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Pe3rome. Ha o. CaxanuH TpaguLMOHHO BBIACISIOT YETHIPE YYACTKa MPOSIBICHUN IPA3EBOTO BYJIKAHH3-
Ma, Ha KaKAOM M3 KOTOPBIX MMEETCS OAUH WX 00Jee SPYNTUBHBIX BBIXOJOB Pa3IMYHON MOP(OIOTHH.
B nanHo#1 paboTe paccMOTpEHBI pe3yJIbTaThl HCCIIEA0BAHNS PETHOHAIBHBIX 0COOEHHOCTEH XUMHYECKOTO
1 u3otonHoro (8'*0 u 8D) cocraBa MOA3EMHBIX BOJ, pa3rpyKarOLIMXCs 3 BCEX U3BECTHBIX 3/1€Ch Ipsi3e-
BBIX BYJIKaHOB. Ha 0CHOBE COBOKYITHOTO aHajn3a COBPEMEHHBIX U JIUTEPATYPHBIX JaHHBIX YCTaHOBJICHO,
YTO MCCIEAYyEMbIC BOIbI HEOIHOPOIHBI IO CBOUM I€OXMMHUYECKUM MoKa3zarensaM. Hanbosee cymecTBen-
HO 3Ta HEOAHOPOJHOCTH MPOSBIIETCS I 001Iel MUHEpaIN3aluy, CPeIHUH [T0Ka3aTelb KOTOPOH B BO-
JlaX pa3HbIX TPA3EBYIKAHNIECKUX NposiBIieHUH BappupyeT oT 0.1 10 22.5 /1. I'psi3eByIkaHNnYeCKUE BOJIBI
B PErMOHE NPEACTaBICHBI TAKXKE Pa3HBIMU T'HAPOXMMUYECKUMH TUIIAMH, HO HanboJiee pacipoCcTpaHEeHbI
BOJIBI HCO3—C1—Na coctaBa. M30ToNHbIE XapaKTEPUCTUKU CBUAETEIBCTBYIOT O TOM, 4TO Boabl FOxHO-
Caxanunckoro, IlyraueBckoro 1 BocTouHOro Irpsi3eBbIX BYJKaHOB (POPMHUPYIOTCS B pe3yibTare CMelle-
HUSI UCXOIHBIX CEIUMEHTALMOHHO-IIOTPEOEHHBIX MOPCKHUX BOJ C METEOPHBIMU U JETUAPATallHOHHBIMU
Bogamu. OIHUM M3 BeOylmMX (pakTopoB MeTaMopdH3aluy 3TUX BOA SABJSIETCS MOCTYIUICHHE OOJNBIINX
xoimyecTs CO, B NOABOAAIIME KAaHAJbI TPA3EBBIX BYJIKAHOB, YTO CIOCOOCTBYET 0O0JIE€ MHTEHCUBHOMY
BBIILEIAYUBAHHIO ATFOMOCHINKATHBIX BOIOBMEIIAIOLINX ITOPO/] U MOBBIIICHUIO cotepkanust Na™ u Mg
B Ips3eBYJIKaHMUECKUX Bonax. I[lo cOBOKYyNMHOCTH Ieojoro-reOXMMUYECKHX AAHHBIX CIEJIAHO IMPEITo-
JIO)KEHHE O TOM, YTO BOJbI JlarnHCKOro 1 JIECHOBCKOTO Ips3eBYJIKAHMUYECKUX IPOSBICHUI HE OTHOCSATCS
K 3peJIbIM MTOJ3E€MHBIM BOZIaM DIyOMHHOM LUPKYISLMM U B LIEJIOM HE SIBJISIOTCS] THIIMYHBIMU JJIS TPsi3e-
BBIX ByJIkaHoB. Temmeparypsl ¢popmupoBanus Bog HOxuo-Caxanunckoro, [lyrauesckoro u Bocrounoro
IPSA3EBBIX BYJIKAHOB, PACCUUTAaHHBIE M0 Mg—Li rHApOXMMHUYECKOMY I'€0TEPMOMETPY, BapbUPYIOT OT 51
mo 105 °C, uto cooTBeTCTBYyeT MHTEpBaNy TiIyOuH ot 1.3 1o 2.6 kM. Temmeparypsl hopMUpPOBaHUS BOJ
JlarnHCKMX TepMOMMHEPAJIbHBIX MCTOYHHKOB, paccuuTaHHble 110 K-Mg reorepmMoMerpy, COCTaBISIOT
B cpenHeM 70 °C, 4TO COOTBETCTBYET 3aJIETaHUIO BOJOHOCHOTO IIJIaCTa, MUTAIOIIET0 JaHHYIO (IIIOUAHYIO
cucTemy, Ha TiyouHe 2.1 kM.
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Abstract. There are four areas of mud volcanism traditionally set off on Sakhalin Island. Each of them
is characterized by one or more eruptive mudflow seepage domains of different morphology. This
article considers the results of a study of regional features of the chemical and isotopic (3'30 and 3D)
composition of groundwater discharging from all known mud volcanoes in the region. A pooled analysis
of available literature data showed the studied waters to be heterogeneous in their geochemical parameters.
This heterogeneity is most significantly manifested for the total mineralization, which average values
vary from 0.1 to 22.5 g/l in the waters of different mud volcanic seepage domains. Mud volcanic waters
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in the region are also represented by different hydrochemical types, but HCO,~Cl-Na waters are the most
common. The isotopic characteristics testify the waters of the South Sakhalin, Pugachev, and Vostochny
mud volcanoes to be formed as a result of mixing the original sea waters buried under sedimentation with
meteoric and dehydration waters. One of the key factors in the metamorphization of these waters is the
influx of large amounts of CO, into the channels of mud volcanoes, which contributes to more intensive
leaching of aluminosilicate water-bearing rocks and leads to an increase in the content of Na* and Mg?*
in mud volcanic waters. By the pooled geology and geochemical data, we made an assumption that the
waters of Daginsky and Lesnovsky mud volcanic manifestations do not refer to mature groundwaters
of deep circulation, thus being not generally typical for mud volcanoes. Water-formation temperatures of
the South Sakhalin, Pugachev, and Vostochny mud volcanoes calculated using the Mg—Li hydrochemical
geothermometer vary from 51 to 105 °C, which corresponds to depths range from 1.3 to 2.6 km.
Water-formation temperatures of the Daginsky thermal and mineral springs calculated using the K-Mg
geothermometer average 70 °C, which corresponds to the occurrence of an aquifer feeding this fluid
system at a depth of 2.1 km.

Keywords: mud volcanoes, groundwater, chemical composition, stable isotopes, water—rock—gas
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PduHaHCUPOBaHHE

Paboma swinonnena 6 pamxax cocyoapcmeennozo 3aoanusi ®xI'BYH Hnucmumyma mopckoii eeo-

noeuu u eeopuszuxu J{BO PAH.

BBenenue

I'pszeBoli  BynkaHM3M — SBISETCA  OIHOM
n3 (hopM TIPOSBICHHS SHIAOTCHHBIX IMPOIECCOB
Ha TIOBEPXHOCTH 3eMJTH, KOTOphIe 00ecIeunBa-
10T (OKYCUPOBAHHYIO Pa3rpy3Ky MOI3EMHBIX
(IIFONIOB B Pa3jIOMHBIX 30HAX 3EMHOW KODBHI.
Kak mpaBuio, rps3eBbie ByJIKaHBI (HopMHPY-
IOTCS B OCAaJIOUHBIX OacceiiHax ¢ OOJMBIIONH
MOIITHOCTBIO OCAJIOYHOTO YeXJia U OOBIYHO CO-
BMEIIAIOTCS ¢ KPYIMHBIMH HE(PTETa30BEIMU Me-
cTopokieHussMH. O0s13aTeIbHBIM YCIOBUEM IS
pa3BUTHSL TPSA3EBOTO ByJKaHMU3Ma MpeArosara-
€TCs HaJIMYKE Pa3phIBHBIX HAPYIIEHUMU, MO KO-
TOPBIM OCYIIECTBIISIETCSI BEPTUKAJIBHBIA TIEpe-
HOC TIO/I3eMHBIX (hmrou 0B [Anues u np., 2015].

OnHOI U3 aKTyaIbHBIX U HAM00JIEE CIIOKHBIX
(yHIaMEHTANBHBIX TPOOJIEM TIpU HU3yYECHUH
MPOIIECCOB IPS3€BOTO BYJIKAHU3MA SIBJISIETCS BBI-
SICHCHUE UCTOYHUKOB U MEXaHU3MOB T€HEpaAILIUU
IpsI3€BYJIKaHUYECKOrO BellecTBa. Pemenne 3Ton
MPOOJIEMBI TIPEICTABIISICTCS BO3MOXKHBIM Ha OC-
HOBE aHajM3a 3aKOHOMEPHOCTEH XMMHUYECKOTO
Y U30TOITHOTO COCTaBa XKHUIAKUX, TBEPIbIX U Ta-
3000pa3HBIX MPOIYKTOB TPsI3€BYIKAaHUUECKON
JeATeIIbHOCTU. | COXUMHYECKUE HCCIICIOBAHUS
TPSI3EBBIX BYJIKAHOB CBSI3aHBI TAKXKE C PEIICHHU-
€M psifia MpakTUIeCcKuX 3aad. [[puypodeHHOCTh
IPS3EBBIX BYJIKAHOB K TIIYOMHHBIM pa3jioMaM
36MHOM KOPBI MO3BOJISIET U3y4aTh B3aUMOCBS3U
(OITFOMIHBIX CHUCTEM C PETHOHAIBHBIMHU CEeMC-
MOTEKTOHMYECKUMH Tiponieccamu  [Kamenes
u 1p., 2019]. Kpome toro, nposiBineHus rpsze-
BOTO BYJIKAHW3Ma CITy>KaT OJHUM U3 KPUTEPHUEB
MOUCKa HEe(PTETra30BbIX MECTOPOXKICHHUM, a TaK-

K€ paccMaTpUBaOTCA B KaU€CTBE 3HAYMMOTO HC-
TOYHHUKA MOCTYIUIEHUS TAPHUKOBBIX T'a30B B aT-
Mocdepy [Epmos, bonnapenko, 2020].

I'eorpadus rpsi3eBoro ByJKaHHM3Ma OXBa-
TeiBaeT Oosnee 40 ctpan [AnmueB u ap., 2015].
Hamnbonee wmacmTabHO Tpsi3eByJIKaHUYECKAs
JeSITEeIbHOCTh TPOSBMWIACH B AsepOaiimxane
U TpUJIerarouies akBaTtopuu rokHoro Kacnus.
B Poccun rpsizeBble BynKkaHbl H3BECTHBI Ha Kep-
YeHCKOM U TaMaHCKOM MOIyOCTpOBax, a TaKKe
B 3anaanoii KybGanu m akBaropusix A30BCKOTO
n Yepnoro mopeit. IlepeuncieHHble pernOHbI
yacto o0weauustor B Kepuencko-TamaHckyto
IpA3EBYJIKAHUYECKYIO IPOBUHIINIO, KOTOPAsl SIB-
JS€TCS BTOPBIM KPYIIHBIM pailOHOM pa3BUTHUS
IpA3€BOrO ByJKaHU3Ma B mMupe. [psizeBbie ByIl-
kaHbl B Poccum m3BecTHBI Takxke Ha [lanpHem
Bocroke — Ha o. Caxanun. [IpoBeneHHbIl HaMu
paHee CpaBHUTEJIbHBIA aHAJIU3 BELIECTBEHHOTO
COCTaBa IMPOAYKTOB JEATEIbHOCTU TIPA3EBBIX
ByJlIKaHOB A3zepOaiijxana n o. CaxanuH moka-
3aJl, 4YTO MMOMHMMO pa3Iu4uid Mo MopQoiaoruye-
CKUM IpU3HAKaM ¥ MHTEHCUBHOCTHU HapOKCHU3-
MaJbHON JEATENIbHOCTH CaXaJMHCKUE BYJIKAHbI
HECKOJIBKO OTJIMYAIOTCS OT aszepOaiiKaHCKHX
U 10 TEOXMMHMUYECKOMY COCTaBY >KMJIKMX, TBEp-
IbIX M Ta3000pa3HbIX BbIOpocoB [HuxuteHko
u ap., 2018]. bonee Toro, rpsi3eBble BYJIKaHBI,
pacnonoxxeHHble Ha 0. CaxaJliH, TOXE CHUIbHO
pas3In4aoTcs MeKIy co00ii Mo Mopdoioruy, 3a-
HAMAEeMOM IUIOIIAIY, TaPOKCU3MAIBHON U TpHU-
(OHHO-CaTE30BOH CTAANAM JIEATETHHOCTH.

B nenom 0. CaxajivH yHUKaJIbHOE MECTO AJIs1
U3y4YEHUs IPA3EBOTO BYIKaHU3Ma: CTPYKTYPHO-

MaTepMan JOCTYIICH ITIO0 JIMLICH3UH

Creative Commons Attribution License 4.0 322

International (CC BY. 4.0)

TEOCUCTEMbI NEPEXOAHbLIX 30H
2020, 4 (3), 321-335



OBLYAS1 U PETMOHAJIbHASI FEOJTOrnsi. BYNIKAHOMOrnsi / GENERAL AND REGIONAL GEOLOGY. VOLCANOLOGY

JUHAMHUYECKas MO3WINS OCTPOBA B aKTHBHOU
30HE Tepexo/a OT KOHTUHEHTa K OKeaHy OIpe-
JeNSIeT HAJIMYUe MOIIHBIX OCAJOYHBIX TOJIII
¢ He(TSIHBIMU M Ta30BBIMH 3aJIe)KaMH, MHOTO-
YUCJICHHBIX Pa3pbIBHBIX HAPYIICHHMA, BBICO-
KYIO CTETEeHb JUCIOLUMUPOBAHHOCTH OTIIOKECHHUIA,
WHTCHCHBHYIO COBPEMEHHYIO CEHCMOTEKTOHH-
YeCKyI0 AaKTHUBHOCTb. [ HMAPOTEOXUMHUYECKUE
UCCIICIOBAHUS  T'PSI3EBYIKAHHYCCKUX  ITPOSB-
neHuit o. CaxalduH MPOBOAMIUCH B OCHOBHOM
B 60—70-¢ roapl mpouutoro Beka. B mocnegnee
necsatuierue B HCTUTYTE MOPCKOW Te0NIOTUd
u reopusuku JIBO PAH mnonoGubie paOoThI
ObUTH BO30OHOBJICHBI U TIOJTYYEH Pl HOBBIX pe-
3yJBTATOB C UCIOJIB30BAHUEM COBPEMEHHBIX HH-
CTPYMEHTAIBHBIX METOJIOB.

Llenpro nmanHOM PaOOTHI sABIsIETCS 0000IIIE-
HUE M aHajdu3 TUIPOTCOXUMHYECKHX ITaHHBIX
IPS3EBBIX BYJIKaHOB 0. CaxanwH Uil TIOHUMa-
HUSl 3aKOHOMEPHOCTEW (HOPMUPOBAHUS H30TOII-
HOTO M XMMHYECKOTO COCTaBa TIPs3EBYIKAHUIC-
CKUX BOJI B peruoHe. Kpome Toro, Mpl moiaraem,
YTO TEOXMMHYECKAs CIICIU(PUKA TPSI3CBYIKAHH-
YECKUX MPOSBICHUH B PErHOHE, BO3MOXKHO, 00-
YCIIOBJIEHA BBIPAKEHHON HEOJHOPOIHOCTHIO T€0-
JIOTO-TEKTOHUYECKHUX yCIIOBUN 30H UX Pa3BUTHSL.
DTOT acleKT TaKKe pacCMaTpUBAETCS B CTAThE.

I'uaporeonornyeckas
U TEKTOHHUYECKasl XapaKTePUCTHKA
paiioHOB MCCJIEIOBAHUSA

Ha o. CaxanuH TpaAUIIMOHHO BBIACIISIOT Ye-
TBIPE paiioHa MPOSBICHUS TPSA3EBOTO BYIKAHU3-
Ma: HOxHo-CaxanuHckuii u JleCHOBCKUU rpsi-
3€BbI€ BYJIKAHbl — Ha IOTe; ByJIKaH BoOCTOYHBIN
u rpynna IlyraueBckux BynkaHoB (InmaBHbII
ITyraueBckuii, Masbiit CeBepubiii, Masnbiit FOx-
HBII) — B IEHTPaJIbHON yacTH, JlaruHckoe rps-
3€BYJIKAHUYECKOE TPOSIBICHUE — Ha CeBepe.
PaiioHbl TposBIEHHS] TPA3EBOrO BYyJKAHHM3MaA
Ha 0. CaxaJluH HAaXOJATCA B Pa3HBIX I'€0JIOr0-
TEKTOHWYECKUX ycnoBusx. [Ipu 3Tom Bce rpsse-
BbI€ BYJIKAaHbI JIOKAJTU3YIOTCSI B OCAJOYHBIX Oac-
ceifHaxX BIOJb KPYHHBIX ITTYOMHHBIX Pa3jioMOB
3emHoM kopsl [['eonorus CCCP... , 1970].

HOxHOo-CaxanuHCKuil  rpsi3eBOM  BYJIKaH
Mo CBOCH MOPQOJIOTUU TPEACTABISAET CO-
00l ByJKaH B KJIACCHUYECKOM €ro MOHHWMAaHUHU.
DTO BBICOKHIA XOIM (DOPMBI yCEUESHHOTO KOHY-
ca aquameTrpoM Oosee 400 M B OCHOBaHHH, CJIO-
JKEHHBIM TNIMHUCTBIMU OTJIO0KeHUsAMU. [lnomans
BBIOPOCOB CBEXKEIl COMOYHOU OpEeKYHH Ha ATOM
ByJIKaHE COCTaBisieT Okono S5 ra. Ha Bepmune
XOJIMa HUMEIOTCS TPYHIbl TPUPOHOB U Calb3,

W3 KOTOPBIX AKTHUBHO BBIICISAIOTCS BOJA, Ta3
U comnouHblil ui. Ilepuonuuecku (c MHTEpBAIOM
okosio 20 J1eT) mpOUCXOAST MOIIHBIE U3BEpKe-
HUS BYJIKaHA, IMOCJIE KOTOPBIX JaHIIIAPT MeCT-
HOCTH CYIIIECTBEHHO wu3MeHseTcs. Haubomnee
cuinbHble u3BepkeHust HOxHO-CaxalnHCKOTO
TPSA3EBOTO BYJIKaHA OBLIM 3apeTHCTPHPOBAHBI
B 1959, 1979 u 2001 rr. [MenbHukoB, Epiios,
2010]. [Tocnennee n3Bep:keHUE JOCTATOUHO BBI-
COKOM MOIIHOCTH npou3onuio BecHor 2020 r.
[IyraueBckue Tpsi3eBbie BYJIKaHBI HUMEIOT
($hopMy IIIOCKUX JAMCKOB U IMPUYPOUEHBI K 00-
el s HuX 3a00JIOUEHHOU OBalIbHO-OKPY-
10U KOTII0BUHE pasmepoM 2 x 1.5 kM. Kaxable
HECKOJIBKO JIET 3[1€Ch MPOUCXOIAT U3BEPKEHUS
pa3HOW MOIIHOCTH, TOCIE KOTOPBIX 00pasy-
IOTCS. HOBBIE TPSI3€BBIC TOJNS OKPYIIoi (hop-
Mbl. [lo umeromuMcest B uTeparype JaHHBIM,
Ha [maBHOM [lyraueBckom Bynkane ¢ 1906 1. 3a-
peructpupoBaHo 15 uzBepxkenuit — B 1906(?),
1911, 1929, 1933, 1934, 1935, 1948(?), 1952,
1961, 1967, 1988, 1996, 2002, 2003 u 2005 rr.
[EpmioB, MensuukoB, 2007]. ITockonbky HaOIIO-
JeHus 3a JesTenbHoCThIo [lyraueBckoro rpsize-
BOT'O BYJIKAHA HEPETYJSPHBI, BEPOATHO, HEKOTO-
pble U3BEPKEHUST HEOOTBIIION MOIITHOCTH MOTJIH
ObITh He 3aukcupoBanbl. Kak Bugum, [lyraues-
CKMil ByJkaH orimyaercs oT HOxHo-CaxanuH-
CKOro 0OoJiee YacThIMU HM3BEPKEHUSIMU, MOIII-
HOCTh KOTOPBIX OBOJBHO paznuyHa. Hanbonee
KpyInHbIC n3BepkeHus Ha [lyraueBckoM BykaHe
Haomonanuck B 1934 u 2005 rr., korna BeIOpo-
caMH CBEXeil comovHoi Opexunu ObLia MOKPHI-
Ta Teppuropus okoso 10 ra. B nepuoab! apyrux
W3BEP)KEHUH TUIOMIA/h BHIOPOIIEHHON COMOYHOM
Opexunu penko mpeBbimana 1 ra. CTout orMe-
TUTh TAKXKE, YTO COBPEMEHHasi TPU(POHHO-CAITb-
30Basi aKTUBHOCTh Ha [lyraueBckoM BynkaHe Cy-
HIECTBEHHO HIbKe, yeM Ha HOsxHO-CaxaJnHCKOM.
[IpumepHo B 4 KM K ceBep-CeBEpO-BOC-
ToKy OT [lyradeBCKkuX BYJIKaHOB PacCIOJIOXKEH
BiIK. Bocrounsiii. B omimumne or HOxno-Ca-
xanuHckoro u IlyraueBckoro, 310 JOBOJIBHO
HEOOJIBIIIOE TPSI3EBYIKAHUUECKOE TMPOSBICHUE
C ropa3lo MEHbUIEH aKTUBHOCTBHIO. Her Hu-
KaKWX JTOCTOBEPHBIX CBEIEHUN 00 W3BEpKe-
HUSX 3TOro BynkaHa. [loms cBexed Opexunu
3[1eCh OTCYTCTBYIOT, (DYyHKIIMOHHUPYIOT TOJIBKO
HECKOJIbKO HEOOJBIINX Callb3, PACIOIO0KCH-
HbIX B HECKOJIBKHX MeTpax Apyr OT Jpyra.
Texronnueckn IOxno-Caxamuackuii, Boc-
TOYHBIM U rpymma [lyradeBCcKuX BYJIKaHOB ITPH-
ypoueHbl K KpynHoMy LlenTpanbHo-Caxanus-
CKOMY pa3joMy, KOTOPBI SBIIAETCS TpaHULEH
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cowieHeHus 3anaHo-CaxaauHCKOIO aHTUKIIMHO-
pust u LlentpanbHo-CaxaqanHCKOro CUHKIMHOPHSL.
B uentpanpHoii wactu 3amanHo-CaxaaimHCKHUX
rop oOHa)XXarOTCsI MEJIOBbIE TIOPObI, HECOIIAC-
HO 3aJIeralolye Ha Manaeo30HCKO-Me30301CKOM
¢dynmamente. Bocrounee 3amamHo-CaxaiuH-
CKHUX TOp HEOT€HOBBIE OTJIOXKEHHSI HECOITIACHO
MEPEKPHIBAIOT CMATHIE B CKJIAJKU MEJIOBBIE OT-
noxenus [['eonorust CCCP... , 1970]. I'pszeBbie
BYJIKaHbI 3/1€Ch PACIOJIOXKEHbI B INIABHOM I10JIE
BBIXOZ[a HA THEBHYIO MOBEPXHOCTH MEJIOBBIX TO-
pon. B mpenenax 3Toro mosis MmenoBas TOJILA
paspesa pacuieHseTcs Ha KpPacHOSPKOBCKYIO,
OBIKOBCKYI0, HAaHOWHCKYI0 M aHCKYyI0 CBHTHI.
J151 Tpsi3eBBIX BYJIKAHOB MaT€PUHCKOM ABISETCS
OBIKOBCKasi CBHTA, KOTOpasl CIOKEHa OTHOPOJ-
HBIMU apTMJUIMTAMU U TJIMHUCTBHIMU aJ€BPOJIU-
tamu [MenbHukoB, Mnbes, 1989]. Hakomnenue
OCaJIKOB OBIKOBCKOW CBUTHI MPOUCXOAMIO B
MOpcKuX ycioBusix. Ha npotspkeHnn ceHoMaH-
CKOTO M TYPOHCKOTO BEKOB B Ipezenax 3amnaaHo-
CaxaJIMHCKOM CTPYKTYpHO-(aluaabHONH 30HBI
pacroyiarajcsi KpyImHbI MOPCKOW OacceiiH, B
KOTOpOM 00pa3oBajiach TOJILA OCAJ0YHBIX OT-
JI0KEHUN OBIKOBCKOW CBUTHI MOIITHOCTBIO OoJee
2000 m [I'mpporeonoruss CCCP... , 1972].

C mo3unuu TUAPOTEOJIOTHH JaHHbIE Tps-
3€BbI€ BYJKaHbl HaXOASATCS Ha IpaHuLEe 3amai-
HO-CaxaJqMHCKOTO THAPOTEOJOTHYECKOr0 Mac-
cuBa U CycyHailCKOro TruaporeoJoru4eckoro
Oacceiina. B 3amagHo-CaxaawHCKOM THIPO-
re0JIOTMYECKOM MAacCHBE IPEUMYIIECTBEHHO
pacnpoCcTpaHEeHbl O€3HANOpPHBIE TPEIIMHHBIC
U TPEIIMHHO-XKWIbHBIE BOABL. BomOHOCHBIE
KOMIUIEKCHI TPUYPOUYEHBI K TOPOJaM JIaTCKO-TY-
POHCKOTO M CEHOMaHCKOTo Bo3pacta. BonoBme-
HIAIOIIUMHU TTOPOIAMU CEHOMAHCKOTO BOJOHOC-
HOTO KOMIUIEKCA SIBJISIIOTCSl NE€CYAHUKH, 4acTO
TyhuToBBIe, pexke TpaBeNUTHI, AJIECBPOIUTHI.
BonoHOCHBIN KOMIUIEKC AATCKUX U TYPOHCKHX
OTJIIOKEHUH CIIOKEH MEeCYaHWKaMHU C MPOCIO-
SIMH M JIMH3aMH KOHIJIOMEpATOB, T'PABEIIMTOB
U apruJUIMTOB, BCTPEYAIOTCS YYAacTKH C IUIa-
cramMu yried. [Io XxuMuueckoMy COCTaBy BOJBI
BEPXHUX BOJOHOCHBIX TOPH30HTOB THAPOKAp-
OoHaTHBIE (peke TUAPOKAPOOHATHO-XIIOPHIHBIC
U XJOPHUAHO-TUAPOKApOOHATHBIE) CO CMEIIaH-
HBIM KaTHOHHBIM COCTABOM, MPECHbIE, C MUHE-
pamuzanueit Mmenee 0.5 r/n. TpemMHHO-XWIIb-
Hbl€ BOABl IIYOOKOM IMPKYIALUU (BCKPBITHI
HE(TENMOMCKOBOM CKBKUHOW Ha IITyOMHE OKOJIO
2 KM) SIBJISIFOTCSI XJIOPUJIHO-HATPUEBO-KAJIbIIHE-
BBIMH, @ UX MUHEpanu3alus coctasisier 33 r/a
[Tuaporeonorus CCCP... , 1972].

B CycynaiickoMm MexropHom Oacceiine,
IIPUMBIKAIOLIEM Ha BOCTOKe K LleHTpanpHO-Ca-
XAJIMHCKOMY Ppa3jioMy, pa3BUThl BOJOHOCHBIE
KOMIUIEKCHI, MPUYpPOUCHHBIE K IOpOJaM YeT-
BEPTUYHOTIO, IUIMOLEHOBOTO W MHOLIEHOBOTO
Bo3pacTa. Boabl BEpXHEro 4eTBEPTUYHOIO BO-
JIOHOCHOTO TOPU30HTa OE3HANOpPHBIE, IPECHBIE,
c MuHepanuzanueid menee 0.5 r/1, mpeumyie-
CTBEHHO THAPOKapOOHATHBIE, CO CMEIIAHHBIM
KaTHOHHBIM cocTaBoM. OO0nacTe pacmpocTtpa-
HEHHs HAlNOpPHBIX IOA3EMHBIX BOJ COOTBET-
CTBYET BOJOHOCHBIM KOMILIEKCAM IUIMOLEHO-
BOT'O, BEpXHE- U CPEIHEMHUOLIEHOBOTO, a TaKKe
HIKHEMHMOLIEHOBOTO Bo3pacra. [l miumone-
HOBOT'O BOJOHOCHOT'O KOMIUIEKCA XapaKTEPHbI
THIpOKapOOHATHO-HATPUEBBIE BOIBI (MecTaMu
TUAPOKAPOOHATHO-XJIOPUIHBIE),  CMEIIaHHbBIC
Mo KatuoHam, ¢ muHepanm3aueit 0.2—0.3 r/m.
B Hmxenexamumx TrOpuU30HTax, OTHOCSIIMXCS
K Oojee IPEeBHUM BOJOHOCHBIM KOMILIEKCAM,
pPa3BUTHl XJIOPUIHO-HAaTPUEBBIE BOABI C IIO-
BBIICHHOW MMHEpAIN3alUe, IOCTUTAIOLIEH
22 r/a [Tapporeonoruss CCCP... , 1972].

JlecHOBCKMIT ~ByJnKaH HaxomWUTCs  BOJIH-
3u noc. Jlecnoe B 3 kM ot Gepera OXOTCKOTO
MOps B pyciie npaBoro npuroka p. Odgemyxa.
D10 HEOOJBIIOE TPA3EBYIKAHUYECKOE IPOSB-
JIeHWE TPEACTABICHO HECKOJIbKUMH HErTy0o-
kumu (20-30 cMm) camp3aMu JUAMETPOM OKOJIO
5 M [MenbuukoB, UnwveB, 1989]. 13Bepxkenue
3TOTO BYJKaHA 3apErUCTPUPOBAHO TOJIBKO OJUH
pa3 — Oonee 30 ser Ha3an. B Hacrosmiee Bpe-
Msi TpU(OHHO-CATb30Basl JESTEIBHOCTh Ha STOM
ByJIKaHE OTCYTCTBYeT. JIECHOBCKMI TIps3eBOU
ByJIKAH HAXOJIUTCS B CE€BepHOM yactu Mypa-
BbEBCKOM HU3MEHHOCTH, PACIIOJI0KEHHON MEX-
ny CycyHaiickuM U TOHHHO-AHUBCKHUM Xpeo-
TaMH. B palioHEe 3HAYUTENBHO PaCIpOCTPAHEHBI
MajIe030MCKIE M ME3030HMCKHE OTIOXKEHUS,
Ha KOTOPBIX PE3KO HECOMIACHO 3aJIeratoT He-
OTE€HOBBIE OTIOXKEHUS, CIArarlline OTACIIbHbIE,
HeOOoJbIINE 1O IJIOUIATU Pa300IIeHHbIE OIS
[T'eonorus CCCP..., 1970]. Ucxoas U3 reosioru-
YECKHUX JaHHBIX [MenbHuKoB u Ap., 2008], Mak-
CUMaJibHasl MOIIIHOCTh HEOT€HOBBIX OTJIOKEHUMN
B paiioHe JIECHOBCKOrO Ipsi3€BOrO BYyJIKaHA HE
npesbimaet 800 M. Ha nanHoi#t Tepputopun Tak-
JK€ YCTaHOBJICHBI OOHAKEHHBIC YYAaCTKH BEpX-
HEMEJIOBBIX MMOPOJ, BBIXOAAIINE U3-TIOJ TOKPO-
Ba HEOTCHOBBIX OTJIOXKEHUM, MPEACTABICHHbBIC
HaWOWHCKOM, OBIKOBCKOW W KPaCHOSPKOBCKOMN
ceutamu. B pabore [MenbuukoB, Unbes, 1989]
CHEJIAHO TPEAINOJI0KEHNE, YTO MAaTEPUHCKOU
11 JIeCHOBCKOTO Tpsi3€BOTO BYJIKAaHA SBIISETCS
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BCE Ta K€ OBIKOBCKasi CBUTA. MajOMOIIIHbIE OT-
JIO)KEHUS 3TOW CBUTHI YCTAHOBJIEHBI B OOHaXe-
Husax p. [logopoxHas B 10 kM K rory or mecra
pasrpy3kH Ipsi3eBOro BylkaHa. B cpenHe-HMX-
HEMHOIICHOBBIX OTJIOXKEHMSIX Pa3BUThI THUIPO-
KapOOHATHO-XJIOPUHBIE HATPUEBO-MarHueBbie/
KaJIbI[UEBbIE BOJbl C MHHEpaIM3alUeil OKOJIO
0.1-0.2 r/n [Tugporeonorus CCCP... , 1972].
JlaruHckoe rpsi3eByIKaHMYECKOEe MpOsBIIE-
HUE CHJIBHO OTJIIMYAETCS OT OCTajJbHBIX Ipsi3e-
BbIX ByJKaHOB 0. CaxanuH. OHO mpencTaBisieT
co0oii rpymiy HeOOJbIIUX IPU(OHOB U Cajb3,
JUaMeTp KOTOPBIX COCTaBIsieT B OCHOBAHMU,
KaK IPaBWJIO, HECKOJBKO NECATKOB CaHTHUME-
TPOB. DTU TpU(POHBI U CaNB3bl PACHOIOKEHbI
Ha mnoOepexbe Hpliickoro 3ammBa OXOTCKOTO
MOpS U MEPUOAMYECKH 3aTallJIMBAIOTCS MPUIIU-
BOM. Pa1oM — B mpeznenax HECKOIBKUX COTEH
METpPOB K [0ro-3amajay — HaxofuTcs JlaruHckoe
TEPMOMHUHEPAIIBHOE MECTOPOXKJIEHHUE, KOTO-
po€ IpPEACTAaBIEHO HAa 3€MHOW IOBEPXHOCTHU
HECKOJIbKMMU  JIECSITKAMU  BBICOKOIE€OMTHBIX
ropsiuux kimoueid. CBeneHust 0 Kakou-i1nbo ma-
POKCHU3MAJIBHOM JEATENIBHOCTH HA 3TOM TIpsi3e-
BYJIKAHMYECKOM Y4aCTKE OTCYTCTBYIOT.
JIaruHCKHN TpsA3€BYJIKAHUYECKUN Y4acCTOK
pacrnonoxeH B BoctoyHoi yacTu CeBepo-Ca-
XaJIMHCKOW HU3MEHHOCTH U TEKTOHMUYECKH KOH-
TPOJUPYETCsl CyOMepuINOHaIbHOU XOKKal0-
CaxanuHckoil pa3znoMHOM 30HOM. Ee HmkHMA
CTPYKTYpHBIN fIpyC, BEpOSITHO, Cllaraercsl IMo-
polamMH IajeoreHa M IMO3AHETO Mena, BepX-
HUHN — OTJIO)KEHUSIMU HEOreHa, MOLUTHOCTh KOTO-
pBIX Jnocturaer B mporudax 6—8 km [[eonorus
CCCP..., 1970]. HeoreHOBbIE OTIOKEHUS PEKO
HECOMIACHO 3aJIETAOT Ha OTVIOKEHUAX HUKHETO
CTPYKTYpHOTO sipyca U NOJpa3JeistoTcs Ha Ma-
YUrapcKylo, AAEXypUMHCKYIO, YWHUHCKYIO, J1a-
TUHCKY10, OKOOBIKaHCKYI0 U HYTOBCKYIO CBUTBHI.
Bce cBuUTHI, KpOMe CpeHEl 4acTH JAaruHCKOW,
MPEJICTaBICHBl  MOPCKUMU  TE€PPUTCHHBIMU
[IECYAHO-AJIEBPUTOBBIMU  OCaJKaMH,  TOrAa
KaK CpegHssl 4acTh JAarMHCKOM CBUTBHI COCTOUT
U3 IIPECHOBO/IHBIX KOHTUHEHTAJIbHBIX YIVIEHOC-
HBIX OTJIOKEHUN. | pA3EBYIKaHNYECKUN Y4aCTOK
IIPUYPOYEH K 30HE TEKTOHMYECKOTO HApYIIEHUS
CEBEPO-BOCTOYHOIO MPOCTHUPAHMS, Pa3BUTOrO
B TOPU30HTaX HYTOBCKOM CBUTHI IUIMOLIEHOBOTO
BO3pAacCTa, COCTOSIIEN U3 MEIKO3EPHUCTBIX IVIU-
HUCTBIX DPBIXJIBIX NecyaHUKoB. C TMIporeosno-
TMYECKOW mo3unuu JlarmHckoe Tps3eByJIKaHU-
YECKOE MPOSIBICHUE COOTBETCTBYET BOCTOYHOM
yacti CeBepo-CaxallMHCKOTO apTEe3UaHCKOTro
OacceiiHa, B T€OJOTMUYECKOM CTPOEHUHM KOTO-

pOro NPUHHUMAIOT YYacCTHE PHIXJIbIE U CJIa00IH-
TU(UIMPOBAHHBIE OTIOXKEHUS YETBEPTUYHOTO,
IUTMOLIEHOBOTO M MHOILIEHOBOTO BO3pacTa 00-
e MOIIHOCTBIO 70 2—8 kM [I['mzaporeonorus
CCCP... , 1972]. B mpenenax 6acceitHa mpo-
CIIe)KMBAETCS UYETKO BBIPAKEHHAS TUIPOXHU-
MHUYECKask 30HaJIbHOCTh. B OcHOBHO# ob6nactu
OacceiiHa IIMPOKO Pa3BUTHI PECHBIE U COJIOHO-
BaTble (710 3 1/1) ruapokapOOHATHO-HATPUEBHIE
BOonbl. B BocTOWHOl okpamHe OacceifHa B pas-
pe3e NpeBaIupyOT XJIOPUIHO-HATPUEBBIE BOBI
¢ MuHepanu3amuend 12-28 1/, B OTHETBHBIX
ClIy4asiX BCTPEYaIOTCS MEHEe MHHEpaIM30BaH-
HBIE€ BOJIbI XJIOPUIHO-THAPOKAPOOHATHO-HATPHU-
€BOr0 COCTaBa, B TO BpeMs KaK 30HA MPECHBIX
U COJIOHOBATBhIX BOJ 37€Ch MMEET HEOONbIIYIO
motHocTh [['maporeonorus CCCP... , 1972].

MarepuaJjbl U METOABI HCCIETOBAHUS

B paGore 06001ieHbl 1 TpoaHAIU3UPOBA-
Hbl pe3ylbTaTbl COOCTBEHHBIX MCCIIEIOBAHUMN
aBTopoB 2015-2017 rr. mo U30TONHOMY U XH-
MUYECKOMY COCTaBY BOJ TPS3EBBIX BYJIKAHOB
0. CaxanuH, a TakXe paHee OIyOIMKOBAaHHBIE
JNaHHble. B nuTepaTypHBIX UCTOUYHMKAX JJIst
IOxH0-CaxanuHCKOTO TPSI3€BOTO ByJIKaHA H3-
yuenbl 13 mpo6 [EpmoB, Hukurenko, 2017;
JlarynoBa, Iemn, 1978; UYepHbllieBckas,
1958; YennokoB u ap., 2015; lunos u np.,
1961], nns IlyraueBckoro — 6 [Cupsik, 1968;
WUnbeB u ap., 1970; Jlarynosa, I'emmn, 1978],
ans BAK. Boctounbeii — 1 [Cupsik, 1968],
st JlecHoBckoro BynkaHa — 1 [MeslbHUKOB,
Wnves, 1989], nns JlaruHckoro rpsizeBysKa-
HUYecKoro mposiBieHus — 1 npoba [Llurenko,
1961a]. HemHorouuciaeHHble JHUTEpaTypHBIE
JTaHHbIE, KacalollUecs T'€OXUMHUH TIpA3EBYJIKA-
HUYECKUX BOJ 0. CaxajiuH, OTHOCSTCS TIPEUMY-
mectBeHHO K 60—70-m rr. XX B. OHU OTpaXkaroT
B OCHOBHOM MaKpPOKOMITIOHEHTHBIM COCTaB BO/I,
B TO BpeMsi KaK MHUKPOIJIEMEHTHBIM U M30TOI-
Hbiil (8'®0 u 6D) cocTtaB s BOX HEKOTOPHIX
BYJIKAHOB BOOOIIIE HE OMNpenessuics. XUMHUKO-
AQHAJIUTUYECKHUE OIpPEACNIeHUsT 3TOro mnepuoaa
XapaKTepU3yIOTCS JOBOJIBHO IUPOKUM pa30Opo-
COM 3HAYEHUH Kak JJIs OOIlel MUHEepaau3aluu,
TaK U JIJIsl MHOTUX KOMIOHEHTOB. ClieoBarenb-
HO, BCTAeT BOIIPOC O MPEACTABUTEIBHOCTU ITUX
npo6. Hanpumep, ans Box IlyraueBckux rpsse-
BBIX BYJIKAHOB OTMEYAETCS OYEHb BBICOKUN KO-
s duneHT Bapualuu s o0IIe MUHepaIn3a-
uuu — 96 %. Hamm uccrnenoBanus u MUPOBOM
OMBIT THUIPOTCOXUMUYECKUX  HCCIIECTOBAaHUMN
TPSI3€BBIX BYJIKAHOB HE TOATBEPXKIAIOT TaKyIO
HU3KYIO0 COJIGHOCTb T'PSI3€BYJKAHUYECKUX BOJI.
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B ar10i1 cBsi3u nannbie u3 padotsl [Cupsik, 1968]
1o oopasuam Boj IlyraueBckoro By/kaHa ¢ MUHE-
panu3anueil MmeHee 1 1/11 He YUMTBHIBAIUCh HAMU
npu ananuze. Kpome Toro, /1st HEKOTOPBIX MPOO
OOHapY’>KEHbI JOCTaTOYHO OOJIBIINE MOTPEIIHO-
CTH B KOJIIMYECTBEHHOM XHMHUYECKOM AaHAJIN3e
(M ke omedaTKd B IyOJHMKAIMHU), MOCKOJIBKY
MIPY HAJIMYWH B Pe3yJIbTaTax aHajlu3a BCEX IJIaB-
HBIX aHMOHOB U KaTHOHOB 3TH MPOOBI HE OTBEYA-
0T OCHOBOIOJIAraloLIEMy TPHHIHUIY 3JIEKTPO-
HelTpanbHocTH. Haumbonbliee  pacxoxieHne
MEXIY CyMMOH SKBHBAJICHTOB aHHOHOB U KaTHO-
HOB (18.5 %) ycranosineHo i ogHOM mpoOsI [Ty-
rayeBCKOro rpsi3eBoro Bynkana [JlaryHosa, ['emr,
1978]. OnHako, HECMOTPsI Ha BBICOKOE PaCXOXkK-
JICHUE B JIEKTPOHEHTPAILHOCTH, KOHIICHTPAIN
OCHOBHBIX aHHOHOB M KaTHOHOB B 3TOH Npo6e BO
MHOTOM COOTBETCTBYIOT THIIMYHOMY COCTaBY BOJI
[Tyrauesckoro Byikana. [loaroMmy naHHyto mpoOy
MBI HE UCKITIOYAJI U3 OOIIEero MacCHBa JaHHBIX,
HO HE YYMTBIBAIU MPH aHAJIM3€ U MOCTPOSHUU
rpaMYeCcKuX 3aBHCUMOCTEH MEXIY Pa3IHYHbI-
MH THUAPOT€OXMMHYECKUMH TOKa3aTesIiMH HC-
CJIEyEMBbIX BOJI, TOCKOJIbKY OHa BHOCUT CUJIbHbBIE
UCKaXXEeHUsI TpU (OPMUPOBAHUHU JIMHUU TPEHA.
OueBUIHO, YTO UMEIOLIUECS CBEIEHUS O T€0-
XUMHUH Tpsi3eByJKaHW4YecKux Boj 0. CaxaiauH
TpeOOBAIM YTOUHEHHUS M TPOBEEHUS JIOTIONHU-
TENBHBIX MCCIIEIOBAaHUM. ABTOpaMH B IOCIIE/IHEE
JIECATUIIETHE BBITIOITHEH OOJBIIONH 00BEM THIIPO-
reOXMMHUYECKUX MCCIIEIOBAaHUNA TpSA3EBBIX BYII-
kaHoB. OCHOBHas 4acTh UX nposeaeHa Ha FOx-
Ho-CaxanMHCKOM BynkaHe — 46 mpo0 (moseBoit
ce3oH 2015 1), rpymnme [lyraueBckux ByIKaHOB —
5 npo0 (centa6pr 2016 u aBrycr 2017 ) u Ha
BIK. BocTounstit — 3 mpo6sI (aBryct 2017 ).
AHanu3 XMMHMYECKOro cocTaBa Hccieaye-
MbIX Boj BeinmosiHeH B LIKIT UMI'ul” JIBO PAH.
Konuentpanuu annonos (Cl', Br, SO,*) u ka-
tuonos (Li*, Na*, K*, Ca*", Mg*") onpeaensinch
METOJIOM MOHHOW Xpomarorpaduu, KOHIIEHTpa-
nus HCO,” — TUTPUMETPUYECKUM METOIOM.
Omnpenenenns u30TOomMHOTO coctasa (6'30, dD)
IPSA3EBYIKAHUYCCKUX BOJ TMPOBOIMINCH B Pe-
cypcHoM 1entpe CIIOI'Y «leomomenb» meto-
JIOM UH(PaKpacHOH J1a3epHOU CIIEKTPOMETPHH.

Pe3yabrarsl U 00cy:K1€eHHE

I'mapoxumuyeckue uccienoBaHUs IOKa3a-
JM, 4TO BOXBI I'PA3EBBIX ByIKaHOB 0. CaxainH
BECbMa HEOJHOPOJHBI IO XMMHUYECKOMY COCTa-
BY (puc. 1). DTa HEOTHOPOTHOCTH MPOSBISIETCS
MIPEK/IE BCETO B JIOBOJILHO CHJIBHBIX Pa3IUUMsIX
no obmeil muHepanuzauuu. Ilo pesynbraram

HaIuX OMpoOOBaHMM, HaMOOIEe BHICOKAsST MH-
Hepanu3auus xapakrepHa ang Bog HOxno-Ca-
XJIMHCKOTO TPSI3€BOTO BYJKaHA — B CpPEIHEM
22.5 r/n. Jlns BAK. BocTouHwlil cpemHuii mo-
Kazarenb MuHepanuzaruu 11.1 1/n, mis Bon
[TyrayeBcKMX Tpsi3eBBIX BylnkaHoB — 11.2 r/m.
Hcxonst n3 IuTepaTypHBIX JTaHHBIX, MUHEPAIH-
3arus Bog Bocrounoro u FOxuo-CaxainHCKOro
IPSA3EBBIX BYJIKAHOB COIVIACYyeTCsl C TOKas3are-
MU npounibix Jiet. [ns Boxa ke [lyraueBckux
IpsI3E€BBIX BYJIKAHOB, IO JaHHBIM MCCJIEIOBAHUN
1960—-1970-x romoB, cpeHHI TOKa3aTelb MU-
Hepanu3anuud 6.2 T/7, 3TO MPAKTHYECKH B JBa
pasa MeHbIlle Hamwmx 3Ha4eHuil (puc. 1). Takoun
HU3KUN MTOKa3aresib MUHEpaIN3aluu, BEPOSITHO,
o0yclioBieH pa30aBlICHUEM TIpsI3eBYJIKaHUYC-
CKHX BOJI ITPECHBIMU aTMOC(EPHBIMHU OCaIKaMH,
TaK Kak oOIee copeprKaHue pacTBOPEHHBIX CO-
neit B npoOax [lyraueBckux rpsi3eBbIX BYJIKAHOB
B TOT MEPUOJ 3HAUUTEIBHO BapbUpyeT, oT 2.6
1o 12.5 rv/n [Cupsik, 1968; WUnbeB u np., 1970;
Jlarynosa, I'emm, 1978]. Haubonee Hu3Koi Mu-
HepaJu3aluei, IO JUTEPaTypPHBIM JTaHHBIM,
xapakrepu3yrorcs Boasl Jlarmackoro (3.3 r/m)
u JlecnoBckoro (0.1 r/7) rps3eBBIX BYJIKAaHOB
[[uTtenko, 1961a; MensuukoB, Unnes, 1989].

KucnorHo-menounple CBOMCTBA BOJ Ca-
XaJUHCKUX TPSA3EBbIX BYJKAHOB BapbUPYIOT
B OTHOCHTEIIbHO HEOOJBIINX Mpeaenax: 3Ha-
yenust pH st Boa FOxxHo-CaxanuHcKoro ByII-
KaHa HaxomsaTcsd B amama3oHe oT 7.0 go 9.2,
s [lyraueBckoro — ot 7.9 nmo 8.7, ans Byi-
kaHa Bocrtounsiii — ot 7.8 mo 8.2. Ilo coort-
HOIIIEHUIO OCHOBHBIX HOHOB BOJBI TPS3EBBIX
ByJKaHOB 0. CaxajluH OTHOCSTCA K pa3HbIM
THAPOXUMHYECKAM THIIaM (110 Kiiaccuukanuu
C.A. Hlykapesa). Bonbr IOxHo-CaxannHcko-
ro, [lyraueBckoro u BoctouHOro ByjaKaHOB TU-
JPOKapOOHATHO-XJIOPUIHO-HATPUEBBIC,  BOIBI
JlaruHCKOTO MMEIOT YETKO BBIPAKEHHBIN XJIO-
PUIHO-HATPUEBBIN CcOCTaB, JIECHOBCKOTO — T'H-
JPOKapOOHATHO-XJIOPUIHO-CYIb(haTHBINA HATPU-
€BO-MarHHUeBbIN.

HaGmionaemass HEOTHOPOMHOCTh XUMHUYE-
CKOTO COCTaBa Ipsi3eByJKaHMYecKuX Boj 0. Ca-
XaJIUH, BEPOATHO, OIPEAENACTCS HCXOIHBIM
COCTAaBOM MAaTEPUHCKOTO TPS3EBYIKAaHUYECKOTO
BeulecTBa. [Ipexne Bcero aTo MOXeT ObITh 00-
YCJOBJIEHO MPUYPOUYEHHOCTBIO TPA3EBBIX BYII-
KaHOB K Pa3HbIM BOJOHOCHBIM KOMITJIEKCAM, KO-
TOpBIE Pa3IMYAOTCSl BEIIECTBEHHBIM COCTaBOM
BOJIOBMEIIAIOININX  TMOPOM, THAPOXUMHUYECKON
crieu(HKOiA, a TAKKe CKOPOCTHIO BOIOOOMEHA.

Xumnueckuir coctaB Bon IOxxHO-Caxammh-
ckoro, IlyrayeBckoro u BocTo4uHOro TrpsizeBBIX
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BYJTKQHOB CBHJICTEIILCTBYET 00 X pasrpy3ke ¢ JI0-
CTaTouHO Oonpimx rmyouH. Boapl JlecHoBCcKoro
BYJIKaHA SIBJISIFOTCS (DAKTHUECKHU YIIBTPAIIPECHBI-
MH U 10 CBOUM THIPOXUMHYCCKUM XapaKTepH-
CTHKaM COOTBETCTBYIOT BOJIaM 30HBI BBIBETPH-
BaHUs. MBI monaraem, 4to ()OPMHUPOBAHHUE BOJ
JIeCHOBCKOTO ByJIKaHA IPOMCXOIWT IPH AKTHB-
HOM Y4acCTHH BOJI 30HBI CBOOOIHOTO BOII0OOMEHA.
BooOrie roBopsi, XuMHUYECKUN COCTaB BOJ, pas-
IPYKAIOIIUXCS HA JaHHOM YYacTKE, CTABHUT TOJ
BOMPOC TPHUHAJICKHOCTh PacCMaTpHUBaEMOTO
MIPUPOTHOTO OOBEKTA K IPs3eBbIM BynkaHaMm. Ofi-
HaKO pPEIICHUE 3TOr0 BOMpoca TpeOyeT JTOTOTHH-
TEJILHOTO U3yUYCHHUS.

Yrto e KacaeTcssi XHMMHYECKOTO COCTaBa
BOJl JlarMHCKOTO Tps3eBYJIKAHUYCCKOTO IIPO-
SIBJICHUSI, TO MPHYPOYCHHOCTH ATOT0 OOBEKTa
K nmpuOpexxHoi yactu Heliickoro 3anmBa 00y-
CJIOBIIMBACT 3HAYUTEIHLHOE BIMSHHE MOPCKUX
BOJl Ha THUAPOTEOIOTMYECKUI PEXHUM BYyJIKaHA.
B pa6orax [[{utenko, 1961a, 1961b] ykazaHo,
YTO M3MEHCHUE MUHEPAIHU3AIMK U XUMHUYECKO-
r'o cOCTaBa BOJ B Ipeeiax JJarmHCKOro yvact-
Ka 0OYCJIOBJICHO Pa3HOM CTENEHBIO CMEIICHHS
CTa0OMHHEPATN30BaHHBIX BOJ| TIIYOHMHHBIX TO-
PHU30HTOB, XapaKTEPU3YIOMINXCS MOBBIIICHHBIM
COJIep’)KaHUEM THUAPOKapOOHAT-HOHA, C MOp-
ckumu Bojamu. Ilpu 3TOM mpeamonaraercs,

Puc. 1. [IpocTpaHCTBEHHBIC PA3INYHUsI B XHMUYECKOM COCTaBE BOJ IPSA3EBYIKAHUYECKHX MPosiBiIeHuit 0. Ca-
XallMH C YKa3aHUEM TEOJIOTHYSCKUX YCIOBHI: | — YeTBepTHYHAs CHCTEMa, 2 — MaJeOreH-HEOreHOBAsT CH-
crema, 3 — MeoBasi cucTeMa, 4 — maae0301i-Me30301CKas CHCTeMa; 5 — OCHOBHBIC Pa3pPHIBHBIC AHCITOKALIIH;
6 — crparurpaduyeckue rpaHupl. s nokasaresaeil XUMUYIECKOro COCTaBa MOKa3aHbl CPEAHIE 3HAYCHHS;
N — KOJIMYECTBO MP00; 3Be37104K0iT 0003HaUEHBI JaHHbIE COOCTBEHHBIX UCCIIEOBAHUI.
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YTO «TPSA3EBBIC BYJKAHUYMKH U TOPSYHE KITFOUU
HMEIOT OJHY TeHeTHuUecKyro mpupony» [Lu-
TeHko, 1961a, c. 174]. [leiicTBuTenbHO, Ipsi3e-
BYJKaHUYECKHE W TEPMOMHHEPAIbHBIE BOJIbBI
Ha JlarMHCKOM YYacTKe CXOXKH MO CBOEMY XH-
Muueckomy coctaBy [Xapkos, 2018; IluteH-
ko, 1961a, 1961b] (puc. 1). I[To cooTHOMmIEHUIO
OCHOBHBIX KOMIIOHCHTOB M T€, W JPYTrue¢ OT-
HOCSITCSL K XJIOPUJHO-HATPUEBOMY THUITy. 3aMe-
THUM, YTO TepPMaJIbHBIE BOJBI 3/1€Ch OYEHb Pa3-
HOPOAHBI MO CBOEH MHHepanu3anuu — oT 1.4
1o 23.7 r/n [XKapkos, 2018; I{utenko, 1961a].
TepputopuanbHo J[arnHCKOE TMAPOTEPMATILHOE
MoJIe MOAPA3AEISAIOT HA TPU ydacTKa pasrpys-
KU MUHEpalibHbIX Boa — CeBepHbIid, [leHTpans-
Hbiit u FOxubii [Kapkos, 2018; Caxapos u ap.,
2020]. ITo nanueiM [XKapxkos, 2018], rps3eBbie
rpuconsl pacnonaratorcs Ha CeBEpHOM ydacT-
Ke, [JIe MUHEpaIu3alus TepMajbHbIX Boj oT 2.0
70 8.5 1/7, 4TO B LIEJIOM COOTBETCTBYET OOBIU-
HOW MHHEpaJIW3aIlii BOJ W3 TPS3EBBIX TpUoO-
HOB. [lo3TOMY MBI Takke CKJIOHHBI MOJararb,
YTO BOABI U3 TPUGOHOB U TEPMATbHBIX UCTOU-
HUKOB Ha J[arMHCKOM y4YacTKe UMEIOT OOuIuit
reHesuc. OTMETHM, YTO XUMHUYECKUU COCTaB
JlaruHCKHUX TepM U3ydeH B OOJbIIEH CTEMEHH.
B cnydae orcyTcTBUS CBEIEHMH O KaKMX-JIMOO
TUIPOXUMHUYECKUX ToKa3arensx Juist Boa u3 Ja-
THHCKUX TPS3EBBIX IPU(OHOB MBI C COOTBETCTBY-
IOIIMMH OTOBOpKaMHU Oy/ieM MCIIOJIb30BaTh JaH-
HbI€, TIOTYYEHHbIE JIJIs1 TEPMAJIbHBIX HCTOYHUKOB.

HeomHopomHoCcTh  XMMHYECKOTO — CcOCTaBa
rpsi3eByJKaHUYECKUX BOA 0. CaxaJlMH MOXET
ObITH 00yCIIOBIIEHA TaK)K€ Pa3IMYHOI Tra3oreo-
XMMHYECKOHN CrIelHaIN3alMed pa3HbIX paiOHOB
octpoBa. CornmacHo pabore [IllakupoB u mp.,
2012], na o. CaxanuH BBIIEIAIOTCS JIBE OC-
HOBHBIE Ta30Ir€OXUMHUYECKHE 30HBI: METAaHOBAs
U YIJIEKUCIIO-METAaHOBasA, KOTOPhIE Pa3IMyaoT-
CSl TEKTOHUYECKUM CTPOEHUEM M UCTOYHHKAMHU
YITIEBOIOPOAOB. B ceBepo-BOCTOYHONM M BOC-
TOYHOM YacTSAX OCTPOBA ra3oONpOSBICHUS MIPE/-
CTaBJICHbl TVIaBHBIM 00pa3oM METaHOM, yIJie-
KHCJIBIY Ta3 B HUX CONEPIKUTCS B OYEHb HU3KUX
KOHUEHTpauusax. Tak, mia [laruHckoro rpsize-
BYJIKQHMYECKOTO YYacTKa OCHOBHBIM KOMIIO-
HEHTOM CBOOOJHO BBIJICIISIFOIIUXCS Ta30B SIBIIS-
ercs CH,. B 3anannoi u 1oro-3anajHoi 4acTsax
OCTpPOBa B Ta3OIMPOSBICHUSIX BO3PACTaeT IO
YIJIEKUCIIOTO ra3a, BIUIOTh 10 TOTO, YTO OH MO-
KET SIBIATHCA MPEoOIaaloNIiM KOMIOHEHTOM.
Camble Bbicokue KoHueHTpanun CO, Habmro-
natorcst Ha HOxHO-CaxalMHCKOM ByJIKaHe —
10 95 00. %. Ha Bynkanax IlyraueBckuii u Boc-
TouHbIi KoHLeHTpanus CO, nocturaer 40 06. %.

Takum oOpa3zom, Ha o. CaxanuH HaOIIOIaEM
TEHJICHIIMIO K BO3pacTanuto koHuenTpanuu CO,
B COCTaBe CBOOOHBIX Ia30B I'PSA3EBbIX BYJIKAaHOB
B IO)KHOM HampapieHuH. B aToM e Hampasie-
HUU OTMEYAETCS U3MEHEHHUE THAPOXUMUYECKOTO
TUIA TPSA3EBYJIKAHUYECKHX BOJX OT XJIOPUIHO-
HATPUEBOTO K TUAPOKapOOHATHO-XJIOPHIHO-HA-
TPUEBOMY.

['a30HACBIIEHHOCTh TOA3EMHBIX BOA 0O0Y-
CJIOBJIMBAET HAlpaBJICHHOCTb INPOLIECCOB B3au-
MOJENCTBHSI B CUCTEME «BOa—TI0POAA—Ta3», UTO
MPUBOJUT K CYLIECTBEHHBIM JINTOJIOTO-TUpPOTe-
OXMMHMUYECKUM U3MEHEHHUSM KOMIIOHEHTOB ITOMN
cuctembl. M3BecTHO, 4TO 000TraIeHHOCTh MOJ-
3eMHbIX BoJ CO, ABISETCA IMaBHBIM (AaKTOPOM,
OTIpPENEISIONMM HHTEHCUBHOCTh  MIPOLIECCOB
TMJIpOJIM3a BOJOBMELIAIOIIMX TOPOI. JTOT MPO-
LIECC COTIPOBOXK/IAETCsI HE TOIBKO 00pa3oBaHHEM
BTOPUUYHOM MUHEpaIbHOM (pa3bl, HO ¥ MOCTYILIE-
HUEM B pacTBOp MOBUKHBIX KaTHOHOB (Na*, K*,
Ca?*, Mg?") U3 MCXOIHBIX MUHEPAJIOB, a TAKXKe
obpasoannem HCO, ™ [[Isapues, 1996].

[ns Box rpsizeBbIX BynkaHoOB 0. CaxaiuH
XapaKTepHa CWJIbHAasi KOPPEIsALMOHHAs 3aBU-
CUMOCTh Mexay KoHueHTpauusimu Na“ u Cl
(puc. 2). Ilpu >TOM (uryparuBHble TOUKH Ha
puc. 2 GopMHUPYIOT JABa Pa3HBIX JUHEHHBIX
TPEH/1a, YToJl HAaKJIOHA KOTOPBIX CHJIBHO pa3-
nuyaercs. Ha atom ocHoBaHuU K03 DHUITUEHT
KOppeJsiuU MEXJ1y KOHLEeHTpauusmu Na*
u Cl” Obu1 paccuuTaH AJIsl KaXKIOW TPYIIIbI
¢urypatuBHbIX Touek. Tak, misg Box HOxxHo-
CaxanuHckoro, ITyrauesckoro u Bocrounoro
I'PSI3€BBIX BYJIKAHOB KOA(DPUIMEHT Koppeis-
muu [Mupcona mexay Na+ u Cl- cocraBuser
0.95. [nga TepManbHBIX W Tps3eBYyJIKaHUYE-
CKMX BOJ JlarMHCKOro y4yacTka 3TOT Kod3(pPu-
IIMEHT NMPAaKTUYECKU paBeH enunuie. Heobxo-
JUMO OTMETHUTb, 4YTO TOUKA, COOTBETCTBYIOLIAs
JlecHOBCKOMY TpsA3€BOMY BYJIKaAHY, 3aHUMAET
MIPOMEXYTOYHOE TOJOKEHUE MEXAY IBYyMS
TpeHJaMH, MO3TOMY JaHHas mpoba OblIa uc-
KJIIOUEHA NPU pacyere KOpPPEIsSLMOHHBIX 3a-
BUcUMOCTeH. 13 pacueToB Takyke HCKIIOYEHA
ofHa npoba u3 IlyraueBckoro rps3eBoro Byi-
KaHa 10 MPUYMHE HECOOTIOACHUS MPUHIUIIA
JIEKTPOHEUTPAIBHOCTH. JINHENHYIO KOppes-
uuio Mexay Na® u ClI- MoxxHO paccMaTpuBaTh
KaK OJMH M3 MPU3HAKOB TOTO, YTO OCHOBHBIM
MCTOYHUKOM BOIHOM (ha3bl rpsi3eByIKaHHYE-
CKUX (IIOUJOB SBISAIOTCS CEJUMEHTAlMOH-
HO-NIOTpeOEHHBIE MOPCKHE BOJABI, KOTOpbIE
B JIaJIbHEUIIIEM HMCIBITHIBAIH pa30aBieHHE Mpe-
CHbIMH BoiaMu. OTMETHUM, YTO MOJIOKUTEIIbHAS
KoppensiuuoHHas cBsi3b Mexay Na“ u Cl Ha-
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OromaeTCst TaKkKe ISl BOJ, HA3€MHBIX T'PSI3€BBIX
BYJIKAHOB B JIPyTHX peruoHax mwmpa [Liu et al.,
2009; Ray et al., 2013; u ap.]. Onnako ¢ury-
paruBHble TOYKM Ha nuarpamme Na'— CI, co-
oreercTBytomme Oxno-Caxanunckomy, Ilyra-
YeBCKOMY M BOCTOUYHOMY Tpsi3€BbIM BYIIKaHaM,
HAXOJISITCS BBIIIE JIMHUM Pa30aBIeHUS MOPCKOU
BOJIOM, T.e. DTH BOABI CYIIECTBEHHO OOorarie-
Hbel Na". CoorBercTBeHHO, oTHOmeHHe Na/Cl
I BOJ OOJBIIMHCTBA TPSA3EBBIX BYJIKAHOB
0. CaxanuH 3HAYUTENILHO MPEBBIIIAET 3TOT MO-
Kazarenb A7 MOPCKOM BOABI (KOTOPBIA paBeH
0.55). Hdns Box IOxHO-CaxallMHCKOTO BYJIKa-
Ha otHomeHue Na/Cl cocTtaBisier B cpeaHeM
1.5, nna IlyrageBckoro — 1.7, misi BoctouHo-
ro — 2.2. Tonbko B Bomax JlarMHCKOTO Tpsize-
BYJIKAHMUYECKOTO0 YyuacTka oTHomieHue Na/Cl
JIOBOJILHO OJIM3KO K MOPCKOW Bojie — okoJio 0.7.
Jns JIecHOBCKOro ByJKaHa 3TO OTHOLIEHUE
paBHO 1.1, HO BOABI TOrO ByJIKAaHA HU3KOMH-
HEpaJIM30BaHHbIE YIBTPANPECHBIE, OCHOBHBIM
HUCTOYHHKOM WX TOTIOTHEHHUS, BEPOSTHO, SIBJIS-
I0TCS BOJBI aTMOC(EPHO-UHPUIBTPALMOHHOTO
renesuca. PopMHpOBaHME XHUMHUYECKOTO CO-
CTaBa 3TUX BOJ MPOUCXOIUT B Pe3yibTare Mmpo-
[[ECCOB BBIBETPUBAHUS — pa3pyLICHHUs] TOPHBIX
MOPOJI TpY UHPMIBTPALIMKA aTMOC(EPHBIX 0Cal-
koB. [Ipu pasyiokeHHH CUIMKATOB U aJIFOMO-
CHJIMKAaTOB B BOJHBIM PacTBOP MOCTYHAaeT Psif
MTOJIBYKHBIX KaTMOHOB, BKroyas Na', K, Ca?",
Mg?* [Hpusep, 1985]. CiocoGHOCTh BOA K BbI-
HIEJIAYMBAHUIO BOJIOBMEUIAIONIUX MOPOJ MOBBI-
[I1aeTcs 3a CUeT MPHUCYTCTBUS B HUX PACTBOPEH-
HOTO YTJIEKHCIIOrO ra3a (arMoc(epHOro W/uiu
MUKpPOOUATBLHOTO MPOUCXOXKIeHUS ). YacTh pac-
tBopeHHoro CO, npu B3aUMONEHCTBHU BOJBI
¢ noponamu npeppainaercs B HCO, ™.
3aBUCUMOCTb MEXAY KOHLIEHTpanusmu Na'
u Cl” B Ips3eBYJIKAHUYECKHUX BOAX CBUJICTEIIb-
CTBYET O MOCTYIUICHUH ITHX DJIEMEHTOB B I'psi3e-
BbIC BYJIKAHBI 3 OJJHOTO UCTOYHHUKA — B JAHHOM
cily4ae, Kak MbI IOJlaraeM, U3 MOPCKOW BOJIBI.
DTa CBSA3b XOPOIIO COXPAHSETCS B JIOBOJIBHO
IIMPOKOM JIMana3oHe KOHIIGHTPAIMi B IPO-
1eccax MCIapUTENbHOTO0 KOHLIEHTPUPOBAHUS
IpsI3€BYIKAHUUECKUX BOJl UM WX pa30aBiIeHUs
METEOPHBIMU BOAAMHU. B 3THUX CiTydasiX KOHIICH-
TpalMy BCEX KOMIIOHEHTOB XHUMHUYECKOTIO CO-
cTaBa BOJ OyIlyT MOJOXKUTEIHHO KOPPEIUPOBATH
HE TOJBKO ¢ conepkanueM nonoB Cl- (1, Takum
00pa3oM, 3aBUCETh OT OOIIEH MUHEPATU3AIINH ),
HO U MeXay coboit. OgHako Oosiee neTabHBIC
MCCJIEIOBAHUS TO3BOJISIIOT TOHATH, YTO KOP-
pENALMOHHAS CBA3b MEXAY KOHIEHTpalUsSIMU
Na*' u ClI" ans Box Tps3eBbIX BYJIKAHOB MOXKET

Puc. 2. CoorHomenne xonuenrpanuii CI- u Na* B Bo-
Jlax CaxaJMHCKHUX TIps3eBbIX BynkaHOB (1 — FOsxHO-Ca-
xanuHckuit, 2 — [lyraueBckuii, 3 — Boctounsiii, 4 — Jlec-
HOBCKuH, 5 — JlarmHckuii) U JIarMHCKUX TepMallbHBIX
HUCTOYHMKOB (6). CruromHasi JMHUS — TUIOTETHYECKHN
TpeH/ pa30aBieHus] MOPCKOH Boibl. [lyHKTHpHBIE M-
HUU — JIMHEHHBIE PErpecCHOHHBIE 3aBUCUMOCTH, IIO-
CTPOEHHBIE 110 METOAY HAMMEHBIINX KBaJIpaToB (a — 11l
IOxH0-Caxanunckoro, [Tyrauesckoro u Boctounoro Byi-
KaHOB, b — 111 TEPMaJIbHBIX U TPSA3EBYJIKAHUYECKUX BOJ
Jarunckoro ydactka). Onna po6a u3 [lyrageBckoro Byi-
KaHa MCKIIIOUEHAa U3 PacueToB MPH MOCTPOECHUM TPEHIA
(CM. TIOSICHEHUS B TEKCTE).

UMETbh Pa3HyI0 CHIIy WM BOBCE OTCYTCTBOBATb.
Tak, B x011€ THIPOre0OXMMHUYECKOI0O MOHUTOPHH-
ra, npoBeneHHoro Hamu Ha lOxHO-Caxanmus-
CKOM rpsi3eBoM Bynkane B 2015 1., Obuio ycra-
HOBJIEHO, YTO [yl TPS3€BYJIKAaHUYECKHX BOJ,
HE TIO/IBEPTUINXCS pa30aBICHUIO aTMOCQHEPHBI-
MU 0caJKaMH, K03()(OUIIMEHT KOPPETSLHUN MEX-
ny conepxkanusiMu Na“ u ClIo OnM30K K HYJIIO
[Huxutenko u ap., 2017]. Toraa xak npu pas-
OaBJIEHUU TPA3EBYJIKAHUYECKUX BOJ METEOp-
HbIMHU BOJIaMU HaOIIOAeTCsl IOJOXKHUTEIbHas
3aBucuMocth Mexay Na™ m Cl. Ocobenno-
CTBIO 3THUX HalOmofeHui ObuT 0TOOp OOJNBIIO-
ro KOJIM4ecTBa NMpPOO0 B TEUEHUE HECKOIbKHX
mecsieB. llpuyeM KOHIEHTpanuu OCHOBHBIX
AQHMOHOB M KAaTHOHOB B 3THUX Mpo0ax BapbHpO-
BaJIM B HEOOJIBILIOM JUAana3oHe, OCKOJIbKY IIPo-
ObI ObUI COOpaHbI HAa OTHOM U TOM K€ OOBEKTE.
Pe3ynbTaThl MOHUTOPHHIA MO3BOJISIIOT TOBOPUTH
0 ToM, 4yTO Na" JONOJTHUTENBHO MOCTYIAET B Ips-
3€BYJKaHHYECKUE BOIBI U3 KAKOTO-TO JIPYTOrO HC-
TouHuKa. CremoBarelibHO, MpOLECCHl pazdaBiie-
HMSl WA KOHLIEHTPUPOBAHMS MOTYT 3aTPyAHATH
UICHTU(PHUKAINAIO IPYTUX MPOIECCOB, Y4acTBY-
IOIIMX B ()OPMUPOBAHUN XMMUYECKOTO COCTaBa
IpsA3EBYIKAHUYECKUX BOJL.

Otnomenne Na/Cl B Bomax rpsi3eBbIX BYII-
KaHOB MMEET OTYETIUBYIO IOJIOKHUTEIbHYIO
koppessiuuto ¢ HCO,/Cl, koadduumnent koppe-
nsiumu [Tupcona pasen 0.96 (puc. 3). Jlannas 3a-
BUCHUMOCTb IIOKa3bIBAET, YTO JJIs BOJ C Haubosee
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nuskuM conepxanueM HCO,~ ornomenue Na/Cl
JIOBOJIBHO OJIM3KO K 3HAYEHHUIO ITOTO MOKa3aTess
JUIS MOPCKOM BOZbL. DTO COINIACYETCsl C TUIIOTE-
30 O TOM, YTO UMEHHO BOJIbI MOPCKOT'O I€HE3U-
ca SIBJIAIOTCS UCXOJHBIM MCTOUHUKOM JJIs Tpsize-
ByJIKaHWYECKUX BOJA. COBMECTHOE YyBEIUYEHUE
konuenrpauuii Na* u HCO, B rpsseByskanu-
YECKUX BOZAAX SIBJISIETCS CIEACTBUEM IIPOLIECCOB
MeTamop(du3alui  UCXOAHBIX CEAMMEHTAlU-
OHHBIX MOPCKHUX BOA. MBI monaraem, 4to pocT
konnenrpanuu HCO,” npoucxomur 3a cyer mno-
CTYIUICHHMSI HEOPraHH4ecKOro yriaeponaa (mpe-
xne Bcero pactBopenus CO,). HacwimennocTs
IPA3EBYJIKAHUYECKUX BOJ| YIVIEKHCIIBIM Ta30M
YCUJIMBAET UX arpeCcCUBHOCTh K BOJIOBMEIIAIO-
UMM HaTpHicoAepKallluM aTIOMOCHIUKATHBIM
nopozam (Hanpumep, K ansouty —NaAlSi,O,), B
pe3yJibTaTe 4ero MpOUCXOAUT UHTEHCUBHOE BBI-
menaynBanue Na“ M3 BOJOBMEIIAOIINX MTOPO.
1 ero copmecTHoe Hakomsienue ¢ HCO,™ B Bo-
JTHOM pacTBOpE.

Konuenrpamus Mg?* B Bomax rpsi3eBbIX ByJI-
kaHOB 0. CaxaJluH, MPEaNONIOKUTENBHO, TAKXKe
OTpa)KaeT pa3Hyl0 CTeNeHb MeTamopduzanuu
IpSA3EBYJIKAHUYECKUX BOA B peruoHe. Bompl
HOxHO-CaxanMHCKOro Tps3eBOro ByJIKaHa 000-
raieHbl Mg? 1Mo CpaBHEHUIO C OCTAJIbHBIMH
BYJIKAHAMH: CpEIHHM IOKa3aTesib OTHOIICHUS
Mg/Cl ans mux 0.05. Konnenrpamnuu Mg** B Bo-
nax Ilyragesckoro, Bocrounoro u Jlarmackoro
IPSA3EBBIX BYJIKAHOB COIOCTABUMBI: CPEIHUH MO-
kazarenb Mg/Cl mns vux okono 0.02. Habmro-
JAEMO€ HCTOLICHHE TIPSA3EBYJIKAHUYECKUX BOJ
Mg?" 1o cpaBHEHHIO C MOPCKOI BOIOM (711 Hee

Puc. 3. 3asucumocts otnomenui Na/Cl m HCO,/Cl
B BOIAX CaxaJHMHCKHUX Tps3eBBIX ByiIkaHoB (1 — HOx-
Ho-Caxanuackuii, 2 — IlyradeBckuii, 3 — BocTouHbIH,
4 — JlecHoBckuit, 5 — Jlarunckuil) u JlarnHCKUX TepMab-
HBIX MCTOYHHUKOB (6). I[IyHKTHpOM mOKa3zaHa JMHEHHAs
perpeccroHHasl 3aBHCUMOCTb, MOCTPOCHHASI 110 METOXY
HauMeHpIMX kBagpartoB. OmHa mpoba u3 [lyraueBckoro
ByJIKaHa UCKIIIOUCHA U3 PACUETOB IPH MOCTPOCHUHU TPEH-
Ja (CM. MOACHEHHS B TEKCTE).

orHomienne Mg/Cl cocrasnsier 0.07), Kak Mbl
nojiaraem, OoOYCJIOBIIEHO TpoIleccaMu Tpeodpa-
30BaHUS TPSA3EBYIIKAHUYECKHUX BOJ B PE3yNbTare
B3aUMOJICHCTBUS B CUCTEME «BOAA—TIOpO/Ia—Tas3y,
B YaCTHOCTH MPOIIECCAMU OCAXKICHUS KapOOoHAaT-
HBIX MUHEPAJIOB M HIOHHOTO OOMEHA C IJIMHAMHU.
Konnentparus Ca?" B rpsi3eByIKaHHUECKUX
BOJIaX B OCHOBHOM PETYIHPYyeTCs KapOOHATHBIM
paBHOBecueM. TepMonMHAMUYECKHUE pacyeThl
MMOKa3bIBaIOT, yTO BOABI FOkHO-CaxaamHCKOTrO,
IlyrayeBckoro u BoCTOYHOIO rpsi3eBbIX BYJIKa-
HOB cwibHO mnepeckimeHsl nmo CaCO,. 3Haue-
HUs uHAEeKca Hackimenus Sl (saturation index)
cocTtaBisitor B cpeanem 1.5; 1.4-1.6; 1.5-1.7
COOTBETCTBEHHO. Hamu Takke ObUIO IKCTepu-
MEHTaJIbHO YCTaHOBJIEHO OCa)<JIeHUE KapOOHa-
Ta Kaiblug B 3Tux Bomax [Hukurenko, 2019].
Kak cnenctBue, mpoiecc OCakIeHUS CaCO3
crocobcTByeT BhiBeAcHHIO Ca’’ M3 BOXHOTO
pacTBopa ¢ HOBOOOpasyromelcss MUHEpaIbHON
¢dazoit. beIcTpo H3MEHAOIIUECS TapaMeTpbl
kapOoHaTtHOW cuctembl: pH, KoHUEHTpauuu
HCO, un CO32* — OIpEAEeNsitoT UHTEHCUBHOCTh
Iporecca OcaxIeHus KapOoHaTa KaJlbLus B Ipsi-
3eBYJIKaHMYECKUX BOojax. B cBs3M ¢ aTUM conep-
xanue Ca?* B BoJax rpsi3eBbIX ByJKaHOB 0. Ca-
XalluH MOXET JOBOJIbHO CHJIBHO H3MEHSTHCS
B Mpezesax Jaxe OJHOro BylIKaHa U He GpopMu-
pyer ueTkoil nuddepeHInayu rps3eByIKaHI-
YEeCKUX BOJI B PETMOHE 10 JAHHOMY ITOKa3aTellto.
Konnenrpamum Takux MHKPOKOMIIOHEH-
TOB, KaK JUTUN U OOp, B BOJAX Pa3HBIX rpsize-
BBIX BYJKaHOB perMoHa pasznuyaiorcs (puc. 4).
Ha nmarpamme Cl-B-Li Bynkansl xopomio
muddepenuupoBansl. [Ipu sTom momns KOxHO-
Caxanuuckoro, IlyraueBckoro u BocTounoro
BYJIKaHOB pacIoyiaralorcsi JOCTaTOYHO OJIM3KO
MEXIy COO0M M XapaKTEPHU3YIOTCS MOBBIIICH-
HBIM COJIEpKaHUEM JINTUS U 00pa OTHOCUTEILHO
MoOpckoil Boabl. Torga kak mojne JlarmHckux
TEPMOMHHEPAIbHBIX  HCTOYHHKOB  000CO-
OJICHO OT HUX W PACIIOJIOKEHO OJIMKE K TOY-
ke Mopckod Bojsl. Ilo pesynbraram Hammx
ompoOOBaHMI, KOHIICHTpAIUs JUTUS B BO-
Jax CaxaJMHCKUX BYJIKAHOB COCTaBJISE€T OT
0.2 mo 7.3 mr/m, 6opa — ot 210 mo 360 mr/m.
HauGonbmiee comepxanue nauTus HaOmrona-
ercs B Bomax OxHo-CaxanwmHCKOTO ByJKaHa,
O6opa — B Bojgax BIK. Boctounsiii. [loBbimieH-
HbI€ KOHILIEHTpauu 0opa creuudHbI A5 BOJ
HE TOJBKO CAaXaJIMHCKUX, HO M OOJBITHHCTBA
IpsA3eBbIX ByJKaHOB Mwupa [Mazzini, Etiope,
2017]. Hanmpumep, B Bojax ByikaHoB KepueH-
CKOI'O I1-0Ba KOHIIEHTpalusi 00pa MOXKET AOCTHU-
rarb 1636 mr/n [Sokol et al., 2019]. Cuuraercs,
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YTO 00OTaIlCHUE TPA3EBYIIKAHMYECKUX BOJ 00-
POM TIPOHCXONIUT B PE3YyNbTaTe €ro JAecoponuu
U3 DIMHUCTBIX MHHEPAJIOB B MpOIecce MpeBpa-
IICHUS CMEKTUTa B WOLIMT [JlaBpymwH u 1p.,
2015; Hensen et al., 2004; Sokol et al., 2019].
[To Bceil BUIUMOCTH, HAOIIONACMbIC BapUaIlMN
cofiepkaHusi 60pa B BOAAX TPS3EBBIX BYJIKAHOB
0. CaxaluH OTpa)KaloT Pa3HyIO CTENEHb MOCT-
CEIMMEHTAIMOHHBIX ~ MTPEeoOpa3oBaHMid, IPO-
UCXOISIIUX B CHCTEME «BOJIA—TIOPOAa—Ta3y.
Jlis  OUEHKH TEePMOAMHAMUYECKHX YCIIO-
BUIl (OPMHUPOBAHUS BOJA TPSI3EBBIX BYJIKaHOB
0. CaxanmH TNPUMEHSIIHCh THIPOXUMHUYCCKUE
re0TePMOMETPHl — MOIYIMITUPUIESCKUE 3aBUCH-
MOCTH, KOTOPBIE CBSI3BIBAIOT KOHIICHTpAIIUU He-
KOTOPBIX KOMITOHGHTOB XHWMHYECKOTO COCTaBa
U TeMmIeparypy MOI3eMHBIX Bofd. s momyde-
HUsl OoJiee HAJICKHBIX TEMIIEPATYPHBIX OIICHOK
UCIIONIb30BAJIOCh HECKOJIBKO T€OTEPMOMETPOB:
Mg-Li, Na-Li, K-Na u K-Mg [Giggenbach,
1988; Kharaka, Mariner, 1989]. Heo6xomumo ot-
METHTb, YTO 3HAYCHUS TIIYOWHHBIX TEMIIEPaTyp
(bopMHUpPOBaHUsI BOJI IPSI3EBBIX BYJIKAHOB, ITOJTy4Ya-
eMBIe U3 pacyeTa Mo THAPOXUMUICCKIM TeoTep-
MOMETpaM, HEOOXOTUMO CUUTATh OPHEHTUPOBOY-
HBIMH, TIOCKOJIbKY MX HCIIOJIb30BaHUE HE BCETna
JaeT OTHO3HAYHBIC PE3yJbTaThl. BBITIOTHEHHBIC
pacyeThbl OKA3bIBAIOT, UTO TEMIIEPATYPhI (HOpMHU-
pOBaHUs BOJ IPS3EBBIX BYJIKaHOB Ha 0. CaxanuH
HECKOJILKO Pa3IMyaroTcs (CM. Tabiuiry).
[TnacroBeie TemIeparypsl i BIK. BocTou-
HBI COCTABIISIIOT, TIO JIaHHBIM Pa3HBIX Te0Tep-
MOMETpPOB, 0T 51 10 55 °C. AHaIOrMYHbIE OLIEH-
ku ans FOxxno-Caxanunckoro u IlyrageBckoro

Puc. 4. CootHonienne koHrentpanuii (B mr/m) Cl, Li u B
B BO/IaX CaXaJIMHCKUX TIps3eBbIX BysikaHOB (1 — FOxHO-
CaxanuHckuid, 2 — [lyraueBckuii, 3 — Boctounsrii) u [la-
THHCKUX TEPMAJIbHBIX HCTOYHHUKOB (4). sl cpaBHEHHS
IOKa3aHbl KOHIIEHTPAIIMK COOTBETCTBYIOIIMX KOMITOHEH-
TOB B MOpcKoii Boze (5).

BYJIKAHOB 3aMETHO BbIIIE: B Auana3one 81-151
1 69—136 °C coorBercTBEeHHO. /{151 pacuera TeM-
nepatryp (OpMHpPOBaHUS BOJ TI'PA3EBBIX BYJIKa-
HOB Haumbosee noaxoasmuMm cuutaercs Mg—Li
re0TepPMOMETP, KOTOPBIN OBbLI CIIEUAIBHO pa3-
paboTaH i BOJ 0CaJ0YHbIX OacceHHOB MIUPO-
KOrO JMarna3oHa MHuHepanuzauuu [JlaBpymiuH,
2015]. Ucxons 3 3HaYeHUH TeMIeparyp, IoiIy-
YeHHBIX 110 Mg—L1 reotepmomeTpy, ¥ BETUUUHBI
reO0TEPMUYECKOrO T'paJMEHTa Ha HCCIeNyeMOon
teppuropuu [Becenos u ap., 1997], 6butn cae-
JaHbl OLEHKHU NTyOUHBI 3ajJeraHus rps3eBysIKa-
Hu4eckux kamep. Tak, cpeansis myOuHa 3ajera-
HUS PE3EPBYapOB, U3 KOTOPHIX OCYILECTBIAETCS
BOJIHOE muTaHue, cocraniisieT At HOxHo-Caxa-
JIMHCKOT'O ByJKaHa okouso 2.6 kM, st ITyraues-
cKoro — 2.5 kM, st BiK. Boctounsmi — 1.3 kM.
[InacroBeie Temmeparypsl g Box Jlarus-
CKHUX TEPMOMMHEpAJIbHBIX UCTOUHUKOB IO pa3-
HBIM I'€0TEpPMOMETPAM ONPEIENICHBI B JUana3o-
He oT 65 mo 100 °C (cm. Tabmuiy). Hanbomnee
HOAXOJAIIMMH Ul BOJA THMJIPOTEPMaIbHBIX
cucrem cuurarorcsi K-Mg n Na—K reorepmo-
meTpbl [Giggenbach, 1988]. I'myOunHble TeM-
neparypsl (opMUpoBaHus BoA J[arMHCKUX Tep-
MOMHMHEPAJIBHBIX HMCTOYHUKOB, DPACCUYMTAHHBIE
no K—Mg reorepMmomeTpy, COCTABIISIIOT B CPEI-
HeM 70 °C, mo Na—K reorepmomerpy — 100 °C.
WuTeprpetupys pasHULly B IIOKAa3aHUSAX, ClIE-
oyeT yuumThiBaTh, 4ro0 Na-K reorepmomerp
OOBIYHO HCTOJIb3YeTCs Ui OLIEHKU ILIaCTOBBIX
temriepatyp cBeimre 150 °C [Kharaka, Mariner,
1989]. Kpome Toro, remmneparypbl, pacCUMTaH-
Hble 10 K—Mg reorepmoMeTpy, ciiefyeT CUuTaTh
Oosiee HalEKHBIMH, IOCKOJIBKY DPABHOBECHOE
cocTosHue KoHUeHTpauuid K u Mg B Tepmaib-
HBIX BOJIaX JIOCTUTAETCs ropas3zio ObICTpee, 4yeM
koHueHTpaumii Na u K, B pesynsrare yero K-Mg

Tabnuya. OueHkH Temneparyp (popMUpPOBAHUS BOJ
CaXaJIMHCKHUX I'Psi3eBbIX BYJIKAHOB M JlarHHCKHUX
TepMaJIbHBIX HCTOYHUKOB N0 TMIPOXUMHYECKUM
reoTepMoMeTpam

Temnepatypa, °C
T'eorepmomerp
t] o2 | 3 | 4
Mg-Li 105 102 51 65
Na—K 113 82 55 100
K-Mg 81 69 55 70
Na-Li 151 136 53 91

Ipumeuanus. 1, 2 u 3 — FOxno-Caxanunckuii, [Tyrayeckuii
1 BocTouHBIH TpsizeBBIe BYNKaHBI COOTBETCTBEHHO; 4 — JlarmH-
CKHE TepMajbHble HUCTOUYHHKU. [lo KaxkIoMy reorepMoMeTpy
NIPE/ICTABIICHBI CPETHNE 3HAYEHHS PACUETHBIX TEMIIEpaTyp.
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reoTepMOMETp ObICTpee pearupyer Ha U3MEHe-
HUS TUTACTOBBIX Temmeparyp [Giggenbach, 1988].
B cootBercTBHM C TemmeparypaMmu, MOIYyYeH-
HbiMHM 110 K-Mg reorepmomeTpy, U BETMUMHON
TreOTEPMUYECKOr0 TpaJiu€HTa Ha HCCIIeIyeMOn
tepputopud [Lteiin, 1962] dopmupoBanue Tep-
MOMHHEpaIbHBIX BOJA JlarnHCKOro MecTopoXKie-
HUSI IPOUCXOAUT Ha r1yOuHe 2.1 kM.

W3otonHblil cocTaB BOJ IPsI3eBBIX BYJIKAaHOB
0. CaxanuH 10 HEIaBHETO BPEeMEHH ObLT N3y4YeH
04eHb cy1abo. Hamu momyueHsl U30TOMHBIE OIpe-
nenenns 6'°0 u 0D mia IOxkuo-CaxanuHcKoro,
[TyraueBckoro u BOCTOUHOrO rpsi3eBBIX BYJIKA-
HoB [Epmos, 2017, 2018]. ns Box JlecHOBCKOTO
1 JIarMHCKOTO IpsA3eBYIKAHUYECKUX MPOSBICHUN
M30TOIHBIE OTpeIeNeHUs] OTCYTCTBYIOT. [lpen-
rojnarasi OOIIHiA TeHEe3UC TPSA3EBYIIKAHUYECKUX U
TEpPMOMUHEpaIbHBIX BOJ Ha J[arMHCKOM ydacTke
1, KaK CJIEJICTBHUE, CXOKHE U30TOITHBIE MTOKa3are-
JM A7Is1 9TUX BOJI, B JAHHOM pabOTe MBI UCIIOIb-
3yeM H30TOIHbIE XapaKTepUCTUKH JlarmHCKHUX
TEPMOMMHEPATLHBIX HCTOYHHUKOB U3 PalOThHI
P.B. JKapkosa [2008].

WMzoronueii cocras Bon IOxuo-Caxanus-
ckoro, IlyraueBckoro m BocTouHOro rpsizeBbIx
BYJIKAHOB CYILECTBEHHO OTJIMYAETCs OT COCTa-
Ba METEOPHBIX U MOpPCKUX Boj (puc. 5). JImua-
Ma30H Bapualuii 3HadeHuit 6'80 B OCHOBHOM
coctaBiser oT +1.0 mo +7.2 %o SMOW, a 3Ha-
yeHuss 0D koneOmoTcs B mHTEpBasie oT —36.0
10 —15.0 %o SMOW. BuaHo, 4To 0o U30TOMHO-
My COCTaBY BOJbl 3THX BYJIKAaHOB Pa3INU4arOTCs
HE3HAYUTETHLHO U 00pa3yIoT MPAaKTUYECKU €IU-
Hoe mose Ha auarpamme 6'°0-6D. OtmeTHm,
YTO XapaKTepHbIE 3HAUYEHHUS] M30TOMHBIX IIO-
Kazareneil BoJ OOJIBIIMHCTBA I'PA3EBBIX BYJKa-
HOB MHpa HaxojsaTcs B uHTepBanax (—1 +7) %o

Puc. 5. M3oTonHbIi cocTaB BOJ CaXalMHCKUX TPSA3EBBIX
BynkaHoB (1 — FOxHo-Caxamuuckuii, 2 —IlyraueBckuid,
3 — Bocrounslif), JJarnHCKHUX TepMalbHBIX HCTOYHHUKOB
(4) u crammaptHO# Mopckoit Bogsl (SMOW — standard
mean ocean water) (5).

st 020 u (—30...— 10) %o mst 6D [Huxutenko,
Epios, 2017].

Conepxanns 0'°0 u 6D CBHIETEIBCTBYIOT,
YTO BOJIbI MIEPEUUCICHHBIX TPSA3EBBIX BYJIKaHOB
0. CaxanuH B OCHOBHOM (pOpMHpPYIOTCSI B pe-
3yJIbTAaT€ CMEIICHHUS] MCXOJHBIX CEIUMEHTAalIU-
OHHO-TIOTPEOCHHBIX MOPCKHX BOJ| C METCOPHBI-
MU U JAeTUJIpaTalliOHHBIMU BogaMu. HamomuumM,
YTO HM30TOIMHO-TSDKENbIE JAEeTHUJIpaTalliOHHbIC
BOJIBI BBIJICIISIIOTCS MPU TpaHCHOPMAITIK TIIMHU-
CTBIX MHHEPAJIOB B 00JIaCTH BBICOKUX TEMIIepa-
Typ Y JaBJICHUM.

JlaruHckue TepMOMHUHepaIbHble UCTOUHUKH
CYUIECTBEHHO OTJIMYAIOTCS MO CBOUM H30TOI-
HBIM TIOKa3aTeNsiM OT IEPEYUCIICHHBIX BBIIIE
rpsi3eBbIX BynkaHOB 0. Caxanun. CoxpepxaHus
080 m D B TepMaibHBIX BOAax JlaruHCKO-
IO MECTOPOXKJICHUS HAaXOASTCA B MHTEpBajlax
(-15.3...-14.1) n (-106.8...—-101.7) %0 SMOW
COOTBETCTBEHHO, YTO YKa3bIBA€T Ha METEOp-
HOE TpoucCXoxkaeHue 3Tux Boa. Kpome Ttoro,
M30TOIHBIA COCTAaB U3JIMBAIOIIMXCS TEPMOMHU-
HEpAJIbHBIX BOJ MPAKTUYECKU UIACHTUYEH U30-
TOITHOMY COCTaBy TPYHTOBBIX BOJl B JaHHOM
paiione [Kapxkos, 2008].

Cy1iecTBeHHbIE THAPOTCOXUMUYECKUE OTIIN-
yusi JIarMHCKOTO TpsI3EBYJIKAHMYECKOTO IPOSIB-
nenus ot FOxuo-Caxanunckoro u IlyraueBckoro
IPsI3€BBIX BYJIKAHOB MO3BOJISIOT MPEAIOI0KHUTb,
YTO JAHHOE BOJOTPA3EHPOSBICHUE HENb3sl OT-
HOCHUTB K Tps3EBbIM ByJkaHaMm. Panee aBropamu
pabotsl [CopounHckas u 1p., 2008] yxe ObLIO
MPEIOKEHO cuuTaTh JlarmHckoe Boporpsse-
MPOSIBJIEHUE JIOKAJIbHOW THUAPOTEPMAIIbHOU CH-
CTeMOM Ha TOM OCHOBaHHUH, YTO OHO OTJIIMYAETCS
ot FOxno-Caxanuuckoro u IlyrageBckoro rps-
3€BBIX BYJIKAHOB 10 M30TOIHOMY U XUMHUYECKO-
My COCTaBy CBOOOJHBIX Ta30B, SJIEMEHTHOMY
U MUHEPAJIOTUYECKOMY COCTaBy BBIIEIsAEMON
Ips3eBOM Macchl. IIpydyemM HCTOYHUKOM TBEp-
JIbIX BBIOPOCOB SIBJISIFOTCS, BEPOSTHO, MOJIOZIBIC
HEOTeHOBbIE IMUHBI. Kpome Toro, 31ech HET Th-
MAYHBIX TSI TPSI3EBBIX BYJIKAHOB B3PBIBOIOI00-
HBIX U3BEP)KCHHUN M 00pa3yIOIIMXCS TMOCIIEe HUX
MOJICH COMOYHOM OpeKIHHu.

3akjao4YeHne

ITo pe3ynbraram uccie0OBaHU yCTaHOBJIE-
HO, 4TO Tpsi3eBYJIKAHHMYECKUE BOAbl Ha 0. Ca-
XaJUH BECbMa HEOAHOPOAHBI IO XUMUYECKOMY
COCTaBy. JTa HEOJHOPOAHOCTH IMPOSBIISICTCS
B IIEPBYIO OYEPEb B MUHEpAIU3ALUU MOJ3EM-
HbIX BoA. CpegHui moKazarenb I Pa3HbIX
IPA3EBYJIKAHUYECKUX MPOSBICHUN BapbUpPyeET
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or 0.1 mo 22.5 r/n. Hanbonee BbICcOKast coie-
HOCTh cBoOMcTBeHHa Boaam HOxHo-CaxanuH-
CKOTO ByJKaHa, a camas Hu3Kas — Bogam /Jla-
TMHCKOTO M JIECHOBCKOTO IpsA3€BYJIKAHUYECKUX
MPOSABJICHUNM. BoOIbl CaxaJlMHCKHUX TI'PSA3EBBIX
BYJIKAHOB OTHOCSITCSI TaKX€ K pPa3HbIM THIPO-
xuMudeckuM THnaM. HOxxno-CaxaauHCKHIMA,
ITyrayeBckuil 1 BOCTOUHBIN ByJIKaHbI BEIHOCST
Ha TOBEPXHOCTh T'MAPOKApOOHATHO-XJIOPUTHO-
HaTpUEBbIE BOABI, TOAA KaK B npezaenax Jlarun-
CKOTO TIpA3EBYJIKAHUYECKOTO Yy4YacTKa pasrpy-
KAIOTCS BOJBI XJIOPUIHO-HATPUEBOIO COCTaBa,
a BoJ1bl JIECHOBCKOTO ByJIKaHA XapaKTEPU3YOTCS
THIPOKapOOHATHO-XJIOPUAHO-CYIb(PATHBIM Ha-
TPUEBO-MarHueBbIM cocTaBoM. Habmronmarorcs
pa3iauuns U MO COAEPKAHUI0 MUKPO3JIEMEHTOB
B I'PSA3EBYJIKAHMYECKHUX BOAAX — TAKUX Kak JIM-
TUH U 60p. DTUMHU MHKpPOAJIEMEHTaMu OOraThl
Boabl  OxHo-Caxanmunckoro, IlyraueBckoro
1 BocToyHOro rpsi3eBbIX BYJIKAaHOB. YKa3zaHHas
TUIPOTreOXUMHYECKasi HEOJHOPOIHOCTh TIpsi3e-
ByJIKAaHMUYECKMX BoA Ha 0. CaxanuH ompeneins-
€TCsl, BEPOSITHO, KaK UCXOJIHBIM COCTaBOM Mare-
PUHCKOTO TPS3€BYJIKAaHUYECKOIO BEILIECTBA, TaK
U T€0JIONO-TEKTOHUYECKUMH YCJIOBUSAMU paiio-
HOB I'PSI3€BOTO BYJKaHU3MA.

C nomoursto Mg—-Li, Na—K, K-Mg u Na-Li
TMJIPOXMMHUYECKUX T€OTEPMOMETPOB CJIEIAHbI
OILICHKH TeMIIepatyp (pOpMHUpPOBAHUS T'PSI3EBYII-
kaHndeckux Bop 0. Caxammn. Cormacno Mg—Li
reorepmomerpy, i FOxnHo-CaxannHckoro,
[TyraueBckoro m BoCTOYHOrO TpsA3€BBIX BYJI-
KaHOB XapaKTEpHbl IIJIACTOBBIE TEMIIEpaTypbl
ot 51 no 105 °C, a nns JlaruHCKUX TE€PMOMH-
HEpaJIbHBIX MCTOYHHUKOB, comacHo K—Mg reo-
TepMmoMmeTpy, — B cpeaHem 70 °C. Ucxons u3 pe-
THOHAJBHBIX TE€OTEPMHUYECKHX TPaTUEHTOB,
IyOMHA 3ajieraHus BOJOHOCHBIX IJIACTOB, IH-
TAIOUIMX 3TU (IIOUIHBIE CUCTEMBI, COCTABIISIECT
NepBbIC €AUHULIBI KULIIOMETPOB.

CoBMecCTHBIM aHajan3 M30TOMHOTO U XMMH-
yeckoro cocrasa Boj IOskHo-CaxaJWHCKOTIO,
[TyraueBckoro u BocToyHOro rpsizeBbIX BYIIKa-
HOB YKa3bIBa€T Ha TO, YTO HCTOYHUKOM BOJAHOTO
MUTAHUS JJIs1 STUX BYJKAHOB SIBJISIFOTCS TITyOHMH-
HBIE BOJIbI MOPCKOTO T€HE3Hca C pa3HOU CTere-
HBIO TIOCTCEIMMEHTAIIMOHHBIX U3MeHeHu. On-
HUM U3 BeAyIIMX (PakTopoB MeTamopQuszanuu
UCXOJHBIX  CEAMMEHTAIIMOHHO-MOTrpeOeHHBIX
MOPCKHX BOJ| SIBJIIETCSA MOCTYIUIEHHE B Tpsi3e-
BbIE BYJIKaHbI BOJJOPACTBOPUMBIX (JOPM Heopra-
HUYECKOTo yrepoza (B nepsyw ouepens CO,).
HaceienHocTs rpssesyinkanudeckux Box CO,
YCHJIMBAeT UX arpecCUBHOCTH K BOJOBMEIIAIO-
MM aJIFOMOCWJIMKATHBIM MOPOAAM, YTO IpHU-

BOJIUT K IMOBBILIECHUIO CONEPKAHUS HEKOTOPBIX
XUMHUYECKHUX JIEMEHTOB B IPSA3EBYJIKAHUYECKHUX
Bozax (B wactHoctH Na* u Mg*).

['uaporeoxumuyeckue JaHHbIE CBHUETENb-
CTBYIOT O TOM, 4TO Boabl JlarmHckoro u Jlec-
HOBCKOTO TPA3EBYIKAHUYECKUX MPOSBICHUN
HeNb3s OTHECTH K 3pesbIM BOJAAM INTyOMHHOI
UUPKYJSLUUA, KOTOPBIE AJTUTEIBLHOE BpEMs B3a-
MMOJIEUCTBYIOT C BMEILAIOIIMMU MOPOJIaMHU NIPU
JIOCTaTOYHO BBICOKUX TEMIIepaTypax U JaBiie-
HUSAX. Bozbl 3TUX (OIIOMIHBIX CHCTEM IO CBO-
UM [apameTpaM — H30TOMHOMY coctaBy (6'80
u 0D), MUHEpanu3aIm, CONCPKAHUIO CIICIU-
(UYHBIX MUKPORJIEMEHTOB — HE COOTBETCTBYIOT
BOJIaM TOJIABJISIONIETO OOJBIIUHCTBA TPSA3EBBIX
ByJIKaHOB Mupa. B To ke Bpems mnst Box HOx-
Ho-CaxanuHckoro, [lyrauesckoro u Bocrouno-
r'O BYJIKAHOB TaKO€ COOTBETCTBHE HAOMIOAAETCS.
BeposiTHO, McTOUHMKH BOIHOTO TnUTaHus J[la-
TMHCKOTO M JIECHOBCKOTO I'PSI3€BYJIKAHMUYECKHUX
MPOSIBIICHUN PacojlaraloTcs B BEPXHUX CTPYK-
TYPHBIX 3TaKaX 30HbI CBOOOAHOIO BOJJOOOMEHA.

OTU TPA3EBYIKAaHUYECKHE TPOSBICHUS TaK-
)K€ BeChMa CBO€0Opa3HbI 10 CBOEH MOP(OIIOTHH.
B vactHoctu, FOxno-Caxanunckuii u [Tyraues-
CKUU BYIKaHbl (OPMHUPYIOT CHEIUPUIECCKUE
rpsA3eBYJIKAHUYECKUE JIaHAMA(ThI, XapakTepu-
3yIOLIUECS, HAIPUMEp, HaJTMYHUEM T0JIEH comoy-
HOM OpeK4YMH WM PACTUTENbHOM 30HAIILHOCTH
B HalpaBJI€HUU OT 3PYNTUBHOTO LIEHTPA K EpU-
¢depun BynkaHa. JIeCHOBCKU e BYIKaH HUKAK
HE BBIpaXEeH B penbede wim B JaHAmadTHBIX
00CTaHOBKAaX.

VYuuTeiBas ynsTpanpecHslil cocras Box Jlec-
HOBCKOTO BYJIKaHa, MBI [10JIATa€M, YTO OHH IIPeJI-
CTaBISIIOT CcOOOW HWHQUIBTPALIMOHHBIE BOJBDI,
T.€. UMEIOT METCOPHBIN renesuc. IloaTomy Mbl
CKJIOHHBI [yMaTh, 4TO JaHHasl (IIOMIHAs CHCTE-
Ma HE JIOJKHA CUUTAThCS TPSA3EBYIKAHUYECKUM
nposiBieHueM. [lapokcrusmanbHas JesTENbHOCTh
ATOW (IFOMTHON CHUCTEMBI, 3a(UKCHPOBaAHHAS
B 1986 1., mpeacraBiser coO0OH, BEPOSTHO, JIO-
KaJbHBIM cOpOC IMJIaCTOBOTO JABJICHUS B BEpX-
HEM BOJJOHOCHOM TOPU30HTE (HaIpUMep, IMyTeM
ruapopaspeiBa). OpHako HEOOXOAMMO y4H-
ThIBaTh, YTO K HACTOSIIEMY BPEMEHHU JIaHHbIC
0 XMMHYECKOM COCTaBE€ pPa3rpyKaeMbIX 371€Ch
BOJI TIOJTyY€HBI TOJIKO Il OfHOM mpoOsl. [lo-
9TOMY 17151 60Jiee OTHO3HAYHBIX U J10CTOBEPHBIX
BBIBOJIOB 10 3TOMY BOIPOCY TpeOyercsi MpoBe-
JIEHHUE JIOTIOJIHUTENBbHBIX HccienoBanuil. Ckopee
BCET0, TAK)KE HEJb3sl OTHOCUTh K I'PSI3€BYJIKAHU-
YECKUM TMpOSBJICHUSAM M JlaruHCKue rpsi3eBble
rpuQoHbl. Pe3ynbTaTsl COBOKYIHOTO aHaiIM3a
TeOJIOrMYECKUX U THIPOr€OXUMUYECKUX JTaHHBIX
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TMAPOrEOXUMMNYECKASI XAPAKTEPUCTHKA MPOSIBIIEHNI PSI3EBOIO BYJIKAHM3MA HA OCTPOBE CAXAJIUH

MIOKa3bIBAIOT CYLIECTBEHHBIE OTIMYHUS JTAaHHOIO
BojorpssenpossiacHus or FOxuHo-CaxammHcko-
ro u [lyraueBckoro rpsi3eBbIX BYJIKaHOB.

Takum 06pa3oM, 70 MOSIBICHUS KaKUX-THO0

HO TOBOPUTH O TOM, YTO Ha 0. CaxaJiuH BCEro
JIBa palioHa MPOSBIICHUS TPA3EBOTO ByJKaHU3MA!
onuH Ha tore — IOxHo-CaxalMHCKUN BYJIKaH,
a BTOPOM B LICHTPAJILHOM 4acTHU — BYJIKaH Boc-

HOBBIX I'€0JIOTO-TEOXMMUYSCKUX HAHHBIX MOXK- TOUHBIM U rpyia Hyra‘{eBCKHX BYJIKAHOB.
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Abstract. There are four areas of mud volcanism traditionally set off on Sakhalin Island. Each of them
is characterized by one or more eruptive mudflow seepage domains of different morphology. This
article considers the results of a study of regional features of the chemical and isotopic (6'*O and 8D)
composition of groundwater discharging from all known mud volcanoes in the region. A pooled analysis
of available literature data showed the studied waters to be heterogeneous in their geochemical parameters.
This heterogeneity is most significantly manifested for the total mineralization, which average values
vary from 0.1 to 22.5 g/l in the waters of different mud volcanic seepage domains. Mud volcanic waters
in the region are also represented by different hydrochemical types, but HCO,—~Cl-Na waters are the most
common. The isotopic characteristics testify the waters of the South Sakhalin, Pugachev, and Vostochny
mud volcanoes to be formed as a result of mixing the original sea waters buried under sedimentation with
meteoric and dehydration waters. One of the key factors in the metamorphization of these waters is the
influx of large amounts of CO, into the channels of mud volcanoes, which contributes to more intensive
leaching of aluminosilicate water-bearing rocks and leads to an increase in the content of Na* and Mg?*
in mud volcanic waters. By the pooled geology and geochemical data, we made an assumption that the
waters of Daginsky and Lesnovsky mud volcanic manifestations do not refer to mature groundwaters
of deep circulation, thus being not generally typical for mud volcanoes. Water-formation temperatures of
the South Sakhalin, Pugachev, and Vostochny mud volcanoes calculated using the Mg—Li hydrochemical
geothermometer vary from 51 to 105 °C, which corresponds to depths range from 1.3 to 2.6 km.
Water-formation temperatures of the Daginsky thermal and mineral springs calculated using the K-Mg
geothermometer average 70 °C, which corresponds to the occurrence of an aquifer feeding this fluid
system at a depth of 2.1 km.

Keywords: mud volcanoes, groundwater, chemical composition, stable isotopes, water—rock—gas inter-
action, Sakhalin Island
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The determination of the sources and mecha-
nisms of mud volcanic substances generation
is one of the topical and the most difficult fun-
damental problems when studying the processes

Introduction

Mud volcanism is one of the forms of ma-
the endogenous processes

on the Earth’s surface, which provide a focused
discharge of the underground fluids in the fault
zones of the Earth’s crust. As a rule, mud volca-
noes are formed in the sedimentary basins with
great thickness of the sedimentary cover and are
usually combined with large oil and gas deposits.
A prerequisite for the mud volcanism develop-
ment is assumed to be the presence of ruptures,
along which the vertical transfer of underground
fluids occurs [Aliev et al., 2015].

of mud volcanism. This problem solution seems to
be possible on the grounds of analysis of the reg-
ularities of the chemical and isotopic composi-
tion of liquid, solid, and gaseous products of mud
volcanic activity. Geochemical studies of mud
volcanoes are also associated with solving
of a set of practical problems. The confinement
of mud volcanoes to deep fractures of the Earth’s
crust makes it possible to study the relationship
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of fluid systems with the regional seismotectonic
processes [Kamenev et al., 2019]. In addition,
manifestations of mud volcanism serve as one
of the search criteria for oil and gas deposits and
are also considered a significant source of emis-
sion of greenhouse gases into the atmosphere
[Ershov, Bondarenko, 2020].

The geography of mud volcanism covers
more than 40 countries [Aliev et al., 2015].
The most extensive volcanic activity mani-
fested in Azerbaijan and the adjacent water
area of the Southern Caspian. In Russia, mud
volcanoes are known on the Kerch and Taman
peninsulas, as well as in the Western Kuban
and the waters of the Azov and Black seas. Spec-
ified regions are often combined into the Kerch-
Taman mud volcanic province, which is the
second largest area of mud volcanism develop-
ment in the world. Mud volcanoes in Russia are
also known in the Far East, on Sakhalin Island.
Our earlier comparative analysis of the substance
composition of the products of the mud volca-
noes activity in Azerbaijan and Sakhalin Island
showed the Sakhalin volcanoes to be some dis-
tinct from Azerbaijani ones by the geochemical
composition of liquid, solid, and gaseous emis-
sions, in addition to differences in morphologi-
cal characteristics and intensity of paroxysmal
activity [Nikitenko et al., 2018]. Moreover, mud
volcanoes on Sakhalin Island differ greatly from
each other by morphology, occupied area, par-
oxysmal and gryphon-salse activity stages.

In general, Sakhalin Island is a unique place
for the mud volcanism study: the structural
and dynamic position of the island in the active
transition zone from the continent to the ocean
determines the presence of thick sedimentary
strata with oil and gas deposits, numerous rup-
tures, a high degree of sediments dislocation, and
intense contemporary seismotectonic activity.
Hydrogeochemical studies of mud volcanic man-
ifestations of Sakhalin Island were carried out
mostly in the 60—70s of the last century. In the last
decade, such works have been resumed at the In-
stitute of Marine Geology and Geophysics, FEB
RAS, and a number of new results have been ob-
tained using modern instrumental methods.

This work aims to summarize and analyze
the hydrogeochemical data on mud volcanoes
of Sakhalin Island in order to understand the reg-
ularities of formation of isotopic and chemical
composition of mud volcanic waters in the re-
gion. Besides, we believe that the geochemical
specificity of mud volcanic manifestations in the
region may be conditioned by the pronounced
heterogeneity of the geological and tectonic con-
ditions of their development zones. This aspect
is also considered in the article.

Hydrogeological and tectonic
characteristic of the studied areas

There are four traditionally identified areas
of mud volcanism manifestation on Sakhalin
Island: the South Sakhalin and Lesnovsky mud
volcanoes in the south; the Vostochny volcano
and the group of the Pugachev volcanoes (Main
Pugachev, Small Northern, Small Southern)
in the central part; the Daginsky mud volcanic
manifestation in the north. The areas of mud
volcanism manifestation on Sakhalin Island
are in different geological and tectonic condi-
tions. Herewith, all mud volcanoes are localized
in sedimentary basins along large deep faults
of the Earth’s crust [Geology of the USSR...,
1970].

The South Sakhalin mud volcano is a volca-
no in the classical sense by its morphology. It is
a high hill in the form of a truncated cone with
a diameter of more than 400 m at the foot, com-
posed of clay deposits. The area of fresh volcano
breccia here is about 5 hectares. There are groups
of gryphons and salses at the top of the hill, from
which water, gas and mud are actively released.
Periodically (with an interval of about 20 years),
powerful volcanic eruptions occur, after which
the landscape of the area significantly changes.
The strongest eruptions of the South Sakha-
lin mud volcano were recorded in 1959, 1979,
and 2001 [Mel’nikov, Ershov, 2010]. The last
eruption of sufficiently high power occurred
in the spring of 2020.

The Pugachev mud volcanoes have the shape
of flat discs and belong to a common swampy
ovate-rounded basin of 2 x 1.5 km. Eruptions of
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varying power occur here every few years, after
which new round-shaped mud fields are formed.
According to the data available in the literature,
15 eruptions have been recorded on the Main
Pugachev volcano since 1906: in 1906 (?), 1911,
1929, 1933, 1934, 1935, 1948 (?), 1952, 1961,
1967, 1988, 1996, 2002, 2003 and 2005 [Ershov,
Mel’nikov, 2007]. Because the observations
of the Pugachev mud volcano activity are irregu-
lar, it is likely that some eruptions of minor pow-
er might not have been recorded. As is obvious,
the Pugachev volcano differs from the South
Sakhalin one in more frequent eruptions, the
power of which is quite different. The strong-
est eruptions on the Pugachev volcano were
observed in 1934 and 2005, when area about
10 hectares was covered with emissions of fresh
mud volcanic breccia. During the periods of oth-
er eruptions, the area of ejected mud volcanic
breccia has rarely exceeded 1 ha. It should also
be noted that the current gryphon-salse activity
on the Pugachev volcano is significantly lower
than on the South Sakhalin one.

The Vostochny volcano is located about
4 km north-northeast of the Pugachev volca-
noes. In contrast to the South Sakhalin and
Pugachev volcanoes, this is a rather small mud
volcanic manifestation with much less activity.
There is no reliable information about the erup-
tions of this volcano. There are no fields of fresh
breccia here; only a few small salses located
a few meters from each other are functioning.

Tectonically, the South Sakhalin and Vostoch-
ny volcanoes, and the group of Pugachev volca-
noes belong to the large Central Sakhalin fault,
which is the border of the junction of the West
Sakhalin anticlinorium and the Central Sakha-
lin synclinorium. The Cretaceous rocks, uncon-
formably bedded at the Paleozoic-Mesozoic
basement, outcrop in the central part of the West
Sakhalin Mountains. Eastward of the West
Sakhalin Mountains, the Neogene sediments
unconformably overlap the folded Cretaceous
sediments [Geology of the USSR... , 1970].
Mud volcanoes are located here in the main field
of the Cretaceous outcrops. Within this field, the
Cretaceous stratum of the section is subdivided
into the Krasnoyarkovskaya, Bykovskaya, Nai-

binskaya, and Aiskaya suites. Bykovskaya suite
composed of homogeneous mudstones and clay-
ey siltstones is a parent for the mud volcanoes
[Mel’nikov, II’yev, 1989]. The sediments ac-
cumulation of the Bykovskaya suite took place
in marine conditions. During the Cenomanian
and Turonian centuries, there was a large sea
basin within the West Sakhalin structure-facial
zone, where a stratum of the sedimentary de-
posits of the Bykovskaya suite with a thickness
of more than 2000 m was formed [Hydrogeol-
ogy of the USSR... , 1972].

In terms of hydrogeology, these mud volca-
noes are located on the border of the West Sakha-
lin hydrogeological massif and the Susunai
hydrogeological basin. Free-flow fissure and fis-
sure-vein waters are predominantly abundant
in the West Sakhalin hydrogeological massif.
Aquifers belong to the rocks of the Danish-Tu-
ronian and Cenomanian age. The water-bearing
rocks of the Cenomanian aquifer are sandstones,
often tuffites, less often gravelstones, siltstones.
The aquifer of Danish and Turonian sedi-
ments is composed of sandstones with the beds
and lenses of conglomerates, gravelstones and
mudstones, the areas with coal seams are also
found. By the chemical composition, the waters
of the upper aquifers are hydrocarbonate (less
often hydrocarbonate-chloride and chloride-
hydrocarbonate) with a mixed cationic composi-
tion, and fresh with mineralization of less than
0.5 g/l. Fissure-vein waters of deep circulation
(revealed by the oil exploration well at a depth
of about 2 km) are chloride-sodium-calcium,
and their mineralization is 33 g/l [Hydrogeology
of the USSR..., 1972].

In the Susunai intermountain basin adjacent
to the Central Sakhalin fault in the east, the aq-
uifers which belong to rocks of the Quater-
nary, Pliocene and Miocene age are developed.
The waters of the Upper Quaternary aquifer are
phreatic, fresh, with mineralization of less than
0.5 g/l, mostly hydrocarbonate, with a mixed
cationic composition. The distribution area
of associated groundwater corresponds to aqui-
fers of the Pliocene, Upper and Middle Miocene,
as well as the Lower Miocene age. The Pliocene
aquifer is characterized with sodium bicarbonate
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waters (locally bicarbonate-chloride waters)
of mixed cations composition, with mineraliza-
tion of 0.2—0.3 g/I. In the underlying horizons,
belonging to more ancient aquifer systems, so-
dium chloride waters with increased mineraliza-
tion of up to 22 g/l are developed [Hydrogeol-
ogy of the USSR... , 1972].

The Lesnovsky volcano is located near the Le-
snoye village, at a distance of 3 km from the coast
of the Sea of Okhotsk in the channel of the right-
bank tributary of the Ochepuha River. This small
mud volcanic manifestation is represented with
several shallow (20-30 cm) slides with the di-
ameter of about 5 m [Mel’nikov, II’yev, 1989].
This volcano eruption was recorded only once —
more than 30 years ago. Currently, there is no
gryphon-salse activity at this volcano. Lesnovs-
ky mud volcano is located in the northern part
of the Muravyovskaya lowland, which is lied
between the Susunay and Tonino-Aniva ridges.
Paleozoic and Mesozoic sediments with sharply
unconformable Neogene ones, which form sepa-
rate, small-area, isolated fields, are abundant in
this region [Geology of the USSR ... , 1970].
Based on the geological data [Mel’nikov et al.,
2008], the maximum thickness of the Neogene
sediments in the area of the Lesnovsky mud vol-
cano does not exceed 800 m. The outcropping
areas of the Upper Cretaceous rocks, which out-
crop from under the cover of the Neogene sedi-
ments, which are represented by Naybinskaya,
Bykovskaya, and Krasnoyarkovskaya suites,
are also identified in this territory. In the work
[Mel’nikov, II’yev, 1989], the same Bykovs-
kaya suite is assumed to be a parent for the
Lesnovsky mud volcano. Thin deposits of this
suite are found in the outcrops of the Podorozh-
naya River in the distant of 10 km southward
of the place where the mud volcano was dis-
charged. Hydrocarbonate-chloride sodium-
magnesium/calcium waters with mineralization
of about 0.1-0.2 g/l are developed in the Mid-
dle-Lower Miocene sediments [Hydrogeology
of the USSR... , 1972].

Daginsky mud volcanic manifestation is very
different from the other mud volcanoes on Sakha-
lin Island. It is a group of small gryphons and
salses, the diameter of which is usually several
tens of centimeters at a base. These gryphons and

salses are located on the coast of the Nyisky Bay
of the Sea of Okhotsk and are periodically flood-
ed with the tide. Nearby, within a few hundred
meters south-westward, there is the Daginsky
thermal mineral field, which is represented on
the Earth’s surface with several dozens of high-
output hot springs. There is no information
about any paroxysmal activity in this mud vol-
canic area.

The Daginsky mud volcanic area is located in
the eastern part of the North Sakhalin lowland and
tectonically controlled by the submeridional Hok-
kaido — Sakhalin fault zone. Its lower structural
stage is probably composed of the Paleogene and
Late Cretaceous rocks, and the upper one is com-
posed of Neogene sediments, the thickness of
which reaches 6—8 km in troughs [Geology of
the USSR... , 1970]. The Neogene sediments
sharply unconformably overlie the deposits
of the lower structural stage and are subdivided
into the Machigar, Daekhurin, Uynin, Daginsky,
Okobykay and Nutov suites. All the suites, ex-
cept for the middle part of the Daginsky one,
are represented with marine terrigenous sandy-
silt sediments, while the middle part of the
Daginsky suite consists of freshwater continen-
tal coal-bearing deposits. The mud volcanic area
belongs to the zone of tectonic dislocation of
the northeastern strike, developed in the horizons
of the Nutov suite of the Pliocene age, consist-
ing of fine-grained clayey loose sandstones. In
terms of hydrogeology, the Daginsky mud vol-
canic manifestation corresponds to the eastern
part of the North Sakhalin artesian basin, which
is built of loose and weakly lithified sediments of
the Quaternary, Pliocene, and Miocene ages with
a total thickness of up to 2-8 km [Hydrogeology
of the USSR... , 1972]. A distinctive hydrochemi-
cal zonality is observed within the basin. Fresh
and brackish (up to 3 g/l) sodium bicarbonate
waters are widely developed in the main area of
the basin. In the eastern edge of the basin, sodium
chloride waters with mineralization of 12-28 g/l
prevail in the section; in some cases, less miner-
alized waters of chloride-hydrocarbonate-sodium
composition are found, while the zone of fresh
and brackish waters has a small thickness here
[Hydrogeology of the USSR..., 1972].
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Research materials and methods

The work summarizes and analyzes the re-
sults of the authors’ own research in 2015-2017
on the isotopic and chemical composition of the
waters of mud volcanoes of Sakhalin Island, as
well as the previously published data. Thirteen
samples for the South Sakhalin mud volcano
[Ershov, Nikitenko, 2017; Lagunova, Gemp,
1978; Chernyshevskaya, 1958; Chelnokov et
al., 2015; Shilov et al., 1961], six samples for
Pugachev volcano [Siryk, 1968; II’yev et al.,
1970; Lagunova, Gemp, 1978], one sample for
the Vostochny [Siryk, 1968] and Lesnovsky
[Mel’nikov, II’yev, 1989] volcanoes, and one
for the Daginsky mud volcanic manifestation
[Tsitenko, 1961a] were studied in the literature
sources. A fairly small literature data concern-
ing the geochemistry of mud volcanic waters of
Sakhalin Island refer mainly to the 60—70s of the
20th century. They mostly reflect the macro-
component composition of the waters, while the
microelement and isotopic (6'*O and 6D) com-
position for the waters of some volcanoes has
not been determined at all. Chemical-analytical
determinations of this period are characterized
with a wide enough values scatter both for the
total mineralization and for many components.
Therefore, the question about the representa-
tiveness of these samples arises. For example,
a very high coefficient of variation for the total
mineralization of 96 % is noted for the waters of
the Pugachev mud volcanoes. Our research and
world experience in hydrogeochemical studies
of mud volcanoes does not support such a low
mineralization of mud volcanic waters. In this
regard, the data of the work [Siryk, 1968] on the
water samples from the Pugachev volcano with
mineralization of less than 1 g/l were not taken
into account in our analysis. In addition, appreci-
able errors were found in the quantitative chemi-
cal analysis (or misprints in the publication) for
some samples, since if all the main anions and
cations are present in the analysis results, these
samples do not comply with the fundamental
electroneutrality principle. The largest discrep-
ancy between the sum of equivalents of anions
and cations (18.5 %) was determined for one
sample of the Pugachev mud volcano [Lagu-

nova, Gemp, 1978]. However, despite the high
electroneutrality discrepancy, the concentrations
of the main anions and cations in this sample
largely correspond to the typical composition
of waters of the Pugachev volcano. Therefore,
we did not exclude this sample from the general
data set, but did not take it into account when an-
alyzing and plotting graphical dependencies be-
tween the various hydrogeochemical parameters
of the studied waters, as it introduces significant
distortions in the trend line formation.

It is evident, that the available information
on the geochemistry of mud volcanic waters
of Sakhalin Island needs clarification and ad-
ditional studies. In the recent decade, the au-
thors have carried out a large number of hydro-
geochemical studies of mud volcanoes. Most
of them were carried out on the South Sakha-
lin volcano — 46 samples (field season 2015),
on the group of Pugachev volcanoes — 5 samples
(September 2016 and August 2017) and on the
Vostochny volcano — 3 samples (August 2017).

The chemical composition analysis of the
studied waters was accomplished in the Cent-
er for Collective Use of the IMGG FEB RAS.
The concentrations of anions (Cl,, Br, SO,*)
and cations (Li*, Na*, K*, Ca**, Mg*") were de-
termined by the method of ion chromatography
and the concentration of HCO,™ — by the titra-
tion method. The determination of the isotopic
composition (6'*0, 6D) of mud volcanic waters
was accomplished in the «Geomodel» Resource
Center of St. Petersburg State University by in-
frared laser spectrometry.

Results and discussion

Hydrochemical studies have shown the
waters of mud volcanoes of Sakhalin Island
to be very heterogeneous in chemical compo-
sition (Fig. 1). This heterogeneity manifests
primarily in great enough differences in total
mineralization. According to the results of our
sampling, the highest mineralization is typi-
cal for the waters of the South Sakhalin mud
volcano, at an average of 22.5 g/l. An average
mineralization index for the Vostochny volcano
is 11.1 g/l, for the waters of the Pugachev mud
volcanoes it is 11.2 g/l. Based on the literature
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data, the mineralization of the waters of the
Vostochny and South Sakhalin mud volcanoes
complies with the indexes of previous years. In
contrast, according to the research data of the
1960s — 1970s, the average mineralization of
the waters of the Pugachev mud volcanoes is
6.2 g/l, which is almost two times less than our
values (Fig. 1). Such a low mineralization index
is probably conditioned by the dilution of mud
volcanic waters with fresh atmospheric precipi-
tation, since the total content of dissolved salts
in the samples of the Pugachev mud volcanoes
varies considerably from 2.6 to 12.5 g/l, at that
period [Siryk, 1968; II’ev et al., 1970; Lagu-
nova, Gemp, 1978]. According to the literature
data, the waters of the Daginsky (3.3 g/l) and
Lesnovsky (0.1 g/l) mud volcanoes are charac-
terized with the lowest mineralization [ Tsitenko,
1961a; Mel’nikov, II’yev, 1989].

The acid-alkali properties of the waters
of the Sakhalin mud volcanoes vary with-
in relatively small limits: the pH values are
in the range from 7.0 to 9.2 for the waters
of the South Sakhalin volcano, from 7.9 to
8.7 for the Pugachev volcano, and from 7.8 to
8.2 for the Vostochny one. In the ratio of the
main ions, the waters of mud volcanoes of
Sakhalin Island belong to the different hydro-
chemical types (according to the classification
of S.A. Shchukarev). The waters of the South
Sakhalin, Pugachev, and Vostochny mud volca-
noes are hydrocarbonate-chloride-sodium, the
waters of the Daginsky mud volcano have a pro-
nounced chloride-sodium composition, the wa-
ters of the Lesnovsky volcano are hydrocarbon-
ate-chloride-sulfate sodium-magnesium.

The observed heterogeneity of the chemical
composition of the mud volcanic waters of Sakha-
lin Island is probably determined by the original
composition of the parent mud volcanic sub-
stance. First of all, this may be conditioned by
the mud volcanoes association with different
aquifers, which differ in the substance compo-
sition of the water-bearing rocks, hydrochemi-
cal specificity, as well as the rate of water ex-
change. The chemical composition of the waters
of the South Sakhalin, Pugachev and Vostochny
mud volcanoes testifies to their discharge from

rather large depths. The waters of the Lesnovsky
mud volcano are actually ultra-fresh and cor-
respond to the waters of the weathering zone
by their hydrochemical characteristics. We be-
lieve the formation of the Lesnovsky volcano
waters to occur with the active participation
of the waters of the zone of free water exchange.
Generally speaking, the chemical composition
of the waters discharged in this area calls into
question, whether the considered natural object
belongs to mud volcanoes. However, the solu-
tion to this issue requires additional studies.

As for the chemical composition of the wa-
ters of the Daginsky mud volcanic manifestation,
the belonging of this manifestation to the coastal
part of the Nyisky Bay determines the signifi-
cant influence of sea waters on the hydrogeolog-
ical regime of the volcano. In the works [Tsiten-
ko, 1961a, 1961b], it is indicated that changes
in mineralization and chemical composition of
waters within the Daginsky area are conditioned
by different mixing degrees of low-salt waters of
depth horizons, characterized by a high content
of hydrocarbonate ion, with sea waters. Here-
with, it is assumed that “small mud volcanoes
and hot springs have the same genetic origin”
[Tsitenko, 1961a, p. 174]. Indeed, mud volcan-
ic and thermal mineral waters in the Daginsky
area are similar in their chemical composition
[Zharkov, 2018; Tsitenko, 1961a, 1961b] (Fig.
1). They both belong to the sodium chloride type
by the ratio of the main components. Note the
thermal waters to be very heterogeneous in their
mineralization here, from 1.4 to 23.7 g/l [Zhark-
ov, 2018; Tsitenko, 196la]. Geographically,
the Daginsky hydrothermal field is subdivided
into three areas for the mineral waters discharge
— North, Central, and South [Zharkov, 2018;
Sakharov et al., 2020]. According to [Zharkov,
2018], mud gryphons are located in the Northern
section, where mineralization of thermal waters
is from 2.0 to 8.5 g/l, which generally complies
with the usual mineralization of waters from
mud gryphons. Therefore, we are also tended to
believe that the waters from gryphons and ther-
mal springs in the Daginsky area have a common
genesis. Note that the chemical composition
of the Daginsky thermal waters has been studied
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to a greater extent. In the absence of information
on any hydrochemical indexes for the waters
from the Daginsky mud gryphons, we will use
the data obtained for the thermal springs with
appropriate reservations.

The heterogeneity of the chemical compo-
sition of the mud volcanic waters of Sakhalin
Island may be also conditioned by the different
gas geochemical specialization of various re-
gions of the island. According to [Shakirov et
al., 2012], there are two main gas geochemical
zones on Sakhalin Island: methane and carbon

dioxide-methane, which differ in tectonic struc-
ture and hydrocarbons sources. In the northeast-
ern and eastern parts of the island, gas shows are
mainly represented by methane, carbon dioxide
concentration in them is very low. Therefore, for
the Daginsky mud volcanic area, CH, is the main
component of freely evolved gases. In the west-
ern and southwestern parts of the island, the
carbon dioxide fraction in gas shows increases
so much that it may be the predominant com-
ponent. The highest CO, concentrations are ob-
served on the South Sakhalin volcano — up to 95

Figure 1. Spatial differences in the chemical composition of waters of mud volcanism manifestations
of Sakhalin Island, indicating the geological settings: 1 — Quaternary system, 2 — Paleogene-Neogene sys-
tem, 3 — Cretaceous system, 4 — Paleozoic-Mesozoic system; 5 — main discontinuous dislocations; 6 — strati-
graphic boundaries. The average values are shown for indexes of chemical composition; n — number of sam-
ples; the asterisk denotes the data resulting from our own research.
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vol. %. The CO, concentration reaches 40 vol. %
on the Pugachev and Vostochny volcanoes.
Thus, we observe a tendency for increasing of the
CO, concentration in the composition of free
gases of mud volcanoes in a southern direction
on Sakhalin Island. The changes in the hydro-
chemical type of mud volcanic waters from chlo-
ride-sodium to hydrocarbonate-chloride-sodium
is noted in the same direction.

The gas saturation of groundwater deter-
mines the direction of the interaction processes
in the “water-rock-gas” system, which brings
to significant lithological and hydrogeochemi-
cal changes in the components of this system.
The enrichment of groundwater with CO,
is known to be the main factor, which deter-
mines the intensity of hydrolysis of water-
bearing rocks. This process is accompanied not
only by the formation of a secondary mineral
phase, but also by the influx of mobile cations
(Na*, K*, Ca*", Mg*") from the initial minerals
into the solution, as well as by the formation
of HCO,™ [Shvartsev, 1996].

Strong correlation between the concentra-
tions of Na* and CI is typical for the waters
of mud volcanoes of Sakhalin Island (Fig. 2). In
addition, the figurative points in Figure 2 form
two different linear trends, the slope of which
is very distinct. On this basis, the coefficient of
correlation between the Na® and CI™ concentra-
tions was calculated for each group of figurative
points. Thus, for the waters of the South Sakha-
lin, Pugachev, and Vostochny mud volcanoes,
the Pearson correlation coefficient between Na*
and Cl is 0.95. In turn, for the thermal and mud
volcanic waters of the Daginsky area, the Pear-
son correlation coefficient between Na + and
CI is practically equal to one. It should be noted
that the point corresponding to the Lesnovsky
mud volcano occupies an intermediate position
between the two trends; therefore, this sample
has been excluded when calculating the corre-
lation dependences. One sample from the Pug-
achev mud volcano has been also excluded from
the calculations due to non-observance of the
electroneutrality principle.

The linear correlation between Na* and Cl
can be considered one of the signs that the main
source of the aqueous phase of mud volcanic flu-

1ds is sedimentary-buried sea waters, which sub-
sequently were being diluted with fresh waters.
Note that a positive correlation between Na*
and CI  is also observed for the waters of terres-
trial mud volcanoes in other regions of the world
[Liu et al., 2009; Ray et al., 2013; etc.]. Howev-
er, the figurative points on the Na*—CIl diagram
corresponding to the South Sakhalin, Pugachev
and Vostochny mud volcanoes are located
above the line of dilution with sea water, i.e.
these waters are significantly enriched in Na®.
Consequently, the Na/Cl ratio for the waters
of most of the mud volcanoes of Sakhalin Island
significantly exceeds this index for seawater
(which is equal to 0.55). The Na/Cl ratio averag-
es 1.5 for the waters of the South Sakhalin vol-
cano, 1.7 — for the Pugachev volcano, and 2.2 —
for the Vostochny one. Only in the waters
of the Daginsky mud volcanic area, the Na/Cl
ratio is quite close to sea water — about 0.7.
For the Lesnovsky volcano, this ratio is equal
to 1.1, but the waters of this volcano are low-
mineralized ultrafresh, which primary source of
recharge is probably the waters of atmospheric
infiltration genesis. The formation of the chemi-
cal composition of these waters occurs as a re-
sult of weathering processes — the destruction of
rocks when the atmospheric precipitation infil-

Figure 2. The ratio of CI' and Na® concentrations
in waters from the Sakhalin mud volcanoes (1 — South
Sakhalin, 2 — Pugachev, 3 — Vostochny, 4 — Lesnovsky,
5 — Daginsky) and the Daginsky thermal springs (6).
The solid line shows the hypothetic trend of seawater dilu-
tion. The dashed lines show linear regressions constructed
using the least squares method (a — for the South Sakhalin,
Pugachev, and Vostochny volcanoes, b — for the thermal
and mud volcanic waters of the Daginsky area). One sam-
ple from the Pugachev mud volcano was excluded from
the computations when constructing the trend (see expla-
nations in the text).
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trating. A number of mobile cations, including
Na', K*, Ca**, Mg?*, income the aqueous solution
during the decomposition of silicates and alumi-
nosilicates [Driver, 1985]. The ability of waters
to leach the water-bearing rocks increases due to
the presence of dissolved carbon dioxide (of at-
mospheric and/or microbial origin) in them.
A portion of the dissolved CO, transforms into
HCO," when water interacts with rocks.

The relationship between the concentrations
of Na" and CI" in mud volcanic waters evidenc-
es that these elements input into the mud vol-
canoes from the single source, as we believe,
from the seawater in this case. This relation
is well remained within a wide enough range
of concentrations during the processes of evap-
orative concentration of mud volcanic waters
or their dilution with meteoric waters. In these
cases, the concentrations of all components
of the chemical composition of waters will posi-
tively correlate not only with the content of CI-
ions (and, thus, depend on the total mineraliza-
tion) but also with each other. However, more
detailed studies allow us to understand that the
correlation between the concentrations of Na*
and CI- for the waters of mud volcanoes may
have different degree or be completely absent.
So, in the course of hydrogeochemical monitor-
ing, which we carried out on the South Sakhalin
mud volcano in 2015, it was found that for mud
volcanic waters, that were not diluted by atmos-
pheric precipitation, the correlation coefficient
between the contents of Na" and CI is close to
zero [Nikitenko et al., 2017]. Whereas when
mud volcanic waters are diluted with meteoric
waters, a positive relationship is observed be-
tween Na' and Cl. A distinctive feature of these
observations was collection of a large number
of samples over the several months. Moreover,
the concentrations of the major anions and cat-
ions in these samples varied in a small range,
since the samples were collected at the same
object. The monitoring results allow to suppose,
that Na" additionally input into the mud volcanic
waters from some other source. Consequently,
the processes of dilution or concentration can
make it difficult to identify other processes in-
volved in the formation of the chemical compo-
sition of mud volcanic waters.

The Na/Cl ratio in the waters of mud volca-
noes has clear positive correlation with HCO,/Cl,
the Pearson’s correlation coefficient is equal to
0.96 (Fig. 3). This dependence shows the Na/
Cl ratio to be close enough to the value of this
index for seawater in the case of waters with
the lowest HCO, content. This is consistent
with the hypothesis that it is the waters of marine
genesis, which are the initial source for mud vol-
canic waters. The joint increase in the concentra-
tions of Na” and HCO," in mud volcanic waters
is a result of the metamorphization processes of
the initial sedimentary seawaters. We believe
that the increase in the concentration of HCO,"
occurs due to the supply of inorganic carbon
(first of all, the dissolution of CO,). The satura-
tion of mud volcanic waters with carbon dioxide
increases their aggressiveness towards the water-
bearing sodium-containing aluminosilicate rocks
(for example, to albite — NaAlSi,O,), as a result
of which there is an intensive leaching of Na*
from the water-bearing rocks and its joint accu-
mulation with HCO,™ in the aqueous solution.

Presumably, the concentration of Mg*
in the waters of mud volcanoes of Sakhalin Island
also reflects the varying degrees of metamor-
phization of mud volcanic waters in the region.
The waters of the South Sakhalin mud volcano
are enriched in Mg?" in comparison with the oth-
er volcanoes: their average Mg/Cl ratio is equal

Figure 3. The correlation between Na/Cl and HCO,/Cl
ratios in waters of the Sakhalin mud volcanoes (1 — South
Sakhalin, 2 — Pugachev, 3 — Vostochny, 4 — Lesnovs-
ky, 5 — Daginsky) and Daginsky thermal springs (6).
The dashed line shows the linear regression constructed
using the least squares method. One sample from the Pug-
achevsky mud volcano was excluded from the trend cal-
culations (see explanations in the text).
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to 0.05. The Mg** concentrations in the waters
of the Pugachev, Vostochny, and Daginsky mud
volcanoes are comparable: the average Mg/Cl
for them is about 0.02. As we believe, the ob-
served Mg?" depletion of mud volcanic waters in
comparison with seawater (for which the Mg/Cl
ratio is 0.07) is conditioned by the processes
of transformation of mud volcanic waters re-
sulting from interaction in the “water — rock —
gas” system, in particular, the processes of car-
bonate minerals sedimentation and ion exchange
with clays.

The concentration of Ca*" in mud volcanic
waters is mainly regulated by carbonate equi-
librium. Thermodynamic calculations show the
waters of the South Sakhalin, Pugachev and
Vostochny mud volcanoes to be strongly super-
saturated with respect to CaCO,. The saturation
index (SI) averages 1.5; 1.4-1.6; 1.5-1.7 respec-
tively. We have also experimentally founded
the precipitation of calcium carbonate in these
waters [Nikitenko, 2019]. As a consequence,
the process of CaCO, precipitation promotes
the Ca?* removal from an aqueous solution with
a newly formed mineral phase. Quickly chang-
ing parameters of the carbonate system: pH and
concentrations of HCO,” and CO,*, determine
the intensity of the process of calcium carbonate
precipitation in mud volcanic waters. In this re-
gard, the content of Ca** in the waters of mud
volcanoes of Sakhalin Island can quite strongly
vary within the limits of even one volcano and
does not form a clear differentiation of mud vol-
canic waters in the region according to this index.

The concentrations of such microcompo-
nents as lithium and boron vary in the wa-
ters of different mud volcanoes in the region
(Fig. 4). The volcanoes are well differentiated
on the Cl-B-Li diagram. At that, the fields
of the South Sakhalin, Pugachev and Vostoch-
ny volcanoes are located close enough to each
other and are characterized with an increased
content of lithium and boron in respect of sea
water. Whereas the field of the Daginsky ther-
mal mineral springs is isolated from them and
located closer to the point of sea water. Ac-
cording to our tests results, the concentration
of lithium in the waters of Sakhalin volcanoes
is from 0.2 to 7.3 mg/l and boron is from 210 to

360 mg/1. The highest lithium content is observed
in the waters of the South Sakhalin volcano and
boron — in the waters of the Vostochny one. High
boron concentrations are specific for the waters
of not only Sakhalin, but also for the most mud
volcanoes in the world [Mazzini, Etiope, 2017].
For example, the boron concentration can reach
up to 1636 mg/l in the waters of the Kerch Penin-
sula volcanoes [Sokol et al., 2019]. It is believed
that the enrichment of mud volcanic waters
in boron occurs as a result of its desorption from
clay minerals during the smectite transformation
into illite [Lavrushin et al., 2015; Hensen et al.,
2004; Sokol et al., 2019]. Apparently, the ob-
served variations in the boron content in the wa-
ters of mud volcanoes of Sakhalin Island reflect
the varying degrees of post-sedimentary trans-
formations occurring in the “water—rock—gas”
system.

The hydrochemical geothermometers are
semiempirical dependences, which associ-
ate the concentration of some components
of the chemical composition and the tempera-
ture of groundwater. They were used to estimate
the thermodynamic conditions for the forma-
tion of waters of mud volcanoes of Sakhalin Is-
land. Several geothermometers: Mg—Li, Na—Li,
K—Na, and K-Mg — were used to obtain more
reliable temperature estimates [Giggenbach,
1988; Kharaka, Mariner, 1989]. It should be not-

Figure 4. The ratio of Cl, Li and B concentrations (in mg/1)
in waters of the Sakhalin mud volcanoes (1 — South Sakha-
lin, 2 — Pugachev, 3 — Vostochny), and Daginsky thermal
springs (4). For comparison, concentrations of the respec-
tive components in seawater are shown (5).
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ed that the values of the abyssal formation tem-
peratures of mud volcano waters, obtained from
the calculation by hydrochemical geothermom-
eters, should be considered approximate, since
their appliance does not always give unambigu-
ous results. The performed calculations show
that the forming temperatures of waters of mud
volcanoes on Sakhalin Island are somewhat dif-
ferent (see the Table).

According to different geothermometers, res-
ervoir temperatures for the Vostochny volcano
are from 51 to 55 °C. The similar estimates for
the South Sakhalin and Pugachev volcanoes are
noticeably higher: within the ranges of 81-151
and 69-136 °C, respectively. The Mg—Li geo-
thermometer, which was specially developed for
the waters of sedimentary basins of the wide
mineralization range, is considered the most
suitable for calculating the formation tempera-
tures of mud volcanoes [Lavrushin, 2015].
The estimates of the depth of occurrence of mud
volcanic chambers were made based on the
values of temperatures obtained by the Mg-Li
geothermometer and the magnitude of the geo-
thermal gradient in the studied area [Veselov
et al., 1997]. Thus, the average depth of bed-
ding of the reservoirs, from which water supply
proceeds, is about 2.6 km for the South Sakha-
lin volcano, 2.5 km for the Pugachev volcano
and 1.3 km for the Vostochny one.

According to different geothermometers,
the reservoir temperatures for the waters
of the Daginsky thermal mineral springs are de-

Table. Estimates of the formation temperatures
of waters of the Sakhalin mud volcanoes

and Daginsky thermal springs using
hydrochemical geothermometers

Temperature, °C
Geothermometer
1|2 | 3 | 4
Mg-Li 105 102 51 65
Na-K 113 82 55 100
K-Mg 81 69 55 70
Na-Li 151 136 53 91

Notes. 1, 2 and 3 — the South Sakhalin, Pugachev and Vostoch-
ny mud volcanoes respectively; 4 — Daginsky thermal springs.
Average values of calculated temperatures are presented for each
geothermometer.

termined in the range from 65 to 100 °C (see
the Table). K-Mg and Na—-K geothermometers
are considered the most suitable for the waters
of hydrothermal systems [Giggenbach, 1988].
The abyssal formation temperatures of waters
of the Daginsky thermal mineral springs, calcu-
lated using the K-Mg geothermometer, average
70 °C, and 100 °C — according to the Na—K geo-
thermometer. When interpreting the difference in
values, it should be borne in mind that the Na—-K
geothermometer is usually used to estimate
the reservoir temperatures in excess of 150 °C
[Kharaka, Mariner, 1989]. In addition, the tem-
peratures calculated using the K-Mg geother-
mometer should be considered more reliable,
because the equilibrium state of the K and Mg
concentrations in thermal waters is reached
much faster than the Na and K concentrations,
resulting from which the K-Mg geothermome-
ter responds more quickly to changes in the res-
ervoir temperatures [Giggenbach, 1988]. In ac-
cordance with the temperatures obtained using
the K-Mg geothermometer and the magnitude
of the geothermal gradient in the studied area
[Stein, 1962], the formation of thermal mineral
waters of the Daginsky deposit occurs at a depth
of 2.1 km.

Until recently, isotopic composition of the
waters of mud volcanoes of Sakhalin Island has
been studied very little. We have obtained isotop-
ic determinations of 6'*0 and &D for the South
Sakhalin, Pugachev and Vostochny mud volca-
noes [Ershov, 2017, 2018]. Isotopic determina-
tions are absent for the waters of the Lesnovsky
and Daginsky mud volcanic manifestations. As-
suming the common genesis of mud volcanic and
thermal mineral waters in the Daginsky area and,
as a consequence, the similar isotopic indexes
for these waters, in this work we use the isotopic
characteristics of the Daginsky thermal mineral
springs from the work by R.V. Zharkov [2008].

The isotopic composition of the waters
of the South Sakhalin, Pugachev and Vostochny
mud volcanoes differs significantly from the com-
position of meteoric and sea waters (Fig. 5). The
variation range of 680 values is mostly from
+1.0 to +7.2 %o SMOW, and 60D values fluctuate
in the range from —36.0 to —15.0 % SMOW. It can
be seen that the waters of these volcanoes differ
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Figure 5. Isotopic composition of waters of the Sakha-
lin mud volcanoes (1 — South Sakhalin, 2 — Pugachev,
3 — Vostochnyy), Daginsky thermal springs (4) and stand-
ard seawater (SMOW - Standard Mean Ocean Water) (5).

slightly in the isotopic composition and form an
almost unified field in the §'*0—8D diagram. Note
the typical values of isotopic indexes of waters of
most mud volcanoes in the world to be in the in-
tervals (—1... +7) %o for 6'*0, and (—30... —10) %o
for oD [Nikitenko, Ershov, 2017].

The contents of §'*0 and 8D testify to the fact
that the waters of the listed mud volcanoes of
Sakhalin Island are mainly formed as a result of
mixing of the initial sedimentary buried sea wa-
ters with meteoric and dehydration waters. Re-
call that isotopically heavy dehydration waters
are released during the clay minerals transfor-
mation at high temperatures and pressures.

The Daginsky thermal mineral springs dif-
fer significantly in their isotopic characteris-
tics from the mud volcanoes of Sakhalin Is-
land listed above. The contents of 6'*O and 6D
in the thermal waters of the Daginsky deposit are
in the ranges of (—15.3... —14.1) and (-106.8...
—101.7) %0 SMOW, respectively, which indicates
the meteoric genesis of these waters. In addi-
tion, the isotopic composition of the outflowing
thermal mineral waters is practically identical to
the isotopic composition of groundwater in this
area [Zharkov, 2008].

Significant hydrogeochemical differences
between the Daginsky mud volcanic manifesta-
tion and the South Sakhalin and Pugachev mud
volcanoes allow to suppose that this mud-water
manifestation cannot be attributed to mud vol-
canoes. Earlier, the authors of [Sorochinskaya

et al., 2008] have already proposed to consider
the Daginsky water-mud manifestation a local
hydrothermal system on the grounds that it dif-
fers from the South Sakhalin and Pugachev mud
volcanoes in the isotopic and chemical composi-
tion of free gases, and elemental and mineralogi-
cal composition of the released mud mass. What
is more, the source of solid emissions is probably
young Neogene clays. Besides, there are no ex-
plosive eruptions typical for mud volcanoes and
the fields of mound breccia formed after them.

Conclusion

According to the research results, it was found
that the mud volcanic waters on Sakhalin Island
are very heterogeneous in chemical composi-
tion. This heterogeneity is primarily manifested
in the groundwater mineralization. The average
index for different mud volcanic manifestations
varies from 0.1 to 22.5 g/l. The highest miner-
alization is typical for the waters of the South
Sakhalin volcano and the lowest — for the wa-
ters of the Daginsky and Lesnovsky mud vol-
canic manifestations. The waters of Sakhalin
mud volcanoes also belong to different hydro-
chemical types. The South Sakhalin, Pugachev
and Vostochny volcanoes carry hydrocarbonate-
chloride-sodium waters to the surface, while
the waters of a chloride-sodium composition are
discharged within the Daginsky mud volcanic
area, and the waters of Lesnovsky volcano are
characterized by a hydrocarbonate-chloride-
sulfate sodium-magnesium composition. Differ-
ences are also observed in the content of such
microelements as lithium and boron in mud
volcanic waters. The waters of the South Sakha-
lin, Pugachev and Vostochny mud volcanoes are
abundant in these microelements. The specified
hydrogeochemical heterogeneity of mud volcanic
waters on Sakhalin Island is probably determined
both by the initial composition of the parent mud
volcanic substance and the geological and tecton-
ic conditions of the mud volcanic regions.

By the means of the Mg-Li, Na—K, K-Mg
and Na-Li hydrochemical geothermometers,
estimates of the formation temperatures of mud
volcanic waters of Sakhalin Island were made.
According to the Mg-Li geothermometer,
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the South Sakhalin, Pugachev and Vostochny
mud volcanoes are characterized by reservoir
temperatures from 51 to 105 °C, and at an aver-
age of 70 °C for the Daginsky thermal mineral
springs according to the K-Mg geothermom-
eter. Based on regional geothermal gradients,
the depth of the aquifers feeding these fluid sys-
tems is the first few kilometers.

A pooled analysis of the isotopic and chemi-
cal composition of the waters of the South
Sakhalin, Pugachev, and Vostochny mud volca-
noes indicates that the source of water supply for
these volcanoes is deep waters of marine gen-
esis with varying degrees of post-sedimentary
changes. One of the leading factors in the meta-
morphization of the initial sedimentary-buried
sea waters is the influx of water-soluble forms
of inorganic carbon (primarily CO,) into mud
volcanoes. The saturation of mud volcanic wa-
ters with CO, intensifies their aggressiveness to
water-containing aluminosilicate rocks, which
leads to an increase of some chemical elements
content in mud volcanic waters (in particular,
Na' and Mg?").

Hydrogeochemical data testify to the fact that
the waters of the Daginsky and Lesnovsky mud
volcanic manifestations cannot be attributed to
the mature waters of deep circulation, which in-
teract with the host rocks for a long time at high
enough temperatures and pressures. The waters
of these fluid systems do not correspond to the
waters of the vast majority of mud volcanoes
in the world by their parameters: isotopic com-
position (680 and 6D), mineralization, the con-
tent of specific microelements. At the same time,
such a correspondence is observed for the waters
of the Sakhalin, Pugachev, and Vostochny vol-
canoes. Probably, the sources of water supply
of the Daginsky and Lesnovsky mud volcanic
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