl. TouHO Tak ke cepa, BXOAslIasi B COCTaB
BYJKAQHWYECKUX Ia30B B BUJAE PA3JIUUYHBIX COEAU-
HEHW I, MPpU KOHTAKTe C KUCIOPOIOM BO3AyXa
1 BOJIOI OKMCIISIETCS C KOHEUHBIM TMpeBpalieHueM
B CEpHYIO KUCIOTY. B cBOlO ouepenb, cepHas
KHMCJIOTa BBI3BIBAET KOPPO3UI0 MUHEPAJIOB, Clla-
raloluX BMEIIAMIINE HOPOIAbI, C BHIHOCOM
3JIEMEHTOB.

B Ta61. 2 moxa3aH MOHHBIN 1 MUKPO3JIEMEHTHBI I
COCTaB BOJHOM BBITSIKKHU U3 ITIeIljia, TO €CTh T€
9JIEMEHTBI, KOTOPbIE MOT'YT IOCTYIIaTh B BOJOEMHBI,
pEYHYI0 CeTh UM B IpuJeTalollylo akKBaTOPHUIO.
®opmyna KypioBa BOOHBIX BBITSIXKEK W3 ITIeTIia

SO, 76 Cl 24
Ca 72 Mg 16 Na 8

M 0.96

pH 4.09.

Boabl, mpoMbiBatoluiue Iernes, odoralieHbl
cyab(daToM Kajblius, XJJOPUIAMU MarHus U HaT-
pus, ciaboOKUCIble, XJOPUIHO-CYyJIb(MaTHBIE
MarHuii-kanabiueBbie. Cpeau MUKPOIJEMEH-
TOB OTMEYEHBI BHICOKME COAEpPXKaHUsI CTPOHIIMUS
u Oapusi, MapraHiia, KaaMusl, MbIIIbsIKa, IIMHKA,
MeIU U psia Apyrux siemMeHToB. CocTaB BOAHOM
BBITSIKKU U3 MernJa XOpollo KOppeJIupyeT ¢ coc-
TaBOM CYXOro COJIEBOro ocTaTka. 3aMeTHbIe
KOJIMYeCTBa COJiei Xese3a U aJIOMUHUS TIepeLIn
B pacTBOPUMBbIE COJM BCJEACTBUE MPOpabOTKU
pacTyuero KyIoJja ByjJdKaHa Iapora3oBbIMU
CTPYSIMU C KucaAbM coctaBoM. I[locTpoiika

Taoanna 2. Makpo- 1 MUKPOKOMIIOHEHTHBIH cOCTaB
BOJIHOM BBITSIXKKU M3 CBEXKEBBIMABILEro B allpesie
2023 r. nensa ByakaHa IlluBenyu, ¢ mepecueToM Ha
pPacTBOPUMYIO YaCTh, OTHECEHHYIO K Macce ImerJia

pH 4.09
MaKpOKOMHOHeHT MI/IKPOKOMHOHCHT
MT/T, I/KT, MT/J, | MI/KT,
BBITA2KKa | IIeIjia BBITS2KKaA | IIeI1Jia
Cl- 95.71 096 | Cu | 0.0119 | 0.119
SO, 4156 | 416 | Zn| 0.090 | 0.90
PO 1.09 0.01 | Pb | <0.005
F- 1.32 0.01 | Ni | 0.0374 | 0.374
ag%x; 513.7 51 | Co | 0.0120 |0.120
Lit <0.1 Mn | 0.9203 | 9.203
Na* 2133 | 0.02 | As | 0.0265 | 0.265
K* 5.52 0.06 | V | 0.0027 | 0.027
Ca?* 160.00 | 1.60 | Cd | 0.0384 | 0.384
Mg?* 2185 | 022 | Cr | 0.0015 | 0.015
Fe* 0.20 | 0.002 | Sr | 0.4989 | 4.989
AP 1.62 0.02 | Hg | <0.0001
NH,* 052 0005 | I | <o0.1
KET%"S?)B 2110 | 211 | Br| 0130 | 1.30
H,BO, 2.00 | 0.002 | Se | <0.005
Si0,, | 232.00 | 0.232 | Ba | 0.2290 | 2.290
MuHepa-
JSAMNA | 958 8 | 960 | Ag | 0.0012 | 0.012
BOIHBIX
npoo

I[Ipumeuanue. BogHast BHITSXKa M3 IeIjia MojJydeHa
M.A. HazapoBoii; aHanu3 BeinoaHuau: A.A. Ky3pMuHa,
E.B. Kapramea, E.A. SIxumoBa, C.M. HNBaHOBa,
JILA. TlozonotunHa, O.B. Benoyc, C.JI. Kypniokos,
H.W. Ye6posa, B.M. Parynuna; SiO, ,. — KOHIIEHTpaIis
PacTBOPEHHOI KpEeMHEKUCIOTH B nepecuere Ha SiO,;
MuHepanuzaius — CyMMapHoe coliep>kaHue KOMITOHEHTOB
B pacTBoOpe.

maBoBoro kymoJsa IlluBenydya cpogHU TH-
FaHTCKOMY XMMMYECKOMY peakTopy, B KOTO-
pOM IPOUCXOMUJ MacHITAaOHBIN Ipolecc Io
BO3IEICTBUIO pacKaJeHHBIX KUCIBIX (DIIOUITHBIX
IMOTOKOB Ha MUHepaJIbl mopoa. Hanuuue BEICOKMX
colepXaHUi CyJIb(PaToOB CBUAETEIBCTBYET O MPO-
HUKHOBEHUU MOBEPXHOCTHBIX BOJ B HEApa MOCT-
pOMKM KyIloja, IAe OHU OKUCISIU CEPOCO-
Jepxauiue cCoeIMHEHUS BYJKaHUYECKUX ra30B
PACTBOPEHHBIM KUCIOPOIOM.

BYJIKAHOJIOTUS U CEMNCMOJIOTUS Ned 2024
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Taoauna 3. CosieBoii cocTaB pacTBOPMMOIL YacTH nerioB ByJkaHa LlluBenyy, n3BepKeHHbIX B anpeie 2023 1.

CoeBoi1 cocTaB pacTBOPMMOM YaCTH TETUIOB, T/KT

CaSO, NaCl MgCl, MgSO,

KCl AICI, NH,CI FeCl,

5.43 0.54 0.54 0.40

0.11 0.08 0.02 0.01

HpI/IMC‘{aHI/IC. Pacuer coneBoro cocraBa BeimosHuIa A.B. CepreeBa 10 JTaHHBIM MaKpPOKOMITIOHEHTHOI'O COCTaBa BOAHBIX

BBITAKCK.

CoJeBoil cocTaB CyXOoro pacTBOPUMOTIO OC-
TaTKa IMokas3aH B Tabj. 3, Tae coaepXXaHMe pacT-
BOPUMBIX COJICi OTHECEHO K KMJIOTpaMMYy IeILia.
CopmepxaHue coJyieifi paccUMTaHO M3 JaHHBIX
0 MOHHOMY COCTaBY BOIHBIX BBITSIKEK W3
MEIJI0B, YTOUHEHO 110 JaHHBIM PEHTTeHOBCKOI
IN(GPaKTOMETPUU. DTO CACIAHO IJISI TOrO, YTO-
OBl ONpenelUTh MOCTYIJIECHUE KOHKPETHBIX
BEIIECTB B aKkBaTopuIo. B coneBoMm cocTtaBe noMu-
HUPYIOT CyJabdaThl KadblUsg U MarHUs, XJIO-
puabl MarHus U Hatpus. EcTh HeOojbliue
KoJIm4yecTBa cyiabdaToB aMmMoHus u xenes3a (I11),
a TakxXe XJopuaa aJlOMUHMS, TTOITOMY B XOJIE
bymapoabHOIi AesITeIbHOCTU MOXHO OXUIATh
(GOopMUPOBAHUS KeJIe30aMMOHUIHBIX CYIb(aToB
U MUHEpPaJoB Ha OCHOBE CyJibaToB KalblU
M MarHus, a Takxe xjaopunoB. [locnenHue us
HMX HEHOJTOBEYHBI M, MOAOOHO COJISIM aMMO-
HUSI, CPABHUTEJIBHO OBICTPO OYAYT YHECEHBI
METEOPHBIMM BoJaMu. MajopacTBOpPUMBIC
NBOWHBIE conu, Tuna cabeiinuta NH, Fe(SO,),,
MUHEpasbl TPYIIbI IPO3UTA U aJIyHUTA, a TAKXKe
cynbdaThl KajJablUs ¢ pa3InYHbIM KOJMUYECTBOM
KPUCTAJIM3allMOHHOM BOABI, TUAPOCYIb(AaThI,
rajuT, ObLIM HalIeHbl Ha MOBEPXHOCTU Oec-
KOPHEBBIX cOJib(haTap Ha MPOrpeThiX yyacTKax
CBEXXMX MUPOKJIACTUYECKUX ITOTOKOB. JIIOOOIBITHO,
KakK MakKpOMWHepaJbHBIII COCTaB cojibdarap
KOHTPOJIMPYETCS PACTBOPUMBIMHU COJISIMU TIETLIA.

CocTtaBbl BOA M3 CETH LEHTPAJIM30BAHHOTO
BOoOOCHAOXeHUS, U3 peku Kamuarka, a Tak-
K€ COCTaB BOOHBIX BBITSXKEK M3 IICMJIOB, MPO-
JIeXXaBIIMX TOJ OTKPBITHIM HeOOM 10 aBrycra
2023 1., U TOABEPTIIMXCSI €CTECTBEHHOMY
BO3IEMCTBUIO METEOPHBIX BOJ, NPHUBEICHEI
B Ta0. 4. Bonbl cTaHOBSATCSA OJM3HEUTPATIbHBIMU,
B aHMOHHOM COCTaBe IIpeo0iiagacT riapoKapOoHar,
a XJIOPUA-UOH, KOTOPBIM MapKUpyeT IIyOMHHEIE
kommioHeHTHI [Kiryukhin et al., 2023], npakTuue-
CKU MCYe3aceT, coaepKaHue (PTOpHIa CHUXKACTCS.
B xaTuoHHOM cocTaBe Bo3pacTaeT J0Js1 HATpUus
U KaJIdsl, a OTHOCHUTEJIbHOE COIEpXaHUE KaJlb-
uus cHuxaercga. OOmas MuUHepalu3alus
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BOIHBIX BBITSIKEK U3 TIeTlIa, MPOJIeXKABIIETO MO
OTKPBITBIM HEOOM, CHUKaeTcs B 8—14 pa3 1mo cpaB-
HEHMIO C BBITSIXKKOI M3 CBEXEro Ieria, TO €CTh 3a
HECKOJIbKO MecsleB menels ByjikaHa Lllusenyu
notepsy mopsiaka 90% pacTBOPUMBIX COJICIA.

CocTaBbl BOJ M3 NPUPOIHBIX MCTOUHUKOB,
LIEHTpaJbHOTO BOAOCHAOXEHUS U Bomo3abopa
noc. Kiaroun nokaszansl B Ta0a. 5. Boabl mpecHbie,
¢ 0nusHelTpanbHBIM pH, TmampokapOoOHATHEIE,
¢ IpeoOlagaHeM HaTpUsl B KATUOHHOM COCTaBe.
ConepxaHue XJIOPUA-UOHOB, KOTOPbIE SIBJISIOTCS
TpaccepaMM IJTyOMHHBIX ITPOLIECCOB, CHUXKAETCS
IO TIpeaesia 00HapyKeHUsI, coaepKaHue (PTOPUIOB
TaK:Ke IagacT, MOSIBISIOTCS OMOreHHBIE KOMIIO-
HEHTbl — HUTpaAThl U ¢ocdatel. Buaumo, BivusHue
pacTBOPUMBIX CoJIeii TienJja Ha Boabl moc. Kitoun
okaszajoch ObicTponpoxonsimuM. IlokazaHbl
JyarpaMMbl OTHOCUTEJIBHOTO COCTaBa 110 KaTH-
OHaM M aHMOHAaM BOJHBIX BBITSIKEK M3 Ielljia
U TIPUPOAHBIX UCTOUHUKOB (puc. 4). XOpollIo Mpo-
CIIEXKMBAETCSI 9BOIIOUS COCTaBa BOMIHBIX BBITSIXKEK
B CTOPOHY IIPECHBIX BOA: B KATUOHHOM COCTaBe
CHMXXaeTCsl OTHOCUTEIbHOE ColepKaHue KalbLUs,
B aHMOHHOM COCTaBe ITPOMCXOIUT 3aMeHa CyJib(da-
Ta Ha rugpokapOoHaT. B caMbIX CBEXUX BBITSIX-
KaX JOMUHMPOBAJ CyIb(aT KaJbLIUsI U XJIOPUI
HaATpUsI, 10 Mepe NPOMBIBAaHUS TeIlJIa HAYMHAIOT
JTOMUHMPOBATh TMAPOKAPOOHATHl HATPUSI U KaJIus,
M COCTaB MpubIMKaeTcs K cocTaBy Bomo3abopa
n. Knoun 1 pa3rpy3okK noa3eMHBIX BOO B pycie
p. Kamuarka.

OBCYXIAEHUE

DnemeHmHbLI U 2PAHYAOMEMPUHECKULL
cocmaeé nenaa

JdauuTtoBwlii coctaB Tedpsbl (cMm. puc. la)
SIBJISICTCS XapaKTepHbIM I ByJakaHa [llusenyu,
HO OTMETHM, 4YTO OoJiee paHHHE COCTa-
BBl MPOAYKTOB M3BEPXEHUUW HEpeaKO ObIIN
aHne3uToBbiMU [KupbsHoB, 1983; CumakuH u ap.,
2019], To ecTh NPOAYKTH M3BEPKEHUM MOCTEI-
HUX JIeT OoJiee KHcibie. BO3MOXHO, TTOBBIIIICHHE
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Ta6anna 4. MakpOKOMIIOHEHTHBIM COCTaB BOOHBIX BBITSIKEK M3 Ieria ByJikaHa IlIuBenyd, mpoJjiexXaBIIero
HECKOJIbKO MECSI1IEB B €CTECTBEHHBIX YCIOBUSIX MO OTKPBHITHIM HEOOM, C MIEPECUYETOM Ha Maccy meria

Moc. Kotiow, 22.08.2023 Kaﬁ;?{f’q;%ﬁggggc Moc. Koiow, 15.05.2023

pH 6.90 6.40 6.38
MT/N MT/KT memjia MT/J /KT nemia MT/0 /KT nemjia

HCO; 18.50 185.00 20.00 200.00 21.10 211.00
Cr <10.0 <10.0 <10.0
SO,* 3.87 38.70 25.70 257.00 13.62 136.20
PO* 1.61 16.11 0.94 9.35 0.63 6.25
F <0.15 0.16 1.60 0.17 1.70
Cymma A 23.98 239.81 46.8 467.95 35.52 355.15
Li* <0.1 <0.1 <0.1
Na* 1.18 11.82 1.44 14.40 2.88 28.78
K* 0.67 6.65 0.50 5.05 0.48 4.81
Ca? 1.28 12.78 9.18 91.79 4.05 40.45
Mg 0.47 473 0.41 4.06 0.74 7.39
Fe3* <0.1 <0.1 <0.1
Fe2* <0.1 <0.1 <0.1
AR <0.04 <0.04 <0.04
NH,* <0.1 <0.1 <0.1
Cymma K 3.60 35.98 11.53 115.29 8.14 81.43
H;BO; 2.29 22.90 6.29 62.90 11.44 114.40
Sio, 1.81 18.10 2.03 20.30 6.03 60.30
Sio, . <1.0 <1.0 <1.0
Munepaau3anus BOAHbIX MPOD 31.68 316.79 66.64 666.44 61.13 611.28

IMpumevyanue. O6pasibl neria oroopansl A.B. Cepreeboit, I1.0. Boponunsim, H.b. XKypaBieBbIM; BogHasT BBITSIXKKa
nosiyyeHa A.B. CepreeBoii, M.A. Hazaposoii; ananu3s BeinosHuiu A.A. Kyspmuna, E.B. Kapramesa, E.A. fIkumoBa,
C.M. UBanosa, JI.A. Tlozonoruna, O.B. benoyc, C.Il. Kypniokos, H.U. YeGposa, B.M. Parynuna; SiO, ,. — KOHIIEH-
Tpauusi paCTBOPEHHON KPEMHEKUCIIOTH B riepecyere Ha Si0,; SiO, . — KOHIEHTpaLusl KOJUIOMIHOW KPEeMHEKHUCIOTHI
B nepecuere Ha Si0,; MuHepanusauug — CyMMapHOE COAepXKaHMe KOMIIOHEHTOB B PaCTBOPE.

comepxkaHUsS KpeMHe3eMa CO BpeMEHEM SIBJISI-
eTCsl OTPaKeHUEM TEHJEHIIMU K 00Jiee KUCIbIM
npoaykrtam usBepxeHuit nas llluBenyua, 1o
KpaiiHeii Mepe, B HacTos1ee Bpemsa. Ha nanpHue
paccTosTHUS OT ByJIKaHa pacpoCTPaHUJICS Tieres
C COCTaBOM, KOTOPHIil HECKOJBKO OTJIMYAETCS OT
cocTaBa mernJia, MokpbiBlIero noceaku Kiiouu,
Maiickoe u KosbipeBck. Hanmpumep, B nemie,
KOTOpPBII BbINaJ Ha paccTossHUM 6osee 100 KM oT
ByJKaHa, conepxanue Na,O+K,0 <5.6%, a B me-
Jie, KOTophiii Beinaa 6auxe 100 KM oT Hero, co-
nepxanue Na,O+K,0 >5.7% (cMm. puc. 16). Kak
ObLJIO TTOKAa3aHO BbIlIIE, OIM3JIeXaliue K ByJKaHy
nocenku Kiawouu, Ko3sipeBck u Maiickoe Ob111

MNOKPBITHl IOBEHUJIbHBIM MaTepuaaoM, a Ha
JaJdbHUX PACCTOSSHUSIX OT ByJKaHa, BCIAEICTBUE
0COOEHHOCTEN UMKJIOHUYECKO aKTUBHOCTHU, OBLIT
OTJIOXKEH pe3ypreHTHBIN Mernes, 00pa30BaBIINiCs
B pe€3yJibTaTe€ 3KCHJO3UBHOTO pa3pyllieHUS
JIAaBOBOTO KYII0JIa.

MuHepadbHBIIA COCTAB IleIljia MpeacTaBICH
AHOPTOKJIA30BBIMU U IJIATMOKJIa30BEIMU TBEP-
IBIMU pacTBOpPaMM, a TaKke MarHe3uajbHOU
poroBoii oomMaHKo# (cM. puc. 2). Poroas o006-
MaHKa, oTHocsIascsa K am¢pubdoaaM, Takxke Kak
1 OOJILIIMHCTBO YJEHOB 3TO¥ OOJBIION TPYMITLI
JICHTOUHBIX CUJIMKATOB, XapaKTepPU3yeTCs pa3HO-
oOpa3ueM KaTHMOHHOTO COCTaBa M IIMPOKUMU

BYJIKAHOJIOTUS U CEMNCMOJIOTUS Ned 2024



IEIEJT BYJIKAHA IHIMBEJYY (KAMYATKA, POCCHA)

Ta6auna 5. CocTaBbl BOA UCTOYHUKOB M CETU LIEHTPaJIbHOIO BogocHa0XeHus . Kitoun, Mr/in

13

Iloc.
Iloc. Kntouu, Kioun, Iloc. Knwouu,
loctununa CtpoM60aM,| HUCTOYHUK MCTOUHUK UCTOYHUK O3epo
2023 r. B peKke B peke B peke Kypaxeube
Kamuarka Kamuarka, Kamuarka
BO/103a00p
N56.31776° N56.32358° N56.32389° N56.32401° | N56.38189°
E160.85705° E160.85818° | E160.84333° | E160.84381° | E160.89612°
15.06 | 22.08 | 24.08 22.08.2023—-24.08.2023
pH 7.35 6.52 6.74 6.60 6.70 6.82 6.76
HCOy 40.30 | 50.03 | 50.04 80.54 57.36 89.09 63.46
Cr <10.0 | <10.0 [<10.0 <10.0 <10.0 14.18 <10.0
SO,* 16.7 15.67 | 14.37 34.02 12.81 20.09 14.4
F- 0.18 0.17 0.21 0.38 0.29 0.23 <0.15
NO;y <0.02 | 3.30 3.20 4.00 4.00 5.00 7.20
PO * 3.72 0.34 0.38 0.64 0.60 0.80 0.63
Br 0.57 0.46 0.33 0.46 0.31 0.49 0.49
Cymma A 64.87 | 69.51 | 68.20 119.58 75.06 129.39 85.66
Li* 0.013 | <0.01 | <0.01 <0.01 <0.01 <0.01 <0.01
Na* 13.19 | 12.82 | 12.65 25.22 13.70 20.22 14.93
K* <10 | <1.0 | <10 2.17 1.28 2.18 1.72
Ca?* 9.31 9.19 9.05 14.07 9.63 14.10 10.42
Mgt 4.70 3.80 3.79 7.49 3.99 9.09 6.67
Fe3* <0.1 <0.1 | <0.1 <0.1 <0.1 <0.1 <0.1
Fe** <0.1 | <01 | <0.1 <0.1 <0.1 <0.1 <0.1
NH,* <0.1 <0.1 | <0.1 <0.1 <0.1 <0.1 <0.1
Cymma K 27.21 | 25.81 | 25.49 48.95 28.60 45.59 33.74
H;BO; 1.03 <0.5 | <05 <0.5 <0.5 <0.5 <0.5
SiO, 38.41 | 42.80 | 45.10 46.80 44.50 55.80 56.90
SiO, <1.07 | 2.10 |<1.07 <1.07 <1.07 <1.07 <1.07
x;:sgj‘ﬁ;‘;g““" 131.52 | 138.12 [138.79 |  215.33 148.16 230.78 176.30

[Tpumeuanne. [1po6er oroupanu: H.b. Xypasnes, I1.0. Bopounn, A.B. Kupioxun, B.1. ®ponos, A.B. Cepreena.
Amnanu3 seimosHun: A.A. Kyssmuna, E.B. Kapramesa, E.A. Ilxumosa, C.M. UBanoBa, JI.A. [lozonoruna, O.B. Benoyc,
C.[. Kypmiokos, H.W. Yebposa, B.M. ParysiuHa; SiO, ,. — KOHIIEHTpaIKsi pACTBOPCHHON KPEMHEKHUCIOTHI B IepecyeTe
Ha SiO,; SiO,,. — KOHLEHTPAL M KOJUIOUIHONH KPEMHEKHUCIOTHI B iepecuete Ha Si0,; MuHepanusauuga — cyMmMapHoe
coiepkaHue KOMITOHEHTOB B pacTBOPE.

00bEMHOII 10JIM POTroBOil OOMaHKU B memnJjax
IuBenyda MOXHO NPEANOJIOXUTh, YTO aMpuO0oa
SIBJISIETCSI OMHUM M3 OCHOBHBIX UCTOYHUKOB 3THUX
351eMeHTOB. OOJIMK KPHUCTAIJI0B pOrOBOil OOMaHKH
IMOKAa3bIBaeT BHICOKYIO CTEIICHb €€ KOPPO3UHU MO
BO3IeiicTBUEM (DyMapOoJbHBIX Ta30B (CM. pUC. 3B).

npeaeiaMu, B KOTOPbIX MOXET MPOUCXOAUTH
oOpa3zoBaHMe TBEPAbLIX pacTBOpoB. Bo3aelicTBue
KUCJIBIX (DJIIOUA0B HAa pOTOBYIO OOMaHKY ITepEeBOAUT
METaJJIbl — MarHui, aJTIOMUHUMN, KaJIbLIWH, Xeae-
30 — B IOOBUKHBIE (DOPMBI, YeM OOBSICHSIETCS
OoraTblii coJIeBO cocTaB nerjioB. BBuay 60b110i

BYJIKAHOJIOTUS U CEUCMOJIOTUSA N4 2024
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‘ W cTOUHMKM / LIEHTpaJIbHOE BOIOCHAOKEHME

Puc. 4. KatuonHsblii (2) 1 aHUOHHBIH (6) COCTaBBI BOXHBIX BHITSKEK M3 MeTia cpa3y Mocjie U3BEPXKEeHUST U CITyCTS He-
CKOJIBKO MECSIIIEB, TPUPOIHBIX UICTOUHUKOB U CETH LIEHTPAJbHOTO BOgOCHaOXeHUsT roc. Kimoun, Mr-aKB/II.

ITo rpaHyioMeTpuUYECKOMY COCTaBy Bce 00-
pa3ibl TePpbl OTHOCITCS K TOHKUM IeIjiaM, Tak
KaK B UX COCTaBe mpeoOyiamaeT ppakuusa ¢ pas-
MepoM rmeroBeIX dactun <0.071 MM, Ha 3Ty
dpakuuio puxonuTes ot 76 no 90% macchel 00-
pasuoB (puc. 5, 6). Kpome aToro, comepxaHue
dpakauu 0.2—0.5 MM B Tedppe 3 JoamMHOBKHU
u AtiiacoBo gpocturaet 12—13%, B Tedpe us Dc-
co u AtnacoBo — 6—9%, MO3TOMY OHM 00J1aIal0T
IMOITAaPHBIM CXOACTBOM KYMYJISITUBHBIX KPUBBIX
rPaHyJIOMETPUUYECKOrO COCTaBa U MEPBbIC MEILIbI
HEMHOI'0 KPYITHO3epHHUCTEee U rpydee MoCaeTHUX
(cM. puc. 66). Pacipenenenust dhpakinii B Merax,
OTOOpaHHBIX B HanuboJiee yaaJleHHBIX OT ByJIKaHa
[IuBenyy mocenkax, 10BOJIbHO OJM3KU B OTIAUYME

60000
50000 - .
40000 4
30000 -

20000 1

Konunyectso nemuia Ha 1KB.M, /M2

10000 -

ot Tedpsl u3 noc. Kmawuu (cMm. puc. 6). B co-
cTaBe IEeNnJjaoB, OTOOpaHHBIX BOJM3M ByJKaHa,
KpoMe mnpeobnagammeit ppakuuu <0.071 MM
(80%), dpakuusa 0.071—0.125 mocturaet 16%,
a Ha ¢ppaknuuio 0.25—0.5 MM TIpUXOAUTCS MEHee
0.5% (cMm. puc. 6). Kpome Toro, B Te(ppe gaibHETO
pa3Hoca conepxXaTcs OTAeJibHbIe KpPYIHBIC
YaCTUIIBl pa3JIMYHBIX PACIIBETOK, B OTJIMYUE OT
nenJjoB, oToopaHHbIX B 50 KM OT ByJIKaHa B Moc.
Kiroun, B KOTOPBIX TaKUX YaCTUI] HE OTMeJYaeTCs
(cM. puc. 3, 60).

Pasnnuust B MOIIHOCTH, Macce M TPaHYyJIOMET-
pUYECKOM COCTaBe IIeIIOBOIO IIOKpOBa B Hace-
JIEHHBIX ITyHKTaX OOBSCHSIIOTCS TUHAMMUKON pa3-
BUTHUS U3BEPXKEHUS (MIEpBOHAYATIbHOE pa3pyllIeHUE

HaceneHHblit myHKT
e Kosbipenck
o Maiickoe
Kitoun
AmHabrait

Dcco

JlonmHOBKa

e Atnacoso
MolHoCTH Tiernia, cM
® 001

® 0.05

. 3.0

50 75 100 125 150 175

Paccrosinue ot BynkaHa, KM

200 225

Puc. 5. KonunuecTso nerma (r/mM?) Ha pa3HbIX pacCTOSHUAX oT ByJakaHa Lllusenyd noce ero nussepxenns 10—13 anpens

2023 r.
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Puc. 6. Kymynstusnabie kpusble (a) u quddepeHInatbHble TUCTOrpaMMEBI (0) TPaHYJIOMETPUUECKOTO cocTaBa Tedphl
ByakaHa [lluBenyd uzBepxkenust 10—13 anpenss 2023 1. Ha pa3HBIX PACCTOSTHUSIX OT ByJIKaHa.

9KCILJIO3USIMU JIaBOBOT'O KYIIOJIa BYJKaHa U B IaJlb-
HellneM BBIHOC IOBEHWJIBHOIO BellecTBa W3
HEero), a TakKxXe IepeMelleHUeM a’3pO30JbHBIX
U 3pYNTUBHBIX 00yakoB IlluBenyya mon neiicTBreM
LIUKJIOHA B TeyeHue u3BepxeHus 10—13 anpens
2023 1.

Pacmeopumbie Komnonenmol nenia
eyakana Illusenyu

CocTaB pacTBOPUMOIT yacTH Tedpbl YKa3bIBACT
Ha CJIOXHBIM COCTaB JIABOBOT'O KYII0JIa, KOTOPBII
OBLI pa3pyllieH B XOAe U3BEPXKEHM S, 1 YJaCTUIHO
B BHUJIE IlellJla OTJIOXEH Ha MNpUuJeralmiux
Tepputopusx. Odbunue cyiabdarta Kaablus yKa-
3pIBaeT Ha MJUTENbHYIO IMPOpPabOTKY KyIoJa
¢dyMaposiaMyd U/MJIM TAapOra3oBbIMU CTPYSIMU
[bamapuna, 1966; bamapuna, Mapxunun, 1971].
B xome mesiTenbHOCTHM BYJIKaHa IIPM pa3rpys3Ke
MarMaTU4eCKMX ra3oB COCAMHEHUS Cephbl OKMC-
JISIINCh, U TIPU B3aMMOAEHCTBUU C ITOpOIaMU
IIPOMCXOIMJIO BEIIIICIaYBaHNE KaJblIWsI, MAaTHUS,
AJIOMUHUA, XKeJie3a U psgja APYTrux 3JIEMEHTOB.
XJIOpUABI HATPUS Y MarHust 00pa30BLIBAJIUCH ITPU
B3aMMOIEHCTBUU BYJIKAaHMUYECKOTO XJIOPOBOIO-
pola ¢ MUHepajaMu MOPOo, a TaK KaK B MOpoaax
BBICOKOE cOAepKaHue MarHus, TO W IpU B3au-
MOOECTBUU C BYJIKAHUYECKUMU Ta3zaMU 3TOT

BYJIKAHOJIOTUS U CEUCMOJIOTUSA N4 2024

9JIEMEHT MePeXoau B TOABUXHYIO (popMy. Takum
JKe 00pa3oM CpeaM COJIEH IOSIBISIETCS XJOPUI
aJIOMUHHUS. DTOT XJOpUA objlamaeT 3aMETHOM
JIETY4YeCThlO, U, CKOpee BCEro, OH IMOSIBHJICS
MpU BO3IrOHKE XJOpuAa aJllOMUHUS, KOTOPBIKA
oOpa3oBajics MpPHU B3aUMOIEHCTBUU IIOPOL
C XJIOPOBOMOPOIOM BYJIKAaHUYECKHMX dMaHaAIUIi.
Bonwl, mpoMbIBalIie Meney, CTAaHOBITCS
cn1aboKUCABIMU, oboramalTcsd cyabdaTtaMu
kanpuus, xenesa (111), ammonusa, xmopuma-
MW MaTrHWS, HaTpus, Kajus, aJlioMuHus. U3
MUKPO3JEMEHTOB B PACTBOPUMYIO MOABUXKHYIO
a3y nepexogsgT Menb, HIMHK, HUKEIb, KOOADT,
MapraHell, MBIIIbSIK, BaHAagWil, KaAMUI, XpOM,
CTPOHLMIA, Oapuii, 6poM, cepedpo (cM. Tad. 1, 2).
KoHTakTHUpyOIllIMe ¢ MeIjaoM BOAbl CTAHOBSTCS
XJOPUIHO-CYIb(MaTHBIMU, MAaTrHU-KaIbIIeBBIMMU.

OCHOBHBIM PaCTBOPMMBIM COCIMHEHUEM, U3-
BJEKaeMbIM M3 TeIjia MEeTEOPHBIMU BOAAMU, SIB-
JsieTcs cyabdaT KaJibliis, KOTOPblIii (hopMuUpyeT
TPU MHUHEpaja, pa3indyaroliuxcs CTEHEeHbIO
ruapatauuu: anrunput CaSO,, GaccaHuUT
CaS0O,0.5H,0 u runc CaSO,2H,0. Cynabdar
KalblUMsg MpU aTMOCGhEPHBIX YCIOBUSIX OT-
KJaAblBaeTCsd B BHIE TUIICa, HE CKJIOHEH pac-
MIPOCTPAHSITHLCS Ha JajieKUe PAacCTOSHUS, U caM
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o cede He SIBJISIETCS TOKCUYHOIM IPUMECHIO (CM.
Tab1. 2, puc. 2).

Menp, IMHK, HUKEJIb, KOOAJbT, MapraHei, Kai-
MHIi, cepedpo. DTO JIEMEHTHI PYAHBIX MUHEPAJIOB,
OHU BCTPEYAIOTCS B ITOPOAaX U KOHTAKTUPYIOIIUX
¢ HUMHU Bojgax KamuaTrku, a Takke B BoIax COBpe-
MEHHBIX TepMalbHBIX ToJieit. CornacHo Canllun
Ne 1.2.3685-21(2021)!, npenesbHO NOMYCTUMOE
konuuectBo (ITJK) misg mean B BomopacTBOPUMOMA
dopme coctasnset 1.0 Mr/a, aJis1 HMHKA, KOOAbTa,
mapranna — 0.1, niag aukend — 0.02, 1 kagMus —
0.001, cepedpa — 0.05 mr/n. B BOTHBIX BBITSIKKaX
U3 Telljla, IPUTOTOBJIEHHBIX B COOTHOIIEHUU
1:10 mo macce, HabmonaeTcs npesbieHue ITIK
10 HUKEJII0, MapraHiy, KaaMumo. OTMETUM, 4TO
B IIPUPOAHBIX YCJIOBUSIX COOTHOILIEHUE MAacCChl
Mmerjla 1 MPOMBIBAIOIINX BOM OIIpeaelIsieTCs
YCIOBUSIMU MHOUIBTPALITUOHHOIO MUTAHUS U HE
00s13aHO HaXOAUThCI B cooTHomeHun 1:10.

B moaBuxHOI BogopacTBOpuMoii dopmMme
B Teryie HaxoauTcsd mopsnaka 0.119 ppm menm,
0.90 ppm uumHka, g0 0.4 ppm Hukens, 0.12 ppm
kobGanbra, 0.384 ppm kagMus u 6osee 9 ppm
MapraHnoa. s TOYB M TPYHTOB CYIIECTBYIOT
cobcTBeHHbIe ypoBHU TTJIK, Hanpumep, a5t Mmenu
B BogopacTBopuMoii popme ITAK 3 ppm, ansg Co —
5 ppm, Mn — 60 ppm, Ni — 4.0 ppm, Zn — 2.3 ppm.
IMAK st BaJ1oBoro coaepKaHusl KaaMus B IOUYBE
cocTtaBiasgeT nopsiaka 0.5 ppm. Ecnu cpaBHUBaTH
IOKa3aTeJIu TerJjia 1 npeaeabHO J0IMTYyCTUMBIEC KOH-
LIEHTPaLlUU IJIsI TPYHTOB, TO 3HAUYMMBIX ITPEBBIIIIE-
HUIT HE 0OHapy K1 BaeTCs.

Mexay TeM B BOMHBIX BBITSIXKKaX M3 MeIjia Ha-
OJitogaeMble MPeBbILIEHU S TPeaeIbHbBIX COIep-
JKaHUI KaaMMsl, HUKEJISI 1 MapTraHiia II0Ka3bIBaloT,
YTO B NMUKOBBIE MOMEHTHI 3KCIIJIO3UBHOIO MU3-
BEepXKEHMS M MeIlJionaaa CYIIecCTBOBaJ PUCK
3arpsi3HEHU s BOI03abopa TSIXKEJIbIMU MeTalJaMU.
OnHako OTMETHM, YTO CaMa XMMUYeCKasl Iprupoaa
BOJOPACTBOPUMBIX COJIEH Ternja M3BEpXKEeHUS
HIuBenyuy crnocoOCTByeT MMMOOMIM3ALUU

" MocTaHoBaeHe [NaBHOroO rocyaapcTBEHHOTO CaHU-
tapHoro Bpada Poccuiickoit ®enepanuu ot 28.01.2021 Ne 2
“O0 yTBepXXIeHUN cCaHUTApHBbIX NpaBui U HopMm CaHlluH
1.2.3685-21 “I'mrueHudYeckre HOPMATUBBI U TpeOOBaHM S
K obecrneuyeHn10 0€30MacHOCTU U (M) 0€3BPEeIHOCTHU AJIs1
yeJoBeKa (haKTOPOB cpelbl OOUMTaHUA” (3apeTruCcTPUPOBAHO
MunioctoM Poccum 29.01.2021, peructpanmoHHbiit Ne 62296).
Ony6aukoBano 03.02.2021. Homep onmyOIMKOBaHUSA
0001202102030022. TocTtynHoO 10 cchlake http://publication.
pravo.gov.ru/Document/View/0001202102030022?index=1
2021. 1029 c.

TSIKEJIBIX METAJJIOB MOCPEACTBOM COOCAKICHUS
C MaJIOPaCTBOPUMBIM T'MIICOM. YKa3aHHEBIE TSIXe-
JIbIe MeTaJlJIbl MOABUXXHBI B KUCJBIX Cpeaax,
a B OJIMBHEUTPAJIbHBIX U IIEJTOUHBIX — IIEPEXOISAT
B MaJIOPACTBOPUMBIC COCIMHEHUS TUMA TUAPOK-
CUJOB, KApOOHATOB.

ConepxaHue cepedbpa B BOAOpPaCTBOPUMOIL
¢dopme B nemie HaxoauTcs Ha ypoBHe 0.012 ppm,
B cpelax ¢ BBICOKMM COJep>KaHUEM XJIOPUI-MOHOB
BO3MOXEH MEepeHOoC cepedpa Ha 3HAYUTEIbHBIC
paccTOSIHMS 3a cYeT 00pa30BaHUS PAaCTBOPUMBIX
xJTopuaHbIX KoMIutekcoB [AgCl,|"!. Ha mpakTtuke
BBIIEJIEHUE cepedpa MOXHO OXUIAaTh B MeCTax
KOHIIEHTPUPOBAHUS XJIOPUAOB, HAIpUMep, Ha
yCThsIX (pyMapoJi/conibdarap/mapora3oBbix CTPYIi.

Bapwuii, crponnmii. B Bomax IIJJK Oapusga
coctaBiaget 0.7 Mr/i, a ctpoHuus — 7 mMr/i. B Boa-
HBIX BBITSIXKKax M3 Melljia coiepxkaHue dapus
u ctpoHuus He npesbimapT ITIK, u cocraBns-
10T 0.50 1 0.23 MT/1 COOTBETCTBEHHO, COACPKAHUIE
0apus ¥ CTPOHLIMS B PaCTBOPUMOIL (popMe B TIerjie
HaxonuTtcs Ha ypoBHe 2.3 u 5.0 ppm. B uenom,
MMOBBLINICHHBIE CONEePXKaHUS Oapusl U CTPOHIIMS
OTMEYAIOTCs ISl INMTyOMHHBIX BOJ COBPEMEHHBIX
reorepMaJbHBIX cucTteM Kamuatkm [Sandimirova
et al., 2022; Kalacheva et al., 2016]. 3ameTum,
YTO B COBPEMEHHBIX I'€0TepPMaJbHBIX CUCTEMAaX
Kamuatku u Gapuii, © CTpOHLUIA B OCHOBHOM
BXOJSIT B COCTaB MaJIOPAaCTBOPUMBIX CYJIb(haTOB
n/unu kKkapo6boHartoB [Sergeeva et al., 2023].
B xucnbix cpenax pacTBOPUMOCTH CYab(haToB
1 KapOOHATOB CTPOHIMS U Oapusi Bo3pacTaer,
MMO3TOMY MX MMMOOMIMN3ALUST OXUIAECTCI TIPU
OJu3HelTpaJbHOM uUJu 1weaouHom pH. Takxke
BO3MOXXHO COOCaKJAcHUE Cyab(GaTOB CTPOHIIMS
U 6apusi ¢ TUTICOM.

MbimbsK, cejieH, OpoM, Hoa. DTH HEMETAaJIJIbI
BCTpeYyaloTCs B pa3HBIX O00CTaHOBKaX, Kak
B YCJIOBUSIX (pyMapOJIbHOI aKTMBHOCTH BYJIKaHOB,
TaK U B THAPOTEpMaIbHBIX cucTeMax. K mpumepy,
MBIIIBSIK 00pa3yeT MUHepabl U B pyMapojax
Tonbauuka, u B Ipsi3e-BOAHBIX KOTJIAX KaJdbASPhbl
VY30H, BCTpeyaeTcsl OH U B COCTaBe BTOPUUYHBIX
otTioxeHuii IlayxeTckoil reoTepMalbHON CUC-
TeMbl [Prruaros u ap., 2012; Popova et al., 1985].
B nenyte lluBenyya B NOABUKHOM (hOpME MBIIIBSIK
HaxoouTcd Ha ypoBHe 0.265 ppm, nmpu ITJK
2 ppm aJisd rpyHTa. B BogHOI BBITSXXKE U3 Meria
KOHIICHTpAILUsI MBIIIbsgka nopsiaka 0.03 Mr/mn, mpu
ITAK 0.01 mr/n nis Bogbl. Comep:KaHUe MBIIIIbSIKA
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B BOoaax, IMpoMbIBarOIIMX CBEXXEBBINABIIMN IIE-
neja, onpeaciadaeTcd GCTCCTBCHHO—CHY'{aﬁHbIM
COOTHOIIEHUEM MACCHI II€Iljila M BOAbI, U MO-
KET 3HAYUTCIDbHO OTIMYATBHCA OT COACPXKAHUA
B BOJHOM BBITSIXKKE M3 nerjaa, mooTomMy CBEXMUN
neneja MOXET NpUBECTU K KPaTKOBPEMEHHOMY
3arpA3HCHUIO IPUPOAHBIX BOA MbILIbAKOM.

OcHoBHas Xe Macca Mmeljia, IpoMbiBaeMas
METEOPHBIMM BOJAaMM, CIIOCOOHA MTOCTATOYHO
JOJITO CIYXUTh UCTOUYHUKOM psifia 2JIEMEHTOB,
HO B HeOOJbIINX KOHIeHTpauusax. ComepxxaHue
MOABMXKHOTIO CejieHa U iiofa B Terie HUXKe Tpeaesia
oOHapyXeHM s, IO3TOMY HE paccMaTpHUBaeTCs.
bpomMoMm obGoralineHbl HEKOTOpbIe TepMaJlbHbIE
Boabl Kamyarku, Takxe OpoM BcTpedaeTcs
B COCTaBe NPOIYKTOB M3BEPKEHUII BYJIKaHOB
Kamuatku [JleonoBa u ap., 2018; AHUKHUH U Ap.,
2018; bamapuna, 1966, 1974]. Ero mepeHoc
C METEOPHBIMU BOJAMU, IPOMBbIBAIOIIUMU TIETEN,
BO3MOXEH Ha JajJieK1ue pacCTOSIHUSI.

Hszmenenue MAKPOKOMNOHEHNTHO20 cocmaea
BOOHBIX BbLIMANCEK U3 NeNnad

B pasHoe BpeMsl mocjiae M3BEepPXKEHUS BYJI-
kaHa IluBenyd OBIIM MPOBEAEHBI OTOOPBI
npo0 XOJIOAHO! BOABI M3 CETH LEHTPaJIbHOTO
BogocHabxeHus noc. Kiatouu (cMm. Tadi1. 4, 5). B cetn
9TOTrO MOCEJKa BOABI CIabOMUHEpaIn30BaHHEIE,
cylbpaTHO-TUApOKapOOHATHBIE, KaJdbllMii-
HaTpueBble. CXOMHBIMU UM II0 COCTaBY SIBIISTIOTCS
BOIIBbI B OTKPBITHIX MICTOUHMKAX B paliOHe ITOCeIKa
u B Bomo3abope. CyllnecTBEHHBIX U3MEHEHU
B COCTaBe BOIbI, BHI3BAHHBIX IIOCTYIIJICHUEM
pacTBopuMBIX coJieii menua IlluBenyuya He
oOHapyxeHo. HampoTuB, KOHTaKTHBIE BOIBI
Te(phl IIOCTEIIEHHO NMPUOINXKAIOTCI K COCTaBY
MPUPOITHBIX XOJIOAHBIX UCTOUHUKOB 1. Kirouu.
BeposiTHO, B IMKOBBIE MOMEHTHI M3BEPXKCHUS
[MIuBenyuya, Korma MOCEJIKU ITOKPBLIBaJIUCh
TOJICTBIM CJIOEM IIeIlJIa, MOMEHTAJIbHOE BIIMSHUE
Tedpbl Ha COCTaB IMOTPEOIIIEMOI BOIBI MOTJIO OBITh
3aMETHBIM, HO OBICTPO 3aTyXalOLIUM, ITO3TOMY
CIIYCTSI HECKOJIBKO MECSIIIEB IOCIe U3BEPKEHUS,
BOJIbI TTOCEJIKA, BKJIIOYAsl OTKPBIThIE UCTOYHUKU
Ha THEBHOI ITOBEPXHOCTHU, HE TTIOKA3aJI1 3aMETHBIX
CJIETOB BIIMSTHUS TIETUIONaA0B (CM. puc. 4).

BonmHble BBITSKKM U3 CBEXUX IEIJIOB SIBIISIOTCS
XJIOPUIHO-CYIb(MAaTHBIMU, MAaTHUM-KaJIbIIUEBbIMU,
C IPEUMYIIIECTBEHHO KUCIIO peakiiueii cpenbl. [1o
Mepe CTapeHUs MEIMJIOBbIX OTIOXEHUI, KOTOpPOe
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3aKJII0YaeTCs B IIOCIEA0BATEIBHOM IIPOMbBIBAHUM
Tedpbl METEOPHBIMM BOIAaMU, KOHTAKTHBIC
BOJbl CTAHOBATCS OoJiee TUAPOKAPOOHATHBIMU,
C IperMMYIIeCTBEeHHO HeliTpalbHBIM pH, n Box-
Hasl BBITSXKa M3 MEIJIOB ITPUOJIMKAETCS IO
COCTaBy K BOJaM XOJIOAHBIX KJIOYEl moceiaka
U BOoJaM LIEHTPaJbHOTO BOJOCHAOXEHMUS.
B mepBylo odepenb, M3 MEIJIOB BHIMBIBAIOTCS
BC€ pacTBOPUMBIE COJIM, U MUHepaJIu3alus
BOJIBI CHMKAETCS IMTPaKTUICCKH Ha MOPSIOK (CM.
Tabja. 2—4). Hanbosnee 3amMmeTHO BbIMbIBaHUE pac-
TBOPUMBIX XJOPUIAOB M CYJIb(haTOB aMMOHUSI
U aJIIOMUHMS, 3TH COJIM OBICTPO MCUE3al0T U3 KOH-
TaKTHBIX pacTBOPOB. PacTeT comepxaHue ruapo-
KapOOHATOB; BOAbI, KOHTAKTUPYIOIINE C TeDPOIi,
W3 XJIOPUIHO-CYJIbGaTHBIX MaTrHUI-KaabIIMEBBIX
CTaHOBSTCS CyJb(aTHO-TUAPOKAPOOHATHBIMU
HaTpUI-KaJablIMEeBBEIMA (CM. pHc. 4).

SAKJIIOYEHUE

Ilemen Bynkana IluBenyu B ampene 2023 T.
nokpbla nocenku Kiroun, KosbipeBck, Malickoe
CJI0OEM MOIIHOCTBIO A0 8 CM, ApyTrue MOCEIKU Me-
Hee mocTpajaiu oT meromnana. CocTaB memnJa
MPEeUMYIIECTBEHHO MAallUTOBBIM, Cpeay MHUHE-
pajioB JOMUHUPYIOT MJAAarMoKjaa3bl C COCTaBaMM,
OJM3KMMU K aHOPTUTY U aHIE3UHY, poroBasi 00-
MaHKa, aHopTokJa3. C yBeJIMUYeHUEM PacCTOSIHUSI
OT BYJIKAHa COCTaB TEMJa cJierka CABUTAeTCH
B CTOPOHY HU3KOILEJOUHbIX AAIIUTOB, YTO CBSI3AHO
c mmpeoOiagaHUEM B COCTaBe II€IJia JaJbHETO
pa3Hoca pe3ypreHTHOro MaTepualia.

CorylacHO rpaHyJIOMETPUYECKOMY COCTaBY MeTl-
Jla, B HEM JOMUHMpoBaJia (ppakiivs MblJieBaToOMH
pa3sMepHOCTH, YTO OOYCJIIOBUJIO BHICOKYIO KOH-
LIEHTPAalLIO B IIeIJIe BOIOPACTBOPUMEBIX BEIIECTB,
TaK KaK HM3BECTHO, YTO yAeJbHas IJOIIalb
IMOBEPXHOCTH, Ha KOTOPOIl COPOMPYIOTCSI pacT-
BOPUMBIE COJIM, YBEJIIMYUBACTCSI C YMEHbIICHUEM
JIMHEMHBIX pa3MepPOB MEIIOBBIX YaCTHII.

CBexXeBBIIIaBIIMII IIeNeNl coaepkall BHICOKUE
KOHLIEHTpalUMuu cyjibdaTa KalblLMs, XJopuaa
HaTpUsl, a TAaKKe XJOPUI0B, PTOPUIOB U CYJIb(PaToB
aMMOHUSsI, Kallvs, alloMUHMS, Xeae3a. M3 Tok-
CUYHBIX MUKPODIJIEMEHTOB B COCTaBe BOJHBIX
BBITSIXKEK M3 Terna ObIIu OOHapy>KeHBI Melb,
LIWHK, HUKEJIb, KOOAJIbT, MapraHell, MBIIIbSIK,
KaaMuit, cTpoHUUMI u Oapuit. BBuny mmpoxkoro
CIIeKTpa HOPMUPYEMBIX IIpUMeCeil U OOJIbIIOTO
KOJIMYECTBA BBIIIABIIIETO TIEI1JIa, HEIIOCPEACTBEHHO
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IMocJjie MapoKCU3MaJIbHOTO M3BEPKEHMS CYIIe-
CTBOBajia yrpo3a 3arps3HeHMsI IMUThEBBIX BOJ
PSIIOM TSIKEJIBbIX METaJlJIOB, MX KOHIIEHTpalluu
JokanabHo Morau mnpesbimath ITJK. OgHako
MocJjie U3BEPKEHUSI, B TIEPUOL C allpesisl Mo aBrycrT,
OTJIOXKEHU S Te(phbl IIPOMBIBAIIMCh METEOPHBIMU
BOJAaMM, U B pe3yJbTaTe OHM ITOTEPSIIN MOpsIAKa
90% BOOOPACTBOPUMBIX COJICHT; TAKKE UX COCTaB
M3MEHUJICSI KaUeCTBEHHO: CHU3MUJIOCh COAePXKaHME
XJIOPUJIOB U (TOPUAOB, Ha CMEHY KOTOPBIM
MPUIIINA TUAPOKApOoHaTHI (cM. puc. 4). Katnon-
HBI COCTaB TaK:Ke ITpeTeprie MU3MEeHEeHUSsI, IIPONC-
XOIMJIO TIOCTEINEHHOE CHUXEHUE OTHOCUTEIHLHOTO
colepXaHMs KaJIbLUsI U, COOTBETCTBEHHO, BO3pac-
TaJ0 OTHOCUTEJIbHOE COoiep:KaHue HaTpUs.

ITo mepe mmpoMbIBaHUS TedpPbl METEOPHBIMU
BOIaMM, BOAHAs BHITSKKa M3 IeTyia IIPpUOIMKa-
JIach 110 COCTaBY K BOJAM IIPUPOIHBIX UICTOUHUKOB
n. Knouu, comepkaHue TOKCUUYHBIX MUKPO-
9J€eMEHTOB CHU3UJOCh HUXE Mpeaesa oOHa-
pykeHusi. @akTUUECKU, 3a HECKOJILKO MECSIIEB
eIl 0Ka3ajcs IIPOMBIT METCOPHBIMU BOIAMU
JI0 HEKOTOPOTO ITPUEMJIEMOTO YPOBHS U YTPaTHUJI
MMOTEeHIIMAaJIbHO TOKCHMUYHOE aeiicTBue. B mioHe
u aBrycte 2023 1. B BoJax CeTU LIEHTPaJbHOTO
BogocHabOxeHus mn. Kiawouwm um mpupomgHBIX
HCTOYHUKOB €TI0 OKPECTHOCTEH ClIeabl TOKCUYHBIX
npuMeceil U3 ByJKaHUYECKOTO IerJja He oOHa-
pykuBaauch. MOXHO 3aKJIIOUYUTh, YTO B TEUCHUE
HECKOJbKMX MeCSIeB, NPOLISAIINX IT0CIe U3-
BEepXEeHUs, 3arpsi3Hslollee AeWCTBMUE IernJja
HUBEJINPOBAIOCE.
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ASH FROM THE SHIVELUCH VOLCANO (KAMCHATKA, RUSSIA)
ERUPTED IN APRIL 2023 AS A SOURCE OF WATER-SOLUBLE SALTS

A. V. Sergeeva*, O. A. Girina**, M. A. Nazarova, E. V. Kartasheva,
L. A. Pozolotina, A. A. Kuzmina, E. Yu. Plutakhina

Institute of Volcanology and Seismology FEB RAS,
bul’var Piipa, 9, Petropavlovsk-Kamchatsky, 683006 Russia
*e-mail: anastavalers@gmail.com
**e-mail: girina@kscnet.ru

The paper considers the distribution of ash during the paroxysmal eruption of the Shiveluch volcano loca-
ted in the north of Kamchatka, which lasted from April 10-13, 2023, and its impact on the water resources
of the areas covered by the ashfall. The thickness of ash deposits in different localities and their granulo-
metric composition are characterized. It is shown that the dynamics of the volcanic eruption plays the
main role in the distribution of ash clouds, but the atmospheric circulation actually determines the spatial
distribution of the thickness of deposits. The water-soluble salts contained in ashes and the dynamics of
their leaching under natural conditions are determined. Calcium and magnesium sulfates and sodium
chloride dominate in the composition of the water-soluble part of fresh ashes, with subordinate amounts of
aluminum, potassium, and ammonium chlorides and fluorides. Well-soluble chlorides wash out of ashes
first, followed by sulfates. Over time, the total content of soluble salts decreases and their qualitative com-
position changes: calcium, magnesium and sodium hydrocarbonates begin to dominate. Several months
after the eruption, the impact of the ashfall on the waters of the settlements, including open springs on the

day surface, leveled off.

Keywords: Shiveluch volcano, eruption, volcanic ash, soluble salts
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